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Research Progress in the Synthesis of Benzo[d]pentamembered
Heterocyclic Thioethers Containing Two Heteroatoms

Jia, Xiaoying®” Pu, Jiaxia®’ Han, Lirong®” Li, Qinghan™**
(“ College of Chemistry and Environment, Southwest Minzu University, Chengdu 610041)
(® Key Laboratory of General Chemistry of the National Ethnic Affairs Commission,
Southwest Minzu University, Chengdu 610041)

Abstract The thioether structure of benzo[d]penta-membered heterocycles with double heteroatoms, such as benzo[d]
thiazole/oxazole/imidazole, widely exists in many drug molecules and natural product molecules. Its derivatives have
extensive biological activities such as antibacterial, antiviral and anti-tumor, and are also important intermediates in organic
synthesis and structural units in drug synthesis. Therefore, benzo[d]thiazole/oxazole/imidazole sulfide compounds have great
application value in medicine, materials and other fields. The research of its synthesis method has also become one of the
current research hotspots. The synthesis methods and biological activity research progress of benzo[d]five membered
heterocyclic sulfide compounds with double heteroatoms in recent years are reviewed, and some of their reaction mechanisms
are described.

Keywords benzo[d]thiazole sulfide; benzo[d]oxazole sulfide; benzo[d]imidazole sulfide; C—S bond formation; research
progress
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Figure 1 Benzo[d]five-membered heterocyclic sulfide com-
pounds with biological activity
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Scheme 1 Preparation of benzo[d]thiazole sulfide by the reac-
tion of iodobenzene and sulfide catalyzed by copper
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Scheme 2 Preparation of benzo[d]thiazole thioethers by the
reaction of sulfide with nucleophilic reagent catalyzed by copper
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Scheme 3 Preparation of benzo[d]oxazole sulfide compounds
by the reaction of benzo[d]oxazole compounds with diphenyl
disulfide catalyzed by copper
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Scheme 4  Possible mechanism of the reaction of ben-
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Scheme 5 Preparation of benzo[d]|thiazole thioether by the re-
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Scheme 6 Copper catalyzed synthesis of benzo[d]thiazole sulfide from boric acid and 2-mercaptobenzo[d]thiazole
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Scheme 10 Preparation of benzo[d]imidazole sulfide from boric acid and 2-mercaptobenzo[d]imidazole catalyzed by copper
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Scheme 12 Copper-catalyzed reaction of boric acid with N-thiaaryl succinimide to prepare benzo[d]pentacyclic sulfides
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Scheme 17 Copper-catalyzed reaction of 2-mercaptobenzo-
[d]thiazole with iodobenzene to prepare benzo[d]thiazole sulfide
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89% I 2645 B K I [d] TLyc A I BB AL 54 66. FL
W5 R SRR I [ ] ME Wy 2R I B RECR Ba, E bR P2 7 R
Ak 60%~89% (Scheme 20). 1% /%W A4 & T 75 s s Al
BeAd, #AEMi, JEACPRM(E. JR SALFE AT Scheme 21
FiR: B5e, ORI TRREE 65 ERVL AR A AR AR AR
— T HIZERE IEE T 67, R 67 BEUEE I [d) It
WG 64 Ak 68, B 515 2B LAY 66;
A I /5 3 R4 69, 69 7E DMSO HI1E N — 2 3t

Tl 65 FIBLAL AR, SE AL IEIA L RE.

http://sioc-journal.cn/ 23



koLt ik SR
R©:X> * DMSO RIC A~ S 72 Cul RSH + Base
o 65 110°C, 12 h 66 \< 70

- Y= . 35% ~ 89% - X
R=H, Me; X=NH, O, S; |
YoN. Cﬁz- PhCuSR RSCu R = @ D

e - " 74 73 N

B 20 SIEHCR I (A1 H TCASF LAY S 2 BRI X=NH.S O
& I [d) T e AR AL S HI Phl, Base
Scheme 20 Copper-catalyzed reaction of benzo[d]five- 7

membered heterocyclic compounds with diphenyl disulfide to
prepare benzo[d]five-membered heterocyclic sulfides

[:::Ijx> [:::E?i "sen [::]i;?*‘sph

X 68

64 N
Ph—S—SPh PhSCu
&y 69
67 \ )ﬁ DMSO, I
Cul + PhSSPh
65

B 21 FI[d) e aY) S =55 ZHRmE S AR
Scheme 21 Mechanism of the reaction of benzo[d]five-mem-
bered heterocyclic compounds with diphenyl disulfides

2016 4F, kA S B3R F Ak 4l Bh Cul #E 4k 2-37

I [d] WK /E S A B ) 5 T FE TR (58 SCAR B S
I8 il & A FE[d] TLC AR A 4. LA 10 mol% Cul fE
fEAL57, KOH 1EH%, DMF 1R 5, fikdaas 15 min (30
W), LL 79%~88% MU %45 £ — R 4 I 4 I [d] F oG A+
IERBEL &Y 72 (Scheme 22). %7 1ESEGINE B
I [d) TG H AR BR AL S P JTAE E, B R B
E s EBEE A E RN TS A, R R ) 2,
H Re A 52 VG A PR, (E# 3 H oK T W1 Scheme 23 B
NI RENLEE, B 2-3REE IR IR [d] K/ E R SRAL A )
S A AR LE R T A R R ik 73, SRS TE
BRI 26 A NS 71 S ai4A 73 45 2k b R 4k 74, 4R
Ja A 74 L08R, HERCH bR T2,

10 mol% Cul

X KOH N,
@EN)_SH ' OI MW, 15 min @EX%SO
70 71 2o
X =NH, S, 0 79% ~ 88%

B 22 TR AR T R AL 2- 50 T (o e e 5 RS S I o
AR IF[d] LIS RBL &P
Scheme 22 Preparation of benzo[d]pentacyclic thioethers from
2-mercaptobenzo[d]thiazole and iodobenzene catalyzed by cop-
per under microwave irradiation

2017 4, Ackermann HRE@IZHPYRIE T @ IHES
CuTc MEALIEIF[d] MR 5 o 2 R AL B = 2173 S L o6
FIF[dEMER R S VI U7V, AEE AR CuTe (20
mol%) AL, DMF A7, 3 equiv. FIHUT EEEE(LiO-
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B 23 TR AE A TR AL 2- SR IR IR [ o] e e 5 RICR 2 RZ TR
AIRENLEE

Scheme 23 Possible mechanism of the reaction of 2-mercapto-
benzo[d]thiazole and iodobenzene catalyzed by copper under
microwave irradiation

Bu) Wk, 7E7 T EEACE TN 16 h, A
50% ~ 74% I WL 3R A5 2 28O0 [d) HE MR BE AL S 4 77
(Scheme 24). 1% J5 kAR BT 78 T IR AR ALHRE 1 15 3R
W, BT D . AN B IR T C A R S B ok
PRI R AL FE SRR AT 5 52 U2 P P 4 H 1
S SEHLER —F

F‘{ R
S =|= S _‘_
20 mol% CuTc >
@EN> \_/ 3 equiv. LIO'Bu N W/
DMF, hv, r.t.
76 » v, 77
& 16 h, air

50% ~ 74%

R =H, CHs, F, Cl, CO,Et, CN, CF3

B 24 7T UG Pt B (o A0 I [ MR A 15 it B i 2 S 2 A %
I [d]EMERR R AL S

Scheme 24 Preparation of benzo[d]thiazole sulfide by the reac-

tion of benzo[d]thiazole with sulfur and halobenzene catalyzed by
copper under visible light

1.1.1.3 s RmRIEAF L

2013 4, Zeni PR BHRIE T 99K A AL — B
A1) 5 2 3 [ M MR P 28 SAR B iz I 1) % 2 I [ o M Pt
WREHL SV HI NS, 78 DMF 5 In A4k CuO A 2
equiv. KoCO3, T 140 CHiFE R 24 h, LL15%~82%H]
KA BIZR FF [ EPEBT B4 754 80 (Scheme 25). %)%
JE P fe e S ik 58 vy B S SIS TR LA AR R T
1 Scheme 26 FrsHIAT RS MALEE: 7%, Afbiis —
TRACY 79 [ 0 #53 2 (144 81, [R]I Z I [d] ML 78 7 ik

