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Abstract In order to find novel antitumor drug leads, twenty-three nature-inspired stilbene analogues containing thiazole
moiety were designed and synthesized, and their structures were confirmed by NMR and ESI-HRMS. These compounds were
screened for their topoisomerase I (Topl) inhibitory activity using Topl-mediated relaxation assay, and (E)-5-bromo-2-
(2-chlorostyryl)-4-(4-fluorophenyl)thiazole (6Kk) possessed promising Topl inhibitory activity. Molecular docking was also
established to study the structure-activity relationship and a good correlation was observed between Topl inhibitory activity
and molecular docking study. Furthermore, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay against
human breast cancer (MCF-7) and human colon cancer (HCT116) cell lines indicated that (£)-5-bromo-4-(4-fluorophenyl)-
2-(4-(trifluoromethyl)styryl)thiazole (6e), (E)-5-bromo-2-(2-chlorostyryl)-4-(4-fluorophenyl)thiazole (6k), and (E)-5-bromo-
2-(4-chlorostyryl)-4-(4-fluorophenyl)thiazole (61) showed high cytotoxicity at low micromolar concentrations.

Keywords natural stilbene; thiazole; topoisomerase 1 inhibitor; synthesis; cytotoxicity

1 Introduction

DNA topoisomerase IB (Topl) is an essential nuclear
enzyme that regulates DNA topology structure in several
cellular metabolic processes including replicated and tran-
scribed.['*1 Top1 can be used as a molecular target to screen
antitumor agents. Although the classical Topl inhibitors of
camptothecin (CPT) derivatives (topotecan and irinotecan,

* Corresponding authors. E-mail: jqweng@zjut.edu.cn; yuxi024@163.com

Figure 1A) have been developed and applied clinically,
their several shortcomings remain a serious problem.[*]
Therefore, in the last decades many investigations have
focused on the discovery of novel non-CPT Top] inhibitors.
The indenoisoquinolines LMP400 (indotecan), LMP776
(indimitecan), and LMP744 are novel non-CPT Topl in-
hibitors (Figure 1B) in clinical trials.[®!

Natural products have a long history of being used as or
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serving as inspiration for novel pharmaceutical and agro-
chemical agents.[”1 Natural stilbenes are phytoalexins
produced by some plants in response to pathogen attack and
other environmental stresses. The stilbene scaffold, struc-
turally characterized by a 1,2-diphenylethylene nucleus, is
proved to hold a wide range of biological activities, such as
anticancer,!'” anti-inflammatory,['!) antioxidative,['? anti-

(A) Clinically used CPT derivatives
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(E)-2-(3-bromostyryl)-4-(2,6-difluorophenyl)thiazole

Figure 1 Structures of the camptothecins derivatives in clinical
uses (A), indenoisoquinolines in clinical trials and the stilbene
analogue Top! inhibitor in laboratory (B)

bacterial,!'3] antifungal,l'¥! insecticidal'> and algicidall'®
activities. In our previous works, some novel biologically
active stilbenes!!”! and stilbene-based analogues!'®! were
discovered, and accordingly we found a new class of Topl
inhibitors, the stilbene analogues (Figure 2). Amongst them,
(E)-2-(3-bromostyryl)-4-(2,6-difluorophenyl)thiazole
showed strong (+++) Topl inhibition (Figure 1B). These
findings suggest that the stilbenes could be potential lead
compounds for the development of Topl inhibitors, which
inspired us to further investigate Top1 inhibitory activity of
substituted styrylthiazole derivatives.

Thus far, chemical scaffold hopping is a common ap-
proach for the discovery of new drugs. Derivatives of thi-
azole have been shown to exhibit various activities, such as
anticancer,['! anti-inflammatory,?”) analgesic,?!! antimi-
crobial,[??! antifungal® and insecticidal activities,?! which
are widely used as a scaffold in development of medicinal
and agricultural active agents. In line with our continuous
efforts to synthesize bioactive thiazole derivatives>>?¥1 and
to discover novel stilbene analogues as new Top1 inhibitors,
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Figure 2 Design strategy of title compounds

the title stilbene analogues were designed by replacing one
phenyl ring of stilbene scaffold with 4-(4-halophenyl)-
thiazole moiety, and totally 23 novel styrylthiazole deriva-
tives were synthesized. The design strategy of title com-
pounds was shown in Figure 2. Their Topl inhibition and
cytotoxicity were also evaluated. Meanwhile, the prelimi-
nary relationship between structure and activity, and their
molecular docking study were discussed.

2 Results and discussion

2.1 Synthesis

The synthetic route to the title stilbene-inspired substi-
tuted styrylthiazole derivatives 6a ~ 6w was shown in
Scheme 1.

/©)‘\/ DMF rt,5h

Br.

S
NBS | — NBS
N
EA, reflux, 3 h CH3CN, rt,, 4 h
X s 15 W LED
Br. s Br.
[ )—  (C2HsO)P >\\ o
N Br  toluene RTTEE
X 4 reflux, 2 h X OC2H5
5
CHO

R._I. Br. s
= /
S
NaOH, DMF, rt., 5 h \ XR
X 6

Scheme 1 Synthetic route to title compounds 6

2-Bromo-1-(4-halophenyl)ethan-1-ones (1) were pre-
pared from the corresponding 1-(4-halophenyl)ethan-1-
ones according to the procedure reported in literature.”]
The reaction of 1 with thioacetamide in N,N-dimethyl-
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Chinese Journal of Organic Chemistry

