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1. Introduction . .
Traditional methods for the construction of 2-aryl

Benzothiazole, as a privileged heterocyclic scdffols  benzothiazole skeleton involve the condensation 2f
frequently found in diverse natural products andaminothiophenol with carbonyl compounds such ashgides,
pharmacologically active moleculés.In particular, 2-aryl ~carboxylic acids, acid chlorides and esters (Schdmea).”
benzothiazoles have attracted increasing atterdigimg to its ~ Another approach requires the preparation of 2-aryl
broad pharmacological profife.For example, compound\ benzothiazolesvia the reaction of 2-haloaniline and a sulfur
possesses highly potent antiproliferative actititg. exhibits ~ sourcé® or transition-metal-catalyzed intramolecular cyation
significant activity against clinically relevant thagens E. coli of thiobenzanilide (Scheme 1,"b)However, these methods have
and S. auredsandC enables a invasive diagnosis of AlZheimer's  p,eyious work
diseasé.Furthermore, 2-aryl benzothiazoles can be emplaged
therapeutic agents by the virtue of their antitufnantiparasitic, SH X -I-
anti-inflammatory? and anticonvulsant activiti€s. Thus, 4 w@[ , Ry J _condensation C[ >_<_>
considerable research has been conducted on tkeesigof 2- Z N, X = CHO, COOH,
aryl benzothiazoles over the past few decades. COCOOH, COCH;,

redox

0_
0] Y
S O/ s >_® b) R1©i + RZO/ + s condensation C[ >_Q
/
O o - =
N
F

X =halogen Y =CHO, CH,NH,
2-(3,4-dimethoxyphenyl)-4- N-(4-(benzo[d]thiazol-2-yl)

fluorobenzothiazole (A) phenyl)benzamide (B) ~oNH2 CHO
0 il o _ K0,
R'% + R%; + S
Z Z 'NMP, 150°C

/@E ( j This work
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Figure 1. Pharmaceutical and bioactive compounds contai2ing = PhCI, 140 °C

aryl benzothiazoles Scheme 1. Synthesis of 2-aryl benzothiazoles
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Table 1. Optimization of reaction conditioRs

Na;SO4 (5 equw )

140 “C 48 h
1a 2a
Yield™
Entry Catalyst (mol %) Additive Solvent
(%)
1 I(15) - PhCI 23
2 1,(50) - PhCI trace
3 I (15) DMSO PhCI 66
4 NH,l (15) DMSO PhCI 41
5 Kl (15) DMSO PhCI 47
6 TBAI (15) DMSO PhCI trace
7 1,(15)/TBAI (20) DM SO PhCI 81
8 I(15)/TBAB(20) DMSO PhCI 75
9 I,(15)/TBAI (20) DMSO DMSO 68
10 L(15)/TBAI (20) DMSO Toluene 51
11 L(15)/TBAI (20) DMSO NMP 42
124 1,(15)/TBAI (20) DMSO PhCI 64
139 1,(15)/TBAI (20) DMSO PhCI 80
14 1,(15)/TBAI (20) DMSO PhCI 69

®Reaction conditionsta (0.4 mmol),2a (0.2 mmol), $ (4 equiv.), catalyst
(15 mol%), additive (0.15 mmol), BB&O, (5 equiv.), and solvent (0.6 ml)
under air at 140C for 48h."Yields of isolated product§At 120 °C. %At
150°C “without NaSQ.

inherent drawbacks especially in the preparationstafting
materials, which limit their synthetic applicationRecently,
Deng et al. reported a more straightforward apprdactthe
synthesis of 2-aryl benzothiazoles from aminesusyowder
and benzaldehydes, which solved the problems weligi@e 1,
c).”® Whereas, designing an effective strategy for pirga2-
aryl benzothiazoles from readily available startimgterials
and innocuous solvent in mild condition is stillquésite.
Herein, we developed an efficient procedure to switke2-
aryl benzothiazoles from anilines, elemental sulfand
acetophenones which are cheap, commercially availabhd
relatively stable, with a C(CO)-C(alkyl) bond cleagag
(Scheme 1, d).

