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derivatives via base-promoted one-pot process
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A convenient synthesis of 2-(2-(difluoromethoxy)sngnzo[d]thiazoles from 2-
(o-hydroxyaryl)benzothiazoles and commercially avadaethyl difluoroiodoacetate
(ICF,CO.EY) is described. The transformation was amenabke dne-pot, sequential
three-component protocol frone-hydroxybenzaldehydep-aminothiophenol, and
ICF,CO,Et promoted by KOH. Additionally, some of the preggh compounds

exhibited promising activity against human ovarancer cells.

Keywords. 2-arylbenzo[d]thiazoleQ-difluoromethylation;o-hydroxybenzaldehyde;

o-aminothiophenol; ethyl difluoroiodoacetate.

The introduction of fluorine atom or fluorinatedogps into active organic molecules

can distinctly modulate their membrane permeabilityetabolic stability, and
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bioavailability> Therefore, organofluorine compounds have beenlyitaployed in
pharmaceuticals, agrochemicals, and biological mutés®> Among these fluorinated
molecules, difluoromethyl ethers have attractedaigraterest as candidates for
modern drug discovery.A wide range of OCJH-containing organic molecules
exhibit anti-inflammary, anti-tumour, anti-bactéyiand antimicrobial activity (Figure
1)*" For instance, Roflumilast is a commercially avaldadrug used in COPD
patients’® Pantoprazole is also a widely used anti-ulcer mphaeutical agerit.
Fluoromycin is a fluorescent-labeled derivativetalfsomycin o, and can be used
as a fungicid&.Pyroxasulfone was found to be a novel herbicidesfiybean, wheat
and corn’. Consequently, the development of efficient methfmisthe synthesis of
OCFR,H-containing organic molecules from commerciallyaidable substrates is

highly desired.

2-Arylbenzothiazoles have attracted great attentlmecause such kinds of
heterocycles exhibit an extensive range of biolalgactivities, such as antitumor,
antiviral, and antimicrobial propertiés.For instance, fluorine-containing compound
| was discovered to be a potent S1P1 agonisio(E0.017uM),® while compound|
could suppress the growth of trypanosomes (FiguPeA® part of our interest in C-H
functionalization of 2-arylbenzothiazol&sherein we wish to describe a simple and
convenient approach for the synthesis of

2-(2-(difluoromethoxy)aryl)benzo[d]thiazoles anchexne their bioactivities.
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Figure 1. Examples of bioactive compounds possgssifOCEH group.
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Figure 2. F-containing 2-arylbenzothiazole-basedtiive molecules.

Recently, much attention has focused on the dewsdop of efficient approaches
for the synthesis of difluoromethyl ethers via thdase-promoted
O-difluoromethylation of phenol¥, alcohols'? and keton€$ using various precursors
of difluorocarbene. A variety of difluoromethylagiragents have also been employed
successfully*™® For example, Hartwig and Fier developed a diflmoethylation of
phenols with HCFOTT in the presence of KOH' Shen and co-workers described the
direct difluoromethylation of alcohols using an attephilic difluoromethylated
sulfonium ylide'? Shibata and co-workers reported the organic beseqgted direct
O-difluoromethylation of 1,3-diones via the in sganeration of difluorocarbene from
bromodifluoromethylating reagent&However, a number of these fluoromethylating
agents (HCECI, HCR;, and CHEl) are gases, which are difficult to handle. In

addition, some of them are low reactivity or difficto prepare. Therefore, the new,



simple and efficient reagents for the difluoroméditipn of alcohols and phenols are

also greatly desired.

Table 1 Optimization of reaction conditiofs

HO XCF,COOEt HF,CO
S 2 (1.2 equiv) S
©:I\i>_© Base (y equiv) @EI\?_@
1a CH4CN, rt. 3a

Entry Base X (2) y (equiv) Yield (%
1 KoCOs Cl (2a) 1.0 trace
2 K,COs Br (2b) 1.0 20
3 K,COs 1 (20) 1.0 40
4 KOH | (20) 1.0 51
5 NaCOs I (2¢) 1.0 trace
6 KF I (2¢) 1.0 trace
7 CsCOs 1 (20) 1.0 40
8 - | (2¢) - trace
9 KOH 1 (20) 3.0 60
10 KOH | (20) 5.0 65
11 KOH | (20) 6.0 68
12 KOH | (20) 7.0 72
13 KOH | (20) 6.0 82
14° KOH | (20) 7.0 83
15° KOH 1 (20) 6.0 61

®Reaction conditionsla (0.2 mmol),2 (0.24 mmol, 1.2 equiv), base (x equiv),
CHsCN (2 mL), rt, 12 h”In the presence of 2.0 equiv 2f°At 50 °C. %Yield based on
la.

