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Abstract: A series of 78 synthetic 7-chloro-(4-thioalkylquinoline) derivatives were investigated for 

cytotoxic activity against eight human cancer as well as 4 non-tumor cell lines. The results showed, 

with some exceptions, that sulfanyl 5–40 and sulfinyl 41–62 derivatives exhibited lower cytotoxicity 

for cancer cell lines than those of well-described sulfonyl N-oxide derivatives 63–82. As for com-

pound 81, the most pronounced selectivity (compared against BJ and MRC-5 cells) was observed 

for human cancer cells from HCT116 (human colorectal cancer with wild-type p53) and 

HCT116p53−/− (human colorectal cancer with deleted p53), as well as leukemia cell lines (CCRF-

CEM, CEM-DNR, K562, and K562-TAX), lung (A549), and osteosarcoma cells (U2OS). A good se-

lectivity was also detected for compounds 73 and 74 for leukemic and colorectal (with and without 

p53 deletion) cancer cells (compared to MRC-5). At higher concentrations (5 × IC50) against the 

CCRF-CEM cancer cell line, we observe the accumulation of the cells in the G0/G1 cell phase, inhi-

bition of DNA and RNA synthesis, and induction of apoptosis. In addition, X-ray data for com-

pound 15 is being reported. These results provide useful scientific data for the development of 4-

thioalkylquinoline derivatives as a new class of anticancer candidates. 

Keywords: antiproliferative activity; cell cycle; DNA/RNA damage; Sulfanyl-Sulfinyl-Sulfonyl 

groups; synthesis of 4-thioalkylquinoline 
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1. Introduction 

Cancer is a major public health problem as it is one of the leading causes of morbidity 

and mortality worldwide. An estimated 19.3 million new cancer cases and almost 10 mil-

lion cancer deaths occurred in 2020 [1]. Current management of cancers is based on vari-

ous principles ranging from chemotherapy to radiotherapy and also extends to surgical 

management depending on type and severity, as well as immunotherapy and combina-

tion therapy. Unfortunately, the most commonly used chemotherapeutic agents are ac-

companied by severe adverse effects, including limited bioavailability, toxicity, non-spec-

ificity, and promotion of recurrence or metastasis [2]. 

There are many efforts to reduce adverse effects during cancer therapy, such as pre-

venting side effects on the nearby cells and tissues, increasing drug accumulation and 

efficacy in the lesion, and developing novel drug delivery and targeting systems [3]. The 

process of finding new therapeutic indications for currently used drugs, defined as ‘re-

purposing’, is receiving growing attention. Chloroquine (CQ) and hydroxychloroquine 

(HCQ), with an original indication to prevent or cure malaria, have been successfully used 

to treat several infections [4–7]. Among the biological effects of CQ and HCQ, it is im-

portant to highlight their antitumoral properties, likely due to their strong antiprolifera-

tive, antimutagenic, and inhibiting autophagy capacities. These effects make these drugs 

a possible option in the treatment of several tumors in association with radiotherapy and 

chemotherapy [8]. 

As a privileged fragment, quinoline is a rigid planar molecule, which is a pharmaco-

phore present in the core of numerous physiologically active agents that display interest-

ing therapeutic properties [9]. Structurally, quinoline can be readily modified with a broad 

range of substituent groups to provide the molecular diversity necessary to achieve a li-

brary of compounds, among which different members can show different biological ef-

fects [10–17]. Similarly, organic compounds displaying chalcogen atoms in their structure, 

such as sulfur, are well known and studies have demonstrated efficacious treatments with 

these types of compounds against disease models associated with β-hematin, adhesion, 

migration, invasion inhibition, apoptosis induction, oxidative stress, for their antimalarial 

and antitubercular actions, as hypocholesterolemic agents, and for their antiproliferative 

activity [14,18–29]. 

Therefore, we designed and synthesized new molecules to further optimize CQ-

based anti-cancer agents, in which we selectively modified the lateral sidechain of the 4-

amino functionality with a sulfur-containing group and the incorporation of a variety of 

substituted carboxylic acids (Figure 1). We selected this approach because the 4-sulfanyl, 

sulfinyl, and sulfonyl-substituted CQ analogs have not yet been explored for anti-cancer 

activity. We have found that some of them are promising as they show more effective 

antiproliferative activities than CQ in a cancer-specific manner. 
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Figure 1. General structure of [(7-chloroquinolin-4-yl)sulfanyl, sulfinyl, and sulfonyl]alkyl benzo-

ates. 

2. Results and Discussion 

2.1. Chemistry 

Based on our previous observations of the anticancer and antimalarial activity of 7-

chloroquinoline derivatives [18–22], we chose to introduce diversity at position 4 by nu-

cleophilic substitution of the chloride derivative 1 with different commercially available 

linear hydroxyalkylthiols 2 in the presence of an excess of triethylamine in ethanol under 

a variety of conditions involving different solvents (DMA, DMF, MeOH, EtOH, and THF), 

times (from 24 h until five days), and reaction temperatures (reflux) to generate com-

pounds 3, 4. The best result was obtained using dry ethanol and a reflux temperature of 

80 °C for 5 days, under a N2 atmosphere (Scheme 1). The yield of this reaction was mod-

erate to good (52–65%). The chemoselectivity was not a problem despite the presence of a 

hydroxy (OH) group. The final compounds 5–40 were synthesized via a coupling reaction 

between 3 or 4 and a series of substituted benzoic acids, in the presence of N-(3-dimethyl-

aminopropyl)-N′-ethylcarbodiimide hydrochloride (EDCI) and 4-(dimethylamino)-pyri-

dine (DMAP) in CH2Cl2 for 24 h at room temperature (rt) [30]. The title compounds were 

isolated in good-to-excellent (58–99%) yields after purification by recrystallization or by 

column chromatography (Scheme 2). 

 

Scheme 1. Synthesis of compounds 3, 4. Reagents and conditions. i: Et3N, dry EtOH, reflux, five 

days. 
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Scheme 2. Synthesis of [(7-chloroquinolin-4-yl)sulfanyl] alkyl benzoate derivatives 5–40. Reagents 

and conditions. ii: , EDCI, DMAP, CH2Cl2, rt. 

No R No R No R No R 

5 4-OMe 14 3,4,5-tri(OMe) 23 4-OMe 32 2-Cl 

6 2,3-di(OMe) 15 2-Cl 24 2,3-di(OMe) 33 3-Cl 

7 2,4-di(OMe) 16 3-Cl 25 2,4-di(OMe) 34 2,4-di(Cl) 

8 2,5-di(OMe) 17 4-OMe-3-NO2 26 2,5-di(OMe) 35 4-OMe-3-NO2 

9 2,6-di(OMe) 18 5-Me-2-NO2 27 3,5-di(OMe) 36 5-Me-2-NO2 

10 3,4-di(OMe) 19 3,5-di(Me) 28 2,3,4-tri(OMe) 37 3,5-di(Me) 

11 3,5-di(OMe) 20 4-CF3 29 2,4,5-tri(OMe) 38 4-CF3 

12 2,3,4-tri(OMe) 21 4-C(Me)3 30 3,4,5-tri(OMe) 39 4-C(Me)3 

13 2,4,5-tri(OMe) 22 2-OMe 31 2-OMe 40 2-F 

In addition, m-chloroperbenzoic acid (m-CPBA) was used as an oxidizing agent, 

while relying on different conditions of reaction such as times and equivalents of m-CPBA 

to prepare the sulfinyl derivatives 41–62 and the sulfonyl derivatives 63–82. The title com-

pounds were isolated in moderate-to-excellent (51–94%) and moderate-to-good (51–75%) 

yields, respectively, after purification by recrystallization or by column chromatography 

(Scheme 3). 
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Scheme 3. Synthesis of 2-[(7-chloroquinolin-4-yl)sulfinyl]ethyl or propyl benzoate 42–62 and 2-[(N-

oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl or propyl benzoate derivatives 63–82. Reagents and con-

ditions. iii: m-CPBA (1.2 mmol), CH2Cl2, 10 min, rt. iv: m-CPBA (2.5 mmol), CH2Cl2, 8–15 h, rt. 

No R No R No R No R 

42 4-OMe 53 4-OMe 64 2,3-di(OMe) 75 2,5-di(OMe) 

43 2,3-di(OMe) 54 2,3-di(OMe) 65 2,5-di(OMe) 76 2,4,5-tri(OMe) 

44 2,5-di(OMe) 55 2,5-di(OMe) 66 2,4,5-tri(OMe) 77 3,4,5-tri(OMe) 

45 2,4,5-tri(OMe) 56 2,4,5-tri(OMe) 67 3,4,5-tri(OMe) 78 2-OMe 

46 3,4,5-tri(OMe) 57 3,4,5-tri(OMe) 68 2-OMe 79 4-OMe-3-NO2 

47 2-OMe 58 2-OMe 69 4-OMe-3-NO2 80 5-Me-2-NO2 

48 4-OMe-3-NO2 59 4-OMe-3-NO2 70 5-Me-2-NO2 81 3,5-di(Me) 

49 5-Me-2-NO2 60 5-Me-2-NO2 71 3,5-di(Me) 82 4-CF3 

50 3,5-di(Me) 61 3,5-di(Me) 72 4-CF3   

51 4-CF3 62 4-CF3 73 4-OMe   

52 4-C(Me)3 63 4-OMe 74 2,3-di(OMe)   

In the 1H NMR spectra, the signal of the respective protons of each compound was 

checked based on their chemical shifts, multiplicities, and coupling constants. The ali-

phatic signals expected at upfield shifts were found from δH 1.70 to 4.60 ppm. The quin-

oline moiety protons appeared as a doublet around 6.5 ppm (d, J = 5 Hz) assigned to pro-

ton H3, a double doublet around 7.3 ppm (dd, J = 8 and 2 Hz) assigned to proton H6, a 

doublet around 7.5 ppm (d, J = 8 Hz) assigned to proton H5, a doublet around 7.9 ppm (d, 

J = 2 Hz) assigned to proton H8, and a doublet around 8.5 ppm (d, J = 5 Hz) assigned to 

proton H2.  

However, when the sulfur atom was oxidized, significant changes were observed in 

the 1H NMR chemical shifts of both aliphatic and aromatic protons. For instance, for the 

3,4,5-trimethoxy compounds 14, 46, and 67 (Figure 2): in compound 14, the protons H9 

appear as a doublet centered at 3.54 ppm with a coupling constant J = 6.9 Hz, whereas in 

NCl

S
OHO

41
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compound 46, protons H9, which are now prochiral, appear as two multiplets with δH 

values between 3.24 and 3.54 ppm; for compounds 67, these protons H9 appear as a mul-

tiplet in the range of 3.79–3.83 ppm. For compounds 14 and 46, a comparison of the 1H 

NMR chemical shifts of aromatic protons H3 and H5 revealed significant changes: the 

signal of proton H3 was de-shielded from 7.50 ppm in 14 (d, J = 4.9 Hz) to 7.98 ppm in 46 

(d, J = 4.4 Hz), whereas the signal of proton H5 was shielded from 8.09 ppm in 14 (d, J = 

8.9 Hz) to 7.68 ppm in 46 (d, J = 8.9 Hz). For compound 67, oxidation of the nitrogen atom 

occurred in addition to the oxidation of the sulfur atom, thus prompting a significant 

change in the chemical shifts of all the protons of the quinoline core: proton H3 appeared 

at 7.98 ppm (d, J = 6.5 Hz), proton H2 resonated at 8.40 ppm (d, J = 6.5 Hz), and proton H5 

was observed at 8.54 ppm (d, J = 9.1 Hz). Changes in the chemical shifts of the carbon 

atoms were also observed and confirmed by the 13C NMR and DEPT-135° spectra analysis 

(Figures 3 and 4). For example, a significant difference was observed in the chemical shift 

of C9 in compound 14 δC 30.1 ppm, in comparison with δC at 54.6 and 55.6 ppm in com-

pounds 46 and 67, respectively, which could be associated with the inductive effect—I 

exerted by the SO and SO2 groups. In addition, a small difference is observed in the chem-

ical shift of C10, which resonates at δC 62.2 ppm in compound 14, as compared to the δC 

values of 57.1 and 58.1 ppm for 46 and 67, respectively. On the other hand, a significant 

difference was observed in the chemical shift of C2 in compound 67 with δC 134.7 ppm, 

whereas it was 148.4 and 151.3 ppm in compounds 14 and 46, respectively. A small differ-

ence in the chemical shift of C3 around 8 ppm was observed in compounds 14 and 46 (δC3 

116.5 and 116.9 ppm, respectively) with respect to compound 67 (δC3 124.8 ppm). The 

aromatic region of the 1H NMR spectra featured signal patterns ranging from δH 6.5 to 

8.0 ppm, which were characteristic of the substitution pattern of each aromatic ring.  

 

Figure 2. 1H NMR spectra of compounds 14, 46, 67. 
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Figure 3. 13C NMR spectra of compounds 14, 46, 67. 

 

Figure 4. DEPT-135o spectra of compounds 14, 46, 67. 

Each product formation was further substantiated by its mass spectra. The EI-MS of 

representative compounds 14, 46, and 67 exhibited the molecular ion peak [M+H+] at m/z 

434.11, 450.14, and 482.07 for C21H20ClNO5S, C21H20ClNO6S, and C21H20ClNO8S molecular 

formula, respectively (Figures 5–7). The molecular ion of compound 14 undergoes multi-

ple cleavages to give signals at m/z 266 and 208 (Figure 5). For compound 46, the peak at 

m/z 391 was due to the elimination of H–C≡C–Cl from [M+] (Figure 6). For compound 67, 

the peak at m/z 466 was due to an oxygen atom removal from [M], whereas the peak at 

m/z 391 could be explained by an oxygen atom elimination from the SO2 group followed 

by the elimination of H–C≡C–Cl from the peak at m/z 466 (Figure 7). 
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Figure 5. Mass spectrum of 14 and proposed fragmentation patterns. 
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Figure 6. Mass spectrum of 46 and proposed fragmentation patterns. 
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Figure 7. Mass spectrum of 67 and proposed fragmentation patterns. 

Crystal data, experimental parameters, and final refinement parameters for com-

pound 15 are summarized in Table 1, and hydrogen bond geometries calculated with 

PLATON [31] are located in Table 2. Compound 15 crystallizes in the space group P1 ̅ with 

cell parameters a = 7.9509 (7), b = 9.8444 (8), c = 11.6086 (10) Å ; α = 81.312 (4), β = 89.355 (4), 

γ = 69.186 (4) (°); V = 838.70 (13) Å ³, Z = 2, dc = 1.498 g cm−3. The moiety involves three 

rings of six members, all with planar conformation. Due to the geometry of the compound, 

intermolecular and classical hydrogen bonds are not observed in the structure. Only two 

intramolecular hydrogen bonds described by the atoms C10-H10, ..., O1 and C14-H14, ..., 

S1 are observed and these interactions are represented by the graph S(5). Analysis of in-

teractions made with PLATON also evidences the presence of an interaction between the 

Cl1 atom and the electronic cloud of the ring composed of the C9-C10-C11-C12-C18-C17 

atoms. At the same time, the packing is governed by π-π stacking between ring (1) com-

posed of the atoms N1-C3-C4-C5-C16-C15 and ring (2) composed of the atoms C1-C2-C3-

C4-C14-C13, and the distance between the centroids of both rings is 3.7997 (11) Å . 

Table 1. Crystal data and refinement for compound 15. 

Crystal Data 

Formula C18H13Cl2NO2S 

Formula Weight 378.25 

Crystal System Triclinic 

Space group 𝑃1̅(No. 2) 

a, b, c (Å) 7.9509 (7), 9.8444 (8), 11.6086 (10) 

α, β, γ (º) 81.312 (4), 89.355 (4), 69.186 (4) 

V (Å3) 838.70 (13) 

Z 2 

D(calc) (g/cm3) 1.498 

Mu (MoKα) (/mm) 0.522 

F (000) 388 

Crystal Size (mm) 0.01 × 0.02 × 0.04 

Data Collection 

Temperature (K) 296 

NCl
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O

OCH3

OCH3

OCH3
3

N

S

O

O

OCH3

OCH3

OCH3

O

NCl
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NCl

O

O

OCH3
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Radiation (Å) MoKα 0.71073 

Theta Min-Max (º) 1.8, 28.5 

Dataset −10:10;−13:12;−15:14 

Tot., Uniq. Data, R (int) 15,344, 4252, 0.023 

Observed Data [I > 0.0sigma (I)] 3189 

Refinement 

Nref, Npar 4252, 217 

R, wR2, S 0.0373, 0.1117, 1.04 

Max. and Av. Shift/Error 0.00, 0.00 

Min. and Max. Resd. Dens. (e/Ang3) −0.28, 0.35 

Table 2. Hydrogen bonds and Y-X…Cg interaction for compounds 15. 

Donor—H…Acceptor D-H (Å) H…A (Å) D…A (Å) D-H…A (o) Graph 

C10-H10…O1 0.9300 2.2900 2.637 (2) 102.00 S(5) 

C14-H14…S1 0.9300 2.6300 3.0400 

(18) 

107.00 S(5) 

Y-X…Cg X..Cg (Å) Y-X..Cg (o) Y..Cg (Å) Symmetry  

C1-Cl1…Cg3 3.9111 

(10) 

98.18 (6) 4.5004 

(19) 

X, Y, 1 + Z  

Cg3† C9-10-C11-C12-C18-C17. 

The molecular structure plot with Mercury software [32] and its atom-labeling 

scheme are presented in (Figure 8), whereas (Figure 9) shows the Y-X, ..., Cg interactions 

in the packing arrangement.  

 

Figure 8. View of compound 15 with its atom-labeling scheme. 

 

Figure 9. View of the C1-Cl1, …, Cg3 interactions. 
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2.2. Biological Activity 

2.2.1. Cytotoxicity 

Chloroquine (CQ) and hydroxychloroquine (HCQ) are widely known drugs in the 

prevention or treatment of malaria, and they have lately been subjected to drug repurpos-

ing, since it has been reported that they also exhibit (i) activity against autoimmune dis-

eases, arthritis, lupus, as immunomodulators, and (ii) great anticancer potential [4–8]. 

In vitro cytotoxic activity of final compounds 5–82 was evaluated after 3 days of in-

cubation against eight cell lines derived from human solid tumors including lung (A549 

cells) and colon (HCT116 and HCT116p53−/−) carcinomas, as well as leukemia cell lines 

(CCRF-CEM, CEM-DNR, K562, and K562-TAX) and osteosarcoma (U2OS cells). For com-

parison, non-malignant BJ and MRC-5 fibroblasts, and BJLD and MCR-5LD fibroblasts 

doxorubicin-resistant cell lines were used. Concentrations inhibiting the cell growth by 

50% (IC50) were determined using a quantitative metabolic staining with 3-(4,5-dimethyl-

thiazol-2yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) and 

are summarized in (Table 3) [33–36]. 

Table 3. Cytotoxic activity (IC50, µM) of 7-chloro-(4-thioalkylquinoline) derivatives 41–82 after 72 h 

of incubation with cancerous and noncancerous human cell lines. 

No A549 BJ BJLD 
CCRF- 

CEM 

CEM- 

DNR 
HCT116 

HCT116- 

p53 
K562 

K562- 

TAX 
MRC-5 

MRC5-

LD 
U2OS 

41 34.42 33.28 28.54 4.52 35.07 23.52 22.47 27.8 21.37 26.5 24.52 22.11 

47 32.18 31.17 30.73 2.74 26.84 15.91 11.34 16.87 11.26 28.24 26.09 19.08 

48 25.04 29.19 27.53 1.42 12.88 16.99 10.04 16.89 9.03 27.82 23.97 18.58 

49 15.65 30.74 23.49 1.34 7.75 7 7.56 12.29 6.4 >50 >50 11.22 

50 23.98 30.83 28.54 1.32 10.03 7.99 7.1 15.2 9.58 26.86 22.34 8.57 

53 23.57 30.01 28.22 1.31 8.71 12.53 8.51 13.91 6.98 27.89 22.42 12.82 

54 25.79 30.43 26.86 1.09 10.14 14.03 9.19 14.12 7.63 27.18 25.05 17.17 

57 30.49 33.02 31.88 1.51 16.01 19.29 14.79 17.44 14.56 29.92 25.81 21.32 

59 7.76 21.6 10.23 1.2 8.81 8.86 6.81 8.77 6.12 23.68 10.33 5.15 

60 9.55 28.96 18.1 1.13 7.27 7.77 6.06 8.86 4.26 29.35 19.82 5.81 

61 10.92 30.32 27.64 1.05 8.35 8.26 6.89 12.66 6.76 26.09 22.06 8.1 

62 26.12 29.91 30.1 1.17 10.53 15.66 9.61 17.63 9.15 29.35 25.85 14.29 

63 28.81 23.93 12.06 0.77 8.74 16.23 16.39 5.38 4.71 4 2.91 5.71 

64 28.42 9.19 8.95 0.71 8.99 8.18 7.68 5.51 5.65 6.08 3.28 7.43 

65 28.22 22.2 9.68 0.55 8.97 8.83 8.26 5.85 6.65 4.95 2.02 7.67 

66 28.01 21.22 10.95 1.11 8.03 9.22 7.94 5.3 6.25 5.07 2.3 8.25 

67 28.36 24.8 11.86 1.05 8.93 11.08 7.87 6.05 5.19 5.79 3.24 9.23 

68 27.04 24.6 10.08 1.23 12.2 5.25 8.3 4.72 4.63 4.92 4.17 6.9 

69 28.26 27.22 19.53 1.38 19.08 13.12 11.22 6.49 7.32 8.41 2.74 10.3 

70 28.25 25.67 >50 1.16 17.43 11.49 8.75 6.1 6.89 22.9 6.47 9.92 

72 28.49 28.73 26.96 2.14 25.2 17.31 16.43 3.02 6.06 24.43 13.9 18.37 

73 5.44 12.4 10.66 2.18 4.7 1.99 2.24 2.2 4.62 21.94 18.99 5.75 

74 5.35 14.86 10.54 1.41 5.58 3.23 4.54 2.71 4.91 20.41 16.18 5.4 

75 7.28 26.57 17.83 1.45 7.22 5.37 6.86 7.14 9.56 21.46 18.93 6.4 

76 11.37 35.72 24.44 2.22 18.06 7.96 8.66 8.77 19.92 22.47 19.64 9.33 

77 9.02 28.62 21.59 1.58 11.98 6.51 6.75 7.5 10.91 25.59 20.12 7.81 

78 7.75 24.99 19.73 2.63 9.18 5.64 6.99 7.37 8.78 22.56 19.5 7.18 

79 5.79 19 11.95 1.05 4.49 3.81 4.98 6.09 3.73 20.57 13.82 4.95 

80 6.44 22.15 15.86 1.49 6.78 4.61 6 6.75 6 20.01 16.26 5.74 

81 5.32 32.53 25.4 1.2 6.63 3.46 4.76 3.78 6.26 46.71 21.86 5.67 

82 6.66 23.46 13.94 1.05 3.46 4.9 6.59 6.24 4.01 23.69 19.83 5.05 
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The results showed that the CCRF-CEM cell line was the most sensitive to tested 7-

chloro-(4-thioalkylquinoline) derivatives 5–82, particularly to 47–50, 53, 54, 57, 59–70, and 

72–82 (IC50 in the range of 0.55–2.74 µM) bearing sulfinyl and sulfonyl groups with a 

spacer between the quinoline core and the aromatic esters of two or three carbon atoms, 

which implies a correlation between the sulfur oxidation state, the spacer length, and the 

cytotoxic activity. With the exception of compounds 73–75 and 79–82 (IC50 in the range of 

3.46–7.22 µM), the compounds were less active against its daunorubicin-resistant CEM-

DNR counterparts. 

