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Visible Light Promotes the Cascade Reaction
involving 2-Alkynylthioanisoles: Three New
Strategies for The Synthesis of C3-Substituted

Benzothiophenes

ABSTRACT

Benzothiophene, a privileged sulfur-containing heterocyclic scaffold,
is pervasively distributed in naturally occurring substances and bioactive
molecules with pharmaceutical relevance. Its derivatives exhibit
remarkable therapeutic potential in medicinal chemistry and
agrochemical development, serving as core structures in diverse drug
entities such as raloxifene (selective estrogen receptor modulator),
sertaconazole (antifungal agent), and mobucin (bioactive insecticide).
Beyond pharmacological applications, benzothiophene have emerged as
pivotal building blocks in optoelectronic materials and semiconductor
technologies. Given its multidisciplinary significance, innovative
synthetic methodologies for benzothiophene derivatives remain a frontier
in  contemporary  synthetic  chemistry.  Visible-light-mediated
transformations, recognized for their environmental benignity and mild
operational conditions, have evolved into indispensable tools in modern

organic synthesis. This dissertation focuses on visible-light-induced
i
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tandem reactions involving o-alkynylthioanisoles to establish novel
synthetic protocols for C3-functionalized benzothiophenes, with three
principal research achievements:

1. We established an innovative visible-light-driven tandem
cyclization protocol between o-alkynylthioanisoles and disulfides,
enabling the construction of novel C3-thioarylated benzothiophene
derivatives. Systematic optimization of reaction parameters afforded an
operationally simple system that achieved 32-92% isolated yields with
remarkable substrate scope encompassing 38 structurally diverse
derivatives. Mechanistic investigations via radical trapping experiments
(TEMPO/BHT) and fluorescence quenching studies provided compelling
evidence suggesting a plausible radical-involved mechanism. Compared
to existing methodologies, this exogenous photosensitizer-free protocol
exhibits distinct advantages including mild conditions, exceptional
functional group tolerance, and precise regiocontrol at the C3-position.

2. We developed a metal-free, three-component tandem cyclization
protocol involving photoinduced persulfate-mediated oxidation of
o-alkynylthioanisoles with 1,4-diazabicyclo[2.2.2]octane-1,4-disulfonic
acid (DABSO) and 4-substituted Hantzsch esters. This strategy enabled
efficient construction of C3-alkylsulfonylated benzothiophenes through
sequential radical sulfonylation and annulation processes. Systematic

parameter optimization afforded 33 derivatives in 42-91% isolated yields

v
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with excellent functional group compatibility. The experiment of free
radical capture and switch lamp showed that the reaction may undergo
free radical process. Compared with other reported methods, the reaction
does not require additional photosensitizers, and has the advantages of
mild conditions and no metal involvement.

3. We devised a visible-light-enabled tandem cyclization system
employing elemental sulfur/selenium with o-alkynylthioanisoles for
modular synthesis of bis(3-benzo[b]thienyl) sulfides/selenides. Through
systematic optimization, this protocol delivered 14 bis(3-benzo[b]thienyl)
sulfides (43 - 84% yield), 14 3-methylseleno-benzothiophenes (23-55%),
and 11 bis(3-benzo[b]thienyl) selenides (12-29%). The experiment of free
radical trapping showed that the reaction may undergo free radical
process. Compared with other reported methods, the reaction uses cheap
sulfur (selenium) powder as the source of sulfur (selenium) to synthesize
corresponding products without additional photosensitizer, which has the
advantages of environmentally friendly reaction system and high atomic
utilization.

Yan Han (Chemistry)
Supervised by Li PinHua
KEY WORDS: o-Alkynylthioanisole, Benzothiophene, Photocatalysis,

Radical tandem reaction, Three-component reaction
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2013 4, Wang!HREEZH R IE T —F LK A B — A o7 & SR Bt 2 A1 T S
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COOH Zn powder mR
g Rr  He0, reflux, 12h S
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2013 4F, Wang?MRIE T &4 (0.0064 mol%, 25 ppm) AL 2- 247 FL A
TIRORTREY K T N EME SN, D SEII TGRSR T 2-IRARR I E () S Ak
o 1R R RIFHEAREE, HRPBIZEMARAM . %07 (Scheme 1-3) .
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XY T 0
R—: Br Cu (0.0064 mol%) - R X A ar

ZNgH Cs,CO; (0.5 equiv.) S
EtOH, 80 °C, 8 h

Scheme 1-3 H{HE 1L 2- 24 I — IR BRI AL G R 2- IR AR I HEWy
2013 4, Li URAAHPRIE 1 Fhi R A A A 5 b 70 1 18] S AL A4
FEV R IR IRy 1 SR 55 W OT IR AT A R Rl 22 ThRER I F ey, H P13 21
RIFmELy AT LA T2 — B84k, ARG B RAR 3 & PRI AT AR )
(Scheme 1-4) .

2 2
N COR® " Mn(0AC), (5 mol%) COR
R1T Ll PhCOOH (2 equiv.) |\ i ST\ g
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R3
Scheme 1-4 < J& fl AL IR B EDY 5 U A AL AL 15 R T FIgE Y
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HR2TIEER AR Y) (Scheme 1-5) .
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L HE BRI A K (Scheme 1-6) .
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. 0 R?  AgSbFg (30 mol%) R?
°N + | | K5S,0g (50 mol%) N\ 3
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Scheme 1-6 #R {4k N-J5 T SEHEHIME T 1% 5 H FUL AL, 2, 3- 795 3L I [p]MEW)

2016 4, GloriusHE B FI H Sc(OTH)s M4k N-75 B J BEFATE I i 5 &
PRI R B, ERIE R T — R 6- BRI (b)Y . T H IR R 4
A5 58 B 25 1 14D 556 LA S P A MR A AR i T A 103 A 0 R R 1 S BV 1 DR D
B% (Scheme 1-7) . Ffi5, Sahoo®VNH K T HIRAAM T AICL AL N-F5i
FEYRIAE T e 5 Ml K B ACIMEAR &, RIRE D T 20 R n- LR PE Y 6-
HUAR 2, 3- 05 R IR [b]EW AT 2EY) (Scheme 1-7)
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D S\ . || SeOTfs (1020 mol%) g 1NNy o
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O R®
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S
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o Ar?

Scheme 1-7 Sc(OTH)s/AICIs {44 N-J5 i HE 3% H M WV fii 5 ) & i A I g sy
2017 4, ZhoulPHREH K & | —FhAE TN AL 2-BIARBR Y 55K L
Sonogashira Bk M, SEHL 2-HURER I [B1EWY (K iR A Rl A3 T 7 i BA
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Pd(OAc), (15 mol%)
TMEDA (20 mol%)

R1€[SH R Ag(OTf) (1.1 equiv.) R1mR2
N N, 110°C, 24 h Z 8
Scheme 1-8 HE(IDHELL 2-BACKBR I 5 7K Z HRABIER & oK T HE Wy
2018 4, Wang®8 It & 7 M BRI AL 1, 6-J bRl BRI A Bl 3-Pot 5 4 I 188
Wy T 7. AR AR G SERE G V& ) T &R T8 (HAT) /M5 %
NI o ZE T2 B R O HRA AR, SREG R 8. 22l
(Scheme 1-9) .




L N N 2T e A e

= R
R N
// X FeCl, (20 mol%), phen (20 mol%), N\ /
PMHS (3 equiv.) _ N
ST EtOH, O,, 60 °C S
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(v R RO 1 o 2R NN 22 FlE REII A RPN 321, JE BAARAE ISR
TS 5T, DUEcR RS AR B #5779 (Scheme 1-10) .
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Scheme 1-10 &5 < A 207 5B ALER ) 4 2-HURR I [b]8EWy
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N N 52 (Scheme 1-12)
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R_C[NHZ L Rl— t-BuONO (2 equiv.) R-E N\ -
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Scheme 1-13 48R (A 355 16 500020 T 1M1 G0I0 IR £ PR FEE (D 1y
2017 4F, Nguyen F Retailleaul* 3 DIPEA fi£ 13 2-fiif & A H-f L5 5 5 i
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Scheme 1-14 DIPEA it 2-fiFf 3k & F- [ 15 505 AL A4 55 BRS04 s 2-248 Y It 22k 8 - Mg iy
2017 5, ZhouBSNVE i | — MR HEAL 3-J5 S Ik-3-(2-J405 P i i A8 6 )- 1- R P R & il
RICEGY = R TT 1 RN I B b ) R - AL B P AR I BRI
B2 LIRS R AR . OB ZRAT 208 Z R %, BRI SR AL & Pt T iE i
12715347 % (Scheme 1-15)
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DBU REC TN \
2 >
THF, 50 °C, 12h S M

Scheme 1-15 Bl 34 S H-3-(2-Jis PRI 2L TR L )- 1- 8 PRI £ B I W Wy
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2017 4, Wang 55 NBORIE T L4882 51 N-EuNBr (TEAB) f#EALHT1A R,
DA 515 WA 5 e N SR R R B 2, 3-HUAR A ey . 125 7285 S-S By
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(Scheme 1-16)
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= _S A * ‘ ‘ R1_| N \ COOR3
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Scheme 1-16 511610 2,45 Ak — BRALA) S5 00 ) 6 Ry 17 2420
2019 4F, Toyotal’ @ it 7F [k Bifk R INANRERR . I 71, LA 1-&NIkehi
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VR ZH 2 W AR IE A S AR R, ATV 2] T SNl BT R IR . ik
—REd, DL 2-8-3, 6- i AR NS IRY), DU RN DL 42-82% K SR
PAF 6 K 4, 7- kAR [p]EWY (Scheme 1-17)

X z X
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_Ad PhMe, N, 90°C z
s N, S
Y \

X,Y=Hal;Z=HalorH

Scheme 1-17 FE[R INHGEAT T 1-B WG A5 -2- FEE R IR S5 N AR R I [ D] e Wy
1.4 /B EXNRFER RETEYNEK

WA SRR — P R, /AL S AR Y TR o B BB Y 3R
W, FEZR AL G ) T TSR L R AR A o R A A R IR ey S AT A P K
HEE RS DI REA B TT 1], D't/ MM A 3R R LR B A P SRS HE P42 1 2 3 1
W TAEEAT 2 K0

2012 4, KonigPS R @2 4538 7 RELL Y M4k 1048 FF B 3 75 5 A 2h S kgl
AL N, GBI E A T R I PR R S R R I . RGH 42
T BRI bR SR S SR, S50 o i 5 EAR TSR OR 1400
BOX THEZL Y BT H R HLA] (Scheme 1-18)



L N N 2T e A e

R1
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Scheme 1-18 175 341 FH i 5 05 i 0 3h 5 R AR R K s N J AR T g Wy
2016 £, YuanPHE S F G 7% S KOH/DMSO sl ik & (i i3k 2- i 1R H%
AR 5 A b R AR B, AR A UF B 776 i T 2- B OR R
ZITEL T EAC ST N AT WOt uRe EVR, DArh s & R IR 30 2 F
K FFBEWT (Scheme 1-21) .

[::]:X KOH, DMSO [::I:§>_
+ —R > R
s~ visible light, 25 °C, 26 h S

Scheme 1-19 J't; 175 38 3R Bl A 2 (2 1F 2- g AURRA RS Y K 5 DU B B 2-BUARCA I igg vy

2017 5, Yan 55 NFORE 1 AT WOGIXSI Y ALY 5 bk it o1 1a) 5 ik
IAH R R, BRINE S Er e Rt | 3 S O FR AR 1) 22 2R IR iy Kb 540
VIR NG 75 SV < S PR A ) S BN R IR, DAAR S MM — 28R, 7 B D' e
TR R (Scheme 1-20)

2
R1 I AN R2 R
= S/S X || visible light R1_L N _Rs
| + toluene, air > S
// R3
R1

Scheme 1-20 RJ LG et i) AL 5 puke 7 5 18] B Hh 2R 30 & R I 1wy
2017 4, WangBREARIE | —FO6H S 2-P3E RIS AL %
A IFEWY ) fa] B = S BT o T IRREVSAE IR . T B A TE e AL
AT, DLBGRII ARG 2P 1077 (Scheme 1-21)

| AN _ Ar R1
R—r A S 7 H,0, (2 equiv.)
s \© . PhCI, Bule LED _ 7 S\,
,\/R R Ny, rt, 15 h N

Scheme 1-21 7] W15 S 2-H IR K AG 5 AL 30 [ A A I E Wy
2017 4F, Kumar®VNHIRIE | — MG HES 1, 6-fakk B AL A B C3-BE LR
FEIEWY [ R E T AE VI RN o 1Z IR NAE TS & Jm /B 44T, PLIERR(PQ)
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TEIGHEALTT S KN EIR S Langlois 557 (CF3SO2Na) i 2 5 =4 FH 5L 19 H AR 4 o
LKA A WG . ESR. BRI R A 3R bn 10 S S8 B FEUE S : JLIOK
PQ el CF3SO2Na Bl CFs A HiE, iz H B3tk in - - i 7 I il 4
MR T, BB K T oR %t MU i S AR B H As 4 (Scheme 1-22)

0
Ph Ph
Z {
PQ
. CF3SO:Na —hie Tignt
X=0,S, NCH,

Scheme 1-22 PQ HEALTT WG F 1, 6-1 K5 CF3S02Na A Al = 98 F HE AL R ey

2017 5, Zhu FE NWUFR T g muE S 5k &, 86l 5 0ue
F H RN B - PR AL SO RE,  SEFN 2, 3- AR T MEMy B = R e 1% R N I8
Mes-Acr-Me G HLALRHE RGO T 91 K BOC R JFIS AR 2 H b =¥ . BAE
Wi AR Z M E e, I LR I 2055 BSCR IR A R B AR . 2%
BEA RAFHE T 25 S EGRAE (Scheme 1-23) .