formamide (DMF) at room temperature gave the interme-
diate 4-(4-halophenyl)-2-methylthiazoles (2). Then the
5-position and benzyl position of thiazole ring in interme-
diate 2 were sequentially brominated under different con-
ditions to give 5-bromo-2-(bromomethyl)-4-(4-halophen-
yl)thiazole 4. According to our experimental results, the
single benzyl-brominated product was almost impossible to
be obtained in the process of preparing intermediate 4 be-
cause the proton on 5-position has higher reactivity than that
on the benzyl position, and thus 5-position will be bro-
minated preferentially. Meanwhile, the attempt to prepare
intermediate 4 by a single step using excess N-bromo-suc-
cinimide (NBS) only gave dibromo product 4 in low yield.
Therefore, the bromination was carried out in two steps, the
5-position was firstly brominated by reacting NBS in nu-
cleophilic substitution mechanism, and then the obtained
5-bromo-4-(4-halophenyl)-2-methylthiazole (3) further
underwent the free radical benzyl bromination by treatment
with NBS under light irradiation to get intermediate 4. Next,
the phosphonate 5 was prepared by Arbuzov reaction pro-
cedure and directly used to next step without further puri-
fication. Finally, the title compounds 6a~ 6w were obtained
in 47.6% ~ 71.5% vyields by reacting the above crude
phosphonate with various benzaldehydes via wittig-horner
reaction. All the title compounds were identified and char-
acterized by '"H NMR, '3C NMR and ESI-HRMS. In the 'H
NMR spectra of title compounds, the peaks of the vinylic
CH proton connected to the thiazole ring appeared in the ¢
7.14~7.38 range and the signals of the vinylic CH proton
connected to the benzene ring were observed around o
7.31~7.72, and they generally appeared as a doublet with a
coupling constant J=16.0 Hz or 16.5 Hz which proved the
title compounds are of E-configuration.['”! Meanwhile, all
the title compounds exhibited the [M+H]" peak in the
ESI-MS results.

2.2 Top1 inhibitory activities

Topl inhibitory activity of the title styrylthiazole
derivatives 6a ~ 6w were assessed by Topl-mediated
relaxation assay with CPT as a positive control. All com-

pounds were tested at 50 pmoleL " !. The compounds were
semiquantitatively expressed relative to CPT at 50 pmole
L' as follows: ++++, more than 80% of the activity; +++,
between 40% and 79% of the activity; ++, between 10% and
39% of the activity; +, less than 10% of the activity. The
Topl inhibitory activity is summarized in Table 1. The
results showed that the compounds with an electron-
withdrawing group (halogen and trifluoromethyl) in the
benzene ring generally displayed better Topl inhibition
than those with an electron-donating group (alkyl and
methoxyl). The compound 6k exhibited moderate Topl
inhibition of +++. The representative Topl-mediated
relaxation assay gels are shown in Figure 3. They show that
compound 6k exhibited dose-dependent manner inhibit of
Topl at the concentrations of 0.2, 1, 5, 25 and 125 pmole
L

<
- CPT
5 e
R—
Sc—»
<
5 = 6k
S —

R—>

- --

Sc—»

Figure 3 Representive gels for Topl-mediated relaxation assay

Lane 1, pBR322 DNA alone; Lane 2, pBR322 DNA and Topl without
compound; Lanes 3~7, pBR322 DNA, Topl and compounds at 0.2, 1, 5,
25, 125 pumol/L, respectively. R, relaxed DNA; Sc, supercoiled DNA

2.3 Molecular docking study

To investigate the binding modes of our inhibitors,
representative compound 6k was docked into the topotecan
binding pocket of the Topl-DNA-topotecan ternary com-
plex (PDB ID:1K4T). The energy-minimized, top-ranked

Table 1 Topl inhibitory activities of stilbene analogues 6a~ 6w

Compd. X R Relaxation assay” Compd. X R Relaxation assay*
6a F H + 6m F 2,4-Cl ++
6b F 2-Me + 6n F 2-Br ++
6¢c F 3-Me + 60 F 3-Br +
6d F 4-Me + 6p Cl 4-CF3 ++
6e F 4-CF; ++ 6q Cl 4-tert-Bu +
6f F 4-tert-Bu + 6r Cl 3-OMe +
6g F 2-OMe + 6s Cl 3,4,5-(OMe)3 +
6h F 3-OMe + 6t Cl 2-F +
6i F 4-OMe + 6u Cl 3-Br +
6j F 4-F ++ 6v Br 2-F ++
6k F 2-Cl +++ 6w Br 4-F ++
61 F 4-Cl ++

“ Topl inhibitory activity was semiquantitatively expressed relative to CPT at 50 pmol/L as follows: ++++, more than 80% of the activity; +++, between
40% and 79% of the activity; ++, between 10% and 39% of the activity; +, less than 10% of the activity. Every experiment was repeated at least twice in-

dependently.
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pose of 6k in the ternary complex is displayed in Figure 4.
The fluorobenzene scaffold turns to a suitable pocket which
binds to the DNA cleavage site, and stacks with the DNA (T
and A) via a strong n-m stack along with the thiazole
scaffold (Figure 4, A and B). The N atom of the thiazole
forms a hydrogen bond to Arg364 with 3.2 A (Figure 4, C),
which come in contact with Topl and DNA, and will be
attributed to Topl inhibition. Moreover, because of the
strongly polar region along with Lys532, Asp533 and the
DNA pairs (T and G), an electron-drawing group
substituted in the benzene ring, like X and CF3, show a
better Top! inhibition than an electron-donating group, like
OMe and Me. The simulated results generated a reasonable
binding mode of 6k, further strengthening our concept of
this rational design.

A

Figure 4 Hypothetical binding mode of 6k in a ternary complex
with DNA and Top! (derived from PDB ID:1K4T)

All distances are measured from heavy atom to heavy atom. The carbon
atoms of 6k are shown in yellow, and the base pairs are displayed in blue
lines.

2.4 Cytotoxicity

The in vitro cytotoxicities of 6a~ 6w were also evaluated
through MTT assay against two human cancer cell lines,
including MCF-7 and HCT116. The etoposide (vp-16) and
CPT were used as positive controls. The compounds 6a~
6w were incubated with cells for 72 h in five-dose assay
ranging from 0.01 umolsL"' to 100 pmolsL'. The ICsy
values defined as the inhibitor concentration which inhibits
growth by 50%, are summarized in Table 2. It was found
that compounds showed good correlation between their
Top! inhibitory activity and cytotoxicity toward two cancer

3324 http://sioc-journal.cn/
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cell lines. Generally, the compounds which showed strong
Topl inhibition displayed high cytotoxicity. The potent
Topl inhibitor 6k (+++) showed significant cytotoxicity
against MCF-7 and HCT116 cell lines with ICsy values of
2.29 and 7.37 pmolsL ™, respectively. The compounds 6e,
6j, 61, and 6m displayed high cytotoxicity against HCT116
cell lines with ICsy values ranging from 0.72 pmol-L ! to
8.06 pmoleL ! with Top1 inhibition of ++.