Cytotoxic activity was determined by MTS assay following 72 h of incubation. IC50 is 

the lowest concentration that kills 50% of cells. The standard deviation in cytotoxicity as-

says is typically up to 20% of the average value. Compounds with IC50 > 50 µM are con-

sidered inactive: 5–40, 42–46, 51, 52, 55, 56, 58, and 71. The tested cell lines: A549 (lung 

adenocarcinoma), BJ (noncancerous human fibroblasts from foreskin), BJLD (human lung 

fibroblast doxorubicin-resistant), CCRF-CEM (childhood T cell acute lymphoblastic leu-

kemia), a daunorubicin-resistant subline of CCRF-CEM cells (CEM-DNR bulk), HCT116 

(colorectal carcinoma), HCT116p53−/− (HCT116 with deleted p53 gene), K562 (chronic 

myeloid leukemia), K562-TAX (chronic myeloid leukemia paclitaxel-resistant subline), 

MRC-5 (noncancerous human lung fibroblasts), MRC-5LD (noncancerous human lung fi-

broblasts doxorubicin-resistant), and U2OS (osteosarcoma). 

With a few exceptions, in the case of K562 cells and the corresponding drug-resistant 

K562-TAX cell line, a more significant difference was observed for sulfinyl derivatives 

with a spacer of two or three atoms in the range of 1.1–2.0 times higher cytotoxicity against 

K562-TAX than K562 cell line. On the other hand, with the exception of 63, 67, 68, 79, 80, 

and 82, sulfonyl compounds with a spacer of two or  atoms were in the range of 1.1–2.3 

times more potent against K562 than the resistant K562-TAX cell line. These results indi-

cate that other mechanisms than P-glycoprotein, which is common for both cell lines, are 

responsible for the resistance. 

With the exception of sulfinyl derivatives 59, 60 and sulfonyl derivatives with a 

spacer of three carbon atoms 73–75 and 77–82 (IC50 5.32–9.02 µM), the rest of the com-

pounds can be considered inactive against human lung adenocarcinoma A549 (IC50 > 10 

µM). 

Cytotoxic activity of all compounds tested against colon carcinoma (HCT116 and 

HCT116p53−/−) cell lines were similar. The most efficient were the sulfonyl N-oxide de-

rivatives with a spacer of three carbon atoms 73–74 and 79–82 (IC50 1.99–4.9 µM) against 

HCT116 cell line, whereas in the case of HCT116p53−/− the compounds were 73, 74, 79, 

and 81 (IC50 2.24, 3.23, 4.98, and 4.76 µM ,respectively). A slight increase in cytotoxic ac-

tivity was observed for compounds 59, 60, 63, 73–75, and 79–82 against human cancer cells 

from osteosarcoma (U2OS) (IC50 4.95–5.81 µM). 

In contrast, except for sulfonyl N-oxide derivatives with a spacer of two carbon atoms 

63–69 (IC50 2.02–8.41 µM), which were found toxic against BJLD and MRC-5LD cell lines, 

the rest of the compounds were less toxic on non-cancer cell lines BJ, MRC-5, BJLD, and 

MRC-5LD than the eight cancer cell lines evaluated: CCRF-CEM, CEM-DNR, K562, K562-

TAX, A549, HCT116, HCT116p53−/−, and U2OS. 

From these results, it is obvious, with some exception, that sulfanyl 5–40 and sulfinyl 

41–62 derivatives exhibited lower cytotoxicities for cancer cell lines than that of well-de-

scribed sulfonyl N-oxide derivatives 63–82. As for compound 81, the most pronounced 

selectivity (compared against BJ and MRC-5 cells) was observed for human cancer cells 

from HCT116 (human colorectal cancer with wild-type p53) and HCT116p53−/− (human 

colorectal cancer with deleted p53), as well as leukemia cell lines (CCRF-CEM, CEM-DNR, 

K562, and K562-TAX), lung (A549), and osteosarcoma cells (U2OS). A good selectivity 

was also detected for compounds 73 and 74 for leukemic and colorectal (with and without 

p53 deletion) cancer cells (compared to MRC-5). Concerning compound 79, it exhibited a 

moderate cancer cell selectivity (compared to BJ and MRC-5 cell lines) for A549 cells, 
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which was completed by a good selectivity (compared to BJ and MRC-5 cells) to cancer 

cells derived from lung, colon carcinoma, as well as to leukemic and osteosarcoma cells. 

As expected, cytotoxicity of the tested compounds was significantly affected by the 

oxidation state of the sulfur atom attached at the C-4 position of the quinoline, by the 

oxidation of the quinolinic nitrogen, by the number of the carbon spacer, and by the type 

of substituent displayed at the benzoate moiety. Based on the data obtained in this study, 

we concluded that the derivatives with a higher oxidation state of the sulfur and nitrogen 

atoms, combined with the presence of methoxy, methyl, and nitro groups on their benzo-

ate moiety, exhibited the highest cytotoxicity.  

2.2.2. Cell Cycle and Cell Death Analysis 

On the other hand, we wanted to find out whether compounds 48–50, 53, 54, 57, 59–

63, 65–70, and 72 can stop the cell cycle of cancer cells, as it has been previously reported 

for chloroquine [37–41]. For a more detailed description of the biological activity of the 

studied derivatives, we performed a cell cycle analysis of the most sensitive CCRF-CEM 

cells after 24 h of incubation with the novel 7-chloro-(4-thioalkylquinoline) derivatives 

(Table 4). 

Table 4. Cytotoxicity of compounds 47–50, 53, 54, 57, 59, 60–63, 65–70, and 72 on cell cycle in CCRF-

CEM lymphoblasts. 

  % of Total Cellular Populations 

No 
Conc. 

(µM) 

Sub-G1 

Apoptosis 
G0/G1 S G2/M >G2/M M a 

DNA b 

Synthesis 

RNA b 

Synthesis 

47 
2.74 

13.7 

3.36 

7.59 

37.93 

27.73 

43.41 

39.33 

18.66 

32.94 

9.71 

10.56 

1.87 

8.29 

2.76 

24.01 

19.4 

24.95 

48 
1.42 

7.1 

2.83 

4.37 

34.46 

49.43 

46.76 

23.5 

18.78 

27.08 

9.95 

12.21 

2.11 

2.47 

8.1 

6.21 

16.56 

16.73 

49 
1.34 

6.7 

3.14 

5.14 

35.52 

40.24 

43.74 

36.15 

20.74 

23.61 

13.16 

10.02 

2.09 

3.35 

18.2 

5.93 

19.14 

17.12 

50 
1.32 

6.6 

5.09 

5.83 

35.7 

49.76 

47.92 

30.92 

16.38 

19.32 

14.2 

9.11 

1.42 

2.12 

39.66 

15.47 

26.23 

20.85 

53 
1.31 

6.55 

4.52 

6.93 

33.63 

39.14 

47.13 

42.84 

19.24 

18.01 

10.22 

7.45 

1.74 

1.57 

39.73 

26.21 

57 

27.33 

54 
1.09 

5.45 

5.68 

7.28 

35.54 

50.08 

43.61 

31.69 

20.85 

18.23 

9.52 

7.91 

2.02 

3.21 

29.33 

20.4 

28.71 

17.96 

57 
1.51 

7.55 

4.62 

5.7 

36 

43 

37.02 

30.14 

26.98 

26.85 

13.61 

12.5 

1.78 

2.12 

18.86 

19.87 

10.43 

9.22 

59 
1.2 

6 

8.8 

9.63 

34.06 

42.51 

47.12 

33.63 

18.82 

23.85 

10.37 

10.89 

1.52 

5.65 

41.37 

10.43 

47.78 

34.65 

60 
1.13 

5.65 

4.28 

6.97 

34.48 

41.01 

46.3 

31.97 

19.23 

27.02 

11.73 

11.18 

2.63 

4.67 

32.46 

15.1 

26.93 

11.19 

61 
1.05 

5.25 

3.69 

10.05 

33.19 

32.98 

47.6 

44.88 

19.21 

22.14 

11.24 

12.98 

2.03 

2.24 

34.82 

9.05 

29.57 

7.41 

62 
1.17 

5.85 

13.92 

8.12 

27.68 

37.23 

44.18 

43.17 

28.15 

19.61 

9.65 

8.22 

1.38 

1.5 

32.88 

17.61 

10.51 

30.99 

63 
0.77 

3.85 

3.41 

12.97 

42.76 

34.13 

40.42 

47.99 

16.81 

17.88 

8.56 

11.38 

1.66 

1.53 

41.06 

13.54 

35.01 

2.79 

65 
0.55 

2.75 

17.77 

8.67 

40.82 

47.21 

39.14 

32.8 

20.04 

19.99 

7.55 

7.13 

1 

1.66 

36.82 

19.73 

36.04 

24.95 

66 
1.11 

5.55 

2.95 

11.72 

39.53 

48.53 

4387 

24.9 

16.6 

26.56 

10.42 

10.45 

1.64 

2.29 

39.87 

9.68 

29.44 

3.05 



Pharmaceuticals 2022, 15, 1234 15 of 36 
 

 

67 
1.05 

5.25 

3.13 

11.06 

37.85 

40.09 

43.93 

40.3 

18.22 

19.61 

9.56 

8.98 

1.59 

2.27 

42.05 

9.76 

38.15 

6.99 

68 
1.23 

6.15 

2.71 

7.16 

35.73 

48.5 

45.73 

31.86 

18.54 

19.64 

9.87 

9.65 

1.73 

2.11 

41.27 

7.18 

37.4 

3.8 

69 
1.38 

6.9 

3.3 

13.89 

43.48 

38.16 

35.7 

42.58 

20.83 

19.27 

8.58 

12.52 

1.61 

1.6 

34.45 

4.22 

31.54 

2.64 

70 
1.16 

5.8 

3.21 

13.75 

39.54 

33.44 

38.46 

43.31 

21.99 

23.25 

10.54 

10.33 

1.57 

1.08 

35.58 

4.88 

35.28 

2.88 

72 
2.14 

10.7 

4.05 

10.12 

47.22 

31.36 

34.32 

46.65 

18.46 

21.98 

8.35 

13.12 

1.61 

5.28 

27.07 

4.35 

21.64 

2.19 

Control 0 2.91 36.69 44.89 18.42 9.38 1.68 36.52 32.97 
a Mitosis Phospho-Histone3 (Ser10). b DNA and RNA synthesis in CCRF-CEM lymphoblasts (% pos-

itive of cells). Flow cytometry analysis was used to quantify cell cycle distribution and percentage 

of apoptotic cells. The sum of the percentage for G0/G1, S, and G2/M is equal to 100%. 

The effect of compounds on cell cycle distribution was determined to gain insights 

into the mechanism of its antiproliferative activity. As can be seen in (Table 4), a 24 h 

exposure of CCRF-CEM cells to growth-suppressive concentrations of 7-chloro-(4-thioal-

kylquinoline) derivatives (1 × IC50 and 5 × IC50 μM) resulted in a significant accumulation 

of cells in G2/M phases, which was accompanied by an increase in cells with G0/G1, and 

a decrease in S, DNA, and RNA content. Except compound 70, all tested compounds ex-

hibited a dose-dependent increase in the population of mitotic (pH3Ser10 positive) cells. 

For example, as compared with control, the percentage of cells in G2/M phases was in-

creased by treatment with 5 × IC50 μM of compounds for 24 h (Table 4). Compounds also 

induced distinct sub-G1 values, which represent the population of apoptotic and dead 

cells. As shown in (Table 4), there was a marked increase in the sub-G1 from 2.91 in un-

treated cells. 5-Bromo-2-deoxyuridine (BrDU) is incorporated into newly synthesized 

DNA, and 5-bromouridine (BrU) pulse labeling is therefore commonly used as a prolifer-

ation marker. Low BrDU and BrU incorporation into the DNA or RNA, respectively, of 

treated cells with all compounds at 5 × IC50 reflected inhibition of DNA and RNA synthe-

sis, indicating irreversible apoptotic changes. The percentage of BrU negative cells incor-

porating 5-bromouridine is proportional to the transcriptional activity of CCRF-CEM 

cells. 

These results suggested that these compounds could block the cell cycle and induce 

apoptosis and death in CCRF-CEM cells in a dose-dependent manner in vitro. 

3. Materials and Methods 

3.1. Chemistry 

All chemicals and solvents were purchased from different chemical suppliers and 

were used without further purification unless stated otherwise. Dichloromethane (DCM) 

was distilled under nitrogen immediately before use. The drying agent used for DCM was 

calcium hydride. Reactions were monitored by thin layer chromatography (TLC) carried 

out on aluminum sheets precoated with silica gel 60 F254 (Merck KGaA, Darmstadt, Ger-

many). Compounds were visualized under UV light (254 nm). Column chromatography 

was performed on Merck silica gel 60 (40–63 µm) as a stationary phase. Melting points 

were measured in open capillary tubes in a Thomas HooverTM apparatus (Thomas Scien-

tific, Seattle, WA, United States) and are uncorrected. IR spectra were determined as KBr 

pellets on a ShimadzuTM model 470 spectrophotometer (Shimadzu Co., Kyoto, Japan) and 

are expressed in cm−1. The 1H and 13C NMR spectra were recorded on a Bruker AvanceTM 

300 (300 MHz/75.5 MHz) (Bruker Bioscience, Billerica, MA, United States) or a JEOL Eclip-

seTM 270 (270 MHz/67.9 MHz) (JEOL Ltd., Tokyo, Japan) spectrometer using CDCl3 as the 

solvent, and are reported in ppm downfield from the residual CHCl3 (δ 7.25 ppm for 1H-

NMR and 77.0 ppm for 13C-NMR). Signal multiplicity is given as singlet (s), doublet (d), 
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double doublet (dd), multiplet (m), quartet (q), where coupling constant (J) values were 

estimated in Hertz. A Perkin ElmerTM 2400 CHN elemental analyzer (Perkin Elmer, Inc., 

Waltham, MA, United States) was used to obtain the elemental analyses, and the results 

were within ±0.4% of the predicted values. Exact molecular masses were determined on a 

Finnigan TSQ Quantum Ultra (IET. Ltd., Mundelein, IL, USA) spectrometer equipped 

with an electrospray ion source.  

3.1.1. General Procedure for the Synthesis of Compounds 3,4 

To a solution of 4,7-Dichloroquinoline 1 (5.0 g 25 mmol) in dry ethanol (100 mL) was 

added dropwise mercapto alcohol 2a or 2b (30 mmol) and triethylamine (5.3 mL, 37.5 

mmol). The mixture was stirred at reflux temperature (80 °C) for 5 days, under a N2 at-

mosphere and then allowed to cool down to room temperature. The solvent was evapo-

rated under reduced pressure. To the resulting solid was added ethyl acetate (150 mL), 

and the organic layer was subsequently washed with water (100 mL), with 10% sodium 

bicarbonate (2 × 20 mL) and a saturated NaCl solution (50 mL). Anhydrous sodium sulfate 

was finally added to the organic layer, which was then filtered and evaporated under 

reduced pressure. The compounds were then purified by column chromatography. 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethanol (3). Column chromathography 

DCM:EtOAc:MeOH (7:2:1). White solid, yield: 52%; m.p. 106–107 °C, (161 °C) [27]; IR 

(KBr) cm−1: 3270, 2985, 1593; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.33 (t, 2H, H9, J = 6.1 Hz), 

3.99 (t, 2H, H10, J = 6.1 Hz), 7.21 (d, 1H, H3, J = 4.9 Hz), 7.48 (dd, 1H, H6, J = 2.0, 9.0 Hz), 

8.04–8.07 (m, 2H, H5,8), 8.65 (d, 1H, H2, J = 4.8 Hz); 13C NMR (CDCl3, 75 MHz) δ ppm: 34.1 

(C9), 60.2 (C10), 116.4 (C3), 124.9 (C5), 125,1, 127.4 (C8), 128.8 (C6), 135.8, 147.1, 147.9, 150.1 

(C2). Anal. calcd. for: C11H10ClNOS: C 55.11, H 4.20, N 5.84; Found: C 55.10, H 4.23, N 5.97. 

MS: m/z 240.02 (M+H+. 11%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propan-1-ol (4). Column chromathography 

DCM:EtOAc:MeOH (7:2.5:0.5). Yellow solid, yield: 71%; m.p. 125–127 °C; IR (KBr) cm−1: 

3450, 2850, 1598; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.01–2.09 (m, 2H, H10), 2.48 (brs, 1H, 

OH), 3.23 (t, 2H, H9, J = 7.2 Hz), 3.86 (t, 2H, H11, J = 5.9 Hz), 7.15 (d, 1H, H3, J = 4.9 Hz), 

7.46 (dd, 1H, H6, J = 2.2, 8.9 Hz), 8.01 (d, 1H, H5, J = 8.9 Hz), 8.03 (d, 1H, H8, J = 2.3 Hz), 

8.63 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3 75 MHz) δ ppm: 27.7 (C10), 31.1 (C9), 60.9 

(C11), 116.0 (C3), 125.1, 127.4, 128.8, 135.8, 147.9, 148.3, 150.2. Anal. calcd. for: 

C12H12ClNOS: C 56.80, H 4.77, N 5.52; Found: C 56.77, H 4.79, N 5.75. MS: m/z 254.04 

(M+H+. 13%). 

3.1.2. General Procedure for the Synthesis of Compounds 5–40 

A solution of the selected benzoic acid derivative (1.2 mmol) in dry DCM (15 mL) 

was treated with EDCI (1.5 mmol) and DMAP (0.4 mmol). The mixture was shaken at −10 

°C for 30 min. The respective intermediates, 3 or 4 (0.65 mmol), dissolved in dry DCM (1 

mL), were slowly added, and the resulting mixture was left stirring for 24 h at room rt, 

under a N2 atmosphere. Next, water was added and the aqueous fraction was extracted 

with DCM (2 × 10 mL). The organic layer was washed with 10% sodium bicarbonate (2 × 

10 mL), a saturated NaCl solution (3 × 10 mL), and finally dried over Na2SO4, filtered, and 

evaporated under reduced pressure to give the crude product. The compounds were then 

purified by recrystallization or column chromatography. 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl-4-methoxybenzoate (5). Column chroma-

thography DCM:EtOAc (8:2). White solid, yield: 92%; m.p. 116–118 °C; IR (KBr) cm−1: 3030, 

2971, 1699, 1242; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.48 (t, 2H, H9, J = 6.9 Hz), 3.85 (s, 3H, 

OMe), 4.58 (t, 2H, H10, J = 6.7 Hz), 6.89 (d, 2H, H3′,5′, J = 8.9 Hz), 7.41 (d, 1H, H3, J = 4.7 

Hz), 7.50 (dd, 1H, H6, J = 2.3, 8.9 Hz), 7.95 (d, 2H, H2′,6′, J = 8.9 Hz), 8.06 (d, 1H, H8, J = 2.3 

Hz), 8.10 (d, 1H, H5, J = 8.9 Hz), 8.72 (d, 1H, H2, J = 4.7 Hz). 13C NMR (CDCl3, 75 MHz) δ 

ppm: 30.0 (C9), 55.6 (OMe), 62.2 (C10), 113.7 (C3′ or 5′), 113.8 (C3′ or 5′), 116.7 (C3), 121.9, 

125.1 (C5), 127.6 (C6), 128.8 (C8), 131.8 (C2′ or 6′), 132.2 (C2′ or 6′), 136.0, 147.0, 148.0, 150.4 
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(C2), 163.8, 166.2 (C11). Anal. calcd. for: C19H16ClNO3S: C 61.04, H 4.31, N 3.75; Found: C 

60.98, H 4.33, N 3.87. MS: m/z 374.06 (M+H+. 22%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2,3-dimethoxybenzoate (6). Column chro-

mathography DCM:EtOAc (8:2). White solid, yield: 91%; m.p. 108–109 °C; IR (KBr) cm−1: 

2941, 1700, 1258; 1H NMR (CDCl3, 270 MHz) δ ppm: 3.52 (t, 2H, H9, J = 6.7 Hz), 3.88 (s, 3H, 

OMe), 3.90 (s, 3H, OMe), 4.61 (t, 2H, H10, J = 6.7 Hz), 7.07 (d, 1H, H5′, J = 4.5 Hz), 7.25–7.28 

(m, 2H, H3, 4′), 7.44 (d, 1H, H6′, J = 4.7 Hz), 7.52 (d, 1H, H6, J = 8.9 Hz), 8.08 (d, 1H, H5, J 

= 8.9 Hz), 8.15 (brs, 1H, H8), 8.72 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 67.9 MHz) δ 

ppm: 29.8 (C10), 56.1 (OMe), 61.5 (OMe), 62.3 (C11),116.2 (C3 or 3′), 116.6 (C3 or 3′), 122.2 

(C4′), 123.9 (C5′), 125.0 (C5), 125.3, 127.4 (C6), 128.9 (C8), 135.7, 146.4, 148.1, 149.3, 150.4 

(C2), 153.6, 165.8 (C11). Anal. calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 

59.48, H 4.47, N 3.72. MS: m/z 404.07 (M+H+. 21%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2,4-dimethoxybenzoate (7). White solid, 

yield: 86% crystallized from ethanol; m.p. 107–108 °C; IR (KBr) cm−1: 2944, 1678, 1273; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 3.53 (t, 2H, H9, J = 6.9 Hz), 3.85 (s, 3H, OMe), 3.88 (s, 3H, 

OMe), 4.57 (t, 2H, H10, J = 6.9 Hz), 6.43–6.47 (m, 2H, H3′,5′), 7.54–7.57 (m, 2H, H3, 6), 7.79 

