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Abstract: A mild and efficient Ru-catalyzedrtho-oxidative alkenylation of
2-arylbenzold]thiazoles through twofold C-H bondndtionalization in aqueous
solution of anionic surfactant sodium dodecylbeesaifonate (SDBS) has been
developed using activated olefins as coupling gartmhe protocol could be carried

out smoothly on a gram scale, recyclable, and eglplié to 2-arylthiazoles.
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1. Introduction

Benzo[d]thiazoles are ubiquitous structural scafah biologically natural products,
agrochemicals, and pharmaceuticals that exhibitrkaile antitumor, antiviral, and
antimicrobial activities. In particular, 2-arylbenzo[d]thiazoles are widébynd in a
broad range of pharmaceutically active molec@l&ar example, aryl hydrocarbon
receptor agonist 2-(4-amino-3-methylphenyl)-5- fhlmenzothiazole (5F 203) can
induce oxidative stress triggering DNA damage aytdgiobin up-regulation in human
breast cancer cells (Figure ),
2-(4-N-[*'C]methylaminophenyl)-6-hydroxybenzothiazoféQ PIB), is ang-amyloid
PET imaging tracer for Alzheimer's disease diagfdsiIln addition,
2-(3,4-dimethoxyphenyl)-5-fluorobenzothiazole (G\WO§ shows potent and selective

inhibitory activity against lung, colon, and breaancer cell line&"

Figure 1 Selected bioactive examples containing 2-aryl-b#mazole scaffold.




Directing group-assisted transition-metal-catalyzedho C-H functionalization
reactions have been achieved considerable progressrganic and medicinal
chemistry in the past decadisTo date, diverse functional groups including piyréd
amide, anilide, imine, imidazoline, pyrazole, oxaz® cyano, amine, carboxylic acid,
ester, ketone, and hydroxyl groups, have been asedirecting groups for various
C—H bond functionalizations to construct variousOGand C—X (X = O, N, halogens)
bonds. Recently, we and other groups have repongaty transition-metal-catalyzed
benzothiazole directedrtho C—H bond functionalizatiof, including arylatiori*®
alkylation®  acetoxylatiof®  halogenatiof™®  amination!  acylation?%’
hydroxylation?' nitration*™ trifluoromethyithiolation" and cyanatiof®

During the past decades, transition-metal-gatel C—H bond alkenylation
have emerged as powerful strategies for the stepessical synthesis of unsaturated
and conjugated molecules. In contrast, great sacdées been achieved with
expensive 4d transition-metal catalysts, such asliunT or palladiuni complexes.

Recently, considerable progress has been madasirietd through less expensive

rutheniunf™ or iron*? species catalyzed C—H coupling reaction with adseras

flO }Zb

reported by Miurd, Ackermanrf JeganmohahDixneuf!® and Le

group.
It is well known that water is the ideal gresalvent for organic reaction,
because of its abundance, nonflammable, nontoritjreexpensiveness. Furthermore,

great achievements showed that water could enhtheceactivities and selectivities

of some reaction§. Given our recent interest in oxidative alkenylatiryclization of



aryl sulfonamides with acrylaté8.and the Suzuki-Miyaura coupling reactithand
the tandem synthesis 2-aminobenzothiaZdlds aqueous, we would like to report
our recent efforts towards Ru-catalyzedrtho-oxidative alkenylation of
2-arylbenzold]thiazoles through twofold C—H bondndtionalization in aqueous

solution of anionic surfactant sodium dodecylbereseitfonate (SDBS).

2. Results and Discussion

We commenced the dehydrogenative alkenylation @-@yl)benzo[d]thiazole 1)
with butyl acrylate 2a) under the influence of Ru(ll) catalyst, K&Fand
Cu(OAc)-H;0O in agueous (Table 1). To our delight, the deso@abling producBa
was isolated in 14% vyield in pure water (Tableritryel). To improve the yield da,
catalytic amount of poly(ethylene glycol) (PEG-2@3) an additive was added into
the reaction. Expectively, the desired prod2ectvas improved to 30% (Table 1, entry
2). Screening of the oxidant indicated that AgOAg,CO;s, K2S,0g, and CuBr were
inferior (Table 1, entries 3-6). Then, the effetpbase transfer catalysts (PTCs) was
examined (Table 1, entries 7-11). 18-Crown-6 exbibthe negative result (Table 1,
entry 7). Other PTCs, such as tetramethylammonilworile (TMAF), hexadecyl
trimethyl ammonium chloride (CTAC), sodium dodesyllfate (SDS), and sodium
dodecylbenzenesulfonate (SDBS) led to a low to maideyield of the desired
product3a (Table 1, entries 8-11). Among these PTCs, SDBS8etlirout to be the
best (Table 1, entry 11, 48%). Increasing the amadinCu(OAc)-H,O from 2.0

equiv to 3.0 and 4.0 equiv provid&d in 60% and 84% vyield, respectively (Table 1,



entries 12 and 13). It is worthy to note that betésult (90% vyield) was achieved by
increasing the amount of SDBS (40 mol%) even in ghesence of 2.0 equiv of
Cu(OAc)-H,O (Table 1, entry 14). Switching to AgSpé&s additive instead of KRF
provided a lower yield (Table 1, entry 15, 60%)rtRar investigation indicated that
lowering reaction temperature also afforded a #iglower yield of 3a (Table 1,
entry 16, 80%). In addition, we studied the reactinder catalytic amount of
Cu(OAc)-H,0O and using air as terminal oxidant to providedbsired producBa in

lower yields (Table 1, entries 17 and 18)

Table 1 Optimization of Ru-catalyzed ortho-oxidative alkenylation of
2-(o-tolyl)benzo[d]thiazolela with butyl acrylate2a®

S Me [RUCl,(p-cymene)], (10 mol%) s
©: />—© + 2 C0,"Bu KPPo 20 mol%) ©: p
N Oxidant (2.0 equiv) N

PTC (20 mol%), H,O —
nBUOzC
1a 2a 3a

Me




Entry Oxidant (x equiv) PTC Yield (%)

1 Cu(OAc)- H,0 (2.0) . 14
2 Cu(OAc)- H,0 (2.0) PEG 200 30
3 AgOAc (2.0) PEG 200 20
4 Ag,COs (2.0) PEG 200 25
5 K>S,05 (2.0) PEG 200 Trace
6 CuBr (2.0) PEG 200 Trace
7 Cu(OAc)-H0O (2.0) 18-Crown-6 Trace
8 Cu(OAc)- H,0 (2.0) TMAF 35
9 Cu(OAc)- H,0 (2.0) CTAC 25
10 Cu(OAc)- H,O (2.0) SDS 22
11 Cu(OAc) H,O (2.0) SDBS 48
12 Cu(OAc)- H,O (3.0) SDBS 60
13 Cu(OAc) H,O (4.0) SDBS 84
14° Cu(OAc): H,0 (2.0) SDBS 90
15° Cu(OAc): H,0 (2.0) SDBS 60
16 Cu(OAc)- H,0 (2.0) SDBS 80
17 Cu(OAc)- H,O (0.5) SDBS 43
18 Cu(OAc)- H,O (0.2) SDBS 16

@ Reaction conditions: 2ftolyl)benzo[d]thiazolela (0.2 mmol), butyl acrylat®a
(0.4 mmol, 2.0 equiv), [Ru@lp-cymene)] (10 mol%), additive (KP§& 20 mol%),
phase transfer catalyst (PTC, 20 mol%), stirreB04C for 24 h in HO (2 mL).

®Yield based oria.

¢ TMAF: tetramethylammonium fluoride; CTAC: hexadedyimethyl ammonium
chloride; SDS: sodium dodecyl sulfate; SDBS: soddodecylbenzenesulfonate.
4SDBS (40 mol%).

®Using AgSbk as additive instead of KRF

"At 60°C.

With the optimal reaction conditions in hand, wextnexamined the scope of
2-arylbenzol[d]thiazoles for this Ru-catalyzed oxida alkenylation in aqueous

(Scheme ) In general, the alkenylation reaction carried gmoothly, providing the



desired products in moderate to excellent yieldsthBelectron-rich as well as
electron-deficient 2-arylbenzo[d]thiazoles are ahie¢ substrates. Different
substituents (methoxy, chloro, fluoro, and nitro)ttze ortho position of the 2-aryl
group of substrates were worked well to afford easi alkenylated producg&b-3ein
50-83% vyield. The coupling of differently substidt2-arylbenzo[d]thiazoles tR-
Me, F, and CI) was found to be favored in this aiitation to give desired products
3f-3I in 62-86% yields. This catalytic system was alsompatible with
metasubstitued substrates providing only tim@ncalkenylated product8m-3q at
the less sterically hindered position in good ysel8ubsequently, we examined the
coupling reaction of symmetrical substrate$ R4-OMe, H) under the standard
reaction conditions, while we obtainedreone anddi-alkenylated products3(-3t,
3r'-3t") in good yields with moderate regioselectivity.