3 Conclusions

In summary, a series of novel nature-inspired stilbene
analogues containing thiazole moiety were designed and
synthesized, and their Topl inhibitory and cytotoxicity
were evaluated. The results showed that all compounds
possessed certain Topl inhibitory activity and some of
them exhibited high cytotoxicity. Amongst them, com-
pound 6k displayed promising Top! inhibitory activity and
compound 6k exhibited the highest cytotoxicity against
MCF-7 with IC50 value of 2.29 umol-L"!. Compound 6e
showed the highest cytotoxicity against HCT116 with ICso
value of 0.72 umol-L " !. Furthermore, the molecular dock-
ing was studied and the preliminary structure-activity rela-
tionships were discussed. These results are useful for the
design of more potent natural stilbene-based anticancer
agents in the future.

4 Experimental section

41 General

Melting points were determined using an X-4 apparatus
without correction. '"H NMR and '3C NMR spectra were
measured on a Bruker ADVANCE III instrument (500
MHz for 'H NMR and 125 MHz for '*C NMR) using TMS
as an internal standard and CDCl; as the solvents. HRMS
was determined on a Shimadzu LCMS-IT-TOF mass
spectrometer equipped with electrospray ionization (ESI)
ion source. All reactions were carried out under air
atmosphere in dried glassware. The reaction progress was
monitored by TLC on silica gel GF254, and spots were
visualized by exposure to UV light (254 nm). All chemical
reagents and solvents used in this study were commercial
and were used without further purification.

4.2 Synthesis

4.2.1 Synthesis of 4-(4-halophenyl)-2-methylthiazole
(2)

2-Bromo-1-(4-halophenyl)ethanone (1) (10 mmol) and
the thioacetamide (0.83 g, 11 mmol) were dissolved in
DMF (20 mL). Then the mixture was stirred at room tem-
perature for 5 h. After the reaction was completed, 50 mL
of H>O was added and stirred for 30 min, the resulting pre-
cipitate was filtered and washed with water for 2 times to
give 4-(4-halophenyl)-2-methylthiazole (2).

4-(4-Fluorophenyl)-2-methylthiazole (2a): White solid,
1.78 g, yield 92.0%. m.p. 183~184 C (lit.3% 184~
185 ‘C); 'H NMR (500 MHz, CDCl3) §: 7.86 (dd, J=8.9,
5.4 Hz, 2H), 7.25 (s, 1H), 7.11 (t, J=8.7 Hz, 2H), 2.78 (s,

Chin. J. Org. Chem. 2021, 41, 3321~3329
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Table 2 Cytotoxic activities of compounds 6a~ 6w against two cancer cell lines

1Cso/(umolL 1)

1Cso/(umolL 1)

Compd. MCF-7 HCT116 Compd. MCF-7 HCT116
6a 22.16%5.01 15.78+1.89 6n 20.95+1.41 58384349
6b >100 >100 60 >100 >100
6¢ >100 >100 6p >100 >100
6d 95.52+3.11 31.8744.29 6q >100 >100
6e 6314051 0.7240.09 6r 61.92+8.05 5264035
6f 59.42+421 6.47%0.62 6s >100 >100
6g 49.5349.08 17.841.16 6t >100 >100
6h 29.85+5.47 4.9940.80 6u >100 62.91+2.34
6i 57.20+1.79 17.3241.05 6v 64.57+1.45 37.1846.65
6 49.64+3.58 8.06%0.92 6w >100 63.25+6.17
6k 22941.08 737+1.15 vp-16¢ 24.6843.12 18.9541.35
6l 13.4542.46 3.0740.53 CPTe 0.34 0.012
6m 72434215 4794073

4 Positive control.

3H).

4-(4-Chlorophenyl)-2-methylthiazole (2b): White solid,
2.01 g, yield 95.8%. mp 121~123 C (lit.?" 122~
123 C); 'H NMR (500 MHz, CDCl3) é: 7.73 (d, J=17.5
Hz, 2H), 7.64 (s, 1H), 7.54 (d, J=7.5 Hz, 2H), 2.85 (s,
3H).

4-(4-Bromophenyl)-2-methylthiazole (2¢): White solid,
2.37 g, yield 93.3%. m.p. 132~133 C (1it.?? 134 C);
'"H NMR (500 MHz, CDCl;) d: 7.70 (d, J=7.5 Hz, 2H),
7.66 (s, 1H), 7.55 (d, J=7.5 Hz, 2H), 2.85 (s, 3H).
4.2.2 Synthesis of 5-bromo-4-(4-halophenyl)-2-meth-
ylthiazole (3)

4-(4-Halophenyl)-2-methylthiazole (2) (10 mmol) and
N-bromosuccinimide (NBS) (1.96 g, 11 mmol) were dis-
solved in ethyl acetate (20 mL), and the resulting solution
was heated to reflux for 3 h. The reaction mixture was
cooled to room temperature and washed with water. The
organic layer was dried over anhydrous MgSO4 and evap-
orated in vacuo. Then, the residual solid was recrystallized
from anhydrous ethanol and dried to give pure 5-bromo-4-
(4-halophenyl)-2-methylthiazole (3).

5-Bromo-4-(4-fluorophenyl)-2-methylthiazole (3a):
Yellow solid, 2.18 g, yield 80.0%. m.p. 56~57 C; 'H
NMR (500 MHz, CDCl3) d: 7.89 (dd, J=10.0, 5.0 Hz,
2H), 7.12 (t, J=8.7 Hz, 2H), 2.70 (s, 3H); '*C NMR (125
MHz, CDCl3) 6: 165.7, 163.6 (J=247.5 Hz), 151.0, 130.5
(/=21.2 Hz), 129.6, 115.4 (dd, J=21.2, 3.7 Hz), 101.9,
19.5. HRMS (ESI) caled C;oHsBrFNS [M + H] *
271.9467, found 271.9471.

5-Bromo-4-(4-chlorophenyl)-2-methylthiazole (3b):
Yellow solid, 2.33 g, yield 80.8%. m.p. 79~80 C; 'H
NMR (500 MHz, CDCls) d: 7.88~7.84 (m, 2H), 7.42~
7.39 (m, 2H), 2.69 (s, 3H); '3C NMR (125 MHz, CDCl5) 6:
165.8, 150.7, 134.3, 131.9, 129.8, 128.5, 102.4, 19.6.
HRMS (ESI) caled C;oHsBrCINS [M+H]" 2879171,
found 287.9177.