Based on previous wotk’ the reaction of 2-(2-hydroxyphenyl)benzothiaztde
and ethyl chlorodifluoroacetata (1.2 equiv) was initially chosen as a template to
optimize the reaction conditions (Table 1, entryRggretfully, only trace of desired
product was observed. Fortunately, when ethyl 2dor@,2-difluoroacetat@b and
ethyl 2,2-difluoro-2-iodoacetatgc were used as difluoromethylating agents in the
presence of potassium carbonate (1.0 equiv) iroaitete at room temperature, the
desired o-difluoromethoxylated producBa was obtained in 20% and 40% yield,

respectively (Table 1, entries 2 and 3). Regreffdbk screening of different solvents
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showed that almost no reaction occurred in toludimeethyl sulfoxide, glacial acetic
acid, methanol, 1,4-dioxane, DMF, and DMAc. Nekg screening of bases revealed
that potassium hydroxide was better than otherkI€Th, entries 4-7). Trace amounts
of the desired product were observed in the absefhdease (Table 1, entry 8).
Increasing the amount of KOH from 1.0 to 7.0 eql@nts gave higher yields of the
desired product; the yield increased to 72% whéneguivalent of KOH was used
(Table 1, entry 12). Further studies showed thatyibld of3a could be increased to
82% when 2.0 equivalents @ were employed (Table 1, entry 13). When the
reaction temperature was increased t6G0he desired product was obtained in only
61% vyield, showing that reaction temperature hasgaificant impact on product
yield (Table 1, entry 15).

With the optimized reaction conditions in hand (&b, entry 13), we explored the
substrate scope of the 2-(2-hydroxyaryl)benzotheszb (Table 2). The results show
that the methodology can be applied to a broadeahgubstrates. Substrates bearing
electron-withdrawing or electron-donating groupslemvent reaction smoothly. The
reaction was compatible with various substituestszsh as methoxyN,N-diethyl,
methyl, fluoro, chloro, bromo, and nitro groups.domparison, substrates bearing
electron-donating groups gave their correspondingdycts in moderate yields,
whereas substrates bearing electron-withdrawingiggagave the desired products
with good to excellent yields. For instance, thact®n of N,N-diethyl substituted
substratelc with ethyl difluoroiodoacetat@c gave the corresponding prodiat in

only 40% vyield. However, the nitro substituted 2h{@iroxyphenyl)benzothiazolik



reacted smoothly witl2c to give the corresponding target prod8ktin 97% yield.
Similarly, the analogue 1-(benzo[d]thiazol-2-yl)h#ipalen-2-0l 10 gave the
corresponding difluoromethoxylated prod@otin 70% yield.

Table 2 Substrate scope for difluoromethylation of 2-(2-hydroxyaryl)benzothiazoles

10
ICF,COOEt HF,CO
T o= OO,
7R? KOH (6 0 equiv) >
CH;CN, 1t., 12 h
HF,CO, HF,CO, HF,CO,
I -one CL— O T
C,H;s
3b, 77% 3¢, 40% 3d, 52%
HF Co
HF2CO HE 2C03 : 2 >\:
3e, 66% 31, 53% 3g, 55%
HFZCO HF2CO Hcmo
86% 72% 3j, 85%
HFZCO HFZCO HF2CO
3k, 97% 3, 55% 3m, 77%
HF2CO HFZCOi HFQCO
3n, 60% 70% 3p, 81%
HE ZCOE é HFZCO HF2CO
3q,81% 3r, 50% 3s, 84%
HF,CO HF,CO, HF,CO
Cl S Cl S
L L U
N
OMe
3t, 60% 3u, 70% 3v, 87%



®Reaction conditionsi (0.2 mmol),2c (0.24 mmol, 1.2 equiv), KOH (6.0 equiv),
CHsCN (2 mL), rt, 12 h.

It is well-known that 2-¢-hydroxyphenyl)benzothiazoles can be easily prepsaie
the cyclocondensation/oxidation of o-amino thiophenol 4a  and
o-hydroxybenzaldehyde 5a. Therefore, we envisaged that a
cyclocondensation/oxidation and a subsequent ddlmethyl etherification could be
conducted in one-pot. Thus, we performed a threepoment reaction of
o-hydroxybenzaldehyd®&a, o-aminothiophenoMa (1.2 equiv), and ICf£OOEt 2c
(2.0 equiv) in EtOH/acetonitrile in the presenceKkddH (6.0 equiv). The in situ
formed 2-6-hydroxyphenyl)benzothiazole was converted to tiflearomethyl ether
product 3a in 75% vyield. A range of o-amino thiophenols 4 and
o-hydroxybenzaldehydées were amenable to the cascade reaction conditioviegg
the corresponding produc®sn good yields (Table 3).

Table 3 One-pot three-component reacfion



HF2CO

NN A CHO 1)EIOH 80°C 12h
R'= + R2 " N
s Z>on 2) ICF,CO,Et 2¢ (2.0 equiv.) 7R
KOH (6.0 equiv.)
4 (1.2 equiv) 5 (0.2 mmol) CHsCN, 1t, 12 h

HF,CO

HF,CO HE,CO S
-0 OO C @
/ /, F
N
N N Br
3a, 75% 3e, 60% 3h, 66%
HF,CO HF)CO HF7CO
S
/
N
Cl
3i, 66% 3j, 73% 3k, 50%
HF7C0 Br HF2CO Br HF,CO
S
/,
N
Br
3p, 61% 3q. 86% 3s, 65%
HF‘)CO E
3t, 64% 3u, 60%

®Reaction conditions: (1§ (0.2 mmol),4 (0.24 mmol, 1.2 equiv), KOH (6.0 equiv),
EtOH (2 mL), 80°C, 12 h. (2)2c (0.4 mmol, 2 equiv), KOH (6.0 equiv), GEN (2
mL), rt, 12 h.