Scheme 1Ru-catalyzedortho-oxidative alkenylation of 2-arylbenzo[d]thiazoles

aqueous®



[RuCl,(p-cymene)], (10 mol%)

R2
Ve PN Cu(OAC),*H,0 (20 equiv) g S/ 1=
Rt _I.72—\ 4 *Z CO,"Bu N W/
N H,0, KPFg (20 mol%)

SDBS (40 mol%), 80°C, 24 h -

BUO,C
1 2a 3
Me MeO al
s s s
Y/ Y/ /
N N N
BUO,C BUO,C BuOC
3a, 90% 3b, 50% 3¢, 65%
= 0N cl
S S Me S
Y/ Y/ /
N N N
BUO,C BUO,C BuO,LC
3d, 83% 3e, 40% 3, 62%
cl F E
s s s
o , /
F N Me N cl N
BuoL BuO,C BuOC
39, 86% 3h, 80% 3i, 83%
R Me Me
s s s
/ Y/ /
F N cl N F N
Buo.C BuO,C BuO,C
3j, 79% 3K, 74% 31, 85%
Me Me Me
s s s
/ / /
N a N . N
nBUOzC nBUOzC nBUOzC
3m, 75% 3n, 82% 30, 72%
cl cl
s
ol oo e
/ Y/ N
N Me N —
BuOL BuOL "BuOC
3r, 60%
3p. 55% 3q,45% (monoldi = 2/1)
s s
Y/ /)
N Me N
BuO,C BuOC
3s, 80% 3t 52%

(mono/di = 5/3)

& Reaction conditions: 2-arylbenzo[d]thiazdle(0.2 mmol), butyl acrylat®a (0.4

mmol, 2.0 equiv), [RuG(p-cymene)} (10 mol%), KPE(20 mol%), Cu(OAcy H.O



(2.0 equiv), SDBS (40 mol%),4 (2.0 mL), 8C°C, 24 h.

b |Isolated yield.

Furthermore, we investigated the alkenylationlafwith several functional alkenes
under optimal conditionsScheme 2. Various acrylate&b-2d performed smoothly to
give corresponding desired produ8ts-3w in good yields (70-83%). Unfortunately,
the alkenylation ofla with acrylonitrile 2e failed to offer the alkenlated produgx
under the same conditions.

Scheme Scope of alkené$

[RuCl,(p-cymene)], (10 %) Me

Cu(OAc),*H,0 (2.0 equiv) S
CL - vor L
KPFg (20 %), SDBS (40 %) N

(2.0 equiv) o —
H,0, 80°C, 24 h RO,C
1a 2b-e 3
tBUOzC Et OzC MeOZC
3u, 83% 3v, 80% 3w, 70% 3x, trace

@ Reaction conditions: 2B{tolyl)benzo[d]thiazolela (0.2 mmol), acrylategb-e (0.4
mmol, 2.0 equiv), [RuG(p-cymene)} (10 mol%), KPEk(20 mol%), Cu(OAcy H.O
(2.0 equiv), SDBS (40 mol%),4 (2.0 mL), 8C°C, 24 h.
P|solated yield.

Subsequently, we examined the alkenylation of Z4aazoles4 with n-butyl
acrylate2a under the same conditionSdheme 3. Notably, 2-6-tolyl)thiazole 4a

was found to undergo the coupling reaction to affdbesired produdiain 85% yield.
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Interesting, to 2#(-tolyl)thiazole 4c with a methyl group at thenetaposition of
2-phenyl ring gave produdc selectively at the less sterically hindered positin
excellent vyield (92%). To thosepara-position substituted or unsubstituted
2-phenylthiazoles4d and 4e also reacted with2a smoothly under the present
conditions and led to the mixtures mbno-anddi-alkenylated productsd(5d’) and
5¢5€") in high yields with moderate selectivity.
Scheme Ru-catalyzedrtho-oxidative alkenylation of 2-arylthiazoles in aquet’
[RUCl,(p-cymene)], (10 mol%)

IIQ [S =|=

S =l= Cu(OAc),+Hy0 (2.0 equiv) /

() - oo . 0
N KPFg (20 mol%), SDBS (40 mol%) —

(2.0 equiv) H,0, 80°C, 24 h "BuO,C
4a-e 2a 5a-e
Me MeQ Me s s
° S S E / Me E /,
| 4 | | 4, N N
N N N
— — - N .
"BUO,C "BUO,C "BUO,C BuO,C BuO,C
0 0 o 5d 96% 5e 88%
52 85% ob 83% Sc 92% mono/di = 9/7 mono/di = 4/7

& Reaction conditions: 2-arylthiazolds(0.3 mmol),n-butyl acrylate2a (0.6 mmol,
2.0 equiv), [RuGkp-cymene)} (10 mol%), KPk (20 mol%), Cu(OAcg)yH,O (2.0
equiv), SDBS (40 mol%), #O (2.0 mL), 8C°C, 24 h.

P|solated yield.

To further investigate the scalability of the prgseeaction, we proceeded to run a
gram-scale reaction of the 8-(olyl)benzo[d]thiazolela with n-butyl acrylate2a
(Scheme 4. The alkenylated produBa was obtained in 94% isolated yield when the

reaction was scaled by 25 times to 5.0 mmol.
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Scheme 4Gram-Scale Synthesis

Me [RuCly(p-cymene)], (10 mol%) S Me
S Cu(OAc),H,0 (2.0 equiv) @[ )
@[ )—@ + ZC0,"Bu > N
N H,0, KPFg (20 mol%)
SDBS (40 mol%), 80°C, 24h  ng 0.’
5.0 mmol 10.0 mmol 3a
(1.1259) (1.65 g, 94% yield)

To check the reusability of the reaction medium aratalytic system, the
akenylation of 2<-tolyl)benzo[d]thiazolela with n-butyl acrylate2a was studied
under the standard conditiorScheme % We observed that this Ru-catalytic system
could be recycled three times without obviouslslo§activity.

Scheme Recycle of thecatalytic system
Me [RuCly(p-cymene)], (10 mol%)
S Cu(OAc),*H,0 (2.0 equiv) ©:
@Eﬁ + Z7C0,"Bu

H,0, KPF¢ (20 mol%)
SDBS (40 mol%), 80°C, 24 h ”Bu02C

1.0 mmol 2.0 mmol

Recycle
1 2 3 4

Yield (%) 87 86 80 50

& Reaction conditions: 2ftolyl)benzo[d]thiazolela (1.0 mmol, 225 mg), butyl

acrylate 2a (2.0 mmol, 290 ul), [RuG(p-cymene)] (10 mol%, 61 mag),

Cu(OAc)-H:0 (2.0 mmol, 399 mg), KRK20 mol%, 37 mg), SDBS (20 mol%, 140
mg), HO (10.0 mL), 8CF°C, 24 h.

P|solated yield.

Based on the previous results, the mechanism of ruthenium-catalyzed oxidative

C—H bond alkenylation may involve the following pteScheme & (i) ortho-C—H
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bond activation in the presence of ruthenium(complexes! to form the
cyclometallated intermediatef |{ the coordinative insertion of alkerfe into the
metallacycle to give the seven-membered(Regycle Il ; ([1) p-hydride elimination
to afford the desired alkenlated prod@and Ru(0); (/) the reoxidation of Ru(0) by
Cu(l)) to regenerate the active cationic catalyst'/Ru(

Scheme &ossible Mechanism of the Alkenylation

CuOAc ©:S ==
u(ll) 7N/
u(OAc) y N 1

C-H activation

S =/-
ROzC Reductive elimination @/m

Ru

Coordinative
insertion

3. Conclusions

In summary, we have developed a highly efficienthenium(’)-catalyzed
regioselective orthoo-C—H bond alkenylation of a variety of substituted
2-arylbenzold]thiazoles and 2-arylthiazoles witkiedtse acrylates. The conditions are
mild simply with water as a green reaction mediumthe presence of catalytic

amount of anionic surfactant SDBS at ®) and using commercially available and
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inexpensive Cu(OAg)H,O as oxidant. In addition, the catalytic system |dooe

carried out smoothly on a gram scale.

