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Palladium-catalyzed directortho-acylation
through an oxidative coupling of 2-

arylbenzothiazoles with benzylic alcohols

Qiuping Ding,” Huafang Ji,Changging Ye, Jiajia Wang, Junyan Wang, Liyun Zhou
and Yiyuan Peng*
Key Laboratory of Functional Small Organic Molecules, Ministry of Education and
College of Chemistry & Chemical Engineering, Jiangxi Normal University, Nanchang,
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Abstract: An efficient protocol was developed for Pd-catalyzed direct C-H bond
acylation by cross-dehydrogenative-coupling of arylbenzothiazoles and benzylic alcohols
using tert-butyl hydroperoxide (TBHP) as the oxidant. The acylation reactions exhibit

good reactivities and excellent regioselectivity.
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Introduction
Transition-metal-catalyzed intermolecular cross-dehydrogenative-coupling (CDC) of

inert C—H bonds has recently emerged as a powerful method for the construction of new
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C-C bonds and C-X (X = N, O, S, X) bonddhe combination of transition-metal-
catalysts and directing groups is very important to success in this context. Various
transition metals such as Pd, Rh, Ru, Fe, Co, and Cu have been widely erfiployed.
Recently, the direct C-H bond acylation of aromatic compounds containing various
directing groups has been described. In 2009, Cheng firstly reported Pd-catalyzed
oxidative sp C—H acylation reactions of 2-arylpyridines from aldehyt®sbsequently,

other groups (such as Li, Ge, and Wang) also developed many 2-arylpyridine-dirécted sp
C-H acylation by different carbonyl sourdesn addition, Yu and Kim described
separately the Pd-catalyzed direct C-H bond acylation uSkmgethyl oximes as a
directing group. Anilide was also employed as a directing group for direct C-H bond
acylation with aldehydeSRh-catalyzed benzamide-directed oxidative acylation and Pd-
catalyzedortho-acylation of N-benzyltriflamides with aldehydesia s C—H bonds
activation were described by KimCyclic enamides participated intermolecular C-H
bond acylation reactions was reported by Duadost recently, Wu and co-workers
reported Pd-catalyzedrtho-acylation of 2-arylbenzoxazole in moderate to good yields
using aldehydes as acyl soufé®atel also developed an efficient protocol fordttao-
acylation of 2-arylbenzoxazoles and 2-arylbenzothiazoles with aldehydeBd(ll)-
catalyzed C-H activation/C-C bond formatiiDecarboxylative cross-coupling reaction

of benzoic acids with-@xocarboxylic acids was reported by Ge group.

In most cases, aldehyde was employed as carbonyl source in transition-metal-catalyzed
C-H bond acylation reaction. In additiom-oxocarboxylic acid§®**®! benzylic

c,12

alcohols!®*? g-diketones' toluene derivative¥® and carboxylic acidé are also very

useful carbonyl sources in the presence of transition-metal catalyst and oxidant.



As a privileged fragment, the benzothiazole core is a ubiquitous subunit in many natural
products and pharmaceuticals with remarkable biological actiViti€sr example,
compoundsl or their salts (Figure 1) containing a benzothiazole core are useful for
treatment of parkinsonism, hypertension, depressiort® dteus, it is highly desired to
develop efficient and general synthetic methods for access to functionalized
benzothiazoles in order to explore their potential applications. More recently, we has
developed the Pd-catalyzed direwtho sp> C—H arylation of 2-arylbenzothiazolés.
Inspired by the above-mentioned direct acylation protocols and our interest in 2-
arylbenzothiazoles, herein we would like to report the acylation reaction of 2-
arylbenzothiazoles and benzylic alcohols ugsrdrbutyl hydroperoxide (TBHP) as the

oxidant in the presence of catalytic palladium acetatexi@ative CDC reaction.
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Results and discussions

We initially used 2-¢-tolyl)benzof]thiazole 1a and phenylmethanoRa as model
substrates to optimize the reaction conditions, and selected results are summarized in
Table 1. To our delight, the combination of Pd(GAahd TBHP (65 wt.% aqueous
solution) in PhCI solvent at 11 can catalyze the CDC reaction and provide the
acylated product3a in 31% vyield (Table 1, entry 1). A screening of catalysts
demonstrated that other Pd catalysts, such as ,Pd}(dba)y, Pd(CHCN).ClI,,

Pd(PhCN)CI,, and Pd(PP.Cl, were inferior to Pd(OAg)(Table 1, entries 1-6). Then,



the use of other oxidants, suchdaert-butyl peroxide (DTBP), @ oxone, and KS,Og,
was also ineffective in this transformation (Table 1, entries 7-10). Further optimization
showed the coupling yield could be raised to 61% in the presence of 7.0 equiv of TBHP
(Table 1, entries 11-13). Subsequently, the effects of several ligands were investigated,
and the results showed that the presence of ligand affected the reaction to some extent.
Among them, benzoquinone (BQ) increased the yield to 68%, some other generally used
ligands, such as TMEDA, DMEDA, PBhL-proline, DDQ, and 1,10-phen showed
ineffective (Table 1, entries 14-20). The effect of solvents on this reaction was also
examined. PhCl was found to be the best choice, and other solvents such as toluene,
AcOH, DMAc, DMF, DMSO, NMP, and C¥CN failed to yield better results (Table 1,
entries 21-27).
Table 1. Optimization of the reaction conditiéns
[Pd] (5 mol%) N

T o B2 LD

1a 3a Ph

2a

Entry [Pd] Solvent Oxidant Ligand Yibeld
(%)
1 Pd(OAc) PhCI TBHP - 31
2 PdC} PhCI TBHP - 15
3 Pd(dba) PhCl TBHP - 27
4 PACH(CHLCN), PhCI TBHP - 24
5 PdCL(PhCN), PhCI TBHP - 13
6 PdC}H(PPh), PhClI TBHP - 11
7 Pd(OAc) PhCI DTBP - 18
8 Pd(OAc) PhCI (e} - -
9 Pd(OAc) PhCI Oxone - -
10 Pd(OAc) PhCI KS,0s - -
11°  Pd(OAc) PhCI TBHP - 45
12 Pd(OAc) PhCI TBHP - 52
1¥  Pd(OAc) PhCI TBHP - 61
14° Pd(OAc) PhCI TBHP TMEDA 37
15° Pd(OAc) PhCI TBHP DMEDA 32
16° Pd(OAc) PhCI TBHP PPhH 28
17 Pd(OAc) PhCI TBHP L-proline 42
18 Pd(OAc) PhCI TBHP BQ 68
19 Pd(OAc) PhCI TBHP  DDQ trace
20° Pd(OAc) PhCI TBHP  1,10-phen -

21° Pd(OAc) toluene TBHP  BQ 50



22  Pd(OAc) AcOH TBHP BQ 30

23 Pd(OAc) DMAc TBHP BQ trace
24  Pd(OAc) DMF  TBHP BQ -

25° Pd(OAc) DMSO TBHP BQ trace
26° Pd(OAc) NMP TBHP BQ 20
27° Pd(OAc) CH;,CN TBHP BQ 35

& Conditions:1a (0.2 mmol),2a (0.6 mmol), [Pd] catalyst (5 mol %), oxidant (3.0 equiv),
ligand (10 mol%) 116C, 2 h;” Isolated yield based oha; ¢ 4.0 equiv of TBHP were

used:? 6.0 equiv of TBHP were usetl7.0 equiv of TBHP were used.