R2
SH 5 mol% Mes-Acr-Me*
R1;\ . R mol% Mes-Acr-Me g R1+\ N\ R
! P CHC|31 I".t., = S

blue LED
Scheme 1-23 A WG SO Shke & % 2, 3- BRI ey

2018 4F, Kshirsagar 25 NHIEFBELT Y AL T WOGHE S BB RN, TR

TER T 2-F RO H R S A U B 2R I K B ER BRI 712 o 1207 1 AR

SN, B F IR B R AR, S SR 3- I R R R e

WATAEY), 12075 B RE RVa )T BN SRR AL (Scheme 1-24)

R1
& SCN
\ . 0, \
2 0 eosin Y (5 mol%) _ o H—R!
R2-1 P + NH4SCN blue light, O, R =
SMe )

DMSO, rt, 48 h

Scheme 1-24 7] JLOGARRE 2-R 3 K FR AR I 5 T URR B SR AL B B 3-SR B A e iy

2020 4, YulSHREHME 1 BRI 4C2ZIPN 1E AL IO (A A
A, ARSI NI 2- B R Cilt ) AR I R A ER IR SN 5 1 1 —
RINN) 3-WEBLEE I (il Wy 23R TG HLETN, W% 1 297 [b]
EEACYII A B, B TSN JE . A2 ORISR B 51 (Scheme 1-25).
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R? O,

) 3
= o 4C2zIPN (5 mol%) P;?
X I i
RZ—: + H-P-R3 LPO (2 equiv.) r2. 0 X N\ R
= XMe |IQ4 H20, N2, 12 h, rt ! _
blue LEDs X

X =S, Se
Scheme 1-25 R WO fet 2-H I A A HY k-5 B tGRI AL 15 1 3- L 22 25 e
2020 4, Guol** - 1 AL ZAIE LI R GE A3 1 C-3 Az p AR I ey & R R
o SR/ AH AR, el A R I D e AR, T < AT AR A 7R 2%
PR S 2-BR A R IR ) AL S g A AL o SR TR R 0 S, )ik
FEEHIRAT C-3 s A W EU s 7 ) . SR R SR LR AT O, 51
& w) B N LERE 235 1 T A% (Scheme 1-26)

R X
= KX (;IéH
N—r
o-Me C (+)/Pt () S
X =Br, |

Scheme 1-26 2R IEA AR R HHE IR FEAL 27 T AL AL G Bl 3- AR 5 ey

1.5 MNEERE

AR, FER B AT ) & BRI AT S X B
TR T AL G R IRYE, 958 AR T BE 2 T (KORS v 4 AR L T 37 L

(ELIX M7 A A7 7 — Mgk 5 o 9 0 R AT 2 S SO A U B B
FL BN GUH . F TR RS AT W25 . X S SRR I BRI T
FISG R . BRIk, 7 B Ak 2R TT R T B0 o ) R TR IRy J% LA A
ORI
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B 2T TIMIABGIFM TR RAIEHIBRE KR RH S
B RY SR ERIMU R L B R 3-F5 R E A FER

21 AIRE =R

DRI (bMWY S HATAEDNE N E B DRe 7 T3 28, o 3-MHURATAEMER
SR B0 R A B AR TE N, FETHREATRLSU R I 1At H )
ThEERENE . JLAER, BEXT 3-HUR IR IF[p]MEWY (1 R ik & ORI UG B 5 it g,
o R8BI A% Y TR 1147 8 R, i I 4 B = R 3 702 o WA 25t K 2
TR A S PIRE V)RR K, HE T 1 B SR 00 S R i 3-HUAR R Ty (R 1T 7k
R

2014 4, WulWREA EL T8 7 —F i A BiCl {232 = Wiz 5 2-kk
SR () B IR SN i 3- = 38 FRR L 2R IR (REMY) 1) TV
SITVEAETRAN AT TG T ZFARRL B bR =9, A [E R B &, H
B RBRRE R 2 IR SR TS0 (Scheme 2-1)

XMe X
R1©K H BiCl3 (2.0 equiv) R1—;@/87R2
= + N. > P
% Ph”™ ~SCF,4 DCE, 85 °C, air
R2 SCF3
Scheme 2-1 BiCl; {i£ 1 =5 IR IEAG 5 2- R FE 2R F R (k) of BRI A Rl 3- =5 it 2 R
FELIR (EEN )

2016 ©F, Wang*WEUEiH K e 1 n] WGl S i g R s et o — 5 5
1, 2- WA R 1. 1 Z B IR RS B AL T, B E RS 5 NENITRE
SELE AR AL . SIS g R, 2R NAR RN 2 A E e R I R AT i A
Rems LU 5 1O 7= R A AR B2 H H AR =% (Scheme 2-2)

ArsSSAr; (15 mol%) 0
A a2 O, in air (1 atm) . Ar1Jﬁ(Ar2
_ blue LED (450-455 nm)
MeCN, r.t, 3 h O

Scheme 2-2 7] WLOBi%E G 05 FEHUR AL N — 05 5 1, 2-
2017 4F, Wang "R A | To 4@/ oG FG 15 S 8 B L [ B Ak
FRo BRFAM T -G 5 ALY AL R BOAME OB, BERE

10
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B ErE AR R 3B Bk B AR SR A (Scheme 2-3)
P Ar Y-Ar
= H,0, (1 equiv.)
E:( +  ArYYAr blue LED, rt. ©\/’§7Ar
NHTs Y=S Se Ts

Scheme 2-3 Y155 2-Me 2Kl 5 — 8 (D A SRR G R 3-05 B (Al JEM51 Wb &4

2019 4, LiuPHEEH IR T AgNO AL H H I 7k, @it 2-4k
BRI/ AR T K . ARy 55 0 RN 1) = 4170 S B Al R AR TR/
WEWY o % J7VER] LA— B S — N R IR R IR EE Y R . A C-Se B Sz — > C-O(S)
B, IR A C-OS)5E . VWIDHLERRT LR, 1% RN AT REDI 4 B HIFELEE,
FAAE TS HET H B BE P E)4A (Scheme 2-4)

R1
& SeAr
X AgNO, (20 mol%) A
2t 2t A\ 1
R2-! P + Se + ArB(OH), DMSO, 100 °C R oy R
XMe 0, 12h

X=0,S
Scheme 2-4 ABREEZEH (B Tk AR A7 S0 R & AR 55 SEA0 A 26 73/ i
2021 4, DubWhHETT 2-Fedh 8 H /A ik 5 SOCL/DMSO 731 N L
RNE, AR 3- FRBR L 2K JF R /ey . DMSO 3 B A7) SRR IR XU E Thfig, fd
DMSO-ds AT SE3), SCDs 2 F7E %3 C3 AL G HESI AN (Scheme 2-5) .

RZ
y SCYs
N DMSO or DMSO-d,
R1_: _ 6 . R1_:\ \ R2
R SOCl, 1t Ay
X=0,S Y =H/D

Scheme 2-5 2- bR IE 7K H /B ik 55 SOCL/DMSO 431~ P IR A B 3- FF A 35 2 Sk /s vy
2021 4, Huang 55 \P2HRGE | —Fhid iR Fh (e #EH) AgSCFs 5 F Rt AUk
ARIBCIAME B, SEBI T 3-8 F B BB 2 B ) v RO . 1246 R BV RIFIY
B e BN S A2 30 LB SR B, 2N RE 4 H AR iR : CFsS A
FAE=8 IS S SMe 2B A BCH #577%) (Scheme 2-6)

(NH4)28208

CH4CN, 80°C,
12h N,

A (N “ . AgSCFs
%

Scheme 2-6 1% £h e 3t AgSCFs 5 HILAACMRAR & Rl 3-HUAUA 3 A
11
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2022 4, Kesharwanil>3HRE 4] FE € (1) DY s R £h, Sl 1 &R R AR
R (032 AL SRR, e AR A R TR IR Wy 1 28 o 22 SRR A 3 T 2 1 1 e 2 AL
bz, DL SFUSCR 5T N B RS . B WIS, TESE TR M) T o8
HINERZ VIS 2 (Scheme 2-7)

©
'\,/le BF,4
R _S._..Me SMe
= Me ® S N
DCM, rt., 24 h
SMe S

R = aryl, alkyl, vinyl, silyl
Scheme 2-7 VU 58UHH TR £ AL E 4R ok S0 AR AR I 516 FL A A 5 RO R IBE Wy
2022 4F, Geng 55 NPT 1 AL A A BERITEPEHOUUE REAL SR, DL 2-
AT BRI BROY 2 15 R Gl FURH R, 2T 8L A 77 2 A
NEEI 3B () FURR SR A ey 5 Bl RS BN A 2R 0 N AT ROk T A%
Gt WAL S TIBORBCRAR TN BOMERR, A2 RS i) 26 b AT e DR R AR E YL (Scheme 2-8)

Pt(+) | Pt ()
R XCN
Z + KSO?N "BuyNPFg N
KSeCN CHaCN/H,O (8/1) N _R?
R’ s~ rt,2h R S
X =8 orSe
Scheme 2-8 F{b 2R P 2-BRIEGRACK R S8 () JURSR A S A 3- (D FUR R
SR

2022 4, Alves 58 NPHRIE 1 =S FURBR 2t (¥ R bRIE 2 Y X AT A
AN 55 3k R R BRI A K 355 Al B SR TR SR 2R U5 1 o T IR L
VEJIEF, i =S FURIR 5 77 H Rk R A7 S N AR o v VAR, HERE fe B
JNAAIZEAT - 77Se NMR 73 HrilEsk, A 2K HE PhSeCl £ R AL A il % M EAT [
SEAFIRAT. P RE R IR A (Scheme 2-9) o

R R2SeSeR?

SeR?
Z TCCA
EtOH, rt. =
XR! X
X=0,S, Se R = alkyl, aryl, SePh

R' = methyl, butyl ~ R? = alkyl, aryl, heteroaryl

Scheme 2-9 — A FURBRITHE R 3-57 B IR IR R 2230 & 1K
12
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B UL ESCERIGE K, FRITHE I R 7 A AR AR S AR
FF 7 B S A Bl C3-BUAR 2R B B2 I 18y
22 RMFHMHIK

DL 2-BR LA FR BRI (1a) R Ik R ABIRRS N, 00 AR 7551
WK S5 T AT A A DU 5 B IR B4R A
2.2.1 BENFIFIR BRI

Table 2-1 {4475 F1 7 571 ) i ik

Ph pora
Z _Ph /fs SPh
v 8S Solvent, r.t,, 12 h \
Ph olvent, r.t., Ph
SCH3

S
1a 2a 3a
Entry Photocatalyst Solvent LED (nm) Yield(%)”
| Ru(bpy)sCls THF 425 72
2 Eosin Y THF 425 85
3 - THF 425 92
4 - THF 425 81¢
5 - THF In dark 0

“Reaction conditions: 1a (0.20 mmol) and 2a (0.20 mmol) in solvent (2.0 mL) and photocatalyst
(2 mol%) in argon atmosphere at room temperature under LED (5 W) irradiation for 12 h.

Msolated yield. in air atmosphere.

B, XIS N S5 AFHEAT 10k, 40 Table 2-1 fras, DL 2-JRoRHE
FmiEE (1a) A1 2RI “HiEE (1.0 equiv.) ARMNIEY, 7 7514% H Ru(bpy)sCla
(2mol%) + EosinY (2mol%)> {ENJGHEM, PUZRKME (THE) 1EJy R NiE
A, ERSAAFFH 425 nm #5596 LED (5 W) RS, 754 S8 h it bE B 12 h,
I3 BL 72%F0 85% 1) 7= 2245 2] | HAR/~4) 3a (entries 1 and 2) o 1% NAETS
MDA AR, DL SR 3 (92%) 4921 3a (entry 3) o fEFA
SR EEAT NI, 3a B RENH R EE, 7R 81% (entry 4) o A SEER KR B
TR R N L BZE A Centry 5D .

13
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2.2.2 TR B EERTHIE

Table 2-2 {44751 F1 7 771 ) i ik

Ph P
. Ph /f‘ = SPh
v 8S Solvent, r.t., 12 h \
o Ph olvent, r.t., <7 Ph
1a ® 2a 3a
Entry Solvent Yield(%)?
1 THF 92
2 DCE 85
3 CH;CH,;0OH 82
4 CH;CN 87
5 Acetone 79
6 DMSO 81
7 Toluene 87

“Reaction conditions: 1a (0.20 mmol) and 2a (0.20 mmol) in solvent (2.0 mL) in argon

atmosphere at room temperature under LED (5 W) irradiation for 12 h. “Isolated yield.

B, Gk 7 — RIIER. USRI (THF) {F RN, 775w,
IEE] T 92% Centry 1) o Bk i) H AR FI 045 — & L%t (DCE) + 4FF . CH;CN,
B VA (DMSO) AR, ¥ 12N, HiRIER, 1£ 79-87%
2 [8] Centries 2-7) -

2.2.3 KK 2a R EFETERYGFIE
Table 2-3 H7K . 2a AT [H] (K] i 1% «
Ph P

FZ Ph Vs SPh
/
ro8s THF, r.t, 12 h \
sen Ph RRS s” ~Ph
1a ’ 2a 3a
Entry LED (nm) Yield(%)”
1 375 84
2 395 86
3 405 82

14
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4 425 92
5 440 89
6 455 86
7 525 48
8 425 664, 91¢
9 425 70/, 90¢

“Reaction conditions: 1a (0.20 mmol) and 2a (0.20 mmol) in THF (2.0 mL) in argon atmosphere
at room temperature under LED (5 W) irradiation for 12 h. ’Isolated yield. “2a (0.15 mmol). ©2a
(0.25 mmol). /Irradiation for 8 h. €lrradiation for 16 h.

ok, BATEWTL T CIEIIBANT S 52, i i) LED #4(375.
395, 405, 425, 440 F1 455 nm)#R o] LA# 1% SGA AT Centries 1-6) H =248
WARK. (BR, M 525 nm () LED 5 T TR, 3a (#1757 5 KR 4
K% 48% (entry 7)

BE— B A ORI i (2a) (A E DL BN TE], 4 Table 2-3 s
(entries 8-9) o 4 7KKk “HMEAI I E G NE] 0.25 mmol I, = JLFAAL, 1
2 2a FHEFEICH] 0.5 HERN, RN FREIRE 66%. KM EZEKE 16 h Xk
7L F-HAT R, (H 2 S S (R Z5 40 2 8 h I, PR ERARE 70%. SR &HIE %X
MR AR K2 425 nm. 2a NEAERERZ 1.0 equiv.. B FERMEEZZ 12 he

23 RMNEMEEHZR

41 Scheme 2-10 fi7R, ZRNVHEA RIFHEIEME, 77 ARME R 1977 2245 241
L[ 3- D5 TRIE I EYy . BSEHEE T R2EIS OB I i T RN, RS
TR, KEBERFA DA A=Y . K395 LG4 TIRE, mHEE, F
FEAAUT HE, DL 85-91% KRG 2 Fr R 0077 (3b-3d. 3j M 3D ; pa&RJET
g EANRXIZ AN K, FBAHR ) (3e-3g F1 3k) 7% 81
-86%. W TR, W= R, thERNAE, HCBRE R A5
B9 3h F1 3i. WAL, FEIZSRAE R, ZEAEFNIELY B AT BIAH L1 4 3s A 3t
(K177 253 31 91% A1 80%. 2 N2, 5H— & L AA A6
FEYD, 3. R M CFs, WREIRAMBEAT SR, JELL 83-89%I) /™ 3k 4%
It 0074 3m=3r, J H A LS R I o RS (R RN, o (E AR R 2, 4D
BRI FAT bt — AN A& RS, DA 83% ISR FZ AL AT 75 11077 i 3w 4 R2 (¥