4. Experimental

4.1 General procedure for ruthenium-catalyzedortho-oxidative alkenylation of
2-arylbenzol[d]thiazoles 1 in aqueous solution of aonic surfactant sodium
dodecylbenzenesulfonate (SDBS)

A suspension of 2-arylbenzo[d]thiazol&s(0.2 mmol), acrylate (0.4 mmol, 2.0
equiv), [RuCl(p-cymene)} (12.2 mg, 10 mol%), KRF(7.4 mg, 20 mol%),
Cu(OAc)-H,O (79.8 mg, 2.0 equiv), and SDBS (27.8 mg, 40 mai?4),0 (2.0 mL)
was stirred at 80C under air for 24 h. After that, the solution weasdracted with
EtOAc. The combined organic phase was dried wittfS8gand concentrated under
reduced pressure. The residue was purified by aolahmomatography on silica gel
(Petroleum ether/EtOAc: 10/1) to yield alkenlatedduct3.

4.1.1 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-3-melpiyenyl)acrylate 3a. Yellow oil
(90%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) &
8.13 (d,J = 8.2 Hz, 1H), 7.94 (d] = 7.9 Hz, 1H), 7.57 (dd} = 9.5, 4.4 Hz, 1H), 7.54
(s, 1H), 7.53 — 7.48 (m, 1H), 7.48 — 7.42 (m, TH}0 (t,J = 7.7 Hz, 1H), 7.33 (d] =
7.6 Hz, 1H), 6.36 (dJ = 15.8 Hz, 1H), 4.06 (4 = 6.5 Hz, 2H), 2.25 (s, 3H), 1.58 —
1.48 (m, 2H), 1.26 (d] = 15.1 Hz, 2H), 0.81 (1] = 7.4 Hz, 3H)*C NMR (100 MHz,
CDCl) ¢ 166.4, 165.2, 153.3, 141.8, 138.2, 136.3, 134368,9, 131.7, 129.9, 126.2,
125.4,123.9, 123.6, 121.5, 120.5, 64.2, 30.5,,2@D, 13.5; HRMS (ESI): m/z [M +
H]"* calcd for GiH2,NO,S: 352.1366; found: 352.1356.
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4.1.2 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-3-mekyphenyl)acrylate8b. Pale yellow
oil (50%); R = 0.2 (petroleum ether/ethyl acetate = 10‘H)NMR (400 MHz, CDCY)

5 8.13 (d,J = 8.1 Hz, 1H), 7.93 (d] = 7.9 Hz, 1H), 7.75 (d] = 15.9 Hz, 1H), 7.55 —
7.39 (m, 3H), 7.35 (d] = 7.8 Hz, 1H), 7.05 (d] = 8.2 Hz, 1H), 6.39 (d] = 15.9 Hz,
1H), 4.10 (tJ = 6.5 Hz, 2H), 3.84 (s, 3H), 1.56 (= 8.0 Hz, 2H), 1.32 (dd} = 15.1,
7.5 Hz, 2H), 0.85 (tJ = 7.4 Hz, 3H);*3C NMR (100 MHz, CDG)) § 166.6, 162.4,
157.9, 153.0, 142.6, 136.5, 136.3, 131.1, 125.9,312123.6, 123.2, 121.3, 120.8,
119.3, 112.3, 64.3, 56.0, 30.6, 19.1, 13.6; HRMSIYEm/z [M + HJ calcd for

C21H22NOsS: 368.1315; found: 368.1315.

4.1.3 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-3-chtgphenyl)acrylate3c. Pale yellow
oil (65%); R = 0.4 (petroleum ether/ethyl acetate = 10‘H)NMR (400 MHz, CDCY)
§8.16 (d,J = 8.0 Hz, 1H), 7.97 (d] = 8.4 Hz, 1H), 7.66 (d] = 7.6 Hz, 1H), 7.56 (t]
= 8.6 Hz , 2H), 7.43-7.50 (m, 3H), 6.38 (= 16.0 Hz, 1H), 4.07 (1] = 6.4 Hz, 2H),
1.50-1.57 (m, 2H), 1.22-1.29 (m, 2H), 0.81t 6.6 Hz, 3H)*C NMR (100 MHz,
CDCl) ¢ 166.1, 162.6, 153.1, 140.7, 140.0, 136.4, 135.68,11331.0, 130.9, 126.4,
125.8, 124.9, 124.0, 122.0, 121.6, 64.5, 30.6,,1816; HRMS (ESI): m/z [M + H]

calcd for GgH19CINO,S: 372.0820; Found: 372.0820.

4.1.4 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-3-flumphenyl)acrylate3d. Pale yellow oil

(83%); R = 0.3 (petroleum ether/ethyl acetate = 10*H)NMR (400 MHz, CDC}) ¢

14



8.16 (dd,J = 0.6, 7.8 Hz, 1H), 7.95 (dd,= 0.8, 8.0 Hz, 1H), 7.91 (d} = 15.6 Hz,
1H), 7.54 (tJ = 8.0 Hz, 2H), 7.44-7.50 (m, 2H), 7.26 ( dt= 1.2, 8.4 Hz, 1H), 6.43
(d, J = 16.0 Hz, 1H), 4.14 () = 6.6 Hz, 2H), 1.56-1.62 (m, 2H), 1.31-1.36 (m, 2H)
0.87 (t,J = 7.2 Hz, 3H)*C NMR (100 MHz, CDGJ) J 166.3, 160.6 (d'Jc.r = 250.8
Hz), 159.2, 153.1, 141.6 (fcr = 2.4 Hz), 136.9 (dJc.r = 1.8 Hz), 136.3 (FJcr =
9.5 Hz), 131.5, 131.4, 126.3, 125.8, 123.9, 128,0).r = 3.9 Hz), 121.9 (fJcr =
8.2 Hz), 121.4,13.7, 117.0 (dlc.F = 22.0 Hz), 64.5, 30.7, 19.2; HRMS (ESI): m/z [M

+ H]" calcd for GoH1gFNO,S: 356.1115; Found: 356.1115.

4.1.5 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-3-nipbenyl)acrylate 3e. Purple oll
(61%); R = 0.5 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}J) 6
8.10 (dd,J = 13.5, 8.1 Hz, 2H), 7.96 (1,= 8.0 Hz, 2H), 7.69 (§ = 8.1 Hz, 1H), 7.53
(ddd,J = 26.0, 11.2, 5.6 Hz, 3H), 6.44 @= 15.9 Hz, 1H), 4.10 (] = 6.5 Hz, 2H),
1.59 — 1.50 (m, 2H), 1.29 (s, 2H), 0.82 {d= 7.4 Hz, 3H);**C NMR (100 MHz,
CDCl) ¢ 165.6, 160.3, 153.1, 150.0, 139.3, 137.2, 136308,9, 130.8, 128.4, 126.6,
126.0, 125.4, 124.0, 123.6, 121.6, 64.7, 30.5,,180; HRMS (ESI): m/z [M + H]

calcd for GgH19N>04S: 383.1060; Found: 383.1069.

4.1.6 (E)-butyl 3-(3-chloro-2-(6-methylbenzo[d]th@-2-yl)phenyl)acrylate3f. Pale
yellow oil (62%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz,
CDCl3) 0 7.95 (d,J = 8.8 Hz, 1H), 7.66 (s, 1H), 7.56 (@= 7.2 Hz, 1H), 7.44 (d] =

6.8 Hz, 1H), 7.36-7.40 (m, 2H), 7.28 (3= 8.4 Hz, 1H), 6.45 (dd] = 4.8, 15.6 Hz,

15



1H), 3.99 (tJ = 5.6 Hz, 2H), 2.45 (s, 3H), 1.42-1.47 (m, 2H),41125 (m, 2H), 0.74
(t, J = 6.2 Hz, 3H)XC NMR (100 MHz, CDGJ) 6 166.1, 161.4, 151.3, 140.8, 136.9,
136.6, 136.0, 135.0, 133.3, 130.9, 130.8, 128.0,91223.4, 121.9, 121.2, 64.5, 30.6,
21.6, 19.1, 13.6; HRMS (ESI): m/z [M + Halcd for GiHo,CINO,S: 386.0976;

Found: 386.0986.