Under the optimized reaction conditions [Pd(OA® mol%), TBHP (7.0 equiv), BQ (10
mol%), PhCI, 110°C], the scope of the §pC-H acylation reactions between the 2-
arylbenzofithiazoles1 with phenylmethanoRa was investigated. The coupling of 2-
arylbenzofithiazoles 1b-1i with middle electron-withdrawing groups (Cl, F) at the
ortho-position of 2-phenyl ring underwent smoothly the CDC acylation reaction to afford
the corresponding producib-3i in good to excellent yields (Table 2, entries 2-9). For
instance, 2-(2-chlorophenyl)bengithiazole1b reacted with phenylmethan®a leading

to the formation of acylation produ8b in 95% vyield (Table 2, entry 2). The reaction of
2-(2-fluorophenyl)benzaljthiazole1f under the standard conditions g&ien 82% yield
(Table 2, entry 6). Generally, the benzothiazole parts with electron-neutral substituents or
electron-withdrawing groups were relatively more reactive than those with electron-
donating ones, and afforded relatively higher yields (Table 2, entries 2, 4-6, 8vand 9
entries 3 and 7). Regrettably, 2-(2-nitrophenyl)benzo[d]thiazpleontaining strongly
electron-withdrawing group (N reacted with phenylmethan@a under the present
reaction conditions no desired products was obtaitiedhe substituents at the
benzothiazole parts and tleetho-position of 2-phenyl ring parts both were electron-

donating groups, gave the acylation product in poor yield. For example, when 6-methyl-



2-(o-tolyl)benzof]thiazole 1k was used as substrate, only a 22% yield was obtained
(Table 2, entry 11). At the same time, substituted beljthogzole with a strong electron-
donating methoxy group at tleetho position of the benzene ring showed poor reactivity.
To those 2-arylbenzd]thiazoles1n-1r with electron-donating or -withdrawing group at
the meta-position of 2-phenyl ring providedrtho-acylation product8m-3q exclusively

at the less sterically hindered position in good yields (Table 2, entries 14-18).
Fortunately, unsubstituted 2-phenylberdittfiazole 1s also reacted with
phenylmethanoRa smoothly under standard reaction conditions and moderate isolated
yield (62%) of the monoacylated proddtwas obtained, and only trace amount of bis-
acylated product was observed by TLC (Table 2, entry 19). On the otherdaaad,
position substituted 2-arylbenzfjfhiazole 1t afforded in moderate yield (67%) and an
inferior selectivity with mono- and bis-acylated products in almost the same amount
(Table 2, entry 20).

Table 2. Reaction of phenylmethanol with 2- arylberd;tb[azole§
Pd(OACc), (5 mol%)

TBPH (7.0 equlv)
+ PhCHOH————— >
BQ (10 mol%)
PhCI, 110°C, 2 h
1 2a

Entry 1 Product 3 Yield Entry 1 Product 3 Yield
(%)° (%)°

1 ©::\>_© @[:\Zp 68 11 )@: >_© /@ >;§i> 22
2 ©:>_© C{@ 95 12 CI/(:[}_@ CI@@ 70
3 /@[ >_© /(:[ >;§:> 85 13 @[ >_© @[ >;§3 83

O

ph 3l
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& Conditions: 2-arylbenzd]thiazole 1 (0.2 mmol), phenylmethand?a (0.6 mmol),
Pd(OAc) (5 mol%), TBHP (7.0 equiv), BQ (10 mol%), PhCI, £m) 2h;” Isolated yield

based on 1°With 35% vyield of bis-acylated product.

The substituent effects of various primary alcohols on this reaction were then studied
under the optimized reaction conditions (Table 3). It was noticed that benzylic alcohols
bearing electron-donating groups (§Hentry 2) and electron-withdrawing substituents
(NO,, Cl) at the aromatic ring (entries 3 and 4) provided good to high yields. However,
the reaction yield decreased dramatically when 4-bromobenzyl alcoh@<2esed as the
substrate, and the desired prod@et was achieved in 35% yield. Unfortunately, to

aliphatic alcohol such &8uOH 2f the reaction could not occur under the recommended



reaction conditions.

Table 3. Acylation of 2-arylbenzd]thiazole with primary alcohofs

Pd(OAC), (5mol%) R
TBPH (7.0 equiv) _ N
+ RCH,OH
TBa(omo%) F s
)

PhCI,110°C, 2 h
2 3 R
Entry 2 Product 3 Yield Entry 2 Product 3 Yield
(%) (%)
1 CH,OH N [ 92 4 CH,OH N F, 87
SO )
O O
2a Ph 3i cl
2d O
ca3v
2 CH,OH N F 74 5 CH,OH N R 35
PO, BOLSY,
o] (o]
CHs Br
2b & 2e O
CH, 3t Br3W
3 CH,OH N R 85 6 w o
BOSSY "BuoH _(T]
o 2f o
NO, 3x
2c Q
NO,3U

2 Conditions: 2-arylbenzd]thiazole 1i (0.2 mmol), primary alcohol? (0.6 mmol),
Pd(OAc) (5 mol%), TBHP (7.0 equiv), BQ (10 mol%), PhCl, £0) 2h;"Isolated yield

based on 1i

To understand the reaction mechanism, we test some other experiments. First, using
PhCHO as the alternative of PhgbH, the desired coupling produga was obtained in

70% vyield under the standard conditions. Subsequently, 2.0 equiv. TEMPO as a radical-
trapping reagent was used in our model reaction, and only trace of desired prodast 3a
observed, suggesting that free radical intermediate was involved in the reaction.

Based on the previous reseafth’*#**and our result$, a plausible reaction pathway of

the palladium-catalyzedrtho-acylation of 2-arylbenzdlthiazole with phenylmethanol
through direct C-H bond activation was suggested in Scheme 1. Fir&€-spbond

activation of 2-arylbenzdlthiazole occurs in the presence of the palladium catalyst to



form a five-membered palladacycle intermediatévas observed by NMR). Second, the

palladacycleA reacted with the acyl radical which was produced in situ from the

oxidation of alcohol by TBHP to form either reactivé"Par Pd” intermediateB.>®%!413

Finally, the reductive elimination of intermediaBe afforded coupling produc8 and

regenerates Bdor the next catalytic cycle.

N N

h Pd(OAc),
Reductive elimination
Cyclopalladation AcOH
AcOH

AcO

o C*Ph CL @

©: Oxidation S A
S addition

B t-BuO*

Pd" or Pd"V O  TBHP

; : . <—— PhCH,OH
intermediate Ph H)J\Ph 2

t-BuOH

/=0

Scheme 1Plausible mechanism for the Pd-catalyzed eabglation reaction.

In summary, we have developed an efficient method for the synthesis of aromatic ketones
via a Pd-catalyzed direct 5@-H bond acylation of 2-arylbenzijfhiazoles. The cheap

and readily available benzylic alcohols were used as acylation sources in the presence of
TBHP. The reaction exhibited good functional group tolerance with good to excellent

yield and high selectivity.