15
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77 BB HONI CIGRIEAT B, 77N 68%, 133 7 Frits (774 3v. AR
A — RIVRI e F A BRI R (Scheme 2-10, A N , IXERYIAR
KA, IR SR BT

RZ
_Z
~—7 Ph  hv (425 nm) Nk
R + s-s" T ﬁ \
v —
XCHq Ph THF,rt, 120, (R
1 2a 3,X= S, Se
SPh g} SPh
-0 O o Iy Oron
S )/ S S
3a, 92% CCDC: 2251964 3b, 89% 3C, 91%
SPh SPh CH
R=1'Bu, 3d 85% R =Br, 3g, 83% 3
N R=F, 3e, 85% R = CF3, 3h, 76% N\
S R R=Cl, 3f 86% R=CN,3i, 71% S
3j, 85%
SPh cl sPh
N A\ R R = CH3, 3m, 89%
O s O N\ O R=F.3n 83%
R = Cl, 30, 85%
S H3CO S °
3k, 81% 90%

R = CHa, 3p, 88% O
N R=F, 3q, 86% N\ N7
R = CFa, 3r, 84%
R S S S S
3s, 91% 3t, 80%

SPh SPh Failed substrates:

O O~ s
s s e \ gz RZ=Bu0%
! R? = CO,Me, 0% !
3u, 83% 3v, 68% L STl

“Reaction conditions: 1 (0.2 mmol) and 2a (0.2 mmol) in THF (2.0 mL) in argon

atmosphere at room temperature under LED (5 W) irradiation for 12 h. *Isolated yields.
Scheme 2-10 JEA) & EH 5 1@

B FORIATIF AL T A& VG R (Schem 2-11) o KIAAE. 6], X7
IR 2R B A R RS A A, A A TR (Me, OMe) FINKL
2[4 (F, Cl, Br, CF3, CN) B, BELL 80 ~ 90% MY R A BUAH B =4 (3w~
3ae) . 4 3, S-“AHUNEW S 5%, UL 78%MIICRIF 21 T B i 74 3af.,
Ak, ey FORIE e B BRI TEARHE SR N A, 5 1a RVAFEI

16
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H b57=4 3ag 1 3ah (177 35058 58%M1 51%. 2RIk ik 2 5 &by, ]
CLAS BIAH R (72 3ai-3al. ([ESESRZ, A RS H 2 EE 2
BIEHIEYD, 705 EA 35%A0 32% 07 R 52 B @ 89774 3am A 3an. BEHIE,
o FH Rk AR 2= SR R R S N, A AT B BT R (R A

Ph
= _
@( R hv (425 nm) YR
+ Y-Y g \
v
XCHy R THF, rt, 12h Ph
1 2,X=Y=§,Se 3

R2 = 2-Br, 3ad, 85%

R" = CH,, 3w, 90% — R? = 3-CHjs, 3ab, 84%
SOW R' = OCHj, 3x, 84% S@ R2;3:C| ?’:’ac 83% O

R' = Br, 3z, 83%
s” Ph R' = CF., 3aa, 80% S R? = 2-CHg, 3ae, 86%
T R? = 3,5-di-Cl, 3af, 78%
oL o P oo Q 7O
3ag, 58%° 3ah, 51%° X=S, 3a| 91%(,, CH3 3ak, 41%
X = Se, 3aj, 85% = Cl, 3al, 91%
3am, 35%7 3an, 32%7 3ao, 0% 3ap, 0%

“Reaction conditions: 1 (0.2 mmol) and 2 (0.2 mmol) in THF (2.0 mL) in argon atmosphere
at room temperature under LED (5 W) irradiation for 12 h. “Isolated yields. <2 (0.40 mmol),
24 h. 92 (1.0 mmol), 36 h.
Scheme 2-11 IRV EEEH 5 11«
AN, BAEY 1w FEARAESRAT T NS, BROABR B H 0 R X i £ A
A, AR BAE Y, ML 48% IS 3 A sl UMK 4 4, JFIE IS 5 x
SHERAT I E—AIESE T 4 1458 (Scheme 2-12)

/ >
< MeS ‘ 8
=z N _Ph_hv (425 nm) a9
+ S—8 \ - 3 1+ » 3
e THF, r.t, 24 h S ) -4
SCH3 2a S N TN
1w ;
4, 48% yield CCDC: 2257591

Scheme 2-12 2 N 4545

17
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2.4 TERSLIS

Ph oy
Y Ph /s SPh
* 5SS Kessil lam \
Ph 0 Ph

(427 nm, 20 W) S
1a e 2a THF, rt, 36 h 3a
(5.0 mmol, 1.12 g) (1.34 g, 84% yield)

Scheme 2-13 7044 SL56

2 AR R R I AR S B AT O - i Scheme 2-13 i, 1.12 g (5 mmol)
(¥ 1a BHATHALIR B, BRIP4 3a, WY 84%. UESLIAMA Tk Ak B
7.
2.5 RMHNBIRR
2.5.1 #2HI MK

NSOV, AT T RAISEE . ERRMESRAE T, ¥ 2.5 equiv.IH
FH A R 7 2 2,2,6,6-PU HR B IRBE A ALY (TEMPO) AR BiHr,  HoAar il 2
TR 3a, N4 B R AM ] [ A i 23 A I 2 B S S A
Y15, 6 KEF=YHEER (1) , RFZRNATREW K H R,

S—Ph
7P 6\SPh
Ph TEMPO (2.5 equiv.) 3a 5

Z _Ph hv (425 nm) <
+ S-S
Ph/ THF, rt, 12 h 5, 6 and 7 were detected by HMRS

SCH3;

1a 2a SPh o

- OO Oh
+
Ph
$

Me 6 7

Scheme 2-14 [ f 34 3k 5298
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DADATAWProfessor Wang\2023\20230426\4 04/26/23 13:34:35

4#232 RT: 143 AV: 1 NL: 4.14E6
T: FTMS + p ESI Full ms [100.0000-500.0000]
266.2307

/‘\/L
7ng \ ‘
O-gpn
i \
[M+H]* Caled For CsH,NOS* 266.1573; Found 266.1572
N
\

N
\\

~ ~ 8 a 3
3388885

266.1572 ‘

o W

wli

Relative Abundance
&

-]

s N
o ? 5 8 &
MM T T

_.
h

o
TN
—

c

T T T -
266.05 266.10 266.15 266.20 266.25 266.30

Scheme 2-15 5L H A INEY (5) WIE 4P

D\DATAIProfessor Wang\2023\202304 26\4 04/26/23 133435

4#540 RT-303 AV: 1 NL 360E6
T: FTMS + p ESI Full ms [100.0000-500.0000]
Toils 490.1323

e SPh
& | g Ph
;
Me
6

[M+H]" Caled For CgH,S* 490.2233; Found 490.2235

Relative Abundance
it

3 ¥
363 ‘ 4902235
303 |

490.1880 ‘ ‘

155 | | " f
105 || (AT
5 ‘f | N 490.3987
f LIV !\ Il
et ——— A - : : : : .
4900 490.1 4902 4903 4904 4905 4906 4907

Scheme 2-16 S5 [ H NG (60 ¥ 73 H ot i
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DADATA\Professor Wang\2023\20230426\4

4#216 RT: 1.35 AV: 1 NL 1.02E7
T: FTMS + p ESI Full ms [100.0000-500.0000]

04/26/23 13:34:35

125.1324

® © © D
& & § &
Lol

®
i

75

Relative Abundance
o
-]

25

=)

<

[M+H]" Caled For C;H,S* 125.0419; Found 125.0418

7

125.0056

125.0418
)

o

12490

e \
12495 125.00 125.05 125.10 125.15 125.20
miz

Scheme 2-17 HERFEZE (7) 1&E 0 HF i 1

2.5.2 IR R

Intensity (a.u.)
.
f=)
=
=

la (5¥10° M)

la+2a(1#10° M)
la+2a (3*107 M)
la+2a(5%107 M)

400 450 500
Wavelength (nm)

Scheme 2-18 2a %] 1a [FJEK
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y = 0.14x+0.96

Concentration (mM)
Scheme 2-19 1a 1] Stern-Volmer [ 1

N TP BT B RSOE AR, RATHEAT T A T K SE S . ISR
] AR B IR AR (1a) 1¥) THF WVB0Z 8T BRI 22 ¥ — R 1K (2a)
() THF ¥ SRR INE GRS 6 . 45 81 Scheme 2-18 fi7n, 1a [RR S
SREEASAL I, B 2a BN RSO BEIZ M A . LA 2a IRVREEA X Bl I/1 A Y
MBI BE S MR R THEHK Ksv 4 0.14 mM! (Scheme 2-19) . i
W 1a A1 2a [H/FAEH BERE TS

S 3a (5%10°M)
3a+2a (2*10°M)
3a+2a (4¥10°M)

. 3a+2a (6¥10°M)
3 4000 3a+2a (8*10°M)
s
=
2000
0 \\\\\\\\\

T ' T ¥ T X 1
400 450 500 550
Wavelength (nm)

Scheme 2-20 2a %] 3a {7 K
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——y=013x+006 ™

0 2 4 6
Concentraton (mM)

o -

Scheme 2-21 1a [ Stern-Volmer [ 1I
BRI ) 3-2K B AR HEEYy (3a) 1) THF IS Z ST I\ Bk 2 1) — 2K
B ZlE (2a) 1) THF . BRRESINE ISR . 45 5 41 Scheme 2-20
FiR, 3a R SHREAMIHE, BEE 2a IMAISGRERETFFK. DL 2a HIIK
FE9 X 3l 1o/1 A Y FAS B AR G 2SR THEH Ksv 24 0.13 mM!
(Scheme 2-21) . Ui 3a fl 2a (R /A EEREREH
2.5.3 FIREMYR RIHLER

, SPh
. x._Ph
PhS 1a 3
2a 2a* e
>_< SMe
I .
1a*/3a* 1al3a .
N/ PhS
2
SPh SPh
S ( , ; S"
3a PhSCH; CHs

Scheme 2-22 W] R S AL 2E
455 B AR SRS 5 SR 10 1 SCERHGEDBS-0Y, B AT AR S MHLEE (Scheme
2-22) = EHAE, JRY) 1a BOGHUK T AERURES 1a%, IHERNOGEGR, K5 2a it
ITREEAL IR, FRAMURAS 2a%, AR AR 1a. BURA 2a* 937~ A

22
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JitnAEEH HEE (ArSe) , JFUUE OB 1a TR, AR R A e DX
W OImHE B B EE A L S, R DS PR T NIME, AR
AR R R 2k 5 i3t CRAL R e« AR, %) 3a A4k SAF 0
B2 50 .
2.6 SEIRERSY
2.6.1 SPREXEBTEE (1a) BIHIF

©i ! . @ __ _ PdCIy(PPhy); (2 mol%) (%

SMe N\ // Cul (2 mol%), EtsN

DMF, 50 °C, Ar, 12 h SMe
1a

Ph

Scheme 2-23 <ER A2k % B Tk £ 1) 5%

£ DMF (5 mL) #1 Et;N (20.0 mL) &I 2-ilt s A il (2.50 g, 10.0
mmol) , # Z. bk (1.23 g, 12.0 mmol, 1.2 equiv.) , PACLy(PPhs), (140.4 mg, 2 mol%),
A1 Cul (38.1 mg, 2mol%) o RMIREHILE 50 °CHIME fm BRI ZIEHE 12 /N
WIS RS ARE, IIAZK (50mL) FikE e, MR OBE (3*50 mL) ZKHL, &
HIEMAENAEHK (3*50 mL) ¥k, ToKBBRAN T 8. H2RS. e
W CRMED rEsaif, S2IEFRTY) 1a REEMPIR (2.02 g, 90% F7F)
2.6.2 4-BAE2-REXEFRFREL (1m) AIFIE

P Ph _ ) P Ph
Me | Me = i. n-BulLi M =
\©i + ph— _ PdCL(PPhy), (2 mol%) \C( THE, 78°C
Cul (2 mol%), EtzN i
Br ( 0)! 3 Br Il. Me282, rt, 12 h SMe

DMF, 50 °C, Ar, 12 h

1m

Scheme 2-24 4- FF 32 b % 37 25 R AR Ik 1) 1) 5
7£ DMF (5 mL) 1 E6N (20.0 mL) &I 1-5-2 B 2K (2.97 g, 10.0
mmol) , KK (1.23 g, 12.0 mmol, 1.2 equiv.) , PACLy(PPhs), (140.4 mg, 2 mol%),
A Cul (38.1 mg, 2 mol%) , NIREVILE 50 °Cihitan BRI 2 dE 12 /it i
MBS, K (50mL) #fEf N, H R ORE (3*50 mL) ZHL, &JF
JEHRIAE UK (3*50 mL) ¥E¥, ToKBRERIN TR U8, FAKRAE . M
CHIMES 7 B alifh, 152 7= 1-1R1-2 H5E LRI F RO R AR (239 ¢,
88% ;U F) .
FEG S5 R 1S 1 200 mL (9 FR BRI 1-1R-2 2R JE 2 F K
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(2.17 g, 8.0 mmoD) , ZRJEMA 80 mL Jo/K VUSRI H 56 2Vl , 2R S WAE
-78 °C R4+t 30 min, 3 S MWK R R EAMNBIRE . R85, # 2.0 equiv. I IET
B4 (2.0 M B DY ERIRVARD R E IR S AR IR R AR R, IE T R
EWINGEREIS, %R BLRFRE-T8 CCARSEBFE— /I, SRJE NN = F B ik

(0.90 g, 9.6 mmol, 1.2 equiv.) , JRRFFEG TR NN R 3 % 7 [N 18 he
SN TE R I8 I e A AN LA LR R DU kg, s LR £ B A K 3R T AR
HUBRAE, To/KBRERAN T4, 8. B IRy, ML (LR B8/ k=1/200)
XS P AT o B AL, 193] 5-FRE 2- PR LR AR (1m) s (iR (1.43 g,
5% F2FD .