R s Nano CuO,
IS 2 equiv. K,CO3 0 S
R ]: ) + RSSR R+ | )-SR
~c¥ >N 79 DMF, 140°C, 24 h ~<* N
78 80
R = aryl, arkyl 15% ~ 82%

B 25  ZUORHTHEAL — B ALY 5 5 T (] W e 5 2 ) 6 R I
[d) LTk &4
Scheme 25 Preparation of benzo[d]pentathioether compounds
by the reaction of disulfide with benzo[d]thiazole catalyzed by
copper nanoparticles
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YERI N AT BT 3 (X thVF 2 5 BN AR R B 58, i
LT BRI [ WEME R GE 5 ALK 81 REAT RO (A5
R A 82, ), PIAMA 82 ZILJFEHERTG BT
[d)MEMERR R AL 540 80, JFREIANK CuO, BENTF —/MiE

(& E
\>_SR>/ Cuo\&RSSR
@ >-Cu—SR C“\
s

81
82 Ko,CO3
S
s
N

RSK + KHCO3
78

E 26  JURAR AL GRS 2K [ o] e S S 1) T e AL 2R
Scheme 26 Possible reaction mechanism of the reaction of
disulfide with benzo[d]thiazole catalyzed by copper nanoparticles

2014 4F, Nageswar 48 2H BOUFI H wT B 499K
CuFe,Ou 1K 2-37 5 25 - [ ] ME M 15 55 SE ML 40 10 38 A8y
B RL, il T 2K IF [d]E MR R AL & . BLgh K
CuFe,O4 NHEALF, Cs:COs Mk, PEG-400 N¥EHI, T
90 CHiFERMN 8 h, ZI[d]HEMLTRERL A 85 MR
N 45%~91% (Scheme 27). %MK R EA RS, =
R EARPEAIUSCER i RS TS T AR AL TR f
FIRT RIS B AEF 4 Wk, HARAR IS PRI W R
BEAIK.

| ~ N\ | = I ano Cure S

E Lo n L e

R=H, CF,
R'=H, CF,, F, OMe, NO,

7N N _/R'
€ L0-{
85

45% ~ 91%

Bl 27 992K CuFexOa fiEAL 2-FIE R[] WEME 55 7 FEf S 7

il 2 2R I [ ME PR T kAL, 5 )

Scheme 27 Synthesis of benzo[d]thiazole thioethers from
2-mercaptobenzo[d]thiazole and aryl iodide catalyzed by Cu-
Fe204 nanoparticles

1.1.2 4k FR

2022 4, AERGUEAPTRIE TERMEN 2-Fi
H[d LG A AE Y5 (OR) 75 B A8 UE’JXXT%H%&
W 1] 4 2R I () TG IR B (1 7 7. fER SRR, LA
F 2 N7, 5 mol%NiCl/10 mol% 4- — F & Jik ik g
(DMAP) AL, N-FACT ZBEEIZ(NCS) (1.1 equiv.)
R, ()7 HARRAFE 2-3REE I [d] Tt A
7E 40 C N 30 min, Bh 10%~87%I114r BN %4551 £
FhEE 2RI [d) T A Bl A 547 88 (Scheme 28).
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TR RLEA HUERRFIE R ALE 2-30 2K I [d) FLIe A 3R 1)
J5 I b A i T I A B B SR A, R R RE
N 3247, 45 2R B 1 2K [d) T A R kAL &
V. AZTT I S5 SN SR AR AN S TR, O HLad ]
PAHEAT e e . AE#$EH T 40 Scheme 29 Fiizs Al &8
SSHLER: B 2SR I [d]EME/EE 5 NCS [ B3
B SR 89, INE 89 Zeid M MiAe R1F 2 H

FRrEY) 88, R A R, 89 FIl Ni(0)2&% &4 1 NiCl, Al
RAIEt (86)i77] [ N 45 2T R (1) % &4 (a4 90,
S8 J5 RAIEL (86)5 Ni(ID)Z &4 (144 90 K A 43 & <8 #ke
B3| e 4 R'SNIR(ID) (91). FJ5, Flal{A R'SNIR(II)
O1)IBJE I BR1F 2 B FRr=90 2- 757 FEBR A I [ o] e P /g e
88, FRRARGETE Ni(0)Z% &9, HEN T —IRIELTE IR
1Ei&4E B H, RAIEL (86) 5 Ak 4) 89 AL SR A% HU R

=

NAS B 2- 75 FERR 2K [ o] BERE/BER: 88 FI1 ELAICI.
5 mol% NiCl,
10 mol% DMAP

R =H, Me, MeOFCI
R'=H, Me, MeO, F, CI, Br
X=0,8

NN = R’
LT

10% ~ 87%

1.1 equiv. NCS
Tol, 40 °C, 30 min

E 28 R0 2-30 I K I [of] e P/ e 5 5 JEAR s W il %
IR I [ ] E e/ E MR TR Tk AL S 4

Scheme 28 Preparation of benzo[d]thiazole/oxazole thioethers
by the reaction of 2-mercaptobenzo[d]thiazole/oxazole with aryl
aluminums catalyzed by nickel

NiCl,

R—AIEt,
Al X R'SH
NCS
R— S R LN RSCI R~ A'E‘Z
>/ \@th A Path B Et2AICI
_cl
||
LN LZN'\ R™
L = DMAP

91 W
Et,AICI R— AlEt2 @E >
B 29 SR 2-30 I 28 [ o] /MR 5 55 LR S B g ]

AepL

Scheme 29 Possible mechanism of the reaction of 2-mercapto-
benzo[d]thiazole/oxazole with aryl aluminums catalyzed by nick-
el

1.1.3  sA R F L

2018 4F, Braga iR@EZHPS YK Fe;04 4L Zeni ¥
BRI CuO AL R I [d]EME S i &
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ik SR

BEAT AZ SCAB IR B 0L 1] 46 248 I [ HE ML AR ik AL & 1. A+
PL 10 mol%MI4K FesOs AMEALF], DMF A¥EHI, 1.5
equiv. KoCOs Bk, LA, T 120 CHidk KR
Ri 12 h, Lh 54%~77% U245 B R I [d) e Bk 1L &
)94 (Scheme 30). % NAK ZR I fZG9K Fes04 1T LA
R AR L B BE A 2 ey, (B SR
e, WA, 1% N AT BERIHLER AN Zeni MR EZH PR
HIHLEE—FE, R G4 @A Rk 1 k.

xS o, XS
i S + Rssr 10m0l% Fe;0, (nano) R:_C[ pu—-
Z N 93 1-5equiv. KCO3 DMF Z~N
92 120°C, 12 h 9

R =H, Cl, CH; 54% ~ 77%

R' = Ar, alkyl
B 30 49K FesOu A BRI 55 2 T[] ML J52 o 1] 2% 2
F[d]HERETR Bk AL 5 4

Scheme 30 Preparation of benzo[d]thiazole sulfide by the reac-
tion of disulfide with benzo[d]thiazole catalyzed by nano-Fe3O4

1.2 FEEBENTIER
1.2.1 HARBREELK AR

2012 4F, Lee BBk T —Fhmial. #4EHE
[« —H8R 5330 76 BU(AR) 77 BBk AL &P %, 7E NCS
FAET, 2-3R B I I [d) e 5 2 g BRIk AT 28 A
B LL 66% IWCHRA R T 2- 2K 2K [d] Ak &
) 97 (Scheme 31). FIFZKRMNIAR, HEmbmIEibs
W55 A% DA 7 A AT TR b 3 AT 58 SCABY G e I8 75 21 AH
[PI(HR) 77 HE B kAL &9, HUEN 46%~93%. %712
(B S ST FE R 15 NCS 5 (4%) 75 R 1 I
HHE AR E ALY 96, SRR 96 S5k [ [ b
BB 55 B A 97, HAR SR ERAER B, RN IR
FEA, MBS TEAE, B AR IR LT,

N i N
1.1 equiv. NCS
\>_SH —_— \>
@ES toluene, r.t., 20 min [@ES sC

95 96
S N

ArMgBr Ar” \(/
toluene, r.t.,10 min s@
97

46% ~ 93%

B 31 NCS fFH Nl S M-l T 0 A A% It
SN 2 2% 57 R TR R AL A )

Scheme 31 Preparation of heteroaryl sulfide compounds from
thiophenol, N-thiosuccinimide and Grignard reagent under the
action of NCS

FEZ VR AP SR HAL b, Jarvo PRELHVOKJE
THHVERRT S 2-55 A8 [d] e MR 2 « —FR 7y 207
T R IR T[] W e/ AR T A 5 0 ) SR (Scheme
32). IR AR RN THE AT AR RIE A, s
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37%~95% IS A5 2 AH B IR BEAL A4 100. 1%
AR E RS AP R R R AR
ER ERAERT . ORI INE BT SE AL PR X
BT & R BE AL A AT T RSN PUIT R IS I, &5
R IR I [d|WEMER B S 0% MCF-7 FLIR e 41 i B
AARUT AN, H ECso il ik F] 4.5uM.