Experimental Section
General experimental procedures and characterizations: 2-Arylifthzfole (0.2
mmol), benzylic alcohol (0.6 mmol), Pd(OAdP.01 mmol), TBHP (1.4 mmol, 194,

65% aq), BQ (0.02 mmol), and PhCI (2.0 mL) were added in a 25 mL sealed tube with a



Teflon-lined cap. The mixture was heated at 110 °C for 2 h. After being cooled to room
temperature, the volatiles were removed under reduced pressure, and the residue was
purified by a flash column chromatography on silica gel using petroleum ether/ethyl
acetate as eluent to give the corresponding pure coupling product 3

(2-(benzo[ d] thiazol-2-y1)-3-methyl phenyl) (phenyl)methanone  3a. Isolated as a
yellow solid (68% yield, 44.7 mg), mp: 135-136; *H NMR (400 MHz, CDC}) & 2.43
(s, 3H), 7.27 (tJ) = 7.6 Hz, 2H), 7.33 (dJ = 8.0 Hz, 1H), 7.37-7.42 (m, 3H), 7.46-7.48
(m, 2H), 7.69 (dJ) = 7.6 Hz, 2H), 7.78 (d] = 7.6 Hz, 1H), 7.93 (d] = 8.0 Hz, 1H)**C
NMR (100 MHz, CDCY) ¢ 20.5, 121.3, 123.4, 125.2, 126.0, 126.6, 128.0,31229.9,
132.5, 132.7, 132.8, 136.2, 137.4, 138.2, 140.7, 152.9, 165.2, 197.3; IR WKBr}:
1735, 1458, 1087, 775; HRMS (ESHVz [M + H]" calcd for G;H1gNOS: 330.0953;
found: 330.0950.
(2-(benzo[ d] thiazol-2-yl)-3-chlorophenyl)(phenyl)methanone 3b. Isolated as a yellow
solid (95% yield, 66.3 mg), mp: 178-17G; 'H NMR (400 MHz, CDC}) 6 7.26 (t,J =
7.6 Hz, 2H), 7.31-7.41 (m, 3H), 7.49-7.56 (m, 2H), 7.65)(d,7.6 Hz, 2H), 7.69 (d] =
7.6 Hz, 1H), 7.80 (dJ = 7.6 Hz, 1H), 7.88 (dJ = 8.0 Hz, 1H);**C NMR (100 MHz,
CDCl3) 6 121.3, 123.6, 125.6, 126.1, 127.5, 128.1, 129.4,613131.8, 132.0, 132.9,
134.2, 136.3, 137.0, 142.9, 152.2, 162.1, 195.8; IR (K»Brbn_l: 1669, 1317, 758,
HRMS (ESI): m/ZM + H] " calcd for GoH13CINOS: 350.0406, found: 350.0400.
(3-chloro-2-(6-methyl benzo[ d] thiazol-2-yl)phenyl ) (phenyl )methanone 3c. Isolated as a
yellow solid (85% yield, 61.7 mg), mp: 134-1%5; 'H NMR (400 MHz, CDC}) & 2.43
(s, 3H), 7.19 (dJ = 8.4 Hz, 1H), 7.25 () = 7.2 Hz, 2H), 7.36 (t) = 7.2 Hz, 1H), 7.47-

7.52 (m, 2H), 7.57 (s, 1H), 7.64 @z 7.6 Hz, 2H), 7.68 (d] = 7.6 Hz, 1H), 7.74 (d] =



8.4 Hz, 1H);**C NMR (100 MHz, CDGJ) § 21.6, 120.9, 123.0, 127.4, 127.7, 128.1,
129.4, 130.5, 131.8, 131.9, 132.8, 134.1, 135.8, 136.5, 137.0, 142.9, 150.4, 160.9, 195.8;
IR (KBr) viem™: 1670, 1276, 707; HRMS (ESlywz [M + H]* calcd for GiH:sCINOS:
364.0563, found: 364.0568.
(3-chloro-2-(6-chlorobenzo[ d] thiazol-2-yl)phenyl ) (phenyl ) methanone 3d. Isolated as a
yellow solid (92% vyield, 70.5 mg), mp:147-148; *H NMR (400 MHz, CDCJ) § 7.26

(t, J= 7.6 Hz, 2H), 7.34 (d] = 8.8 Hz, 1H), 7.38 () = 7.6 Hz, 1H), 7.49 (d] = 7.6 Hz,

1H), 7.54 (tJ = 7.6 Hz, 1H), 7.64 (d] = 7.6 Hz, 2H), 7.69 (d] = 7.6 Hz, 1H), 7.76 (1)

= 4.0 Hz, 2H);*C NMR (100 MHz, CDG) § 120.9, 124.3, 127.0, 127.6, 128.2, 129.4,
130.9, 131.3, 131.6, 132.1, 133.0, 134.1, 136.9, 137.5, 142.9, 150.7, 162.7, 195.6; IR
(KBr) viem™%: 1672, 1303, 826; HRMS (ESli'z [M + H]" caled for GoH1,ClLNOS:
384.0017, found: 384.0021.
(3-chloro-2-(6-fluorobenzo[ d] thiazol -2-yl ) phenyl ) (phenyl )methanone 3e Isolated as a
yellow solid (83% yield, 60.9 mg), mp: 152-1%3; 'H NMR (400 MHz, CDC}) & 7.13

(t, J = 8.8 Hz, 1H), 7.26 (t) = 7.6 Hz, 2H), 7.38 () = 7.2 Hz, 1H), 7.46-7.51 (m, 2H),
7.54 (d,J = 8.0 Hz, 1H), 7.64 (d] = 7.6 Hz, 2H), 7.69 (d] = 7.6 Hz, 1H), 7.81 (dd, 3

4.8, 8.8 Hz, 1H)**C NMR (100 MHz, CDGJ) § 107.4 (d2Jc.r= 27.0 Hz), 114.9 (FJcr

= 25.0 Hz), 124.6 (Jc.r= 10.0 Hz), 127.6, 128.2, 129.4, 130.8, 131.4, 132.0, 132.9,
134.1, 136.9, 137.3 (dJc.r= 11.0 Hz), 142.9, 148.8, 160.6 (dc.r= 245.0 Hz), 195.7;

IR (KBr) vicm™: 1667, 1321, 750; HRMS (ESHvz [M + H]* calcd for GoH1-.CIFNOS:
368.0312, found: 368.0310.

(2-(benzo[ d] thiazol-2-y1)-3-fluorophenyl ) (phenyl)methanone 3f. Isolated as a yellow

solid (82% vyield, 54.6 mg), mp: 108-16G@; 'H NMR (400 MHz, CDC}) & 7.25-7.40



(m, 8H), 7.53-7.59 (m, 1H), 7.73 (d= 8.4 Hz, 2H), 7.87 (dd] = 4.0, 8.4 Hz, 1H)}*C
NMR (100 MHz, CDC}) & 117.6 (d,2Jc.r= 23.0 Hz), 120.4 (fJc.r= 13.0 Hz), 121.3,
123.4, 124.7, 125.5, 126.1, 128.2, 129.0, 131.2Xg; = 9.0 Hz), 132.6, 135.8, 137.6,
142.4, 152.0, 158.3, 160.1 (Hc.r = 252.0 Hz), 196.0; IR (KBry/cm " 1668, 1299,
1273, 757; HRMS (ESI)mvz [M + H]* calcd for GoH1sFNOS: 334.0702, found:
334.0700.

(3-fluor o-2-(6-methyl benzo[ d] thiazol-2-yl)phenyl ) (phenyl)methanone 3g. Isolated as a
yellow solid (75% yield, 52.0 mg), mp:131-132; *H NMR (400 MHz, CDC}) & 2.41
(s, 3H), 7.15 (dJ = 8.4 Hz, 1H), 7.26 () = 7.6 Hz, 2H), 7.34 (d] = 6.8 Hz, 2H), 7.37
(t, J=9.2 Hz, 1H), 7.55 (t) = 7.6 Hz, 1H), 7.57 (s, 1H), 7.63 @@= 8.0 Hz, 1H), 7.71
(d, J= 7.6 Hz, 2H);**C NMR (100 MHz, CDG)) § 21.6, 117.6 (fJc.c= 22.0 Hz), 120.5
(d, 2Jc.p = 14.0 Hz), 120.9, 122.9, 124.7, 127.8, 128.2, 128.9, 13154d= 9.0 Hz),
132.6, 135.8, 136.0, 137.6, 142.3, 150.2, 157.1, 160.80{¢,= 253.0 Hz), 196.1; IR
(KBr) vicm™ 1671, 1299, 745; HRMS (ESljvz [M + H]" calcd for GiH:sFNOS:
348.0858, found: 348.0859.

