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新型吡啶苯磺酰胺联喹啉基异羟肟酸类 PI3K/HDAC 双靶点 

抑制剂的设计、合成和生物活性研究 

顾依钰 a    吕晓庆 b    马晓东 c    张浩健 a     
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(a浙江大学海洋学院  浙江舟山 316021) 
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(c安徽中医药大学药学院  合肥 230012) 

摘要  多靶点药物已成为一种有广阔前景的药物, 特别是对抗肿瘤药物的研发. 基于候选药物 GSK2126458 和上市药

物 Vorinostat 的结构特点, 设计并合成了一系列新型的磷脂酰肌醇 3-激酶(PI3Ks)和组蛋白脱乙酰酶(HDACs)双重抑制

剂. 生物活性研究发现, 化合物 GYB-4 对 PI3Kα和 HDAC1 的 IC50分别为 1.0 和 4.2 nmol/L; 化合物 GYB-5 对 PI3Kα

和 HDAC1 的 IC50分别为 1.3 和 4.8 nmol/L. 对所有化合物在 HCT116, PC3 和 A2780 细胞株上进行了增殖抑制活性研

究, 相关的构效关系研究将为 PI3K 和 HDAC 双靶点抑制剂的进一步优化提供思路. 
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Design, Synthesis and Biological Evaluation of Novel (Quinolinyl-3-
pyridinyl)benzenesulfonamide-Based Hydroxamic Acids as  

PI3K and HDAC Dual Targeting Inhibitors 
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Abstract  Polypharmacology has emerged as a promising approach to drug discovery, especially antitumor drug. This study 
reports the design, synthesis, and biological evaluation of novel phosphatidylinositol 3-kinases (PI3Ks) and histone deacety-
lases (HDACs) dual inhibitors on the basis of GSK2126458 under clinical evaluation and vorinostat approved. Among these 
hybrid molecules, GYB-4 and GYB-5 possessed potent inhibition against both PI3Kα (1.0 and 1.3 nmol/L, respectively) and 
HDAC1 (4.2 and 4.8 nmol/L, respectively). Antiproliferative assays with HCT116, PC3 and A2780 cell lines subsequently 
were performed. The structure-activity relationship study will guide to optimization of dual PI3K and HDAC inhibitors. 
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1  Introduction 

Class I phosphatidylinositol 3-kinases (PI3Ks) (PI3Kα, 
PI3Kβ, PI3Kγ, PI3Kδ) activation induces that phosphati-
dylinositol (4,5)-bisphosphate (PIP2) converts to phospha-

tidylinositol (3,4,5)-trisphosphate (PIP3).[1,2] In turn, PIP3 
activates downstream molecules, leading to increased cell 
growth,[3] proliferation, and survival.[4,5] The mutations of 
PIK3CA gene, which encodes the p110α catalytic subunit 
of PI3K, are functionally active.[6] PI3Ks play vital role in 
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carcinogenesis and oncogenic process, so PI3K inhibitors, 
candidate drugs for cancer therapy, have been paid much 
more attention in recent years. Nevertheless, targeting the 
PI3K signal pathway alone suffers from poor therapeutic 
response in the treatment of some recurrent/refractory 
cancers,[7] which implicates the necessity of other targets. 

Histone deacetylases (HDACs) are a family of epige-
netic enzymes, taking responsible for deacetylation of his-
tone and non-histone.[8] Acetylation of these proteins has 
been significant part of genome functions[9,10] and 
post-translational modifications. Possessing regulatory 
roles in the progression of diseases including inflamma-
tion,[11] carcinoma,[12-14] heart failure[15] and pulmonary 
fibrosis,[16] HDAC inhibitors are considered to be potential 
targeted agents for cancer therapy. Up until now, five 
HDAC inhibitors have been approved for the treatment of 
hematologic cancer, including vorinostat[17] (SAHA), ro-
midepsin[18] (FK228), belinostat[19] (PXD101), panobino-
stat[20] (LBH589) and chidamide[21] (CS005). Throughout 
the last few years, combinations of HDAC inhibitors and 
anti-cancer agents belonging to other classes have been 
likewise widely applied in clinical trials, in order to obtain 
improved antitumor effect.[22] 

For instance, HDAC inhibitor combined with PI3K in-
hibitor had potential effect on non-small cell lung cancer 
(NSCLC) and chronic myeloid leukemia (CML), which is 
resistant to gefitinib or imatinib.[23] Takashi et al.[24] found 
that HDAC inhibitor OBP-801/YM753 induced more sig-
nificant apoptosis than SAHA in human endometrial car-
cinoma cells, when it was combined with PI3K inhibitor 
LY294002. The combination of PI3K signal pathway in-
hibitor MLN0128 and pan-HDAC inhibitor TSA make 
better sense as well. When it comes to the combination of 
LBH589 and the PI3K/mTOR inhibitor BEZ235 in carci-
noma cells, it not only was potent in anti-tumor activity,[25] 

but also increased animal survival compared with single 
agents.[26] Although drug cocktails could expand the treat-
ment, there still remains several major drawback limita-
tions. Firstly, it’s difficult to predict drug pharmacokinetic 
(PK) profile.[27] Secondly, drug-drug interactions between 
combined drugs complex.[28] Thirdly, it also reduces pa-
tient compliance.[29] Therefore, the discovery of bifunc-
tional PI3K/HDAC inhibitors has attracted considerable 
attention, which can not only overcome these limitations 
but also attack multiple hallmarks. 

2  Results and discussion 

2.1  Chemistry 

Due to the existence of S6K1/IRS1/PI3K negative feed-
back loop, we employed GSK2126458, a PI3K/ mTOR dual 
inhibitor, as the initial template for designing the PI3K and 
HDAC dual targeting inhibitors.[30] The sulfonamide- 
pyridine-quinoline structure is the PI3K-binding motif.[31] 
It is well known that typical HDAC inhibitor (eg. SAHA) 
comprises three fractions:[32] a lipophilic “Cap” site, a 
zinc-binding group[33] (ZBG) and the linker between them.  

There are three classes of designed multiple ligands 
(DMLs):[34] conjugated, fused and merged. In comparison 
with the latter two categories of DMLs, the conjugated 
DML benefits from lower similarity and independent func-
tional structure. In accordance with the principles of con-
structing conjugated DMLs, PI3K/HDAC dual targeting 
inhibitors were designed upon utilizing sulfona-
mide-pyridine-quinoline of GSK2126458 as the cap and 
hydroxamic acid of SAHA as ZBG. Meanwhile, the linkers 
between them were investigated for structure-activity rela-
tionship (SAR) studies. Finally, two series of novel com-
pounds GYA1～GYA5 and GYB1～GYB5 were designed 
as PI3K/HDAC dual targeting inhibitors (Figure 1).  

PI3K

mTOR1

Growth factors
GPCRs

PIP2 PIP3

PTENClass I

Akt

IRS1

TSC1 TSC2

RHEB

S6K1 mTOR2

mRNA translation

Ac
p53

Nucleus

Angiogenesis
cell proliferation and
survival

Ac

HDAC

PI3Ki

HDACi

N

N

O

N
N

HN
S

O

O F

F

GSK2126458

H
N

N
H

OH

O

O
Linker Zn binding group

N

O
NH

NH
O

HO

NO

HN

F

F
S OO

n

n = 1 ~ 5
GYA and GYB

Cap group

SAHA

 

Figure 1  Design of PI3K/HDAC inhibitors   
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As depicted in Scheme 1, the designed hydroxamates 

GYA1～GYA5 and GYB1～GYB5 were generally ac-
cessed from Suzuki-Miyaura cross-coupling between bo-
ronic ester 4 and amides 5a～5j,[35] and the final hydrox-
ylaminolysis.[36] The general procedure to synthesize bo-
ronic ester 4 referred to literature procedures[31] from Wil-
liamson ether synthesis of commercially available 
5-bromo-2-chloro-3-nitropyridine. 

2.2  Biological activity 

With ten target compounds in hand, the enzymatic and 
anti-proliferative activities of them were examined. And the 
results were summarized in Table 1. All synthetic com-
pounds inhibited PI3Kα preferentially at molar concentra-
tions, in the same level of positive control PI103 (3.4 
nmol/L). The GYA-4 inhibited the best PI3Kα with IC50 
values of 3.4 nmol/L among GYA series. Whereas GYB-2 
showed IC50 value of 0.94 nmol/L, better than other GYB 
compounds. 

HDAC1 plays an important role in deacetylase activity, 
because the expression of homologous enzymes HDAC2 
and HDAC3 cannot compensate for the  HDAC1 func-
tion.[37] Some synthetic compounds inhibited HDAC1 at 
molar concentrations, in the same level of positive control 
SAHA (14 nmol/L). Among them, compounds GYB-4 and 
GYB-5 showed the most potent HDAC1 inhibition by fac-

tors of 4.2 and 4.8 nmol/L, respectively. GYA-4 and GYA- 
5, featuring the same linker at C3 position of quinoline, had 
HDAC1 inhibition values of 56 and 92 nmol/L with de-
clining approximately 13-folds and 19-folds for GYB-4 and 
GYB-5, respectively. In summary, GYB-4 and GYB-5 are 
more active than positive controls against both PI3K and 
HDAC, and are promising candidates. This evaluation 
provides a detailed study of SARs that assists in the further 
development of PI3K and HDAC dual inhibitors.  