ZnBr R
N .
= 1.1 equiv. NCS N =|=
CLSone () srommtes, Sy oy
X . CHaCI/THF, rt. X
R 100
98 99 o - oo
X20.S R=H. MeO 37% ~ 95%

B 32 NCS fEH N AHUVER S SR IR [ o] e W s
L] 5 48 T [ HE A R R B TR A S )

Scheme 32 Preparation of benzo[d]thiazole/oxazole thioether
by organic zinc reagent and thiobenzo[d] thiazole/oxazole under
the action of NCS

1.2.2 BRERARZR

2012 4, Bandyopadhyay i 2H4 R IE | DA R
NEACTIMEAL T 2-3R 5L AT [ W W 5 57 78 I Y 4
BRSO, il 2% 1 SR I [ e e RE R B B 2R A A . BT
R TTEARBRERAE FH T T 2R IR B 0.5 h FE K,
FEL 64%~T79%HIU F 3K 45 H #54%) 103 (Scheme 33). 1%
RS AR B 5 R AICL AL, 7RI =i R
N 0.5 h SERK. [RIZ V005 SRR I 2 Ak A P haE
. AAMEEINSR B, 22K &Y B A B PUEE

H.
N OH
©:x\>—SH + R.)\R..

Con. HySOy4, beneze
reflux, 0.5 h

or AICl3, benzene, rt,, 1h

101 102
X=0,8 R' = Aryl
R" = Arylor H
N R'
O
X R"
103

64% ~ 79%

B 33 IRGRERE AICL 1T 75 2 I 5 S0 A I [ o e
e J52 7 1) 6 48 - [ ] M A R AR B TR A L 15

Scheme 33 Preparation of benzo[d]thiazole/oxazole sulfide
from aromatic alcohol and mercaptobenzo[d]thiazole/oxazole
under the treatment of concentrated sulfuric acid or AICI3

2014 4F, Varun S542HR0IE T E OISR T, 2-5i %
I [d) BT A 5 55 He b 4 E A A S SR B S
N A BRI [d] F1 G 2 SR Bk AL A 0 1) SR 1% 7 A
F TIOH NEALF, LARIE 95% IR 15 22K I [d] 1Lt
ZIRBRERAL A0 108 B 109 (Scheme 34). H P 23K E )
Y5 LRI OMe) RIS sz IV sy e 98 P A FE X6 7 e A=
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EEHHE T 0 Scheme 35 Fini e NMALEE, KM 5
K2S:0s [ A B R ME-2- [ FH 2% 110 7] 485 path a
TERCE R LR Rk 111, tBaf 25 path b BT
RN EY) 112, Xkt —2 5% BT AL
G NAF RN ). A, ERAERMN KT, Hilhs
T B B PRI AU LB AT A B TIURA T B A = 4.

2018 4, ZE° FL S [RI SESIRGE 13T R IA
X )G FE(PCCP)F1% Brensted FRUEALNTH IR A L
W5 2-350 B I [ o] M WA PR R B 3k 5 2 2 X PR AR R
7E 5~10 mol%HF14: Bronsted BRAELLFF] M 5~10 mol%

FI S R SE RS RZ AR R, LL=& T HNiER, F 15~
30 CRMIER, BL 19%~99% M Eis 90.5 9.5
0 er MEHAFRIFIME SR IF[d]EMERTE 116 (Scheme
36). 1% AR R NT B AT 4 B B R B R Y 2-
B TR I [ R M S A AR R S BB 4 I A5 R
T B 5 F TR 01 NOoy CN 1 2-3 28 2 I [ e
SEAZART, FCAH LI B AR = WS 2 R0 X . 398 5 1 45
K. ZEALE RN T EE 5~7 TR A S
WIBIRLER, GELARE RS MRS B B AR, [FI,
S NAR R AT EAT SR RN, B — R R R A ANME.

H
N
R =5
78 X oz 0z
& DRSS R
« \ X SN e S ! pZ N \
Z 107 X =~
L_(j;_s—<\ j@:—R 106 TfOH -—>R:_</\E Vs
S NTX 3 equiv. K»S,04 3 equiv. K;S,05 A~
108 5 equiv. TfOH 5 equiv. TfOH 109
X=0;R=H, Me CHACN, rt, 12 h CHiCN,60°C,2h  X=0,S
23% ~ 80% R \ R =H, Me, Cl, NO,
. >—SH R'=H, Me, Bu, MeO, OH
Z=H, Me
1°4 28% ~ 95%

B 34 2-SE IR IF[d) TLIT A 5 57 B S WD) A 2 S B IE S

Scheme 34 Oxidative cross dehydrogenation coupling reaction of 2-mercaptobenzo[d]five-membered heterocycles with aryl com-

pounds
(1)[HSO4
> »O
S TfOH %0 %&
o OH [KZSOS] Wl [HSO4I N

. N s
[HSO,] @EQ— t

B 35 2-50BE K I [d) TLoc A5 75 F A0 S W 52 AR I B L A AT REMLER A 34

Scheme 35 Possible mechanism of coupling reaction of 2-mercaptobenzo[d]five-membered heterocycles with aryl compounds

RO o

10 mol% PCCP Cat. N HO *ROOC /
~ XN

@)0 . 10 mol% PANHPr _ _ Y s COOR' o, %

CHCI3 30 °C, overnight Z~g *ROOC -
114 115 116 COOR* Ph
n=1,23 R =H, MeO, Me, F, CI 19% ~ 99% PCCP Cat.
NO2, CN, OCF3 erup to 90.5:9.5

B 36 2-SiELIRIF[d]HEME 55 AV IR A L S I T 3E S

Scheme 36 Ring opening reaction of 2-mercaptobenzo|d]thiazole with racemic ethylene oxide compound
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2019 4F, HEMIFEHAMERIE T ERTE S FuAqE
1 2-37 T I [ ] e M 5 5 W AR IR S . 7E 10
mol% & P B 7 AR [BsCPI[OTI AL T I /E ] T, A
1,2- R O RER], TEIRRMN 2~24 h, LL 81%~
97% WL 2643 2| H AR W) 4 IF (o] Ve Wk /T W s ik 119
(Scheme 37). 1%k MAR RV EMELF, TEIR& T H E
7 A I PR B PR R 1 O A I IS A T [ M /I
e, PIREARUT HOBEAT IO, BEAh, S £ B2 B A )
MBI TARE. RN, 2B R T SR,
AR 1 B iR T AT R NIk FEE R T
Scheme 38 PRI NALER: &I, & F AR R R F A0
i 118 [R5 2 A7 — 2 A EAE R, A AT ik
120 JE %, [EINF CF3SO; Fa g FH B+ 120 F1 121. SRS
JEY) 17 B EREE S 121 O, AR 119.
B—J7TH, 121 ] L5 118 M AE A )44 122 AT 123,
123 i3 5 R 117 KA =) 119.