(2-(6-chlorobenzo[ d] thiazol -2-yl)-3-fluor ophenyl ) (phenyl )methanone 3h. Isolated as a
yellow solid (80% yield, 58.7 mg), mp: 170-1%t; *H NMR (400 MHz, CDC}) 6 7.27-
7.42 (m, 6H), 7.57-7.62 (m, 1H), 7.65 = 8.8 Hz, 1H), 7.71 (dJ = 7.6 Hz, 2H), 7.78
(s, 1H);**C NMR (100 MHz, CDG) & 117.7 (d.2Jc.r= 22.0 Hz), 120.0 (fJc.e= 13.0
Hz), 120.8, 124.1, 124.8, 127.0, 128.3, 128.9, 131.5, 132.8{¢= 9.0 Hz), 132.7,
136.9 (d,2Jc.r= 6.0 Hz), 137.5, 142.3, 150.5, 158.8, 160.10d,-= 253.0 Hz), 195.8;
IR (KBr) vicm ™™ 1671, 1309, 722; HRMS (ESHvVz [M + H]* calcd for GoH1-.CIFNOS:

368.0312, found: 368.0315.



(3-fluor o-2-(6-fluor obenzol[ d] thiazol -2-yl ) phenyl ) (phenyl )methanone  3i. Isolated as a
colorless solid (92% yield, 64.6 mg), mp:124-£25'H NMR (400 MHz, CDC}) 6 7.08
(t, J = 8.8 Hz, 1H), 7.28 (t) = 7.6 Hz, 2H), 7.34-7.41 (m, 3H), 7.47 (t= 8.0 Hz, 1H),
7.56-7.61 (m, 1H), 7.67-7.73 (m, 3HC NMR (100 MHz, CDGJ) & 107.3 (d,2Jc.r=
27.0 Hz), 114.9 (fJcr= 25.0 Hz), 117.6 (FJc.r= 22.0 Hz), 120.1 (FJc.£= 13.0 Hz),
124.4 (d,%Jc.e = 9.0 Hz), 124.8, 128.3, 128.9, 131.8 {d&.r= 9.0 Hz), 132.7, 136.9,
137.5, 142.3, 148.6, 158.1, 160.0 {@.r= 252.0 Hz), 160.6 (dJc.= 245.0 Hz), 195.9;
IR (KBr) vicm *: 1665, 1279, 7788; HRMS (ESHyz [M + H]" calcd for GoH1,F-NOS:
352.0608, found: 352.0612.

(3-methyl-2-(6-methyl benzo[ d] thiazol -2-yl)phenyl) (phenyl )methanone 3j. Isolated as a
brown solid (22% vyield, 15.1 mg), mp: 70-%t; *H NMR (400 MHz, CDCY)  2.43 (s,
3H), 2.45 (s, 3H), 7.22 (dl = 8.4 Hz, 1H), 7.28 (t) = 7.6 Hz, 2H), 7.38-7.44 (m, 2H),
7.46-7.49 (m, 2H), 7.57 (s, 1H), 7.69 (x 7.2 Hz, 2H), 7.80 (d) = 8.0 Hz, 1H);**C
NMR (100 MHz, CDC)) 6 20.5, 21.5, 121.0, 122.8, 126.5, 127.6, 128.0,2,.2229.9,
132.6, 132.7, 132.8, 135.3, 136.4, 137.4, 138.2, 140.7, 151.1, 164.0, 197.4; IR (KBr)
vicm™t: 1668, 1275, 774; HRMS (EShwz [M + H]* calcd for G,HigNOS: 344.11009,
found: 344.1111.

(2-(6-chlorobenzo[ d] thiazol -2-yl)-3-methyl phenyl ) (phenyl )methanone 3k. Isolated as a
White solid (70% vyield, 50.8 mg); mp:122-123; *H NMR (400 MHz, CDC}) § 2.43
(s, 3H), 7.30 (tJ = 7.6 Hz, 2H), 7.37 (d]= 8.8 Hz,1H), 7.39-7.44 (m, 2H), 7.49 (s
3.6 Hz, 2H), 7.69 (dJ = 7.6 Hz, 2H), 7.76 (s, 1H), 7.83 (@= 8.8 Hz, 1H);"*C NMR
(100 MHz, CDC}) 6 20.5, 120.9, 124.1, 126.8, 126.9, 128.1, 129.5,912%81.2, 132.1,

132.8, 132.9, 137.3, 137.4, 138.2, 140.6, 151.4, 165.8, 197.2; IR (Bn)": 1668,



1279, 719; HRMS (ESImvz [M + H]" calcd for GiHisCINOS: 364.0563, found:
364.0568.

(2-(6-fluor obenzo[ d] thiazol -2-yl)-3-methyl phenyl ) (phenyl )methanone 3l. Isolated as a
yellow solid (83% vyield, 57.6 mg), mp:132-133; *H NMR (400 MHz, CDCJ) & 2.43
(s, 3H), 7.14 (t) = 7.6 Hz, 1H), 7.29 () = 7.6 Hz, 2H), 7.38-7.48 (m, 5H), 6.68 (=
7.6 Hz, 2H), 7.85 (dd] = 4.8, 8.4 Hz,1H)**C NMR (100 MHz, CDGJ) § 20.5, 107.5 (d,
2Je.r = 26.0 Hz), 114.7 (Bc.r = 25.0 Hz), 124.3 (d®Jc.r = 10.0 Hz), 126.7, 128.1,
129.4, 129.9, 132.2, 132.8, 132.9, 137.2%0d- = 11.0 Hz), 137.4, 138.2, 140.6, 149.5,
160.4 (d,"Jc.e = 245.0 Hz), 165.0, 197.2; IR (KBrycm : 1668, 1282, 849; HRMS
(ESI): mz[M + H]" calcd for GiH1sFNOS: 348.0858, found: 348.0862.

(2-(benzo[ d] thiazol-2-yl)-4-methyl phenyl ) (phenyl )methanone 3m. Isolated as a white
solid (65% yield, 42.8 mg), mp: 129-130; *H NMR (400 MHz, CDC}) & 2.52 (s, 3H),
7.25-7.30 (m, 3H), 7.32-7.39 (m, 2H), 7.41 (s, 7.41), 7.45 7.6 Hz, 1H), 7.73-7.81
(m, 5H); °C NMR (100 MHz, CDGJ) & 21.4, 121.4, 123.4, 125.2, 126.1, 128.2, 129.1,
129.3, 130.3, 131.0, 132.3, 132.6, 135.4, 137.0, 138.0, 140.6, 153.5, 165.6, 197.7; IR
(KBr) viem™: 1663, 1281, 732; HRMS (ESIn/z [M + H]" calcd for GiH1gNOS:
330.0953, found: 330.0949.
(2-(6-chlorobenzo[ d] thiazol -2-yl)-4-methyl phenyl ) (phenyl )methanone 3n. Isolated as a
yellow solid (65% vyield, 47.2 mg), mp:125-126; *H NMR (400 MHz, CDCJ) § 2.52
(s, 3H), 7.25-7.32 (m, 3H), 7.35-7.46 (m, 3H), 7.68Xd; 8.4 Hz, 1H), 7.69 (s, 1H),
7.71-7.76 (m, 3H)*C NMR (100 MHz, CDGJ) & 21.4, 121.0, 124.1, 127.0, 128.2,

129.2, 130.2, 131.1, 131.2 131.9, 132.7, 136.5, 137.0, 137.9, 140.8, 152.0, 166.1, 197.5;



IR (KBr) viem™: 1683, 1292, 814; HRMS (ESlwz [M + H]* calcd for GiH:sCINOS:
364.0563, found: 364.0567.