(dd, 1H, H6′, J = 1.7, 7.7 Hz), 8.11 (d, 1H, H5, J = 9.2 Hz), 8.25 (d, 1H, H8, J = 1.9 Hz), 8.71 

(d, 1H, H2, J = 5.2 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.1 (C9), 55.6 (OMe), 56.1 

(OMe), 61.7 (C10), 99.1 (C5′), 104.9 (C3′), 111.5, 116.6 (C3), 125.1 (C5), 127.4 (C8), 128.2 (C6), 

133.9 (C6′), 137.1, 139.5, 148.2 (C2), 161.9, 164.9, 165.1 (C12). Anal. calcd. for: C20H18ClNO4S: 

C 59.48, H 4.49, N 3.47; Found: C 59.50, H 4.49, N 3.67. MS: m/z 404.07 (M+H+. 13%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl-2,5-dimethoxybenzoate (8). Column chro-

mathography DCM:EtOAc (8:2). White solid, yield: 99%; m.p. 98–100 °C; IR (KBr) cm−1: 

3048, 2925, 1700, 1240; 1H NMR (CDCl3, 270 MHz) δ ppm: 3.56 (t, 2H, H9, J = 6.9 Hz), 3.76 

(s, 3H, OMe), 3.84 (s, 3H, OMe), 4.61 (t, 2H, H10, J = 6.9 Hz), 6.92 (d, 1H, H3′, J = 9.2 Hz), 

7.05 (dd, 1H, H4′, J = 3.2, 9.2 Hz), 7.28 (d, 1H, H3, J = 4.4 Hz), 7.57–7.60 (m, 2H, H6,6′), 8.12 

(d, 1H, H5, J = 9.1 Hz), 8.33 (brs, 1H, H8), 8.72 (d, 1H, H2, J = 4.5 Hz). 13C NMR (CDCl3, 

67.9 MHz) δ ppm: 30.2 (C9), 56.0 (OMe), 56.8 (OMe), 62.1 (C10), 114.1 (C3′), 116.3 (C6 or 

6′), 116.5 (C3), 120.0 (C4′), 125.0, 125.1 (C5), 126.2 (C8), 128.8 (C6 or 6′), 138.0, 146.9 (C2), 

153.2, 153.9, 165.4 C11). Anal. calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 

59.49, H 4.48, N 3.61. MS: m/z 404.07 (M+H+. 21%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2,6-dimethoxybenzoate (9). White solid, 

yield: 76% crystallized from ethanol; m.p. 116–118 °C; IR (KBr) cm−1: 3084, 2960, 1728, 1251; 

1H NMR (CDCl3, 270 MHz) δ ppm: 3.52 (t, 2H, H9, J = 6.9 Hz), 3.78 (s, 3H, OMe), 3.84 (s, 

3H, OMe), 4.61 (t, 2H, H10, J = 6.9 Hz), 6.55 (d, 2H, H3′,5′, J = 8.4 Hz), 7.29 (d, 1H, H4′, J = 

8.4 Hz), 7.52–7.56 (m, 2H, H3,6), 8.09 (d, 1H, H5, J = 8.9 Hz), 8.23 (m, 1H, H8), 8.70 (d, 1H, 

H2). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 28.8 (C9), 56.1 (OMe), 62.4 (C10), 104.2 (C3′, 5′), 

112.4, 116.3 (C3), 125.1 (C5), 127.0 (C8), 128.4 (C6), 131.6 (C4′), 137.5, 147.7 (C2), 157.6, 166.2 

(C11). Anal. calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 59.46, H 4.53, N 

3.65. MS: m/z 404.07 (M+H+. 17%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 3,4-dimethoxybenzoate (10). White solid, 

yield: 79% crystallized from ethanol; m.p. 109–110 °C; IR (KBr) cm−1: 2987, 1699, 1240; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 3.58 (t, 2H, H9, J = 6.9 Hz), 3.90 (s, 3H, OMe), 3.93 (s, 3H, 

OMe), 4.62 (t, 2H, H10, J = 6.9 Hz), 6.86 (d, 1H, H5′, J = 8.7 Hz), 7.49 (d, 1H, H2′, J = 1.9 Hz), 

7.59–7.62 (m, 3H, H3,6,6′), 8.12 (d, 1H, H5, J = 9.2 Hz), 8.38 (brs, 1H, H8), 8.74 (d, 1H, H2, J 

= 5.4 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.4 (C9), 56.2 (OMe), 61.7 (C10), 110.6 (C5′), 

112.4 (C2′), 114.7, 115.8 (C3), 121.7, 123.9 (C6′), 124.9, 125.1 (C5), 129.4 (C8), 138.9, 142.0, 

145.3 (C2), 149.0, 153.9, 166.1 (C11). Anal. calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; 

Found: C 59.48, H 4.52, N 3.56. MS: m/z 404.07 (M+H+. 26%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 3,5-dimethoxybenzoate (11). White solid, 

yield: 84% crystallized from ethanol; m.p. 100–102 °C; IR (KBr) cm−1: 2993, 1718, 1240; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 3.56 (t, 2H, H9, J = 6.9 Hz), 3.80 (s, 6H, OMe), 4.63 (t, 2H, 

H10, J = 6.7 Hz), 6.64 (t, 1H, H4′, J = 2.2 Hz), 7.12 (d, 2H, H2′, 6′, J = 2.2 Hz), 7.41 (d, 1H, H3, 

J = 4.9 Hz), 7.49 (dd, 1H, H6, J = 2.2, 9.1 Hz), 8.06 (d, 1H, H5, J = 8.9 Hz), 8.07 (d, 1H, H8, J 
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= 1.9 Hz), 8.73 (d, 1H, H2, J = 5.2 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.1 (C9), 55.6 

(OMe), 62.6 (C10), 106.1 (C4′), 107.5 (C2′,6′), 116.9 (C3), 125.1 (C5 or 8), 125.3, 127.7 (C6), 

128.8 (C5 or 8), 131.4, 136.2, 147.0, 147.8, 150.0 (C2), 160.9, 166.1 (C11). Anal. calcd. for: 

C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 59.47, H 4.50, N 3.68. MS: m/z 404.07 

(M+H+. 35%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2,3,4-trimethoxybenzoate (12). White solid, 

yield: 80% crystallized from ethanol; m.p. 94–96 °C; IR (KBr) cm−1: 2980, 1699, 1245; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 3.55 (t, 2H, H9, J = 6.7 Hz), 3.85 (s, 3H, OMe), 3.90 (s, 3H, 

OMe), 3.93 (s, 3H, OMe), 4.60 (t, 2H, H10, J = 6.7 Hz), 6.66 (d, 1H, H5′, J = 8.9 Hz), 7.52–7.56 

(m, 3H, H3,6,6′), 8.09 (d, 1H, H5, J = 8.9), 8.26–8.31 (m, 1H, H8), 8.72 (d, 1H, H2, J = 5.2 Hz). 
13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.3 (C9), 56.2 (OMe), 61.0 (OMe), 61.8 (OMe), 61.9 

(C10), 107.1 (C5′), 116.3 (C3), 117.0, 125.1 (C5), 126.9 (C6), 127.0 (C8), 128.5 (C6′), 137.6, 

143.4, 144.7, 147.6 (C2), 155.0, 157.8, 165.1 (C11). Anal. calcd. for: C21H20ClNO5S: C 58.13, 

H 4.65, N 3.23; Found: C 58.13, H 4.67, N 3.40. MS: m/z 434.08 (M+H+. 75%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2,4,5-trimethoxybenzoate (13). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 80%; m.p. 134–135 °C; IR (KBr) 

cm−1: 2930, 1666, 1204; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.51 (t, 2H, H9, J = 7.1 Hz), 3.84 

(s, 3H, OMe), 3.91 (s, 3H, OMe), 3.95 (s, 3H, OMe), 4.59 (t, 2H, H10, J = 7.0 Hz), 6.53 (s, 1H, 

H3′), 7.38 (s, 1H, H6′), 7.46 (d, 1H, H3, J = 4.9 Hz), 7.50 (dd, 1H, H6, J = 2.1, 8.9 Hz), 8.06 (d, 

1H, H8, J = 2.3 Hz), 8.09 (d, 1H, H5, J = 9.2 Hz), 8.75 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 

75 MHz) δ ppm: 29.7 (C9), 56.1 (OMe), 56.5 (OMe), 57.0 (OMe), 62.0 (C10), 97.5 (C3′), 109.6, 

114.5 (C6′), 116.6 (C3), 125.0 (C5), 125.1, 127.4 (C6), 129.0 (C8), 135.7, 142.6, 146.6, 148.1, 

150.5 (C2), 154.2, 156.2, 165.2 (C11). Anal. calcd. for: C21H20ClNO5S: C 58.13, H 4.65, N 3.23; 

Found: C 58.15, H 4.64, N 3.27. MS: m/z 434.08 (M+H+. 83%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 3,4,5-trimethoxybenzoate (14). Column 

chromathography DCM:EtOAc (9:1). White solid, yield: 89%; m.p. 139–140 °C; IR (KBr) 

cm−1: 2892, 1700, 1209; 1H NMR (CDCl3, 270 MHz) δ ppm: 3.54 (d, 2H, H9, J = 6.9 Hz), 3.87 

(s, 6H, OMe), 3.90 (s, 3H, OMe), 4.62 (t, 2H, H10, J = 6.9 Hz), 7.25 (s, 2H, H2′,6′), 7.50 (d, 

1H, H3, J = 4.9 Hz), 7.54 (dd, 1H, H6, J = 1.9, 9.2 Hz), 8.09 (d, 1H, H5, J = 8.9 Hz), 8.19 (d, 

1H, H8, J = 1.9 Hz), 8.75 (d, 1H, H2, J = 5.2 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.1 

(C9), 56.4 (OMe × 2), 61.0 (OMe), 62.2 (C10), 107.4 (C2′,6′), 116.5 (C3), 124.3, 125.1 (C5), 

127.5 (C6), 128.3 (C8), 137.1, 143.3, 148.4 (C2), 148.5, 153.2, 166.0 (C11). Anal. calcd. for: 

C21H20ClNO5S: C 58.13, H 4.65, N 3.23; Found: C 58.13, H 4.65, N 3.34. MS: m/z 434.11 

(M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 2-chlorobenzoate (15). White solid, yield: 

75% crystallized from ethanol; m.p. 108 °C; IR (KBr) cm−1: 2944, 1692, 1213; 1H NMR 

(CDCl3, 270 MHz) δ ppm: 3.55 (d, 2H, H9, J = 6.7 Hz), 4.65 (t, 2H, H10, J = 6.7 Hz), 7.27 (d, 

1H, H3, J = 5.9 Hz), 7.29–7.32 (m, 1H, H5′), 7.40–7.50 (m, 2H, H3′,4′), 7.55 (dd, 1H, H6, J = 

2.0, 8.9 Hz), 7.77 (d, 1H, H6′, J = 7.2 Hz), 8.11 (d, 1H, H5, J = 9.2 Hz), 8.20 (m, 1H, H8), 8.73 

(s, 1H, H2). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.1 (C9), 62.7 (C10), 116.6 (C3), 125.1 (C5), 

126.7 (C5′), 127.8 (C8), 128.2 (C6), 129.4, 131.3 (C3′ or 4′), 131.5 (C6′), 133.1 (C3′ or 4′), 134.0, 

137.0, 146.0, 148.7 (C2), 165.3 (C11). Anal. calcd. for: C18H13Cl2NO2S: C 57.15, H 3.46, N 3.70; 

Found: C 57.17, H 3.47, N 3.83. MS: m/z 378.10 (M+H+. 52%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 3-chlorobenzoate (16). White solid, yield: 

79% crystallized from ethanol; m.p. 94–96 °C; IR (KBr) cm−1: 2937, 1730, 1246; 1H NMR 

(CDCl3, 270 MHz) δ ppm: 3.55 (d, 2H, H9, J = 6.7 Hz), 4.65 (t, 2H, H10, J = 6.7 Hz), 7.37 (t, 

1H, H5′, J = 7.9 Hz), 7.49 (d, 1H, H3, J = 5.2 Hz), 7.53–7.55 (m, 1H, H4′), 7.58 (d, 1H, H6, J = 

1.9 Hz), 7.86 (d, 1H, H6′, J = 7.6 Hz), 7.95 (t, 1H, H2′, J = 1.7 Hz), 8.11 (d, 1H, H5, J = 9.2 Hz), 

8.25 (d, 1H, H8, J = 1.5 Hz), 8.74 (d, 1H, H2, J = 5.2 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 

30.3 (C9), 62.5 (C10), 116.5 (C3), 125.1 (C5), 126.9 (C8), 127.8 (C6′), 128.6 (C6), 129.8 (C2′), 

129.9 (C5′), 131.2, 133.5 (C4′), 134.8, 147.8 (C2), 165.1 (C11). Anal. calcd. for: C18H13Cl2NO2S: 

C 57.15, H 3.46, N 3.70; Found: C 57.15, H 3.48, N 3.79. MS: m/z 378.09 (M+H+. 61%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 4-methoxy-3-nitrobenzoate (17). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 93%; m.p. 171–173 °C; IR (KBr) 
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cm−1: 3030, 2963, 1717, 1519, 1233; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.51 (t, 2H, H9, J = 

6.8 Hz), 4.03 (s, 3H, OMe), 4.64 (t, 2H, H10, J = 6.8 Hz), 7.11 (d, 1H, H5′, J = 8.9 Hz), 7.39 (d, 

1H, H3, J = 4.8 Hz), 7.50 (dd, 1H, H6′, J = 2.2, 8.9 Hz), 8.05 (d, 1H, H2′, J = 2.1 Hz), 8.09 (d, 

1H, H5, J = 9.0 Hz), 8.13 (dd, 1H, H6, J = 2.2, 8.8 Hz), 8.45 (d, 1H, H8, J = 2.1 Hz), 8.76 (d, 

1H, H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 30.0 (C9), 57.0 (OMe), 62.9 (C10), 

113.3 (C5′), 116.9 (C3), 121.9, 125.1 (C5), 125.2, 127.4 (C6 or 2′), 127.6 (C6 or 2′), 129.1 (C8), 

135.4 (C6′), 135.9, 146.2, 148.2, 150.4 (C2), 156.5, 164.2 (C11). Anal. calcd. for: 

C19H15ClN2O5S: C 54.48, H 3.61, N 6.69; Found: C 54.50, H 3.60, N 6.81. MS: m/z 419.07 

(M+H+. 36%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 5-methyl-2-nitrobenzoate (18). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 79%; m.p. 93–95 °C; IR (KBr) cm−1: 

3076, 2977, 1731, 1524, 1200; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.46 (s, 3H, CH3), 3.49 (t, 

2H, H9, J = 7.1 Hz), 4.61 (t, 2H, H10, J = 6.9 Hz), 7.37 (d, 1H, H3, J = 4.8 Hz), 7.39–7.43 (m, 

2H, H4′,6′), 7.50 (dd, 1H, H6, J = 2.2, 8.9 Hz), 7.89 (d, 1H, H3′, J = 8.3 Hz), 8.05 (d, 1H, H8, J 

= 2.1 Hz), 8.08 (d, 1H, H5, J = 9.0 Hz), 8.74 (d, 1H, H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 

MHz) δ ppm: 21.4 (CH3), 29.1 (C9), 63.6 (C10), 116.8 (C3), 124.3 (C3′), 125.1 (C5), 125.2, 

127.5 (C6), 127.7, 129.0 (C8), 130.0 (C6′), 132.2 (C4′), 135.9, 145.0, 145.5, 146.1, 148.2, 150.5 

(C2), 165.8 (C11). Anal. calcd. for: C19H15ClN2O4S: C 56.65, H 3.75, N 6.95; Found: C 56.67, 

H 3.74, N 7.19. MS: m/z 403.15 (M+H+. 78%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 3,5-dimethylbenzoate (19). Column chro-

mathography DCM:EtOAc (9:1). White solid, yield: 91%; m.p. 102–104 °C; IR (KBr) cm−1: 

3024, 2972, 1729, 1204; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.34 (s, 6H, Me), 3.49 (t, 2H, H9, 

J = 6.8 Hz), 4.60 (t, 2H, H10, J = 6.8 Hz), 7.19 (brs, 1H, H3), 7.42 (d, 1H, H4′, J = 4.7 Hz), 7.49 

(d, 1H, H6, J = 8.9 Hz), 7.58 (brs, 2H, H2′,6′), 8.05–8.09 (m, 2H, H5,8), 8.74 (d, 1H, H2, J = 

4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.3 (2 × CH3), 30.0 (C9), 62.5 (C10), 116.9 (C3), 

125.2 (C5), 125.3, 127,4 (C2′,6′), 127.5 (C6), 129.1 (C8), 129.4, 135.1 (C4′), 135.9, 138.3, 146.6, 

148.3, 150.5 (C2), 166.8 (C11). C20H18ClNO2S: C 64.59, H 4.88, N 3.77; Found: C 64.60, H 

4.89, N 3.89. MS: m/z 372.12. (M+H+. 47%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl 4-(trifluoromethyl)benzoate (20). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 75%; m.p. 134–136 °C; IR (KBr) 

cm−1: 3066, 2981, 1711, 1282; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.51 (t, 2H, H9, J = 6.8 Hz), 

4.65 (t, 2H, H10, J = 6,8 Hz), 7.37 (d, 1H, H3, J = 4.8 Hz), 7.48 (dd, 1H, H6, J = 2.3, 8.9 Hz), 

7.69 (d, 2H, H3′,5′, J = 8.2 Hz), 8.04–8.09 (m, 4H, H5,8,2′,6′), 8.74 (d, 1H, H2, J = 4.8 Hz). 13C 

NMR (CDCl3, 75 MHz) δ ppm: 30.0 (C9), 63.0 (C10), 116.9 (C3), 125.1 (C5), 125.2 (C6), 125.6 

(C3′,5′), 127.6 (C8), 129.1 (C2′,6′), 130.2, 132.8, 134.7, 135.1, 136.0, 146.2, 148.2, 150.5 (C2), 

165.2 (C11). C19H13ClF3NO2S: C 55.41, H 3.18, N 3.40; Found: C 55.43, H 3.20, N 3.61. MS: 

m/z 412.16. (M+H+. 56%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl-4-tert-butylbenzoate (21). Column chroma-

thography DCM:EtOAc (9.5:0.5). White solid, yield: 91%; m.p. 120–122 °C; IR (KBr) cm−1: 

3037, 2963, 1713, 1268; 1H NMR (CDCl3, 270 MHz) δ ppm: 1.32 (s, 9H, Me), 3.49 (t, 2H, H9, 

J = 6.9 Hz), 4.60 (t, 2H, H10, J = 6.9 Hz), 7.40–7.45 (m, 3H, H3,3′,5′), 7.49 (dd, 1H, H6, J = 2.2, 

8.9Hz), 7.90 (dt, 2H, H2′,6′, J = 1.7, 6.9 Hz), 8.04 (d, 1H, H8, J = 2.0 Hz), 8.07 (d, 1H, H5, J = 

9.2 Hz), 8.75 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 30.3 (C9), 31.1 (3 

× CH3), 35.2, 62.3 (C10), 117.1 (C3), 125.2, 125.3 (C5), 125.5 (C3′,5′), 126.8, 127.5 (C6), 129.0 

(C8), 129.6 (C2′,6′), 135.9, 146.6, 148.2, 150.4 (C2), 157.2, 166.4 (C11). C22H22ClNO2S: C 66.07, 

H 5.54, N 3.50; Found: C 66.05, H 5.56, N 3.74. MS: m/z 400.13. (M+H+. 33%). 

2-[(7-Chloroquinolin-4-yl)sulfanyl]ethyl-2-methoxybenzoate (22). Column chroma-

thography DCM:EtOAc (8:2). White solid, yield: 87%; m.p. 98–99 °C; IR (KBr) cm−1: 3020, 

2980, 1715, 1220; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.48 (t, 2H, H9, J = 6.9 Hz), 3.89 (s, 3H, 

OMe), 4.59 (t, 2H, H10, J = 6.9 Hz), 6.92–6.98 (m, 2H, H3′,5′), 7.41 (d, 1H, H3, J = 4.8 Hz), 

7.45–7.50 (m, 2H, H6,4′), 7.76 (dd, 1H, H6′, J = 1.4, 7.7 Hz), 8.04–8.08 (m, 2H, H5,8), 8.72 (d, 

1H, H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 29.8 (C9), 56.1 (OMe), 62.3 (C10), 

112.1, 116.7, 119.2, 120.2, 125.1, 125.1, 127.4, 129.1, 131.9, 134.2, 135.8, 146.6, 148.2, 150.5 
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(C2), 159.6, 165.8 (C11). Anal. calcd. for: C19H16ClNO3S: C 61.04, H 4.31, N 3.75; Found: C 

61.05, H 4.35, N 3.91. MS: m/z 374.10. (M+H+. 29%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-4-methoxybenzoate (23). Column chro-

mathography DCM:EtOAc (8:2). White solid, yield: 96%; m.p. 106–108 °C; IR (KBr) cm−1: 

3010, 2926, 1701, 1259; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.22–2.31 (m, 2H, H10), 3.27 (t, 

2H, H9, J = 7.2 Hz), 3.87 (s, 3H, OMe), 4.48 (t, 2H, H11, J = 6.0 Hz), 6.93 (d, 2H, H3′, 5′, J = 

9.0 Hz), 7.20 (d, 1H, H3, J = 4.9 Hz), 7.49 (dd, 1H, H6′, J = 2.1, 9.0 Hz), 8.01 (d, 2H, H2′, 6′, J 

= 9.0 Hz), 8.05 (d, 1H, H8, J = 2.4 Hz), 8.06 (d, 1H, H5, J = 8.8 Hz), 8.68 (d, 1H, H2, J = 4.8 

Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 28.0 (C10), 28.1 (C9), 55.6 (OMe), 63.0 (C11), 113.9 

(C3′,5′), 116.3 (C3), 122.5, 125.2 (C5 or 8), 127.5 (C6), 129.1 (C8 or 5), 131.8 (C2′,6′), 135.9, 

147.5, 148.2, 150.4 (C2), 163.7, 166.3 (C12). Anal. calcd. for: C20H18ClNO3S: C 61.93, H 4.68, 

N 3.61; Found: C 61.96, H 4.71, N 3.72. MS: m/z 388.10. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,3-dimethoxybenzoate (24). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 91%; m.p. 78–80 °C; IR (KBr) cm−1: 

3031, 2912, 1728, 1254; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.24–2.30 (m, 2H, H10), 3.29 (t, 

2H, H9, J = 7.3 Hz), 3.89 (s, 3H, OMe), 3.90 (s, 3H, OMe), 4.50 (t, 2H, H11, J = 5.9 Hz), 7.08–

7.10 (m, 2H, H5′,4′), 7.21 (d, 1H, H3, J = 4.9 Hz), 7.32 (dd, 1H, H6′, J = 2.7, 6.8 Hz), 7.49 (dd, 

1H, H6, J = 2.1, 9.0 Hz), 8.05 (d, 1H, H8, J = 2.5 Hz), 8.06 (d, 1H, H5, J = 8.8 Hz), 8.68 (d, 1H, 

H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 27.9 (C9,10), 56.2 (OMe), 61.7 (OMe), 

63.3 (C11), 116.1 (C3), 116.3 (C4′), 122.3 (C5′), 124.1 (C6′), 125.1 (C5), 125.2, 126.0, 127.4 (C6), 

129.1 (C8), 135.8, 147.4, 148.2, 149.2, 150.4 (C2), 153.7, 166.4 (C12). Anal. calcd. for: 

C21H20ClNO4S: C 60.35, H 4.82, N 3.35; Found: C 60.39, H 4.81, N 3.47. MS: m/z 418.08. 