2.6.3 2-HRECKFRAEE (1u) BIHIE

| |
L, e e L
NH; ’ NoBF,4

Scheme 2-25 & Eh ] %
1] 100 mL [EJE LA, AN 2-MZEf% (2.19 g, 10.0 mmol) « H>O (2.0 mL)
A HBF4 7KIE R (48%, 4.0 mL) , 24 J5 i i 15 R e 22 1230 I NaNO» /K& (1.38
g,20.0 mmol, AT 3.0mLH0) . WIN5EMJE, 75 0°C FHiH: 3 h, AJ5idE,
TEPMK AL D B UKOK TRER 2Bk, BEEE S BT, AR,
HERT T 2. =ratiik 2.77g 7E871% ) .
©i ! 18-crown-6, (CHzSe)s ©i !
N,BF, KOAC, CHCI3 SeMe
0°C,12h
Scheme 2-26 <R < FFA % 1) 1) 25

7] 100 mL [ REREEEH, AR EZ L (3.18 g, 10.0 mmol)  18-7&-6 (1.32
g, 5.0 mmol, 0.5 equiv.) A1~ HIFE —fififk (2.07 g, 11.0 mmol, 1.1 equiv.) , JIAIE
W CHCL; (40 mL) , fE 0 °CHiH: 2 S MR B 5 AMB TR AR A . # KOAc (1.96
g,20.0 mmol, 2.0 equiv.) 73+ Z DRI, WINGERUE, e 12 NN e )E.
R b2 UE D, SR KBRS, P S A WA KRR N T15, L2 iRk 4,
MO CRMBE 2ifk, 1F20HE7 Y hmE iR (2.14 g, 72% 773 .
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I _ =
@[ + <\ /> __ PdCIy(PPh3)s (2 mol%)
- 0
SeMe Cul (2 mol%), EtsN S

DMF, 50 °C, Ar, 12h eMe

Ph

1u
Scheme 2-27 2- 2R J % F 1l Fok 147 i) 2%
£ DMF (5 mL) 1 Et3N (20.0 mL) ¥ A I 2-flok B LAk (2.97 g, 10.0

mmol) « A 4R (1.23 g, 12.0 mmol, 1.2 equiv.) , PACly(PPhs), (140.4 mg, 2 mol%)
AT Cul (38.1 mg, 2mol%) , RIVEEVILE 50 Culiisim BRIZFE 12 /NS I
M NEER G, IAZK (50mL) MR M, HAMR AR (3*50 mL) A0, &IF
JEHRIAE UK (3%50 mL) ¥E¥, ToKBRERIN TR, U8, FAKRSE . M
ChMEE 7rEaith, BRI (233 g, 86% %) .

264 4-BECKE_RE Qw) BIHIE

PPhs (2.0 equiv.)
’ S/S
SO,CI anhydrous THF, r.t., 30 min \©\

2w

Scheme 2-28 4- FF Jik — Bk — ARt I 1) 1) £
i) THE (5.0 mL) V&N 4- 1 BRI S (190.0 mg, 1.0 mmol) HI=

IR (524.0 mg, 2.0 mmol) o FiEHFE 30 0%, A TLC WM, BN 58
o, BABREEN, BEREERLERDENCR N (4.0mL) &, AR5
i, WAIECH (ZQ30mL) , B = 2R B BETIE b H il e %
BRo JEREWKRAE . AEOIE CHMED S aib S B (114.0 mg, 7%
92%)

2.6.5 3-KMERFHEYR (3a) FIFN—REER

= ™" hv (425 nm, 5 W) @}ph
+  PhSSPh %
THF, rt., 12 h

s~ S~ph

1a (0.2 mmol) (1.0 equiv.) 3a (58.6 mg, 92% yield)
Scheme 2-29 St H AL G ) 3-IR AL FFELY
] TR S B L, NN AR BRI IR AR E (1a, 44.9 mg, 0.20 mmol) . 3K
F Wil (43.7 mg, 0.20 mmol, 1.0 &) M THF (2.0 mL) . RMIRETE
RS =R T H 425 nm, S W ¥ LED BSRMN 12 he RN TERUE »
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TR AL RAE S ZRIE A, A Chimis rEaidt, 5205~ 3a A
E AR (58.6 mg, 77K 92%) .
2.7 FHIRIRAEEE

SPh
DS,

S
2-Phenyl-3-(phenylthio)benzo[b]thiophene (3a). White solid, 58.6 mg, 92% yield.
"H NMR (600 MHz, CDCl3) 8: 7.85-7.83 (m, 1H), 7.81-7.80 (m, 1H), 7.69-7.68 (m,
2H), 7.41-7.37 (m, 3H), 7.36—7.32 (m, 2H), 7.16—7.13 (m, 2H), 7.06—7.03 (m, 3H).
BC NMR (150 MHz, CDCI3) 8: 149.7, 141.1, 138.5, 137.8, 133.5, 129.9, 129.1, 129.0,
128.6, 126.3, 125.3, 125.2, 124.0, 122.3, 118.5. HRMS (ESI) m/z: [M+H]" Calcd For

C20H15S2"319.0610; Found 319.0610.

SPh

S

2-(4-Methoxyphenyl)-3-(phenylthio)benzo[b]thiophene (3b). White solid, 62.0 mg,
89% yield. 'H NMR (600 MHz, CDCl3) &: 7.82—7.80 (m, 1H), 7.79-7.77 (m, 1H),
7.63 (d, J = 8.4 Hz, 2H), 7.34-7.30 (m, 2H), 7.15-7.12 (m, 2H), 7.05-7.03 (m, 3H),
6.91 (d, J = 8.4 Hz, 2H), 3.78 (s, 3H). '3C NMR (150 MHz, CDCl;3) &: 160.3, 149,8,
141.3, 138.2, 137.9, 131.1, 129.1, 126.2, 125.9, 125.2, 125.1 (125.14), 125.1 (125.08),
123.8, 122.2, 117.4, 114.1, 55.4. HRMS (ESI) m/z: [M+H]" Calcd For C»H70S,*
349.0715; Found 349.0717.

SPh
CLy e
S

3-(Phenylthio)-2-(p-tolyl)benzo[b]thiophene (3¢). White solid, 60.5 mg, 91% yield.
'"H NMR (600 MHz, CDCl3) 8: 7.82—7.81 (m, 1H), 7.79-7.78 (m, 1H), 7.58 (d, J =

7.8 Hz, 2H), 7.34—7.30 (m, 2H), 7.19 (d, J = 7.8 Hz, 2H), 7.14—7.12 (m, 2H),
26
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7.04—-7.03 (m, 3H), 2.35 (s, 3H). 3C NMR (150 MHz, CDCls) 3: 150.4, 141.6, 139.6,
138.8, 138.3, 131.1, 130.2, 129.8, 129.5, 126.7, 125.7, 125.6 (125.61), 125.6 (125.58),
124.3, 122.7, 118.4, 21.9. HRMS (ESI) m/z: [M+H]" Calcd For C21H7S2" 333.0766;
Found 333.0767.

SPh
O A\ O By

S
2-(4-(Tert-butyl)phenyl)-3-(phenylthio)benzo[b|thiophene (3d). White solid, 63.7
mg, 85% yield. 'H NMR (600 MHz, CDCls) 8: 7.82 (d, J = 7.2 Hz, 1H), 7.79 (d, J =
7.8 Hz, 1H), 7.66-7.65 (m, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.34—-7.30 (m, 2H),
7.15-7.12 (m, 2H), 7.05-7.03 (m, 3H), 1.32 (s, 9H). 3C NMR (150 MHz, CDCI) 5:
152.6, 150.4, 141.7, 138.8, 138.4, 131.0, 130.0, 129.5, 126.6, 126.1, 125.7, 125.6
(125.61), 125.6 (125.59), 124.3, 122.7, 118.2, 35.3, 31.8. HRMS (ESI) m/z: [M+H]*
Calcd For C24H23S,7375.1236; Found 375.1238.

SPh
(L~

S
2-(4-Fluorophenyl)-3-(phenylthio)benzo[b]|thiophene (3e). White solid, 57.2 mg,
85% yield. 'H NMR (600 MHz, CDCls) : 7.83 (d, J = 7.2 Hz, 1H), 7.81-7.80 (m,
1H), 7.64 (dd, J = 8.4, 3.0 Hz, 2H), 7.38-7.33 (m, 2H), 7.16—7.13 (m, 2H), 7.09-7.06
(m, 3H), 7.05-7.02 (m, 2H). 'F NMR (564 MHz, CDCIl3) &: —112.00. '3C NMR (150
MHz, CDC13) 8: 163.2 (d, J = 248.1 Hz), 148.5, 141.1, 138.3, 137.5, 131.7 (d, /= 8.4
Hz), 129.6 (d, J = 3.5 Hz), 129.2, 126.3, 125.4 (d, J = 1.7 Hz), 125.3, 124.0, 122.3,
118.7, 115.7 (d, J = 21.6 Hz). HRMS (ESI) m/z: [M+H]" Caled For C20H14FS>*

337.0515; Found 337.0514.
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SPh
O D O cl

S
2-(4-Chlorophenyl)-3-(phenylthio)benzo[b]thiophene (3f). White solid, 60.7 mg,
86% yield. 'H NMR (600 MHz, CDCls) : 7.84 (d, J = 7.8 Hz, 1H), 7.82—7.80 (m,
1H), 7.62-7.60 (m, 2H), 7.38—7.33 (m, 4H), 7.16—7.13 (m, 2H), 7.07-7.05 (m, 1H),
7.03-7.01 (m, 2H). 3C NMR (150 MHz, CDCls) 8: 148.6, 141.5, 138.8, 137.9, 135.6,
132.4, 131.6, 129.6, 129.3, 126.7, 126.0, 125.9, 125.8, 124.5, 122.8, 119.5. HRMS

(ESI) m/z: [M+H]" Calcd For C20H14C1S;"353.0220; Found 353.0222.

SPh
O N O Br

S
2-(4-Bromophenyl)-3-(phenylthio)benzo[b]thiophene (3g). White solid, 66.0 mg,
83% yield. '"H NMR (600 MHz, CDCls) &: 7.84—-7.83 (m, 1H), 7.81-7.80 (m, 1H),
7.55-7.53 (m, 2H), 7.52-7.50 (m, 2H), 7.38-=7.33 (m, 2H), 7.16—7.13 (m, 2H),
7.07-7.04 (m, 1H), 7.02—7.01 (m, 2H). 3C NMR (150 MHz, CDC]l;) &: 148.6, 141.5,
138.8, 137.8, 132.8, 132.2, 131.8, 129.6, 126.7, 126.0, 125.9, 125.8, 124.5, 123.9,
122.8, 119.6. HRMS (ESI) m/z: [M+H]" Calcd For C20H14BrS>" 396.9715; Found

396.9716.

SPh
OO
S

3-(Phenylthio)-2-(4-(trifluoromethyl)phenyl)benzo[b]thiophene (3h). White solid,
58.7 mg, 76% yield. 'H NMR (600 MHz, CDCl3) &: 7.87 (d, J = 7.8 Hz, 1H),
7.85-7.83 (m, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.42-7.36 (m,
2H), 7.18-7.15 (m, 2H), 7.09-7.07 (m, 1H), 7.04—7.02 (m, 2H). '’F NMR (564 MHz,

CDCl3) 8: —62.67. 3C NMR (150 MHz, CDCls) &: 147.5, 141.0, 138.6, 137.2, 137.1,
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130.8 (q, J =32.5 Hz), 130.3, 129.3, 126.4, 125.8, 125.6, 125.5 (q, J = 3.9 Hz), 125.5,
124.3, 124.1 (q, J = 270.8 Hz), 122.5, 120.1. HRMS (ESI) m/z: [M+H]" Calcd For
C21H14F3S," 387.0484; Found 387.0482.

SPh
O N O CN

S
4-(3-(Phenylthio)benzo[b]|thiophen-2-yl)benzonitrile (3i). White solid, 48.8 mg,
71% yield. '"H NMR (600 MHz, CDCl;) é: 7.88 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8
Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.43-7.40 (m, 1H),
7.39-7.37 (m, 1H), 7.18-7.15 (m, 2H), 7.10-7.07 (m, 1H), 7.01 (d, J = 7.8 Hz, 2H).
3C NMR (150 MHz, CDCl3) 8: 146.6, 140.9, 138.6, 138.0, 136.8, 132.2, 130.4, 129.2,
126.3, 126.0, 125.7, 125.5, 124.3, 122.4, 120.7, 118.6, 112.3. HRMS (ESI) m/z:
[M+H]" Calcd For C21H1aNS2" 344.0562; Found 344.0565.

SPh CH,
(L)

S
3-(Phenylthio)-2-(m-tolyl)benzo[b]thiophene (3j). White solid, 56.5 mg, 85% yield.
"H NMR (600 MHz, CDCl3) 8: 7.84—7.83 (m, 1H), 7.81-7.79 (m, 1H), 7.50-7.47 (m,
2H), 7.35-7.33 (m, 2H), 7.28 (t, J = 7.8 Hz, 1H), 7.20-7.18 (m, 1H), 7.15-7.13 (m,
2H), 7.06—7.03 (m, 3H), 2.35 (s, 3H). '*C NMR (150 MHz, CDCl3) 3: 149.9, 141.2,
138.5, 138.2, 137.9, 133.4, 130.6, 129.8, 129.1, 128.4, 127.0, 126.4, 125.3, 125.2
(125.22), 125.2 (125.16), 124.0, 122.3, 118.5, 21.6. HRMS (ESI) m/z: [M+H]" Calcd
For C21H17S2"333.0766; Found 333.0767.

SPh Cl
(=0

S
2-(3-Chlorophenyl)-3-(phenylthio)benzo[b]thiophene (3k). White solid, 57.2 mg,
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81% yield. 'TH NMR (600 MHz, CDCl) &: 7.86—7.84 (m, 1H), 7.83—7.82 (m, 1H),
7.68—7.67 (m, 1H), 7.57—7.55 (m, 1H), 7.40—7.34 (m, 3H), 7.33-7.30 (m, 1H),
7.17-7.14 (m, 2H), 7.08—7.05 (m, 1H), 7.04—7.02 (m, 2H). '*C NMR (150 MHz,
CDCL) 5: 147.6, 141.0, 138.5, 137.3, 135.2, 134.4, 129.9, 129.8, 129.2, 129.0, 128.1,
126.6, 125.6 (125.64), 125.6 (125.57), 125.4, 124.2, 122.4, 119.8. HRMS (ESI) m/z:

[M+H]" Caled For C20H14C1S2*353.0220; Found 353.0220.