(2-(6-fluor obenzo[ d] thiazol -2-yl)-4-methyl phenyl ) (phenyl )methanone 3o. Isolated as a
yellow solid (81% vyield, 56.2 mg), mp:138-139; *H NMR (400 MHz, CDCJ) § 2.51
(s, 3H), 7.08 (t) = 8.8 Hz, 1H), 7.28 (t) = 7.6 Hz, 2H), 7.35-7.46 (m, 4H), 7.68 (s, 1H),
7.70-7.75 (m, 3H)**C NMR (100 MHz, CDGJ) & 21.4, 107.6 (d®Jc.r= 27.0 Hz), 114.8
(d, Je.p= 24.0 Hz), 124.3 (Jc.r= 10.0 Hz), 128.2, 129.2, 129.3, 130.2, 131.0, 132.0,
132.6, 136.3 (d®Jcr= 12.0 Hz), 136.9, 137.9, 140.7, 150.1, 160.5Jr = 244.0 Hz),
165.4, 197.6; IR (KBry/cm%: 1663, 1280, 929, 733; HRMS (ESHYz [M + H]* calcd
for C,1H1sFNOS: 348.0858, found: 348.0861.

(2-(benzo[ d] thiazol-2-y1)-4-chlor ophenyl) (phenyl )methanone 3p. Isolated as a white solid
(72% yield, 50.2 mg), mp:134-138; *H NMR (400 MHz, CDC}) & 7.25-7.34 (m, 3H),
7.35-7.41 (m, 2H), 7.48 (d,= 8.4 Hz, 1H), 7.57 (d] = 8.0 Hz, 1H), 7.74 (d] = 7.6 Hz,
2H), 7.79 (tJ = 6.8 Hz, 2H), 7.93 (s, 1H}’C NMR (100 MHz, CDGJ) § 121.5, 123.6,
125.7, 126.4, 128.3, 129.2, 129.5, 130.2, 130.3, 132.9, 133.9, 135.4, 136.2, 137.5, 138.0,
153.3, 163.7, 196.5; IR (KBrycm % 1665, 1277, 778; HRMS (EShvz [M + H]" calcd
for CyoH13CINOS: 350.0406, found: 350.0411.

(4-chloro-2-(6-methyl benzo[ d] thiazol-2-yl)phenyl) (phenyl )methanone 3q. Isolated as a
yellow solid (67% yield, 48.6 mg), mp: 87-88 *H NMR (400 MHz, CDC})  2.41 (s,
3H), 7.17 (dJ = 8.4 Hz, 1H), 7.28 (t) = 7.2 Hz, 2H), 7.38 (t) = 7.2 Hz, 1H), 7.47 (d

= 8.0 Hz, 1H), 7.55 (d = 7.6 Hz, 1H), 7.56 (s, 1H), 7.66 @@= 8.4 Hz, 1H), 7.73 (d

= 7.6 Hz, 2H), 7.90 (s, 1H}*C NMR (100 MHz, CDGJ) & 21.6, 121.2, 123.1, 128.0,

128.3, 129.2, 129.3, 130.1, 130.3, 132.9, 134.0, 135.6, 136.0, 136.2, 137.5, 137.9, 151.5,



162.5, 196.6; IR (KBry/cm™: 1666, 1273, 738; HRMS (ESlwz [M + H]" calcd for
C,1H1sCINOS: 364.0563, found: 364.0559.

((2-(benzo[ d] thiazol-2-yl)phenyl) (phenyl)methanone 3r®. Isolated as a yellow solid (62%
yield, 40.8 mg), mp: 109-11%; *H NMR (400 MHz, CDCJ) § 7.29 (t,J = 7.6 Hz, 3H),
7.34- 7.38 (m, 2H), 7.54 (d,= 6.8 Hz, 1H), 7.60-7.64 (m, 2H), 7.77 {t= 7.6 Hz, 4H),

7.93 (d,J = 7.2 Hz, 1H):**C NMR (100 MHz, CDG)) & 121.4, 123.4, 125.3, 126.2,
128.2, 128.9, 129.3, 129.6, 130.2, 130.3, 132.1, 132.7, 135.3, 137.8, 139.7, 153.5, 165.3,
197.7; IR (KBr) v/em%: 1666, 1256, 799; HRMS (EShm/z [M + H]" calcd for
Co0H14NOS: 316.0796, found: 316.0791.

(2-(benzo[ d] thiazol-2-yl)-5-methoxyphenyl ) (phenyl)methanone 3s Isolated in 32% yield.

'H NMR (400 MHz, CDCJ) § 3.81 (s, 3H), 6.94 (s, 1H), 7.03 (@= 8.8 Hz, 1H), 7.16-
7.30 (m, 5H), 7.65 (t, 3 6.4 Hz, 2H), 7.69 (d, 3 7.6 Hz, 2H), 7.78 (d, 3 8.0 Hz, 1H);

3C NMR (100 MHz, CDG)) ¢ 55.6, 113.9, 115.8, 121.2, 123.1, 124.6, 124.9, 125.9,
128.2, 129.2, 131.1, 132.6, 135.1, 137.7, 141.3, 153.5, 161.2, 165.0, 197.2; HRMS (ESI):
m/z [M + H]" calcd for GiH16NO,S: 346.0902, found: 346.0897.

(2-(benzo[ d] thiazol-2-yl)-5-methoxy-1,3-phenyl ene)bi s(phenyl methanone) 3s’ Isolated in

35% vyield.'H NMR (400 MHz, CDCJ) 6 3.93 (s, 3H), 7.15 (] = 7.2 Hz, 2H), 7.20-7.26

(m, 7H), 7.34 (tJ = 7.6 Hz, 2H), 7.52 (d] = 8.0 Hz, 1H), 7.66-7.73 (m, 5H))C NMR

(100 MHz, CDC}) ¢ 56.0, 115.7, 121.0, 123.1, 123.4, 125.0, 125.9, 128.2, 129.5, 133.1,
136.3, 136.7, 142.6, 152.5, 160.4, 162.7, 196.6; HRMS (B%1){M + H]"* calcd for
CogH20NO3S: 450.1164, found: 450.1173.

(3-fluor o-2-(6-fluor obenzol[ d] thiazol -2-yl ) phenyl ) (p-tolyl)methanone 3t. Isolated as a

yellow solid (74% yield, 54.0 mg), mp: 135-136; *H NMR (400 MHz, CDC}) & 2.29



(s, 3H), 7.07-7.11 (m, 3H), 7.31 @@= 7.2 Hz, 1H), 7.37 () = 9.2 Hz, 1H), 7.48 (d] =
8.0 Hz, 1H), 7.54-7.59 (m, 1H), 7.64 (= 8.0 Hz, 2H), 7.70 (dd] = 4.8, 8.8 Hz,1H);
13C NMR (100 MHz, CDG)) § 21.7, 107.3 (d%Jcr = 26.0 Hz), 114.9 (FJcr = 25.0
Hz), 117.5 (d2Jc.r = 22.0 Hz), 120.0 (d®Jc.r = 14.0 Hz), 124.5 (Jcr = 10.0 Hz),
124.6, 129.1, 129.3, 131.7 (Wc.r = 9.0 Hz), 134.9, 136.9 (dJcr = 11.0 Hz), 142.5,
143.7, 148.7, 158.2, 160.1 (tc.r = 252.0 Hz), 160.6 (dJcr = 244.0 Hz), 195.7; IR
(KBr) viem™: 1661, 1279, 788; HRMS (ESI'z [M + H]* caled for GiH14FNOS:
366.0764, found: 366.0771.