4.1.7 (E)-butyl 3-(3-chloro-2-(6-fluorobenzold]ttaal-2-yl)phenyl)acrylate3g. Pale
yellow oil (86%); R = 0.4 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) 6 8.10-8.12 (m, 1H), 7.66 (t = 7.4 Hz 2H), 7.55 (dJ = 8.0 Hz, 1H),
7.44-7.48 (m, 2H), 7.31 (8,= 8.8 Hz, 1H), 6.40 (d] = 16.4 Hz, 1H), 4.09 (1 = 6.0
Hz, 2H), 1.56 (tJ = 6.0 Hz, 2H), 1.25-1.30 (m, 2H), 0.82-0.86 (m, 3LC NMR
(100 MHz, CDC}) § 166.0, 162.3 (d*Jc.r = 3.2 Hz), 160.8 (dXJc.r = 245.0 Hz),
149.7 (dJc.r = 11.5 Hz), 140.5, 137.5 (Hcr = 11.7 Hz), 136.9, 134.9, 132.7, 131.2,
130.9, 125.0, 125.0 (dJc.r = 2.5 Hz), 122.1, 115.2 (dJ)cr = 24.7 Hz), 107.7 (d,
2Jcr = 27.0 Hz), 64.5, 30.6, 19.1, 13.6; HRMS (ESI):znilM + H]" calcd for

C20H1sCIFNO,S: 390.0725; Found: 390.0731.

4.1.8 (E)-butyl 3-(3-fluoro-2-(6-methylbenzo[d]ta@-2-yl)phenyl)acrylateSh. Pale
yellow oil (80%); R = 0.3 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) ¢ 8.03 (d,J = 8.0 Hz, 1H), 7.92 (d] = 16.0 Hz, 1H), 7.72 (s, 1H), 7.52 (@i

7.6 Hz, 1H), 7.44-7.47 (m, 1H), 7.33 (@= 8.4 Hz, 1H), 7.21 (t) = 8.8 Hz, 1H),

6.41 (d,J = 15.6 Hz, 1H), 4.14 (i = 6.2 Hz, 2H), 2.51 (s, 3H), 1.58-1.63 (m, 2H),
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1.26-1.37 (m, 2H), 0.87 (] = 7.2 Hz, 3H)*C NMR (100 MHz, CDGJ) 6 166.3,
161.6 (d,"Jc.r = 249.6 Hz), 158.1, 151.3, 141.7 {dc.r = 3.4 Hz), 136.9, 136.5 (d,
*Jo.r= 2.4 Hz), 136.0, 131.3 (8)c.r = 9.1 Hz), 128.0, 123.4, 123.0 (dc.- = 3.9 Hz),
122.2, 121.7, 121.0, 116.9 (dicr = 22.2 Hz), 64.4, 30.7, 21.6, 19.2, 13.7; HRMS

(ESI): m/z [M + HJ calcd for GiH21:FNO,S: 370.1272; Found: 370.1277.

4.1.9 (E)-butyl 3-(2-(6-chlorobenzo[d]thiazol-2-8}fluorophenyl)acrylate3i. Pale
yellow oil (83%); R = 0.3 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) § 0.89 (t,J = 7.4 Hz, 3H), 1.26-1.38 (m, 2H), 1.58-1.65 (m, 2BiP4 (s, 3H),
4.15 (t,J = 6.4 Hz, 2H), 6.42 (d] = 15.6 Hz, 1H), 7.25 (dl = 9.0 Hz, 1H), 7.47-7.58
(m,3H), 7.90-7.93 (m, 2H), 8.06 (d,= 8.8 Hz, 1H)**C NMR (100 MHz, CDG)) &
13.7, 19.2, 30.7, 64.5, 117.0 {@cr = 22.4 Hz), 121.0, 121.4 (dJcr = 15.0 Hz),
122.0, 123.2 (d*Jc.r = 4.0 Hz), 124.6, 127.2, 131.7 fdc. = 9.0 Hz), 131.9, 136.9,
137.4, 141.5 (d*Jcr = 3.0 Hz), 151.5, 159.8, 160.5 (Hc.r = 250.1 Hz), 166.3;

HRMS (ESI): m/z [M + HJ calcd for GoH1sCIFNG,S: 390.0725; Found: 370.0729.

4.1.10 (E)-butyl 3-(3-fluoro-2-(6-fluorobenzo[d]dxrol-2-yl)phenyl)acrylate3j. Pale
yellow oil (79%); R = 0.3 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) 6 0.88 (dt,d = 2.0, 7.4 Hz, 3H), 1.25-1.38 (m, 2H), 1.59-1.63 @Hl), 4.15
(dt,J= 2.2, 6.4 Hz, 2H), 6.43 (dd,= 2.2, 16.0 Hz, 1H), 7.24-7.30 (m, 2H), 7.48-7.50
(m, 1H), 7.55 (dJ = 8.0Hz, 1H), 7.63 (d) = 8.0Hz, 1H), 7.90 (dt) = 1.8, 15.6 Hz,

1H ), 8.08-8.10 (m, 1HJ*C NMR (100 MHz, CDGJ) 6 13.7, 19.2, 30.7, 64.5, 107.5
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(d, ek = 27.0 Hz), 115.2(FJcr = 24.6 Hz), 116.9 (dJcr = 22.4 Hz), 121.5 (d,
3Jcr = 13.8 Hz), 121.9, 123.1 (Wlc.r = 2.7 Hz), 124.9 (d¥Jcr = 9.5 Hz), 131.6 (d,
%Jce = 9.8 Hz), 136.9 (dJc.r = 2.0 Hz), 137.2, 137.4 (8Jc.r = 3.2 Hz), 141.5 (d,
*Jer = 3.0 Hz), 149.7 (dJcr = 1.5 Hz), 159.0 (d"c.r = 3.4 Hz), 160.5 (dJc.r =

250.7 Hz), 160.5 (d\Jc.r = 246.3 Hz), 166.3; HRMS (ESI): m/z [M + Hialcd for

CooH18F2NO,S: 374.1021; Found: 374.1021.

4.1.11 (E)-butyl 3-(2-(6-chlorobenzold]thiazol-2n3-methylphenyl)acrylate 3k.
Yellow oil (78%); R = 0.3 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) § 8.03 (d,J = 8.7 Hz, 1H), 7.92 (d] = 2.0 Hz, 1H), 7.58 (d] = 7.8 Hz, 1H),
7.53 — 7.44 (m, 2H), 7.41 (@,= 7.7 Hz, 1H), 7.33 (d] = 7.6 Hz, 1H), 6.36 (dJ =
15.8 Hz, 1H), 4.08 () = 6.5 Hz, 2H), 2.24 (s, 3H), 1.55 (dt= 14.5, 6.6 Hz, 2H),
1.27 — 1.22 (m, 2H), 0.83 (@,= 7.4 Hz, 3H);**C NMR (100 MHz, CDCJ) § 166.4,
165.8, 151.8, 141.6, 138.2, 137.5, 134.6, 133.4,713131.6, 130.1, 127.1, 124.4,
124.0, 121.1, 120.7, 64.3, 30.6, 20.1, 19.1, 13RMS (ESI): m/z [M + HJ calcd for

C21H21CINO,S: 386.0976; Found: 386.0984.

4.1.12 (E)-butyl 3-(2-(6-fluorobenzo[d]thiazol-2n8-methylphenyl)acrylate 3l.
Yellow oil (85%); R = 0.4 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) § 8.06-8.09 (m, 1H), 7.58-7.63 (m, 2H), 7.50J¢ 16.0 Hz, 1H), 7.41 (] =
7.6 Hz, 1H), 7.27-7.35 (m, 2H), 6.37 @= 16.0 Hz, 1H), 4.08 (t) = 6.6 Hz, 2H),

2.25 (s, 3H), 1.50-1.58 (m, 2H), 1.24-1.29 (m, 28183 (t,J = 7.2Hz, 3H)C NMR
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(100 MHz, CDC4) § 166.5, 165.0 (d*Jo.r = 3.0 Hz), 160.7 (d*c.r = 244.9 Hz),
150.0 (dJc.r = 1.5 Hz), 141.7, 138.3, 137.4 {dc.r = 10.9 Hz), 134.6, 133.6, 131.8,
130.1, 124.7 (d®Jc.r = 9.6 Hz), 124.0, 120.7, 115.0 (s = 24.4 Hz), 107.7 (d,
2Jo£ = 25.6 Hz), 64.3, 30.6, 20.2, 19.1, 13.6; HRMSI{ES/z [M + HJ" calcd for

C21H21FNO,S: 370.1272; Found: 370.1272.