SPh
(L~
S

H5CO
2-(2-Methoxyphenyl)-3-(phenylthio)benzo[b]thiophene (31). White solid, 62.7 mg,
90% yield. '"H NMR (600 MHz, CDCls) &: 7.83 (d, J = 7.8 Hz, 1H), 7.73 (d, J = 7.8
Hz, 1H), 7.38-7.36 (m, 2H), 7.35-7.32 (m, 1H), 7.31-7.29 (m, 1H), 7.12-7.09 (m,
2H), 7.05-7.03 (7.033) (m, 2H), 7.03 (7.028)-7.00 (m, 1H), 6.97 (t, /= 7.8 Hz, 1H),
6.93 (d, J = 8.4 Hz, 1H), 3.66 (s, 3H). '3C NMR (150 MHz, CDCl;) &: 157.4, 145.8,
140.0, 139.4, 137.8, 132.3, 130.7, 128.8, 126.8, 125.1, 124.9, 124.8, 123.8, 122.3,
121.3, 120.4, 111.2, 55.5. HRMS (ESI) m/z: [M+H]" Calcd For C21Hi70S,"349.0715;

Found 349.0717.

SPh
HaC
S

5-Methyl-2-phenyl-3-(phenylthio)benzo[b]thiophene (3m). White solid, 59.2 mg,
89% yield. '"H NMR (600 MHz, CDCl) é: 7.71 (d, J = 8.4 Hz, 1H), 7.67—7.66 (m,
2H), 7.62 (s, 1H), 7.37-7.34 (m, 3H), 7.18 (d, J = 7.8 Hz, 1H), 7.16—-7.13 (m, 2H),
7.06—7.03 (m, 3H), 2.39 (s, 3H). *C NMR (150 MHz, CDCl) &: 150.1, 141.5, 138.0,
135.7, 135.1, 133.6, 129.9, 129.1, 129.0, 128.5, 127.1, 126.1, 125.2, 123.8, 122.0,
117.9, 21.7. HRMS (ESI) m/z: [M+H]" Caled For CzHi7S2" 333.0766; Found
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333.0766.

SPh
F O { O

S
5-Fluoro-2-phenyl-3-(phenylthio)benzo[b]thiophene (3n). White solid, 55.8 mg,
83% yield. '"H NMR (600 MHz, CDCI3) &: 7.71 (dd, J = 8.4, 4.8 Hz, 1H), 7.67-7.66
(m, 2H), 7.47 (dd, J = 9.6, 2.4 Hz, 1H), 7.39-7.35 (m, 3H), 7.14-7.12 (m, 2H),
7.09-7.06 (7.063) (m, 1H), 7.06 (7.059)-7.04 (m, 1H), 7.03—7.01 (m, 2H). '°F NMR
(564 MHz, CDCl3) &: —116.51. 3C NMR (150 MHz, CDCl) &: 161.5 (d, J = 241.3
Hz), 152.2, 142.8 (d, J = 9.6 Hz), 137.1, 133.7, 133.2, 129.8, 129.3, 129.2, 128.6,
126.4, 125.6, 123.6 (d, J = 9.5 Hz), 118.4 (d, J = 4.2 Hz), 114.2 (d, J = 25.5 Hz),
109.6 (d, J = 25.0 Hz). HRMS (ESI) m/z: [M+H]" Calcd For Cy0H14FS," 337.0515;

Found 337.0514.

SPh
Cl
S

5-Chloro-2-phenyl-3-(phenylthio)benzo[b]thiophene (30). White solid, 60.0 mg,
85% yield. "H NMR (600 MHz, CDClz) é: 7.80 (d, J = 1.8 Hz, 1H), 7.73 (d, J = 8.4
Hz, 1H), 7.67-7.66 (m, 2H), 7.40—-7.38 (m, 3H), 7.31 (dd, J = 8.4, 6.6 Hz, 1H),
7.17-7.15 (m, 2H), 7.09-7.06 (m, 1H), 7.03—7.01 (m, 2H). '*C NMR (150 MHz,
CDCl) 6: 151.8, 142.7, 137.2, 136.5, 133.1, 131.7, 129.8, 129.3, 129.2, 128.7, 126.3,
125.9, 125.6, 123.5, 123.4, 118.1. HRMS (ESI) m/z: [M+H]" Calcd For C20H14CIS>"

353.0220; Found 353.0219.

SPh
HaC S

6-Methyl-2-phenyl-3-(phenylthio)benzo[b]thiophene (3p). Colorless oil, 58.5 mg,
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88% yield. 'H NMR (600 MHz, CDCls) : 7.68-7.66 (m, 3H), 7.62 (s, 1H), 7.39-7.33
(m, 3H), 7.15-7.12 (m, 3H), 7.05-7.03 (m, 3H), 2.44 (s, 3H). >C NMR (150 MHz,
CDCL) §: 148.5, 139.0, 138.7, 137.9, 135.4, 133.6, 129.9, 129.1, 128.9, 128.5, 126.9,
126.3, 125.2, 123.6, 122.2, 118.2, 21.7. HRMS (ESI) m/z: [M+H]* Calcd For

C21H17S2"333.0766; Found 333.0766.

SPh
POaW,
F S

6-Fluoro-2-phenyl-3-(phenylthio)benzo[b]|thiophene (3q). White solid, 57.9 mg,
86% yield. 'H NMR (600 MHz, CDCl;) 8: 7.73 (dd, J = 9.0, 5.4 Hz, 1H), 7.66 (d, J =
6.6 Hz, 2H), 7.52 (dd, J = 8.4, 2.4 Hz, 1H), 7.41-7.36 (m, 3H), 7.17-7.14 (m, 2H),
7.09-7.05 (m, 2H), 7.03 (d, J = 7.8 Hz, 2H). 1°F NMR (564 MHz, CDCls) &: —116.09.
BC NMR (150 MHz, CDCI3) &: 161.1(d, J = 244.1 Hz), 149.2 (d, J = 3.6 Hz), 139.3
(d, J=10.2 Hz), 137.5, 137.4, 133.3, 129.8, 129.2, 129.1, 128.7, 126.4, 125.5, 125.2
(d, J=9.0 Hz), 118.2, 114.2 (d, J = 24.0 Hz), 108.6 (d, J = 25.8 Hz). HRMS (ESI)

m/z: [M+H]" Calcd For C20H14FS>"337.0515; Found 337.0514.

SPh
L0
S

2-Phenyl-3-(phenylthio)-6-(trifluoromethyl)benzo[b]thiophene (3r). Colorless oil,

FsC

64.9 mg, 84% yield. 'H NMR (600 MHz, CDCL) &: 8.10 (s, 1H), 7.93 (d, /= 8.4 Hz,
1H), 7.69-7.68 (m, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.42-7.40 (m, 3H), 7.17-7.14 (m,
2H), 7.09-7.06 (m, 1H), 7.04—7.02 (m, 2H). '°F NMR (564 MHz, CDCls) &: —61.53.
13C NMR (150 MHz, CDCls) &: 151.7, 141.6, 141.2, 136.9, 132.9, 129.9, 129.5, 129.3,
128.7, 127.9 (q, J = 19.1 Hz), 126.6, 125.8, 124.5 (q, J = 270.1 Hz), 123.0, 121.6 (q, J
= 32 Hz), 121.1 (q, J = 4.1 Hz), 119.4. HRMS (ESI) m/z: [M+H]* Caled For

C21H14F3SQJr 387.0484; Found 387.0481.
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SPh
O \ OO

S
2-(Naphthalen-2-yl)-3-(phenylthio)benzo[b]|thiophene (3s). White solid, 67.1 mg,
91% yield. "H NMR (600 MHz, CDCl;) 6: 8.14 (s, 1H), 7.86—7.84 (m, 2H), 7.82—7.79
(m, 4H), 7.48-7.44 (m, 2H), 7.37-7.33 (m, 2H), 7.15-7.13 (m, 2H), 7.08-7.03 (m,
3H). 3C NMR (150 MHz, CDCls) &: 149.7, 141.3, 138.6, 137.8, 133.4, 133.1, 131.0,
129.5, 129.1, 128.6, 128.1, 127.8, 127.3, 126.9, 126.6, 126.4, 125.4 (125.39), 125.4
(125.36), 125.3, 124.0, 122.4, 118.9. HRMS (ESI) m/z: [M+H]" Calcd For C24H17S>*

369.0766; Found 369.0766.

SPh
N/ |
S S

3-(Phenylthio)-2-(thiophen-2-yl)benzo[b]thiophene (3t). White solid, 51.9 mg. 80%
yield. 'H NMR (600 MHz, CDCl3) &: 7.81 —7.79 (m, 1H), 7.76 —7.75 (m, 1H),
7.55-7.54 (m, 1H), 7.35-7.33 (m, 1H), 7.32-7.31 (m, 2H), 7.15-7.13 (m, 2H),
7.09-7.07 (m, 2H), 7.06—7.05 (m, 1H), 7.03—7.02 (m, 1H). '*C NMR (150 MHz,
CDCl3) &: 143.3, 141.6, 137.4, 136.8, 135.1, 129.2, 128.5, 128.3, 127.0, 126.5, 125.6
(125.58), 125.6 (125.57), 125.4, 123.7, 122.1, 117.8. HRMS (ESI) m/z: [M+H]"

Calcd For Ci3H13S37325.0714; Found 325.0712.

SPh
RS

Se
Phenyl(2-phenylbenzo[b]|selenophen-3-yl)sulfane (3u). Yellow oil, 60.7 mg, 83%
yield. 'H NMR (600 MHz, CDCls) &: 7.87 (t, J = 8.4 Hz, 2H), 7.61-7.59 (m, 2H),

7.36-7.34 (m, 3H), 7.33-7.28 (m, 2H), 7.15-7.12 (m, 2H), 7.05-7.02 (m, 3H). 13C

NMR (150 MHz, CDCls) &: 154.2, 142.8, 140.1, 137.8, 135.4, 130.0, 129.1, 128.9,
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128.5, 126.3, 126.2, 125.5, 125.4, 125.3, 125.2, 121.1. HRMS (ESI) m/z: [M+H]*
Calcd For C20H15SSe™367.0054; Found 367.0055.

SPh
CL-O

S
2-(Cyclohex-1-en-1-yl)-3-(phenylthio)benzo[b]thiophene (3v). White solid, 43.9
mg, 68% yield. '"H NMR (600 MHz, CDCl3) &: 7.77-7.75 (m, 1H), 7.71-7.70 (m, 1H),
7.30-7.26 (m, 2H), 7.15-7.13 (m, 2H), 7.05-7.02 (m, 3H), 6.22—-6.20 (m, 1H),
2.54-2.52 (m, 2H), 2.19-2.18 (m, 2H), 1.74—1.70 (m, 2H), 1.65—-1.61 (m, 2H). *C
NMR (150 MHz, CDCls) &: 152.6, 141.0, 138.0, 137.6, 132.2, 131.4, 128.9, 126.3,
125.0, 124.8, 124.7, 123.3, 122.1, 116.8, 29.8, 25.9, 22.9, 21.7. HRMS (ESI) m/z:

[M-+H]" Calcd For C20H19S>"323.0923; Found 323.0921.

2-Phenyl-3-(p-tolylthio)benzo[b]thiophene (3w). Colorless oil, 59.8 mg, 90% yield.
'"H NMR (600 MHz, CDCls) &: 7.84-7.80 (m, 2H), 7.70-7.69 (m, 2H), 7.40-7.33 (m,
5H), 6.95 (s, 4H), 2.22 (s, 3H). '*C NMR (150 MHz, CDCI3) &: 149.4, 141.2, 138.5,
135.2, 134.1, 133.6, 130.0, 129.9, 129.0, 128.6, 126.5, 125.3, 125.2, 124.1, 122.3,
119.0, 21.0. HRMS (ESI) m/z: [M+H]" Caled For CzHi7S2" 333.0766; Found

333.0766.

S@OCH3
Ph

S

3-((4-Methoxyphenyl)thio)-2-phenylbenzo[b]thiophene (3x). Colorless oil, 58.5 mg,
84% yield. '"H NMR (600 MHz, CDCI3) &: 7.84-7.82 (m, 2H), 7.70 (d, J = 7.2 Hz,

2H), 7.43-7.38 (m, 3H), 7.35-7.33 (m, 2H), 7.02-7.01 (m, 2H), 6.70 (d, J = 9.0 Hz,
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2H), 3.69 (s, 3H). '*C NMR (150 MHz, CDCL) &: 158.2, 148.9, 141.3, 138.6, 133.7,
130.1, 129.0, 128.9, 128.6, 128.1, 125.3, 125.2, 124.1, 122.4, 120.1, 114.9, 55.5.

HRMS (ESI) m/z: [M+H]" Caled For C21H170S,"349.0715; Found 349.0717.

oL

S

3-((4-Chlorophenyl)thio)-2-phenylbenzo[b]thiophene (3y). White solid, 60.7 mg,
86% yield. 'H NMR (600 MHz, CDCl;) &: 7.86-7.85 (m, 1H), 7.78-7.76 (m, 1H),
7.66-7.65 (m, 2H), 7.43-7.39 (m, 3H), 7.38-7.34 (m, 2H), 7.12-7.10 (m, 2H),
6.96-6.94 (m, 2H). 3C NMR (150 MHz, CDCls) &: 150.1, 140.8, 138.5, 136.3, 133.3,
131.2,129.9, 129.2 (129.22), 129.2 (129.19), 128.6, 127.6, 125.5, 125.3, 123.8, 122.4,

118.0. HRMS (ESI) m/z: [M+H]" Calcd For C20H14CIS;"353.0220; Found 353.0217.

3-((4-Bromophenyl)thio)-2-phenylbenzo[b]thiophene (3z). White solid, 66.0 mg,
83% yield. 'H NMR (600 MHz, CDCl3) &: 7.86-7.85 (m, 1H), 7.77-7.76 (m, 1H),
7.66-7.64 (m, 2H), 7.42-7.39 (m, 3H), 7.38-7.36 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H),
6.88 (d, J = 8.4 Hz, 2H). *C NMR (150 MHz, CDCI3) &: 150.2, 140.8, 138.5, 137.0,
133.3, 132.1, 129.9, 129.2, 128.6, 127.8, 125.5, 125.4, 123.8, 122.4, 119.0, 117.8.

HRMS (ESI) m/z: [M+H]" Calcd For C20H14BrS," 396.9715; Found 396.9716.

S@CF3
< iz \g
Ph

S

2-Phenyl-3-((4-(trifluoromethyl)phenyl)thio)benzo[b]thiophene (3aa). Colorless
oil, 61.8 mg, 80% yield. '"H NMR (600 MHz, CDCl;) 8: 7.87 (d, J = 7.8 Hz, 1H), 7.75

(d, J = 7.2 Hz, 1H), 7.65-7.63 (m, 2H), 7.41-7.36 (m, 7H), 7.08 (d, J = 8.4 Hz, 2H).
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19F NMR (564 MHz, CDCls) §: —62.29. 1*C NMR (150 MHz, CDCls) &: 150.8, 143.1,
140.7, 138.6, 133.2, 129.8, 129.3, 128.7, 127.3 (q, J = 32.5 Hz), 126.0 (q, J = 3.5 Hz),
125.8, 125.6, 125.5, 124.3 (q, J = 270.0 Hz), 123.7, 122.5, 116.9. HRMS (ESI) m/z:

[M+H]" Caled For C21H14F3S2" 387.0484; Found 387.0483.