According to previous reports?® a plausible mechanism of this cascade reaction
has been proposed, as shown in Scheme 1. Firstythecondensation/oxidation of
o-amino thiopheno#t ando-hydroxybenzaldehyd® under an air atmosphere affords
2-(o-hydroxyphenyl)benzothiazolé. Subsequently, the transformation may involve
the traditional catalytic model via generation daiiuorocarbene intermediate, which
is formed in situ from ethyl difluoroiodoaceta®e in the presence of KOH. The
difluorocarbene is attacked by a phenoxide (Arpecies to give the intermediate

(ArOCR,), which is then converted to the target proddiat the presence of water
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(Path a). Alternatively,1 undergoes an intermolecular nucleophilic substtuti
reaction with ethyl difluoroiodoacetafe upon treatment with KOH, yielding ethyl
2-(2-(benzo[d]thiazol-2-yl)phenoxy)-2,2-difluorodate 8. Next, the
2-(2-(benzo[d]thiazol-2-yl)phenoxy)-2,2-difluorodimeacid anion9 is generated via
the alkaline hydrolysis of compoun8 using KOH as a base. Finally, the
decarboxylation o produces the desired prod&({Path b):* Compounds8 and9

haven't been isolated in our reaction system, aljhahey were observed by LC-MS.

HO
o N NH2 N CHO air X S —
R T P + RZ—: Rl_: , \ s
SH Z>on ; Z TR
4 5 HxO

1 (ArOH)
KOH
120 ArOCF, - S Patha  aor)
7 CAe 6

CO, HI <\¢ KOH Path b

ICF,CO, -&— ICF,CO,Et

KOH
ArOCF,H <L ArOCF,CO, <€—— ArOCF;COzEt
3 H>O 9 H0 8

Scheme 1 Possible mechanism for the difluorometiatioy.

To evaluate the bioactivities of the 2-(2-(difluorethoxy)aryl)benzol[d]thiazoles, a
general screening of their antitumor activities vp&sformed using an MTT assay.
Preliminary results showed that some of the comgsuexhibited good activity
against human ovarian cancer cells (SKOV3). Fompta, compoundl, bearing a
bromo group at thertho- position of the 2-phenyl ring, displayed promisagfivity

(ICs0 = 92.0 uM, 48 h) against human ovarian cancer cells (SKQ\8mparing



favourably with cisplatin (1§ =135.2uM, 48 h)*®
Conclusion

In summary, we have developed a simple and effiaieethod for the synthesis of
2-(2-(difluoromethoxy)aryl)benzol[d]thiazoles via eth  reaction of

2-(o-hydroxyaryl)benzothiazoles with commercially aahie and easily handled
ethyl difluoroiodoacetate (IGEOOEt). In addition, the methodology was
successfully employed in a one-pot, three-compongmbcess involving

o-hydroxybenzaldehyd®-aminothiophenol, and IGEOOEt in the presence of KOH.
Furthermore, some of the target compounds exhilgtemt anti-ovarian cancer cell

activity.

EXPERIMENTAL SECTION

Nuclear magnetic resonance (NMR) spectra are redond parts per million from

internal tetramethylsilane on tkiescale.*H, **C and'®F NMR spectra were recorded

on a Bruker AV-400 spectrometer operating at 400zMHO0 MHz and 376 MHz

respectively. All chemical shift values are quotedppm and coupling constants

guoted in Hz. High resolution mass spectrometry NtBR spectra were obtained on a

micrOTOF Il instrument.

General Procedure for difluoromethylation of{2-hydroxyaryl)benzothiazol@s
2-(o-Hydroxyphenyl)benzothiazoles were synthesized teg to the reported