To confirm cellular potencies, our compounds were 
evaluated against three tumor cell lines, including human 
colon carcinoma cell line HCT116, prostate cancer cell line 
PC3, and human ovarian cancer cell line A2780. The results 
(Table 1) illustrated that A2780 cell line was more suscep-
tible to the target compounds, most of which exhibited good 
inhibition against A2780 cell line at micromolar concen-
trations. Consistent with its remarkable enzymatic activity, 
compound GYB-5 exerted attractive antiproliferative ac-
tivity against A2780 cell line with IC50 of 2.3 nmol/L. 
However, compound GYB-4, featuring the same enzymatic 
activity, displayed a lower antiproliferative activity (5.7 
nmol/L) than GYB-5. Although having general enzymatic 
activity, compounds GYA-4, GYA-5 and GYB-3 turned out 
to attractive antiproliferative activity with IC50 of 2.2, 2.6 
and 3.9 nmol/L, respectively. Compounds GYA-1 and   
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Reagents and conditions: (a) NaOMe, MeOH, 50 ℃, 12 h, 76.3%; (b) SnCl2, EtOAc, N2, 50 ℃, 3 h, 90.7%; (c) 2,4-difluorobenzene-sulfonyl 

chloride, pydine, r.t., 24 h, 84.6%; (d) bis(pinacolato) diboron, Pd(dppf)Cl2, KOAc, 1,4-dioxane, N2, 100 ℃, 3 h, 70.7%; (e) 5a～5j, 

Pd(dppf)Cl2, K2CO3, 1,4-dioxane, N2, 100 ℃ , 12 h, 63.4% ～ 95.9%; (f) NH2OHꞏHCl, KOH, r.t., 45 min, 26.3% ～ 74.3%; (g) 

6-bromoquinoline-4-carboxylic acid, EDCI, HOBt, TEA, r.t., 12 h, 50.9%～94.8%; (h) 6-bromoquinoline-3-carboxylic acid, EDCI, HOBt, TEA, 

r.t., 12 h, 76.7%～90.6% 

Scheme 1  Synthesis of compounds GYA1～GYA5 and GYB1～GYB5 
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Table 1  In vitro enzyme inhibitory and antiproliferative activities of compounds with PI103, GSK2126458 and SAHA as positive con-
trol 

 

Compd. R1 R2 ClogPa 
IC50

b/(nmol•L－1) IC50
c/(μmol•L－1) 

PI3Kα HDAC1 HCT116 PC3 A2780 

GYA-1 

 
H 2.99 6.5 1029 ＞10 ＞10 ＞10 

GYA-2 

 
H 3.27 4.3 3654 ＞10 ＞10 ＞10 

GYA-3 

 
H 2.94 4.0 247 ＞10 ＞10 4.303±0.30

GYA-4 

 

H 3.47 3.4 56 ＞10 ＞10 2.152±0.15

GYA-5 

NH

NH

OH

O

O

 

H 4.00 4.9 92 ＞10 ＞10 2.624±0.36

GYB-1 H 
 

2.99 1.0 588 ＞10 ＞10 6.367±0.05

GYB-2 H 

 
3.27 0.94 638 ＞10 ＞10 6.523±0.19

GYB-3 H 

NH

NH
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O

O

 

2.94 1.2 70 ＞10 ＞10 3.913±0.19
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N
H

H
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O O 3.47 1.0 4.2 ＞10 ＞10 5.664±0.32

 

 
 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2020, 40, 95～107 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     99 

Continued 

Compd. R1 R2 ClogPa IC50
b/(nmol•L－1) IC50

c/(μmol•L－1) 

PI3Kα HDAC1  HCT116 PC3 A2780 

GYB-5 H 4.00 1.3 4.8  ＜10 ＞10 2.316±0.19

PI103 
 

 2.39 3.4 (2.0[38]) N.A.  N.A. N.A. N.A. 

GSK2126458 
 

 4.07 N.A. (0.04[30]) N.A.  0.031±0.001 0.046±0.003 ＜0.008 

SAHA 
 

 1.00 N.A.  14 (61[39])  0.838±0.19 1.428±0.58 0.489±0.04

a ClogP calculated by ChemDraw 17; b IC50＝compound concentration required to inhibit enzyme by 50%; c IC50＝compound concentration required to inhibit cell 
proliferation by 50%. Average of at least three experiments±standard error; N.A.: not available. 

GYA-2 were insensitive to A2780 cell line like its poor 
enzymatic activity. 

2.3  Binding mode of GYB-5 

Compound GYB-5 displaying the best antiproliferative 
activity and effective inhibitions of both PI3Kα and 
HDAC1 was selected as representative ligand for molecular 
modeling study (Figure 2). According to the binding modes 
of GYB-5 with PI3Kα, the quinoline nitrogen was engaged 
in H-bond contact with hinge Val851 of PI3Kα. Meanwhile, 
the pyridine nitrogen conferred H-bond interaction with a 
conserved water molecule bridged between residue Tyr836 
and Asp810. The amide NH of sulfonamide was involved in 
H-bond interaction with Lys802. However, the substructure 
at the C-3 position of the quinoline, including the linker and 
the hydroxamic acid moiety was projected into the sol-
vent-exposed region, conferring no interaction with PI3Kα. 
In HDAC1 (Figure 2B), there was a bidentate hydrox-
amate-Zn2＋ binding mode (Zn2＋—O of the hydroxamate  
C＝O and NH—OH groups). Meanwhile, three additional 
coordinate bonds were also detected between Zn2＋ and the 
side chains of Asp168, Asp258, His170. Although the im-
portance of ZBG for HDAC targeting is critical, the con-
tribution of linkage is significant as well. Variation in the 

length of linkage led to different HDAC1 activity due to the 
steric hindrance of the hydrophobic channel near to Zn ion. 
Hence, the cap group unfavorably clashed with the channel 
when the linkage was short, which decreased the hydrogen 
bonds between compound and Zn ion. In all, proper linkage 
contributes to favorable affinity for HDAC1. 

2.4  Structure-activity relationships 

For the optimization inhibitor, the quest to extract (SAR) 
of series compounds is intense and the important infor-
mation is depicted in Figure 3. When comparing HDAC1 
activity of GYA1～GYA5 to that of corresponding 
GYB1～GYB5, it became evident that the linker favors the 
C-3 position of quinoline. With linker on C-3 of the quino-
line, GYB-4 bearing 5 carbons linkage turned out to be 
more active than the others (GYB1～GYB3, GYB-5) in 
HDAC1 activity. Likewise, GYA-4 showed the best IC50 
value of HDAC1 activity among GYA1～GYA5. There-
fore, we found that five carbon atoms linker is optimal and 
linker at quinoline 3-position is better arrangement for 
HDAC1 inhibition. According to the PI3Kα activity of 
GYA1～GYA5 to that of GYB1～GYB5, it verified that 
substitution at position-3 is optimal. Moreover, PI3Kα in-
hibitory IC50 values seem to less correlation with the length  

 

Figure 2  Binding modes of compound GYB-5 (cyan) 
(A) In PI3Kα (PDB code 4JPS). (B) in HDAC1 (PDB code 1C3S). Protein residues as well as water molecule and the zinc ion (purple beads) interacting 
with the compounds are highlighted. Yellow dashed lines represent the hydrogen bonds 
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of carbon linker, because there was no obvious difference 
among GYA1～GYA5 or GYB1～GYB5. Notably, Com-
pounds GYB-4 and GYB-5 containing a long linkage in 
C-3 position turned out to be the most potent inhibitors in 
enzyme. 

3  Conclusions 

In summary, a set of structurally novel PI3K and HDAC 
dual-targeting inhibitors were designed by merging hy-
droxamic acids from SAHA and the quinazoline PI3K 
pharmacophore from GSK2126458 into new hybrid mole-
cules by using different alkyl linkers. Hybrid compounds 
were synthesized through Suzuki coupling of blocks 4 and 
5a～5j, hydroxylaminolysis subsequently. All the com-
pounds displayed good PI3Kα activity, while most com-
pounds had good HDAC1 activity and exhibited good in-
hibition against A2780 cell line at micromolar concentra-
tions. Encouragingly, compounds GYB-4 and GYB-5 ex-
hibited significant inhibition of enzyme and cell, which 
will contribute to further development of PI3K and HDAC 
dual-targeting inhibitors with improved anticancer proper-
ties. 

4  Experimental 

4.1  Chemistry 

4.1.1  Instruments and reagents 

All reactions utilizing air- or moisture-sensitive reagents 
were carried out with drying tube filled of anhydrous cal-
cium chloride (CaCl2) under a nitrogen atmosphere, unless 
otherwise stated. 1,4-Dioxane, pyridine, dichloromethane 
(DCM), methyl alcohol (MeOH) and ethyl acetate (EtOAc) 
were obtained by passing the AR grade. The boiling range 
of petroleum ether (PE) was 30～60 ℃. Reagents were 
purchased at the high commercial quality and used without 
further purification, unless otherwise stated. Reactions 
were magnetically stirred and monitored by thin layer 
chromatography (TLC) with 0.20～0.25 mm pre-coated 
silica gel plates, using UV light as the visualizing agent or 
iodine and washed as developing agents. Flash chroma-
tography was performed with silica gel (200～300 mesh). 

Yields refer to chromatographically and spectroscopically 
(1H NMR/13C NMR) homogeneous material, unless other-
wise stated. Melting points were determined on a YCYQ 
WRX-4 melting apparatus (Shanghai Yice Apparatus & 
Equipments Co, Ltd) and uncorrected. NMR spectra were 
recorded on a JEOL-600 spectrometers. MS spectra were 
record on Agilent 1260-6230 LC-TOF mass spectrum. 

4.1.2  Synthesis of 5-bromo-2-methoxy-3-nitropyridine 
(1) 

A solution of 5-bromo-2-chloro-3-nitropyridine (9.91 g, 
41.7 mmol, 1.0 equiv.) in MeOH (15 mL) was stirred in an 
ice bath. NaOMe (3.45 g, 64.4 mmol, 1.5 equiv.) in MeOH 
(40 mL) added dropwise. The reaction then was warmed to 
50 ℃ for 12 h. Cooling down sufficiently, large quantities 
of yellow solid precipitated. The solid was filtered and the 
filtrate was washed with water and dried over P2O5 to give 
the crude yellow nitropyridine 1 (7.42 g, 76.3%), which 
was used in the next step without further purification. 1H 
NMR[38] (600 MHz, DMSO-d6) δ: 8.74～8.57 (m, 2H), 
4.00 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ: 154.82, 
152.42, 137.37, 134.17, 110.29, 55.24. 