(M+H+. 37%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,4-dimethoxybenzoate (25). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 89%; m.p. 74–76 °C; IR (KBr) cm−1: 

3040, 2944, 1688, 1280; 1H NMR (CDCl3, 270 MHz) δ ppm: 2.23–2.30 (m, 2H, H10), 3.33 (t, 

2H, H9, J = 7.4 Hz), 3.85 (s, 3H, OMe), 3.86 (s, 3H, OMe), 4.44 (t, 2H, H11, J = 5.9 Hz), 6.48–

6.51 (m, 2H, H3′,5′), 7.32 (d, 1H, H3, J = 4.9 Hz), 7.54 (dd, 1H, H6, J = 1.9, 8.9 Hz), 7.84 (d, 

1H, H6′, J = 9.2 Hz), 8.08 (d, 1H, H5, J = 8.9 Hz), 8.26 (d, 1H, H8, J = 1.9 Hz), 8.65 (d, 1H, 

H2, J = 4.9 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 27.8 (C10), 28.4 (C9), 55.6 (OMe), 56.1 

(OMe), 62.3 (C11), 99.2 (C3′ or 5′), 105.0 (C3′ or 5′), 111.9, 115.0 (C3), 125.1 (C5), 126.5 (C8), 

129.2 (C6), 133.9 (C6′), 146.8 (C2), 161.5, 164.7, 165.6 (C12). Anal. calcd. for: C21H20ClNO4S: 

C 60.35, H 4.82, N 3.35; Found: C 60.33, H 4.84, N 3.51. MS: m/z 418.11. (M+H+. 49%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,5-dimethoxybenzoate (26). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 96%; m.p. 97–98 °C; IR (KBr) cm−1: 

2971, 1696, 1286; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.20–2.29 (m, 2H, H10), 3.29 (t, 2H, 

H9, J = 7.3 Hz), 3.79 (s, 3H, OMe), 3.84 (s, 3H, OMe), 4.48 (t, 2H, H11, J = 5.9 Hz), 6.93 (d, 

1H, H3′, J = 9.1 Hz), 7.05 (dd, 1H, H4′, J = 3.2, 9.1 Hz), 7.23 (d, 1H, H3, J = 4.9 Hz), 7.35 (d, 

1H, H6′, J = 3.2 Hz), 7.49 (dd, 1H, H6, J = 2.2, 8.9 Hz), 8.05–8.07 (m, 2H, H5,8), 8.68 (d, 1H, 

H2, J = 4.9 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 27.9 (C9,10), 56.1 (OMe), 56.8 (OMe), 

63.3 (C11), 113.9 (C3′), 116.2 (C3 or 6′), 116.4 (C3 or 6′), 119.6 (C4′), 120.5, 125.1, 125.2 (C5), 

127.4 (C8), 129.1 (C6), 135.8, 147.6 (C2), 148.2, 150.4, 153.2, 153.6, 166.2 (C12). Anal. calcd. 

for: C21H20ClNO4S: C 60.35, H 4.82, N 3.35; Found: C 60.35, H 4.83, N 3.57. MS: m/z 418.08. 

(M+H+. 61%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-3,5-dimethoxybenzoate (27). White solid, 

yield: 95% crystallized from ethanol; m.p. 148 °C; IR (KBr) cm−1: 2944, 1712, 1248; 1H NMR 

(CDCl3, 270 MHz) δ ppm: 2.26–2.31 (m, 2H, H10), 3.30 (t, 2H, H9, J = 7.2 Hz), 3.82 (s, 6H, 

OMe), 4.49 (t, 2H, H11, J = 5.9 Hz), 6.65 (t, 1H, H4′, J = 2.2 Hz), 7.17 (d, 2H, H2′,6′, J = 2.2 

Hz), 7.27 (d, 1H, H3, J = 4.9 Hz), 7.54 (dd, 1H, H6, J = 1.9, 8.6 Hz), 8.08 (d, 1H, H5, J = 8.6 

Hz), 8.22 (brs, 1H, H8), 8.68 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 

27.8 (C10), 28.4 (C9), 55.7 (2 × OMe), 63.2 (C11), 105.6 (C4′), 107.5 (C2′,6′), 115.6 (C3), 124.9 

(C5), 125.1 (C8), 128.6 (C6), 131.8, 137.8, 147.0 (C2), 152.4, 157.9, 160.9, 166.2 (C12). Anal. 

calcd. for: C21H20ClNO4S: C 60.35, H 4.82, N 3.35; Found: C 60.39, H 4.79, N 3.60. MS: m/z 

418.12. (M+H+. 27%). 
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3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,3,4-trimethoxybenzoate (28). White 

solid, yield: 85% crystallized from ethanol; m.p. 84 °C; IR (KBr) cm−1: 2963, 1692, 1216; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 2.20–2.30 (m, 2H, H10), 3.30 (t, 2H, H9, J = 7.2 Hz), 3.87 (s, 

3H, OMe), 3.90 (s, 3H, OMe), 3.92 (s, 3H, OMe), 4.46 (t, 2H, H11, J = 5.9 Hz), 6.70 (d, 1H, 

H5′, J = 8.9 Hz), 7.28 (d, 1H, H3, J = 4.5 Hz), 7.52 (dd, 1H, H6, J = 1.9, 9.2 Hz), 7.59 (d, 1H, 

H6′, J = 8.9 Hz), 8.07 (d, 1H, H5, J = 9.2 Hz), 8.17 (d, 1H, H8, J = 1.9 Hz), 8.67 (d, 1H, H2, J = 

4.5 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 27.9 (C10), 28.2 (C9), 56.2 (OMe), 61.0 (OMe), 

61.8 (OMe), 62.9 (C11), 107.2 (C5′), 116.0 (C3), 117.7, 125.1 (C5), 126.9 (C6′), 127.7 (C8), 128.0 

(C6), 136.9, 143.2, 146.2, 148.6 (C2), 150.1, 154.8, 157.5, 165.5 (C12). Anal. calcd. for: 

C22H22ClNO5S: C 58.99, H 4.95, N 3.13; Found: C 59.01, H 4.96, N 3.32. MS: m/z 448.11. 

(M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,4,5-trimethoxybenzoate (29). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 58%; m.p. 118–120 °C; IR (KBr) 

cm−1: 3028, 2905, 1714, 1229; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.18–2.27 (m, 2H, H10), 

3.27 (t, 2H, H9, J = 7.3 Hz), 3.84 (s, 3H, OMe), 3.86 (s, 3H, OMe), 3.92 (s, 3H, OMe), 4.45 (t, 

2H, H11, J = 6.0 Hz), 6.51 (s, 1H, H3′), 7.20 (d, 1H, H3, J = 4.9 Hz), 7.40 (s, 1H, H6′), 7.46 

(dd, 1H, H6, J = 2.3, 8.8 Hz), 8.01 (d, 1H, H8, J = 2.3 Hz), 8.03 (d, 1H, H5, J = 8.8 Hz), 8.64 

(d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 27.9 (C9,10), 56.1 (OMe), 56.6 

(OMe), 57.0 (OMe), 62.9 (C11), 97.7 (C3′), 110.4, 114.7 (C6′), 116.1 (C3), 125.1 (C5), 125.1, 

127.3 (C6), 129.0 (C8), 135.8, 142.7, 147.6, 148.1, 150.3 (C2), 153.9, 155.8, 165.8 (C12). Anal. 

calcd. for: C22H22ClNO5S: C 58.99, H 4.95, N 3.13; Found: C 58.96, H 4.95, N 3.29. MS: m/z 

448.13. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-3,4,5-trimethoxybenzoate (30). Column 

chromathography DCM:EtOAc (9:1). White solid, yield: 97%; m.p. 98–100 °C; IR (KBr) 

cm−1: 3048, 2925, 1704, 1220; 1H NMR (CDCl3, 270 MHz) δ ppm: 2.22–2.32 (m, 2H, H10), 

3.24 (t, 2H, H9, J = 7.2 Hz), 3.88 (s, 6H, 2 × OMe), 3.89 (s, 3H, OMe), 4.49 (t, 2H, H11, J = 6.2 

Hz), 7.17 (d, 1H, H3, J = 4.8 Hz), 7.28 (s, 2H, H2′, 6′), 7.47 (dd, 1H, H6, J = 2.1, 9.0 Hz), 8.03 

(d, 1H, H8, J = 2.1 Hz), 8.04 (d, 1H, H5, J = 9.0 Hz), 8.67 (d, 1H, H2, J = 4.8 Hz). 13C NMR 

(CDCl3, 67.9 MHz) δ ppm: 27.9 (C10), 28.1 (C9), 56.4 (2 × OMe), 61.1 (OMe), 63.5 (C11), 

107.1 (C2′,6′), 116.3 (C3), 125.0 (C5), 125.1, 125.2, 127.5 (C6), 129.1 (C8), 135.9, 142.7, 147.4, 

148.2, 150.3 (C2), 153.1, 166.2 (C12). Anal. calcd. for: C22H22ClNO5S: C 58.99, H 4.95, N 3.13; 

Found: C 58.98, H 4.96, N 3.41. MS: m/z 448.09. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2-methoxybenzoate (31). Column chro-

mathography DCM:EtOAc (8:2). White solid, yield: 76%; m.p. 95–97 °C; IR (KBr) cm−1: 

2950, 1714, 1225; 1H NMR (CDCl3, 270 MHz) δ ppm: 2.25–2.32 (m, 2H, H10), 3.36 (t, 2H, 

H9, J = 7.2 Hz), 3.88 (s, 3H, OMe), 4.48 (t, 2H, H11, J = 5.9 Hz), 6.97–7.00 (m, 2H, H3′,5′), 

7.36 (d, 1H, H3, J = 5.2 Hz), 7.45–7.49 (m, 1H, H4′), 7.57 (dd, 1H, H6, J = 1.9, 8.9 Hz), 7.79 

(dd, 1H, H6′, J = 1.7, 7.9 Hz), 8.10 (d, 1H, H5, J = 8.9 Hz), 8.35 (d, 1H, H8, J = 1.9 Hz), 8.65 

(d, 1H, H2, J = 5.2 Hz). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 27.8 (C10), 28.3 (C9), 56.1 

(OMe), 62.8 (C11), 112.3 (C3′ or 5′), 115.3 (C3), 120.0 (C3′ or 5′), 120.4, 122.9, 124.8, 125.1 

(C5), 125.9 (C8), 128.8 (C6), 131.7 (C6′), 133.9 (C4′), 138.4, 146.5 (C2), 159.3, 166.2 (C12). 

Anal. calcd. for: C20H18ClNO3S: C 61.93, H 4.68, N 3.61; Found: C 61.95, H 4.68, N 3.69. MS: 

m/z 388.10. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2-chlorobenzoate (32). White solid; yield: 

81% crystallized from ethanol; m.p. 100–102 °C; IR (KBr) cm−1: 2950, 1720, 1230; 1H NMR 

(CDCl3, 270 MHz) δ ppm: 2.22–2.31 (m, 2H, H10), 3.29 (t, 2H, H9, J = 7.2 Hz), 4.52 (t, 2H, 

H11, J = 5.9 Hz), 7.21 (d, 1H, H3, J = 4.9 Hz), 7.29–7.35 (m, 1H, H5′), 7.43–7.46 (m, 2H, 

H3′,4′), 7.49 (dd, 1H, H6, J = 1.9, 9.2 Hz), 7.80–7.83 (m, 1H, H6′), 8.05 (d, 1H, H5, J = 9.2 Hz), 

8.09 (d, 1H, H8, J = 1.9 Hz), 8.68 (brs, 1H, H2). 13C NMR (CDCl3, 67.9 MHz) δ ppm: 27.8 

(C10), 28.2 (C9), 63.8 (C11), 116.3 (C3), 125.1 (C5), 126.7, 127.6, 128.6, 130.2, 131.2, 131.5, 

132.8, 133.7, 136.1, 147.4, 148.1, 149.7 (C2), 165.7 (C12). Anal. calcd. for: C19H15Cl2NO2S: C 

58.17, H 3.85, N 3.57; Found: C 58.16, H 3.87, N 3.73. MS: m/z 392.02. (M+H+. 75%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-3-chlorobenzoate (33). White solid, yield: 

80% crystallized from ethanol; m.p. 96–98 °C; IR (KBr) cm−1: 2920, 1700, 1210; 1H NMR 
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(CDCl3, 270 MHz) δ ppm: 2.22–2.32 (m, 2H, H10), 3.26 (t, 2H, H9, J = 7.2 Hz), 4.50 (t, 2H, 

H11, J = 5.9 Hz), 7.20 (d, 1H, H3, J = 4.9 Hz), 7.38 (t, 1H, H5′, J = 7.9 Hz), 7.49 (dd, 1H, H6, 

J = 1.9, 9.2 Hz), 7.52–7.56 (m, 1H, H4′), 7.89–7.93 (m, 1H, H6′), 8.00 (t, 1H, H2′, J = 1.7 Hz), 

8.05 (d, 1H, H5, J = 9.2 Hz), 8.08 (d, 1H, H8, J = 1.9 Hz), 8.69 (brs, 1H, H2). 13C NMR (CDCl3, 

67.9 MHz) δ ppm: 27.8 (C10), 28.2 (C9), 63.6 (C11), 116.3 (C3), 125.1 (C5), 127.7 (C6), 127.8 

(C6′), 128.6 (C8), 129.7 (C2′), 129.8 (C5′), 131.8, 133.3 (C4′), 134.8, 136.2, 143.5, 147.5, 148.1, 

149.7 (C2), 165.2 (C12). Anal. calcd. for: C19H15Cl2NO2S: C 58.17, H 3.85, N 3.57; Found: C 

58.21, H 3.83, N 3.82. MS: m/z 392.04. (M+H+. 63%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2,4-dichlorobenzoate (34). White solid, 

yield: 76% crystallized from ethanol; m.p. 88–89 °C; IR (KBr) cm−1: 3060, 2930, 1690, 1210; 
1H NMR (CDCl3, 270 MHz) δ ppm: 2.23–2.33 (m, 2H, H10), 3.30 (t, 2H, H9, J = 7.2 Hz), 4.52 

(t, 2H, H11, J = 5.9 Hz), 7.25 (d, 1H, H3, J = 4.2 Hz), 7.31 (dd, 1H, H5′, J = 1.9, 8.4 Hz), 7.48 

(d, 1H, H3′, J = 1.9 Hz), 7.53 (dd, 1H, H6, J = 1.9, 9.2 Hz), 7.80 (d, 1H, H6′, J = 8.4 Hz), 8.07 

(d, 1H, H5, J = 9.2 Hz), 8.19 (d, 1H, H8, J = 1.9 Hz), 8.69 (d, 1H, H2, J = 4.2 Hz). 13C NMR 

(CDCl3, 67.9 MHz) δ ppm: 27.6 (C10), 28.2 (C9), 63.9 (C11), 116.0 (C3), 125.1 (C5 or 8),127.2 

(C5′), 127.6 (C6 or 3′), 128.1 (C8 or 5), 128.2, 131.2 (C3′ or 6), 132.6 (C6′), 134.8, 137.1, 138.8, 

148.3 (C2), 164.8 (C12). Anal. calcd. for: C19H14Cl3NO2S: C 53.48, H 3.31, N 3.28; Found: C 

53.51, H 3.31, N 3.45. MS: m/z 426.94. (M+H+. 80%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-4-methoxy-3-nitrobenzoate (35). Column 

chromathography DCM:EtOAc (9:1). White solid, yield: 97%; m.p. 138–140 °C; IR (KBr) 

cm−1: 3020, 2958, 1715, 1507, 1247; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.24–2.33 (m, 2H, 

H10), 3.26 (t, 2H, H9, J = 7.1 Hz), 4.03 (s, 3H, OMe), 4.52 (t, 2H, H11, J = 6.1 Hz), 7.13 (d, 

1H, H5′, J = 8.8 Hz), 7.19 (d, 1H, H3, J = 4.8 Hz), 7.49 (dd, 1H, H6, J = 2.4, 8.8 Hz), 8.04 (d, 

1H, H8, J = 2.4 Hz), 8.06 (d, 1H, H5, J = 8.8 Hz), 8.20 (dd, 1H, H6′, J = 2.2, 8.8 Hz), 8.50 (d, 

1H, H2′, J = 2.2 Hz), 8.70 (d, 1H, H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 27.7 

(C10), 28.1 (C9), 57.0 (OMe), 63.9 (C11), 113.4 (C5′), 116.4 (C3), 122.4, 125.1 (C5), 125.2, 127.3 

(C2′ or 8), 127.5 (C2′ or 8), 129.1 (C6), 135.5 (C6′), 135.9, 139.5, 147.2, 148.2, 150.4 (C2), 156.4, 

164.4 (C12). Anal. calcd. for: C20H17ClN2O5S: C 55.49, H 3.96, N 6.47; Found: C 55.47, H 

4.01, N 6.72. MS: m/z 433.09. (M+H+. 46%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-5-methyl-2-nitrobenzoate (36). Column 

chromathography DCM:EtOAc (9:1). White solid, yield: 67%; m.p. 91–92 °C; IR (KBr) cm−1: 

3062, 2971, 1731, 1505, 1205; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.12–2.21 (m, 2H, H10), 

2.39 (s, 3H, CH3), 3.15 (t, 2H, H9, J = 7.2 Hz), 4.46 (t, 2H, H11, J = 5.9 Hz), 7.13 (d, 1H, H3, 

J = 4.9 Hz), 7.33 (dd, 1H, H4′, J = 1.0, 8.3 Hz), 7.39 (dd, 1H, H6, J = 2.2, 8.94 Hz), 7.44 (d, 1H, 

H6′, J = 1.0 Hz), 7.79 (d, 1H, H3′, J = 8.3 Hz), 7.94–7.97 (m, 2H, H5,8), 8.62 (d, 1H, H2, J = 4.9 

Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.3 (CH3), 27.3 (C10), 27.6 (C9), 64.6 (C11), 116.1 

(C3), 124.1 (C3′), 124.9, 125.0 (C5), 127.1 (C6), 127.7, 128.8 (C8), 130.1 (C6′), 132.1 (C4′), 

135.5, 144.7, 145.7, 147.2, 147.9, 150.3 (C2), 165.7 (C12). Anal. calcd. for: C20H17ClN2O4S: C 

57.62, H 4.11, N 6.72; Found: C 57.63, H 4.13, N 6.87. MS: m/z 417.10. (M+H+. 56%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-3,5-dimethylbenzoate (37). Column chro-

mathography DCM:EtOAc (9:1). White solid, yield: 92%; m.p. 136–138 °C; IR (KBr) cm−1: 

3029, 2772, 1706, 1224; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.22–2.32 (m, 2H, H10), 2.37 (s, 

6H, 2CH3), 3.27 (t, 2H, H9, J = 7.2 Hz), 4.49 (t, 2H, H11, J = 6.0 Hz), 7.20–7.26 (m, 2H, H3,4′), 

7.49 (dd, 1H, H6, J = 2.1, 9.1 Hz), 7.66 (brs, 2H, H2′,6′), 8.06 (brs, 1H, H8), 8.07 (d, 1H, H5, 

J = 9.0 Hz), 8.68 (d, 1H, H2, J = 4.8 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.3 (2 × CH3), 

27.9 (C10), 28.0 (C9), 63.2 (C11), 116.3 (C3), 125.1 (C5), 125.2, 127.4 (C2′,5′), 127.5 (C6), 129.1 

(C8), 129.9, 135.0 (C3′), 135.9, 138.3, 147.5, 148.2, 150.4 (C2), 166.9 (C11). Anal. calcd. for: 

C21H20ClNO2S: C 65.36, H 5.22, N 3.63; Found: C 65.39, H 5.24, N 3.79. MS: m/z 386.11. 

(M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-4-(trifluoromethyl)benzoate (38). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 90%; m.p. 122–124 °C; IR (KBr) 

cm−1: 3049, 2985, 1733, 1236; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.25–2.34 (m, 2H, H10), 

3.27 (t, 2H, H9, J = 7.1 Hz), 4.55 (t, 2H, H11, J = 6.1 Hz), 7.19 (d, 1H, H3, J = 4.8 Hz), 7.49 

(dd, 1H, H6, J = 2.3, 9.0 Hz), 7.72 (d, 2H, H3′,5′, J = 8.2 Hz), 8.05 (d, 1H, H8, J = 2.3 Hz), 8.06 
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(d, 1H, H5, J = 8.9 Hz), 8.16 (d, 2H, H2′,6′, J = 8.2 Hz), 8.70 (d, 1H, H2, J = 4.8 Hz). 13C NMR 

(CDCl3, 75 MHz) δ ppm: 27.7 (C10), 28.0 (C9), 63.9 (C11), 116.4 (C3), 125.1 (C5), 125.2, 125.6 

(J = 14.8 Hz), 127.5 (C8), 129.1 (C2′ or 6′), 130.1 (C2′ or 6′), 132.2 (J = 4.4 Hz), 133.3, 134.8 (J 

= 131.4 Hz), 136.0, 147.2, 148.3, 150.4 (C2), 165.4 (C12). Anal. calcd. for: C20H15ClF3NO2S: C 

56.41, H 3.55, N 3.29; Found: C 56.45, H 3.54, N 3.41. MS: m/z 426.07. (M+H+. 48%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-4-tert-butylbenzoate (39). Column chro-

mathography DCM:EtOAc (8:2). White solid, yield: 80%; m.p. 88–90 °C; IR (KBr) cm−1: 

3039, 2959, 1702, 1204; 1H NMR (CDCl3, 270 MHz) δ ppm: 1.34 (s, 9H, 3 × CH3), 2.22–2.28 

(m, 2H, H10), 3.26 (t, 2H, H9, J = 7.4 Hz), 4.49 (t, 2H, H11, J = 5.9 Hz), 7.20 (d, 1H, H3, J = 

4.9 Hz), 7.45–7.50 (m, 3H, H 6,3′,5′), 7.98 (d, 2H, H2′,6′, J = 8.2 Hz), 8.06 (d, 1H, H5, J = 8.9 

Hz), 8.06 (d, 1H, H8, J = 1.7 Hz), 8.68 (d, 1H, H2, J = 4.9 Hz). 13C NMR (CDCl3, 67.9 MHz) 

δ ppm: 28.0 (C10), 28.2 (C9), 31.2 (3 × CH3), 35.2, 63.0 (C11), 116.5 (C3), 125.1 (C6), 125.2, 

125.5 (C3′,5′), 127.3, 127.4 (C5), 129.0 (C8), 129.5 (C2′,6′), 135.9, 147.4, 148.2, 150.2 (C2), 

157.0, 166.5 (C12). Anal. calcd. for: C23H24ClNO2S: C 66.73, H 5.84, N 3.38; Found: C 66.79, 

H 5.87, N 3.56. MS: m/z 414.12. (M+H+. 53%). 