procedures?®

2-(o-Hydroxyaryl)benzaf]thiazole 1 (0.2 mmol), potassium hydroxide (6 equiv,
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67.3 mg), acetonitrile (2 mL) and ethyl difluoroaatetate2 (2.0 equiv, 100 mgq)
were continuously added to a 20 mL reaction tulbes fieaction was stirred at 25
for 12 h. After completion of the reaction, it wdstected by a TLC thin-layer silica
gel plate, evaporation of the solvent under redymredsure followed purification by
silica gel chromatography using petroleum ethdryledcetate = 50:1 as eluent to give
2-(o-difluoromethoxyphenyl) benzd]thiazole3.
Experimental data for compounds
2-(2-(Difluoromethoxy)phenyl)benzo[d]thiazolga). Colorless solid, 45.5 mg
(82%), mp 51-53C. 'H NMR (400 MHz, CDCY) 5 8.48 (dd,J =1.6, 7.6 Hz, 1H),
8.11 (d,J = 8.0 Hz, 1H), 7.94 (d] = 7.6 Hz, 1H), 7.53 — 7.46 (m, 2H), 7.43 — 7.36 (M
2H), 7.29 (dJ = 8.4 Hz, 1H), 6.69 () = 73.2 Hz, 1H)**C NMR (100 MHz, CDG))
0 161.9, 152.4, 148.8, 136.1, 131.6, 130.6, 12&28,9, 125.7, 125.3, 123.3, 121.4,
119.6, 116.1 (tJc.r = 260 Hz)'*F NMR (376 MHz, CDG)) 6 -80.42. HRMS (ESI):
m/z [M + HJ" calcd for G4H10F.NOS': 278.0446; found: 278.0450.
2-(2-(Difluoromethoxy)-4-methoxyphenyl)benzo[d]#adke @b). Colorless solid,
47.5 mg (77%), mp 102-16€. *H NMR (400 MHz, CDCJ) 5 8.39 (d,J = 8.8 Hz,
1H), 8.04 (dJ = 8.0 Hz, 1H), 7.88 (d] = 8.0 Hz, 1H), 7.46 (t) = 7.2 Hz, 1H), 7.35
(t, J= 7.6 Hz, 1H), 6.86 (dd] = 8.8, 2.4 Hz, 1H), 6.76 (d,= 2.0 Hz, 1H), 6.66 (d]
= 73.2 Hz, 1H), 3.83 (s, 3H}°*C NMR (100 MHz, CDGJ) § 162.3, 162.0, 152.4,
149.9 (t,Jc.r = 3.0 Hz), 135.6, 131.6, 126.1, 124.9, 122.9,32118.3, 116.1 (tl,JC_F
= 260 Hz), 111.4, 105.6, 55.%*F NMR (376 MHz, CDGJ) § -80.50. HRMS (ESI):
m/z [M + HJ" calcd for GsH1,F.NO,S': 308.0551; found: 308.0556.
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4-(Benzo[d]thiazol-2-yl)-3-(difluoromethoxy)-N,Nedhylaniline(3c). Yellow solid,
28 mg (40%), mp 69-7°C. *H NMR (400 MHz, CDCJ) & 8.28 (d,J = 8.8 Hz, 1H),
8.01 (d,J = 8.0 Hz, 1H), 7.87 (d] = 8.0 Hz, 1H), 7.44 (] = 7.6 Hz, 1H), 7.32 (] =
7.6 Hz, 1H), 6.64 (t) = 74.0 Hz, 1H), 6.62 (ddl = 9.6, 2.8 Hz, 1H), 6.44 (d,= 2.4
Hz, 1H), 3.42 (qJ = 7.2 Hz, 4H), 1.22 (t) = 7.2 Hz, 6H);"*C NMR (100 MHz,
CDCl) 6 163.1, 152.7, 150.7, 150.4, 135.4, 131.4, 1228,2, 122.3, 121.2, 116.5 (t,
Ycr =259 Hz), 112.5, 109.0, 101.9, 44.7, 18B.NMR (376 MHz, CD) 6 -79.62.
HRMS (ESI): m/z [M + HJ calcd for GgH1gF2N,OS'": 349.1181; found: 349.1188.

2-(2-(Difluoromethoxy)-4-methylphenyl)benzo[d]tlobez (3d). Colorless solid,
30.3 mg (52%) , mp 129-13C .'H NMR (400 MHz, CDCJ) 5 8.36 (d,J = 8.0 Hz,
1H), 8.08 (dJ = 8.0 Hz, 1H), 7.92 (d] = 8.0 Hz, 1H), 7.49 (d] = 7.6 Hz, 1H), 7.39
(t, J = 7.2 Hz, 1H), 7.18 (d] = 8.0 Hz, 1H), 7.08 (s, 1H), 6.67 (= 73.2 Hz, 1H),
2.43 (s, 3H)fL3C NMR (100 MHz, CDQJ) 6 162.1, 152.4, 148.8, 142.8, 135.9, 130.3,
126.8, 126.2, 125.1, 123.1, 122.9, 121.4, 120.6,21L1t, Yer = 260 Hz), 21.5F
NMR (376 MHz, CDC)) & -80.21. HRMS (ESI): m/z [M+H] calcd for
C1sH12FNOS': 293.0602; found: 293.0648.

2-(2-(Difluoromethoxy)-4-fluorophenyl)benzo[d]tha@e @e). Yellow solid, 39 mg
(66%), mp 82-84C. 'H NMR (400 MHz, CDCJ) § 8.51-8.47 (m, 1H), 8.08 (d,=
8.0 Hz, 1H), 7.92 (d] = 8.0 Hz, 1H), 7.50 (1] = 6.8 Hz, 1H), 7.40 (] = 7.2 Hz, 1H),
7.08 (t,J = 8.0 Hz, 1H), 7.04 (d] = 9.2 Hz, 1H), 6.68 () = 72.8 Hz, 1H)**C NMR
(100 MHz, CDC4) & 163.9 (d,Jc.r = 253 Hz), 161.0, 152.3, 149.4 @@ = 11 Hz),
135.7, 132.1 (dJc.r = 10 Hz), 126.3, 125.3, 123.2, 122.0, 121.4, 116.&F = 262
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Hz), 113.2 (dJc.r = 21 Hz), 107.5 (dJc.r= 25 Hz).2°F NMR (376 MHz, CDGJ) §
-81.25, -106.06. HRMS (ESI): m/z [M+Hgalcd for G4HoFsNOS™: 296.0351; found:
296.0357.