2. Results and discussion

Our initial efforts were focused on the reactiorpdgbluidine

1a, acetophenonga, and elemental sulfur in the presence of 5

equiv NagSQ, using L, as a catalyst at 14{C. However, the
desired product3aa was isolated in only 23% vyield and
increasing the amount of iodine ignificantly lowerdx yield
(Table 1, entries 1-2). To our delight, the additiof a small
quantity of dimethyl sulfoxide (DMSO) afforded thesited
product in 66% yield (Table 1, entry 3). These lssindicated
that the process required only catalytic dose dinie and that
DMSO catalyzed the oxidation of HI to iodine in thelor
system. Next, various catalyst systems were exanfimethe
reaction and the, (15 mol %)/tetrabutylammonium iodide
TBAI (20 mol%) system was found to be the most &ffic
(Table 1, entries 4-8). Further optimization basedsolvent
screening showed that PhCIl was the most effectiwesbfor
this reaction (Table 1, entries 9-11). The expedtetdease in
product yield was not observed when the reactions waaréed
out at 120°C and 150C (entries 12-13). In addition, a much
lower yield was obtained when the reaction was caroied
without anhydrous sodium sulfate, which serves asltjiag

Table 2. Scope of substituted anilines
I (15 mol%), TBAI (20 mol%)
NaQSO4 (5 equiv.), DMSO (0.1 mmol) R1q >_®

)@@ CH-O O

3aa (81%)

3ab (70%)

Ao B0 OO

3ae (45%) 3af (72%)

3ac (59%)

3ad (34%)

L0 TR0 OO

3ag (64%) 3ah (62%) 3ai (79%)
N
Br\CEN \)_@ @x} L)
S O,N S
3aj (71%) 3ak (nd)
agent in this transformation. Hence, the optimalctiea

condition was established as shown in entry 7 (Table

With the optimal reaction conditions in hand, weeastigated
the scope of anilines for this reaction. The resafe summarized
in Table 2. Anilinesla-1g containing electron-donating groups
on the phenyl ring afforded the corresponding b#mnaaoles in
yields ranging from 34% to 81%. Anilines with suhstitts at
the para and meta-positions provided higher yields thantho-
substituted anilines, which may be due to the effdcsteric
hindrance in the latter case. Substrates with @estithdrawing
groups at themeta-positions appeared compatible under the
optimal reaction condition with excellent yieldS8al-3aj).
Disappointingly, p-nitro-substituted anilindk was not suitable
for this transformation, which indicated that arglimight have

Table 3. Scope of substituted acetophenones.

I, (15 mol%), TBAI (20 mol%)

NH,
/@/ - RZO/J\+S Na,SO, (5 equiv.), DMSO(O1mmoI)/@
PhCI, 140°C, 48 h

00 Q»@ﬁ ﬁ@

3ba (70%)
)—@F
S

3ga (61%)

Jocte)

3ja (67%)

Josue

3ma (65%)

3ca (78%)

3ea (72%) 3fa (30%)

Jes Yo oo

3ha (65%) 3ia (58%)

Josto e

3ka (40%) 3la (62%)

N
L0
S

3na (68%)
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Scheme 2. Reaction conditions with respect to 2-aminonapletial

experienced a nucleophilic attack.

To further examine the scope and limitations of tiaction,
we assessed various acetophenones (Table 3). Acetopwe
with electron-donating groups smoothly reacted whig desired
anilines and sulfur powder, affording the correspoggroducts
(3ba-3fa). In the intermolecular effect, botpara and meta-
positions afforded good yields. In the caseotho substituted
acetophenone3@a), the yield was poor owing to the largeho

steric hindrance. Moreove2g-2n including halogens such as F,

Cl, Br and electron-withdrawing groups such as ;-QFere
tolerated well in this reaction and the correspogdimoducts
3ga-3na were obtained in reasonable yields of 40%-68%.

To further demonstrate the application of our protp we
used 2-naphthalenamine as the substrate for tnsformation
(Scheme 2). Gratifyingly, 2-aminonaphthalene was alstable
for this transformation, and the desired product
phenylnaphtho[2,Hjthiazole (5aa) was obtained in 66% vyield.