(4-chlorophenyl)(3-fluor o-2-(6-fluor obenzo[ d] thiazol-2-yl)phenyl )methanone 3u.
Isolated as a yellow solid (85% yield, 54.0 mg), mp: 107X08'H NMR (400 MHz,
CDCl) & 7.10 (dt, E 2.4, 8.8 Hz, 1H), 7.27 (d,= 8.4 Hz, 2H), 7.32 (d, J = 7.6 Hz, 1H),
7.39 (t, J=8.4 Hz, 1H), 7.49 (dd, J= 2.8, 8.0 Hz, 1H), 7.59 (dt512, 8.0 Hz, 1H), 7.67
(d,J = 8.4 Hz, 2H), 7.68 (dJ = 8.8 Hz, 1H)I**C NMR (100 MHz, CDCJ) & 107.4 (d,
2Jo.F = 27.0 Hz), 115.2 (FJcr = 25.0 Hz), 117.8 (cr = 22.0 Hz), 119.9 (Flcr =
14.0 Hz), 124.3 (®Jc.r = 9.0 Hz), 124.6, 128.7, 130.2, 131.9 (& = 9.0 Hz), 136.0,
136.7, 139.0, 141.7, 148.5, 157.9, 158.8ds = 252.0 Hz), 159.4 (dJc.r = 245.0 Hz),
194.7; IR (KBr) viem 1670, 1275, 843; HRMS (ESIm/z [M + H]* calcd for
CooH11CIF,NOS: 386.0218, found: 386.0225.

(3-fluor o-2-(6-fluor obenzol d] thiazol -2-yl ) phenyl ) (4-nitrophenyl )methanone 3v. Isolated
as a yellow solid (87% vyield, 68.9 mg), mp: 143-2@&4'H NMR (400 MHz, CDCJ) §
7.11 (dt,J = 1.6, 7.2 Hz, 1H), 7.38 (d,= 7.6 Hz, 1H), 7.44-7.50 (m, 2H), 7.60-7.66 (m,
2H), 7.86 (dJ = 8.4 Hz, 2H), 8.12 (d) = 8.4 Hz, 2H);"*C NMR (100 MHz, CDG)) §

107.6 (d,Jc.r = 26.0 Hz), 115.4 (FJcr = 25.0 Hz), 118.4 (FJc.r = 22.0 Hz), 119.8 (d,



3Jc.e=13.0 Hz), 123.6, 124.1 (8c.r = 10.0 Hz), 124.8, 129.3, 132.3 fdc.¢ = 9.0 Hz),
136.7, 140.7, 142.6, 148.0, 149.7, 157.6, 158.8Xg; = 253.0 Hz), 159.5 (dJcr =
246.0 Hz), 194.0; IR (KBry/cm™ 1673, 1255, 797; HRMS (EShwz [M + H]" calcd
for CooH11FoN,0sS: 397.0458, found: 397.0465.

(4-bromophenyl)(3-fluor o-2-(6-fluor obenzo[ d] thiazol-2-yl)phenyl )methanone 3w.
Isolated as a yellow solid (35% yield, 30.0 mg), mp: 124425'H NMR (400 MHz,
CDCls) § 7.12 (dtJ = 2.4, 8.8 Hz, 1H), 7.32 (d,= 7.2 Hz, 1H), 7.38-7.41 (m, 1H), 7.44
(d, J = 8.4 Hz, 2H), 7.51 (dd] = 2.4, 8.0 Hz, 1H), 7.57-7.63 (m, 3H), 7.68 (dd; 4.8,
8.8 Hz, 1H);**C NMR (100 MHz, CDCJ) § 107.5 (d2Jc.r = 27.0 Hz), 115.2 (FJc.r =
25.0 Hz), 117.8 (fJc.r = 22.0 Hz), 119.9 (FJcr = 14.0 Hz), 124.3 (FJcr = 10.0 Hz),
124.6, 127.8, 130.3, 131.6, 131.9 {dr = 9.0 Hz), 136.4, 136.7, 141.6, 148.5, 157.8,
160.0 (d,Jc.r = 254.0 Hz), 161.7 (dJc.r = 245.0 Hz), 194.9; IR (KBry/cm™: 1671,
1275, 795; HRMS (ESIm/z [M + H]" calcd for GoH11BrF,NOS: 429.9713, found:

429.9708.
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Graphical abstract:

Pd(OAC), (5 mol%)

N N/~ TBPH (7.0 equiv) N
T 2 _ + ArCH,OH -

N2 2 BQ (10 mol%) =

PhCI, 110°C, 2 h

23 examples, up to 95% yield



Table 1. Optimization of the reaction conditiéns

[Pd] (5 mol%)

Ligand, Oxidant
—_—

N
@: 7 + PhCH,0H
S
1a 2

L
A\
S
(o]
3a Ph

Solvent, 110 °C
a

Entry [Pd] Solvent  Oxidant Ligand Yield
(%)°

1 Pd(OAc) PhCI TBHP - 31

2 PdC} PhCI TBHP - 15

3 Pd(dba), PhCI TBHP - 27

4 PACHCH,CN), PhClI TBHP - 24

5 PdCL(PhCN), PhCI TBHP - 13

6 PACH(PPh), PhCI TBHP - 11

7 Pd(OAc) PhCI DTBP - 18

8 Pd(OAc) PhClI o - -

9 Pd(OAc) PhCI Oxone - -

10 Pd(OAc) PhCI KS0s - -

11°  Pd(OAc) PhCI TBHP - 45

12 Pd(OAc) PhCI TBHP - 52

1¥  Pd(OAc) PhCI TBHP - 61

14 Pd(OAc) PhCI TBHP TMEDA 37

15° Pd(OAc) PhCI TBHP DMEDA 32

16° Pd(OAc) PhCI TBHP PPhH 28

17 Pd(OAc) PhCI TBHP L-proline 42

18 Pd(OAc) PhCI TBHP BQ 68

19° Pd(OAc) PhCI TBHP DDQ trace

20°  Pd(OAc) PhClI TBHP  1,10-phen -

21° Pd(OAc) toluene TBHP  BQ 50

22  Pd(OAc) AcOH TBHP BQ 30

23 Pd(OAc) DMAc TBHP BQ trace

24  Pd(OAc) DMF TBHP  BQ -

25° Pd(OAc) DMSO TBHP BQ trace



26°  Pd(OAc) NMP  TBHP BQ 20
27  Pd(OAc) CH,CN TBHP BQ 35

& Conditions: 1g0.2 mmol), 280.6 mmol), [Pd] catalyst (5 mol %), oxidant (3.0 equiv),
ligand (10 mol%) 116C, 2 h.

P|solated yield based dta.

4.0 equiv of TBHP were used.

46.0 equiv of TBHP were used.

7.0 equiv of TBHP were used.