2-(2-(Difluoromethoxy)-5-methoxyphenyl)benzo[d]#uke @f). Colorless solid,
32.6 mg (53.2%), mp 85-8C. *H NMR (400 MHz, CDCJ) & 8.11 (d,J = 8.4 Hz,
1H), 7.97 (dJ = 3.2 Hz, 1H), 7.93 (d] = 8.0 Hz, 1H), 7.51 () = 7.6 Hz, 1H), 7.40
(t, J=7.6 Hz, 1H), 7.23 (d = 8.8 Hz, 1H), 7.00 (dd} = 9.2, 3.2 Hz, 1H), 6.59 (,=
73.6 Hz, 1H), 3.91 (s, 3HJ°C NMR (100 MHz, CDCJ) § 161.8, 157.3, 152.3, 142.4,
136.1, 126.8, 126.3, 125.4, 123.3, 121.9, 121.8,211116.4 (t]) = 261 Hz), 55.9%F
NMR (376 MHz, CDC)) & -80.32. HRMS (ESI): m/z [M+H] calcd for
C1sH12FNO,S'™: 308.0551; found: 308.0564.

2-(2-(Difluoromethoxy)-5-methylphenyl)benzo[d]tro&ez (3g). Colorless solid, 32
mg (55%) mp 70-72C.*H NMR (400 MHz, CDC}) & 8.28 (d,J = 2.0 Hz, 1H), 8.11
(d,J=8.0 Hz, 1H), 7.94 (dl = 8.0 Hz, 1H), 7.51 (dfl = 1.2, 7.6 Hz, 1H), 7.41 (3,=
7.6 Hz, 1H), 7.28 (dd] = 2.0, 8.4 Hz, 1H), 7.19 (d,= 8.4 Hz, 1H), 6.64 (t) = 73.6
Hz, 1H), 2.44 (s, 3H)*C NMR (100 MHz, CDG)) § 162.2, 152.4, 146.7, 136.0,
135.9, 132.3, 130.6, 126.2, 125.3, 125.2, 123.2,4219.8, 116.3 (f,JC_F = 260 Hz),
20.7.%F NMR (376 MHz, CDGJ) 5 -80.35. HRMS (ESI): m/z [M+H]calcd for
C1sH12FNOS': 296.0602; found: 296.0596.

2-(5-Bromo-2-(difluoromethoxy)phenyl)benzo[d]thiez¢3h). Yellow solid, 61.3
mg (86%), mp 103-108C. 'H NMR (400 MHz, CDCJ) § 8.65 (d,J = 2.4 Hz, 1H),
8.10 (d,J = 8.4 Hz, 1H), 7.93 (d] = 8.0 Hz, 1H), 7.57 — 7.50 (m, 2H), 7.42)t 7.6

13



Hz, 1H), 7.16 (d,) = 8.8 Hz, 1H), 6.66 (tJ = 72.8 Hz, 1H); °C NMR (100 MHz,
CDCly) 6 160.2, 152.2, 147.6, 136.1, 134.2, 133.0, 12726,5, 125.7, 123.5, 121.4,
121.3, 119.2, 115.8 ({)c.r = 262 Hz), 29.7°F NMR (376 MHz, CDGJ) & -80.76.
HRMS (ESI): m/z [M + HJ calcd for G4HoBrF,NOS™: 355.9551; found: 355.9560.
2-(5-Chloro-2-(difluoromethoxy)phenyl)benzo[d]thiée (3i). Colorless solid, 44.9
mg (72%), mp 84-88C. 'H NMR (400 MHz, CDCJ) 6 8.50 (d,J = 2.4 Hz, 1H), 8.11
(d,J = 8.0 Hz, 1H), 7.93 (d] = 8.0 Hz, 1H), 7.52 (d] = 7.6 Hz, 1H), 7.44 — 7.40 (m,
2H), 7.24 (dJ = 8.8 Hz, 1H), 6.66 (t) = 72.8 Hz, 1H)*C NMR (100 MHz, CDG))
§ 160.3, 152.2, 147.0, 136.1, 131.7, 131.3, 13®7,1, 126.5, 125.7, 123.5, 121.4,
121.2, 115.9 (tJc.r = 262 Hz):*F NMR (376 MHz, CDGJ)) 5 -80.80. HRMS (ESI) :
m/z [M + HJ" calcd for G4HoCIF,NOS': 312.0056; found: 312.0066.
2-(2-(Difluoromethoxy)-5-fluorophenyl)benzo[d]tha@e @j). Colorless solid, 50.2
mg (85%), mp 99-10%C. *H NMR (400 MHz, CDC}) 6 8.21 (dd,J = 9.2, 3.2 Hz,
1H), 8.10 (dJ = 8.4 Hz, 1H), 7.93 (d] = 7.6 Hz, 1H), 7.52 (dt] = 1.2, 7.6 Hz, 1H),
7.42 (d,J=7.6 Hz, 1H), 7.28 (ddl = 9.2, 4.4 Hz, 1H), 7.19-7.14 (m, 1H), 6.64)(&
72.8 Hz, 1H)**C NMR (100 MHz, CDGJ) § 160.5 (d.*Jc.r = 2.4 Hz), 160.0 (d'Jc.r
= 244 Hz), 152.2, 144.5 (8Jcr = 2.7 Hz), 136.1, 127.7 (8)c.r = 8.0 Hz), 126.5,
125.7, 123.5, 121.9 (4) = 8.5 Hz), 121.5, 118.2 (A)cr = 24 Hz), 116.7 (FJcr =
25.6 Hz), 116.1 (t{Jc.r = 261 Hz);**F NMR (376 MHz, CDGJ) & -80.69, -115.50.
HRMS (ESI): m/z [M + HJ calcd for G4HoFsNOS™: 296.0351; found: 296.0361.
2-(2-(Difluoromethoxy)-5-nitrophenyl)benzo[d]thideo(3k). Red solid, 62.5 mg
(97%), mp 169-176C. *H NMR (400 MHz, CDCI3)5 9.45 (d,J = 3.2 Hz, 1H), 8.34
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(dd,J = 2.8, 9.2 Hz, 1H), 8.17 (d,= 8.0 Hz, 1H), 7.97 (d] = 8.0 Hz, 1H), 7.57 (dt]
= 1.2, 9.2 Hz,1H), 7.47 (df, = 0.8, 8.0 Hz,1H), 7.45 (d,= 9.2 Hz,1H), 6.84 (1) =
71.6 Hz, 1H)*C NMR (100 MHz, CDGJ) 6 159.0, 152.3, 152.1, 145.1, 136.1, 126.8,
126.4, 126.2, 126.0, 123.8, 121.5, 119.2, 115.3)4t; = 265.8 Hz)."*F NMR (376
MHz, CDCk) & -81.73. HRMS (ESI): m/z [M+H]calcd for GsHgFN,OsS ™
323.0296; found: 323.0298.