To gain insight into the reaction mechanism,eguence of
control experiments was performed under the stanctamditions,
as shown in Scheme 3. First, when a radical scavengsh as
TEMPO and BHT was added in the reaction,
transformation continued, thereby excluding any spgie
mechanism related to the generation of free rasliddéext, we
speculated that 2-aminobenzenethiol or 2-iodoamitimy be a
key intermediate before the cyclization reactiohefefore, we
conducted the next control experiment in the abseot
acetophenone under standard conditions (Schemg, 3yHich
revealed that aniline does not convert irfioor 7 at all.
Furthermore, the generation of imiBewas superior when the
reaction was performed within 1 h (Scheme 3, c). doee,
imine 8 could convert into the final benzothiazole undee t
standard conditions (Scheme 3, d).

Based on our experiments and previous regomsplausible
mechanism for the approach is proposed in Schem&hé.
reaction is initiated by the condensation of amiaad
acetophenone to produce Schiff's b&seSchiff's baseA can be
converted to a resonance structAreat heating condition, which
happens a nucleophilic attack on the elementalsidiading to
intermediateB. B is then transformed int€@ via S,.; extrusion
and deprotonation. Subsequently, the active intdiaeC is

NH,
@ ©/ 2 ©)1\ Standard conditions ©: >—® @E >—©

3ab (46%) 3ab (65%)
TEMPO (2 equiv.) BHT (2 equiv.)

NH, NH, NH,
Slandard conditions
o, L, « CL
SH
1b 6 (0%) 7 (0%)

NH,
Standard conditions
oI ©* ey o ) o o)
8 (42%) 3ab (15%)
N
@ ©/ S +

S(andard conditions @: >_©
Scheme 3. Control experiments.

3ab (76%)

the desired

3

transformed into dihydro benzothiazdl® via intramolecular
cyclization. The methyl group of intermedial® is iodized to
produceE and intermediateE possibly goes through a SN
reaction with DMSO to affordr. IntermediateF is oxidized to
the desired produc8 along with the elimination of dimethyl
sulfide and methanal.

3. Conclusion

In summary, we have developed apcatalyzed three-
component reaction for the synthesis of 2-aryl bémnazoles
from readily available anilines, acetophenones at@mental
sulfur. Our protocol is advantageous in that it does require
pre-activation of the substrates or rigorous reactionditions. In
this reaction, the C(CO)-C(alkyl) bond in the acégones is
cleaved, leading to the formation of C-N and C-Sdsofor the
construction of benzothiazole skeleton. In additioarious
substituted acetophenones and anilines containing 2
naphthalenamine readily participate in the reactioith
elemental sulfur to furnish the desired productsnioderate to
good yields.

2- /R{j :

N 1
S R—./
3 A
[O]/‘HCHo—i-/S\
o

O\i\ A H

Scheme 4. Proposed mechanism

4, Experimental section

4.1 General

'H NMR, and *C NMR spectra were recorded on Bruker
400M and Mercury 300M in CDGbr DMSO. All*H NMR and
®C NMR chemical shifts were given asvalue (ppm) with
reference to tetramethylsilane (TMS) as an intestahdard. All
compounds were further characterized by HRMS; copiigkeir
'H NMR and™C NMR spectra were provided. Products were
purified by flash chromatography on 200-300 meshasgels.
All melting points were determined without correctioAll
reagents were purchased commercially and used a$vedc
unless otherwise noted.

4.2 Procedurefor the synthesis of 3aa and 5aa

A mixture of acetophenon&d, 0.2 mmol),p-toluidine (la,
0.4 mmol), § (0.8 mmoal), } (15 mol%), TBAI (20 mol%),
DMSO (0.1 mmol) and sodium sulfate (1 mmol) in PHC6(mL)
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was stirred at 146C for 48 h. After the reaction mixture was
cooled to room temperature, the solvent was remaveder
reduced pressure to obtain the crude product. €kelue was
purified by silica gel chromatography (eluent: p&um/ethyl
acetate = 40/1) to obtain the desired pro@aeatas white solid.