Table 2. Reaction of phenylmethanol with 2-arylbemftbfiazole$

Pd(OAc)z (5 mol%)

+ PhCHOH ———— > R )
22" BQ (10 mol%) Loy iR

PhCI, 110°C, 2 h O on
2a 3
Entry 1 Product 3 Yield Entry 1 Product 3 Yield
(%)° (%)°
1 N 2 N 68 11 Q:N >; /@N 22
C[S CES:@ W o i
Ph P 3]
2 95 12 N >: N 70
©: >_© ©i >;§j> CI/©:S CI/©iSO
1 Ph
3k
3 85 13 N N 83
ﬁ@ @E:@ JesSviies
im T
Ph
4 § N 92 14 : N :< : :N 65
uﬁs\ C uD:S\ >>: s s
1d ° oh in b 3m

3d
5 & “ 83 15 . 65
F@cz\@ @[:@ Noslelivs
o}
Ph

6 ©[>—© ©:>;§3 82 16 FQ}_@FQ::\@ 81

1p ° ph 30



1q
8 R % A 80 18 A N & 67
N, N, N,
SO C.J@cs»p YosSol¥eeg
r Ph 3q

9 @[@ /@:g} 92 19 E;L}_@ ©::Z;§:> 62

Ph 3r

10 - 20 ) N
©:> z > ?Q_@we Q:Z@OM‘E

7 R R 75 17 & A 72
O30 LD Cr-0 G
1g ° Ph ° Pn 3p

3F

a Condltlons. 2-arylbenzd]thiazole 1 (0.2 mmol), phenylmethand?a (0.6 mmol),
Pd(OAc) (5 mol%), TBHP (7.0 equiv), BQ (10 mol%), PhCl, ) 2h.

® |solated yield based dh ¢ With 35% vield of bis-acylated product.

Table 3. Acylation of 2- arylbenzd]thiazole with primary alcohofs

Pd(OAc), (5mol%)
TBPH (7.0 equlv)

+ RCH,OH
BQ 10 mol%)

PhCI,110°C, 2 h
2
Entry 2 Product 3 YleId Entry 2 Product 3 Yield
(%)° (%)
1 CH,0H N\ F 92 4 CH,OH N\ F 87
Bos )
O O
2a Ph 3i cl
2d @
ca3v
2 CH,OH . R 74 5 CH,OH " R 35
BOSSY, BOSSY,
[e] O
CHs Br
2b & 2e O
CH, 3t Br3W
3 CH,OH N F 85 6 N F
BSOS "BuOH [T
o 2f o
NO, 3X
2c Q
NOo,3Uu

2 Conditions: 2-arylbenzd]thiazole 1i (0.2 mmol), primary alcohol? (0.6 mmol),

Pd(OAc) (5 mol%), TBHP (7.0 equiv), BQ (10 mol%), PhClI, £0) 2h.



®|solated yield based dhi.

O

3 Ph Pd(OAc), 1
Reductive elimination
Cyclopalladation AcOH

AcOH

0
cO
a0l Moy N>\_©
5O j
©: N Oxidation A

B 4 t-BuO*
Pd" or Pd"V O  TBHP
L -~
. I . PhCH,OH
intermediate Ph H)J\Ph 2

t-BuOH

Scheme 1Plausible mechanism for the Pd-catalyzed eabglation reaction.
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2-(2-chlorophenyl)benzo[d]thiazole (1b) mp: 86-87 °C;

'H NMR (400 MHz, CDCls) 6 7.27-7.34 (m, 3H), 7.41-7.46 (m, 2H), 7.83 (d, J = 8.0 Hz,
1H), 8.10 (d, J = 8.0 Hz, 1H), 8.17 (dd, J = 2.4, 7.2 Hz, 1H);

3C NMR (100 MHz, CDCls) ¢ 121.4, 1235, 125.5, 126.3, 127.1, 130.8, 131.1, 131.8,

132.3, 132.7, 136.2, 152.6, 164.1,
Cl

2-(2-chlorophenyl)-6-methylbenzo[d]thiazole (1c) mp: 101-102 °C;

'H NMR (400 MHz, CDCls) 6 2.45 (s, 3H), 7.28 (d, J = 8.0 Hz, 1H), 7.30-7.35 (m, 2H),
7.46 (d, J=6.4 Hz, 1H), 7.65 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 6.4 Hz, 1H);

3C NMR (100 MHz, CDCl3) ¢ 21.6, 121.0, 123.0, 127.1, 128.0, 130.8, 130.9, 131.7,

132.4, 132.6, 135.6, 136.4, 150.7, 163.0;
Cl

6-chloro-2-(2-chlorophenyl)benzo[d]thiazole (1d) mp: 136-137 °C;

'H NMR (400 MHz, CDCls) 6 7.36-7.42 (m, 2H), 7.47 (d, J = 8.4 Hz, 1H), 7.50-7.54 (m,
1H), 7.90 (s, 1H), 8.02 (d, J = 8.8 Hz, 1H), 8.20-8.24 (m, 1H);

3C NMR (100 MHz, CDCl3) ¢ 120.9, 124.2, 127.2, 130.9, 131.4, 131.7, 131.8, 132.7,

137.3, 151.0, 164.6;
Cl

0

\

F S

2-(2-chlorophenyl)-6-fluorobenzo[ d]thiazole (1€) mp: 127-128 °C;

'H NMR (400 MHz, CDCl3) 6 7.22 (t, J = 8.8 Hz, 1H), 7.35-7.37 (m, 2H), 7.46-7.52
(m,1H), 7.57 (d, J = 8.0 Hz, 1H), 8.01-8.05 (m, 1H), 8.17-8.21 (m, 1H);



3C NMR (100 MHz, CDCls) 6 107.4 (d, 2Jcr = 26.5 HZ), 115.1 (d, 2Jcr = 24.7 H2),
124.5 (d, 3Jc.r = 9.3 Hz), 127.1, 130.8, 131.2, 131.6, 131.9, 132.6, 137.1 (d, *Jer = 11.1
Hz), 149.1, 160.6 (d, 1Jc.r = 244.8 Hz), 163.8;

2-(2-fluorophenyl)benzo[d]thiazole (1f) mp: 97-98 °C;

'H NMR (400 MHz, CDCl3) 6 7.19 (t, J = 9.6 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 7.35-7.44
(m, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.89 (d, J = 7.6 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 8.39
(t, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCl3) ¢ 116.4 (d, Zc.r = 21.8 Hz), 121.4,
121.5, 123.3, 124.7, 125.3, 126.3, 129.8, 132.1 (d, Jc.r = 6.8 Hz), 135.8 (d, ®Jc.- = 6.8
Hz), 152.6, 160.6 (d, *Jc.r = 252.0 Hz), 161.0;

R

josse

2-(2-fluorophenyl)-6-methylbenzo[d]thiazole (1g) mp: 111-112 °C;

'H NMR (400 MHz, CDCls) 6 2.46 (s, 3H), 7.15-7.29 (m, 3H), 7.37-7.42 (m, 1H), 7.65
(s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 8.37 (dt, J = 1.6, 8.0 Hz, 1H);

3C NMR (100 MHz, CDCls) 6 21.6, 116.3 (d, 2Jcr = 21.9 Hz), 121.1, 121.6 (d, %Jc.r =
11.0 Hz), 122.8, 124.6, 128.0, 129.7, 131.9 (d, *Jc.r = 8.7 Hz), 135.5, 136.0 (d, *Jc.r =

7.8 Hz), 150.7, 160.0, 160.5 (d, Yc.r = 251.8 Hz);
F

SO0

6-chloro-2-(2-fluorophenyl)benzo[d]thiazole (1h) mp: 149-149 °C;

'H NMR (400 MHz, CDCl3) § 7.22 (t, J = 9.2 Hz, 1H), 7.30 (t, J = 6.8 Hz, 1H), 7.45 (d, J
= 8.0 Hz, 2H), 7.88 (s, 1H), 7.99 (d, J = 8.0 Hz, 1H), 8.35-8.43 (m, 1H);