5-Bromo-4-(4-bromophenyl)-2-methylthiazole 3e):
light yellow solid, 2.71 g, yield 81.5 %. m.p. 80~82 C;
"H NMR (500 MHz, CDCls) &: 7.82 (d, J=8.5 Hz, 2H),
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7.58 (d, J=8.5 Hz, 2H), 2.71 (s, 3H); '3*C NMR (125 MHz,
CDCl3) 0: 165.9, 150.8, 132.3, 131.5, 130.1, 122.6, 102.5,
19.6. HRMS (ESI) caled C1oHsBraNS [M-+H]" 331.8666,
found 331.8672.
4.2.3  Synthesis of 5-bromo-2-(bromomethyl)-4-(4-
halophenyl)thiazole (4)
5-Bromo-4-(4-halophenyl)-2-methylthiazole (3) (10
mmol) and NBS (1.96 g, 11 mmol) were dissolved in
CH3;CN (30 mL). The reaction mixture was stirred and
irradiated by 15 W LED for 4 h at room temperature. Ethyl
acetate (50 mL) was added, and washed with saturated
sodium bicarbonate solution and water. Then, the solvent
was removed and the residue was recrystallized from an-
hydrous ethanol and dried to give intermediates 4.
5-Bromo-2-(bromomethyl)-4-(4-fluorophenyl)thiazole
(4a): Yellow solid, 1.90 g, yield 54.0%. m.p. 35~36 C;
'H NMR (500 MHz, CDCls) ¢: 7.89 (dd, J=10.0, 5.5 Hz,
2H), 7.13 (t, J=8.7 Hz, 2H), 4.69 (s, 2H); *C NMR (125
MHz, CDCL) d: 165.5, 163.8 (J=247.5 Hz), 151.6, 130.5
(J/=17.5 Hz), 129.0, 1154 (J=138.7 Hz), 105.6, 29.7.
HRMS (ESI) caled CioH/Br,FNS [M+H]" 349.8572,
found 349.8581.
5-Bromo-2-(bromomethyl)-4-(4-chlorophenyl)thiazole
(4b): Yellow solid, 2.40 g, yield 65.2%. m.p. 83~84 C;
'H NMR (500 MHz, CDCl;) ¢: 7.86 (d, J=8.6 Hz, 2H),
7.41 (d, J=38.6 Hz, 2H), 4.67 (s, 2H); '3C NMR (125 MHz,
CDCl) o: 165.4, 151.1, 134.5, 131.1, 129.6, 128.4, 105.9,
26.3. HRMS (ESI) caled CjoH7Br,CINS [M + H] *
365.8276, found 365.8269.
5-Bromo-2-(bromomethyl)-4-(4-bromophenyl)thiazole
(4¢): Yellow solid, 2.49 g, yield 60.4%. m.p. 80~81 C;
'H NMR (500 MHz, CDCl;) ¢: 7.81 (d, J=8.6 Hz, 2H),
7.58 (d, J=8.6 Hz, 2H), 4.69 (s, 2H); '3C NMR (125 MHz,
CDCl) o: 165.7, 151.4, 131.8, 131.6, 130.1, 123.0, 106.2,
26.4. HRMS (ESI) caled C1oH7BrsNS [M+H]™ 409.7771,
found 409.7766.

4.2.4 Synthesis of diethyl ((4-(4-halophenyl)thiazol-2-
yl)methyl)phosphonate (5)
5-Bromo-2-(bromomethyl)-4-(4-halophenyl)thiazole (4)

http://sioc-journal.cn/ 3325
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(10 mmol) and triethyl phosphite (3.34 g, 20 mmol) were
dissolved in toluene (20 mL), and the resulting solution
was heated to reflux for 2 h. After the reaction is complet-
ed, the solvent and excess triethyl phosphite were evapo-
rated to give phosphonate 5 as a brown oil that was used
without further purification.
4.2.5 General synthetic procedure for title compounds
6a~—~60
The resulting phosphonate S, substituted benzaldehyde
(12 mmol) and NaOH (0.48 g, 12 mmol) were dissolved in
20 mL of anhydrous DMF. Then the mixture was stirred at
room temperature for 5 h. After the reaction is completed,
50 mL of H,O was added and continued to stir for 30 min,
and then extracted with CHCl; (30 mL X3), the organic
layer was combined and dried by anhydrous MgSOs. Then
the solvent was removed and the residue was purified by
column chromatography with petroleum ether-EtOAc (V :
V=5 1 1) to obtain (E)-5-bromo-4-(4-halophenyl)-2-(sub-
stituted-styryl)thiazoles 6a~6w.
(E)-5-Bromo-4-(4-fluorophenyl)-2-styrylthiazole  (6a):
Yellow solid, yield 63.2%. m.p. 109~111 C; 'H NMR
(500 MHz, CDCl3) 6: 7.96 (dd, J=8.5, 5.5 Hz, 2H), 7.55
(d, J=28.5 Hz, 2H), 7.46~7.33 (m, 4H), 7.26 (d, J=16.0
Hz, 1H), 7.17 (t, J=8.5 Hz, 2H); '*C NMR (125 MHz,
CDCl3) o: 166.3, 162.8 (d, J=248.7 Hz), 152.2, 135.3,
130.5 (d, J/=8.2 Hz), 129.4 (d, /=3.3 Hz), 128.9, 127.2,
121.0, 115.3 (d, J=21.6 Hz), 102.6. HRMS (ESI) calcd
Ci7H,BrFNS [M+H]" 359.9852, found 359.9836.
(E)-5-Bromo-4-(4-fluorophenyl)-2-(2-methylstyryl)thia-
zole (6b): Yellow solid, yield 61.6%. m.p. 99~100 C; 'H
NMR (500 MHz, CDCls) d: 7.96 (dd, J=9.0, 5.5 Hz, 2H),
7.68~7.55 (m, 2H), 7.31~7.21 (m, 3H), 7.20~7.11 (m,
3H), 2.47 (s, 3H); '3C NMR (125 MHz, CDCl;) &: 166.6,
162.8 (d, J=249.7 Hz), 152.2, 136.7, 134.3, 133.0, 130.8,
130.5 (d, J=8.4 Hz), 129.5 (d, /=3.2 Hz), 129.1, 126.4,
125.7, 122.1, 115.3 (d, J=21.6 Hz), 102.5, 19.9. HRMS
(ESI) caled CisH14BrFNS [M+H] " 374.0009, found
373.9994.
(E)-5-Bromo-4-(4-fluorophenyl)-2-(3-methylstyryl)thia-
zole (6¢): Yellow solid, yield 64.6%. m.p. 101~103 C;
'H NMR (500 MHz, CDCls) d: 7.96 (dd, J=8.5, 5.5 Hz,
2H), 7.41~7.27 (m, 4H), 7.24 (d, J=16.5 Hz, 1H), 7.17
(t, J=8.5 Hz, 3H), 2.40 (s, 3H); *C NMR (125 MHz,
CDCl3) o: 166.4, 162.7 (d, J=248.7 Hz), 152.1, 138.5,
135.5,135.3, 130.5 (d, /=8.2 Hz), 130.1, 129.5 (d, J=3.1
Hz), 128.8, 127.9, 124.4, 120.8, 115.3 (d, J=21.7 Hz),
102.4, 21.4. HRMS (ESI) caled C;sH;4BrFNS [M+H]"
374.0009, found 373.9995.
(E)-5-Bromo-4-(4-fluorophenyl)-2-(4-methylstyryl)thia-
zole (6d): Yellow solid, yield 64.4%. m.p. 148~150 C;
"H NMR (500 MHz, CDCl3) &: 7.95 (s, 2H), 7.44 (d, J=
7.0 Hz, 2H), 7.33 (d, J=16.0 Hz, 1H), 7.26~7.10 (m,
5H), 2.39 (s, 3H); '3C NMR (125 MHz, CDCl;) &: 166.6,
162.8 (d, J=248.7 Hz), 152.1, 139.5, 135.4, 132.6, 130.5
(d, J/=8.3 Hz), 129.7, 129.5 (d, J/=3.0 Hz), 120.1, 115.3
(d, J=21.6 Hz), 102.2, 21.4. HRMS (ESI) calcd C;sH;4Br-
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FNS [M+H]" 374.0009, found 373.9972.