4.1.13 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-4-meglbhenyl)acrylate3m. Yellow oll
(75%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) 6
8.31(d,J = 16.0 Hz, 1H), 8.04 (d] = 8.0 Hz, 1H), 7.82 (d] = 7.6 Hz, 1H), 7.54 (d]

= 8.8 Hz, 2H), 7.42 (t) = 7.0 Hz, 1H), 7.32 (t) = 7.2 Hz, 1H), 7.20 (d) =7.6 Hz,
1H), 6.34 (d,J = 16.0 Hz, 1H), 4.10 () = 6.6 Hz, 2H), 2.33 (s, 3H), 1.53-1.58 (m,
2H), 1.28-1.37 (m, 2H), 0.83 (,= 7.6 Hz, 3H)*C NMR (100 MHz, CDCJ) J 166.9,
166.4, 153.9, 143.0, 140.3, 135.9, 133.3, 131.3,313127.7, 126.4, 125.4, 123.7,
121.4, 120.1, 64.3, 30.8, 21.3, 19.2, 13.7; HRMSIYEm/z [M + HJ calcd for

C21H22NO,S: 352.1366; Found: 352.1369.

4.1.14 (E)-butyl 3-(2-(6-chlorobenzol[d]thiazol-2:4-methylphenyl)acrylate 3n.
Yellow oil (82%); R = 0.4 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) 6 8.31 (d,J =16.0 Hz, 1H), 7.95 (d] = 8.2 Hz, 1H), 7.81 (s, 1H), 7.53-7.57
(m, 2H), 7.39 (d,) = 8.8 Hz, 1H), 7.23 (d] = 8.0 Hz, 1H), 6.35 (d] = 16.0 Hz, 1H),
4.12 (t,J = 6.2 Hz, 2H), 2.36 (s, 3H), 1.55-1.62 (m, 2H),8:1L.37 (m, 2H), 0.86 (]

= 7.2 Hz, 3H),}*C NMR (100 MHz, CDGJ) § 167.0, 166.8, 152.4, 142.8, 140.4,
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136.9, 132.8, 131.5, 131.4, 131.3, 127.8, 127.2,4,221.0, 120.3, 64.4, 30.8, 21.3,
19.2,13.7; HRMS (ESI): m/z [M + Hlalcd for GiH21CINO,S: 386.0976; Found:

386.0976.

4.1.15 (E)-butyl 3-(2-(6-fluorobenzo[d]thiazol-24-methylphenyl)acrylate 3o.
Yellow oil (72%); R = 0.4 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) & 8.38 (d,J = 16.0 Hz , 1H), 8.05-8.07 (m, 1H), 7.64 {d; 7.2 Hz, 1H), 7.60
(s, 2H), 7.30 (dJ = 7.6 Hz, 1H), 7.24 (d] = 9.2 Hz, 1H), 6.43 (dJ = 16.0 Hz, 1H),
4.19 (s, 2H), 2.44 (s, 3H), 1.65 Jt= 4.8 Hz, 2H), 1.42 (d] = 6.4 Hz, 2H), 0.93 (dt]
= 1.6, 6.8 Hz, 3H)**C NMR (100 MHz, CDGJ) 5 166.9, 166.2 (d*Jc.r = 2.6 Hz),
160.6 (d,"Jc.r = 244.8 Hz), 150.6 (dJc.r = 1.4 Hz), 142.9, 140.4, 136.8 {c.r =
10.9 Hz), 133.0, 131.4 (dJcr = 6.3 Hz), 131.2, 127.8, 124.7 {cr = 8.4 Hz),
120.2, 115.1 (d%Jc.r = 24.2 Hz), 107.7, 107.5, 64.4, 30.8, 21.3, 1928; HRMS

(ESI): m/z [M + HJ calcd for GiH21FNO,S: 370.1272; Found: 370.1272.

4.1.16 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-4-cinbphenyl)acrylate3p. Colorless oill
(69%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) 6
8.35 (d,J = 15.9 Hz, 1H), 8.14 (dl = 8.1 Hz, 1H), 7.94 (d] = 8.0 Hz, 1H), 7.84 (d]
= 2.1 Hz, 1H), 7.67 (d) = 8.5 Hz, 1H), 7.55 (dd] = 11.3, 4.1 Hz, 1H), 7.51 — 7.39
(m, 2H), 6.44 (d,J = 15.9 Hz, 1H), 4.20 (] = 6.6 Hz, 2H), 1.69 — 1.63 (m, 2H), 1.43
(dt, J = 14.9, 7.4 Hz, 2H), 0.93 (§,= 7.4 Hz, 3H);*3C NMR (100 MHz, CDGCJ) &

166.5, 164.5, 153.8, 141.9, 135.8, 135.7, 134.2,513130.7, 130.4, 129.1, 126.6,
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125.8, 123.9, 121.5, 121.4, 64.5, 30.7, 19.2, 18RMS (ESI): m/z [M + H] calcd

for CooH19CINO,S: 372.0820; Found: 372.0820.

4.1.17 (E)-butyl 3-(4-chloro-2-(6-methylbenzo[dihol-2-yl)phenyl)acrylat&q. Pale
yellow oil (45%); R = 0.4 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) 6 8.35 (d,J = 16.0 Hz, 1H), 8.01 (dJ = 8.0 Hz, 1H), 7.82 (s, 1H), 7.71 (s,
1H), 7.65 (dJ = 8.4 Hz, 1H), 7.45 (dJ = 8.4 Hz, 1H), 7.34 (d] = 8.4 Hz, 1H), 6.43
(d, J = 16.0 Hz, 1H), 4.20 () = 6.2 Hz, 2H), 2.51 (s, 3H), 1.64-1.71 (m, 2H),
1.39-1.45 (m, 2H), 0.93 (f] = 7.4 Hz, 3H)**C NMR (100 MHz, CDGJ) § 166.5,
163.5, 152.0, 142.1, 136.1, 136.1, 135.7, 134.2,513130.6, 130.3, 129.1, 128.3,
123.4,121.4, 121.2, 64.5, 30.8, 21.6, 19.2, 13@MS (ESI): m/z [M + HJ calcd for

C21H21CINO,S: 386.0976; Found: 386.0982.

4.1.18 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)-5-mekyphenyl)acrylate 3r(mono).
Colorless oil (40%); R= 0.3 (petroleum ether/ethyl acetate = 10'H;NMR (400
MHz, CDCh) 6 8.49 (d,J = 16.0 Hz, 1H), 8.10 (d] = 8.0 Hz, 1H), 7.90 (dJ = 8.0
Hz, 1H), 7.79 (dJ = 8.4 Hz, 1H), 7.45 (s, 1H), 7.40 @@= 7.6 Hz, 1H), 7.20 (s, 1H),
7.02 (d,J = 7.6 Hz, 1H), 6.45 (d) = 16.0 Hz, 1H), 4.22 (dJ = 6.0 Hz, 2H), 3.90 (s,
3H), 1.68 (s, 2H), 1.44 (1] = 6.6 Hz, 2H), 0.94 (t) = 7.2 Hz, 3H);*3C NMR (100
MHz, CDCk) ¢ 166.7, 166.2, 161.0, 154.0, 143.4, 135.6, 132.6,312126.2, 125.2,
123.5,121.3,121.2, 115.8, 112.6, 64.5, 55.6,,3@&, 13.7; HRMS (ESI): m/z [M +

H]"* calcd for GiH,,NOsS: 368.1315; Found: 368.1318.
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4.1.19 (2E,2'E)-dibuty!
3,3'-(2-(benzo[d]thiazol-2-yl)-5-methoxy-1,3-phesmg)diacrylate 3r(di). Colorless
oil (20%); R = 0.2 (petroleum ether/ethyl acetate = 10‘H)NMR (400 MHz, CDCY)
§8.14 (d,J = 7.6 Hz, 1H), 7.92 (d] = 7.6 Hz, 1H), 7.55-7.59 (m, 3H), 7.46 (s, 1H),
7.25 (s, 2H), 6.38 (dl = 15.6 Hz, 2H), 4.09 (d] = 3.2 Hz, 4H), 3.93 (s, 3H), 1.26 (s,
8H), 0.82-0.88 (m, 6H)-*C NMR (100 MHz, CDG) § 166.2, 163.3, 160.6, 141.4,
136.9, 136.7, 127.0, 126.5, 125.7, 123.9, 121.6,412113.2, 64.5, 55.7, 30.6, 19.1,

13.6; HRMS (ESI): m/z [M + H]calcd for GgH3oNOsS: 494.1995; Found: 494.1996.