3-[(7-Chloroquinolin-4-yl)sulfanyl]propyl-2-fluorobenzoate (40). White solid, yield: 

82% crystallized from ethanol; m.p. 112–113 °C; IR (KBr) cm−1: 3084, 2930, 1700, 1225; 1H 

NMR (CDCl3, 270 MHz) δ ppm: 2.21–2.31 (m, 2H, H10), 3.30 (t, 2H, H9, J = 7.16 Hz), 4.50 

(t, 2H, H11, J = 5.9 Hz), 7.11–7.21 (m, 2H, H3′,5′), 7.24–7.27 (d, 1H, H3, J = 4.2), 7.49 (dd, 1H, 

H6, J = 1.9, 9.2 Hz), 7.52–7.55 (m, 1H, H4′), 7.94 (td, 1H, H6′, J = 1.7, 7.4 Hz), 8.05 (d, 1H, 

H5, J = 9.2 Hz), 8.11 (d, 1H, H8, J = 1.9 Hz), 8.67 (d, 1H, H2, J = 4.2 Hz). 13C NMR (CDCl3, 

67.9 MHz) δ ppm: 27.8 (C10), 28.0 (C9), 63.5 (C11), 116.2 (C3), 116.9 (C5′), 117.3, 118.7, 124.2 

(C3′ J = 16.5 Hz), 125.1 (C5), 127.8 (C6), 128.2 (C8), 132.3 (C6′), 134.8 (C4′ J = 8.8 Hz), 136.5, 

147.0, 149.1, 149.2 (C2), 160.1, 164.5 (C12). Anal. calcd. for: C19H15ClFNO2S: C 60.72, H 4.02, 

N 3.73; Found: C 60.73, H 4.02, N 3.90. MS: m/z 376.05. (M+H+. 87%). 

3.1.3. General Procedure for the Synthesis of Compounds 41–62  

A solution of 3 and the corresponding sulfanyl benzoate derivative 5, 6, 8, 13, 14, 17–

25, 29, 30, 37, and 38 (0.25 mmol) in dry DCM (5 mL) was treated with m-CPBA (1.2 mmol). 

The mixture was shaken at room temperature (rt) for 10 min, under a N2 atmosphere. The 

organic layer was washed with an aqueous mixture of saturated sodium bicarbonate and 

saturated sodium bisulfite (1:1) (3 × 10 mL), water (2 × 20 mL), a saturated NaCl solution 

(2 × 10 mL), and was finally dried over Na2SO4, filtered, and evaporated under reduced 

pressure to give the crude product. The compounds were then purified by column chro-

matography. 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethanol (41). Column chromathography Cyclo-

hexane:Acetone (7:3). White solid, yield: 51%; m.p. 144–146 °C; IR (KBr) cm−1: 3073, 2982, 

1023; 1H NMR (DMSO-d6, 300 MHz) δ ppm: 2.97–3.04 (m, 1H, H9a), 3.26–3.34 (m, 1H, 

H9b), 3.75–3.83 (m, 1H, H10a), 3.89–3.99 (m, 1H, H10b), 7.87 (dd, 1H, H6, J = 2.2, 8.9 Hz), 

8.03 (d, 1H, H3, J = 4.3 Hz), 8.06 (d, 1H, H5, J = 8.9 Hz), 8.30 (d, 1H, H8, J = 2.2 Hz), 9.21 (d, 

1H, H2, J = 4.3 Hz). 13C NMR (DMSO-d6, 75 MHz) δ ppm: 54.1 (C9), 59.2 (C10), 117.0 (C3), 

121.5, 124.2 (C5), 128.5 (C6), 128.6 (C8), 135.0, 147.7, 151.8 (C2), 152.4. Anal. calcd. for: 

C11H10ClNO2S: C 51.66, H 3.94, N 5.48; Found: C 51.63, H 3.95, N 5.62. MS: m/z 256.05. 

(M+H+. 78%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-4-methoxybenzoate (42). Column chroma-

thography DCM:EtOAc (9.5:0.5). Cream solid, yield: 63%; m.p. 126–128 °C; IR (KBr) cm−1: 

3052, 2929, 1706, 1248, 1020; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.23–3.31 (m, 1H, H9a), 

3.47–3.56 (m, 1H, H9b), 3.84 (s, 3H, OMe), 4.67–4.72 (m, 2H, H10), 6.84 (d, 2H, H3′,5′, J = 

8.8 Hz), 7.51 (dd, 1H, H6, J = 2.0, 8.9 Hz), 7.66 (d, 2H, H2′,6′, J = 8.8 Hz), 7.74 (d, 1H, H5, J 

= 8.9 Hz), 8.01 (d, 1H, H3, J = 4.4 Hz), 8.12 (d, 1H, H8, J = 1.9 Hz), 9.04 (d, 1H, H2, J = 4.4 

Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 54.9 (C9), 55.6 (OMe), 56.6 (C10), 113.8 (C3′,5′), 

117.0 (C3), 121.3, 121.7, 122.6 (C5), 129.1 (C6), 129.8 (C8), 131.6 (C2′,6′), 136.4, 148.4, 150.8, 

151.4 (C2), 163.8, 165.6 (C11). Anal. calcd. for: C19H16ClNO4S: C 58.54, H 4.14, N 3.59; 

Found: C 58.55, H 4.17, N 3.70. MS: m/z 390.07. (M+H+. 71%). 
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2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-2,3-dimethoxybenzoate (43). Column chro-

mathography DCM:EtOAc (5:5). Cream solid, yield: 93%; m.p. 110 °C; IR (KBr) cm−1: 3087, 

2939, 1721, 1228, 1031; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.16–3.23 (m, 1H, H9a), 3.46–

3.55 (m, 1H, H9b), 3.86 (s, 3H, OMe), 3.87 (s, 3H, OMe), 4.70–4.75 (m, 2H, H10), 7.03–7.10 

(m, 3H, H4′,5′,6′), 7.52 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.78 (d, 1H, H5, J = 8.9 Hz), 8.01 (d, 1H, 

H3, J = 4.4 Hz), 8.13 (d, 1H, H8, J = 2.1 Hz), 9.05 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 

75 MHz) δ ppm: 55.5 (C9), 56.1 (OMe), 57.4 (C10), 61.6 (OMe), 116.4, 116.8 (C3), 121.7, 122.1 

(C5′), 122.7 (C5), 124.0 (C6′), 124.9, 129.1 (C6), 129.7 (C8), 136.4, 148.4, 149.3, 151.0, 151.4 

(C2), 153.6, 165.5 (C11). Anal. calcd. for: C20H18ClNO5S: C 57.21, H 4.32, N 3.34; Found: C 

57.16, H 4.32, N 3.59. MS: m/z 420.07. (M+H+. 61%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-2,5-dimethoxybenzoate (44). Column chro-

mathography DCM:EtOAc (8:2). Cream solid, yield: 85%; m.p. 112–113 °C; IR (KBr) cm−1: 

3056, 2960, 1724, 1204, 1038; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.20–3.28 (m, 1H, H9a), 

3.44–3.53 (m, 1H, H9b), 3.75 (s, 3H, OMe), 3.79 (s, 3H, OMe), 4.67–4.70 (m, 2H, H10), 6.86 

(d, 1H, H3′, J = 9.0 Hz), 7.02 (dd, 1H, H4′, J = 3.2, 9.0 Hz), 7.09 (d, 1H, H6′, J = 3.2 Hz), 7.49 

(dd, 1H, H6, J = 2.1, 8.9 Hz), 7.75 (d, 1H, H5, J = 8.9 Hz), 8.00 (d, 1H, H3, J = 4.4 Hz), 8.08 

(d, 1H, H8, J = 2.1 Hz), 9.02 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.3 

(C9), 55.9 (OMe), 56.6 (OMe), 57.1 (C10), 113.7 (C3′), 116.2, 116.8 (C3), 119.0, 120.0 (C4′), 

121.7, 122.6 (C5), 129.0 (C6), 129.7 (C8), 136.3, 148.3, 150.9, 151.3 (C2), 152.9, 153.7, 165.2 

(C11). Anal. calcd. for: C20H18ClNO5S: C 57.21, H 4.32, N 3.34; Found: C 57.22, H 4.31, N 

3.43. MS: m/z 420.05. (M+H+. 77%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-2,4,5-trimethoxybenzoate (45). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 91%; m.p. 151–153 °C; IR (KBr) 

cm−1: 3071, 2940, 1711, 1204, 1022; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.22–3.30 (m, 1H, 

H9a), 3.44–3.53 (m, 1H, H9b), 3.82 (s, 3H, OMe), 3.85 (s, 3H, OMe), 3.94 (s, 3H, OMe), 4.67 

(t, 2H, H10, J = 4.9 Hz), 6.48 (s, 1H, H3′), 7.20 (s, 1H, H6′), 7.48 (dd, 1H, H6, J = 2.1, 8.9 Hz), 

7.76 (d, 1H, H5, J = 8.9 Hz), 8.02 (d, 1H, H3, J = 4.4 Hz), 8.10 (d, 1H, H8, J = 2.1 Hz), 9.04 (d, 

1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.5 (C9), 56.2 (OMe), 56.5 (OMe), 

56.8 (OMe), 56.9 (C10), 97.4 (C3′), 109.2, 114.4 (C6′), 116.9 (C3), 121.7, 122.7 (C5), 129.0 (C6), 

129.7 (C8), 136.3, 142.6, 148.4, 151.0, 151.4 (C2), 154.3, 156.1, 164.9 (C12). Anal. calcd. for: 

C21H20ClNO6S: C 56.06, H 4.48, N 3.11; Found: C 56.04, H 4.50, N 3.27. MS: m/z 450.11. 

(M+H+. 83%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-3,4,5-trimethoxybenzoate (46). Column 

chromathography DCM:EtOAc (8:2). Pink solid, yield: 83%; m.p. 144–146 °C; IR (KBr) 

cm−1: 3076, 2960, 1706, 1222, 1044; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.24–3.32 (m, 1H, 

H9a), 3.45–3.54 (m, 1H, H9b), 3.87 (s, 6H, 2 × OMe), 3.87 (s, 3H, OMe), 4.66–4.71 (m, 2H, 

H10), 6.99 (s, 2H, H2′,6′), 7.46 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.68 (d, 1H, H5, J = 8.9 Hz), 7.98 

(d, 1H, H3, J = 4.4 Hz), 8.05 (d, 1H, H8, J = 2.1 Hz), 9.01 (d, 1H, H2, J = 4.4 Hz). 13C NMR 

(CDCl3, 75 MHz) δ ppm: 54.6 (C9), 56.2 (2 × OMe), 57.1 (C10), 60.9 (OMe), 106.8 (C2′,6′), 

116.9 (C3), 121.5, 122.4 (C5), 123.8, 128.9 (C6), 129.7 (C8), 136.3, 142.7, 148.3, 150.6, 151.3 

(C2), 152.9, 165.5 (C11). Anal. calcd. for: C21H20ClNO6S: C 56.06, H 4.48, N 3.11; Found: C 

56.05, H 4.47, N 3.23. MS: m/z 450.14. (M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-2-methoxybenzoate (47). Column chroma-

thography DCM:EtOAc (9:1). Pink solid, yield: 78%; m.p. 105–107 °C; IR (KBr) cm−1: 3079, 

2965, 1719, 1240, 1043; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.22–3.29 (m, 1H, H9a), 3.46–

3.55 (m, 1H, H9b), 3.85 (s, 3H, OMe), 4.68–4.70 (m, 2H, H10), 6.89–6.96 (m, 2H, H3′,5′), 

7.45–7.51 (m, 3H, H4′,6′,6), 7.76 (d, 1H, H5, J = 8.9 Hz), 8.02 (d, 1H, H3, J = 4.2 Hz), 8.11 (d, 

1H, H8, J = 2.0 Hz), 9.03 (d, 1H, H2, J = 4.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.2 

(C9), 56.0 (OMe), 56.9 (C10), 112.1, 116.9 (C3), 118.6, 120.2, 121.7, 122.7 (C5), 129.0 (C6), 

129.7 (C8), 131.7, 134.3, 136.3, 148.4, 151.0, 151.4 (C2), 159.4, 165.3 (C12). Anal. calcd. for: 

C19H16ClNO4S: C 58.53, H 4.14, N 3.59; Found: C 58.55, H 4.17, N 3.72. MS: m/z 390.08. 

(M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-4-methoxy-3-nitrobenzoate (48). Column 

chromathography DCM:EtOAc (9:1). Pink solid, yield: 88%; m.p. 148–150 °C; IR (KBr) 
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cm−1: 3035, 2981, 1721, 1527, 1238, 1052; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.27–3.35 (m, 

1H, H9a), 3.49–3.57 (m, 1H, H9b), 4.01 (s, 3H, OMe), 4.70–4.75 (m, 2H, H10), 7.06 (d, 1H, 

H5′, J = 8.9 Hz), 7.56 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.75 (d, 1H, H5, J = 8.9 Hz), 7.85 (dd, 1H, 

H6′, J = 2.2, 8.9 Hz), 7.99 (d, 1H, H3, J = 4.4 Hz), 8.08 (d, 1H, H8, J = 2.1 Hz), 8.13 (d, 1H, 

H2′, J = 2.2 Hz), 9.02 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 54.1 (C9), 

57.0 (OMe), 57.3 (C10), 113.3 (C5′), 117.0 (C3), 121.2, 121.5, 122.5 (C5), 127.1 (C2′), 129.2 

(C6), 129.7 (C8), 135.2 (C6′), 136.5, 139.1, 148.3, 150.5, 151.4 (C2), 156.5, 163.7 (C12). Anal. 

calcd. for: C19H15ClN2O6S: C 52.48, H 3.48, N 6.44; Found: C 52.49, H 3.48, N 6.62. MS: m/z 

435.07. (M+H+. 80%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-5-methyl-2-nitrobenzoate (49). Column 

chromathography DCM:EtOAc (9:1). Pink solid, yield: 92%; m.p. 81–83 °C; IR (KBr) cm−1: 

3067, 2969, 1731, 1526, 1200, 1065; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.45 (s, 3H, CH3), 

3.07–3.14 (m, 1H, H9a), 3.43–3.53 (m, 1H, H9b), 4.74–4.79 (m, 2H, H10), 7.30 (brs, 1H, H6′), 

7.39–7.42 (m, 1H, H4′), 7.58 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.82 (d, 1H, H3′, J = 8.3 Hz), 7.85 

(d, 1H, H5, J = 8.9 Hz), 7.98 (d, 1H, H3, J = 4.4 Hz), 8.09 (d, 1H, H8, J = 2.1 Hz), 9.03 (d, 1H, 

H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.4 (CH3), 54.5 (C9), 58.1 (C10), 116.7 

(C3), 121.6, 123.0 (C5), 124.2, 127.1, 129.2 (C6), 129.5 (C8), 130.1, 132.3, 136.5, 145.0, 148.3, 

151.1, 151.3 (C2), 165.2 (C11). Anal. calcd. for: C19H15ClN2O5S: C 54.48, H 3.61, N 6.69; 

Found: C 54.45, H 3.59, N 6.83. MS: m/z 419.10. (M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-3,5-dimethylbenzoate (50). Column chroma-

thography DCM:EtOAc (8:2). White solid, yield: 83%; m.p. 106–108 °C; IR (KBr) cm−1: 3032, 

2971, 1707, 1221, 1041; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.32 (s, 6H, CH3), 3.28–3.36 (m, 

1H, H9a), 3.50–3.59 (m, 1H, H9b), 4.66–4.80 (m, 2H, H10), 7.17 (brs, 1H, H4′), 7.30 (brs, 2H, 

H2′,6′), 7.52 (dd, 1H, H6, J = 2.0, 8.9 Hz), 7.75 (d, 1H, H5, J = 8.9 Hz), 8.03 (d, 1H, H3, J = 4.4 

Hz), 8.11 (d, 1H, H8, J = 1.9 Hz), 9.05 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ 

ppm: 21.2 (2 × CH3), 54.6 (C9), 56.6 (C10), 117.1 (C3), 121.7, 122.6 (C5), 127.2 (C2′,6′), 128.8 

(C6), 129.1, 129.8 (C8), 135.3 (C4′), 136.4, 138.2, 148.4, 150.8, 151.3 (C2), 166.2 (C11). Anal. 

calcd. for: C20H18ClNO3S: C 61.93, H 4.68, N 3.61; Found: C 61.93, H 4.69, N 3.77. MS: m/z 

388.12. (M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-4-(trifluoromethyl)benzoate (51). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 78%; m.p. 148–150 °C; IR (KBr) 

cm−1: 3070, 2970, 1727, 1220, 1036; 1H NMR (CDCl3, 270 MHz) δ ppm: 3.27–3.36 (m, 1H, 

H9a), 3.50–3.60 (m, 1H, H9b), 4.78 (t, 2H, H10, J = 4.9 Hz), 7,56 (dd, 1H, H6, J = 1.9, 8.9 Hz), 

7,66 (d, 2H, H, 3′,5′ J = 8.7 Hz), 7.74 (d, 1H, H5, J = 8,9 Hz), 7.84 (d, 2H, H2′,6′, J = 8.7 Hz), 

8.05 (d, 1H, H3, J = 4.4 Hz), 8.13 (d, 1H, H8, J = 1.9 Hz), 9.08 (d, 1H, H2, J = 4.4 Hz). 13C 

NMR (CDCl3, 67.9 MHz) δ ppm: 54.4 (C9), 57.5 (C10), 117.1 (C3), 121.7, 122.4 (C5), 125.5 

(C3′ or 5′), 125.6 (C3′ or 5′), 129.2 (C6), 129.9 (C8,2′,6′), 132.3, 134.8, 135.3, 136.6, 148.5, 150.7, 

151.3 (C2), 164.7 (C11). Anal. calcd. for: C19H13ClF3NO3S: C 53.34, H 3.06, N 3.27; Found: C 

53.37, H 3.08, N 3.45. MS: m/z 428.11. (M+H+. 100%). 

2-[(7-Chloroquinolin-4-yl)sulfinyl]ethyl-4-tert-butylbenzoate (52). Column chroma-

thography DCM:EtOAc (7:3). White solid, yield: 82%; m.p. 106 °C; IR (KBr) cm−1: 3081, 

2975, 1726, 1267, 1015; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.35 (s, 9H, CH3), 3.26–3.34 (m, 

1H, H9a), 3.49–3.58 (m, 1H, H9b), 4.73 (t, 2H, H10, J = 5.0 Hz), 7.41 (d, 2H, H3′,5′, J = 8.4 

Hz), 7.53 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.66 (d, 2H, H2′,6′, J = 8.4 Hz), 7.75 (d, 1H, H5, J = 8.9 

Hz), 8.05 (d, 1H, H3, J = 4.4 Hz), 8.12 (d, 1H, H8, J = 2.1 Hz), 9.08 (d, 1H, H2, J = 4.4 Hz). 13C 

NMR (CDCl3, 75 MHz) δ ppm: 31.2 (CH3), 35.3 (C12), 55.1 (C9), 56.8 (C10), 117.1 (C3), 

121.8, 122.6 (C5), 125.6 (C3′,5′), 126.2, 129.1 (C6 or 8), 129.5 (C2′,6′), 129.9 (C6 or 8), 136.5, 

148.5, 150.8, 151.5 (C2), 157.4, 166.0 (C11). Anal. calcd. for: C22H22ClNO3S: C 63.53, H 5.33, 

N 3.37; Found: C 63.52, H 5.34, N 3.49. MS: m/z 416.15. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-4-methoxybenzoate (53). Column chroma-

thography DCM:EtOAc (5:5). Cream solid, yield: 63%; m.p. 126–128 °C; IR (KBr) cm−1: 

3078, 2962, 1717, 1257, 1016; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.97–2.10 (m, 1H, H10a), 

2.30–2.48 (m, 1H, H10b), 2.88–3.04 (m, 1H, H9a), 3.19–3.29 (m, 1H, H9b), 3.83 (s, 3H, OMe), 

4.31–4.47 (m, 2H, H11), 6.86 (d, 2H, H3′,5′, J = 8.9 Hz), 7.46 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.74 
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(d, 1H, H5, J = 8.9 Hz), 7.83 (d, 2H, H2′,6′, J = 8.9 Hz), 7.98 (d, 1H, H3, J = 4.4 Hz), 8.17 (d, 

1H, H8, J = 2.1 Hz), 9.08 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.8 

(C10), 52.2 (C9), 55.5 (OMe), 62.5 (C11), 113.8 (C3′,5′), 117.1 (C3), 121.7, 122.0, 122.8 (C5), 

128.9 (C6), 129.8 (C8), 131.6 (C2′,6′), 136.4, 148.5, 150.9, 151.3 (C2), 163.7, 166.0 (C12). Anal. 

calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 59.45, H 4.49, N 3.53. MS: m/z 

404.14. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-2,3-dimethoxybenzoate (54). Column 

chromathography DCM:EtOAc (9:1). Cream solid, yield: 94%; m.p. 111–112 °C; IR (KBr) 

cm−1: 3070, 2922, 1701, 1259, 1051; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.00–2.14 (m, 1H, 

H10a), 2.33–2.47 (m, 1H, H10b), 2.90–3.00 (m, 1H, H9a), 3.24–3.34 (m, 1H, H9b), 3.77 (s, 

3H, OMe), 3.88 (s, 3H, OMe), 4.37–4.54 (m, 2H, H11), 7.05 (d, 2H, H4′,5′, J = 4.8 Hz), 7.19 (t, 

1H, H6′, J = 4.9 Hz), 7.49 (dd, 1H, H6, J = 1.4, 8.9 Hz), 7.77 (d, 1H, H5, J = 8.9 Hz), 8.00 (d, 