2-(2-Bromo-6-(difluoromethoxy)phenyl)benzo[d]thiezl). Colorless oil, 39 mg
(55%)."H NMR (400 MHz, CDCYJ)  8.16 (d,J = 8.0 Hz, 1H), 7.96 (d] = 8.0 Hz,
1H), 7.58 (dd,J = 1.2, 8.0 Hz, 1H), 7.54 (§,= 8.0 Hz, 1H), 7.46 () = 8.0 Hz, 1H),
7.36 (t,J = 8.4 Hz, 1H), 7.29 (d] = 8.4 Hz, 1H), 6.48 (f] = 73.2 Hz, 1H)}*C NMR
(100 MHz, CDC}) & 161.7, 152.9, 150.2, 136.4, 132.0, 130.2, 1285,3, 125.8,
124.8, 123.9, 121.6, 119.2, 115.9 'dcr = 261 Hz), 29.71%F NMR (376 MHz,
CDCly) & -81.46. HRMS (ESI): m/z [M+H]calcd for G4HoBrF,NOS': 355.9551;
found: 355.9554.

2-(2-(Difluoromethoxy)-6-fluorophenyl)benzo[d]th@e @m). Yellow oil, 34 mg
(58%)."H NMR (400 MHz, CDCJ)  8.15 (d,J = 8.0 Hz, 1H), 7.94 (d] = 8.0 Hz,
1H), 7.52 (dtJ = 1.2, 8.0 Hz, 1H), 7.48 — 7.42 (m, 2H), 7.15-7(&0 2H), 6.62 (t,)
= 73.6 Hz, 1H):**C NMR (100 MHz, CDG)) & 160.8 (d,"Jcr = 253 Hz), 156.7,
153.0, 149.7, 136.1, 131.8 @lcr = 10 Hz), 126.2, 125.7, 123.8, 121.4, 116.4 (d,
*Jer = 3 Hz), 116.2 (t2Jce = 15 Hz), 116.1 (tJcr = 261 Hz), 113.6 (Flcr = 22
Hz); *F NMR (376 MHz, CDGJ) & -81.90, -109.49. HRMS (ESI): m/z [M+Hgalcd
for CrsHoFsNOS': 296.0351; found: 296.0355.
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2-(2-Chloro-6-(difluoromethoxy)phenyl)benzo[d]thide @3n). Yellow oil, 37.4 mg
( 60%).*H NMR (400 MHz, CDC}) § 8.16 (d,J = 8.0 Hz, 1H), 7.97 (d] = 7.6 Hz,
1H), 7.55 (tJ = 7.6 Hz, 1H), 7.49-7.41 (m, 3 H), 7.27-7.24 () 16.50 (t,J = 73.2
Hz, 1H);13C NMR (100 MHz, CDQ) 6 160.1, 153.0, 150.3, 136.5, 135.6, 131.6,
127.1, 126.6, 126.3, 125.7, 123.9, 121.6, 118.3,911t, Yok = 262 HZ).lgF NMR
(376 MHz, CDC}) & -81.54. HRMS (ESI): m/z [M+H]calcd for G4HeCIF.NOS';
312.0056; found: 312.0066.