A mixture of acetophenone 24, 0.2 mmol), 2-
aminonaphthalene4d, 0.24 mmol), $ (0.6 mmol), and,l (20
mol%) in NMP (1 mL) was stirred at 14C for 48 h. After the
reaction mixture was cooled to room temperature, shleent
was removed under reduced pressure to obtain tle gnoduct.
The residue was purified by silica gel chromatogyafguent:
petroleum/ethyl acetate = 10/1) to obtain the @esproductaa
as light yellow solid.

4.3 Compound data of products 3 and 5aa
4.3.1. 6-methyl-2-phenylbenzo[ d] thiazole (3aa)

Tetrahedron

1H), 7.48 — 7.40 (m, 3H), 7.30 (ddl= 8.4, 1.2 Hz, 1H), 2.74 (q,
J=7.6 Hz, 2H), 1.27 (t) = 7.6 Hz, 3H).*C NMR (75 MHz,
CDCly) § 166.9, 152.3, 141.6, 135.1, 133.6, 130.6, 1288,3]
126.7, 122.7, 120.1, 28.8, 15.8. HRMS (ESI): m/zcetafor
CiH1NS (M+H)™ 240.0842; found: 240.0847.

4.3.7. 6-methoxy-2-phenylbenzo[ d] thiazol e (3ag)

Compound3ag was isolated as a white solid (64% yield, 30.7
mg, mp: 118-120C). '"H NMR (300 MHz, CDCJ)  8.08 — 7.89
(m, 3H), 7.51 — 7.39 (m, 3H), 7.30 @z 2.3 Hz, 1H), 7.07 (dd,
J=8.9, 2.4 Hz, 1H), 3.84 (s, 3HC NMR (75 MHz, CDC)) 5
165.4, 157.6, 148.5, 136.3, 133.6, 130.4, 128.9,112123.6,
115.6, 103.9, 55.7. HRMS (ESI): m/z calcd fogH;,NOS
(M+H)" 242.0634; found: 242.0630.

4.3.8. 5-fluoro-2-phenylbenzo[ d] thiazol e (3ah)

Compound3ah was isolated as a light yellow solid (62% vyield,

Compound3aa was isolated as a white solid (81% yield, 36.428.4 mg, mp: 119-12iC). *H NMR (300 MHz, CDCI3)s 8.07

mg, mp: 121-123C). 'H NMR (400 MHz, )8 8.07 (ddd,J = 6.2,
1.9, 0.6 Hz, 2H), 7.95 (dl = 8.3 Hz, 1H), 7.68 (d] = 0.6 Hz,
1H), 7.51 — 7.45 (m, 3H), 7.30 (d,= 8.2 Hz, 1H), 2.49 (s, 3H).
¥C NMR (75 MHz, CDCJ) & 166.9, 152.2, 135.3, 135.1, 133.6,
130.7, 128.9, 127.8, 127.3, 122.6, 121.3, 21.5. HRES): m/z
calcd for GH NS (M+H)" 226.0685; found: 226.0690.

4.3.2. 2-phenylbenzo[ d] thiazol e (3ab)

Compound3ab was isolated as a white solid (70% yield, 29.5

mg, mp: 114-117C). '"H NMR (300 MHz, CDCJ) 5 8.13 — 8.03
(m, 3H), 7.88 (dJ = 7.9 Hz, 1H), 7.53 — 7.42 (m, 4H), 7.42 —
7.32 (m, 1H).”*C NMR (75 MHz, CDCJ) & 167.9, 154.1, 134.9,
133.5, 130.8, 128.9, 127.5, 126.2, 125.1, 123.1,.512HRMS
(ESI): m/z caled for GH; NS (M+H)" 212.0529; found:
212.0533.