1H, H3, J = 4.4 Hz), 8.20 (brs 1H, H8), 9.10 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 

MHz) δ ppm: 21.9 (C10), 52.2 (C9), 56.2 (OMe), 61.5 (OMe), 62.9 (C11), 116.1, 117.1 (C3), 

121.8, 122.1 (C5), 123.0, 124.0, 125.7, 129.1 (C6), 129.8 (C8), 136.5, 148.6, 149.1, 151.0, 151.3 

(C2), 153.7, 166.2 (C12). Anal. calcd. for: C21H20ClNO5S: C 58.13, H 4.65, N 3.23; Found: C 

58.10, H 4.67, N 3.29. MS: m/z 434.12. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-,5-dimethoxybenzoate (55). Column chro-

mathography DCM:EtOAc (9:1). Clear oil, yield: 73%; IR (NaCl) cm−1: 3054, 2947, 1699, 

1217, 1047; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.00–2.14 (m, 1H, H10a), 2.31–2.45 (m, 1H, 

H10b), 2.89–2.98 (m, 1H, H9a), 3.23–3.32 (m, 1H, H9b), 3.68 (s, 3H, OMe), 3.75 (s, 3H, OMe), 

4.35–4.52 (m, 2H, H11), 6.86 (d, 1H, H3′, J = 9.1 Hz), 7.00 (dd, 1H, H4′, J = 3.2, 9.1 Hz), 7.22 

(d, 1H, H6′, J = 3.2 Hz), 7.47 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.77 (d, 1H, H5, J = 8.9 Hz), 7.99 

(d, 1H, H3, J = 4.4 Hz), 8.18 (d, 1H, H8, J = 2.1 Hz), 9.09 (d, 1H, H2, J = 4.4 Hz). 13C NMR 

(CDCl3, 75 MHz) δ ppm: 22.0 (C10), 52.5 (C9), 55.9 (OMe), 56.5 (OMe), 62.7 (C11), 113.7 

(C3′), 116.4, 117.0 (C3), 119.6, 120.0, 121.7, 122.9 (C5), 129.0 (C6), 129.7 (C8), 136.4, 148.5, 

151.1, 151.3 (C2), 153.1, 153.5, 165.8 (C12). Anal. calcd. for: C21H20ClNO5S: C 58.13, H 4.65, 

N 3.23; Found: C 58.17, H 4.69, N 3.42. MS: m/z 434.10. (M+H+. 89%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-2,4,5-trimethoxybenzoate (56). Column 

chromathography DCM:EtOAc (8:2). Yellow oil, yield: 79%; IR (NaCl) cm−1: 3071, 2940, 

1711, 1204, 1022; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.01–2.08 (m, 1H, H10a), 2.33–2.42 (m, 

1H, H10b), 2.89–2.98 (m, 1H, H9a), 3.22–3.30 (m, 1H, H9b), 3.70 (s, 3H, OMe), 3.80 (s, 3H, 

OMe), 3.91 (s, 3H, OMe), 4.35–4.56 (m, 2H, H11), 6.45 (s, 1H, H3′), 7.31 (s, 1H, H6′), 7.45 

(dd, 1H, H6, J = 1.5, 8.9 Hz), 7.76 (d, 1H, H5, J = 8.9 Hz), 8.00 (d, 1H, H3, J = 4.2 Hz), 8.18 

(d, 1H, H8, J = 1.5 Hz), 9.09 (d, 1H, H2, J = 4.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 22.1 

(C10), 52.8 (C9), 56.1 (OMe), 56.7 (OMe), 56.9 (OMe), 62.4 (C11), 98.0 (C3′), 110.4, 115.0 

(C6′), 117.0 (C3), 121.8, 122.9 (C5), 128.9 (C6), 129.8 (C8), 136.4, 142.9, 148.6, 151.3 (C2), 

151.4, 154.2, 155.8, 165.5 (C12). Anal. calcd. for: C22H22ClNO6S: C 56.96, H 4.78, N 3.02; 

Found: C 57.01, H 4.78, N 2.97. MS: m/z 464.13. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-3,4,5-trimethoxybenzoate (57). Column 

chromathography DCM:EtOAc (9:1). Cream solid, yield: 75%; m.p. 148 °C; IR (KBr) cm−1: 

3016, 2993, 1613, 1238, 1021; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.98–2.11 (m, 1H, H10a), 

2.33–2.46 (m, 1H, H10b), 2.86–2.95 (m, 1H, H9a), 3.16–3.26 (m, 1H, H9b), 3.82 (s, 3H, OMe), 

3.86 (s, 6H, OMe), 4.32–4.50 (m, 2H, H11), 7.17 (brs, 2H, H2′,6′), 7.47 (dd, 1H, H6, J = 1.9, 

8.9 Hz), 7.74 (d, 1H, H5, J = 8.9 Hz), 7.97 (d, 1H, H3, J = 4.4 Hz), 8.15 (d, 1H, H8, J = 1.9 Hz), 

9.07 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.8 (C10), 52.2 (C9), 56.3 

(OMe), 61.0 (2 × OMe), 63.1 (C11), 106.9 (C2′,6′), 117.0 (C3), 121.6, 122.7 (C5), 124.5, 128.9 

(C6), 129.8 (C8), 136.4, 142.6, 148.5, 150.9, 151.3 (C2), 153.0, 165.9 (C12). Anal. calcd. for: 

C22H22ClNO6S: C 56.96, H 4.78, N 3.02; Found: C 56.93, H 4.77, N 3.19. MS: m/z 464.09. 

(M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-2-methoxybenzoate (58). Column chroma-

thography DCM:EtOAc (8:2). Brown oil, yield: 78%; IR (NaCl) cm−1: 3044, 2963, 1735, 1237, 

1056; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.97–2.12 (m, 1H, H10a), 2.40–2.47 (m, 1H, H10b), 

2.88–3.05 (m, 1H, H9a), 3.21–3.31 (m, 1H, H9b), 3.72 (s, 3H, OMe), 4.32–4.49 (m, 2H, H11), 
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6.89–6.94 (m, 2H, H3′ or 4′ or 5′ or 6′), 7.41–7.47 (m, 2H, H3′ or 4′ or 5′ or 6′), 7.65 (dd, 1H, 

H6, J = 1.9, 8.9 Hz), 7.75 (d, 1H, H5, J = 8.9 Hz), 7.98 (d, 1H, H3, J = 4.4 Hz), 8.17 (d, 1H, H8, 

J = 1.9 Hz), 9.07 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.9 (C10), 52.5 

(C9), 55.8 (OMe), 62.5 (C11), 112.1 (C3′ or 5′), 117.0 (C3), 119.5, 120.2 (C3′ or 5′), 121.7, 122.9 

(C5), 128.9 (C6), 129.8 (C8), 131.7 (C6′), 133.9 (C4′), 136.4, 148.5, 151.1, 151.3 (C2), 159.2, 

166.0 (C12). Anal. calcd. for: C20H18ClNO4S: C 59.48, H 4.49, N 3.47; Found: C 59.52, H 4.50, 

N 3.58. MS: m/z 404.13. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-4-methoxy-3-nitrobenzoate (59). Column 

chromathography DCM:EtOAc (9:1). Cream solid, yield: 80%; m.p. 124 °C; IR (KBr) cm−1: 

3077, 2948, 1707, 1532, 1232, 1072; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.97–2.11 (m, 1H, 

H10a), 2.30–2.44 (m, 1H, H10b), 2.88–2.98 (m, 1H, H9a), 3.20–3.29 (m, 1H, H9b), 3.99 (s, 

3H, OMe), 4.34–4.48 (m, 2H, H11), 7.08 (d, 1H, H5′, J = 8.9 Hz), 7.52 (dd, 1H, H6, J = 2.1, 8.9 

Hz), 7.76 (d, 1H, H5, J = 8.9 Hz), 7.98 (d, 1H, H3, J = 4.4 Hz), 8.03 (dd, 1H, H6′, J = 2.2, 8.8 

Hz), 8.14 (d, 1H, H8, J = 2.0 Hz), 8.32 (d, 1H, H2′, J = 2.1 Hz), 9.08 (d, 1H, H2, J = 4.4 Hz). 
13C NMR (CDCl3, 75 MHz) δ ppm: 21.6 (C10), 51.6 (C9), 57.0 (OMe), 63.4 (C11), 113.3 (C5′), 

117.2 (C3), 121.6, 121.9, 122.7 (C5), 127.2 (C2′), 129.0 (C6), 129.8 (C8), 135.3 (C6′), 136.4, 

139.3, 148.5, 150.7, 151.3 (C2), 156.3, 164.1 (C12). Anal. calcd. for: C20H17ClN2O6S: C 53.51, 

H 3.82, N 6.24; Found: C 53.51, H 3.79, N 6.37. MS: m/z 449.11. (M+H+. 98%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-5-methyl-2-nitrobenzoate (60). Column 

chromathography DCM:EtOAc (9:1). Cream solid, yield: 69%; m.p. 116 °C; IR (KBr) cm−1: 

3039, 2987, 1736, 1521, 1200, 1063; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.95–2.08 (m, 1H, 

H10a), 2.29–2.40 (m, 1H, H10b), 2.42 (s, 3H, CH3), 2.83–2.92 (m, 1H, H9a), 3.17–3.27 (m, 

1H, H9b), 4.31–4.39 (m, 1H, H11a), 4.47–4.54 (m, 1H, H11b), 7.36–7.38 (m, 2H, H4′,5), 7.54 

(dd, 1H, H6, J = 2.1, 8.9 Hz), 7.81 (d, 2H, H3′,6′, J = 8.9 Hz), 7.97 (d, 1H, H3, J = 4.1 Hz), 8.15 

(d, 1H, H8, J = 2.1 Hz), 9.07 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.4 

(CH3), 21.6 (C10), 51.8 (C9), 64.4 (C11), 117.0 (C3), 121.7, 123.1 (C5), 124.1 (C3′), 127.7, 129.0 

(C6), 129.6 (C8), 130.1 (C6′), 132.2 (C4′), 136.4, 144.9, 145.4, 148.5, 150.9, 151.2 (C2), 165.7 

(C12). Anal. calcd. for: C20H17ClN2O5S: C 55.49, H 3.96, N 6.47; Found: C 55.47, H 3.97, N 

6.61. MS: m/z 433.10. (M+H+. 96%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-3,5-dimethylbenzoate (61). Column chro-

mathography DCM:EtOAc (1:1). Cream solid, yield: 75%; m.p. 105–107 °C; IR (KBr) cm−1: 

3070, 2989, 1715, 1218, 1037; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.00–2.14 (m, 1H, H10a), 

2.34–2.46 (m, 1H, H10b), 2.31 (s, 6H, CH3), 2.89–2.98 (m, 1H, H9a), 3.21–3.31 (m, 1H, H9b), 

4.34–4.42 (m, 1H, H11a), 4.43–4.51 (m, 1H, H11b), 7.17 (brs, 1H, H4′), 7.45 (dd, 1H, H6, J = 

2.1, 8.9 Hz), 7.52 (brs, 2H, H2′,6′), 7.74 (d, 1H, H5, J = 8.9 Hz), 7.99 (d, 1H, H3, J = 4.4 Hz), 

8.17 (d, 1H, H8, J = 2.1 Hz), 9.09 (d, 1H, H2, J = 4.4 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 

21.2 (2 × CH3), 21.9 (C10), 52.3 (C9), 62.6 (C11), 117.1 (C3), 121.7, 121.8, 122.8 (C5), 127.3 

(C2′,6′), 128.9 (C6), 129.5, 129.8 (C8), 135.0 (C4′), 136.4, 138.2, 148.5, 150.9, 151.4 (C2), 166.6 

(C12). Anal. calcd. for: C21H20ClNO3S: C 62.76, H 5.02, N 3.49; Found: C 62.77, H 4.98, N 

3.65. MS: m/z 402.15. (M+H+. 100%). 

3-[(7-Chloroquinolin-4-yl)sulfinyl]propyl-4-(trifluoromethyl)benzoate (62). Column 

chromathographyc DCM:EtOAc (8:2). White solid, yield: 68%; m.p. 86–87 °C; IR (KBr) 

cm−1: 2958, 1730, 1280, 1020; 1H NMR (CDCl3, 300 MHz) δ ppm: 1.99–2.13 (m, 1H, H10a), 

2.33–2.47 (m, 1H, H10b), 2.89–2.99 (m, 1H, H9a), 3.20–3.30 (m, 1H, H9b), 4.37–4.52 (m, 2H, 

H11), 7.50 (dd, 1H, H6, J = 2.1, 8.9 Hz), 7.65 (d, 2H, H3′,5′, J = 8.7 Hz), 7.75 (d, 1H, H5, J = 

8.9 Hz), 7.98–8.01 (m, 3H, H3,2′,6′), 8.17 (d, 1H, H8, J = 2.1 Hz), 9.09 (d, 1H, H2, J = 4.4 Hz). 
13C NMR (CDCl3, 75 MHz) δ ppm: 21.6 (C10), 51.7 (C9), 63.5 (C11), 117.6 (C3), 121.7, 122.7 

(C5), 125.6 (q, J = 14.7 Hz), 129.0 (C6), 129.9 (C8), 130.0 (C2′ or 6′), 130.0 (C2′ or 6′), 132.8 (d, 

J = 4.5 Hz), 134.8 (q, J = 129.9 Hz), 136.5, 148.5, 150.7, 151.3 (C2), 165.1 (C12). Anal. calcd. 

for: C20H15ClF3NO3S: C 54.37, H 4.32, N 3.17; Found: C 54.39, H 4.32, N 3.34. MS: m/z 442.08. 

(M+H+. 75%). 
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3.1.4. General Procedure for the Synthesis of Compounds 63–82  

A solution of the corresponding sulfanyl benzoate derivative (0.25 mmol) in dry 

DCM (5 mL) was treated with m-CPBA (2.5 mmol). The mixture was shaken at room tem-

perature (rt) between 8–15 h, under a N2 atmosphere. The organic layer was washed with 

an aqueous mixture of saturated sodium bicarbonate and saturated sodium bisulfite (1:1) 

(3 × 10 mL), water (2 × 20 mL), a saturated NaCl aqueous solution (2 × 10 mL), and was 

finally dried over Na2SO4, filtered, and evaporated under reduced pressure to give the 

crude product. The compounds were then purified by column chromatography. 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-4-methoxybenzoate (63). Column 

chromathography DCM:EtOAc (9:1). White solid, yield: 61%; m.p. 142–144 °C; IR (KBr) 

cm−1: 3042, 2988, 1709, 1298, 1243, 1137, 1056; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.80 (t, 

2H, H9, J = 5.5 Hz), 3.86 (brs, 3H, OMe), 4.63 (t, 2H, H10, J = 5.3 Hz), 6.76 (d, 2H, H2′,6′, J = 

8.9 Hz), 7.31 (d, 2H, H3′,5′, J = 8.9 Hz), 7.69 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.98 (d, 1H, H3, J 

= 6.5 Hz), 8.39 (d, 1H, H2, J = 6.5 Hz), 8.52 (d, 1H, H8, J = 2.2 Hz), 8.56 (d, 1H, H5, J = 9.1 

Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.7 (OMe), 56.0 (C9), 57.9 (C10), 113.8 (C3′,5′), 

120.3 (C8), 120.4, 124.4, 124.8 (C3), 126.3 (C5), 130.5 (C2′,6′), 131.0 (C6), 132.1, 134.9 (C2), 

138.0, 143.0, 164.0, 165.1 (C11). Anal. calcd. for: C19H16ClNO6S: C 54.10, H 3.82, N 3.32; 

Found: C 54.12, H 3.85, N 3.47. MS: m/z 422.06. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-2,3-dimethoxybenzoate (64). Col-

umn chromathography DCM:EtOAc (9:1). White solid, yield: 51%; m.p. 110 °C; IR (KBr) 

cm−1: 2986, 1725, 1291, 1265, 1145, 1078; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.68 (brs, 3H, 

OMe), 3.75 (t, 2H, H9, J = 5.6 Hz), 3.85 (brs, 3H, OMe), 4.61 (t, 2H, H10, J = 5.4 Hz), 6.57 

(dd, 1H, H4′, J = 1.5, 7.8 Hz), 6.88 (t, 1H, H5′, J = 7.9 Hz), 7.00 (dd, 1H, H6′, J = 1.4, 8.2 Hz), 

7.66 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.92 (d, 1H, H3, J = 6.5 Hz), 8.34 (d, 1H, H2, J = 6.5 Hz), 

8.51 (d, 1H, H8, J = 2.2 Hz), 8.54 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 

55.8 (C9), 56.1 (OMe), 57.9 (C10), 61.4 (OMe), 116.5 (C4′), 120.1 (C8), 121.1 (C5′), 123.7 (C6′), 

123.8, 124.3, 124.8 (C3), 126.2 (C5), 130.4, 131.9 (C6), 134.8 (C2), 137.8, 142.8, 149.1, 153.5, 

164.5 (C11). Anal. calcd. for: C20H18ClNO7S: C 53.16, H 4.02, N 3.10; Found: C 53.16, H 4.03, 

N 3.27. MS: m/z 452.07. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-2,5-dimethoxybenzoate (65). Col-

umn chromathography DCM:EtOAc (9.5:0.5). Yellow solid, yield: 72%; m.p. 133–135 °C; 

IR (KBr) cm−1: 3087, 2991, 1728, 1239, 1227, 1145, 1052; 1H NMR (CDCl3, 300 MHz) δ ppm: 

3.70 (s, 3H, OMe), 3.75 (s, 3H, OMe), 3.79 (t, 2H, H9, J = 5.3 Hz), 4.64 (t, 2H, H10, J = 5.1 

Hz), 6.73 (d, 1H, H6′, J = 2.9 Hz), 6.81 (d, 1H, H3′, J = 9.1 Hz), 7.01 (dd, 1H, H4′, J = 2.9, 9.0 

Hz), 7.67 (dd, 1H, H6, J = 1.6, 9.1 Hz), 7.95 (d, 1H, H3, J = 6.5 Hz), 8.32 (d, 1H, H2, J = 6.5 

Hz), 8.46 (d, 1H, H8, J = 1.5 Hz), 8.56 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ 

ppm: 55.9 (OMe), 55.9 (C9), 56.3 (OMe), 58.1 (C10), 113.4 (C3′), 116.1 (C6′), 117.7, 119.9 

(C4′), 120.1 (C8), 124.4 (C3), 124.8, 126.3 (C5), 130.6, 131.9 (C6), 134.7 (C2), 137.8, 142.8, 

152.8, 153.5, 164.4 (C11). Anal. calcd. for: C20H18ClNO7S: C 53.16, H 4.02, N 3.10; Found: C 

53.22, H 4.07, N 3.19. MS: m/z 452.05. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-2,4,5-trimethoxybenzoate (66). Col-

umn chromathography DCM:EtOAc (9.5:0.5). Yellow solid, yield: 71%; m.p. 148–150 °C; 

IR (KBr) cm−1: 3080, 2998, 1726, 1295, 1243, 1160, 1025; 1H NMR (CDCl3, 300 MHz) δ ppm: 

3.67 (s, 3H, OMe), 3.74 (s, 3H, OMe), 3.77 (t, 2H, H9, J = 5.3 Hz), 3.94 (s, 3H, OMe), 4.58 (t, 

2H, H10, J = 5.1 Hz), 6.35 (s, 1H, H3′), 6.86 (s, 1H, H6′), 7.62 (dd, 1H, H6, J = 2.0, 9.1 Hz), 

7.92 (d, 1H, H3, J = 6.5 Hz), 8.32 (d, 1H, H2, J = 6.5 Hz), 8.43 (d, 1H, H8, J = 1.9 Hz), 8.52 (d, 

1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.9 (C9), 56.2 (OMe), 56.3 (2 × 

OMe), 57.7 (C10), 96.9 (C3′), 107.9, 113.7 (C6′), 119.9 (C8), 124.3, 124.7 (C3), 126.2 (C5), 

130.5, 131.7 (C6), 134.6 (C2), 137.6, 142.4, 142.7, 154.3, 155.6, 164.3 (C11). Anal. calcd. for: 

C21H20ClNO8S: C 52.34, H 4.18, N 2.91; Found: C 52.36, H 4.17, N 3.12. MS: m/z 482.06. 

(M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-3,4,5-trimethoxybenzoate (67). Col-

umn chromathography DCM:EtOAc (9.5:0.5). Yellow solid, yield: 51%; m.p. 168 °C; IR 

(KBr) cm−1: 3017, 2993, 1723, 1294, 1234, 1143, 1036; 1H NMR (CDCl3, 300 MHz) δ ppm: 
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3.79–3.83 (m, 8H, 2 × OMe, H9), 3.94 (s, 3H,OMe), 4.65 (t, 2H, H10, J = 5.4 Hz), 6.77 (s, 2H, 

H2′,6′), 7.69 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.98 (d, 1H, H3, J = 6.5 Hz), 8.40 (d, 1H, H2, J = 6.5 

Hz), 8.50 (d, 1H, H8, J = 2.2 Hz), 8.54 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ 

ppm: 55.6 (C9), 56.3 (OMe), 58.1 (C10), 61.0 (OMe), 106.4 (C2′,6′), 120.1 (C8), 123.2, 124.3, 

124.8 (C3), 126.2 (C5), 130.0, 132.1 (C6), 134.7 (C2), 138.0, 143.0, 153.0, 165.3 (C11). Anal. 

calcd. for: C21H20ClNO8S: C 52.34, H 4.18, N 2.91; Found: C 52.31, H 4.21, N 3.23. MS: m/z 

482.07. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-2-methoxybenzoate (68). Column 

chromathography DCM:EtOAc (9.5:0.5). Solid light orange, yield: 72%; m.p. 106–108 °C; 

IR (KBr) cm−1: 3015, 2995, 1731, 1297, 1235, 1142, 1043; 1H NMR (CDCl3, 300 MHz) δ ppm: 

3.73 (s, 3H, OMe), 3.78 (t, 2H, H9, J = 5.5 Hz), 4.62 (t, 2H, H10, J = 5.3 Hz), 6.79 (t, 1H, H3′, 

J = 7.9 Hz), 6.86 (d, 1H, H4′ or 5′, J = 8.4 Hz), 7.09 (dd, 1H, H4′ or 5′, J = 1.7, 7.8 Hz), 7.44 (td, 

1H, H6′, J = 1.8, 7.9 Hz), 7.65 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.94 (d, 1H, H3, J = 6.5 Hz), 8.31 

(d, 1H, H2, J = 6.5 Hz), 8.43 (d, 1H, H8, J = 2.2 Hz), 8.55 (d, 1H, H5, J = 9.1 Hz). 13C NMR 

(CDCl3, 75 MHz) δ ppm: 55.8 (OMe), 55.9 (C9), 57.9 (C10), 112.0 (C3′), 117.2, 120.0, 124.4, 

124.8 (C3), 126.3 (C5), 130.6 (C6′), 131.1, 131.9 (C6), 134.6 (C4′), 134.7 (C2), 137.8, 142.7, 

159.2, 164.4 (C11). Anal. calcd. for: C19H16ClNO6S: C 54.10, H 3.82, N 3.32; Found: C 54.10, 

H 3.83, N 3.49. MS: m/z 422.08. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-4-methoxy-3-nitrobenzoate (69). 