4.1.3  Synthesis of 5-bromo-2-methoxypyridin-3-ami- 
ne (2) 

A solution of crude nitropyridine 1 (7.19 g, 30.8 mmol, 
1.0 equiv.) from last step and SnCl2•2H2O (35.61 g, 158 
mmol, 5.0 equiv.) in EtOAc (200 mL) was stirred at N2 
atmosphere. The reaction was warmed at 50 ℃ for 3 h. 
The reaction was quenched by 1N NaOH solution and the 
crude product was extracted with EtOAc three times. The 
mixture was washed with brine and dried over anhydrous 
Na2SO4. Concentration via in vacuo afforded the crude 
aminopyridine 2 (5.47 g, 90.2%), which was in celadon 
without further purification for the next step. 1H NMR[31] 
(600 MHz, DMSO-d6) δ: 7.38 (d, J＝2.2 Hz, 1H), 6.97 (d, 
J＝2.2 Hz, 1H), 5.30 (br, 2H), 3.82 (s, 3H); 13C NMR (151 
MHz, DMSO-d6) δ: 151.06, 134.60, 131.56, 119.95, 
111.99, 53.33. 

4.1.4  Synthesis of N-(5-bromo-2-methoxypyridin-3- 
yl)-2,4-difluoroben-zenesulfonamide (3)  

A solution of crude aminopyridine 2 (5.64 g, 27.9 mmol, 
1.0 equiv.) in pyridine (15 mL) was stirring in an ice bath. 
2,4-Difliorobenzene-1-sulfonyl-chloride (5.94 g, 3.76 mL, 
27.9 mmol, 1.0 equiv.) in pyridine (10 mL) was added 
dropwise, then the reaction mixture was stirred at room 
temperature for 24 h. The solvent was removed via de-
compression distillation at 60 ℃. The reaction mixture 
was extracted with dichloromethane (DCM), washed with 
water (100 mL×2), brine and dried over anhydrous 
Na2SO4. Concentration via in vacuo afforded the crude 
product, which was purified via recrystallization by DCM 
to provide light-green solid 3 (8.96 g, 84.6%). m.p. 162～
163 ℃ (lit.[41] 163～165 ℃); 1H NMR[31] (600 MHz, 
DMSO-d6) δ: 10.46 (s, 1H), 8.10 (d, J＝2.3 Hz, 1H), 
7.78～7.73 (m, 1H), 7.75 (d, J＝2.3 Hz, 1H), 7.55 (ddd,  
J＝11.3, 9.4, 2.4 Hz, 1H), 7.21 (td, J＝8.5, 2.4 Hz, 1H), 
3.60 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ: 165.35 
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(dd, JC—F＝254.3, 12.0 Hz), 159.23 (dd, JC—F＝257.6, 13.7 
Hz), 157.03, 144.59, 137.10, 131.99 (d, JC—F＝11.8 Hz), 
125.05 (dd, JC—F＝16.6, 2.0 Hz), 121.26, 112.16, 112.16 
(dd, JC—F＝22.4, 4.0 Hz), 106.08 (t, JC—F＝26.3 Hz), 53.81. 

4.1.5  2,4-Difluoro-N-(2-methoxy-5-(4,4,5,5-tetrame- 
thyl-1,3,2-dioxaborolan-2-yl)pyridin-3-yl)benzenesul- 
fonamide (4) 

A solution of compound 3 (8.49 g, 22.4 mmol, 10.0 
equiv.), bis(pinacolato) diboron (5.77 g, 22.7 mmol, 10.0 
equiv.), Pd(dppf)Cl2 (1.61 g, 2.20 mmol, 1.0 equiv.) and 
KOAc (6.96 g, 70.9 mmol, 30.0 equiv.) in anhydrous 
1,4-dioxane (50 mL) was stirred at N2 atmosphere. The 
reaction was warmed at 100 ℃ for 3 h. The solvent was 
removed under reduced pressure and the crude product was 
extracted with DCM. The mixture was washed with water 
twice, brine and dried over anhydrous Na2SO4. Concentra-
tion via in vacuo afforded the crude product, which was 
purified by flash chromatography (PE/EtOAc, V∶V＝4∶
1) and recrystallization by PE to provide borate 4 (6.75 g, 
70.7%) as a light gray solid 4. m.p. 167～169 ℃ (lit.[41] 
171～173 ℃); 1H NMR[31] (600 MHz, DMSO-d6) δ: 10.19 
(s, 1H), 8.19 (d, J＝1.7 Hz, 1H), 7.70 (d, J＝1.7 Hz, 1H), 
7.67 (td, J＝8.6, 6.4 Hz, 1H), 7.59～7.52 (m, 1H), 7.18 (td, 
J＝8.6, 2.4 Hz, 1H), 3.60 (s, 3H), 1.28 (s, 12H); 13C NMR 
(151 MHz, DMSO-d6) δ: 165.23 (dd, JC—F＝253.8, 12.1 
Hz), 160.43, 159.23 (dd, JC—F＝254.8, 13.5 Hz), 151.10, 
141.27, 131.93 (d, JC—F＝11.4 Hz), 125.21 (dd, JC—F＝
14.8, 3.8 Hz), 119.44, 111.98 (dd, JC—F＝22.3, 3.9 Hz), 
105.95 (t, JC—F＝26.2 Hz), 99.67, 84.20, 53.63, 24.81. 

4.1.6  General procedure for the preparation of 5a～5e 

A solution of commercial 6-bromo-4-quinolinecarbo- 
xylic acid (1.0 equiv.), different alkylamined methyl ester 
hydrochloride (1.2 equiv.), N-ethyl-N'-(3-dimethylamino- 
propyl) carbodiimide hydrochloride (EDCI) (1.5 equiv.) 
and 1-hydroxybenzotriazole (HOBt) (1.2 equiv.) in DCM 
was stirred at room temperature. Triethylamine (TEA) (2.0 
equiv.) was added dropwise and the reaction was stirred 
overnight. The reaction was quenched by water and the 
crude product was extracted with DCM. The mixture was 
washed with brine and dried over anhydrous Na2SO4. 
Concentration via in vacuo afforded the crude product, 
which was purified by column chromatography (DCM/ 
EtOAc, V∶V＝1∶1) to provide the pure product as a 
white solid.  

Methyl 3-(6-bromoquinoline-4-carboxamido)propanoate 
(5a): White solid, yield 65.3%. m.p. 164～166 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.01 (d, J＝4.3 Hz, 1H), 
8.96 (t, J＝5.2 Hz, 1H), 8.34 (d, J＝2.1 Hz, 1H), 8.02 (d,  
J＝8.9 Hz, 1H), 7.94 (dd, J＝8.9, 2.1 Hz, 1H), 7.57 (d, J＝
4.3 Hz, 1H), 3.64 (s, 3H), 3.57 (q, J＝6.3 Hz, 2H), 2.66 (t, 
J＝6.7 Hz, 2H); 13C NMR (151 MHz, DMSO-d6) δ: 
171.91, 166.27, 151.14, 146.74, 140.94, 133.15, 131.81, 
127.67, 125.51, 120.84, 120.28, 51.72, 35.63, 33.57; LC- 
HRMS (ESI) calcd for C14H14BrN2O3

 [M＋H]＋ 337.0143, 
found 337.0187. 

Methyl 4-(6-bromoquinoline-4-carboxamido)butanoate 

(5b): White solid, yield 50.9%. m.p. 154～156 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.01 (d, J＝4.3 Hz, 1H), 
8.89 (t, J＝5.5 Hz, 1H), 8.36 (d, J＝2.2 Hz, 1H), 8.02 (d,  
J＝8.9 Hz, 1H), 7.94 (dd, J＝8.9, 2.2 Hz, 1H), 7.62 (d, J＝
4.3 Hz, 1H), 3.60 (s, 3H), 3.36 (q, J＝6.9 Hz, 2H), 2.43 (t, 
J＝7.4 Hz, 2H), 1.79～1.86 (m, 2H); 13C NMR (151 MHz, 
DMSO-d6) δ: 173.26, 166.26, 151.15, 146.77, 140.92, 
133.09, 131.84, 127.69, 125.58, 120.82, 120.34, 51.52, 
38.62, 30.87, 24.41; LC-HRMS (ESI) calcd for C15H16Br- 
N2O3 [M＋H]＋ 351.0300, found 351.0340. 

Methyl 5-(6-bromoquinoline-4-carboxamido)pentanoate 
(5c): White solid, yield 52.4%. m.p. 135～137 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.00 (d, J＝4.3 Hz, 1H), 
8.79 (t, J＝5.5 Hz, 1H), 8.36 (d, J＝2.2 Hz, 1H), 8.02 (d,  
J＝8.9 Hz, 1H), 7.92 (dd, J＝8.9, 2.2 Hz, 1H), 7.60 (d, J＝
4.3 Hz, 1H), 3.59 (s, 3H), 3.35 (q, J＝6.5 Hz, 2H), 2.37 (t, 
J＝7.2 Hz, 2H), 1.71～1.54 (m, 4H); 13C NMR (151 MHz, 
DMSO-d6) δ: 173.13, 165.92, 150.85, 146.59, 140.89, 
132.78, 131.57, 127.46, 125.41, 120.50, 119.98, 51.12, 
38.69, 32.89, 28.26, 21.91; LC-HRMS (ESI) calcd for 
C16H18BrN2O3 [M＋H]＋ 365.0456, found 365.0498. 

Methyl 6-(6-bromoquinoline-4-carboxamido)hexanoate 
(5d): White solid, yield 94.8%. m.p. 115～117 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.01 (d, J＝4.3 Hz, 1H), 
8.85 (t, J＝5.5 Hz, 1H), 8.33 (d, J＝2.2 Hz, 1H), 8.02 (d,  
J＝9.0 Hz, 1H), 7.93 (dd, J＝9.0, 2.2 Hz, 1H), 7.59 (d, J＝
4.3 Hz, 1H), 3.57 (s, 3H), 3.32 (q, J＝6.8 Hz, 2H), 2.32 (t, 
J＝7.4 Hz, 2H), 1.51～1.64 (m, 4H), 1.32～1.39 (m, 2H); 
13C NMR (151 MHz, DMSO-d6) δ: 173.54, 166.14, 
151.19, 146.77, 141.19, 133.10, 131.87, 127.68, 125.62, 
120.80, 120.28, 51.43, 39.12, 33.47, 28.74, 26.13, 24.36; 
LC-HRMS (ESI) calcd for C17H20BrN2O3 [M＋H] ＋ , 
379.0613, found 379.0654. 