4.1.20 (E)-butyl 3-(2-(benzo[d]thiazol-2-yl)pheradjylate 3s(mono). Pale yellow oil
(50%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) 6
8.38 (d,J = 16.0 Hz, 1H), 8.08 (dl = 8.0 Hz, 1H), 7.87 (d] = 8.0 Hz, 1H), 7.68-7.78
(m, 2H), 7.43-7.49 (m, 3H), 7.37 (t= 7.6 Hz, 1H), 6.41 (d] = 16.0 Hz, 1H), 4.14 (t,
J = 6.4 Hz, 2H), 1.59-1.63 (m, 2H), 1.34-1.39 (m, 2BIB7 (t,J = 7.2 Hz, 3H)}C
NMR (100 MHz, CDC}) ¢ 166.7, 166.3, 154.0, 143.2, 135.9, 134.1, 133.4,A3
130.4, 129.9, 127.8, 126.4, 125.5, 123.8, 121.4,1154.4, 30.8, 19.2, 13.7; HRMS

(ESI): m/z [M + HJ calcd for GoH2oNO,S: 338.1209; Found: 338.1214.

4.1.21 (2E,2'E)-dibutyl 3,3'-(2-(benzol[d]thiazolyD-1,3-phenylene)diacrylatés(di).
Pale yellow oil (30%); R= 0.2 (petroleum ether/ethyl acetate = 10'H)NMR (400

MHz, CDCE) ¢ 8.16 (d,J = 8.0 Hz, 1H), 7.95 (d] = 8.4 Hz, 1H), 7.77 (d] = 7.6 Hz,
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2H), 7.53-7.59 (m, 4H), 7.49 (= 7.4 Hz, 1H), 6.40 (d] = 16.0 Hz, 2H), 4.09 (] =
6.8 Hz, 4H), 1.51-1.58 (m, 4H), 1.25-1.29 (m, 461)5 (t,J = 7.8 Hz, 6H)*C NMR
(100 MHz, CDC}) § 166.2, 163.2, 153.2, 141.2, 136.5, 135.5, 134.0,413127.8,
126.6, 125.9, 124.0, 121.6, 121.5, 64.4, 30.6,,18B16; HRMS (ESI): m/z [M + H]

calcd for G/H3gNO4S: 464.1890; Found: 464.1890.

4.1.22 (E)-butyl 3-(2-(6-methylbenzol[d]thiazol-3pHenyl)acrylate8t(mono). Yellow
oil (60%); R = 0.4 (petroleum ether/ethyl acetate = 10‘H)NMR (400 MHz, CDCY)
$ 8.43 (d,J = 15.9 Hz, 1H), 8.01 (d} = 8.3 Hz, 1H), 7.87 — 7.79 (m, 1H), 7.76 — 7.70
(m, 2H), 7.49 (dd)) = 5.8, 3.4 Hz, 2H), 7.33 (dd,= 8.4, 1.2 Hz, 1H), 6.46 (d,=
15.9 Hz, 1H), 4.20 (t) = 6.6 Hz, 2H), 2.52 (s, 3H), 1.72 — 1.64 (m, 2H%2 (dg,J =
14.7, 7.4 Hz, 2H), 0.94 (1] = 7.4 Hz, 3H);**C NMR (100 MHz, CDGCJ) § 166.8,
165.2, 152.1, 143.3, 136.0, 135.7, 134.0, 133.9,93130.2, 129.8, 128.0, 127.7,
123.3, 121.1, 120.9, 64.4, 30.8, 21.6, 19.2, 13RMS (ESI): m/z [M + HJ calcd for

C21H21NO,S: 352.1366; found: 352.1373.

4.1.23 (2E,2'E)-dibuty!
3,3'-(2-(6-methylbenzo[d]thiazol-2-yl)-1,3-phenygdiacrylate 3t(di). Orange oill
(30%); R = 0.3 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) 6
8.02 (d,J = 8.3 Hz, 1H), 7.74 (t) = 7.4 Hz, 3H), 7.60 — 7.51 (m, 3H), 7.37 (dd:
8.4, 1.3 Hz, 1H), 6.39 (d,= 15.9 Hz, 2H), 4.08 (] = 6.5 Hz, 4H), 2.54 (s, 3H), 1.54

(dd,J = 14.7, 6.8 Hz, 4H), 1.32 — 1.16 (m, 4H), 0.83]( 7.4 Hz, 6H);*C NMR
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(100 MHz, CDC$) ¢ 166.2, 162.0, 151.4, 141.3, 136.7, 136.0, 135.8,21.3130.2,
128.2, 127.8, 123.4, 121.4,121.1, 64.4, 30.6,,204., 13.6; HRMS (ESI): m/z [M +

H]" calcd for GgH31NO,S: 478.2046; found: 478.2054.

4.1.24 (E)-tert-butyl  3-(2-(benzo[d]thiazol-2-yl}fBethylphenyl)acrylate 3u.
Colorless oil (83%); R= 0.4 (petroleum ether/ethyl acetate = 10'H);NMR (400
MHz, CDCL) 6 8.13 (d,J = 8.1 Hz, 1H), 7.94 (d] = 7.9 Hz, 1H), 7.63 — 7.49 (m, 2H),
7.50 — 7.35 (m, 3H), 7.32 (d,= 7.6 Hz, 1H), 6.32 (d] = 15.8 Hz, 1H), 2.24 (s, 3H),
1.39 (s, 9H)fL3C NMR (100 MHz, CDGJ) ¢ 165.8, 165.4, 153.3, 140.8, 138.2, 136.4,
134.7, 134.0, 131.5, 129.9, 126.3, 125.5, 123.8,71222.2, 121.5, 80.4, 28.1, 20.2;

HRMS (ESI): m/z [M + HJ calcd for G1H2.NO,S: 374.1185; Found: 374.1185.

4.1.25 (E)-ethyl 3-(2-(benzo[d]thiazol-2-yl)-3-mgliphenyl)acrylate3v. Yellow oll
(80%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) 6
8.14 (d,J = 7.6 Hz, 1H), 7.95 (d] = 7.6 Hz, 1H), 7.57 (t) = 8.2Hz, 2H), 7.52 (dJ =
7.6 Hz, 1H), 7.47 (d) = 7.6 Hz, 1H), 7.40 (dJ = 8.0 Hz, 1H), 7.34 (d) = 7.6 Hz,
1H), 6.36 (dJ = 16.0 Hz, 1H), 4.13 (d] = 7.2 Hz, 2H), 2.25 (s, 2H), 1.21 (= 7.2
Hz, 3H);13C NMR (100 MHz, CDQ) o 166.4, 165.3, 153.4, 142.0, 138.3, 136.4,
134.6, 134.0, 131.7, 129.9, 126.3, 125.5, 124.8,71221.6, 120.6, 60.4, 20.2, 14.2;

HRMS (ESI): m/z [M + HJ calcd for GoH1eNO,S: 324.1053; Found: 324.1053.

4.1.26 (E)-methyl 3-(2-(benzo[d]thiazol-2-yl)-3-tm@phenyl)acrylate8w. Yellow oll

24



(70%); R = 0.3 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) &
8.14 (d,J = 8.1 Hz, 1H), 7.95 (d] = 7.9 Hz, 1H), 7.61 — 7.37 (m, 5H), 7.34 {d=
7.6 Hz, 1H), 6.37 (dJ = 15.8 Hz, 1H), 3.67 (s, 3H), 2.24 (s, 3#)c NMR (100
MHz, CDCk) § 166.9, 165.2, 153.3, 142.1, 138.4, 136.4, 13438,9, 131.8, 129.9,
126.3, 125.5, 124.1, 123.7, 121.6, 120.2, 51.8;20RMS (ESI): m/z [M + H]calcd

for C1gH16NO,S: 310.0896; Found: 310.0904.