Column chromathography DCM:EtOAc (8:2). Solid light yellow, yield: 53%; m.p. 205–206 

°C; IR (KBr) cm−1: 3035, 2921, 1724, 1530, 1300, 1238, 1142, 1080; 1H NMR (CDCl3, 300 MHz) 

δ ppm: 3.80 (t, 2H, H9, J = 5.6 Hz), 4.06 (s, 3H, OMe), 4.71 (t, 2H, H10, J = 5.4 Hz), 7.04 (d, 

1H, H5′, J = 8.9 Hz), 7.65 (dd, 1H, H6′, J = 2.2, 8.8 Hz), 7.75 (dd, 1H, H6, J = 2.3, 9.1 Hz), 8.02 

(d, 1H, H3, J = 6.5 Hz), 8.06 (d, 1H, H2′, J = 2.2 Hz), 8.45 (d, 1H, H2, J = 6.5 Hz), 8.56 (d, 1H, 

H8, J = 2.3 Hz), 8.59 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.6 (C9), 

57.2 (OMe), 58.5 (C10), 113.5 (C5′), 119.6, 120.2 (C8), 120.6, 124.3, 124.9 (C3), 126.3 (C5), 

127.0 (C2′), 128.8, 132.4 (C2), 134.7 (C2′),134.9, 138.4, 143.1, 156.9, 163.4 (C11). Anal. calcd. 

for: C19H15ClN2O8S: C 48.88, H 3.24, N 6.00; Found: C 48.89, H 3.27, N 5.89. MS: m/z 467.05. 

(M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-5-methyl-2-nitrobenzoate (70). 

Column chromathography DCM:EtOAc (9.5:0.5). Yellow solid, yield: 48%; m.p. 148–150 

°C; IR (KBr) cm−1: 2983, 1743, 1523, 1341, 1297, 1139; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.45 (s, 3H, CH3), 3.71 (t, 2H, H9, J = 5.6 Hz), 4.68 (t, 2H, H10, J = 5.4 Hz), 7.06 (s, 1H, H6′), 

7.39 (d, 1H, H4′, J = 8.3 Hz), 7.69 (dd, 1H, H6, J = 2.0, 9.1 Hz), 7.75 (d, 1H, H3′, J = 8.3 Hz), 

7.94 (d, 1H, H3, J = 6.5 Hz), 8.38 (d, 1H, H2, J = 6.5 Hz), 8.52 (d, 1H, H8, J = 2.0 Hz), 8.58 (d, 

1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.5 (CH3), 55.5 (C9), 59.0 (C10), 

120.0 (C8), 124.3, 124.4, 124.9, 126.4, 126.5, 129.5, 130.3, 132.1, 132.6, 134.8, 138.1, 142.7, 

145.0, 145.4, 164.8 (C11). Anal. calcd. for: C19H15ClN2O7S: C 50.62, H 3.35, N 6.21; Found: C 

50.65, H 3.34, N 6.47. MS: m/z 451.03. (M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-,5-dimethylbenzoate (71). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 70%; m.p. 172–174 °C; IR (KBr) 

cm−1: 2931, 1720, 1275, 1158, 1025; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.27 (s, 6H, 2 × CH3), 

3.83 (t, 2H, H9, J = 5.4 Hz), 4.66 (t, 2H, H10, J = 5.3 Hz), 6.97 (s, 2H, H2′,6′), 7.15 (s, 1H, H4′), 

7.68 (dd, 1H, H6, J = 2.2, 9.12 Hz), 7.98 (d, 1H, H3, J = 6.5 Hz), 8.38 (d, 1H, H2, J = 6.5 Hz), 

8.48 (d, 1H, H8, J = 2.2 Hz), 8.55 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 

21.2 (2 × CH3), 55.9 (C9), 58.2 (C10), 120.2 (C8), 124.3, 124.8 (C3), 126.2 (C5), 126.6 (C2′,6′), 

128.0, 130.5, 132.1 (C6), 134.7, 135.5 (C2), 138.0, 138.5, 142.9, 165.8 (C11). Anal. calcd. for: 

C20H18ClNO5S: C 57.21, H 4.32, N 3.34; Found: C 57.18, H 4.35, N 3.51. MS: m/z 420.07. 

(M+H+. 100%). 

2-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]ethyl-4-(trifluoromethyl)benzoate (72). 

Column chromathography DCM:EtOAc (8:2). White solid, yield: 73%; m.p. 115–117 °C; IR 

(KBr) cm−1: 3029, 2922, 1731, 1318, 1265, 1239, 1069; 1H NMR (CDCl3, 300 MHz) δ ppm: 3.79 

(t, 2H, H9, J = 5.6 Hz), 4.72 (t, 2H, H10, J = 5.4 Hz), 7.59–7.66 (m, 4H, H2′,3′,5′,6′), 7.70 (dd, 

1H, H6, J = 2.3, 9.1 Hz), 8.01 (d, 1H, H3, J = 6.5 Hz), 8.46 (d, 1H, H2, J = 6.5 Hz), 8.54 (d, 1H, 
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H8, J = 2.2 Hz), 8.58 (d, 1H, H5, J = 9.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 55.7 (C9), 

58.5 (C10), 120.3 (C8), 124.3, 124.9 (C3), 125.6 (q, J = 14.6 Hz), 126.2 (C5), 129.6 (C2′,6′), 129.9, 

130.5, 131.6 (d, J = 4.4 Hz), 132.3 (C6), 134.9 (C2), 135.2 (q, J = 130.7 Hz), 138.3, 143.0, 151.1, 

164.4 (C11). 19F NMR (CDCl3) δ ppm: −63.24. Anal. calcd. for: C19H13ClF3NO5S: C 49.63, H 

2.85, N 3.05; Found: C 49.65, H 2.87, N 3.27. MS: m/z 460.12. (M+H+. 78%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-4-methoxybenzoate (73). Column 

chromathography DCM:EtOAc (8:2). White solid, yield: 64%; m.p. 135–137 °C; IR (KBr) 

cm−1: 3057, 2979, 1699, 1310, 1211, 1146, 1084; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.16–2.25 

(m, 2H, H10), 3.43 (t, 2H, H9, J = 7.6 Hz), 3.85 (s, 3H, OMe), 4.31 (t, 2H, H11, J = 6.0 Hz), 

6.85 (d, 2H, H3′,5′, J = 8.85 Hz), 7.68 (d, 1H, H6, J = 2.1, 9.1 Hz), 7.75 (d, 2H, H2′,6′, J = 8.9 

Hz), 7.99 (d, 1H, H3, J = 6.5 Hz), 8.53 (d, 1H, H2, J = 6.5 Hz), 8.59 (d, 1H, H5, J = 9.1 Hz), 

8.71 (d, 1H, H8, J = 2.1 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 22.7 (C10), 53.4 (C9), 55.6 

(OMe), 61.7 (C11), 113.8 (C3′,5′), 120.4 (C8), 121.6, 124.4, 124.9 (C3), 126.4 (C5), 129.7, 131.5 

(C2′,6′). 132.1 (C6), 134.9 (C2), 138.2, 143.0, 163.8, 165.8 (C12). Anal. calcd. for: 

C20H18ClNO6S: C 55.11, H 4.16, N 3.21; Found: C 55.10, H 4.16, N 3.41. MS: m/z 436.08. 

(M+H+. 100%). 

3-[( N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-2,3-dimethoxybenzoate (74). 

Column chromathography DCM:EtOAc (9:1). Cream solid, yield: 75%; m.p. 106–108 °C; 

IR (KBr) cm−1: 3059, 2939, 1704, 1305, 1235, 1149, 1043; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.18–2.27 (m, 2H, H10), 3.45 (t, 2H, H9, J = 7.6 Hz), 3.77 (s, 3H, OMe), 3.87 (s, 3H, OMe), 

4.36 (t, 2H, H11, J = 5.9 Hz), 7.02–7.05 (m, 2H, H4′,5′), 7.13 (dd, 1H, H6′, J = 3.4, 6.18 Hz), 

7.69 (dd, 1H, H6, J = 2.16, 9.09 Hz), 7.97 (d, 1H, H3, J = 6.48 Hz), 8.51 (d, 1H, H2, J = 6.5 Hz), 

8.60 (d, 1H, H5, J = 9.1 Hz), 8.71 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 

22.5 (C10), 53.3 (C9), 56.1 (OMe), 61.4 (OMe), 62.1 (C11), 116.1 (C4′), 120.2 (C8), 122.0 (C5′), 

124.0 (C6′), 124.3, 124.7 (C3), 125.3, 126.6 (C5), 129.9, 132.1 (C6), 134.9 (C2), 138.2, 143.0, 

149.0, 153.5, 165.9 (C12). Anal. calcd. for: C21H20ClNO7S: C 54.14, H 4.33, N 3.01; Found: C 

54.12, H 4.32, N 3.27. MS: m/z 466.09. (M+H+. 100%). 

3-[( N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-2,5-dimethoxybenzoate (75). 

Column chromathographyc DCM:EtOAc (9:1). Cream solid, yield: 65%; m.p. 127–128 °C; 

IR (KBr) cm−1: 3058, 2968, 1712, 1300, 1214, 1144, 1027; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.15–2.24 (m, 2H, H10), 3.46 (t, 2H, H9, J = 6.7 Hz), 3.75 (s, 6H, OMe), 4.33 (t, 2H, H11, J = 

6.6 Hz), 6.86 (d, 1H, H3′, J = 9.1 Hz), 6.99 (dd, 1H, H4′, J = 3.2, 9.1 Hz), 7.15 (d, 1H, H6′, J = 

3.2 Hz), 7.67 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.97 (d, 1H, H3, J = 6.5 Hz), 8.51 (d, 1H, H2, J = 

6.5 Hz), 8.60 (d, 1H, H5, J = 9.1 Hz), 8.69 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 75 MHz) 

δ ppm: 22.6 (C10), 53.4 (C9), 55.9 (OMe), 56.6 (OMe), 62.0 (C11), 113.7, 116.3, 119.6, 120.3 

(C8), 124.3 (C4′), 124.8 (C3), 126.5 (C5), 129.9, 132.0 (C6), 134.9 (C2), 138.2, 143.0, 153.0, 

153.5, 165.6 (C12). Anal. calcd. for: C21H20ClNO7S: C 54.14, H 4.33, N 3.01; Found: C 54.17, 

H 4.28, N 3.19. MS: m/z 466.11. (M+H+. 100%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-2,4,5-trimethoxybenzoate (76). 

Column chromathography DCM:EtOAc (9:1). Yellow solid, yield: 61%; m.p. 148 °C; IR 

(KBr) cm−1: 3054, 2931, 1679, 1314, 1245, 1209, 1041; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.14–2.23 (m, 2H, H10), 3.46 (t, 2H, H9, J = 7.6 Hz), 3.77 (s, 3H, OMe), 3.81 (s, 3H, OMe), 

3.92 (s, 3H, OMe), 4.29 (t, 2H, H11, J = 5.9 Hz), 6.44 (s, 1H, H3′), 7.22 (s, 1H, H6′), 7.65 (dd, 

1H, H6, J = 2.2, 9.1 Hz), 7.97 (d, 1H, H3, J = 6.5 Hz), 8.51 (d, 1H, H2, J = 6.5 Hz), 8.59 (d, 1H, 

H5, J = 9.1 Hz), 8.68 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 22.7 (C10), 

53.5 (C9), 56.1 (OMe), 56.5 (OMe), 56.8 (OMe), 61.6 (C11), 97.4 (C3′), 109.5, 114.4 (C6′), 120.2 

(C8), 124.3, 124.8 (C3), 126.5 (C5), 129.8, 131.9 (C6), 134.9 (C2), 138.1, 142.6, 143.0, 154.1, 

155.7, 165.3 (C12). Anal. calcd. for: C22H22ClNO8S: C 53.28, H 4.47, N 2.82; Found: C 53.28, 

H 4.48, N 3.07. MS: m/z 496.10. (M+H+. 100%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-3,4,5-trimethoxybenzoate (77). 

Column chromathography DCM:EtOAc (9:1). White solid, yield: 64%; m.p. 187–188 °C; IR 

(KBr) cm−1: 3056, 2927, 1708, 1314, 1213, 1147, 1027; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.17–2.26 (m, 2H, H10), 3.40 (t, 2H, H9, J = 7.5 Hz), 3.83 (s, 6H, 2 × OMe), 3.87 (s, 3H, OMe), 

4.34 (t, 2H, H11, J = 6.1 Hz), 7.10 (s, 2H, H2′,6′), 7.65 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.97 (d, 
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1H, H3, J = 6.5 Hz), 8.51 (d, 1H, H2, J = 6.5 Hz), 8.58 (d, 1H, H5, J = 9.1 Hz), 8.67 (d, 1H, H8, 

J = 2.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 22.6 (C10), 53.3 (C9), 56.3 (2 × OMe), 61.0 

(OMe), 62.3 (C11), 106,8 (C2′,6′), 120.3 (C8), 124.2, 124.3, 124.9 (C3), 126.3 (C5), 129.6, 132.0 

(C6), 134.9 (C2), 138.2, 142.6, 143.0, 153.0, 165.7 (C12). Anal. calcd. for: C22H22ClNO8S: C 

53.28, H 4.47, N 2.82; Found: C 53.30, H 4.45, N 2.98. MS: m/z 496.09. (M+H+. 100%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-2-methoxybenzoate (78). Column 

chromathography DCM:EtOAc (9.5:0.5). Solid light orange, yield: 67%; m.p. 106–108 °C; 

IR (KBr) cm−1: 3053, 2933, 1718, 1305, 1212, 1145, 1020; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.13–2.22 (m, 2H, H10), 3.45 (t, 2H, H9, J = 7.7 Hz), 3.80 (s, 3H, OMe), 4.31 (t, 2H, H11, J = 

5.9 Hz), 6.87–6.93 (m, 2H, H3′,5′), 7.41–7.47 (td, 1H, H4′, J = 1.8, 8.6 Hz), 7.58 (dd, 1H, H6′, 

J = 1.8, 7.6 Hz), 7.66 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.97 (d, 1H, H3, J = 6.5 Hz), 8.51 (d, 1H, 

H2, J = 6.5 Hz), 8.60 (d, 1H, H5, J = 9.1 Hz), 8.69 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 

75 MHz) δ ppm: 22.6 (C10), 53.4 (C9), 55.9 (OMe), 61.8 (C11), 112.1 (C3′), 119.1, 120.2 (C5′ 

or 8), 120.3 (C5′ or 8), 124.3, 124.8 (C3), 126.5 (C5), 129.8, 131.5 (C6′), 131.9 (C6), 134.0 (C4′), 

134.9 (C2), 138.1, 142.9, 159.2, 165.7 (C12). Anal. calcd. for: C20H18ClNO6S: C 55.11, H 4.16, 

N 3.21; Found: C 55.10, H 4.15, N 3.39. MS: m/z 436.07. (M+H+. 100%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-4-methoxy-3-nitrobenzoate (79). 

Column chromathographyc DCM:EtOAc (9:1). Solid light yellow, yield: 63%; m.p. 205–

206 °C; IR (KBr) cm−1: 3038, 2927, 1706, 1530, 1364, 1239, 1144, 1079; 1H NMR (CDCl3, 300 

MHz) δ ppm: 2.23–2.32 (m, 2H, H10), 3.43 (t, 2H, H9, J = 7.5 Hz), 4.04 (s, 3H, OMe), 4.40 (t, 

2H, H11, J = 6.2 Hz), 7.11 (d, 1H, H5′, J = 8.9 Hz), 7.75 (dd, 1H, H6, J = 2.2, 9.1 Hz), 8.02 (d, 

1H, H3, J = 6.5 Hz), 8.06 (dd, 1H, H6′, J = 2.2, 8.8 Hz), 8.33 (d, 1H, H2′, J = 2.2 Hz), 8.55 (d, 

1H, H2, J = 6.5 Hz), 8.64 (d, 1H, H5, J = 9.1 Hz), 8.75 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 

75 MHz) δ ppm: 22.6 (C10), 53.3 (C9), 57.1 (OMe), 62.7 (C11), 113.4 (C5′), 120.5 (C8), 121.7, 

124.4, 125.0 (C3), 126.4 (C5), 127.2 (C2′), 129.7, 132.3 (C6), 135.0 (C2), 135.4 (C6′), 138.4, 

156.6, 164.1 (C12). Anal. calcd. for: C20H17ClN2O8S: C 49.95, H 3.56, N 5.83; Found: C 49.97, 

H 3.56, N 5.95. MS: m/z 481.06. (M+H+. 83%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-5-methyl-2-nitrobenzoate (80). 

Column chromathography DCM:EtOAc (9:1). White solid, yield: 60%; m.p. 182–184 °C; IR 

(KBr) cm−1: 3021, 2971, 1740, 1512, 1341, 1203, 1037; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.19–2.28 (m, 2H, H10), 2.46 (s, 3H, CH3), 3.40 (t, 2H, H9, J = 7.6 Hz), 4.42 (t, 2H, H11, J = 

5.8 Hz), 7.39–7.41 (m, 2H, H 4′,6′), 7.76 (dd, 1H, H6, J = 2.3, 9.2 Hz), 7.80 (d, 1H, H3′, J = 8.8 

Hz), 8.01 (d, 1H, H3, J = 6.5 Hz), 8.55 (d, 1H, H2, J = 6.5 Hz), 8.68 (d, 1H, H5, J = 9.1 Hz), 

8.77 (d, 1H, H8, J = 2.2 Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.5 (CH3), 22.2 (C10), 53.5 

(C9), 63.7 (C11), 120.3 (C8), 124.2 (C3′), 124.5 (C3), 124.8, 126.8 (C5), 127.5, 130.1, 130.3 (C6′), 

132.2 (C6), 132.4 (C4′), 134.9 (C2), 138.3, 143.1, 145.0, 145.6, 165.6 (C12). Anal. calcd. for: 

C20H17ClN2O7S: C 51.67, H 3.69, N 6.03; Found: C 51.69, H 3.66, N 6.23. MS: m/z 465.07. 

(M+H+. 97%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-3,5-dimethylbenzoate (81). Col-

umn chromathography DCM:EtOAc (9:1). White solid, yield: 66%; m.p. 188–190 °C; IR 

(KBr) cm−1: 3019, 2915, 1707, 1363, 1290, 1043; 1H NMR (CDCl3, 300 MHz) δ ppm: 2.19–2.28 

(m, 2H, H10), 2.32 (s, 6H, 2 × CH3), 3.44 (t, 2H, H9, J = 7.6 Hz), 4.34 (t, 2H, H11, J = 6.0 Hz), 

7.18 (brs, 1H, H4′), 7.45 (s, 2H, H2′, 6′), 7.66 (dd, 1H, H6, J = 2.2, 9.1 Hz), 7.99 (d, 1H, H3, J 

= 6.5 Hz), 8.53 (d, 1H, H2, J = 6.5 Hz), 8.61 (d, 1H, H5, J = 9.1 Hz), 8.70 (d, 1H, H8, J = 2.2 

Hz). 13C NMR (CDCl3, 75 MHz) δ ppm: 21.3 (2 × CH3), 22.7 (C10), 53.4 (C9), 61.9 (C11), 

120.4 (C8), 124.4, 124.9 (C3), 126.4 (C5), 127.2 (C2′,6′), 129.2, 129.7, 132.1 (C6), 134.9, 135.2 

(C2), 138.2, 138.3, 143.1, 166.4 (C12). Anal. calcd. for: C21H20ClNO5S: C 58.13, H 4.65, N 3.23; 

Found: C 58.19, H 4.69, N 3.28. MS: m/z 434.12. (M+H+. 100%). 

3-[(N-Oxide 7-chloroquinolin-4-yl)sulfonyl]propyl-4-(trifluoromethyl)benzoate (82). 

Column chromathography DCM:EtOAc (7:3). White solid, yield: 58%; m.p. 139–140 °C; IR 

(KBr) cm−1: 3021, 2910, 1718, 1320, 1283, 1151, 1022; 1H NMR (CDCl3, 300 MHz) δ ppm: 

2.21–2.30 (m, 2H, H10), 3.43 (t, 2H, H9, J = 7.4 Hz), 4.41 (t, 2H, H11, J = 5.9 Hz), 7.64–7.71 

(m, 3H, H3′,5′,6), 7.98 (d, 2H, H2′,6′, J = 8.4 Hz), 8.00 (d, 1H, H3, J = 6.9 Hz), 8.54 (d, 1H, H2, 

J = 6.9 Hz), 8.61 (d, 1H, H5, J = 9.1 Hz), 8.71 (d, 1H, H8, J = 1.2 Hz). 13C NMR (CDCl3, 75 
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MHz) δ ppm: 22.6 (C10), 53.3 (C9), 62.7 (C11), 120.4 (C8), 124.3, 125.0 (C3), 125.6 (q, J =14.4 

Hz), 126.4 (C5), 129.6, 130.0 (C2′,6′), 132.1 (C6), 132.6 (d, J = 3.8 Hz), 134.9 (q, J =126.1 Hz), 

138.3, 143.1, 164.9 (C12). 19F NMR (CDCl3) δ ppm: −63.14. Anal. calcd. for: 

C20H15ClF3NO5S: C 50.69, H 3.19, N 2.96; Found: C 50.69, H 3.21, N 3.25. MS: m/z 474.07. 

(M+H+. 78%). 

3.2. X-ray Analysis on Compound 15 

Colourless blocky crystals of compound 15 were grown from the slow evaporation 

of an ethanol solution. Single crystal X-ray diffraction analyses were carried out on a 

Bruker APEX Kappa Duo Diffractometer Mo-Kα radiation (λ = 0.71073Å), and a graphite 

monochromator. Data collection and unit cell refinement were carried out with SMART 

[42] and data reduction with SAINT [43]. The structure was solved by direct methods and 

refined by least-squares techniques with SHELXS and SHELXL [44], respectively, using 

OLEX2 [45] as an interface. Hydrogen atoms were placed in calculated positions and re-

fined using a riding model with their displacement parameters equal to 1.2 Uiso of the 

non-hydrogen atom to which they are attached. 