SQ

S

2-Phenyl-3-(m-tolylthio)benzo[b|thiophene (3ab). Colorless oil, 55.9 mg, 84%
yield. 'H NMR (600 MHz, CDCl3) &: 7.84 (d, J = 7.2 Hz, 1H), 7.82-7.81 (m, 1H),
7.70 (d, J = 6.6 Hz, 2H), 7.40-7.37 (m, 3H), 7.36-7.33 (m, 2H), 7.02 (t, J = 7.8 Hz,
1H), 6.92 (s, 1H), 6.87 (d, J = 7.2 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 2.21 (s, 3H). 1*C
NMR (150 MHz, CDCI3) 6: 149.7, 141.4, 139.0, 138.6, 137.6, 133.7, 130.0, 129.1
(129.11), 129.1 (129.09), 128.7, 127.0, 126.4, 125.4, 125.3, 124.2, 123.5, 122.4, 118.7,

21.6. HRMS (ESI) m/z: [M+H]" Calcd For C21H17S2" 333.0766; Found 333.0767.

O

S

3-((3-Chlorophenyl)thio)-2-phenylbenzo[b]thiophene (3ac). Colorless oil, 58.6 mg,
83% yield. '"H NMR (600 MHz, CDCLy) &: 7.86-7.85 (m, 1H), 7.79-7.77 (m, 1H),
7.67-7.65 (m, 2H), 7.41-7.36 (m, 5H), 7.04-7.01 (m, 3H), 6.87-6.85 (m, 1H). 13C
NMR (150 MHz, CDCls) &: 150.4, 140.8, 139.9, 138.5, 135.0, 133.3, 130.1, 129.9,
129.2, 128.7, 125.9, 125.6, 125.5, 125.4, 124.3, 123.8, 122.5, 117.5. HRMS (ESI) m/z:

[M-+H]" Calcd For C20H14CI1S2"353.0220; Found 353.0219.

o0

S

3-((2-Bromophenyl)thio)-2-phenylbenzo[b]thiophene (3ad). White solid, 67.5 mg,
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85% yield. '"H NMR (600 MHz, CDCLs) &: 7.86 (d, J = 7.8 Hz, 1H), 7.76-7.74 (m,
1H), 7.67-7.65 (m, 2H), 7.51-7.50 (m, 1H), 7.41-7.35 (m, SH), 6.98-6.95 (m, 1H),
6.92-6.89 (m, 1H), 6.56 (dd, J = 7.8, 1.2 Hz, 1H). 3C NMR (150 MHz, CDCl;) §:
150.7, 140.8, 139.0, 138.6, 133.2, 132.9, 129.8, 129.2, 128.7, 127.9, 126.7, 126.2,
125.5, 125.4, 123.9, 122.4, 120.4, 117.9. HRMS (ESI) m/z: [M+H]* Calcd For

C20H14BrS2" 396.9715; Found 396.9717.

H3C

ot O

S
2-Phenyl-3-(o-tolylthio)benzo[b]thiophene (3ae). Colorless oil, 57.2 mg, 86% yield.

'H NMR (600 MHz, CDCL) 5: 7.84 (d, J= 7.8 Hz, 1H), 7.73 (d, J= 7.8 Hz, 1H), 7.67
(d, J= 7.2 Hz, 2H), 7.39-7.34 (m, 4H), 7.33-7.31 (m, 1H), 7.12 (d, J = 7.2 Hz, 1H),
6.97 (t, J=7.2 Hz, 1H), 6.89-6.87 (m, 1H), 6.64 (d, J=7.8 Hz, 1H), 2.43 (s, 3H). 3C
NMR (150 MHz, CDCL) §: 149.8, 141.3, 138.6, 137.0, 135.1, 133.6, 130.3, 129.9,
129.1, 128.7, 126.8, 125.8, 125.4, 125.3, 125.1, 124.1, 122.4, 118.5, 20.3. HRMS

(ESI) m/z: [M+H]" Calcd For C21H17S2" 333.0766; Found 333.0768.

Cl
SQ
mph Cl

3-((3,5-Dichlorophenyl)thio)-2-phenylbenzo[b]thiophene (3af). White oil, 60.4 mg,
78% yield. 'H NMR (600 MHz, CDCls) &: 7.89-7.88 (m, 1H), 7.78-7.76 (m, 1H),
7.65-7.64 (m, 2H), 7.43-7.40 (m, SH), 7.05 (t, J/ = 1.8 Hz, 1H), 6.87 (d, J = 1.8 Hz,
2H). 3C NMR (150 MHz, CDCl;) &: 151.0, 141.6, 140.6, 138.6, 135.5, 133.1, 129.8,
129.4, 128.7, 125.7, 125.6 (125.63), 125.6 (125.56), 124.1, 123.5, 122.6, 116.4.

HRMS (ESI) m/z: [M+H]" Caled For CaoH13CLS," 386.9830; Found 386.9832.
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2-Phenyl-3-(thiophen-2-ylthio)benzo[b]|thiophene (3ag). Colorless oil, 37.6 mg,
58% yield. '"H NMR (600 MHz, CDCls) é: 8.06 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.8
Hz, 1H), 7.75 (d, J = 7.2 Hz, 2H), 7.49-7.46 (m, 2H), 7.45-7.42 (m, 2H), 7.38-7.36
(m, 1H), 7.12 (d, J = 5.4 Hz, 1H), 6.93 (d, J = 3.6 Hz, 1H), 6.82-6.81 (m, 1H). 13C
NMR (150 MHz, CDCIls) 6: 148.8, 141.0, 138.5, 135.6, 133.6, 130.4, 129.1, 128.7,
127.8,127.4, 125.3, 125.2, 123.9, 122.4, 121.5. HRMS (ESI) m/z: [M+H]" Calcd For

CisH13S3" 325.0174; Found 325.0177.

S\/
g
Ph

S

2-((2-Phenylbenzo[b]thiophen-3-yl)thio)pyridine (3ah). Colorless oil, 32.6 mg,
51% yield. 'H NMR (600 MHz, CDCl;) é: 8.40 (d, J = 4.2 Hz, 1H), 7.88 (d, J = 7.2
Hz, 1H), 7.83-7.82 (m, 1H), 7.70-7.69 (m, 2H), 7.42-7.37 (m, 5H), 7.35-7.33 (m,
1H), 6.96-6.94 (m, 1H), 6.67 (d, J = 8.4 Hz, 1H). *C NMR (150 MHz, CDCl;) é:
160.9, 150.4, 149.7, 141.0, 138.6, 137.0, 133.3, 129.9, 129.2, 128.7, 125.5, 125.3,
123.8, 122.4, 120.3, 119.8, 117.2. HRMS (ESI) m/z: [M+H]" Calcd For Ci9H14NS>"
320.0562; Found 320.0561.
O
g
S Ph

2-Phenyl-3-(phenylselanyl)benzo[b]thiophene (3ai). Yellow oil, 66.5 mg, 91%
yield. 'H NMR (600 MHz, CDCl3) &: 7.89-7.86 (m, 1H), 7.84-7.81 (m, 1H),
7.63-7.62 (m, 2H), 7.40-7.36 (m, 3H), 7.35-7.32 (m, 2H), 7.14-7.12 (m, 2H),

7.10-7.07 (m, 3H). C NMR (150 MHz, CDCls) &: 149.1, 142.2, 139.2, 134.3, 132.9,
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130.2, 129.3, 129.1, 128.9, 128.4, 126.1, 125.2, 122.2, 115.7. HRMS (ESI) m/z:

[M+H]" Calcd For C20Hi5SSe" 367.0054; Found 367.0053.

2-Phenyl-3-(phenylselanyl)benzo[b]selenophene (3aj). Yellow oil, 70.1 mg, 85%
yield. '"H NMR (600 MHz, CDCl3) &: 7.95 (d J= 7.8 Hz, 1H), 7.86 (d J = 7.8 Hz, 1H),
7.55-7.54 (m, 2H), 7.36-7.32 (m, 4H), 7.29-7.26 (m, 1H), 7.12-7.10 (m, 2H),
7.09-7.06 (m, 3H). 3C NMR (150 MHz, CDCls) &: 153.1, 143.9, 141.0, 136.3, 133.1,
130.2, 129.3, 129.0, 128.7, 128.3, 127.7, 126.0, 125.5 (125.50), 125.5 (125.46), 125.2,

118.4. HRMS (ESI) m/z: [M+H]" Calcd For C20Hi5Se2" 414.9499; Found 414.9499.

SCH,CH,CHs
Bgt
Ph

S
2-Phenyl-3-(propylthio)benzo[b]thiophene (3ak). Colorless oil, 19.9 mg, 35% yield.
'"H NMR (600 MHz, CDCls) &: 8.06 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H),
7.78=7.77 (m, 2H), 7.48-7.45 (m, 3H), 7.42-7.37 (m, 2H), 2.61 (t, J = 7.2 Hz, 2H),
1.40-1.34 (m, 2H), 0.78 (t, J = 7.2 Hz, 3H). 3C NMR (150 MHz, CDCls) &: 147.0,
141.9, 138.5, 134.2, 130.2, 128.6, 128.5, 125.0, 124.9, 123.8, 122.4 (122.41), 122.4
(122.37), 37.9, 23.0, 13.2. HRMS (ESI) m/z: [M+H]" Calcd For C17H7S2" 285.0766;
Found 285.0767.

SeCH;

gt

S Ph
3-(Methylselanyl)-2-phenylbenzo[b]thiophene (3al). Yellow solid, 19.4 mg, 32%
yield. '"H NMR (600 MHz, CDCls) &: 8.04 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8 Hz,

1H), 7.71-7.70 (m, 2H), 7.48-7.46 (m, 3H), 7.43-7.41 (m, 1H), 7.39-7.37 (m, 1H),
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2.09 (s, 3H). 3C NMR (150 MHz, CDCL3) &: 146.1, 142.3, 139.2, 134.7, 130.3, 128.7,
128.4, 125.0, 124.9, 122.3, 117.8, 8.9. HRMS (ESI) m/z: [M+H]* Caled For

C1sH13SSe" 304.9898; Found 304.3899.
2.8 RENGE

ST 2, AR VOGS 2- RS m (D AR i — 57 3k R (1)
BEL S0 E MBI R, ETCAMICRGISRIE T, Bl T 32K (ilf) 2
FIF[o1E CRlD WpATAEMM =R FEEG . ZSRIS LU R (e
X 92%) HITZEENYE s 20 KERHED , M IhaE ) THIM 2R
N SEERE YIS WIRr
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38 A R#EIXETEE. DABSO 54RREZR Rkt 25X
IMEE R 3-Ht B fea Pt 2L 2R FHEE M)

3.1 AiRE=

RETEBL A LA b AR N DR R, AR v nR B TR, e AR RS
A LLE AL RN B, B RN SRR, DU B L R R R
AR R . AMUTER BLA Berb & 2102031, BE 2 5WiEE 7 S AR s A &
PIIT) SBk 45 4] B g [64-661

2017 4%, Song MR ITHRIE T AT I EALE 5] K 2-bRIERAR /A4 2K H ik
5 ERE R (0 B BRI OB o 12 R N I % R T B C(sp? )-S(Se) B H: T B A
C(sp?)-S(Se) i, FEILANARA: T SLI 3-75 bl ok L o HEmiemy /Al oy () & jic, - FLiZ s ik
HAEEM (Scheme 3-1)

R1
& SOZAr
X 9 X
R—: + ArSOH TBHP (80 mol%) N N\ R
N~ -Me MeCN, 100 °C L
X X
X=S or Se

Scheme 3-1 75 3 V. fifi {12 15 415 bR 35k 2 FEB Ik P I S S
2018 4F, ZUMLALES HIEE T ICRE B A R B (D 36 2 b 15
BRSO AL IR . 7E85 IR AR T 2 AR DA 0y A 7 400 L= 341
B, %7 BRI, KRR, BRI ISR A (Scheme 3-2) .

R1
// SOzAr
N [IrdF(CF3)(ppy)2(dtbbpy)]PFg N\
g _ 1
RT L ye HASHOL =550, MeCN, 241, R y R
X 5 W Blue LED
X=S or Se

Scheme 3-2 7] WA ik 57 3 RS S5 REOBRIE A R (ID SR PR OB b S

2019 5, Wu BREHCTF A& T —Fh B 750, 38 ) G SR R
AR -5 A8 I R 1) R SRR AL SO NE 5 B 3- CHIVRIBE L ) R IF[pIMEWY . 1% /%
AR 28 LG A B P ST AR BN 09 51 ), AR AT 25 A T SEBL T H AR
A e SONHLERG TR B, T AR R 3 B R oo P A4, i B
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FIEI RS B MRS &, R IE R C3- FH ek B R IR Wy (Scheme 3-3).

1
y R Ru(bpy)sCl, (2 mol%) S02Me
X MeSO,Na (30 mol%) I\
1 1 1
RT e TN42529 35w erL DCE, 120 - R U e
&
Scheme 3-3 A0 A1 3 2K R Bk 15 65 SV BB 1) 0 R BA AL & Bl 3- CFRBBATESES ) 2R [ bW
Wy

2019 4, Wu BREHTOMHRIE | —FiobfEN 4-BURIUEE . DABCO -« (SO2)2
5 2R3 B R = HL0) B S R 75925 o 1A R R 4-BOARUr s 1 A E 2 iy
&, il AR S O R B RN R R, DA A R R IFICRIRE — R4 (D
2- CHEEEmEIL) -1-95 58 20f-1- & . % B B A S 1 DX St 4
Skt . Hax xR BAEHTERET, R EFERM, RBER R A
(Scheme 3-4) .