(E)-5-Bromo-4-(4-fluorophenyl)-2-(4-(trifluoromethyl)-
styryl)thiazole (6e): Yellow solid, yield 70.8%. m.p. 123~
125 °C; '"H NMR (500 MHz, CDCl;) §: 7.96 (dd, J=9.0,
5.5 Hz, 2H), 7.65 (dd, J=12.5, 3.5 Hz, 4H), 7.39 (d, J=
16.0 Hz, 1H), 7.30 (d, J=16.0 Hz, 1H), 7.17 (t, J=8.5 Hz,
2H); 3C NMR (125 MHz, CDCl3) d: 165.3, 162.8 (d, J=
249.1 Hz), 152.5, 138.8, 133.3, 130.5 (d, /=8.3 Hz), 129.3
(d, J/=3.3 Hz), 127.3, 127.2, 125.9 (q, J=3.8 Hz), 125.0,
123.2, 122.9, 120.7, 115.4 (d, J=21.6 Hz), 103.5. HRMS
(ESI) calcd CsH;iBrF4NS [M-+H]" 427.9726, found
427.9716.

(E)-5-Bromo-2-(4-(tert-butyl)styryl)-4-(4-fluorophenyl)-
thiazole (6f): Yellow solid, yield 55.5%. m.p. 98~99 C;
"H NMR (500 MHz, CDCl;) &: 7.98 (dd, J=9.0, 5.5 Hz,
2H), 7.50 (d, J=8.5 Hz, 2H), 7.44 (d, /=8.0 Hz, 2H), 7.35
(d, J/=16.5 Hz, 1H), 7.24 (d, J=16.5 Hz, 1H), 7.17 (t, J=
8.5 Hz, 2H), 1.37 (s, 9H); '*C NMR (125 MHz, CDCls) &:
166.5, 162.7 (d, J=248.7 Hz), 152.6, 152.0, 135.2, 132.5,
130.5 (d, /=8.2 Hz), 129.5 (d, /=3.2 Hz), 127.0, 125.8,
120.2, 115.2 (d, J=21.6 Hz), 102.2, 34.8, 31.2. HRMS
(ESI) caled CHBrFNS [M+H]" 416.0478, found
416.0468.

(E)-5-Bromo-4-(4-fluorophenyl)-2-(2-methoxystyryl)-
thiazole (6g): Yellow solid, yield 71.5%. m.p. 111~
113 °C; '"H NMR (500 MHz, CDCl;) §: 7.96 (dd, J=8.5,
5.5 Hz, 2H), 7.66 (d, J=16.5 Hz, 1H), 7.56 (dd, J=17.5,
1.5 Hz, 1H), 7.41~7.31 (m, 2H), 7.16 (t, J=8.5 Hz, 2H),
7.00 (t, J=7.5 Hz, 1H), 6.94 (d, J=28.5 Hz, 1H), 3.93 (s,
3H); *C NMR (125 MHz, CDCl3) é: 167.4, 162.7 (d, J=
248.5 Hz), 157.6, 152.0, 130.9, 130.5 (d, J=28.3 Hz),
130.4, 129.6 (d, J=3.1 Hz), 127.8, 124.3, 121.8, 120.9,
115.3 (d, J=21.3 Hz), 111.1, 102.2. HRMS (ESI) calcd
CisH14BrFNOS [M+H]" 389.9958, found 389.9945.

(E)-5-Bromo-4-(4-fluorophenyl)-2-(3-methoxystyryl)-
thiazole (6h): Yellow solid, yield 64.5%. m.p. 167~
168 C; '"H NMR (500 MHz, CDCl;) §: 7.96 (dd, J=8.5,
5.5 Hz, 2H), 7.64 (d, J=16.0 Hz, 1H), 7.49 (d, /=28.5 Hz,
1H), 7.26~7.08 (m, 5H), 6.79 (dd, J=9.0, 3.0 Hz, 1H),
3.84 (s, 3H); 3C NMR (125 MHz, CDCls) §: 165.8, 162.80
(d, J=248.8 Hz), 159.1, 152.4, 135.8, 134.0, 133.9, 130.5
(d, /=83 Hz), 1294 (d, J=3.2 Hz), 123.8, 117.0, 115.4
(m), 111.7, 103.3, 55.6. HRMS (ESI) caled CisH14BrFNOS
[M-+H]" 389.9958, found 389.9767.