4.3.3. 5-methyl-2-phenyl benzo[ d] thiazol e (3ac)

Compound3ac was isolated as a yellow solid (59% yield,
26.5 mg, mp: 140-14%). 'H NMR (300 MHz, CDCJ) & 8.12 —
8.04 (m, 2H), 7.90 — 7.86 (m, 1H), 7.76 {d 8.2 Hz, 1H), 7.52
— 7.44 (m, 3H), 7.24 — 7.18 (m, 1H), 2.51 (s, 3K NMR (75

(dd,J = 6.7, 3.0 Hz, 2H), 7.82 (dd,= 8.8, 5.1 Hz, 1H), 7.75 (dd,
J =95, 2.5 Hz, 1H), 7.51 (dd, J = 6.4, 3.9 Hz, 3H)6 (td,J =
8.8, 2.5 Hz, 1H)*C NMR (75 MHz, CDCI3)s 170.5, 163.5-
160.3 (d,J = 241.5 Hz, 1C), 155.0-154.9 (d,= 12.0 Hz, 1C),
133.3, 131.3, 130.3, 129.1, 127.5, 122.3-122.2 &19.8 Hz, 1C),
114.0-113.7 (dJ = 24.8 Hz, 1C), 109.5-109.2 (d,= 23.3 Hz,
1C). HRMS (ESI): m/z calcd for @HsFNS (M+H) 230.0434;
found: 230.0438.

4.3.9. 5-chloro-2-phenylbenzo[ d] thiazole (3ai)

Compound3ai was isolated as a light yellow solid (79% vyield,
38.6 mg, mp: 138-14%C). 'H NMR (300 MHz, CDCJ) & 8.09 —
8.03 (m, 3H), 7.79 (d] = 8.5 Hz, 1H), 7.53 — 7.47 (m, 3H), 7.35
(dd, J = 8.5, 2.0 Hz, 1H)**C NMR (75 MHz, CDC}) § 169.9,
154.9, 133.2, 133.1, 132.2, 131.3, 129.1, 127.%5.6,2122.9,
122.3. HRM (ESI): m/z calcd for,@HsCINS (M+H)" 246.0139;
found: 246.0142.

4.3.10. 5-bromo-2-phenylbenzo[ d] thiazole (3a))

Compound3aj was isolated as a light yellow solid (71% yield,
40.9 mg, mp: 134-137C). 'H NMR (400 MHz, CDC} ) 5 8.20

MHz, CDCL) § 168.1, 154.4, 136.3, 133.7, 131.9, 130.8, 128.9(d, J = 1.8 Hz, 1H), 8.05 (dtl = 5.3, 2.0 Hz, 2H), 7.72 (d,= 8.4

127.4, 126.8, 123.2, 121.0, 21.4. HRMS (ESI): m/icabdor
CiH1,NS (M+H)" 226.0685: found: 226.0680.

4.3.4. 4-methyl-2-phenylbenzo[ d] thiazole (3ad)

Compound3ad was isolated as a yellow liquid (34% yield,
15.3 mg)."H NMR (300 MHz, CDC})) 5 8.14 — 8.07 (m, 2H),
7.74 — 7.68 (m, 1H), 7.50 — 7.44 (m, 3H), 7.29 — {124 2H),
2.81 (d,J = 0.8 Hz, 3H).”*C NMR (75 MHz, CDC}) & 166.5,
153.5, 135.0, 133.9, 133.3, 130.6, 128.9, 127.%.7,2125.0,
118.9, 18.3. HRMS (ESI): m/z calcd for 8:.NS (M+H)"
226.0685; found, 226.0689.

4.3.5. 4,5-dimethyl-2-phenylbenzo[ d] thiazol e (3ae)

Compound3ae was isolated as a white solid (45% vyield, 21.5

mg, mp: 77-79C). 'H NMR (300 MHz, CDCJ) § 8.09 (dd,J =
6.5, 3.1 Hz, 2H), 7.59 (dl = 8.1 Hz, 1H), 7.51 — 7.42 (m, 3H),
7.17 (d,J = 8.1 Hz, 1H), 2.74 (s, 3H), 2.40 (s, 3FC NMR (75

Hz, 1H), 7.51 — 7.45 (m, 4H)*C NMR (100 MHz, CDG) 5
169.6, 155.2, 133.8, 133.1, 131.3, 129.1, 128.7,.612126.0,
122.6, 119.8. HRMS (ESI): m/z calcd for8sBINS (M+H)"
289.9634; found: 289.9635.