2-(2-(Difluoromethoxy)naphthalen-1-yl)benzo[d]thide (30). Yellow solid, 45.8
mg (70%), mp 71-7%C. *H NMR (400 MHz, CDC}) 5 8.20 (d,J = 8.0 Hz, 1H), 8.01
(t, J = 8.4 Hz, 2H), 7.92-7.90 (m, 1H), 7.86 - 7.84 (thl), 7.58 (tJ = 8.0 Hz, 1H),
7.54-7.47 (m, 4H), 6.58 (8 = 73.6 Hz, 1H)**C NMR (100 MHz, CDG)) & 161.8,
153.3, 146.9, 136.5, 132.9, 132.3, 131.3, 128.8.012126.3, 126.2, 125.6, 125.5,
123.8, 122.4, 121.5, 119.4, 116.4 .- = 260 Hz).'°F NMR (376 MHz, CDG)) &
-80.40. HRMS (ESI): m/z [M+H] calcd for GgHiFoNOS™: 328.0602; found:
328.06009.

2-(3,5-Dibromo-2-(difluoromethoxy)phenyl)benzo[dirole Bp). Colorless solid,
70.5 mg (81%), mp 118-12C. *H NMR (400 MHz, CDCJ) § 8.42 (d,J = 2.4 Hz,
1H), 8.13 (dJ = 8.0 Hz, 1H), 7.96 (d] = 8.0 Hz, 1H), 7.89 (d] = 2.4 Hz, 1H), 7.55
(dt,J= 1.2, 7.2 Hz, 1H), 7.46 (di,= 0.8, 7.6 Hz, 1H), 6.73 (§,= 74.0 Hz, 1H)C
NMR (100 MHz, CDCY}) 6 160.2, 152.4, 144.7, 137.7, 136.2, 132.9, 13125.6]
126.1, 123.7, 121.6, 120.6, 118.92, 116.4J, = 260 Hz).**F NMR (376 MHz,
CDCl) § -82.19. HRMS (ESI): m/z [M+H]calcd for GsHgBr,F.NOS': 433.8656;
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found: 433.8658.

2-(3-Bromo-5-chloro-2-(difluoromethoxy)phenyl)bejatthiazole 3qg). Colorless
solid, 51.6 mg (81%), mp 120-12@. *H NMR (400 MHz, CDCJ)  8.28 (d,J = 2.4
Hz, 1H), 8.13 (dJ = 8.0 Hz, 1H), 7.95 (d] = 8.0 Hz, 1H), 7.74 (d] = 2.4 Hz, 1H),
7.55 (t,J = 7.6 Hz, 1H), 7.47 () = 7.6 Hz, 1H), 6.73 () = 74.0 Hz, 1H)**C NMR
(100 MHz, CDC}) 6 160.4, 152.4, 144.2, 136.2, 134.9, 133.2, 13138,0, 126.6,
126.1, 123.8, 121.6, 118.7. 116.5%@%.r = 265 Hz)!*F NMR (376 MHz, CDGJ) &
-82.18. HRMS (ESI): m/z [M+H]calcd for G4HgBrCIF,NOS': 389.9161; found:
389.9162.

2-(2-(Difluoromethoxy)phenyl)-5-methoxybenzo[d]#uke (3r). Colorless solid,
30.7 mg (50%) mp 103-108. 'H NMR (400 MHz, CDC}) & 8.43 (dd,J= 1.6, 7.6
Hz, 1H), 7.98 (dJ = 9.2 Hz, 1H), 7.46 (d{] = 2.0, 8.4 Hz, 1H), 7.38 (d,= 2.4 Hz,
1H), 7.36 (dtJ = 1.2, 8.0 Hz, 1H), 7.27 (d,= 8.0 Hz, 1H), 7.11 (dd] = 2.0, 8.8 Hz,
1H), 6.68 (t,J = 73.4 Hz, 1H), 3.90 (s, 3H}°C NMR (100 MHz, CDG)) & 159.3,
157.9, 148.5, 147.1, 137.5, 131.2, 130.2, 125.9,8223.8, 119.6, 116.2 fﬂc_p =
260 Hz), 116.0, 103.5, 55.8F NMR (376 MHz, CDG) § -80.38. HRMS (ESI): m/z
[M+H] " calcd for GsH1,F.NO,S': 308.0551; found: 308.0556.

5-Chloro-2-(2-(difluoromethoxy)phenyl)benzo[d]thide @3s). Colorless solid, 52.4
mg (84%), mp 157-158C. *H NMR (400 MHz, CDCJ) & 8.48 (dd,J = 1.6, 8.0 Hz,
1H), 8.08 (dJ = 1.6 Hz, 1H), 7.84 (d] = 8.4 Hz, 1H), 7.51 (df] = 1.6, 8.0 Hz, 1H),
7.40 — 7.36 (m, 2H), 7.29 (d,= 8.0 Hz, 1H), 6.70 () = 73.2 Hz, 1H)*C NMR
(100 MHz, CDC}) 6 163.6, 153.2, 148.9, 134.3, 132.2, 132.0, 13(25,9, 125.8,
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125.1, 123.0, 122.1, 119.3, 116.1' 0. = 260 Hz)'°F NMR (376 MHz, CDGCJ) &
-80.47. HRMS (ESI): m/z [M+H]calcd for G4HoCIF,NOS™: 312.0056; found:
312.0067.