Methyl 7-(6-bromoquinoline-4-carboxamido)heptanoate 
(5e): White solid, yield 87.6%. m.p. 115～118 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.01 (d, J＝4.3 Hz, 1H), 
8.83 (t, J＝5.5 Hz, 1H), 8.33 (d, J＝2.2 Hz, 1H), 8.02 (d,  
J＝9.0 Hz, 1H), 7.94 (dd, J＝9.0, 2.2 Hz, 1H), 7.59 (d, J＝
4.3 Hz, 1H), 3.57 (s, 3H), 3.33 (q, J＝6.8 Hz, 2H), 2.30 (t, 
J＝7.4 Hz, 2H), 1.51～1.58 (m, 4H), 1.4～1.23 (m, 4H); 
13C NMR (151 MHz, DMSO-d6) δ: 173.54, 166.10, 
151.18, 146.74, 141.24, 133.07, 131.85, 127.64, 125.60, 
120.75, 120.23, 51.38, 39.22, 33.43, 28.88, 28.36, 26.32, 
24.63; LC-HRMS (ESI) calcd for C18H22BrN2O3 [M＋H]＋ 
393.0769, found 393.0807. 

4.1.7  General procedure for the preparation of 5f～5j 

A solution of commercial 6-bromo-3-quinolinecarbo- 
xylic acid (1.0 equiv.), different alkylamined methyl ester 
hydrochloride (1.2 equiv.), EDCI (1.5 equiv.) and HOBt 
(1.2 equiv.) in DCM was stirred at room temperature. TEA 
(2.0 equiv.) was added dropwise and the reaction was 
stirred overnight. The reaction was quenched by water and 
the crude product was extracted with DCM. The mixture 
was washed with brine and dried over anhydrous Na2SO4. 
Concentration via in vacuo afforded the crude product, 
which was purified by column chromatography (DCM/ 
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EtOAc, V∶V＝1∶1) to provide the pure product as a 
white solid.  

Methyl 3-(6-bromoquinoline-4-carboxamido)propanoate 
(5f): White solid, yield 90.6%. m.p. 172～174 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.26 (d, J＝2.0 Hz, 1H), 
8.97 (t, J＝5.2 Hz, 1H), 8.75 (d, J＝2.0 Hz, 1H), 8.38 (d,  
J＝2.1 Hz, 1H), 8.01 (d, J＝8.9 Hz, 1H), 7.96 (dd, J＝8.9, 
2.1 Hz, 1H), 3.61 (s, 3H), 3.56 (q, J＝6.8 Hz, 2H), 2.64 (t, 
J＝6.8 Hz, 2H); 13C NMR (151 MHz, DMSO-d6) δ: 
171.90, 164.82, 149.47, 147.21, 135.10, 134.33, 131.13, 
128.16, 128.05, 120.52, 51.67, 35.82, 33.62; LC-HRMS 
(ESI) calcd for C14H14BrN2O3 [M＋H]＋ 337.0143, found 
337.0184. 

Methyl 4-(6-bromoquinoline-3-carboxamido)butanoate 
(5g): White solid, yield 90.5%. m.p. 164～166 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.27 (d, J＝1.9 Hz, 1H), 
8.80 (t, J＝4.5 Hz, 1H), 8.76 (d, J＝1.9 Hz, 1H), 8.36 (d,  
J＝2.1 Hz, 1H), 8.01 (d, J＝8.9 Hz, 1H), 7.95 (dd, J＝8.9, 
2.1 Hz, 1H), 3.59 (s, 3H), 3.35 (q, J＝6.8 Hz, 2H), 2.41 (t, 
J＝7.4 Hz, 2H), 1.95～1.77 (m, 2H); 13C NMR (151 MHz, 
DMSO-d6) δ: 173.12, 164.65, 149.41, 147.07, 134.79, 
134.06, 130.99, 130.92, 128.22, 128.06, 120.28, 51.27, 
38.78, 30.91, 24.45; LC-HRMS (ESI) calcd for 
C15H16BrN2O3 [M＋H]＋ 351.0300, found 351.0348. 

Methyl 5-(6-bromoquinoline-3-carboxamido)pentanoate 
(5h): White solid, yield 83.5%. m.p. 148～153 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.27 (d, J＝2.0 Hz, 1H), 
8.78 (t, J＝5.0 Hz, 1H), 8.75 (d, J＝2.0 Hz, 1H), 8.36 (d,  
J＝2.2 Hz, 1H), 8.01 (d, J＝8.9 Hz, 1H), 7.95 (dd, J＝8.9, 
2.2 Hz, 1H), 3.58 (s, 3H), 3.33 (q, J＝6.4 Hz, 2H), 2.36 (t, 
J＝6.9 Hz, 2H), 1.55～1.65 (m, 4H); 13C NMR (151 MHz, 
DMSO-d6) δ: 173.26, 164.51, 149.40, 147.05, 134.74, 
134.03, 130.99, 130.91, 128.30, 128.07, 120.28, 51.19, 
39.01, 33.02, 28.50, 22.04; LC-HRMS (ESI) calcd for 
C16H18BrN2O3 [M＋H]＋ 365.0456, found 365.0501. 

Methyl 6-(6-bromoquinoline-3-carboxamido) hexanoate 
(5i): White solid, yield 76.7%. m.p. 137～139 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.27 (d, J＝2.0 Hz, 1H), 
8.76 (t, J＝5.4 Hz, 1H), 8.75 (d, J＝2.0 Hz, 1H), 8.36 (d,  

J＝2.2 Hz, 1H), 8.01 (d, J＝8.9 Hz, 1H), 7.95 (dd, J＝8.9, 
2.2 Hz, 1H), 3.57 (s, 3H), 3.32 (q, J＝6.8 Hz, 2H), 2.31 (t, 
J＝7.4 Hz, 2H), 1.53～1.61 (m, 4H), 1.32～1.89 (m, 2H); 
13C NMR (151 MHz, DMSO-d6) δ: 173.31, 164.48, 
149.41, 147.04, 134.72, 134.02, 130.99, 130.90, 128.36, 
128.07, 120.27, 51.16, 39.24, 33.30, 28.68, 25.99, 24.23; 
L C - H R M S  ( E S I )  c a l c d  f o r  C 1 7 H 2 0 B r N 2 O 3  
[M＋H]＋ 379.0613, found 3 79.0655. 

Methyl 7-(6-bromoquinoline-3-carboxamido)heptanoate 
(5j): White solid, yield 84.2%. m.p. 133～135 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 9.27 (d, J＝2.1 Hz, 1H), 
8.83 (t, J＝5.5 Hz, 1H), 8.76 (d, J＝2.1 Hz, 1H), 8.38 (d,  
J＝2.2 Hz, 1H), 8.01 (d, J＝8.9 Hz, 1H), 7.95 (dd, J＝8.9, 
2.2 Hz, 1H), 3.56 (s, 3H), 3.30 (q, J＝7.0 Hz, 2H), 2.29 (t, 
J＝7.4 Hz, 2H), 1.49～1.58 (m, 4H), 1.26～1.37 (2H); 13C 
NMR (151 MHz, DMSO-d6) δ: 173.33, 164.48, 149.42, 
147.04, 134.70, 134.00, 130.98, 130.90, 128.37, 128.07, 
120.26, 51.14, 39.38, 33.31, 28.85, 28.23, 26.16, 24.41; 

LC-HRMS (ESI) calcd for C18H22BrN2O3
 [M ＋ H] ＋ 

393.0769, found 393.0821. 

4.1.8  General procedure for the preparation of 6a～6j 

A solution of compound 5a～5j (10.0 equiv.), borate 4 
(10.0 equiv.), Pd(dppf)Cl2 (1.0 equiv.) and K2CO3 (30.0 
equiv.) in anhydrous 1,4-dioxane was stirred at N2 atmos-
phere. The reaction was warmed at 100 ℃ for 10 h. The 
solvent was removed under reduced pressure and the crude 
product was extracted with DCM. The mixture was washed 
with water twice, brine and dried over anhydrous Na2SO4. 
Concentration via in vacuo afforded the crude product, 
which was purified by column chromatography (DCM/ 
EtOAc, V∶V＝2∶1) to provide the pure product 6a～6j 
as white solid or buff solid.  

Methyl 3-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-4-carboxamido)propanoate 
(6a): Buff solid, yield 69.5%. m.p. 186～188 ℃; 1H NMR 
(600 MHz, DMSO-d6) δ: 10.38 (s, 1H), 8.97 (d, J＝4.3 Hz, 
1H), 8.94 (t, J＝5.7 Hz, 1H), 8.43 (d, J＝2.3 Hz, 1H), 8.30 
(d, J＝2.0 Hz, 1H), 8.16 (d, J＝8.7 Hz, 1H), 8.09 (dd, J＝
8.7, 2.0 Hz, 1H), 7.98 (d, J＝2.3 Hz, 1H), 7.74～7.80 (m, 
1H), 7.60～7.55 (m, 1H), 7.55 (d, J＝4.3 Hz, 1H), 7.19～
7.24 (m, 1H), 3.67 (s, 3H), 3.61 (q, J＝6.5 Hz, 2H), 3.58 
(s, 3H), 2.68 (t, J＝6.7 Hz, 2H); 13C NMR (151 MHz, 
DMSO-d6) δ: 171.97, 166.71, 165.29 (dd, JC—F＝253.8, 
11.6 Hz), 159.57 (dd, JC—F＝257.7, 13.4 Hz), 157.83, 
150.68, 147.52, 142.86, 142.18, 135.14, 134.21, 132.04 (d, 
JC—F＝ 10.7 Hz), 130.48, 129.16, 128.79, 125.25 (dd,   
JC—F＝14.1, 2.4 Hz), 124.54, 122.73, 120.06, 119.94, 
112.11 (dd, JC—F＝21.8, 2.1 Hz), 106.05 (t, JC—F＝26.1 
Hz), 53.69, 51.65, 35.65, 33.64; LC-HRMS (ESI) calcd for 
C26H23F2N4O6S [M＋H]＋ 557.1262, found 557.1308. 