2022 4F, Nguyen B# 24T H =5 B2 (TFA)/DMSO
HA IR T 2-FiHE IR I [d] e 5 05 W AT AE ) 58
XA AEEL. 1E 2.6 equiv. TFA J% 2.8 equiv. DMSO 1£
T, T 60 CKRM 16 h, LARIFEMFHI=215 2] 2-(3-
W] T 326 2 [ MEPE AT AE ) 126 (Scheme 39). 1%V

10 mol% [BsCtP][OTf|

A FO0 T e 4 5 B P A 3
1.2.3 gk AR

2002 4F, KlimeSova BH@ZHMILLAZK — g, —fiifk
T K A N ERE, BL 19%~97% IR & LT — R4
25 [d] WK B B 254k &40 (Scheme 40). AR 4M 7T B i P
PR 5 SRR, ZIA AN A% o B B AR 25 4% oy
BT B8 LA B r Ak 4 R, R PR e 400 B R
(MIC)EFTIE 4 pumol/L. H 3,5- R EAT A R
VE TR T AR dE RIS M. kansasii 1 M. avium )30
FIEH, ERIEMN AGESIRE. R SHRE. vk
BEREE. ISR DURER T 088 A
i 2 (U 1 FH AR AR

2007 4, TR SE TR AR T 1 R P 4 IR
WA AR T BE S A WEmE ZRIEREMe . 1,3,4-M8 3R 3
B AT W AR DA B WA I BRSO R 45 ) B B S 4 R L
Y)(Scheme 41). 1F& KM MTN [3-(4,5-— Fi 3L M-
$8)-2,5- B U FE H IR M1 BT AR 1 B ARE A
HEAT T ARANGUMOR TS R VRO, DE S5 IR R, £ 1070
mol/L FIRET, A 10 MULEYIXT Hela I 40 fo LA
— JE [ v .

N OH
R{;EQ_SH ’ R')\R"

117 118

DCE,rt,2~24h

| N N R
L
o R"

119

X =0, S; R =H, MeO, NOy; . C1eHas 81% ~ 97%
R' = Aryl; R" = Arylor H N
N~ N"Ns0H
OTf
[BsCtP][OTf]

B 37 RS WA ([BsCtP[OTHHE AL 2-30 I TR I [of| A MER T 15 7 5 52 () A K e 2
Scheme 37 Coupling reaction of 2-mercaptobenzo[d]thiazole/oxazole with aromatic alcohol catalyzed by acidic ionic liquid [BsCtP]-
[OTH]

.
IL-SO3H - Ph1)1\8Ph E j\h Ph Ph
J CF+3303 CF80y  —— 5 —— NG Pﬁ o pn
)O\H OH, H o 125 123
Ph” “Ph Ph)\Ph ; A Ph 22
18 120 121 PhSH Ph\S)\Ph 17
17 19

B 38 FEf L ) ) REHLER

Scheme 38 Proposed mechanism for the thiolation of alcohols

N 2.6 equiv. TFA N T
N n Ny R _£Pequiv. TFA D S2
@[S%SH * RmR 2.8 equiv. DMSO ©E3>_S 7R

H 60°C, 16 h R” N

124 125 N

R= H, MeO, NO, 126
R =H, Me 51% ~ 95%
Bz 39 TFA {1k 2-3 5K I [d]MERER 5 05 AT AR P A8 XA AR G I B

Scheme 39 TFA-catalyzed cross dehydrogenation coupling of 2-mercaptobenzo[d]thiazole with indole derivatives

N\ /

N
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H
129

Na, CH3CH20H R'—X

NH,
@[ C,S, KOH, CHaCH,OH @
NH,

127 KOH, (C4Hg)4N*Br- R—x
cyclohexane

N R
Ly
N
H

129

- ()

130 R

Na, CHzOH, DMF_ @E
N
H 128 _R

B 40 2-kehii i IF[d] KA S W) Bk
Scheme 40 Synthesis of 2-alkylthiobenzo[d]imidazole compounds

OH le)
O+ o g L
NH, EtOH, reflux N

132 133

s

\
N % 134
NaOH, CH3CN, refl

=N
o] Cl
lux @EN/>_S/_<\:/)_
135

(@]
NaOH, CH3CN, refl
o v somcsonsms, (S gy, o O

137
136

138

B 41 2-BEIR IR (VB o AU S L & AR I [ B R AL 15 4

Scheme 41 Synthesis of benzo[d]oxazolethioether by the reaction of 2-mercaptobenzo[d]oxazole with haloalkane

2009 4, Pellecchia @ ZH 815 | NaOMe AL 7]
SEHL T 2-3 B IR IR [d]EMe b 2R -5 A FEIERE ) S, R
DiilA3 7RI [d)ERERRBENTAEY) 141 (Scheme 42). [6]
B 12 S AR RN 2-57 3 I I [ WE /oK s 58 . Aok
AT P B, TS R R - [ R A/ IDK A /IS A o
o I S P 2 T (ONK) A e i 3k 8 . )
i, {FE BT R (SAR)IT SR 1 %38 INK 11|
A% p38 HAT B 01 .

R N N
NaOMe
\>—SH + /l _Nabvie |
R'j@EX Br/<s NO, MeOH, rt.
139 140

X=0, S, NH
R, R'=H, CI, EtO, MeO, Me

R N N
IiI»Fy{Tkmz
R X S

141

Bl 42 NaOMe L 2-5iE %
i I A Y 5 A TG
Scheme 42  Cross-coupling of 2-mercaptobenzo[d]thiazole/

oxazole/imidazole with 2-bromo-5-nitrothiazole catalyzed by
NaOMe

2013 4, Negron-Silva S H[FSFWGF & T ikl )
L E K AR R g . CSy FH(IR ) 2K & Bk

I [ o P /W A T A 5 2335
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FE[d] kLR Bk 1 77725 (Scheme 43). 7F 1.2 equiv. EEA7K
WAMAAET, DLORE-KCONER, S 4 h, DML
%MFK%@TmﬁM%%%%%A% %5V BAR
ST =5y —RE A R IR [ KM R B AL A, H
JE X T A RILAL I S [ B S EAEH. AT
R R E P, SRR AL 1,8- R A X
[5.4.0] 1 —B&-7-1% (DBU) AL 75 e D i fRe A4 1 482 —
it /408 S B 2R By 5 R A B R IR ) = A 43 e B A %
FE [d] oK e /18 W 5 K 10 & 0 (Scheme 44). 1E 2 equiv.
DBU #ALFIMER T, CAPUERRI AT, T 2=k M
6 h, B ]75 32K I (o] Ve e/ NE AR BERT A 166. 1% %
MR R BT Z R EE M, TR R IR AR L
AL RIS R R T, YRR I MR R 12 B AR
T RIS b A 7 B L 3 1 2R [ R/
EMe e 7%, KRR 12 R AR RN 3R AT AR TR
LR LT SRR IR Dl R RE R A sth e 2%, RS B RFY
IR F [V M /R T R AT A2 ). 12 S AR R AT HEAT Se
SN, TC i & m AR AT, B SRR KR
R AL T Sk R 2 R AR SR RED Y,
R T 40 Scheme 45 FiasiI I MALEE. B4, 145 5 CS;
SN AR A 148, FRIFA 148 3E— B HA0 N R R i
149, FFRN HoS AAE. [FIRT CS, 5 DBU kM2 A
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) 150 A1 151, SRJ5 R IAA 151 Zedi R ajA 149 1534k
E152 IR (A A 153, fEIXFE LU, HiafAk 153 AT LA
WA DRI, SELEY 154, B, k&Y
152 5 FR7E DBU {715 F R 3R FT 75 7240 147.
2015 4, Santiago PRAZIS2N T BB 1 BT R

WEMERR kAL A4, TEREEZRAET, HARL&EY 157 ik
HILE] 70%~98% (Scheme 46). GG A A I [d]
TLICARIARERG S TR L, 20736 R A
Wt P I 2R I [ FL TG A R AR AL & D3R A T — PR
BB AEE X T A PRI [d) Too R AR B &) 157

A AL i, FEBRAEAE T, R “ — B a miE”, 709
R FG AR A AN Rl Bl Bl P b 05 345 R T — R BRI [d]

ﬁﬁ??ﬁl%%,a%ﬁ%nﬁ%ﬁ%m%%m%
AW I wE B AR KA B MHIER, 3 K2 HeR

Cl
CS, /\© or RX

NH, : N N R
reconstructed hydrotalcite
e, (7% Cry-
NH-R' EtOH-H,0 N Base, EtOH, reflux N