5-Chloro-2-(2-(difluoromethoxy)-5-methoxyphenyl)bad]thiazole Bt). Colorless
solid, 41mg (60%), mp 133-136.'H NMR (400 MHz, CDC}) § 8.07 (d,J = 2.0 Hz,
1H), 7.96 (dJ = 3.2 Hz, 1H), 7.82 (d] = 8.4 Hz, 1H), 7.37 (dd} = 2.0, 8.4 Hz, 1H),
7.22 (d,J = 8.8 Hz, 1H), 7.02 (ddl = 3.2, 9.2 Hz, 1H), 6.59 (@,= 73.6 Hz, 1H), 3.91
(s, 3H); ¥ NMR (100 MHz, CDGJ) 6 163.6, 157.3, 153.1, 142.5, 134.4, 132.3,
126.3, 125.9, 123.0, 122.2, 121.7, 118.6, 116.21J&t|; = 261 Hz), 113.6, 55.9°F
NMR (376 MHz, CDC)) & -81.79. HRMS (ESI): m/z [M+H] calcd for
C1sH1:CIF,NO,S™: 342.0162; found: 342.0168.

2-(5-Bromo-2-(difluoromethoxy)phenyl)-5-chlorobejuithiazole  @u). Yellow
solid, 54.7 mg (70%), mp 160-182. *H NMR (400 MHz, CDCJ)  8.65 (d,J = 2.4
Hz, 1H), 8.09 (dJ = 1.6 Hz, 1H), 7.85 (dl = 8.8 Hz, 1H), 7.61 (dd,= 2.4, 8.8 Hz,
1H), 7.40 (dd,) = 2.0, 8.4 Hz, 1H), 7.19 (d,= 8.8 Hz, 1H), 6.68 ({] = 72.4 Hz, 1H);
¥C NMR (100 MHz, CD{) 6 161.9, 153.0, 147.6, 134.6, 134.3, 133.0, 1326,9,
126.2, 123.2, 122.2, 121.1, 119.2, 115.8' 3¢, = 262 Hz)."*F NMR (376 MHz,
CDCl) § -80.82. HRMS (ESI): m/z [M + Hjcalcd for G4HsBrCIF,NOS*: 389.9161;
found: 389.9159.

5-Chloro-2-(2-(difluoromethoxy)-5-nitrophenyl)befdithiazole (3v). Yellow solid,
36.4 mg (51%), mp 130-132. 'H NMR (400 MHz, CDC}) § 9.44 (d,J = 2.8 Hz,
1H), 8.37 (dd,) = 2.8, 8.8 Hz, 1H), 8.15 (d,= 1.6 Hz, 1H), 7.89 (d] = 8.8 Hz, 1H),
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7.47 — 7.43 (m, 2H), 6.84 (,= 71.2 Hz, 1H)**C NMR (100 MHz, CDGJ) & 160.8,
152.9, 145.1, 134.4, 132.9, 126.6, 126.4, 126.8,99.2123.5, 122.2, 119.0, 115.3 (t,
LJc.r = 265 Hz), 29.70°F NMR (376 MHz, CDGJ) § -81.79. HRMS (ESI): m/z [M
+ H]" calcd for G4HsCIF2N,0sS™: 356.9907; found: 356.9911.

General procedure for three-component reaction.

To the sealed tube, 1.0 equivalent (0.2 mmolp-bfydroxybenzaldehyd®& and 1.2
equivalents (0.24 mmol) a-aminothiopheno#t were added, and 2 mL of EtOH was
further added thereto, and the temperature wadslaged to 86C, and the reaction
was carried out for 12 hours. After completion bé treaction, evaporation of the
solvent under reduced pressure, and thenQOPEL2 (2.0 equiv), KOH (6.0 equiv),
2 mL of acetonitrile were added to the mixture ntiséirred at room temperature for
12 hours. After completion of the reaction, evafioraof the solvent under reduced
pressure followed purification by silica gel chrdography using petroleum ether:
ethyl acetate = 50:1 as eluent to giveoalfluoromethoxyaryl) benzothiazok
Evaluation of anticancer activity

The anticancer activity of prepared compourddsvas determined against human
ovarian cancer cell (SKOV-3). The cell line was tetdd in DMEM (TBD)
supplemented with 10% heat inactivated foetal b®viserum (FBS) (PAA
Laboratories) and 1% penicillin/streptomycin (PAAaldoratories). Culture was
maintained in a humidified incubator at 3 in an atmosphere of 5% GO
Anticancer activity of prepared compour@lsand cisplatin at various concentrations
was assessed using 3-(4,5-dimethylthiazol-2-ylyeiphenyl tetrazolium bromide
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(MTT) (Sigma) assay, as described by Mosmann, bith winor modification,
following 48 h of incubation. Assay plates weredeaing a spectrophotometer at 490
nm. Data generated were used to plot a dose-respous/e of which the
concentration of test compounds required to kib0f cell population (I6) was
determined. Anticancer activity was expressed astban IG, of three independent
experiments.
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