Methyl 4-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-4-carboxamido)butanoate 
(6b): White solid, yield 72.6%. m.p. 170～174 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.40 (s, 1H), 8.98 (d, J＝
4.3 Hz, 1H), 8.88 (t, J＝5.6 Hz, 1H), 8.41 (d, J＝2.3 Hz, 
1H), 8.30 (d, J＝2.0 Hz, 1H), 8.16 (d, J＝8.8 Hz, 1H), 8.09 
(dd, J＝8.8, 2.0 Hz, 1H), 7.94 (d, J＝2.3 Hz, 1H), 7.74～
7.80 (m, 1H), 7.61～7.55 (m, 1H), 7.60 (d, J＝4.3 Hz, 1H), 
7.19～7.24 (m, 1H), 3.67 (s, 3H), 3.57 (s, 3H), 3.39 (q, J＝
6.7 Hz, 2H), 2.44 (t, J＝7.4 Hz, 2H), 1.81～1.89 (m, 2H); 
13C NMR (151 MHz, DMSO-d6) δ: 173.07, 166.58, 165.17 
(dd, JC—F＝254.0, 11.8 Hz), 159.42 (dd, JC—F＝256.2, 13.2 
Hz), 157.55, 150.50, 147.47, 142.43, 142.06, 135.02, 
133.42, 131.92 (d, JC—F ＝ 10.9 Hz), 130.37, 129.05, 
128.53, 125.15 (dd, JC—F＝14.4, 2.6 Hz), 124.52, 122.56, 
120.10, 119.81, 111.96 (dd, JC—F＝21.8, 2.1 Hz), 105.88 (t, 
JC — F ＝ 26.1 Hz), 53.54, 51.27, 38.57, 30.89, 24.42; 
LC-HRMS (ESI) calcd for C27H25F2N4O6S [M＋H] ＋ 
571.1418, found 571.1470. 

Methyl 5-(6-(5-((2,4-difluorophenyl) sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-4-carboxamido)pentanoate 
(6c): White solid, yield 77.5%. m.p. 168～172 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.28 (s, 1H), 8.97 (d, J＝
4.3 Hz, 1H), 8.79 (t, J＝5.6 Hz, 1H), 8.39 (d, J＝2.2 Hz, 
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1H), 8.30 (d, J＝1.8 Hz, 1H), 8.16 (d, J＝8.7 Hz, 1H), 8.07 
(dd, J＝8.7, 1.8 Hz, 1H), 7.93 (d, J＝2.2 Hz, 1H), 7.76～
7.84 (m, 1H), 7.57 (d, J＝4.3 Hz, 1H), 7.56～7.49 (m, 1H), 
7.18～7.26 (m, 1H), 3.70 (s, 3H), 3.55 (s, 3H), 3.38 (q, J＝
6.2 Hz, 2H), 2.37 (t, J＝6.9 Hz, 2H), 1.56～1.71 (m, 4H); 
13C NMR (151 MHz, DMSO-d6) δ: 173.46, 166.58, 165.32 
(dd, JC—F＝254.1, 11.9 Hz), 159.57 (dd, JC—F＝257.9, 13.3 
Hz), 157.73, 150.70, 147.53, 142.69, 142.37, 135.13, 
133.83, 132.07 (d, JC—F ＝ 10.8 Hz), 130.50, 129.16, 
128.75, 125.19 (dd, JC—F＝14.3, 3.3 Hz), 124.63, 122.69, 
120.13, 119.96, 112.12 (dd, JC—F＝22.0, 2.5 Hz), 106.06 (t, 
JC—F＝26.1 Hz), 53.69, 51.37, 38.90, 33.04, 28.56, 22.14; 
LC-HRMS (ESI) calcd for C28H27F2N4O6S [M＋H] ＋ 
585.1575, found 585.1634. 

Methyl 6-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-4-carboxamido)hexanoate  
(6d): Buff solid, yield 63.4%. m.p. 102～104 ℃; 1H NMR 
(600 MHz, DMSO-d6) δ: 10.38 (s, 1H), 8.97 (d, J＝4.3 Hz, 
1H), 8.83 (t, J＝5.4 Hz, 1H), 8.40 (d, J＝2.2 Hz, 1H), 8.28 
(d, J＝1.9 Hz, 1H), 8.16 (d, J＝8.7 Hz, 1H), 8.09 (dd, J＝
8.7, 1.9 Hz, 1H), 7.94 (d, J＝2.2 Hz, 1H), 7.82～7.73 (m, 
1H), 7.61～7.52 (m, 1H), 7.57 (d, J＝4.3 Hz, 1H), 7.19～
7.25 (m, 2H), 3.68 (s, 3H), 3.54 (s, 3H), 3.36 (q, J＝6.7 
Hz, 2H), 2.29 (t, J＝7.4 Hz, 2H), 1.66～1.49 (m, 4H), 
1.34～1.42 (m, 2H); 13C NMR (151 MHz, DMSO-d6) δ: 
173.30, 166.40, 165.18 (dd, JC—F＝254.3, 11.7 Hz), 159.42 
(dd, JC—F ＝ 257.9, 13.3 Hz), 157.52, 150.51, 147.46, 
142.36, 142.32, 134.98, 133.32, 131.92 (d, JC—F＝10.8 
Hz), 130.37, 129.05, 128.50, 125.15 (dd, JC—F＝13.5, 2.4 
Hz), 124.53, 122.57, 120.12, 119.75, 111.96 (d, JC—F＝
21.2 Hz), 105.88 (t, JC—F＝26.0 Hz), 53.53, 51.13, 39.06, 
33.31, 28.66, 26.06, 24.21; LC-HRMS (ESI) calcd for 
C29H29F2N4O6S [M＋H]＋ 599.1731, found 599.1793. 

Methyl 7-(6-(5-((2,4-difluorophenyl) sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-4-carboxamido)heptanoate 
(6e): White solid, yield 87.3%. m.p. 169～171 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.40 (s, 1H), 8.97 (d, J＝
4.3 Hz, 1H), 8.83 (t, J＝5.6 Hz, 13-NH, 1H), 8.40 (d, J＝
2.3 Hz, 1H), 8.27 (d, J＝1.9 Hz, 1H), 8.16 (d, J＝8.8 Hz, 
1H), 8.09 (dd, J＝8.8, 1.9 Hz, 1H), 7.94 (d, J＝2.3 Hz, 
1H), 7.75～7.81 (m, 1H), 7.63～7.49 (m, 1H), 7.57 (d, J＝
4.3 Hz, 1H), 7.19～7.25 (m, 1H), 3.67 (s, 3H), 3.54 (s, 
3H), 3.41～3.34 (q, J＝6.9 Hz, 2H), 2.26 (t, J＝7.4 Hz, 
2H), 1.55～1.62 (m, 2H), 1.47～1.54 (m, 2H), 1.27～1.40 
(m, 4H); 13C NMR (151 MHz, DMSO-d6) δ: 173.52, 
166.50, 165.28 (dd, JC—F＝253.9, 11.8 Hz), 159.55 (dd, 
JC—F＝257.4, 13.5 Hz), 157.70, 150.72, 147.52, 142.61, 
142.48, 135.07, 133.73, 132.04 (d, JC—F ＝ 10.8 Hz), 
130.51, 129.12, 128.70, 125.18 (dd, JC—F＝14.3, 2.3 Hz), 
124.61, 122.63, 120.16, 119.89, 112.10 (d, JC—F＝21.1 
Hz), 106.05 (t, JC—F＝25.6 Hz), 53.68, 51.33, 39.25, 33.38, 
28.97, 28.34, 26.36, 24.56; LC-HRMS (ESI) calcd for 
C30H31F2N4O6S [M＋H]＋ 613.1888, found 613.1954. 

Methyl 3-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxy-pyridin-3-yl)quinoline-3-carboxamido)pro- 
panoate (6f): Buff solid, yield 73.2%. m.p. 169～171 ℃; 
1H NMR (600 MHz, DMSO-d6) δ: 10.26 (s, 1H), 9.25 (d,  

J＝2.1 Hz, 1H), 8.89 (t, J＝5.3 Hz, 1H), 8.84 (d, J＝2.1 
Hz, 1H), 8.50 (d, J＝2.3 Hz, 1H), 8.33 (d, J＝1.9 Hz, 1H), 
8.15 (d, 3J＝8.7 Hz, 1H), 8.13 (dd, J＝8.7, 1.9 Hz, 1H), 
8.06 (d, J＝2.3 Hz, 1H), 7.76～7.82 (m, 1H), 7.58～7.51 
(m, 1H), 7.17～7.24 (m,1H), 3.69 (s, 3H), 3.63 (s, 3H), 
3.63 (q, J＝6.9 Hz, 2H), 2.66 (t, J＝7.0 Hz, 2H); 13C NMR 
(151 MHz, DMSO-d6) δ: 171.93, 165.29 (dd, JC—F＝254.0, 
11.8 Hz), 165.08, 159.60 (dd, JC—F＝257.6, 13.5 Hz), 
157.96, 149.16, 148.01, 143.03, 136.01, 135.12, 134.59, 
132.08 (d, JC—F ＝ 10.6 Hz), 129.97, 129.80, 128.77, 
127.70, 127.10, 126.23, 125.22 (dd, JC—F＝14.7, 2.8 Hz), 
119.95, 112.07 (d, JC—F＝21.7 Hz), 106.03 (t, JC—F＝26.1 
Hz), 53.70, 51.68, 35.82, 33.67; LC-HRMS (ESI) calcd for 
C26H23F2N4O6S [M＋H]＋ 557.1262, found 557.1323. 

Methyl 4-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-3-carboxamido)butanoate  
(6g): White solid, yield 67.8%. m.p. 170～172 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.37 (s, 1H), 9.26 (d, J＝
2.1 Hz, 1H), 8.89 (t, J＝5.5 Hz, 1H), 8.86 (d, J＝2.1 Hz, 
1H), 8.51 (d, J＝2.3 Hz, 1H), 8.36 (d, J＝2.2 Hz, 1H), 8.15 
(s, 2H), 8.08 (d, J＝2.2 Hz, 1H), 7.74～7.80 (m, 1H), 
7.63～7.53 (m, 1H), 7.18～7.24 (m, 1H), 3.66 (s, 3H), 3.59 
(s, 3H), 3.36 (q, J＝6.8 Hz, 2H), 2.43 (t, J＝7.4 Hz, 2H), 
1.81～1.87 (m, 2H); 13C NMR (151 MHz, DMSO-d6) δ: 
173.16, 165.16 (dd, JC—F＝254.3, 11.7 Hz), 164.93, 159.45 
(dd, JC—F ＝ 257.5, 13.3 Hz), 157.72, 149.11, 147.88, 
142.68, 135.70, 135.00, 133.99, 131.94 (d, JC—F＝10.7 
Hz), 129.67, 129.67, 128.68, 127.86, 126.99, 126.00, 
125.19 (dd, JC—F＝12.9, 1.5 Hz), 119.98, 111.90 (dd, JC—F

＝22.0, 2.0 Hz), 105.84 (t, JC—F＝26.0 Hz), 53.52, 51.27, 
38.79, 30.95, 24.50; LC-HRMS (ESI) calcd for 
C27H25F2N4O6S [M＋H]＋, 571.1418, found 571.1476. 