4.3.11. 6-methyl-2-(p-tolyl)benzo[ d] thiazole(3ba)

Compound3ba was isolated as a white solid (70% yield, 33.4
mg, mp: 144-147C). '"H NMR (300 MHz, CDCJ) § 7.97 — 7.89
(m, 3H), 7.60 (dJ = 0.7 Hz, 1H), 7.29 — 7.21 (m, 3H), 2.44 (s,
3H), 2.38 (s, 3HJ*C NMR (75 MHz, CDCJ) & 167.1, 152.1,
141.0, 134.9, 134.9, 130.9, 129.5, 127.7, 127.2.4,2121.2,
21.5, 21.4. HRMS (ESI): m/z calcd for,;&:,NS (M+H)"
240.0842; found: 240.0845.

4.3.12. 6-methyl-2-(m-tolyl)benzo[ d] thiazole(3ca)

Compound3ca was isolated as a white solid (78% vyield, 37.2
mg, mp: 72-75C). *H NMR (300 MHz, CDC}) 6 7.77 — 7.68 (m,

MHz, CDCk) 8 166.3, 153.9, 134.1, 132.3, 131.5, 130.5, 128.92H), 7.61 (ddJ = 7.6, 0.5 Hz, 1H), 7.40 (d,= 0.7 Hz, 1H), 7.13

127.4, 127.3, 118.1, 19.6, 14.9. HRMS (ESI): m/zcdalor
CsH1 NS (M+H)" 240.0842; found: 240.0840.

4.3.6. 6-ethyl-2-phenylbenzo[ d] thiazole (3af)

(t, J = 7.6 Hz, 1H), 7.08 — 7.01 (m, 2H), 2.24 (s, 3H), 2&1
3H).”*C NMR (75 MHz, CDC}) & 167.1, 152.0, 138.6, 135.1,
134.9, 133.4, 131.4, 128.7, 127.7, 127.7, 124.€.5,2121.2,
21.4, 21.2. HRMS (ESI): m/z calcd for ;8 ,NS (M+H)

Compound3af was isolated as a yellow solid (72% yield, 34.4240.0842; found: 240.0828.

mg, mp: 39-42C). *H NMR (300 MHz, CDCJ) & 8.05 (dd,J =
6.6, 2.9 Hz, 2H), 7.97 (dl = 8.4 Hz, 1H), 7.65 (d) = 0.8 Hz,

4.3.13. 6-methyl-2-(o-tolyl)benzo[ d] thiazol e (3da)
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Compound3da was isolated as a light yellow solid (49% vyield,125.5, 122.8, 121.3, 21.5. HRMS (ESI): m/z calcd for

23.4 mg, mp: 35-37C)."H NMR (400 MHz, CDC)) 5 7.97 (d,J

= 8.3 Hz, 1H), 7.73 (d) = 7.6 Hz, 1H), 7.69 (s, 1H), 7.37 — 7.25
(m, 4H), 2.64 (s, 3H), 2.49 (s, 3HJC NMR (75 MHz, CDCJ) &
166.7, 151.7, 136.9, 135.5, 134.9, 132.9, 131.%.313129.6,
127.5, 125.9, 122.6, 120.9, 21.4, 21.3. HRMS (ESIx calcd
for CigH1 NS (M+H)™ 240.0842; found: 240.0841.

4.3.14. 2-(4-isopropyl phenyl)-6-methylbenzol d] thiazole (3ea)

C.H1,CINS (M+H)" 260.0295; found: 260.0296.
4.3.20. 2-(2-chlorophenyl)-6-methylbenzo[ d] thiazol e (3ka)

Compound3ka was isolated as a light yellow solid (40% vyield,
20.7 mg, mp: 102-10%C). 'H NMR (300 MHz, CDCJ) & 8.22 —
8.15 (m, 1H), 7.99 (d] = 8.4 Hz, 1H), 7.67 (s, 1H), 7.52 — 7.44
(m, 1H), 7.39 — 7.26 (m, 3H), 2.47 (s, 3H)C NMR (75 MHz,
CDCly) 6 162.9, 150.5, 136.1, 135.5, 132.4, 132.2, 13138,8.