4.2 General procedure for ruthenium-catalyzedortho-oxidative alkenylation of
2-arylthiazoles 4 in aqueous solution of anionic sfactant sodium
dodecylbenzenesulfonate (SDBS)

A suspension of 2-arylthiazoles (0.3 mmol), acrylate (0.6 mmol, 2.0 equiv),
[RuCly(p-cymene)} (18.3 mg, 10 mol%), KRFK11.1 mg, 20 mol%), Cu(OAg)H,O
(119.7 mg, 2.0 equiv), and SDBS (41.7 mg, 40 mai?4),0 (3.0 mL) was stirred at
80 °C under air for 24 h. After that, the solution wasracted with EtOAc. The
combined organic phase was dried with MgS&hd concentrated under reduced
pressure. The residue was purified by column chtography on silica gel
(Petroleum ether/EtOAc: 10/1) to yield alkenlatedduct5.

4.2.1 (E)-butyl 3-(3-methyl-2-(thiazol-2-yl)pheradylate5a. Yellow oil (85%); R =
0.3 (petroleum ether/ethyl acetate = 10'H:NMR (400 MHz, CDC}) § 7.97 (d,J =
3.3 Hz, 1H), 7.54 (t) = 6.3 Hz, 2H), 7.39 (dd} = 19.8, 11.9 Hz, 2H), 7.31 (d= 7.5
Hz, 1H), 6.30 (dJ = 15.9 Hz, 1H), 4.11 (] = 6.6 Hz, 2H), 2.19 (s, 3H), 1.61 (dt=

14.5, 6.7 Hz, 2H), 1.36 (dd,= 14.6, 7.4 Hz, 2H), 0.92 @ = 7.4 Hz, 3H);°C NMR
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(100 MHz, CDC}$) ¢ 166.6, 164.6, 143.1, 142.2, 138.6, 135.0, 13339,6, 129.6,
124.0, 121.0, 120.2, 64.3, 30.6, 20.2, 19.1, 13RMS (ESI): m/z [M + H] calcd for

C17H1dNO,S: 302.1209; found: 302.1210.

4.2.2 (E)-butyl 3-(3-methoxy-2-(thiazol-2-yl)phéagtylate5b. Yellow oil (83%); R

= 0.2 (petroleum ether/ethyl acetate = 10"H)NMR (400 MHz, CDCY) § 7.97 (d,J

= 3.3 Hz, 1H), 7.77 (d] = 15.9 Hz, 1H), 7.52 (d = 3.3 Hz, 1H), 7.42 (t] = 8.1 Hz,
1H), 7.31 (dJ = 7.8 Hz, 1H), 7.03 (d] = 8.1 Hz, 1H), 6.34 (d] = 15.9 Hz, 1H), 4.15
(t, J = 6.6 Hz, 2H), 3.85 (s, 3H), 1.65 — 1.59 (m, 3HRI (dd,J = 15.0, 7.5 Hz, 2H),
0.94 (t,J = 7.4 Hz, 3H);"*C NMR (100 MHz, CDCJ) 6 166.8, 161.3, 157.6, 143.5,
142.5, 136.3, 130.4, 122.9, 120.9, 120.2, 119.@,11164.3, 56.0, 30.7, 19.2, 13.7;

HRMS (ESI): m/z [M + HJ calcd for G/H1gNOsS: 318.1158; found: 318.1160.

4.2.3 (E)-butyl 3-(4-methyl-2-(thiazol-2-yl)pheradjylate5c. Yellow oil (92%); R =

0.3 (petroleum ether/ethyl acetate = 10'H:NMR (400 MHz, CDC}) § 8.27 (d,J =
15.9 Hz, 1H), 7.95 (d] = 3.3 Hz, 1H), 7.66 — 7.52 (m, 2H), 7.44 Jds 3.3 Hz, 1H),
7.32 — 7.15 (m, 1H), 6.40 (d,= 15.9 Hz, 1H), 4.19 (] = 6.6 Hz, 2H), 2.42 (s, 3H),
1.67 (dt,J = 14.6, 6.7 Hz, 2H), 1.43 (dd,= 14.6, 7.4 Hz, 2H), 0.95 (§,= 7.4 Hz,
3H); 3¢ NMR (100 MHz, CDG) ¢ 167.0, 166.4, 143.7, 143.2, 140.2, 133.3, 131.1,
130.8, 130.6, 127.6, 120.4, 119.7, 64.3, 30.7,,2022, 13.7; HRMS (ESI): m/z [M +

H]"* calcd for G7H1gNO,S: 302.1209; found: 302.1211.
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4.2.4 (E)-butyl 3-(5-methyl-2-(thiazol-2-yl)phermadjylate 5d(mono). Colorless oil
(52%); R = 0.4 (petroleum ether/ethyl acetate = 10*#H)NMR (400 MHz, CDC}) &
8.30 (d,J = 15.9 Hz, 1H), 7.94 (dl = 3.3 Hz, 1H), 7.64 (d] = 7.9 Hz, 1H), 7.51 (s,
1H), 7.41 (dJ = 3.3 Hz, 1H), 7.28 (s, 1H), 6.42 @= 15.9 Hz, 1H), 4.20 (] = 6.6
Hz, 2H), 2.42 (s, 3H), 1.73 — 1.64 (m, 2H), 1.44,(#= 14.6, 7.4 Hz, 3H), 0.96 (,=

7.4 Hz, 3H);13C NMR (100 MHz, CD(J) ¢ 166.9, 166.5, 143.7, 143.6, 139.8, 133.4,
130.7, 130.6, 130.4, 128.3, 120.4, 120.1, 64.47,391.3, 19.2, 13.7; HRMS (ESI):

m/z [M + HJ" calcd for G7H1gNO,S: 302.1209; found: 302.1212.

4.2.5 (2E,2'E)-dibutyl 3,3'-(5-methyl-2-(thiazolyB-1,3-phenylene)diacrylatéd(di).
Yellow oil (42%); R = 0.2 (petroleum ether/ethyl acetate = 10'H)NMR (400 MHz,
CDCl) § 8.00 (d,J = 3.3 Hz, 1H), 7.57 (d] = 3.3 Hz, 1H), 7.54 (s, 2H), 7.47 @z
15.9 Hz, 2H), 6.34 (d] = 15.9 Hz, 2H), 4.13 (] = 6.6 Hz, 4H), 2.46 (s, 3H), 1.64 —
1.57 (m, 4H), 1.36 (dt] = 14.6, 7.4 Hz, 4H), 0.93 (,= 7.4 Hz, 6H)*C NMR (100
MHz, CDCk) ¢ 166.4, 162.9, 143.4, 141.8, 140.0, 135.5, 13128,64, 121.8, 120.9,
64.4, 30.6, 21.4, 19.1, 13.7; HRMS (ESI): m/z [MH}" calcd for GsH20NO,S:

428.1890; found: 428.1889.

4.2.6 (E)-butyl 3-(2-(thiazol-2-yl)phenyl)acrylafe(mono). Yellow oil (32%); R =
0.4 (petroleum ether/ethyl acetate = 10'H:NMR (400 MHz, CDC}) § 8.30 (d,J =
15.9 Hz, 1H), 7.96 (d) = 3.3 Hz, 1H), 7.73 (ddd] = 16.6, 5.5, 3.4 Hz, 2H), 7.47

(ddd,J = 10.8, 8.2, 4.9 Hz, 3H), 6.43 (@= 15.9 Hz, 1H), 4.20 (i] = 6.6 Hz, 2H),
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1.72 — 1.63 (m, 2H), 1.48 — 1.38 (m, 2H), 0.96](& 7.4 Hz, 3H):*C NMR (100
MHz, CDCk) J 166.8, 166.4, 143.8, 143.4, 133.6, 133.3, 13®5,8, 129.7, 127.7,
120.7, 120.5, 64.4, 30.7, 19.2, 13.7, HRMS (ESlz fiM + HJ* calcd for

C16H17NO,S: 288.1053; found: 288.1050.