Methyl 5-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-3-carboxamido)pentanoate 
(6h): White solid, yield 74.3%. m.p. 169～172 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.26 (s, 1H), 9.26 (d, J＝
1.9 Hz, 1H), 8.85 (d, J＝1.9 Hz, 1H), 8.78 (t, J＝4.9 Hz, 
1H), 8.49 (d, J＝2.3 Hz, 1H), 8.32 (d, J＝2.1 Hz, 1H), 8.15 
(d, J＝8.8 Hz, 1H), 8.12 (dd, J＝8.8, 2.1 Hz, 1H), 8.07 (d, 
J＝2.3 Hz, 1H), 7.76～7.84 (m, 1H), 7.54 (t, J＝9.6 Hz, 
1H), 7.17～7.24 (m, 1H), 3.69 (s, 3H), 3.58 (s, 3H), 3.35 
(q, J＝6.3 Hz, 2H), 2.37 (t, J＝6.9 Hz, 2H), 1.75～1.50 
(m, 4H); 13C NMR (151 MHz, DMSO-d6) δ: 173.28, 
165.16 (dd, JC—F＝254.3, 12.1 Hz), 164.79, 159.45 (dd, 
JC—F＝257.8, 13.7 Hz), 157.72, 149.10, 147.87, 142.70, 
135.64, 134.99, 134.02, 131.94 (d, JC—F＝12.0 Hz), 
129.67, 129.63, 128.69, 127.94, 127.00, 126.00, 125.19 
(dd,  JC—F＝14.6,  4 .1 Hz),  119.96,  111.90 (dd,  
JC—F＝22.5, 3.9 Hz), 105.83 (t, JC—F＝26.3 Hz), 53.51, 
51.20, 39.00, 33.05, 28.54, 22.07; LC-HRMS (ESI) calcd 
for C28H27F2N4O6S [M＋H]＋ 585.1575, found 585.1629. 

Methyl 6-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-3-carboxamido)hexanoate 
(6i): Buff solid, yield 95.9%. m.p. 169～172 ℃; 1H NMR 
(600 MHz, DMSO-d6) δ: 10.26 (s, 1H), 9.26 (d, J＝2.0 Hz, 
1H), 8.84 (d, J＝2.0 Hz, 1H), 8.76 (t, J＝5.3 Hz, 1H), 8.50 
(d, J＝2.3 Hz, 1H), 8.33 (d, J＝2.2 Hz, 1H), 8.15 (d, J＝
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8.7 Hz, 1H), 8.12 (dd, J＝8.7, 2.2 Hz, 1H), 8.06 (d, J＝2.3 
Hz, 1H), 7.76～7.82 (m, 1H), 7.61～7.48 (m, 1H), 7.18～
7.23 (m, 1H), 3.69 (s, 3H), 3.58 (s, 3H), 3.33 (q, J＝6.9 
Hz, 2H), 2.32 (t, J＝7.4 Hz, 2H), 1.55～1.63 (m, 4H), 
1.44～1.31 (m, 2H); 13C NMR (151 MHz, DMSO-d6) δ: 
173.33, 165.14 (dd, JC—F＝251.4, 13.1 Hz), 164.74, 159.43 
(dd, JC—F ＝ 257.2, 12.8 Hz), 157.72, 149.10, 147.84, 
142.71, 135.62, 134.97, 134.04, 131.92 (d, JC—F＝10.7 
Hz), 129.66, 129.63, 128.68, 127.99, 126.99, 125.99, 
125.20 (dd, JC—F＝13.4, 2.6 Hz), 119.93, 111.90 (dd,  
JC—F＝21.8, 2.3 Hz), 105.83 (t, JC—F＝26.3 Hz), 53.51, 
51.17, 39.28, 33.31, 28.72, 26.01, 24.25; LC-HRMS (ESI) 
calcd for C29H29F2N4O6S [M＋H] ＋ , 599.1731, found 
599.1794. 

Methyl 7-(6-(5-((2,4-difluorophenyl)sulfonamido)-6- 
methoxypyridin-3-yl)quinoline-3-carboxamido)heptanoate 
(6j): Buff solid, yield 68.0%. m.p. 168～170 ℃; 1H NMR 
(600 MHz, DMSO-d6) δ: 10.26 (s, 1H), 9.25 (d, J＝2.1 Hz, 
1H), 8.84 (d, J＝2.1 Hz, 1H), 8.75 (t, J＝5.6 Hz, 1H), 8.49 
(d, J＝2.0 Hz, 1H), 8.32 (d, J＝2.2 Hz, 1H), 8.15 (d, J＝
8.7 Hz, 1H), 8.12 (dd, J＝8.7, 2.2 Hz, 1H), 8.06 (d, J＝2.0 
Hz, 1H), 7.75～7.83 (m, 1H), 7.50～7.57 (m, 1H), 7.17～
7.24 (m, 1H), 3.69 (s, 3H), 3.57 (s, 3H), 3.36～3.31 (q, J＝
6.9 Hz, 2H), 2.29 (t, J＝7.3 Hz, 2H), 1.49～1.64 (m, 4H), 
1.44～1.23 (m, 4H); 13C NMR (151 MHz, DMSO-d6) δ: 
173.38, 164.88 (dd, JC—F＝253.5, 11.7 Hz), 164.77, 159.46 
(dd, JC—F ＝ 255.0, 13.8 Hz), 157.73, 149.13, 147.86, 
142.66, 135.63, 135.00, 133.98, 131.94 (d, JC—F＝10.8 
Hz), 129.67, 129.64, 128.70, 128.02, 127.02, 126.01, 
125.24 (d, JC—F＝11.3 Hz), 120.03, 111.92 (d, JC—F＝22.5 
Hz), 105.84 (t, JC—F＝26.0 Hz), 53.53, 51.17, 39.28, 33.35, 
28.91, 28.27, 26.20, 24.45; LC-HRMS (ESI) calcd for 
C30H31F2N4O6S [M＋H]＋, 613.1888, found 613.1948. 

4.1.9  General procedure for the preparation of GYA1- 
5 (7a～7e) and GYB1～GYB5 (7f～7g) 

To a solution of compounds 6a～6j (1.0 equiv.), hy-
droxylamine hydrochloride (4.0 equiv.) in MeOH was 
added a solution of 40% KOH (8.0 equiv.) in an ice bath. 
The reaction mixture was stirred at room temperature for 1 
h. The resultant mixture was acidified with 1 mol/L HCl to 
pH 3 and extracted with EtOAc. The organic layers were 
washed with water twice, brine and dried over anhydrous 
Na2SO4. Concentration via in vacuo afforded the crude 
product, which was purified by column chromatography 
(DCM/MeOH, V∶V＝10∶1) to provide compound 7a～
7j as buff solid. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxypy- 
ridin-3-yl)-N-(3-(hydroxyamino)-3-oxopropyl)quinoline- 
4-carboxamide (7a): Buff solid, yield 45.8%. m.p. 157～
158 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.51 (s, 1H), 
10.37 (s, 1H), 8.97 (d, J＝4.3 Hz, 1H), 8.92 (t, J＝5.7 Hz, 
1H), 8.76 (s, 1H), 8.42 (d, J＝2.3 Hz, 1H), 8.34 (d, J＝2.1 
Hz, 1H), 8.16 (d, J＝8.8 Hz, 1H), 8.07 (dd, J＝8.8, 2.1 Hz, 
1H), 7.94 (d, J＝2.3 Hz, 1H), 7.75～7.82 (m, 1H), 7.62～
7.53 (m, 1H), 7.57 (d, J＝4.3 Hz, 1H), 7.19～7.26 (m, 1H), 
3.68 (s, 3H), 3.56 (q, J＝6.9 Hz, 2H), 2.35 (t, J＝7.3 Hz, 

2H); 13C NMR (151 MHz, DMSO-d6) δ: 167.37, 166.69, 
165. 30 (dd, JC—F＝254.2, 11.7 Hz), 159.58 (dd, JC—F＝
257.5, 13.3 Hz), 157.78, 150.67, 147.58, 142.71, 141.93, 
135.19, 133.90, 132.11 (d, JC—F ＝ 10.8 Hz), 130.51, 
129.21, 128.80, 125.26 (d, JC—F ＝ 14.1 Hz), 124.63, 
122.81, 120.15, 120.02, 112.13 (d, JC—F＝21.5 Hz), 106.08 
(t, JC—F＝25.9 Hz), 53.72, 36.31, 32.52; LC-HRMS (ESI) 
calcd for C25H22F2N5O6S [M ＋H] ＋  558.1214, found 
558.1254. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxypy- 
ridin-3-yl)-N-(4-(hydroxyamino)-4-oxobutyl)quinoline-4- 
carboxamide (7b): Buff solid, yield 32.4%. m.p. 142～
143 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.35 (s, 1H), 
10.28 (s, 1H), 8.98 (d, J＝4.3 Hz, 1H), 8.79 (t, J＝5.6 Hz, 
1H), 8.64 (s, 1H), 8.39 (d, J＝2.3 Hz, 1H), 8.30 (d, J＝2.0 
Hz, 1H), 8.16 (d, J＝8.8 Hz, 1H), 8.09 (dd, J＝8.8, 2.0 Hz, 
1H), 7.93 (d, J＝2.3 Hz, 1H), 7.76～7.84 (m, 1H), 7.61～
7.55 (m, 1H), 7.54 (d, J＝4.3 Hz, 1H), 7.18～7.26 (m, 1H), 
3.70 (s, 3H), 3.38 (q, J＝6.7 Hz, 2H), 2.09 (t, J＝7.4 Hz, 
2H), 1.78～1.88 (m, 2H); 13C NMR (151 MHz, DMSO-d6) 
δ: 168.85, 166.47, 165.16 (dd, JC—F＝257.0, 12.1 Hz), 
159.41 (dd, JC — F ＝ 256.9, 14.3 Hz), 157.57, 150.50, 
147.50, 142.35, 141.99, 135.02, 133.36, 131.93 (d, JC—F＝
10.8 Hz), 130.37, 129.08, 128.54, 125.25 (d, JC—F＝14.3 
Hz), 124.54, 122.61, 120.33, 119.91, 111.97 (d, JC—F＝
21.8 Hz), 105.88 (t, JC—F＝26.3 Hz), 53.53, 39.02, 30.04, 
25.17; LC-HRMS (ESI) calcd for C26H24F2N5O6S [M＋H]
＋ 572.1371, found 572.1406. 