X-ray crystallographic data for this structure has been deposited at the Cambridge 

Crystallographic Data Center under code CCDC 2184667. Copies of the data can be ob-

tained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/structures (accessed on 7-7-2022). 

3.3. Biological Activity 

3.3.1. Cell Lines 

All cell lines were purchased from the American Tissue Culture Collection (ATCC). 

The A549 cell line is lung adenocarcinoma. MRC-5 and BJ cell lines were used as a non-

tumor control and represent human fibroblasts. (MRC-5 LD and BJLD) are doxorubicin-

resistant human lung fibroblast cell lines. The CCRF-CEM line is derived from T lympho-

blastic leukemia, evincing high chemosensitivity, whereas K562 represent cells from an 

acute myeloid leukemia patient sample with bcr-abl translocation. The daunorubicin-re-

sistant subline of CCRF-CEM cells (CEM-DNR bulk) and paclitaxel-resistant subline 

K562-TAX were selected in our laboratory by the cultivation of maternal cell lines in in-

creasing concentrations of daunorubicin or paclitaxel, respectively. The CEM-DNR bulk 

cells overexpress MRP-1 and P-glycoprotein protein, whereas K562-TAX cells overexpress 

P-glycoprotein only. Both proteins belong to the family of ABC transporters and are in-

volved in the primary and/or acquired multidrug-resistance phenomenon. The U2OS cell 

line is derived from osteosarcoma, HCT116 is a colorectal tumor cell line and its p53 gene 

knock-down counterpart (HCT116p53−/−, Horizon Discovery Ltd., Cambridge, UK) is a 

model of human cancers with p53 mutation frequently associated with poor prognosis 

[33,36]. The cells were maintained in nunc/corning 80 cm2 plastic tissue culture flasks and 

cultured in a cell culture medium according to ATCC or Horizon recommendations 

(DMEM/RPMI 1640 with 5 g/L glucose, 2 mM glutamine, 100 U/mL penicillin, 100 mg/mL 

streptomycin, 10% fetal calf serum, and NaHCO3). 

3.3.2. Cytotoxic MTS Assay  

The activity of compounds was determined using a standard 3-(4,5-dimethylthiazol-

2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) and it was 

performed at the Institute of Molecular and Translational Medicine by a robotic platform 

(High-ResBiosolutions). Cell suspensions were prepared and diluted according to the par-

ticular cell type and the expected target cell density (25,000–35,000 cells/mL based on cell 

growth characteristics). Cells were added by automatic pipettor (30 µL) into 384-well mi-

crotiter plates. All tested compounds were dissolved in 100% DMSO and four-fold dilu-

tions of the intended test concentration were added in 0.15 µL aliquots at time zero to the 

microtiter plate wells by the echo acoustic non-contact liquid handler Echo550 (Labcyte). 
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The experiments were performed in technical duplicates and three biological replicates at 

least. The cells were incubated with the tested compounds for 72 h at 37 °C, in a 5% CO2 

atmosphere at 100% humidity. At the end of the incubation period, the cells were assayed 

by using the MTS test. Aliquots (5 µL) of the MTS stock solution were pipetted into each 

well and incubated for an additional 1-4 h. After this incubation period, the optical density 

(OD) was measured at 490 nm with an Envision reader (PerkinElmer). Tumor cell survival 

(TCS) was calculated by using the following equation: TCS = (ODdrug-exposed well/mean 

ODcontrol wells) × 100%. The IC50 value, the compound concentration that is lethal to 50% 

of the tumor cells, was calculated from the appropriate dose-response curves in Dotmatics 

software (Updated version 2022, London, UK) [33–36]. 

3.3.3. Cell Cycle and Apoptosis Analysis  

CCRF-CEM cells were seeded at a density of 1 × 106 cells per one mL in 6-well plates 

(TTP) and were cultivated with compounds at concentrations corresponding to 1 × or 5 × 

IC50 value. Together with the compounds-treated cells, a vehicle-treated sample was har-

vested at the same time point. After 24 h, the cells were washed with cold phosphate-

buffered saline (PBS) and fixed in 70% ethanol added dropwise and stored overnight at 

−20 °C. Afterward, cells were washed in hypotonic citrate buffer, treated with RNase (50 

µg mL−1), and stained with propidium iodide. Flow cytometry using a 488 nm single beam 

laser (Becton Dickinson) was used for measurement. The cell cycle was analyzed by the 

software ModFitLT (Verity), and apoptosis was measured in a logarithmic model express-

ing the percentage of the particles with propidium content lower than cells in the G0/G1 

phase (<G1) of the cell cycle. Half of the sample was used for pH3Ser10 antibody (Sigma) 

labeling and subsequent flow cytometry analysis of the cells in mitosis [35]. 

3.3.4. BrDU Incorporation Analysis  

Cells were cultivated and processed as described in the previous method [33–36]. 

Before harvesting, BrDU 10 µM was added to the cells for pulse-labeling for 30 min. Then, 

cells were washed by PBS and fixed with −20 °C cold 70% ethanol and stored in a freezer 

overnight. Before analysis, the samples were incubated on ice for 30 min, washed once 

with PBS, and re-suspended in 2 M HCl for 30 min at rt to denature their DNA. Following 

neutralization with a 0.1 M Na2B4O7 (borax) solution, the cells were washed with PBS con-

taining 0.5% Tween-20 and 1% BSA. Next, staining with primary anti-BrDU antibody 

(Exbio) was performed for 30 min at rt in the dark. Cells were then washed with PBS and 

stained with secondary anti-mouse-FITC antibody (Sigma) at rt in the dark. After another 

wash with PBS and incubation with propidium iodide (0.1 mg × mL−1) and RNase A (0.5 

mg × mL−1) for 1 h at rt in the dark, cells were analyzed by flow cytometry using a 488 nm 

single beam laser (FACSCalibur, Becton Dickinson, Franklin Lakes, NJ, USA). 

3.3.5. BrU Incorporation Analysis  

Cells were cultured and treated as described above [33–36]. Before harvesting, pulse-

labeling with 1 mM BrU for 30 min followed. The cells were then fixed in 1% buffered 

paraformaldehyde with 0.05% NP-40 at rt for 15 min, and then stored at 4 °C overnight. 

Before measurement, they were washed with 1% glycine in PBS, washed with PBS again 

and stained with primary anti-BrDU antibody cross-reacting to BrU (Exbio) for 30 min at 

rt in the dark. From this point, the experiment was performed exactly as in the previous 

method. 

4. Conclusions 

In this work, we described a convenient and efficient method for the synthesis of a 

series of [(7-chloroquinolin-4-yl)thio]alkyl benzoate derivatives 5–82 through the reaction 

of [(7-chloroquinolin-4-yl)thio]alcohols 3 and 4 with different benzoic acids, under a mod-

ified version of the Steglich esterification reaction. To obtain sulfinyl derivatives 41–62 
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and sulfonyl analogues 63–82, m-CPBA was used as an oxidizing agent. By modifying the 

degree of oxidation of both the sulfur atom and the quinolinic nitrogen, and by varying 

the length of the alkyl spacer that binds the head group and the benzoic acids, we fine-

tuned the selectivity and potency of our compounds as inhibitors of a series of cancer cells. 

The most active were the 3-[(N-oxide 7-chloroquinolin-4-yl)sulfonyl]propyl benzoate de-

rivatives, which exert micromolar cytotoxic effects against cells derived from lung and 

colorectal carcinoma. In some cases, compounds such as 73, 74, and 81 also show good 

selectivity over proliferating cancer cell lines with low toxicity to non-malignant MRC or 

BJ fibroblasts. A low cytotoxicity was observed against multidrug-resistant cancer cell 

lines (CEM-DNR, K562-TAX), suggesting that they are substrates for pharmacological 

transporters. At higher concentrations (5 × IC50) against the CCRF-CEM cancer cell line, 

we observed the accumulation of the cells in the G0/G1 cell phase, inhibition of DNA and 

RNA synthesis, and induction of apoptosis. The molecular mechanism of this latter effect 

requires additional investigation. It is known that the lipophilicity of the compounds 

plays an important role in their penetration into cells and in cell permeability, but this 

dependence was not clear for all tested cancer cell lines. 

The results presented in this study reveal that these kinds of compounds are highly 

selective inhibitors of cancer cell lines in vitro and thus show potential for further devel-

opment of antitumor agents. 

Author Contributions: Conceptualization, J.E.G., E.F.-M., M.A.R., L.R. and D.D.; methodology, 

J.E.G., M.R.M., J.B.D.S., S.G. and M.H.; validation, P.D., L.P. and J.C.; formal analysis, P.D., L.P., 

H.R., and S.Q.; X-ray analysis, J.B.-C.; writing—original draft preparation, S.Q., H.R. and J.C.; writ-

ing—review and editing, J.B.D.S. and L.P.; visualization, H.R. and E.F.-M.; supervision, L.P., P.D. 

and M.R.M.; project administration, L.P., L.R. and J.C. All authors have read and agreed to the pub-

lished version of the manuscript. 

Funding: The project was partially funded by the France-Venezuela PCP program No. 2013000438, 

as well as the University of Bordeaux, the Centre National de la Recherche Scientifique (CNRS), the 

Czech Ministry of Education, Youth and Sports (CZ-OPENSCREEN-LM2018130, and EATRIS-CZ-

LM2018133), and Escuela de Medicina UEES, 2022-MED-001 for financial support. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data is contained within the article. 

Acknowledgments: We thank the Instituto de Investigaciones Farmacéuticas (IIF), Consejo de De-

sarrollo Científico y Humanístico de la Universidad Central de Venezuela.  

Conflicts of Interest: The authors declare that there are no conflicts of interest. 

References 

1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN 

Estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. 

2. Gupta, S.C.; Sung, B.; Prasad, S.; Webb, L.J.; Aggarwal, B.B. Cancer drug discovery by repurposing: Teaching new tricks to old 

dogs. Trends Pharmacol. Sci. 2013, 34, 508–517. 

3. Iqbal, J.; Abbasi, B.A.; Mahmood, T.; Kanwal, S.; Ali, B.; Shah, S.A.; Khalil, A.T. Plant-derived anticancer agents: A green anti-

cancer approach. Asian Pac. J. Trop. Biomed. 2017, 7, 1129–1150. 

4. Al-Bari, M.A.A. Chloroquine analogues in drug discovery: New directions of uses, mechanisms of actions and toxic manifesta-

tions from malaria to multifarious diseases. J. Antimicrob. Chemother. 2015, 70, 1608–1621. 

5. Plantone, D.; Koudriavtseva, T. Current and future use of chloroquine and hydroxychloroquine in infectious, immune, neo-

plastic, and neurological diseases: A mini-review. Clin. Drug Investig. 2018, 38, 653–671. 

6. Shukla, A.M.; Shukla, A.W. Expanding horizons for clinical applications of chloroquine, hydroxychloroquine, and related struc-

tural analogues. Drugs Context 2019, 8, 2019-9-1, doi:10.7573/dic.2019-9-1. 

7. Verbaanderd, C.; Maes, H.; Schaaf, M.B.; Sukhatme, V.P.; Pantziarka, P.; Sukhatme, V.; Agostinis, P.; Bouche, G. Repurposing 

Drugs in Oncology (ReDO)–chloroquine and hydroxychloroquine as anti-cancer agents. Ecancermedicalscience 2017, 11, 781. 



Pharmaceuticals 2022, 15, 1234 35 of 36 
 

 

8. Samaras, P.; Tusup, M.; Nguyen-Kim, T.D.L.; Seifert, B.; Bachmann, H.; von Moos, R.; Knuth, A.; Pascolo, S. Phase I study of a 

chloroquine-gemcitabine combination in patients with metastatic or unresectable pancreatic cancer. Cancer Chemother. Pharma-

col. 2017, 80, 1005–1012. 

9. Afzal, O.; Kumar, S.; Haider, R.; Ali, R.; Kumar, R.; Jaggi, M.; Bawa, S. A review of the anticancer potential of bioactive hetero-

cycle quinoline. Eur. J. Med. Chem. 2015, 97, 871–910. 

10. Blaney, F.E.; Raveglia, L.F.; Artico, M.; Cavagnera, S.; Dartois, C.; Farina, C.; Grugni, M.; Gagliardi, S.; Luttmann, M.A.; Marti-

nelli, M.; et al. Stepwise modulation of neurokinin-3 and neurokinin-2 receptor affinity and selectivity in quinoline tachykinin 

receptor antagonists. J. Med. Chem. 2001, 44, 1675–1689. 

11. Kaur, R.; Kumar, K. Synthetic and medicinal perspective of quinolines as antiviral agents. Eur. J. Med. Chem. 2021, 215, 113220. 

12. Solomon, V.R.; Hua, C.; Lee, H. Design and synthesis of chloroquine analogs with anti-breast cancer property. Eur. J. Med. Chem. 

2010, 45, 3916–3923. 

13. Raj, R.; Landb, K.M.; Kumar, V. 4-Aminoquinoline-hybridization en route towards the development of rationally designed 

antimalarial agents. RSC Adv. 2015, 5, 82676–82698. 

14. Salgueiro, W.G.; Xavier, M.C.; Duarte, L.F.; Câmara, D.F.; Fagundez, D.A.; Soares, A.T.; Perin, G.; Alves, D.; Avila, D.S. Direct 

synthesis of 4-organylsulfenyl-7-chloro quinolines and their toxicological and pharmacological activities in Caenorhabditis ele-

gans. Eur. J. Med. Chem. 2014, 75, 448–459. 

15. De Souza, M.V.; Pais, K.C.; Kaiser, C.R.; Peralta, M.A.; Ferreira, M.L.; Lourenço, M.C. Synthesis and in vitro antitubercular 

activity of a series of quinoline derivatives. Bioorg. Med. Chem. 2009, 17, 1474–1480. 

16. Matada, B.S.; Pattanashettar, R.; Yernale, N.G. A comprehensive review on the biological interest of quinoline and its deriva-

tives. Bioorg. Med. Chem. 2021, 32, 115973. 

17. Mah, S.; Park, J.H.; Jung, H.-Y.; Ahn, K.; Choi, S.; Tae, H.S.; Jung, K.H.; Rho, J.K.; Lee, J.C.; Hong, S.-S.; et al. Identification of 

4-phenoxyquinoline based inhibitors for L1196M mutant of anaplastic lymphoma kinase by structure-based design. J. Med. 

Chem. 2017, 60, 9205–9221. 

18. Rodrigues, J.R.; Charris, J.; Ferrer, R.; Gamboa, N.; Á ngel, J.; Nitzsche, B.; Hoepfner, M.; Lein, M.; Jung, K.; Abramjuk, C. Effect 

of quinolinyl acrylate derivatives on prostate cancer in vitro and in vivo. Investig. New Drugs 2012, 30, 1426–1433. 

19. Romero, J.A.; Acosta, M.E.; Gamboa, N.D.; Mijares, M.R.; Sanctis, J.B.; Charris, J.E. Optimization of antimalarial, and anticancer 

activities of (E)-methyl 2-(7-chloroquinolin-4-ylthio)-3-(4-hydroxyphenyl) acrylate. Bioorg. Med. Chem. 2018, 26, 815–823. 

20. Ramírez, H.; Rodrigues, J.R.; Mijares, M.R.; De Sanctis, J.B.; Charris, J.E. Synthesis and biological activity of 2-[2-(7-chloroquin-

olin-4-ylthio)-4-methylthiazol-5-yl]-N-phenylacetamide derivatives as antimalarial and cytotoxic agents. J. Chem. Res. 2020, 44, 

305–314. 

21. Colmenarez, C.; Acosta, M.; Rodríguez, M.; Charris, J. Synthesis and antimalarial activity of (S)-methyl-(7-chloroquinolin-4-

ylthio) acetamidoalquilate derivatives. J. Chem. Res. 2020, 44, 161–166. 

22. Ramírez, H.; Fernandez, E.; Rodrigues, J.; Mayora, S.; Martínez, G.; Celis, C.; De Sanctis, J.B.; Mijares, M.; Charris, J. Synthesis 

and antimalarial and anticancer evaluation of 7-chlorquinoline-4-thiazoleacetic derivatives containing aryl hydrazide moieties. 

Arch. Pharm. 2021, 354, e2100002. 

23. Kazi, S.A.; Kelso, G.F.; Harris, S.; Boysen, R.I.; Chowdhury, J.; Hearn, M. Synthesis of quinoline thioethers as novel small mole-

cule enhancers of monoclonal antibody production in mammalian cell culture. Tetrahedron 2010, 66, 9461–9467. 

24. Chitra, S.; Paul, N.; Muthusubramanian, S.; Manisankar, P.; Yogeeswari, P.; Sriram, D. Synthesis of 3-heteroarylthioquinoline 

derivatives and their in vitro antituberculosis and cytotoxicity studies. Eur. J. Med. Chem. 2011, 46, 4897–4903. 

25. Kim, Y.H.; Kauffman, J.M.; Foye, W.O. Synthesis and Antileukemic Activity of 2-(2-Methylthio-2-aminovinyl)-1-methylquino-

linium Iodides. J. Pharm. Sci. 1983, 72, 1356–1358. 

26. Cai, Z.; Zhoua, W.; Sun, L. Synthesis and HMG CoA reductase inhibition of 4-thiophenylquinolines as potential hypocholester-

olemic agents. Bioorg. Med. Chem. 2007, 15, 7809–7829. 

27. Coimbra, E.S.; Antinarelli, L.M.; Silva, N.P.; Souza, I.O.; Meinel, R.S.; Rocha, M.N.; Soares, R.P.; da Silva, A.D. Quinoline deriv-

atives: Synthesis, leishmanicidal activity and involvement of mitochondrial oxidative stress as mechanism of action. Chem. Biol. 

Interact. 2016, 260, 50–57. 

28. Lukevics, E.; Abele, E.; Arsenyan, P.; Abele, R.; Rubina, K.; Shestakova, I.; Domracheva, I.; Vologdina, V. Synthesis and cyto-

toxicity of silicon containing pyridine and quinoline sulfides. Met. Based Drugs 2002, 9, 45–51. 

29. Mól, W.; Matyja, M.; Filip, B.; Wietrzyk, J.; Boryczka, S. Synthesis and antiproliferative activity in vitro of novel (2-butynyl)thi-

oquinolines. Bioorg. Med. Chem. 2008, 16, 8136–8141. 

30. Neises, B.; Steglich, W. Simple method for the esterification of carboxylic acids. Angew. Chem. Int. Ed. 1978, 17, 522–524. 

31. Spek, A.L. Single-crystal structure validation with the program PLATON. J. Appl. Crystallogr. 2003, 36, 7–13. 

32. MacRae, C.F.; Sovago, I.; Cottrell, S.J.; Galek, P.T.A.; McCabe, P.; Pidcock, E.; Platings, M.; Shields, G.P.; Stevens, J.S.; Towler, 

M.; et al. Mercury 4.0: From visualization to analysis, design and prediction. J. Appl. Crystallogr. 2020, 53, 226–235. 

33. Jurášek, M.; Džubák, P.; Rimpelová, S.; Sedlák, D.; Konečný, P.; Frydrych, I.; Gurská, S.; Hajdúch, M.; Bogdanová, K.; Kolář, M.; 

et al. Trilobolide-steroid hybrids: Synthesis, cytotoxic and antimycobacterial activity. Steroids 2017, 117, 97–104. 



Pharmaceuticals 2022, 15, 1234 36 of 36 
 

 

34. Rimpelová, S.; Zimmermann, T.; Drašar, P.B.; Dolenský, B.; Bejček, J.; Kmoníčková, E.; Cihlárová, P.; Gurská, S.; Kuklíková, L.; 

Hajdúch, M.; et al. Steroid glycosides hyrcanoside and deglucohyrcanoside: On isolation, structural identification, and anti-

cancer activity. Foods 2021, 10, 136. 

35. Džubak, P.; Gurská, S.; Bogdanová, K.; Uhríková, D.; Kanjaková, N.; Combet, S.; Klunda, T.; Kolář, M.; Hajdúch, M.; Poláková, 

M. Antimicrobial and cytotoxic activity of (thio)alkyl hexopyranosides, nonionic glycolipid mimetics. Carbohydr. Res. 2020, 488, 

107905. 

36. Řehulka, J.; Vychodilová, K.; Krejčí, P.; Gurská, S.; Hradil, P.; Hajdúch, M.; Džubák, P.; Hlaváč, J. Fluorinated derivatives of 2-

phenyl-3-hydroxy-4(1H)-quinolinone as tubulin polymerization inhibitors. Eur. J. Med. Chem. 2020, 192, 112176. 

37. Sasaki, K.; Tsuno, N.H.; Sunami, E.; Tsurita, G.; Kawai, K.; Okaji, Y.; Nishikawa, T.; Shuno, Y.; Hongo, K.; Hiyoshi, M.; et al. 

Chloroquine potentiates the anti-cancer effect of 5-fluorouracil on colon cancer cells. BMC Cancer 2010, 10, 370. 

38. Monma, H.; Iida, Y.; Moritani, T.; Okimoto, T.; Tanino, R.; Tajima, Y.; Harada, M. Chloroquine augments TRAIL-induced apop-

tosis and induces G2/M phase arrest in human pancreatic cancer cells. PLoS ONE 2018, 13, e0193990. 

39. Hu, T.; Li, P.; Luo, Z.; Chen, X.; Zhang, J.; Wang, C.; Chen, P.; Dong, Z. Chloroquine inhibits hepatocellular carcinoma cell 

growth in vitro and in vivo. Oncol. Rep. 2016, 35, 43–49. 

40. Jia, L.; Wang, J.; Wu, T.; Wu, J.; Ling, J.; Cheng, B. In vitro and in vivo antitumor effects of chloroquine on oral squamous cell 

carcinoma. Mol. Med. Rep. 2017, 16, 5779–5786. 

41. Jiang, P.; Zhao, Y.; Shi, W.; Deng, X.; Xie, G.; Mao, Y.; Li, Z.; Zheng, Y.; Yang, S.; Wei, Y. Cell Growth Inhibition, G2/M Cell cycle 

arrest, and apoptosis induced by chloroquine in human breast cancer cell line Bcap-37. Cell Physiol. Biochem. 2008, 22, 431–440. 

42. Bruker. SMART; Bruker AXS Inc.: Madison, WI, USA, 2012. 

43. Bruker. SAINT; Bruker AXS Inc.: Madison, WI, USA, 2012. 

44. Sheldrick, G.M. IUCr, Crystal structure refinement with SHELXL. Acta Crystallogr. Sect. C 2015, 71, 3–8. 

45. Dolomanov, O.V.; Bourhis, L.J.; Gildea, R.J.; Howard, J.A.K.; Puschmann, H. OLEX2: A complete structure solution, refinement 

and analysis program. J. Appl. Cryst. 2009, 42, 339–341. 

 