MW, 70 °C, 25 min v R
142 143 R 144
R'=H, alkyl R = alkyl, aryl
61% ~ 98%

E= 43 TR Bt B B A I [ o) oK AR 5 ik

Scheme 43 Microwave assisted synthesis of benzo[d]imidazole sulfide

XN DBU XN
i ) . e i S—SCH,R'
R O:x NHz + CSp + R'CHoBr THF, rt, 6h R X 2

145 146 147

X=NH, O 44% ~ 88%

R =H, Me, MeO, Bu, F, Cl, Br, CN, COOCHj3
R' = Ar, alkyl, COOC,Hs, allyl

B 44 DBU {2t 2-Z 5K [ M MBI b5 B AR S IR ARKE — 84 15 ROAR I [ o ME I R R B i A 15 )
Scheme 44 DBU promotes one pot synthesis of 2-aminobenzo[d]thiazole/oxazole with carbon disulfide and brominated hydrocarbons
to benzo[d]thiazole/oxazole sulfide

/j ©/\NCS
Detected by GC-MS
154

150 ) BnBr
ZCSz 5 [DBUH] [HS]

151 > S [DBUH] [NCS]
c

//
SSH gase @EN\>—N’ 1531‘ @E e
@ - N N

HzS A 140 152

Detected by Pb(OAc)2 BnBr, DBU B
[DBUH] [Br]
N

N
s o
N
H

145 148
test papers

B 45 DBU fieidf 2-Z 2 M 5 BBk SR AR — 84 & BOR R A F) P RE S AL HE

Scheme 45 Possible reaction mechanism of DBU promoting the one pot synthesis of 2-aminobenzozole with carbon disulfide and bro-

minated hydrocarbons to benzozole sulfide
_hvorMwW _ N =\ X
\
Y O e 1Yo

155 156 157
X=H,F, Cl,Br | 70% ~ 98%

BIZK 46 T WOGALBERRHE AL 2- 3 FE R I [ W e 5 TR I 57 1) 46 R [ | E L R Bk A L 510
Scheme 46 Preparation of benzo[d]thiazole thioether from 2-mercaptobenzo[d]|thiazole and iodobenzene catalyzed by base under visi-
ble light
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[ A B A& B R PIs wiE e,
F =P DR I [ e P 55 A R i B L AT I T R R B
AR, 2-CREEZRIN) AR IF[d] M 2-(2-FK L)
TR [ E A 2-(3- R B ) 28 I [ | R A ) 1 R B AL
53124 075+ 0.69 A1 0.65 pug/mL.

2018 4F, Hajra BRI ZHHRIE | o @4 F ~, Al
FE A It 2% T HE R R AN O B B R SR AR B R B, A
BT 7 [ e/ /K M B B AL A 0. BL 2 mol%
Rose Bengal AfELF, 2 equiv. NayCOs; MK, 7K A,
FER P T ZRADCH TR 8 h, BL 79%~90%
R AL 236 45 1) 2 - [ ] W e / B I / K A 7 Tk AL 5 ) 160
(Scheme 47). % iEWIEH TRERMATAEY). 1E#H1
i 71 Scheme 48 Frs I MALEE: B4, fE# A LED
FERES T, BORLL(RB) RS HCAEUKE RB*. RB*
ERREE 158 @i BT HE RS (SET) A BB 5 B 5EPH 25
¥ 161 #1 RB". b5, RB#T 038R A RB, FH7r=E
0; . O0; MEHZEMEF 161 HIF—EF, £
i E 2L 162, BTk, HHIAE 162 KA BB, 4
B 5 R 163, 55— U7 1H, J7EEF 164 B RB*4E
1k, B2 HHIEH ST 165 B P0G, HHEMSE

F 165 AL N H B E K 166. L& ITHEE, 166 £
RS R H AL 167, H)E, HAEEH B 167 52055
Ay 163 ML, 32T PMEEY) 160, 7=
H 2 162, 52 EILIEIR.

BB A = 21 5y — 4R B AR IR [d] M
Bk AL A& P A BT T T ) TAE. fEFH DL 2
equiv. ch03 AT, R T 2-E IR R )/ 2-
RIEIKY/ AR s N N-IU FR 3 — B XURR Bk e b &4
(TMTD)&T%jU?%W%i%%ﬁ’]%ﬁaéﬂﬁc&h PR
U 200 S 1) 77 284 B DR I [ ] VR A /W o /K M i Tk A 550
171 (Scheme 49). ZJ7ELTH L IE SR, LK AT,
BRAEf B, 26 HIEAT, RIEE) T, AT A
ARSI AV G . 25T 5200 45 JA 2 Ji i)
AHFCHRIEDS, 1EF B T 40 Scheme 50 F 7 ) S S ALFE:
T %6 NN-PU H A iU Sk A 5 )(TMTD, 169) 5 7K
[z 168 = A B AR ERIR 172, 172 11 XH (X=0, S,
NH)EE B K% A 50 WM e 84 173. 173 54750+
BRI W %, TERGREE R IR ML &9 175. Bl
JE R ER IR 170 54654 175 34T Sn2 B
N33 B A TR B AL A 171

2 mol% rose bengal
N32003, Hzo
blue LED, air, 8 h, r.t.

| R-C XN —\ R
—(/\E S—SH + C/>—NHNH2 R—,(;E)?—S—@

158 159 160
R =H, Cl, Me . 79% ~ 90%
X =S O, NH R'=H, Me, MeO, CN. NO,,

B3 47 WG I BT Al 258 o [ oV e/ e R e 5 75 s e 7 1) 8 RS [ o A Pl /RE A / DK T 1 Pk A, 4542
Scheme 47 Preparation of benzo[d]thiazole/oxazole/imidazole thioether by the reaction of benzo[d]thiazole/oxazole/imidazole and aryl
hydrazine catalyzed by rose Bengal under visible light

o
[O] - 2 . '/\ )
Heles | < etansH HetAr-S (HetArS),  Hethr-S
HO-2 162 163 162
167 Ar HetAr-S-Ar
160
ArNH-NH,HCI ArN=N
lBase [be]T_ .
o1, -H*, 0] H*
ANH-NH, —2 ArNH NH, ArN— NH, —>—— ArN=NH
164 165 166 -

B 48 FJ WLGAE BB AL M A 2 I 1 55 5 R Jifk S B2 1) AT RE LR 34 P

Scheme 48 Possible mechanism of the reaction of benzo[d]zole and aryl hydrazine catalyzed by rose Bengal under visible light
2 equiv. KZCO3

7=

NH2 \H)\ N N Y
N\ AL

\HJ\ %R H,0, 80°C, 1 h R(;E)?—S/_QJR

168 169 170 171
R =H, Me, Bu; R' = H, Me, MeO, CN, COOMe, NO,, F, Cl, Br 73% ~ 94%
X=0,S,NH;Y=Cl,Br;Z=C,N

B 49 TodEE AT 8k R IR

Scheme 49  One-pot synthesis of thiobenzoazoles using transition-metal-free conditions
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J\NHMeZ

_(:E\>_/_b «T C[)—SH‘—RC[ >=s
. /\L}R 175

170

B 50 ToilifE e )m o F T — ik & AR I F IR K A T e B B AL 2R

Scheme 50 Plausible mechanism of one-pot synthesis of thiobenzoazoles under transition-metal-free conditions

PRSP Ny — i ot - 24050, T 6T
HAEAR . AR ER. B 88 RN
Zollinger-Ellison AP0, 2016 4, Guan W@ HE R IE
TR R FERLMEI — FhHT )G T (Scheme 51). E#
FHBRER BN N AL TR, AT T 2-30 3 K I [ ke
5 2- G AR RE AT AE MR SR U R B, 4% TIRE B
oL I ) e ] AR T [ K BRI AL S .

H
s 177 N>_S \_/
Nach3, MeOH \O N/

heat
176 e 178
H \
Oxaziridinium /@[N%S//O 0
CHCl, 70°C~rt N N
179 (R)
CgH17
Oxaziridinium:
® S
OTBDPS N FaB

B 51 AXFREA ] RT3 2R S R
Scheme 51 Preparation of esomeprazole of R-enantiomer by
asymmetric oxidation

2017 4F, Santiago PRMIZAPSILL 2-37 3 2K FF [ MEna/
WM i Ay JEORL, KOH i, /KOWVET, 7E 50 C
S8 30 min il T 2-7F m%zw#[d] M I/ L AN 5 1)
(Scheme 52). % 7iEEATIE . SR B A= 247 1)
PERL. ARG TR i PRI S SRR, Pl 4 1O KR 4k
B BT BR 7 B B PR A S AT RS R RCR.