(E)-5-Bromo-4-(4-fluorophenyl)-2-(4-methoxystyryl)-
thiazole (6i): Yellow solid, yield 71.3%. m.p. 145~
146 °C; '"H NMR (500 MHz, CDCl;) §: 7.95 (dd, J=8.5,
5.5 Hz, 2H), 7.49 (d, J=38.5 Hz, 2H), 7.31 (d, J/=16.0 Hz,
1H), 7.20~7.05 (m, 3H), 6.93 (d, /=8.5 Hz, 2H), 3.86 (s,
3H); *C NMR (125 MHz, CDCl3) é: 166.8, 162.7 (d, J=
248.6 Hz), 160.6, 152.0, 135.0, 130.5 (d, /=8.2 Hz), 129.5
(d, /=3.3 Hz), 128.7, 128.1, 118.9, 115.3 (d, J=21.6 Hz),
114.4, 101.9, 55.4. HRMS (ESI) caled CisH14BrFONS
[M-+H]" 389.9958, found 389.9940.

(E)-5-Bromo-4-(4-fluorophenyl)-2-(4-fluorostyryl)thia-
zole (6j): Yellow solid, yield 58.7%. m.p. 132~134 C;
"H NMR (500 MHz, CDCl;) &: 7.95 (dd, J=8.5, 5.5 Hz,
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2H), 7.52 (dd, J=8.5, 5.5 Hz, 2H), 7.32 (d, J=16.0 Hz,
1H), 7.20~7.12 (m, 3H), 7.10 (t, J=8.5 Hz, 2H); C
NMR (125 MHz, CDCl;) J: 166.0, 164.7~161.5 (m),
152.2, 134.0, 131.6 (d, J=3.4 Hz), 130.5 (d, J=8.4 Hz),
129.4 (d, J=3.4 Hz), 128.9 (d, J/=8.2 Hz), 120.8 (d, J=
2.4 Hz), 116.1 (d, J=21.9 Hz), 115.3 (d, J=21.7 Hz),
102.6. HRMS (ESI) caled CisH;BrFo2NS [M + H] '
377.9758, found 377.9802.
(E)-5-Bromo-2-(2-chlorostyryl)-4-(4-fluorophenyl)thia-
zole (6K): Yellow solid, yield 57.3%. m.p. 124~126 C;
"H NMR (500 MHz, CDCl;) &: 7.96 (dd, J=9.0, 5.5 Hz,
2H), 7.74 (d, J=16.0 Hz, 1H), 7.68 (dd, J=7.5, 2.5 Hz,
1H), 7.43 (dd, J=7.5, 2.5 Hz, 1H), 7.34~7.23 (m, 3H),
7.17 (t, J=8.5 Hz, 2H); '3C NMR (125 MHz, CDCI;) 6:
166.0, 162.8 (d, J=248.9 Hz), 152.3, 134.1, 133.5, 131.2,
130.6, 130.5, 130.1, 130.1, 129.3 (d, J=3.2 Hz), 127.2,
126.8, 123.5, 115.4 (d, J=21.6 Hz), 103.2. HRMS (ESI)
caled Ci7H;BrCIFNS [M + H] © 393.9463, found
393.9451.
(E)-5-Bromo-2-(4-chlorostyryl)-4-(4-fluorophenyl)thia-
zole (61): Yellow solid, yield 71.0%. m.p. 149~151 C;
"H NMR (500 MHz, CDCl;) &: 7.94 (dd, J=9.0, 5.5 Hz,
2H), 7.47 (d, J=8.5 Hz, 2H), 7.37 (d, J/=8.5 Hz, 2H), 7.31
(d, J=16.5 Hz, 1H), 7.20 (d, J/=16.5 Hz, 1H), 7.16 (t, J=
9.0 Hz, 2H); 3C NMR (125 MHz, CDCls) §: 173.0, 165.8,
162.8 (d, J/=247.9 Hz), 152.3, 133.9, 133.8, 130.5 (d, /=
8.4 Hz), 129.3 (d, /=3.1 Hz), 129.2, 128.3, 121.5, 115.4
(d, J=21.6 Hz), 102.9. HRMS (ESI) calcd C;7H;BrCIF-
NS [M+H]" 393.9463, found 393.9439.
(E)-5-Bromo-2-(2,4-dichlorostyryl)-4-(4-fluorophenyl)-
thiazole (6m): Yellow solid, yield 66.2%. m.p. 170~
171 C; '"H NMR (500 MHz, CDCl;) §: 7.95 (dd, J=9.0,
5.5 Hz, 2H), 7.66 (d, J=16.5 Hz, 1H), 7.61 (d, J=8.5 Hz,
1H), 7.45 (d, J=2.5 Hz, 1H), 7.32~7.26 (m, 1H), 7.23 (d,
J=16.5 Hz, 1H), 7.17 (t, J=9.0 Hz, 2H); '3C NMR (125
MHz, CDCl3) d: 165.5, 162.8 (d, J=249.1 Hz), 152.5,
135.2, 134.6, 132.2, 130.5 (d, J=8.3 Hz), 129.9, 129.8,
129.3 (d, J=3.3 Hz), 127.7, 127.5, 123.9, 1154 (d, J=
21.7 Hz), 103.5. HRMS (ESI) caled Ci7H;oBrCLLFNS
[M+H]" 427.9073, found 427.9057.
(E)-5-Bromo-2-(2-bromostyryl)-4-(4-fluorophenyl)thia-
zole (6n): Yellow solid, yield 50.9%. m.p. 137~138 C;
"H NMR (500 MHz, CDCl;) &: 7.96 (dd, J=9.0, 5.5 Hz,
2H), 7.71 (d, J=16.0 Hz, 1H), 7.68 (dd, J=38.0, 1.5 Hz,
1H), 7.63 (dd, J=38.0, 1.5 Hz, 1H), 7.35 (t, J=7.0 Hz,
1H), 7.25~7.12 (m, 4H); *C NMR (125 MHz, CDCl;) ¢:
165.9, 162.8 (d, J=248.7 Hz), 152.4, 135.3, 133.8, 133 .4,
130.5 (d, J=8.4 Hz), 130.3, 129.4 (d, /=3.3 Hz), 127.8,
127.0, 124.6, 123.7, 115.4 (d, J=21.6 Hz), 103.3. HRMS
(ESI) caled Ci7H;Br,FNS [M+H]" 437.8957, found
437.8947.
(E)-5-Bromo-2-(3-bromostyryl)-4-(4-fluorophenyl)thia-
zole (60): Yellow solid, yield 55.7%. m.p. 160~161 C;
"H NMR (500 MHz, CDCl;) &: 7.95 (dd, J=38.5, 5.5 Hz,