6-(5-((2,4-Difluorophenyl) sulfonamido)-6-methoxy- 
pyridin-3-yl)-N-(5-(hydroxyamino)-5-oxopentyl)quinoline- 
4-carboxamide (7c): Buff solid, yield 62.1%. m.p. 153～
156 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.30 (s, 1H), 
10.28 (s, 1H), 8.97 (d, J＝4.4 Hz, 1H), 8.78 (t, J＝5.7 Hz, 
1H), 8.59 (s, 1H), 8.38 (d, J＝2.2 Hz, 1H), 8.30 (d, J＝1.8 
Hz, 1H), 8.16 (d, J＝8.8 Hz, 1H), 8.07 (dd, J＝8.8 Hz, J＝
1.8 Hz, 1H), 7.92 (d, J＝2.2 Hz, 1H), 7.76~7.83 (m, 1H), 
7.57 (d, J＝4.4 Hz, 1H), 7.50～7.56 (m, 1H), 7.18～7.24 
(m, 1H), 3.70 (s, 3H), 3.37 (q, J＝6.8 Hz, 2H), 2.02 (t, J＝
7.0 Hz, 2H), 1.54～1.66 (m, 4H); 13C NMR (151 MHz, 
DMSO-d6) δ: 169.20, 166.55, 165. 32 (dd, JC—F＝257.3, 
11.7 Hz), 159.55 (dd, JC—F＝259.3, 13.4 Hz), 157.78, 
150.71, 147.57, 142.27, 142.27, 135.15, 133.76, 132.06 (d, 
JC—F＝10.7 Hz), 130.52, 129.16, 128.74, 125.23 (d, JC—F＝
11.1 Hz), 124.65, 122.70, 120.12, 120.02, 112.10 (d,  
JC—F＝21.5 Hz), 105.97 (t, JC—F＝26.2 Hz, 53.70, 39.07, 
32.06, 28.72, 22.87; LC-HRMS (ESI) calcd for 
C27H26F2N5O6S [M＋H]＋ 586.1527, found 586.1544. 

6-(5-((2,4-Difluorophenyl) sulfonamido)-6-methoxy- 
pyridin-3-yl)-N-(6-(hydroxyamino)-6-oxohexyl)quinoline-
4-carboxamide (7d): Buff solid, yield 74.3%. m.p. 133～
136 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.41 (s, 1H), 
10.34 (s, 1H), 8.98 (d, J＝4.3 Hz, 1H), 8.86 (t, J＝5.6 Hz, 
1H), 8.41 (d, J＝2.3 Hz, 1H), 8.29 (d, J＝2.1 Hz, 1H), 8.16 
(d, J＝8.7 Hz, 1H), 8.10 (dd, J＝8.7, 2.1 Hz, 1H), 7.94 (d, 
J＝2.3 Hz, 1H), 7.74～7.80 (m, 1H), 7.61～7.53 (m, 1H), 
7.58 (d, J＝4.3 Hz, 1H), 7.19～7.25 (m, 1H), 3.67 (s, 3H), 
3.35 (q, J＝6.7 Hz, 2H), 1.95 (t, J＝7.4 Hz, 2H), 1.63～
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1.48 (m, 4H), 1.40～1.30 (m, 2H); 13C NMR (151 MHz, 
DMSO-d6) δ: 169.20, 166.41, 165. 18 (dd, JC—F＝254.2, 
11.7 Hz), 159.43 (dd, JC—F＝257.6, 13.7 Hz), 157.59, 
150.54, 147.48, 142.38, 142.26, 134.98, 133.39, 131.93 (d, 
JC—F＝10.8 Hz), 130.38, 129.06, 128.51, 125.20 (d, JC—F＝
12.2 Hz), 124.56, 122.60, 120.19, 119.84, 111.99 (d,  
JC—F＝20.8 Hz), 105.90 (t, JC—F＝26.1 Hz), 53.56, 39.28, 
32.33, 28.77, 26.24, 24.92; LC-HRMS (ESI) calcd for 
C28H28F2N5O6S [M＋H]＋ 600.1684, found 600.1685. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxy- 
pyridin-3-yl)-N-(7-(hydroxyamino)-7-oxoheptyl)quinoline-
4-carboxamide (7e): Buff solid, yield 46.8%. m.p. 124～
128 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.39 (s, 1H), 
10.32 (s, 1H), 8.97 (d, J＝4.3 Hz, 1H), 8.83 (t, J＝5.4 Hz, 
1H), 8.65 (s, 1H), 8.37 (d, J＝2.3 Hz, 1H), 8.27 (d, J＝1.9 
Hz, 1H), 8.16 (d, J＝8.7 Hz, 1H), 8.08 (dd, J＝8.7, 1.9 Hz, 
1H), 7.92 (d, J＝2.3 Hz, 1H), 7.74～7.82 (m, 1H), 7.62～
7.51 (m, 1H), 7.57 (d, J＝4.3 Hz, 1H), 7.25～7.13 (m, 
1H), 3.68 (s, 3H), 3.35 (q, J＝6.5 Hz, 2H), 1.93 (t, J＝7.3 
Hz, 2H), 1.54～1.62 (m, 2H), 1.44～1.53 (m, 2H), 1.41～
1.32 (m, 2H), 1.34 (dt, J＝14.6, 7.8 Hz, 2H); 13C NMR 
(151 MHz, DMSO-d6) δ: 169.24, 166.42, 165. 03 (dd,   
JC—F＝254.2, 11.6 Hz), 159.40 (dd, JC—F＝257.2, 13.2 Hz), 
157.56, 150.50, 147.45, 142.32, 141.70, 135.13, 132.71, 
131.89 (d, JC—F＝10.6 Hz), 130.35, 129.00, 128.51, 125.56 
(d, JC — F＝10.7 Hz), 124.55, 122.50, 120.16, 119.76, 
111.88 (d, JC—F＝21.6 Hz), 105.82 (t, JC—F＝26.3 Hz), 
53.51, 39.28, 32.33, 28.93, 28.39, 26.33, 25.15; LC-HRMS 
(ESI) calcd for C29H30F2N5O6S [M＋H]＋ 614.1840, found 
614.1852. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxypy- 
ridin-3-yl)-N-(3-(hydroxyamino)-3-oxopropyl)quinoline-3-
carboxamide (7f): Buff solid, yield 54.6%. m.p. 208～
209 ℃ (dec.); 1H NMR (600 MHz, DMSO-d6) δ: 10.45 
(s, 1H), 10.26 (s, 1H), 9.26 (d, J＝2.0 Hz, 1H), 8.89 (t, J＝
5.3 Hz, 1H), 8.85 (d, J＝2.0 Hz, 1H), 8.69 (s, 1H), 8.49 (d, 
J＝2.3 Hz, 1H), 8.31 (d, J＝1.9 Hz, 1H), 8.15 (d,  
J＝8.8 Hz, 1H), 8.13 (dd, J＝8.8, 1.9 Hz, 1H), 8.06 (d, J＝
2.3 Hz, 1H), 7.76～7.83 (m, 1H), 7.57～7.49 (m, 1H), 
7.18～7.24 (m, 1H), 3.69 (s, 3H), 3.55 (q, J＝6.9 Hz, 2H), 
2.34 (t, J＝7.1 Hz, 2H); 13C NMR (151 MHz, DMSO-d6) 
δ: 167.34, 165.15 (dd, JC—F＝254.2, 12.0 Hz), 164.86, 
159.45 (dd, JC — F ＝ 257.5, 13.4 Hz), 157.73, 149.09, 
147.89, 142.62, 135.75, 135.06, 133.92, 131.9 (d, JC—F＝
11.9 Hz), 129.73, 129.68, 128.68, 127.76, 126.98, 126.01, 
125.26 (dd, JC—F＝14.5, 4.2 Hz), 120.10, 111.91 (dd,    
JC—F＝22.3, 3.9 Hz), 105.84 (t, JC—F＝26.4 Hz), 53.52, 
36.26, 32.49; LC-HRMS (ESI) calcd for C25H22F2N5O6S 
[M＋H]＋ 558.1214, found 558.1225. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxypyri- 
din-3-yl)-N-(4-(hydroxyamino)-4-oxopentyl)quinoline-3- 
carboxamide (7g): Buff solid, yield 35.5%. m.p. 120～
123 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.40 (s, 1H), 
10.35 (s, 1H), 9.27 (d, J＝2.2 Hz, 1H), 8.90～8.85 (m, 
1H), 8.87 (d, J＝2.2 Hz, 1H), 8.51 (d, J＝2.3 Hz, 1H), 8.36 
(d, J＝2.4 Hz, 1H), 8.13～8.17 (m, 2H), 8.08 (d, J＝2.4 
Hz, 1H), 7.74～7.82 (m, 1H), 7.62～7.55 (m, 1H), 7.18～