2020 4F, Kim PR OWRIE T 7E n-BuLi f£7E R, H

2-3HE F I [ W AN — S R P P e e N A 6 2K (] W
WERR R P 775, 7E 1.05 equiv. n-BuLi fEF ~, 7E THF ¥
W TSR 10 min, BL 75% U & BATE L)
2-( A HR L) K I [d]WEME(185) (Scheme 53). {E# A
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N N KOH, H,0
@[ D—sH |/ X 50°C, 30 min
Y R
180 181
Y=0,S X =Cl, Br

R =H, Me, F, CI, Br, I, CF3, CN, NO,
v
Oy
Y

71% ~ 93%

B 52 2-"NH ST (o] eI RIS AL S W 0 B ik
Scheme 52 Synthesis of 2-benzylthio substituted benzo[d]-
thiazole/oxazole compounds

NS AT B 2R R [ -2- 15 B (183) 7 n-BuLi HI4EH
NI A A AR E BB AREE A Ak, A kg —
W5 ORI G T SR AR U, Wit LiBr AR RR
. inyir“Tuféaw S B (PFA) B 41 WUX
r%*@ HEAT, I H AT A B [ ACE LR R 10
min JRE /D B ZFP(580 ms).

Br

N . )
1.05 equiv. n-BuLi
\ e e e .
@EO%SH ¥ THF, rt, 10 min
183 184

N
Ly
(e}
ws ()

75%

B 53 n-BuLi fifh 2-57i 5t
AR
Scheme 53 Cross-coupling of 2-mercaptobenzo[d]oxazole with
diphenyl bromomethane catalyzed by n-BuLi

2021 4, Machado BRAZHI0TDL 2-37 3 2 I [ ] K M %
RIRAEEL, 1E KoCOs A, DMF VIS4 T 2l
BT — BRIV 2-CR IR EL)- LH- 4T [d] KR &)
188 (Scheme 54). Z AR AL G RA — EHPi s

e[ 15— R R A 02
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Mg, T AR Mitb AR S Mitb AR B — 1
FOHIAEF, B L Eh P4 A v A B B A 20 B R

2022 4, Koutentis LIV, = 2 g AL I AR
DAL T 2-SR BRI [dEmE S 3,5- —&-4H-1,2,6-1
TRA-FHR B SON, B T1%MIR R & T 3-CE )
g PR -2- JE B L )-5- G -4H-1,2,6- 88 — W5 -4- i L & W)
(Scheme 55).
1.2.4 FgHBEHkz

2019 4F, FHRIRBACHRIE | —MEFHE TS
CBR DL A R E -2- H B Bk 1Y 75 72 (Scheme
56). {E#F BT = LEREF(TFAA) N Sitbie N-E AL
[3,3]-6 EHER AR =5 OIREE, S8 )5 15 LL TBAB M
7, A= ORI 2-3R K I [ e e/ e b &
WA K SRS, 75 31 25 I [ o W M4/ 0K WA 5 Tk S 1 5 )
194. ZJ5 LR FHRREEXS 2- FF g o (0 R 34K 1 R

i C(sp’)—H BIATREL. ZR N R A X IRk
M. BBATHERR F25r . RN &R, B
T B L VG L S AL b, 1% Tk C R T st R
)ﬂ{%)ﬁgﬂ%*ﬁuﬂé ALY (Scheme 57)F1F5 DA AR AL,
Yy(Scheme 58). 1% /7% L CLHRIE AU & DL H AR AL P O
BROTIEE R, B, EF T EE A T L
3 PRl B I Mg 21842 (Scheme 59). & 1% a FEIE
F TR & i 2-FR ARk e N4k, BB Sh2
Iirj/mﬁ RS 5 R ) N (Path a). AHELZ R,
% b BIRME ¢ FENE T T RAR 2- e N-
%MM% HE MR T N-BizE, IFHTFE
TBAB fIfifk. 7£i&%% b 1, TBAB 5 205 i it Sn2 <M
BRI AR 206. SR)5, 206 IR )E TS S2 &
N BB AR B 194 FIIRALY), IRUEHELT T — M
IEIR. SR, BFERMIRSYHARENE 206, K

R N L
Br 7 KoCOg DMF
SH + |
\©:N/ ~  25°C,2~6h \©E>_S
186 187
R =H, OMe , ,
R'=H, F, Cl, Br, NO,, CF5 , i-Pr, t-Bu, SO,Me 22% ~ 95%

B 54 2-(FBiLIE)-1H-2K I [d] KM A0 S 1 B B
Scheme 54 Synthesis of 2-(benzylthio)-1H-benzo[d]imidazole compounds

o
N CH)J\(Q
S>—sH + T |
s

189 190

1 equiv. EtzN
N\S/N THF, 20°C, 24 h

Cl

S %sﬁ

191
71%

BR 55 3-CRIF[d)EME-2- LR 5E)-5-50-4 H-1,2,6-WE —W-4-Jd (1) 45 Fi
Scheme 55 Synthesis of 3-(benzo[d]thiazol-2-ylthio)-5-chloro-4H-1,2,6-thiadiazin-4-one

N

R CE\>—SH

=
R_:I\/j\ TFAA, EA, reflux X
.
N7\ then TBAB (cat.) PhMe, reflux

)
O-
192

R =H, F, Br, Me, OMe, NO,, CO,Me, Ph

R"'=H, OMe; X=0, NH.

kN/ s%le\/}re

194
26% ~ 74%

B 56  ToeJ@ ook th T i —Ha i 2 ik & ot g -2- PP L Bt ik

Scheme 56 One pot two-step synthesis of pyridine-2-methylthioether under metal and alkali free conditions

OMe OMe

Me Me Me Me
| A TFAA, EA | ~

N OMe
2
HS_<Nj©/ MeO  Me

H qo7

195 196

: Me— N N OMe
v reflux N_O-_O| TBAB (0~ 0.2 equiv.) =N s— j©/
N N \ci PhMe, reflux N

198

B 57 BERMHAADI &K

Scheme 57 Synthesis of omeprazole sulfide
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OMe OMe N MeQ

/\) O/\) HS_</ \_\_
o) N 0 Me
[ me TFAA EA A Me H 201 _

| reflux PhMe, reflux N\ 7/ N
+ = (@] (0] ’ S_</
N N N
& CFs N
199 200 202

B 58 i DUR PERRAL I 5 R
Scheme 58 Synthesis of ribeprazole sulfide

H
GDE
OJHO7\CF PhMe, reflux e

i X
i + CF4COH

Path a
203 R
R \
R~ = 'I\ -
{N/ S. “ 205 CF3
194 R'SH
C N
Br Br- ‘—Bu4NBr — k _
RS + CHF3 N
206
CF5CO; . \ X
R / (@) O R—— “\
Y N e *CO2
205 CF
Path b : 194 Path ¢
B 59 mbne-2- F R & LR
Scheme 59 Mechanism of the synthesis of pyridine-2-methylthioether

UEHERR T 1% 1%, 1Ei8%% ¢ 1, 205 B =5 F S ol iR 5L 7
HUAR, TB RS B B 53 (1) Y6 R R i HH )44 207 1 CF;
SRJ5 CF; 5 R'SH R MAERK R'S FI =&kt fa, R'S
X207 BATIEAZE S, 193] 194, S ALBRFIRIL Y
A, SERL T HEAGTEIR.
1.3 FTELFIER

2004 4, Zheng PR SR H 2-50 52K [ e
TS B AE B TR 1-TT -3 R L R DU SR R
R R T 2R I [ o] E R Tk 2R A 5 W) (Scheme  60).
76 60 CHEPERN 1~2h, PLFEZERTF(49%~92%))
AT B IF [ EME R B AL 5 210 2-F BRI [0
MR AR A A W H TR H1(CL. Br. NOo)I Fr3 1) H

N ; =
[ UL+ Anrx mmBRa, o 2y PR
s~ “sH 60°C, 1~2h Xy
203 s” “sAr
210
R=H,Cl,NO, X=CI,Brl 49% ~ 92%

B 60 2-FiH IR IF[aEmE S
ki &)

Scheme 60 Preparation of benzo[d]thiazole thioether from 2-
mercaptobenzo|[d]thiazole and diaryliodide salt

77 BT 2 1) % A [ ] W P
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FRAL A WD 2.(87%~92%) L ZE 3R L A5 A5 45 v 1 3L ]
(MeO)ET BT 1311 H AL & P10 772 2 (58% ~ 79%) fm1 — L&
GITEA T EINEAR . AT BRI N7, I
BB AR 1-7T FE-3- FF S m nel DU U0 1% 56 vT LA A1 2R
FIFH, HEA R NAR R AR R, OB [A) 4.