2H), 7.69 (s, 1H), 7.46 (t, J=9.0 Hz, 2H), 7.34~7.25 (m,
2H), 7.22 (d, J=16.0 Hz, 1H), 7.17 (t, J=8.5 Hz, 2H); 3C
NMR (125 MHz, CDCl;) d: 165.5, 162.8 (d, J=248.8 Hz),
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152.4, 137.5, 133.4, 132.0, 130.5 (d, J=28.3 Hz), 1304,
130.0, 129.3 (d, J/=3.3 Hz), 125.7, 123.1, 122.2, 115.4 (d,
J=21.3 Hz), 103.1. HRMS (ESI) caled C7H;Br,FNS
[M-+H]" 437.8958, found 437.8968.
(E)-5-bromo-4-(4-chlorophenyl)-2-(4-(trifluoromethyl)-
styryl)thiazole (6p): Light yellow solid, yield 61.4%. m.p.
121~123 °C; 'H NMR (500 MHz, CDCl;) §: 7.95~7.91
(m, 2H), 7.68~7.61 (m, 4H), 7.48~7.43 (m, 2H), 7.39 (d,
J=16.5 Hz, 1H), 7.30 (d, /=16.0 Hz, 1H); '3C NMR (125
MHz, CDCls) 6: 165.4, 152.2, 138.8, 134.7, 133.4, 131.6,
130.7 (q, J=32.6 Hz), 129.9, 128.6, 127.3, 125.9 (q, J=
3.8 Hz), 125.0, 123.1, 103.9. HRMS (ESI) calcd CisH1Br-
CIF;NS [M-+H]" 443.9431, found 443.9428.
(E)-5-Bromo-2-(4-(tert-butyl)styryl)-4-(4-chlorophenyl)-
thiazole (6q): Yellow solid, yield 60.8%. m.p. 77~79 C;
"H NMR (500 MHz, CDCl3) §: 7.95~7.91 (m, 2H), 7.49
(d, J/=8.5 Hz, 2H), 7.47~7.41 (m, 4H), 7.34 (d, J=16.0
Hz, 1H), 7.23 (d, J=16.0 Hz, 1H), 1.36 (s, 9H); *C NMR
(125 MHz, CDCl3) d: 166.7, 152.8, 151.8, 135.4, 134.5,
132.6, 131.8, 129.9, 128.5, 127.1, 125.9, 120.2, 102.8,
34.8, 31.2. HRMS (ESI) caled C»HyBrCINS [M+H]"
432.0183, found 432.0185.
(E)-5-Bromo-4-(4-chlorophenyl)-2-(3-methoxystyryl)-
thiazole (6r): Yellow solid, yield 50.9%. m.p. 103~
104 °‘C; '"H NMR (500 MHz, CDCl3) 6: 7.94~7.91 (m,
2H), 7.47~7.43 (m, 2H), 7.35~7.30 (m, 1H), 7.34 (d, J=
16.5 Hz, 1H), 7.24 (d, J=16.5 Hz, 1H), 7.14 (d, J=17.5
Hz, 1H), 7.08~7.07 (m, 1H), 6.92 (ddd, J=38.0, 2.5, 0.5
Hz, 1H), 3.86 (s, 3H); '*C NMR (125 MHz, CDCl;) ¢:
166.4, 160.0, 152.0, 136.8, 135.4, 134.6, 131.8, 130.0,
128.6, 121.3, 120.0, 115.3, 112.1, 103.2, 55.4. HRMS
(ESI) caled CisHisBrCINOS [M+H]" 405.9663, found
405.9665.
(E)-5-Bromo-4-(4-chlorophenyl)-2-(3,4,5-trimethoxy-
styryl)thiazole (6s): Yellow solid, yield 50.6%. m.p. 162~
163 ‘C; '"H NMR (500 MHz, CDCl;) d: 7.92 (d, J=8.5
Hz, 2H), 7.44 (d, J=38.5 Hz, 2H), 7.27 (d, J=16.0 Hz,
1H), 7.17 (d, J=16.0 Hz, 1H), 6.75 (m, 2H), 3.92 (s, 9H).
13C NMR (125 MHz, CDCl3) ¢: 166.3, 163.7, 153.8,
153.6, 151.9, 150.6, 139.4, 138.7, 1359, 135.4, 134.5,
131.8, 131.0, 129.9, 128.6, 123.9, 120.4, 105.8, 105.0,
104.4, 103.0, 61.1, 56.3, 29.7. HRMS (ESI) calcd
CaoH sBrCINO;S [M+H]" 465.9874, found 465.9874.
(E)-5-Bromo-4-(4-chlorophenyl)-2-(2-fluorostyryl)thia-
zole (6t): Light yellow solid, yield 52.4%. m.p. 149~
151 ‘C; '"H NMR (500 MHz, CDCl3) 6: 7.96~7.91 (m,
1H), 7.89~7.83 (m, 1H), 7.50 (d, J=16.5 Hz, 1H), 7.48~
7.39 (m, 3H), 7.34 (d, J=16.5 Hz, 1H), 7.24~7.16 (m,
2H), 6.95 (d, J=7.0 Hz, 1H); 3C NMR (125 MHz, CDCI;)
0: 166.2, 163.2, 161.8 (d, J=250.8 Hz), 152.0, 150.7,
1345, 131.7, 130.6, 129.8, 128.5, 128.0, 127.8, 126.3,
124.5,123.4 (d, J/=23.0 Hz), 123.3, 116.3 (d, J=21.4 Hz),
103.6, 100.0, 29.7. HRMS (ESI) caled C7H;iBrCIFNS
[M-+H]" 393.9463, found 393.9467.
(E)-5-Bromo-2-(3-bromostyryl)-4-(4-chlorophenyl)thia-
zole (6u): Yellow solid, yield 57.9%. m.p. 169~170 C;
"H NMR (500 MHz, CDCl3) §: 7.95~7.91 (m, 2H), 7.70
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(t, J=1.5 Hz, 1H), 7.50~7.44 (m, 4H), 7.30~7.27 (m,
2H), 7.22 (d, J=16.0 Hz, 1H); *C NMR (125 MHz,
CDCls) o: 165.6, 152.1, 137.5, 134.6, 133.9, 133.5, 132.1,
131.7(m), 130.5, 130.0, 129.9, 128.6, 127.5, 125.8, 124.5,
123.1, 122.2, 103.6, 29.7. HRMS (ESI) calcd C7H;Br»-
CINS [M+H]" 453.8662, found 453.8659.