3C NMR (100 MHz, CDCl3) 6 116.4 (d, 2Jcr = 21.8 Hz), 121.0, 121.1, 124.0, 124.7,
127.2,129.7, 131.2, 132.4 (d, *Jc.r = 8.7 HZ), 136.9 (d, %Jc.r = 8.4 Hz), 151.1, 160.6 (d,
Yer = 252.1 HZ), 161.5 (d, *Jc.r = 5.9 Hz);



Joste

6-fluoro-2-(2-fluorophenyl)benzo[d]thiazole (1i) mp: 124-125 °C;

'H NMR (400 MHz, CDCl3) § 7.19-7.31 (m, 3H), 7.43-7.46 (m, 1H), 7.59 (dd, J = 2.4,
8.0 Hz, 1H), 8.03 (dd, J=4.8,9.2 Hz, 1H), 8.36 (dt, J = 1.6, 8.0 Hz, 1H);

13C NMR (100 MHz, CDCls) 6 107.5 (d, 2Jcr = 26.5 HZ), 115.1 (d, 2Jer = 24.7 H2),
116.4 (d, 2Jcr = 21.8 Hz), 121.2 (d, *Jcr = 11.2 Hz), 124.3 (d, *Jor = 9.4 HZ), 124.7,
129.6, 132.2 (d, 3Jc.r = 8.7 Hz), 136.7 (d, *Jcr = 8.5 Hz), 136.8 (d, 3Jc.r = 8.4 H2),
149.2, 160.4 (d, *Jc.r = 251.9 Hz), 160.5 (d, *Jc.r = 244.3 Hz), 160.8;

Josty

6-methyl-2-(o-tolyl)benzo[d]thiazole (1k) mp: 97-98 °C;

'H NMR (400 MHz, CDCls) § 2.56 (s, 3H), 2.71 (s, 3H), 7.39-7.44 (m, 2H), 7.50-7.53
(m, 2H), 7.80 (s, 1H), 8.01 (d, J = 7.6 Hz, 1H), 8.51 (d, J = 8.4 Hz, 1H);

3C NMR (100 MHz, CDCls) ¢ 21.6, 21.8, 120.8, 121.5, 127.0, 127.9, 130.2, 131.2,
132.1, 132.4, 132.6, 137.7, 138.2, 143.5, 169.6;

Bossw

6-chloro-2-(o-tolyl)benzo[ d]thiazole (11) mp: 94-95 °C;

'H NMR (400 MHz, CDCl3) 6 2.64 (s, 3H), 7.28-7.36 (m, 3H), 7.43 (dd, J = 2.0, 8.8 Hz,
1H), 7.72 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 6.0 Hz,1H), 7.97 (d, J = 8.8 Hz, 1H);

3C NMR (100 MHz, CDCl3) ¢ 21.5, 121.0, 124.1, 126.2, 127.0, 130.3, 130.5, 131.0,

131.7, 132.6, 136.7, 137.4, 152.4, 168.5;

-0

6-fluoro-2-(o-tolyl)benzo[ d]thiazole (1m) mp: 64-65 °C;



'H NMR (400 MHz, CDCls) 6 2.63 (s, 3H), 7.19 (dt, J = 2.4, 8.8 Hz, 1H), 7.25-7.33 (m,
3H), 7.52 (dd, J = 2.4, 8.0 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 8.00 (dd, J = 4.8, 9.2 Hz,
1H);

3C NMR (100 MHz, CDCl3) ¢ 21.5, 107.6 (d, Jc.r = 26.6 HZ), 114.8 (d, e = 24.6
Hz), 124.3 (d, *Jcr = 9.3 Hz), 126.2, 130.1, 130.5, 131.7, 132.8, 136.5 (d, *Jcr = 11.1
Hz), 137.3, 150.5, 160.5 (d, “Jc.r = 244.1 HZ), 167.7;

G

2-(mrtolyl)benzo[d]thiazole (1n) mp: 72-73 °C;

'H NMR (400 MHz, CDCl3) 6 2.36 (s, 3H), 7.20 (d, J = 8.0 Hz, 1H), 7.28 (t, J = 7.6 Hz,
2H), 7.39-7.43 (m, 1H), 7.75-7.81 (m, 2H), 7.88 (s, 1H), 8.04 (d, J = 7.6 Hz, 1H);

3C NMR (100 MHz, CDCl3) ¢ 21.4, 121.6, 123.2, 124.9, 125.1, 126.3, 128.0, 128.9,
131.8, 133.6, 135.1, 138.8, 154.2, 168.3;

Bosse

6-chloro-2-(m-tolyl)benzo[d]thiazole (10) mp: 136-137 °C;

'H NMR (400 MHz, CDCls) 6 2.42 (s, 3H), 7.27 (d, J = 7.2 Hz, 1H), 7.34 (t, J = 7.6 Hz,
1H), 7.40 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.79 (s, 1H), 7.86 (s,1H), 7.92
(d, J=7.6 Hz, 1H);

3C NMR (100 MHz, CDCl3) ¢ 21.4, 121.2, 123.8, 124.8, 127.1, 128.0, 128.9, 130.9,
132.0, 133.1, 136.2, 138.9, 152.7, 168.8;

OGS

6-fluoro-2-(m-tolyl)benzo[ d]thiazole (1p) mp: 82-83 °C;

'H NMR (400 MHz, CDCls) 6 2.36 (s, 3H), 7.11-7.15 (m, 1H), 7.20 (d, J = 6.4 Hz, 1H),
7.27 (t, J=6.0 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.72 (d, J = 6.0 Hz, 1H), 7.79 (s, 1H),
7.91-7.94 (m, 1H);



13C NMR (100 MHz, CDCl3) 6 21.3, 107.8 (d, 2Jc.r = 26.6 Hz), 114.8 (d, 2Jc.r = 24.5
Hz), 124.0 (d, *Jcr = 9.3 Hz), 124.7, 127.8, 128.9, 131.8, 133.2, 136.0 (d, 3Jcr = 11.1
Hz), 138.8, 150.7, 160.4 (d, YJc.c = 244.2 HZ), 167.9;

Cl

-0

2-(3-chlorophenyl)benzo[d]thiazole (1g) mp: 111-112 °C;

'H NMR (400 MHz, CDCl3) § 7.25-7.34 (m, 3H), 7.43 (t, J = 5.6 Hz, 1H), 7.75-7.80 (m,
2H), 8.01 (d, J = 8.8 Hz, 2H);

3C NMR (100 MHz, CDCl3) 6 121.7, 123.5, 125.5, 125.6, 126.5, 127.3, 130.2, 130.8,

135.0, 135.1, 135.2, 154.0, 166.1;
Cl

2-(3-chlorophenyl)-6-methylbenzo[d]thiazole (1r) mp: 120-121 °C;

'H NMR (400 MHz, CDCls) 6 2.40 (s, 3H), 7.22 (d, J = 7.6 Hz, 1H), 7.28 (t, J = 7.6 Hz,
1H), 7.34 (d, J = 6.8 Hz, 1H), 7.52 (s, 1H), 7.79 (d, J = 6.8 Hz, 1H), 7.88 (d, J = 8.0 Hz,
1H), 8.01 (s, 1H);

3C NMR (100 MHz, CDCl3) ¢ 21.6, 121.4, 122.9, 1255, 127.2, 128.1, 130.1, 130.5,
135.1, 135.2, 135.4, 135.7, 152.1, 165.1;
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