2010 4, ZEARSEEOR T IF R BEEVE RELT 1 2 DR
TSN, K 2RI E[a e e e S — AR I L [ 5 NI
Baor T, AR —Fh oW & A BRI [d] ML T B
W IR R B 107 A= 03 N 771) BTSB (213) (Scheme 61). #54:
IRNE F Priolube 3970 2% JulElgsEatii -+, UL BTSB
RN G, 8T HLUR P | g i i B A M RE
SN, R, ) BTSB AR N7 Lty oh B B
UFFRIPLES | ol B 1 B AN S HH AR R VR RE, 78 T R
BA R4S AT 5.

2013 4F, FRARE: K H [F] FSIE T 4 @ M AR i fd
JRGR I AT, 2-Si AR H [d] DKM R S — R
TEPR TR I N, IR i T 2- PR AR JE R I [ ] R ek
216 (Scheme 62). 1E#E & 41 Scheme 63 Fros it [ i
HUFE: 2-35 FE 2 T[]k M 214 78 A - A 4 I [k g
217, SRJE R TR =G R 28 215 30 2-BR R 5
[d)WKME 217 (B iR A B I AL & 4 v TR 44 218, (7]
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N H20,
\>—SH + HSCH,CH,OH
S EA, 40 ~ 60 °C, reflux

211
H3;BO3, 1-octanol

N
»—8-8-CH,CH,0H
©[S>_ e toluene, N,

212 4~8h

OCgH17
@[ H—8—8-CH,CH,0-B,
OCSH17

213

AT I [ ME M RE L RO R T 2

B 61 HTAEH

YR INFR BTSB (¥4 ik

Scheme 61 Synthesis of borate ester derivative additive BTSB
containing dithiobenzo[d][thiazole functional groups within the
molecule

i 25— 20 7 = & R (TFOH); Hhla) 44k 218 Bt 5 —4)
THUERA R B AL A 216. L&Y 216 EBIESMET
AR N BT 219, 285 N G5 219 4645 Phol'-
OTf Je M A= R R a4 220, Fr1aj4A 220 7EBRIE S5 R
Fe— o FRIORAE SORCAR =4 221, T2/ PhI A =]
WL UCR .

N . N
@[ S—sH + PhyroTF MR 1307°C, ©: S sph
N 215 N

214 216 H
80.7%

BRI 62 2-FIEIR I [ KI5 — AR IR = P B IR Eh S S &

J 2-A I IR FHE [ ] K

Scheme 62 Synthesis of 2-phenylthiobenzo[d]imidazole by the
reaction of 2-mercaptobenzo[d]imidazole with diphenyliodotri-
fluoromethanesulfonate

Ph2|+OTf N Ph
H—8H — s —— S—s—I’
@E >_ /E - TfOH N>_ \ph
H
214 218
Ph,I*OTF

N
-Phl \>—SPh Base @E\>—sph \
N

216 219
N
@E \>—SPh ﬂ, N\>—3ph
l}l N
Ph—I—Ph Ph
220 221
B 63 2-3i I [k me 55 2R IR — G5 PP AR 6 S B 1Y)

ATREHLEE
Scheme 63 Possible mechanism of the reaction of 2-mercapto-
benzo[d]imidazole with diphenyliodotrifluoromethanesulfonate

Jak, FKAL A J (A 0% U5 kAT TP
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IR 7 A IF[d]E MR I [d] e M. 2-BR B 8 5T [d] T
TCAIAE A 222 F = 5 PR TR — 05 SE 1t 2k 224 T DMF
HRTE 130 CHEFERN 24 h, LL 70%~88% I %15 21K
H[d] LT ZA i E 224 (Scheme 64). 13 HEMZ [ B
HARFY =2 80k — R A T 2-30 52K [d) Hot
FIMACE Y I B R B AR SRR R B B2 4. XA 7 T
FAR s R AT EIMNEC A AT AT AT 7,
Hbrr=nr= 2. L NALEES Scheme 63 A [H.

@EN\>—SH Arl*OTf DMP @N\>—s A
+ ry 3 —Ar
X 130 °C, 24 h X

222 223 224
X=NH, O, S 70% ~ 88%

B3R 64 2-FiIE I [d T ICHIN S — 55 FERER I 8 i) 4 2K 5
[dFL TR B A

Scheme 64 Preparation of benzo[d]five-membered heterocyclic
sulfide compounds by the reaction of 2-mercaptobenzo[d]five-
membered heterocycles with diaryliodide salts

2019 4, Kapdi ﬁéﬂ[“lfﬁi}%{m&ﬂ @aﬁ:&
SEBRAI 251N, H /ST A EE(HFIP) AV 7, 7E=iE
T 2-% il*:ﬂ‘—[d]ﬂ%ﬂi'ﬁﬁt%}ﬁﬁﬁxﬁ&r“ mﬁi?‘ﬁﬂﬁ/\
BT 2-FRBRFE R I [d]EME 227, RN 79%~87%
(Scheme 65). TEHAERMT, A MBI AT LAE 12~
48 h 5. fEEIRHE T Scheme 66 FhmiI s S LHE:

HFIP, rt.
@E/}C'* \ 7/ SH12~a8n 48h®[/>_8 \

225 226 227
R = H, MeO, Cl 79% ~ 87%

B 65 HFIP fieilt 2-5U A I [ WEME 5 Bty PO 2% A% B QU
Scheme 65 HFIP promoted nucleophilic Substitution reaction
of 2-chlorobenzo[d]thiazole using thiols
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g Oy O
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. N
)0\ 227
FsC~ “CF,4
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Eiﬁ 66 HFIP i 2-&
Al AL

Scheme 66 Possible mechanism of HFIP promoting nucleo-
philic substitution reaction of 2-chlorobenzo[d]thiazole with thi-
ophenol
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[l 8 Mo Tt T 85 440 1) R AR 24590 73 1~ (Scheme  67), H &
HNAHZE RS D TR —MIEi AR R EA
B, ©5 PR B  FLIR T A IR S0 ) B AR A OC.
TEF IS S S IRk, #hE T —Fh9iE v A U ARG

106
N\\,/ S\@\ 0 HN
Q ) \ .
\—0 231 : \
\HOZC b
N\j/s\©\ 0 HN ||\©
O
g H
233 cl

D i, B S A R BT — R A4 A D Y
NG TR R, R T I 1 R ] M i B Ak )
(ICs0=250 nmol/L).

2006 ©F, Mavrova B 1D) 237 7 [k A
JERL, &2 RNART — &5 56)-BUR-(1H-ZR Ik
M-2- B ) LMWK R AT A= P (Scheme  68), JEFFT 1 HiAt
ik RS V. Prar AR R R, (LEWITEARS AR R
FIE TR T 5-(P 2 0R)- LH-2K I [d] WK e -2- 35 52 35 YRR
FHER(RT A IA M), e BIEEM AL G2 2-({2-[4-(4-F0K
BE )UK 5 -1- 5 ]-2- S AR & 2 ) i 8 )- 1L H- 2R I [ K 1
2-{[2-5E AR 2-(4-"F FE R B2 - 1- 3 ) 20 FE 10 1 -5(6)- FF 2k -
L(H)- I [d)KRIE ]2 2-({2-[4-(4- 5 )R IBE-1- 5L -2 4
L FE VIR IE)-5(6)- 1 JE-1(H)-ZK I [d) ke, Piidd 3 o
N 96.0%. 98.4%F1 100%.

Reagents and conditions: (a) phthalic anhydride, toluene, reflux. (b) 2-carboxymethylbenzenesulfonylchloride, pyridine, cat. DMAP, 60 C,
82%; then NaOH, MeOH, water, r.t., 62%. (c) 3,5-dichlorobenzoyl chloride, toluene, 100 C, 22%. (d) 3,5-dicbloro-2-hydroxy benzenesulfonyl

chloride, pyridine, 50 C, 10%.