Compound3ea was isolated as a light yellow solid (72% vyield,130.6, 127.8, 126.9, 122.8, 120.9, 21.5. HRMS (B8l calcd

38.4 mg, mp: 98-101C). '"H NMR (300 MHz, CDCJ) & 8.02 —
7.96 (m, 2H), 7.93 (d) = 8.3 Hz, 1H), 7.66 (s, 1H), 7.33 @@=
8.4 Hz, 2H), 7.28 (dd] = 8.3, 1.6 Hz, 1H), 2.97 (m, 1H), 2.48 (s,
3H), 1.29 (d,J = 6.9 Hz, 6H).”°C NMR (75 MHz, CDCJ) 5
167.1, 152.2, 151.9, 135.1, 131.4, 127.8, 127.4,012122.5,
121.3, 109.7, 34.1, 23.8, 21.5. HRMS (ESI): m/z @afor
CiH1gNS (M+H)" 268.1155; found: 268.1157.

4.3.15. 2-(4-methoxyphenyl)-6-methyl benzo[ d] thiazole (3fa)

Compound3fa was isolated as a light yellow solid (30% yield,

15.3 mg, mp: 170-17%). *H NMR (400 MHz, CDCJ) & 8.05 —
7.98 (m, 2H), 7.90 (d] = 8.3 Hz, 1H), 7.66 (s, 1H), 7.28 @
9.5 Hz, 1H), 6.99 (dJ = 8.8 Hz, 2H), 3.88 (s, 3H), 2.49 (s, 3H).
%C NMR (100 MHz, CDGJ) § 166.8, 161.7, 152.3, 134.9, 134.9,
128.9, 127.8, 126.5, 122.3, 121.3, 114.3, 55.4/.HRMS (ESI):
m/z calcd for GsH,,NOS (M+H)" 256.0791; found: 256.0789.

4.3.16. 2-(4-fluorophenyl)-6-methylbenzo[ d] thiazol e (3ga)

for C,H;,CINS (M+H)" 260.0295; found: 260.0294.
4.3.21. 2-(4-bromophenyl)-6-methylbenzo[ d] thiazole (3la)

Compound3la was isolated as a white solid (62% vyield, 37.4
mg, mp: 199-202C). '"H NMR (300 MHz, CDCJ) § 7.96 — 7.90
(m, 3H), 7.69 (s, 1H), 7.64 — 7.59 (m, 2H), 7.31 (@d,8.4, 1.5
Hz, 1H), 2.50 (s, 3H)°C NMR (75 MHz, CDCJ) § 165.6, 152.1,
135.7, 135.1, 132.6, 132.1, 128.7, 128.1, 125.2.7,2121.4,
21.6. HRMS (ESI): m/z calcd for,@H,,BrNS (M+H)" 303.9790;
found: 303.9795.

4.3.22. 2-(3-bromophenyl)-6-methylbenzo[ d] thiazol e (3ma)

Compound3ma was isolated as a white solid (65% yield, 39.2
mg, mp: 119-122C). '"H NMR (300 MHz, CDC}) § 8.21 (t,J =
1.8 Hz, 1H), 7.89 (ddd] = 4.1, 3.3, 2.6 Hz, 2H), 7.63 — 7.58 (m,
1H), 7.54 (dddJ = 8.0, 1.9, 1.0 Hz, 1H), 7.32 — 7.23 (m, 2H),
2.45 (s, 3H)*C NMR (75 MHz, CDCJ) & 164.9, 151.9, 135.7,
135.4, 135.1, 133.4, 130.3, 129.9, 128.0, 125.8.01,2122.7,

Compound3ga was isolated as a white solid (61% vyield, 29.6121.3, 21.5. HRMS (ESI): m/z calcd for;8,,BrINS (M+H)"

mg, mp: 160-162C). *H NMR (300 MHz, CDCJ) § 8.07 — 7.99

(m, 2H), 7.92 (dJ = 8.3 Hz, 1H), 7.65 — 7.62 (m, 1H), 7.28 (ddd,

J=8.3, 1.1, 0.6 Hz, 1H), 7.19 — 7.10 (m, 2H), 2.473@). *°C
NMR (75 MHz, CDC}) 5 165.9 — 165.6 (dJ = 21.8 Hz, 1C),
162.6, 152.1, 135.4, 135.1, 130.0 — 129.9)(¢ 3.0 Hz, 1C),

129.3 — 129.2 (d) = 8.3 Hz, 1C), 127.9, 122.6, 121.3, 116.2 —

1159 (d, J 225 Hz, 1C), 21.5. HRMS (ESI): m/z
calcd for GaHFNS (M+H) 244.0591; found: 244.0594.