7.24 (m, 1H), 3.67 (s, 3H), 3.33 (q, J＝6.7 Hz, 2H), 2.06 (t, 
J＝7.5 Hz, 2H), 1.74～1.86 (m, 2H); 13C NMR (151 MHz, 
DMSO-d6) δ: 169.05, 165.54 (dd, JC—F＝251.4, 10.1 Hz), 
164.97, 159.30 (dd, JC — F ＝ 258.0, 13.1 Hz), 157.94, 
149.28, 147.98, 142.82, 135.94, 135.14, 134.31, 132.08 (d, 
JC—F＝10.7 Hz, 129.88, 129.81, 128.79, 127.98, 127.14, 
126.18, 125.33 (d, JC—F＝12.6 Hz), 120.38, 112.06 (d,   
JC—F＝21.6 Hz), 106.10 (t, JC—F＝26.4 Hz), 53.68, 39.28, 
30.17, 25.40; LC-HRMS (ESI) calcd for C26H24F2N5O6S 
[M＋H]＋ 572.1371, found 572.1391. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxy- 
pyridin-3-yl)-N-(5-(hydroxyamino)-5-oxopentyl)quinoline- 
3-carboxamide (7h): Buff solid, yield 69.0%. m.p. 130～
131 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.34 (s, 1H), 
10.26 (s, 1H), 9.27 (d, J＝1.9 Hz, 1H), 8.86 (d, J＝1.9 Hz, 
1H), 8.82 (t, J＝4.9 Hz, 1H),8.62 (s, 1H) 8.47 (d, J＝2.3 
Hz, 1H), 8.32 (d, J＝2.1 Hz, 1H), 8.14 (d, J＝8.8 Hz, 1H), 
8.12 (dd, J＝8.8, 2.1 Hz, 1H), 8.06 (d, J＝2.3 Hz, 1H), 
7.86～7.74 (m, 1H), 7.53 (t, J＝8.8 Hz, 1H), 7.14～7.24 
(m, 1H), 3.69 (s, 3H), 3.34 (q, J＝6.3 Hz, 2H), 2.02 (t, J＝
6.9 Hz, 2H), 1.75～1.50 (m, 4H); 13C NMR (151 MHz, 
DMSO-d6) δ: 169.15, 165.18 (dd, JC—F＝254.3, 11.7 Hz), 
164.81, 159.48 (dd, JC — F ＝ 257.8, 13.4 Hz), 157.76, 
149.16, 147.89, 142.66, 135.68, 135.03, 133.97, 131.97(d, 
JC—F＝10.8 Hz), 129.70, 129.67, 128.72, 127.99, 127.03, 
126.03, 125.25 (dd, JC—F＝14.2, 2.7 Hz), 120.07, 111.93 
(dd, JC—F＝21.1, 2.3 Hz), 105.86 (t, JC—F＝26.1 Hz), 53.54, 
39.28, 32.11, 28.76, 22.84; LC-HRMS (ESI) calcd for 
C27H26F2N5O6S [M＋H]＋ 586.1527, found 586.1550. 

6-(5-((2,4-Difluorophenyl) sulfonamido)-6-methoxypy- 
ridin-3-yl)-N-(6-(hydroxyamino)-6-oxohexyl) quinoline-3- 
carboxamide (7i): Buff solid, yield 60.6%. m.p. 201～
204 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.30 (s, 1H), 
10.26 (s, 1H), 9.26 (d, J＝1.9 Hz, 1H), 8.85 (d, J＝1.9 Hz, 
1H), 8.78 (t, J＝5.2 Hz, 1H), 8.58 (s, 1H), 8.49 (d, J＝2.4 
Hz, 1H), 8.32 (d, J＝2.2 Hz, 1H), 8.15 (d, J＝8.7 Hz, 1H), 
8.12 (dd, J＝8.7, J＝2.2 Hz, 1H), 8.06 (d, J＝2.4 Hz, 1H), 
7.72～7.82 (m, 1H), 7.54 (t, J＝8.9 Hz, 1H), 7.19～7.25 
(m, 1H), 3.69 (s, 3H), 3.33 (q, J＝6.4 Hz, 2H), 1.98 (t, J＝
7.1 Hz, 2H), 1.48～1.65 (m, 4H), 1.45～1.27 (m, 2H); 13C 
NMR (151 MHz, DMSO-d6) δ: 169.17, 165.15 (dd, JC—F＝
254.2, 11.5 Hz), 164.75, 159.45 (dd, JC—F＝257.8, 13.5 
Hz), 157.74, 149.14, 147.86, 142.61, 135.64, 135.01, 
133.94, 131.93 (d, JC — F ＝ 10.7 Hz), 129.67, 129.64, 
128.69, 128.00, 127.01, 126.00, 125.27 (d, JC—F＝14.5 
Hz), 120.09, 111.90 (dd, JC—F＝22.3, 2.8 Hz), 105.84 (t,  
JC—F＝26.1 Hz), 53.03, 39.34, 32.31, 28.84, 26.20, 24.94; 
LC-HRMS (ESI) calcd for C28H28F2N5O6S [M＋H] ＋ 
600.1684, found 600.1704. 

6-(5-((2,4-Difluorophenyl)sulfonamido)-6-methoxy- 
pyridin-3-yl)-N-(7-(hydroxyamino)-7-oxoheptyl)quinoline- 
3-carboxamide (7j): Buff solid, yield 26.3%. m.p. 127～
129 ℃; 1H NMR (600 MHz, DMSO-d6) δ: 10.30 (s, 1H), 
10.27 (s, 1H), 9.26 (d, J＝2.1 Hz, 1H), 8.85 (d, J＝2.1 Hz, 
1H), 8.78 (t, J＝5.6 Hz, 1H), 8.58 (s, 1H), 8.49 (d, J＝2.0 
Hz, 1H), 8.32 (d, J＝2.2 Hz, 1H), 8.15 (d, J＝8.7 Hz, 1H), 
8.12 (dd, J＝8.7, 2.2 Hz, 1H), 8.06 (d, J＝2.0 Hz, 1H), 
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7.75～7.83 (m, 1H), 7.50～7.58 (m, 1H), 7.24～7.16 (m, 
1H), 3.69 (s, 3H), 3.36～3.31 (q, J＝6.9 Hz, 2H), 1.96 (t,  
J＝7.3 Hz, 2H), 1.62～1.48 (m, 4H), 1.39～1.27 (m, 4H); 
13C NMR (151 MHz, DMSO-d6) δ: 169.24, 165.16 (dd,  
JC—F＝252.8, 11.4 Hz), 164.78, 159.46 (dd, JC—F＝256.5, 
13.3 Hz), 157.74, 149.15, 147.86, 142.65, 135.64, 135.00, 
133.97, 131.95 (d, JC — F ＝ 10.9 Hz), 129.67, 129.64, 
128.70, 128.02, 127.02, 126.02, 125.24 (d, JC—F＝15.3 
Hz), 120.04, 111.92 (d, JC—F＝22.8 Hz), 105.85 (t, JC—F＝
26.0 Hz), 53.53, 39.28, 32.34, 29.00, 28.43, 26.31, 25.14; 
LC-HRMS (ESI) calcd for C29H30F2N5O6S [M＋H] ＋ 
614.1840, found 614.1851. 

4.2  In vitro kinase inhibition assay 

The kinase inhibition assays were performed by Sundia 
MediTech Company, Ltd in China. In vitro PI3Kα inhibi-
tion activities of compounds were determined using the 
ADP-Glo assay (Promega, cat. No. V9102) with PI103 
(Selleck, cat. No. S1038) as a positive control compound. 
Purified PI3Kα and substrate PIP2 were purchased from 
Carna (No. 11～101) and Invitrogen (No. PV5100), re-
spectively. In brief, series of compound dilutions were 
added in 384-well plates, followed by PI3Kα kinase buffer 
and the plates were running at room temperature for 10 min. 
After the addition of ATP and PIP2 substrate kinase buffer, 
kinase reactions were incubated at room temperature for 
another 10 min. Two volumes of ADP-Glo reagent were 
added, and reactions were incubated at room temperature 
for 2 h, then kinase detection reagent was added. 30 min 
incubating later, bioluminescence signals were acquired 
with a PerkinElmer Envision reader. IC50 data were calcu-
lated using GraphPad Prism software (version 5.0). 

4.3  In vitro HDAC inhibition fluorescence assay 

The in vitro inhibitory activities of HDAC1 were deter-
mined at Sundia MediTech Company (China), with a fluo-
rescence-based assay according to the company’s standard 
operating procedure, using peptide (GL Biochem, No. 
AC-LK-3-AMC) as substrate and LBH589 (Selleck, No. 
S1030) as positive control. HDAC1 (Active Motif, cat. No. 
31504) and trypsin (Worthington, No. 3744) were pur-
chased. The IC50 values were determined in vitro with an 
optimized homogeneous assay performed in a 384-well 
plate. After incubating HDAC1 and series of compound 
mixture at room temperature for 15 min, the mixture of 
peptide and trypsin were added. Reactions were performed 
and fluorescence measurements were obtained on a Syn-
ergy Reader. GraphPad Prism 5.0 was used for the deter-
mination of the IC50 of each inhibitor. 

4.4  In vitro antiproliferation assay 

The inhibition of tumor cell was evaluated by SRB as-
say. Briefly, HCT-116, PC3 and A2780 tumor cell lines 
were grown in 96-well plates and were allowed to recover 
for an additional 24 h. Tumor cells were exposed to either 
varying concentrations of the test compounds or solvent. 
After incubating 48 h, the test compounds were removed 
by washing. Cell survival was fixed by 10% trichloroacetic 

acid (TCA), followed by washing. Subsequently, SRB 
stained for 30 min and the excess dye is removed by 
washing repeatedly with 1% acetic acid (HOAc). Finally, 
the protein-bound dye is solubilized with 10 mmol/L Tris 
base solution, and the OD was measured by ELISA reader 
at 515 nm. 

4.5  Docking 

Docking experiments of compound GYB-5 in silico 
have been achieved in the binding site of PI3Kα and 
zinc-dependent HDAC1 (PDB: 4JPS, and 1C3S). For the 
preparation of ligands, 255 conformations were generated, 
and then docked into PI3Kα or HDAC1 by using Discov-
ery Studio 2.1. Single inhibitor in PI3K and HDAC is ac-
cording with the reported articles[42-44] in the key binding 
sites. 

 
Supporting Information  The synthetic procedure, 1H 
NMR, 13C NMR and HRMS spectra, and biological assay of 
compounds. Binding modes of compound GYB-5. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn/. 
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