B 67 HLEAM D ATAEMA R

Scheme 67 Synthesis of cathepsin D derivatives

R N
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R =H, CH3, NO,, CI; R'= CHj, CI
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240

R
N ) .
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=0 *
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R N X
Ly B

gree
h@«a“:\“ H 238 NH
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PO o ¢

G \’\6
‘s R’

N /©/
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239

B 68  5(6)-MUAR-(1H-2R I [d] k- 2- Tt ) 2 FRWR R AT A M ) 5 AR
Scheme 68 Synthesis of piperazine derivatives of 5(6)-substituted-(1H-benz[d]imidazol-2-ylthio)acetic acids
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2010 4F, XIFHBHZET0ILL 2- FIE G 2,18 J &% A EUAR
2-BRHERIE[dEMCA KL, 22 AT 18 NS
F[r) Strobilurins 8 A% B 71l 2K - [of] W A ik R AL 5 4
(Scheme 69). fE3& X T3 & AT T PR M 15 M
MR, S5 RFWIE 200 mg/L (K5 T otk &R
H— R BB E. U A 248 R IEHI N 4-F I, H
oF BT K73 998 T R0 S T 5005 B PRI 26 Tk B 67%.
MIRE, B EE RIS, FTEERm T2
RO B AFAE BRI R, S A FHECR, RT3
SinM R4 A e
2012 4, Maske VR @A TIRLRL R — [l Ak i
F?‘ﬂ B W 2B RMNER T — R BARIE[dK
SERY BB BRAT A4 259 (Scheme 70). Al B rh

_ NaOEt, EtOH

HIRI (IR A, RIS 5,6- AHEEA 2- = 2k
() 2 FE[d] K P AT AR ) AR A T S B 2499 1E 8 I8
Ik 43 BT B I M S IR KO R B, X R K SR [d] ke
SER R BRERA S A0 R R B B S e e 4B
A BRI UE

2013 4F, Castillo BREAZHALLE 24 B AR 2K — i
KUK ERE, 228G T 19 AN 2-{[2-(1H-BK
e 1-0i8) 2 B } - 1 H-2R I [ PR PR ATT £ ) 265 (Scheme
71). XLEALETE | AR A AR, A, & 4%
FLal FERIETE 5 50 6 07, JF HATH L AWHT T HiE
A= ZNPYIE T L 3 B A ORI A 2 P B K B
W, SLIG VPG Bom BT WAL & P03 B A 9 1 0 U
P, I ICso {H AT IE N BE /R 2K

e}

m % tBUOK, tBUOH
OH Br(CH),CCOOEt )ﬁ/o\/ 2 mollL HCI /
OH

M62504 NBS AIBN
“acetone O CCI4
% 'NaOEt, EtOH_ ©i/u\
oH BrCH,COOEt
9

M82804

24
NBS AlBN
“acetone O O CCI4

244

\>_SH S_{NI} ]
247 s

" NaOH,DMF  0<_\._0

N
o)
248
HO
t-BuOK, t-BuOH )
2 mol/L HCI (0]
250 ©
N A
4 —
_ NaOH,DMF S{SD R
X0
\ SH ~
>— N
4 -R
s—<s I P
253

R = H, 6-Cl, 5-OCH3,6-Me, 6-CFs, 6-NO,, 4-F, 6,7-F5, 5-F

B 69  FRIF[d]HEMEBR RS A S G
Scheme 69 Synthesis of benzo[d]thiazole sulfide compounds

NH N NH
X 2 HsOH N N N
RI M,R—: P — R_:\ \>—S/_\—
Z“Nh, CSzKOH = HCHO, C,HsOH Z~N
254 255 " 256
4 mol/L NaOH
CHOH
CICH,COOC,Hs
R— N N\ /- N
L N>_S RCOOH _ " N\>—s/_ | _NH,NH, <:E \>_ N
-— = -— T
\\<OYR POCI; . ~N C2HsOH
N CH,CINHNH, CH,COOCHs
259
258 257

R =H, F, Cl, OCH3, Me, CF3, NO,

B 70 FA 1,3,4-WEMLE R AT [d] BRIERR RES AL 5 P10 5 AR

Scheme 70 Synthesis of benzo[d]imidazole sulfides with 1,3,4-oxazole structure
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Scheme 71 Synthesis of be
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Bl I AREZ B RN AR T — RV AA R
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ISR EDY) 3D I LRI, R AR
A ARUT (0 2L A% VEARFAE.
Boc

|
NH s, Et,N, THF
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NH,
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R' = alkyl halide, ArCH,CI; R" = alkyl, Bn

B 72 FRIF[dK AR RS A R B B

Scheme 72 Synthesis of benzo[d]Imidazole sulfides

2010 45, Tei BRI AV EAE KR A RN,
VI ART — RIIE 1.2,4- S0 0K [dPEMATED)
(Scheme 73). 113 Lh/ B K HAR 8 KA (MES) AL A
BT DU B (se-PTZ) RAERE RSN & A & 03T 1 41
TBRE R VEAY. R ZHAEIAE 100 AT 300 mg/kg T &
NPT MES JEPE. 4E1) 278 H R i CHCeHa(m-F)
i, HAE MES f 8 rp i R BB AE U BRs 8, 40
MR FE(EDso) N 22.0 mg/kg, WA ) 2 4t
TR PRI R £, i i M4 & P AE A B
JAR ] 3-503 A IR M A A A PHBR(BIC) 15 3 1Y) 52 ELPE A
BT TR, Al & AT B 259 28 2 5 e i
FIIN N -2 T HR(GABA)YKF-, W R 3 4R

m-CPBA, DCM
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N
V—8CH,Ph X Naft
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nzo[d]imidazole sulfide derivatives

151 MES RS fRiZAk &1 EDso 5.

O.N
O2N\(>:°H CSy, KOH 2 \©Eo/>_SH Na,S-9H,0
NH, EtOHH,0 N EtOH/H,0
274 2 75°C,10h 275 90°C,4h
HzN o) HoN 0 R
RX, KoCO3 \@E ,
SH 7S
\©:N/>_ CH4CN N>_
276 80°C, 10 h 277
o)
(1) Triethyl orthoformate HN
hydrazinocarboxylate ~ N p
EtOH, 90 °C, 24 h g \©Eo>_S/R
/
(2) CH30Na, 90 °C, 4 h N
(3) Add HCI solution to pH 6 278

R= C3H7, Cng, C7H15, CHzceHs, CH2C6H4(o/m/p-F),
CH,CgHa(o/mip-Cl), CHyCqH3(2,4-Cly), CHyCoHa(p-CHs),
CH,CgH4(p-OCHy)

B 73 1,2,4- =P (K SR IFREREAT A 1R 45 Pl
Scheme 73 Synthesis of benzoxazole derivatives of 1,2,4-tria-
zolone

2020 4, BREFEAIE K T — R H ARt
(BB AT AE M) (Scheme  74), FEARGI6 HHLGE B-UE Ky
FEER F(AR)IF S PC 12 i B ARy EH, H
NIRTT B IR % 65 BRI (AD)FR AL B 1 i 4%, TR AMEWDIG
PRI, AR ZELAWITE 5 pg/mL B ATE 2L
A ABosas 531 PC12 4 AIMP B tE. M AI T A I
WA 3 NI, 75 30 ng/mL B TEAR S #, 76
1.25. 2.5 Al 5 pg/mL I} GEE 25390 ABasas 5 T 1 PCI12
MBI A3E 77, Western blot 7M1 7R, ZAL-GWI TRk
ABas.3s F 3 PC12 AMH Akt FURE A Fd i 3
(GSK-3B) R ik, FEIA%IE ¥ -xB (NF-xB)IERIA. 1t
Gb, WEFREE RERY, ZUHEDRY PC12 440
APBosas I FIWT:, YD tau 55 (A0 EERERR L, HFRAK
M5 R IEAL &P 2 AR (RAGE) RIS, P AL FERT
1R 1 (APP)-Z4f# M 1 (BACEL). i S8 —S LA &
(iNOS)F1 Bel-2 #H2KMH X HA/B 40 ESR 2 (Bax/
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Scheme 74 Synthesis of novel benzo[d]oxazole derivatives
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