(E)-5-Bromo-4-(4-bromophenyl)-2-(2-fluorostyryl)thia-
zole (6v): Light yellow solid, yield 47.6%. m.p. 140~
141 ‘C; '"H NMR (500 MHz, CDCls) 6: 7.89~7.85 (m,
2H), 7.63~7.59 (m, 2H), 7.57 (d, J/=8.6 Hz, 1H), 7.50 (d,
J=16.5 Hz, 1H), 7.36 (d, J=16.5 Hz, 1H), 7.34 (m, 1H),
7.19 (t, J=7.5 Hz, 1H), 7.15~7.10 (m, 1H); *C NMR
(125 MHz, CDCls) o: 166.3, 161.8 (d, J=250.8 Hz),
152.1, 132.2, 131.5, 130.6, 130.1, 128.0, 128.9, 126.3,
124.5,123.4 (d, J=23.5 Hz), 122.9, 116.3 (d, J=21.4 Hz),
103.6, 29.7. HRMS (ESI) caled Ci7H;;Br,FNS [M~+H]"
437.8958, found 437.8958.

(E)-5-Bromo-4-(4-bromophenyl)-2-(4-fluorostyryl)thia-
zole (6w): Yellow solid, yield 50.1%. m.p. 179~180 C;
'"H NMR (500 MHz, CDCl;) 6: 7.88~7.84 (m, 2H),
7.63~7.59 (m, 2H), 7.56~7.50 (m, 2H), 7.33 (d, J=16.5
Hz, 1H), 7.16 (d, J=16.5 Hz, 1H), 7.14~7.07 (m, 2H);
3BC NMR (125 MHz, CDCl3) d: 166.2, 164.2 (d, J=251.8
Hz), 152.0, 145.0, 137.8, 134.1, 132.2, 131.5, 130.1, 128.9
(d, J=8.4 Hz), 127.5, 125.0, 122.8, 120.7, 116.1 (d, J=
21.9 Hz). HRMS (ESI) caled Ci7H;Br,FNS [M+H]"
437.8958, found 437.8955.

4.3 Bioassay of Top1-mediated relaxation assay

Compounds 6a~6w were screened for their Topl in-
hibitory activity using Topl-mediated relaxation assay.l**
Briefly, reaction mixture (20 uL) with 0.5 pg supercoiled
pBR322 DNA in Relaxation Buffer (10 mmolsL ! Tris-
HCI, pH 7.5, 50 mmolsL"' KCI, 5 mmol-L™! MgCl, 15
pg/mL BSA, 40 pg/mL DTT) was incubated with 1 unit of
calf thymus Topl in the absence or in the presence of
compound for 0.5 h at 37 ‘C. Then the reaction solution
was added with 6 Xloading buffer (4 pL), and was ana-
lyzed using a 0.8 % agarose gel in TBE buffer at 4.6 V/cm
for 1.5 h. Gel was stained with 1Xgel red for 0.5 h and
subsequently visualized with a UV transilluminator.

4.4 Molecular modelling

The PDB file for the X-ray crystal structure of Topl was
obtained using the protein data bank code 1K4T.4 The
ternary complex ligand centroid coordinates for docking
were defined using the ligand in the Top1-DNA-Topotecan
crystal structure as the centre of the binding pocket. The
protein structure was cleaned, inspected for errors and
missing residues, hydrogens were added, and the water
molecules and the ligand were deleted. The 6k to be mod-
eled was constructed and optimized using ChemDraw and
saved in SDFfile formats and was corrected using MOE
software. Hydrogens were added, and the ligand was
minimized by the conjugate gradient method using the
MMFF94x force field with MMFF94 charges, a dis-
tance-dependent dielectric function, and a 418 Jemol 'snm
“!energy gradient convergence criterion. Induced fit was
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used for docking with the default parameters. The top 30
docking poses of the ligand were inspected visually fol-
lowing the docking runs. The highest-ranked pose was
merged into the crystal structure. Energy minimizations
were performed for the highest-ranked pose for the ligand.
The AMBER forcefield was utilized within the MOE
software for energy minimization.

4.5 Cell culture and MTT assay

The cells were cultured on RPMI-1640 medium at
37 'C in a humidified atmosphere with 5% CO,. The
cytotoxicity of compounds 6a~6w was evaluated through
MTT assay against two human cancer cell lines (human
breast cancer MCF-7, human colon cancer HCT116). For
the compound treatment experiments, the cancer cells were
treated with the compounds 6a~ 6w (predissolved in
DMSO) at a five-dose assay ranging from 10 ® to 104
moleL"!. After incubation for 72 h at 37 ‘C, MTT solution
(20 pL, 2.5 mg/mL) in PBS (PBS without MTT as the
blank) was added to each well of the culture plate. After
being incubated for 4 h, the formazan crystal formed in the
well was dissolved in 100 uL. of DMSO for optical density
at 570 nm. The ICsy value was calculated by nonlinear
regression analysis (GraphPad Prism). Every experiment
was conducted for three independent times.

Supporting Information The 'H NMR, *C NMR and
ESI-HRMS spectra of title compounds 6a~6w. The Sup-
porting Information is available free of charge via the In-
ternet at http://sioc-journal.cn/.
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