R

DABCO/(SO
EtO,C CO4Et (502 Eosin Y (5 mol%) o NH,
| . N; N
/x R (Het)Ar
Ar(Het)

” DCE,0°Ctorit.
visible light

Scheme 3-4 Y6 AL 4-BURDUEE . DABCO * (SO 5 Mk &R =M & 1k
2020 4, Xuan 55 NTVIFR 1 IG5 JGHE AT R v NR MR-2 (1LH)- i e e A0 3 7 V2
ZAR R R 4-FedE-1, 4- ~EL0E (R-DHPs)VE b F AT iA, LB IE R
M (BI-OAC)E N B T 32 5 UK 1) R-DHPs K AE R FHAL S, SO Rf:
oo ZR PR A HIEBL R AT YA, JF BTN T 2459070 7 112h

Refb i, HAMRGEK SN HE (Scheme 3-5)
R3

3
| + ’ BT
Z>N"So |N’ CHCly, 3 h, rt., Ny Z NS0

R2 R2

H 24 W blue LEDs

Scheme 3-5 TGt MG (¥R I-2(1LH) - B AR b kAl
2021 4F, Fang PR U27E TG E AR 4R, DA 2- R IEAR AR F ik
5T JERE, ST T — R R A A B C3-REISE AL A ey B8 T i . FETE
WA T, SEILZ PRI AL A IF ey I SR (0 & il B Sk B T 55 8 R, [R5
HARTS AT TR ME o ALBEBE IR S8, 1% R NEAE B R 0 pl- 20 40 8 B 42

(Scheme 3-6)
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A5, Wang PRAATHEITR T 2- WA ACHE R 5 0 A 8 03 F) R A 2 fe
WA T %, TG AT AT T SRt i R 2 3-RE L A 2 IF )
PN I 7L I E RERTAR A (Scheme 3-6)

R1
TN C()IPt() TN
R—y + ArSO,Na - R—p R
= S/I\/Ie = S

Scheme 3-6 FLf# {4 2- B AR Y Ik 5 SRR 494 R I PR 45 Bl 3- 05 B 5k K6 ey
2023 4, Lee™WRALHT FIT A& 1 TCMEATT I REBRIE AR FFREE . 575 A &k
ANGE SRR P = 2H 9 — B 5 i 3- 75 Bt ik 2 Iy 3 SRS o 12 S L ade FH R £
WA PIAE B . FLEREFCR M, N7 7 A H MRS, ZRIF
DI R B R DLV KR B 2R Bl SR (Scheme 3-7) o

R1
// SOZAF
= CH;COOH XN
R + ArN,BF 3 4 MRt
(A Me 2574 + KoS20s —o3oc N, 6h N U W
X=SorSe

Scheme 3-7 PR AR IE 07 JE o8 0 SR MIER AR RR A = 2070 45 B 3- 07 Ml Tt i 2 O R e vy

2023 4, Shen 5 NUVSHRIE 1 —Ff ] WO 15 5 57 B NV RN <0 B ik 2 FR 7 T

HR IBC IR SR T MR Wy B ZR ) SR N o 2 R ) B 0 B M R A, A

TOGMEALTR . ToBs . R TC R B AT T m A S A E )
(Scheme 3-8) &

Ar! Ts
= 0 15W blue LEDs
" pTo > oH CHyCN:H,0, N DA
_ P 3CN:H20, N S

S
Scheme 3-8 1] WL yG 75 5 05 5 A R AL R A 02 5 e i) i ST R AR ML &0

2023 4, Liu MHUOHTFEIF R T N-BR PS50 5 DU R I S A e B AL 344
Bk . 2R R DL RIIR I SRR, 4-BeE BURDUS R 1E Dy B 25 A
M, BDISEIL T 2R -9 H-IE S IF[ 1, 2-a]Wl WAL & I i Ak e . HLER A 9T
R, B E HEE AR A S S A SRS (Scheme 3-9)
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R? : )
K5S,05 (2.0 equiv.) R ;
o EtO,C o COEt  NaS,0s (1.0 equiv.) R
| + - — —
/
N

O
CH3CN, Ar, 90 °C, 12 h Ra\/\ Y an N “S//\(
0]

\
=

Scheme 3-9 N-bk A 3 15| I b5 P40 I ) S0 A T e 1 /244K
2024 4%, Liv BWREAURIE 1 A7 WG 3 s R e 0UE s BB ik, B
N-BUR-N- CREERAIR L) H B PR BRI AN 4- U DU B/ E v e, il B Hy
Smiles B HEAE B FLRE R AL RIS W o IR AGID e R ABR AN 1, 4-T5 21T RS
IRRRIEAL . PG RIS AR, A A5 DU Ry b A iatsn], O B A et A A
WR R AEHNIEE (Scheme 3-10)

\

_R3

Ru(bpy)sCly (5 mol%) S

EtO,C COEt  (NH,),S,05 (2 equw) LN o

,, R o
,, CHZCN (2 mL), 80 oc ~N

12 W blue LED light, 12 h hz

Scheme 3-10 Jt:if T if AL U E fE H11L
FAT, 3-REBEEE I S RO Ld TIRKKA R, EEMIM KL 2 3-
BERAPLL, 3-Fe S A I (G R BT IRE AR E Do BRI, a3t i
W 2R R W 1) T VR IR MR AT o

2 REFHMIK
Table 3-1 R ZFAFRAL @
0]
= o /;I’ ¢ 425 nm) O=5-cy 0=S-Me
1a 8a 9a 10a
Entry SO:> surrogate Solvent Yield of 9a (%)°? Yield of 10a (%)”
1 DABSO CH;COOH 80 13
2 K2S205 CH;COOH 65 24
3 NaxS»0s5 CH3;COOH 61 27
4 - CH3COOH n.d. -
5 DABSO CH;COOH 73¢ 13
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6 DABSO CH;COOH n.d. -

7 DABSO CH;COOH trace® -

8 DABSO CH;CN 54 40

9 DABSO CHCI3 57 35
10 DABSO DMF 18 21
11 DABSO DCE trace -

12 DABSO DMSO 30 39
13 DABSO THF trace -

14 DABSO Ace 36 30
15 DABSO EtOAc trace -

16 DABSO H->O n.d. -

17 DABSO CH3;COOH 70/, 48¢ 18/, 9¢
18 DABSO CH;COOH 65", 75 104, 11!
19 DABSO CH;COOH trace/ -

“Conditions: 1a (0.2 mmol), 8a (1.2 eq.), K2S20s (1.2 eq.) and DABSO (1.2 eq.) in
solvent (0.1 M) were irradiated with 425 nm (10 W) LED in a reaction tube under nitrogen
atmosphere at room temperature for 12 h unless otherwise stated. ‘Isolated yield.
¢(NH4)2S20s instead of K2S,0s. “No K3S:0s. In dark. /395 nm LED. 2467 nm LED.

Mrradiation for 8 h. ‘Irradiation for 16 h./Air atmosphere,

N T e B RN AR, DAARBREE IS R (1a) A 4-FR CUEEDUTEE (8a)
JIRERRNE s 43 0 e Bk . V7R IR S ARl AT T4k (Table 3-1)

AN T R SR VR HEAT T ARAL Centries 1-4) , i€ DABSO Jy it (ko
HKIE CHARP W 9a 773 80%) o R[N HY AT KaS20s 5 # J9(NHa)2S:20s J5 [
RP= Mg FRE Centry 5) , AN Z R B AREKAE Centry 6) o FHH5%
5 Centry 7) UiMIZMNHI K EFRENKS .

b 5 o0 B I TR EAT 1AL, RIAZ R B ) B R RN A R Centries
8-16) o R T REOEIRINIE K Centry 17) , S EIREMN KN 425 nm, X
K B KHEAT TR Centry 18) , fRFIRAERNE KN 12h &5, ETA
SO 2RI, R R KFEME Centry 19D

B L TE AR B I B 2 1 . DABSO B ALK VR . KoS20s 1E AAAL

. ZRAENEFIE RS SE Y 10 W 425 nm 155 LEDs FRET 12 /M.
45



TRUTRR RS L 220018 3

33 RMRYIZETEER

O

R L 1
N O=Qm
= /f‘ S=Cy
LED (425 nm) N\
+ DABSO + Cy—DHP K-S0 R
XMe 292V8 X

CH3COOH, r.t., 12 h

1 X=8,Se 8a 9
oﬁ R' = 4-H, 9a, 80% R = 4-F, 9e, 78% R = 4-CN, 9i, 65%
S0y R!=4-OCH,, 9b, 83% R!=4-Cl, 9f, 76% R! = 3-OCHs, 9j, 80%
\ _ R' = 4-CHj, 9¢, 91% R'=4-Br, 99, 72% R' = 3-CHj, 9k, 81%

¢ \ _XRi R'=4%By,9d,86%  R'=4-CFs,9h,67% R'=3-Cl, 9l 74%

O= S—Cy =§=Cy . O= S—Cy

9m, 63% 9n, 75% 90, 82% 9p, 55%
Q Q
I
O=5=Cy O=s=cy
N= N—
S S S S
9q, n.d. 9q', 42% 9r, n.d. 10r', 45%
0 R1 =5-CHj3, 9s, 73% o
O:S_Cy R'= 5'C|, 9t, 70% O:g_C _
5 R' = 6-CHy, 9u, 76% Y. Ar=Ph,9, e
6 7/ S R = 6-Cl, 9w, 64% Se - p-Theta, Ba4, 57

R' = 6-CF;, 9%, 61%

“Conditions: 1a (0.2 mmol), 8a (1.2 eq.), K:S20s (1.2 eq.) and DABSO (1.2 eq.) in
CH3;COOH (2.0 mL) were irradiated with 425 nm (10 W) LED in a reaction tube under
nitrogen atmosphere at room temperature for 12 h unless otherwise stated. “Isolated yields.

Scheme 3-11 JEY G EMEE S 14

TER 8 SR RS ST 5, B 5% TR RS IE FYE] (Scheme 3-11) o H G
B SRR RN B R TR RIS AL F AR PR SR T AR A
TR RV REIR [ B, DA 5 2 R AFUSCER 3R 1S H AR AL =4 (9b-9d)
RIRALH AR & R B =R AE R TBIE R EY) (9e-9g) 1E
RS S6 A T A AT DAB G WSO AR A L o 2R 1R 4B A B R A AR ) SR
(99D JRRIE RUFRNENE, 72t 63%-81%. #t— DEIEMRI, =
BRI (9n) BRAIAMEW SEF] (900 TR 7053 LA 75%F1 82% (1) 77 2 S IR
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b MEAERERZ, FOMEDRIIRY (9p) TiRE L 5% F 3K 145 H br ™
Y. BRI, ORI b ot e 5 A0 (9q 9r) , FFIECAR R TITIG 3-HUAR
L=, A2 LA 42%F0 45% 07 2 24 Fi B K = o i i 0T 408 ke ik 2R A it
(KRR R BB AT H 5. SR g SRR, FEE, B, SR = IR S AR
TEZS LA T BIRERRTE B H AR =9 (9s-9x) o FRBEMER DAL, ABHHEIR
ATk FIRE A R, DAR B %3845 AR (9y—9aa) , XN &M E
PIRIRE SR AL TR R

o,

Ph 4 _
// /‘ O\S—R
LED (425 nm) N
+ DABSO + R—DHP Ph
SM K2S208

e
1a 8 CH3COOH, rt.,, 12 h 9

o) o) o) o)

O:”—< O:II_<7 O:”—<: O:”
V—ph VY—ph V—ph ©j§*Ph
S S S S

9ab, 77% 9ac, 74% 9ad, 70% 9ae, 64%

O
O:S_<:/\O O:S

Q
O:S—CN—Bn
S

9af, 85% 9ag, 67% 9ah, 60% 9ai,66%
O
O\g—tBu
wph ©f\g~|3h
9aj, 0% 9ak, 0%

“Conditions: 1a (0.2 mmol), 8a (1.2 eq.), K»2S20s (1.2 eq.) and DABSO (1.2 eq.) in
CH3;COOH (2.0 mL) were irradiated with 425 nm (10 W) LED in a reaction tube under

nitrogen atmosphere at room temperature for 12 h unless otherwise stated. ’Isolated yields

Scheme 3-12 JEP) & MEHE L 11
AWt — D8 T PURIRAT ARG Ve E (Scheme 3-12) o SKKRH,
SR DU AT AT RO A ol Rk R R, AR RCE AR . B A bR A
FAITTH 4-BURDUTES 55 1a & DABSO [N, ATLAZRAS HER%) (9ab-9ae) .
EAFERIZ, HE (9af)  HOEE (9ah) | PYSAE AR S R ZE BRIk g
K (9ai) SEHMRGE MY B BEMA LB A BRI A SN . SRTT, IEPIHE (9aj) HX
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FREIIUHTEE KA T 3 (9ak) BRI TGS 5 R N, RA I3 T2, =
R 22 ) FREE T A0 B P2 A0 1 26 B
34 BRRN

V- M

Ph - _
FZ A 425 nm) O=s=cy
Cy K2S,04
+ l|802|v + bHP - \ Ph
SMe CH3COOH, r.t.,, 12 h S
1a 8a 9%a
(5.0 mmol, 1.12 g) (1.14 g, 64% vyield)

Scheme 3-13 7.4
EAFE RIS, XM ] LATBCR ). 40 Scheme 3-13 Fiaw, FERAR R
MR, BL112g (S5mmol) [ 1a #HATIME S, 15 BIFT TR~ 9a, F=% K
64%.
3.5 REZHIBARSR
3.5.1 BEHEHRSN

o o}
I
O=s-cy O=5=Me
/ S S
9a, trace 10a, trace
P
Z c K2S20s
+ "SO," + L")LP CH3COOH, it, 12h  /
SMe TEMPO (2.5 equiv.)
1a 8a pord
A All detected by HRMS
>(j< + >(j< + CH3;COOCH
\ g E 3 3
“Cy “Me
1 12 13

Scheme 3-14 [ FHHE A 3R 256
T RN, BT T — RPVER . EFRAERAE T, K 2.5 equiv.iI H H
FA AR 2, 2, 6, 6- DY FILIRIEEALY) (TEMPO) A ZI i, R 2
T4 9a H1 10a, e S B R A o (AR I s o0 3 o e il 1) 5 o R A
ARIMEY 11, 12 F1 13, RUHZN AT REW 2 H BRI R
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1#60-1070 RT: 0.563-5.76 AV: 1011 NL: 4.77E8
T: FTMS + p ESI Full ms [60.0000-600.0000]

Relative Abundance

100+
95
904
85
80
75
704
65|
60-|
55|

507

45-]

407
35]

240.0548

238.1068 239.0881

240.2314

241.2

241.0017

Lk

|

Ouey
[M+H]* Caled For C,sH,NO* 240.2322;
Found 240.2314.

/

346
241.5033

242.2380 543 0534 244.9571 2461475 247.1296 249.0297

T T T T T T T T T T [ T T T T [ 1T T1

237

238 239

T T T
240 241

LI B O N I N O O L OO N O I O I
242 243 244 245 246 247 248 249
m/z

Scheme 3-15 S 3EH B IMEY (11) 1520 R 1

1#60-1070 RT: 0.53-5.76 AV: 1011 NL: 3.33E6
T: FTMS + p ESI Full ms [60.0000-600.0000]

Relative Abundance

100
95
90
85
80

1715484 1716551
T | T T T

171.9926

172
171.9590

172.1691

Me

[M+H]* Caled For C,,H,,NO* 172.1696;
Found 172.1691.