4.3.17. 2-(3-fluorophenyl)-6-methylbenzo[ d] thiazole (3ha)

303.9790; found: 303.9786.

4.3.23.  6-methyl-2-(4-(trifluoromethyl)phenyl)benzo[ d] thiazole
(3na)

Compound3na was isolated as a white solid (68% yield, 39.8
mg, mp: 94-97°C). *H NMR (300 MHz, CDCJ) & 8.18 (d,J =
8.6 Hz, 2H), 7.97 (dJ = 8.4 Hz, 1H), 7.77 — 7.69 (m, 3H), 7.33
(dd, J = 8.4, 1.6 Hz, 1H), 2.51 (s, 3HI*C NMR (75 MHz,
CDCl,) § 164.9, 152.1, 136.9, 136.1, 135.4, 132.4, 13228,3|
127.6, 126.0 — 125.9 (g} = 3.8 Hz, 1C), 123.1, 121.4, 21.6.

Compound3ha was isolated as a white solid (65% vyield, 31.5HRMS (ESI): m/z calcd for GHy;F;NS (M+H)" 294.05509;

mg, mp: 96-99C). '"HNMR (300 MHz, CDC}) § 7.91 (d,J = 8.3
Hz, 1H), 7.79 — 7.72 (m, 2H), 7.58 (s, 1H), 7.38 {d; 8.2, 5.8
Hz, 1H), 7.28 — 7.22 (m, 1H), 7.16 — 7.08 (m, 1H), A33H).
*C NMR (75 MHz, CDCJ): 8 165.2, 164.5 — 161.2 (d= 245.3
Hz, 1C), 151.9, 135.7, 135.6, 135.0, 130.5 — 130,4 € 7.5 Hz,
1C), 127.9, 123.0, 122.9 — 122.7 (= 18.0 Hz, 1C), 121.2,
117.6 — 117.3 (d) = 21.0 Hz, 1C), 114.1 — 113.8 (#= 23.3 Hz,
1C), 21.5. HRMS (ESI): m/z calcd for E1;;FNS (M+HY
244.0591; found: 244.0594.

4.3.18. 2-(4-chlorophenyl)-6-methylbenzo[ d] thiazole (3ia)

Compound3ia was isolated as a light yellow solid (58% yield,

30.0 mg, mp: 182-187C). *H NMR (300 MHz, CDC}) & 8.04 —
7.98 (m, 2H), 7.94 (d) = 8.4 Hz, 1H), 7.69 (s, 1H), 7.49 — 7.43
(m, 2H), 7.31 (dd, = 8.3, 1.2 Hz, 1H), 2.50 (s, 3HJC NMR

found: 294.0562.
4.3.24. 2-Phenylnaphtho[ 2,1-d] thiazol e (5aa)

Compoundbaa was isolated as a light yellow solid (66% vyield,
34.4 mg, mp: 102-10%C). 'H NMR (300 MHz, CDCJ) & 8.21 —
8.01 (m, 3H), 7.94 (dd} = 16.9, 7.6 Hz, 2H), 7.83 (d,= 8.8 Hz,
1H), 7.60 — 7.26 (m, 5H)C NMR (75 MHz, CDC}) 5 167.1,
152.1, 133.6, 132.1, 130.9, 130.7, 128.9, 128.9,.9,2127.3,
127.2, 126.9, 125.9, 125.1, 121.6. HRMS (ESI): ndicd for
C,;H1 NS (M+H)" 262.0685; found, 262.0689.
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4.3.19. 2-(3-chlorophenyl)-6-methylbenzo[ d] thiazole (3ja)

MHz in CDCk. Unknown products were further characterized by
HRMS (TOF-ESI), the melting points of solid productere
determined on a microscopic apparatus.
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