4.2.7 (2E,2'E)-dibutyl 3,3'-(2-(thiazol-2-yl)-1,3enylene)diacrylatebe(di). Yellow
oil (56%); R = 0.2 (petroleum ether/ethyl acetate = 10‘H)NMR (400 MHz, CDCY)
§8.02 (d,J = 3.3 Hz, 1H), 7.73 (d] = 7.9 Hz, 2H), 7.60 (d] = 3.3 Hz, 1H), 7.50 (dd,
J=19.7, 11.9 Hz, 3H), 6.35 (d,= 15.9 Hz, 2H), 4.13 (f] = 6.6 Hz, 4H), 1.62 (dt]
= 14.5, 6.6 Hz, 4H), 1.44 — 1.30 (m, 4H), 0.93](t 7.4 Hz, 6H);"*C NMR (100
MHz, CDCk) ¢ 166.3, 162.6, 143.4, 141.5, 135.7, 133.9, 13(®0,9, 121.9, 121.2,
64.4, 30.6, 19.1, 13.6; HRMS (ESI): m/z [M +'idhlcd for G3H,/NO,S: 414.1734;

found: 414.1737.
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Graphical Abstract:

R“_:\ S _I?: [RuCly(p-cymene)], (10 mol%) R. R’
e [ P Cu(OAC),+ HoO (2.0 equiv) TS A
. S = L. L2\
N KPFg (20 mol%), SDBS (40 mol%) = N
,80°C, 24 h —
Z COsR"

28 examples
up to 96% yield

Figure 1 Selected bioactive examples containing 2-aryl-b#nazole scaffold.
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Table

1 Optimization of

Ru-catalyzed ortho-oxidative alkenylation

2-(o-tolyl)benzo[d]thiazolela with butyl acrylate2a®

S Me [RUCly(p-cymene)], (10 mol%) s Me
©: />_© + Z~co,By KPFe 20 mol%) ©: p
N Oxidant (2.0 equiv) N
PTC (20 mol%), H,0 —
nBUOzC
2a 3a
Entry Oxidant (x equiv) PTC Yield (%)
1 Cu(OAc)- H,0 (2.0) - 14
2 Cu(OAc)- H,0 (2.0) PEG 200 30
3 AgOAc (2.0) PEG 200 20
4 Ag,CO; (2.0) PEG 200 25
5 K>S,05 (2.0) PEG 200 Trace
6 CuBr (2.0) PEG 200 Trace
7 Cu(OAc)-H0O (2.0) 18-Crown-6 Trace
8 Cu(OAc): H,0 (2.0) TMAF 35
9 Cu(OAc) H,0 (2.0) CTAC 25
10 Cu(OAc)- H,O (2.0) SDS 22
11 Cu(OAc)- H;0 (2.0) SDBS 48
12 Cu(OAc)- H,0 (3.0) SDBS 60
13 Cu(OAc)- H,O (4.0) SDBS 84
14° Cu(OAc): H,0 (2.0) SDBS 90
15° Cu(OAc): H,0 (2.0) SDBS 60
16 Cu(OAc)- H,0 (2.0) SDBS 80
17 Cu(OAc)- H,O (0.5) SDBS 43
18 Cu(OAc) H,0 (0.2) SDBS 16

of

@ Reaction conditions: 2ftolyl)benzo[d]thiazolela (0.2 mmol), butyl acrylat®a

(0.4 mmol, 2.0 equiv), [Ru@lp-cymene)] (10 mol%), additive (KP§& 20 mol%),

phase transfer catalyst (PTC, 20 mol%), stirre804€C for 24 h in HO (2 mL).

®Yield based orda

¢ TMAF: tetramethylammonium fluoride; CTAC: hexadedyimethyl ammonium

chloride; SDS: sodium dodecyl sulfate; SDBS: soddodecylbenzenesulfonate.

4SDBS (40 mol%).

®Using AgSbk as additive instead of KRF
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"At 60°C.

Scheme 1Ru-catalyzedortho-oxidative alkenylation of 2-arylbenzo[d]thiazoles

aqueous®
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[RuCly(p-cymene)], (10 mol%) R?

R2
x-S, /A Cu(OAC), H,0 (2.0 equiv) Ly Sy /F
N H,0, KPFg (20 mol%)

SDBS (40 mol%), 80°C, 24 h

Buo,l
1 2a 3
nBUOzC nBUOzC nBUOzC
3a, 90% 3b, 50% 3c, 65%
OsN
S
/)
N
Buo,C BuOL Bu0,C
3d, 83% 3e, 40% 3f, 62%
"BuOZC ”BuOZC ”BuOZC
3g, 86% 3h, 80% 3, 83%
nBUOzC nBUOzC nBUOzC
3j, 79% 3k, 74% 31, 85%
nBUOzC nBUOzC nBUOzC
3m, 75% 3n, 82% 30, 72%
S
/ OMe
N
Buo,l Buo,d "BuO,C
0 3r, 60%
3p, 55% 3q, 45% (monoldi = 2/1)
S S
Y/ Y/
N Me N
Bu0,C BuO,L
3s, 80% 3t, 52%

(mono/di = 5/3)

& Reaction conditions: 2-arylbenzo[d]thiazdle(0.2 mmol), butyl acrylat®a (0.4
mmol, 2.0 equiv), [RuG(p-cymene)} (10 mol%), KPE(20 mol%), Cu(OAcy H.O

(2.0 equiv), SDBS (40 mol%),4 (2.0 mL), 8C°C, 24 h.
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b Isolated yield.

Scheme Scope of alkené$

[RuUCl,(p-cymene)], (10 %) Me

Cu(OAC),+ H,0 (2.0 equiv) S
CLHRD - s New

KPFg (20 %), SDBS (40 %)

(2.0 equiv) o —
H,0, 80°C, 24 h RO,C
1a 2b-e 3
tBUOzC EtOZC MeOZC
3u, 83% 3v, 80% 3w, 70% 3x, trace

& Reaction conditions: 2ftolyl)benzo[d]thiazolela (0.2 mmol), acrylategb-e (0.4
mmol, 2.0 equiv), [RuG(p-cymene)} (10 mol%), KPE(20 mol%), Cu(OAcy H.O
(2.0 equiv), SDBS (40 mol%),4 (2.0 mL), 80°C, 24 h.

P|solated yield.
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Scheme FRu-catalyzedrtho-oxidative alkenylation of 2-arylthiazoles in aquet’

R
R [RuCly(p-cymene)], (10 mol%) [S =|=
S =|= Cu(OAc),* H,0 (2.0 equiv) |
() * Foore -~ N M
N 2.0 equi KPFg (20 mol%), SDBS (40 mol%) —
(2.0 equiv) H,0, 80°C, 24 h "BuO,C
4a-e 2a 5a-e
Me MeO Me s s
S S S E / Me E /
» » » ; ;
N N N
pr— —_— —_— n n
"BUO,C "BUO,C "BUO,C BuO,C QUL
. o . 5d 96% 5e 88%
5a 85% Sb 83% 5S¢ 92% mono/di = 9/7 mono/di = 4/7

& Reaction conditions: 2-arylthiazolds(0.3 mmol),n-butyl acrylate2a (0.6 mmol,
2.0 equiv), [RuGkp-cymene)} (10 mol%), KPEk (20 mol%), Cu(OAcgy H,O (2.0
equiv), SDBS (40 mol%), #D (2.0 mL), 80°C, 24 h.

P|solated yield.

Scheme 4Gram-Scale Synthesis

[RuCly(p-cymene)], (10 mol%) S Me

Me
S Cu(OAC), - H,0 (2.0 equiv) ©:
S oo Nes
N H,0, KPF (20 mol%)
1a 2a SDBS (40 mol%), 80°C, 24 h  7g,0,C

5.0 mmol 10.0 mmol 3a
(1.1259) (1.580 g, 90% yield)
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Scheme Recycle of thecatalytic system

Me [RuCly(p-cymene)], (10 mol%)
S Cu(OAc),*H,0 (2.0 equiv)
@[ ’>_© + 20, Bu ©:
N H,0, KPFg (20 mol%)
SDBS (40 mol%), 80°C, 24 h ”Bu02C

1.0 mmol 2.0 mmol

Recycle
1 2 3 4

Yield (%) 87 86 80 50

& Reaction conditions: 2ftolyl)benzo[d]thiazolela (1.0 mmol, 225 mg), butyl

acrylate 2a (2.0 mmol, 290 ul), [RuG(p-cymene)] (10 mol%, 61 mg),

Cu(OAc)-H;0 (2.0 mmol, 399 mg), KRK20 mol%, 37 mg), SDBS (20 mol%, 140
mg), HO (10.0 mL), 8C°C, 24 h.

P|solated yield.

Scheme &ossible Mechanism of the Alkenylation

CuOAc S =|=
Ru(ll) @E,f_@
Cu(OAc),

C-H activation

Ru(0
. (0)
L
/
N \ / Rl
- S =I:
RO,C 3 Reductive elimination @m

Ru

Coordinative
insertion
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