/

.0514
172.1326?

172.3291 172.4712 172.5674 172.8658
T T T T T T

171.6

I
171.8

I
172.0

I T T T T T
172.2 172.4 172.6 172.8

m/z

Scheme 3-16 H3E H HIEINEY (12) B &5 P
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1#60-1070 RT: 0.53-5.76 AV: 1011 NL: 2.65E4
T: FTMS + p ESI Full ms [60.0000-600.0000]

1004

75.0552
955
907
a5 CH,COOCH;
[M+H]* Caled For C;H,0,* 75.0441; \

80
! Found 75.0439.

754
707
655 \
60~ \
55—; 3 75.0632
50 \ ;
455

Relative Abundance

405 y
35

304 [

251 [

20

5] . .
104

75.0542 \ 75.0569 | 75.0649

54
175.0347  75.0380 75.0466 75.0499
0+ Al A RAALE A g T TeTTYerT
75.035 75.040 75.045 75.050 75.055 75.060 75.065
miz

Scheme 3-17 ZFEHE (13) W70 # ik

3.5.2 FFRATERG
T UL [ LR TR B A G, AT T JFORAT SE5S, W Scheme 3-18 FiR.

B NTRAE IR No SR, #6 LED (425 nm, 10 W) IRB5S RHRE 3 h, K5
FETWEEHIE S FHEFE 3 ho Scheme 3-18 25 T #5)% LED (425 nm, 10 W) [f]
BOGK —E I [ =)= 2. 85K R, 1R N AT R B R L.

100 . “
Bl Light off

80

60

Yield (%)

40 4

20 4

0 3 6 9 12
Time (h)

Scheme 3-18 Jf 4] 5256
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3.5.3 AIRERY R M #LEE
A B ARSI 45 5, EAar NRRIE, $RHE T &N ] RELEE

(Scheme 3-19) . EG, fEJGHEMT, DUNES (8a) il E LR TH R HE
ke RANER U E B AL . B O [ AR5 DABSO [ R A il ORI H
F R (A . AR I PR ORI 1) B B AT R AR (1a) (=4,
A I 9a, FEREI— AN [ ER AR . R HH SR I R R ) B S s
SEACTRARAR, 77 F LR AL B AR, JF SRR IR AR SN, AR R

so42'
Cy
EtOOC COOEt Etooc / | COOEt 'S0, .
| | N *+ -Cy CySO,
Me” N \' Me” N7 "Me
N P
8a SO,Cy ~
_CH
250, \ Ph s
(CH3)2S04 9 1a
a
\/3042- \ SO,Cy
~_Ph
. :
CHjs *CHs @K/
S
<CH3
CH3COOH SO,
SO,CHs SO,CH,
CH5COOCH . 1a x-Ph
3 3 CH,S0, J N—pn
S S
<| 10a
CHs

Scheme 3-19 1 58 1) /2 ML PR
3.6 SEIERST
3.6.1 4-IR ENHREE (8) HIEZM—RRL

(NH,4),CO o R 0
(@) (@) 4)2L03
B SR - O
o H,0, 80 °C N
H
Scheme 3-20 4-%¢ 3 g 1) & Bk
TEBEA G T 1 B R B A AR I A AR S (20.0 mmol, 2.0 equiv.) « 4

Mk 2.8 £.0E (10.0 mmol, 1.0 equiv.) « NH4OAc (40.0 mmol, 2.0 equiv.) F
H0 (200 mL) . JRBEEYILE 80 cClifh it #: 3-4 h, FRlEEeHkEE,
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HMBEZEE, CRAOHE (3*50mL) ZEH, & IFR0A VAR JE/K NaSOs T4,
e, WEE K. OO/ AMBE (1:5,V/V) kR F#iTi 2raith, 5
PR R 26728

3.6.2 - CERMBEARFEY (92) HEN—RIE

Ph o, 0O
Z /f‘ (425 nm) O:§—<:>
EtOOC COOEt
K2S,0s
+ DABSO + | N—pn
SMe N CH5;COOH, rt., 12 h
S
H
1a 8a 9a

Scheme 3-21 F] WOt A2 3- HH ST ok Jik ORI 1y 5
TERA T 10 mL N A A H IR K iR (1a, 44.9 mg, 0.20
mmol) . DABSO (57.6 mg, 0.24 mmol, 1.2 equiv.) - 4-PAFEDTHE (8a, 80.5
mg, 0.24 mmol, 1.2 equiv) « KxS$:0s (64.9 mg, 0.24 mmol, 1.2equiv.) 1 CH3COOH
(20mL) o SNBAESIR®TUAT, B LED4250m, 10 W B4, figh
12he RMNSERE, BEFARERZVER, LA OB/ EE (1:5,V/V) 9Bt
W ERAEENTAiL, BRTY 9a AEGEE (57.1 mg, FEE 80%) .

3.7 FRYIRYRAERE

3-(Cyclohexylsulfonyl)-2-phenylbenzo[b]thiophene (9a). White solid, 80% yield
(57.1 mg), mp 105.8-107.2 °C. '"H NMR (600 MHz, CDCls): & = 8.46 (d, J = 8.4 Hz,
1H), 7.83 (d, J = 7.8 Hz, 1H), 7.56-7.55 (m, 2H), 7.52-7.49 (m, 1H), 7.47-7.41 (m,
4H), 2.85 (tt, J = 12.0, 3.6 Hz, 1H), 1.89 (d, J = 12.6 Hz, 2H), 1.78-1.76 (m, 2H),
1.58-1.57 (m, 1H), 1.46-1.39 (m, 2H), 1.09-1.06 (m, 3H); '3C NMR (150 MHz,
CDCl): 6 = 153.7, 138.3, 136.8, 131.7, 130.6, 129.6, 127.7, 126.3, 125.9, 125.7,
124.6, 121.9, 63.6, 25.04, 25.02, 24.8; HRMS (ESI) m/z: [M+H]" Calcd For
C20H2102S2" 357.0977; Found 357.0976.
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3-(Methylsulfonyl)-2-phenylbenzo|[b]thiophene (10a). White solid, 13% yield (7.5
mg), mp 134.1-135.0 °C. '"H NMR (600 MHz, CDCls): 6 = 8.49 (d, J = 8.4 Hz, 1H),
7.86 (d, J= 7.8 Hz, 1H), 7.59-7.57 (m, 2H), 7.56-7.53 (m, 1H), 7.50-7.45 (m, 4H),
3.00 (s, 3H); 3C NMR (150 MHz, CDCl3): 8 = 152.6, 138.4, 136.3, 131.6, 130.5,
129.9, 129.3, 128.1, 126.2, 125.9, 124.4, 122.0, 45.1.

3-Cyclohexylsulfonyl)-2-(4-methoxyphenyl)benzo[b]thiophene (9b). White solid,
83% yield (64.1 mg), mp 115.4-117.1 °C. "H NMR (600 MHz, CDCls): & = 8.45 (d, J
= 8.4 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.52-7.49 (m, 3H), 7.46-7.43 (m, 1H), 6.96
(dt, /=9.0, 2.4 Hz, 2H), 3.87 (s, 3H), 2.85 (tt, /= 12.0, 3.6 Hz, 1H), 1.88 (d, /= 12.6
Hz, 2H), 1.78-1.77 (m, 2H), 1.60-1.59 (m, 1H), 1.46-1.39 (m, 2H), 1.11-1.07 (m,
3H); '3C NMR (150 MHz, CDCl): & = 160.8, 154.1, 138.2, 137.1, 132.1, 126.0,
125.9, 125.6, 124.7, 123.7, 121.9, 113.3, 63.6, 55.4, 25.1, 24.9; HRMS (ESI) m/z:
[M+H]" Caled For C21H2303S2" 387.1083; Found 387.1082.

?
O=s=-Cy

S

3-(Cyclohexylsulfonyl)-2-(p-tolyl)benzo|b]thiophene (9c¢). Colourless oil, 91% yield
(67.4 mg). '"HNMR (600 MHz, CDCl3): 6 = 8.45 (d, J= 8.4 Hz, 1H), 7.83 (d, J=7.8
Hz, 1H), 7.52-7.49 (m, 1H), 7.46-7.42 (m, 3H), 7.24 (d, J = 7.8 Hz, 2H), 2.86 (tt, J =
12.0, 3.6 Hz, 1H), 2.42 (s, 3H), 1.89 (d, J = 12.6 Hz, 2H), 1.78-1.76 (m, 2H),
1.59-1.58 (m, 1H), 1.46-1.39 (m, 2H), 1.09-1.07 (m, 3H); '3C NMR (150 MHz,
CDCl): 6 = 154.2, 139.7, 138.3, 137.0, 130.5, 128.7, 128.5, 126.0, 125.9, 125.6,
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124.6, 1219, 63.6, 25.1, 24.8, 21.5; HRMS (ESI) m/z: [M+H]" Calcd For
C21H2302S>" 371.1134; Found 371.1132.

?
O=s=-cy

S

2-(4-(tert-Butyl)phenyl)-3-(cyclohexylsulfonyl)benzo[b|thiophene (9d). White
solid, 86% yield (71.0 mg), mp 152.5-154.7 °C. 'H NMR (600 MHz, CDCls): § =
8.47 (d, J= 8.4 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.52-7.49 (m, 3H), 7.45-7.42 (m,
3H), 2.82 (tt, J = 12.0, 3.0 Hz, 1H), 1.89 (d, J = 12.0 Hz, 2H), 1.79-1.76 (m, 2H),
1.59-1.58 (m, 1H), 1.47-1.43 (m, 2H), 2.37 (s, 9H), 1.11-1.02 (m, 3H); '*C NMR
(150 MHz, CDCl3): 6 = 154.0, 152.8, 138.3, 137.1, 130.4, 128.7, 126.0, 125.9, 125.6,
124.8, 124.7, 121.8, 63.5, 34.9, 31.4, 25.15, 25.13, 24.9; HRMS (ESI) m/z: [M+H]*
Calcd For C24H2902S:2" 413.1603; Found 413.1602.

I
O=s=-cy

OO
S

3-(Cyclohexylsulfonyl)-2-(4-fluorophenyl)benzo[b]thiophene (9e). White solid,
78% yield (58.4 mg), mp 117.5-118.2 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.44 (d, J
=8.4 Hz, 1H), 7.85 (d, J=7.8 Hz, 1H), 7.56-7.51 (m, 3H), 7.48-7.45 (m, 1H), 7.12 (t,
J=8.4 Hz, 2H), 2.87 (tt, J = 12.0, 3.0 Hz, 1H), 1.89 (d, J = 12.6 Hz, 2H), 1.80-1.78
(m, 2H), 1.61-1.60 (m, 1H), 1.45-1.38 (m, 2H), 1.12-1.09 (m, 3H); '°F NMR (564
MHz, CDCl3): 8 = —111.1; 3C NMR (150 MHz, CDCls): 6 = 163.6 (d, J = 248.7 Hz),
152.7, 138.2, 136.8, 132.6 (d, J = 8.3 Hz), 127.6 (d, J = 3.2 Hz), 126.6, 126.1, 125.9,
124.7, 121.9, 1149 (d, J = 21.7 Hz), 63.7, 25.1, 24.9; HRMS (ESI) m/z: [M+H]*
Calcd For C20H20FO2S>™ 375.0883; Found 375.0883.
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Il
O=s=-cy

OO
S

2-(4-Chlorophenyl)-3-(cyclohexylsulfonyl)benzo[b]thiophene (9f). White solid,
76% yield (59.4 mg), mp 139.1-140.7 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.43 (d, J
= 8.4 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.54-7.51 (m, 1H), 7.50-7.45 (m, 3H), 7.40
(d, J = 8.4 Hz, 2H), 2.89 (tt, J = 12.0, 3.0 Hz, 1H), 1.89 (d, J = 12.6 Hz, 2H),
1.80-1.78 (m, 2H), 1.61-1.60 (m, 1H), 1.45-1.38 (m, 2H), 1.12-1.09 (m, 3H); *C
NMR (150 MHz, CDCl3): 6 = 152.4, 138.3, 136.7, 135.9, 132.0, 130.1, 128.0, 126.6,
126.2, 126.0, 124.7, 122.0, 63.7, 25.1, 24.9; HRMS (ESI) m/z: [M+H]" Calcd For
C20H20C102S2" 391.0588; Found 391.0587.

O=s=-cy
OO
S

2-(4-Bromophenyl)-3-(cyclohexylsulfonyl)benzo[b]thiophene (9g). White solid,
72% yield (62.7 mg), mp 139.8-141.7 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.43 (d, J
= 8.4 Hz, 1H), 7.85 (d, J= 7.8 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.53 (t, / = 7.8 Hz,
1H), 7.47 (t, J= 7.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 2.89 (tt, J = 12.0, 3.0 Hz, 1H),
1.89 (d, J = 12.6 Hz, 2H), 1.80-1.78 (m, 2H), 1.61-1.60 (m, 1H), 1.44-1.38 (m, 2H),
1.12-1.09 (m, 3H); 3C NMR (150 MHz, CDCl3): 8 = 152.4, 138.3, 136.7, 135.9,
132.2, 130.9, 128.0, 126.6, 126.2, 126.0, 124.7, 124.3, 122.0, 77.4, 77.2, 76.9, 63.7,
25.0, 24.9; HRMS (ESI) m/z: [M+H]" Calcd For C20H20BrO:S;" 435.0083; Found
435.0082.

1
O=s=-cy

S

3-(Cyclohexylsulfonyl)-2-(4-(trifluoromethyl)phenyl)benzo[b]thiophene (9h).
Yellow solid, 67% yield (56.9 mg), mp 114.7-116.0 °C. "H NMR (600 MHz, CDCls):
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=843 (d, J=8.4 Hz, 1H), 7.88 (d, J= 7.8 Hz, 1H), 7.70-7.67 (m, 4H), 7.55 (t, J =
7.2 Hz, 1H), 7.50 (t, /= 7.2 Hz, 1H), 2.92 (t, J= 12.0 Hz, 1H), 1.91 (d, /= 12.6 Hz,
2H), 1.81-1.80 (m, 2H), 1.62-1.61 (m, 1H), 1.45-1.39 (m, 2H), 1.14-1.11 (m, 3H);
19F NMR (564 MHz, CDCL3): & = —62.7; 3C NMR (150 MHz, CDCL): § = 151.9,
138.5, 136.6, 135.5, 131.5 (q, J = 30.0 Hz), 131.2, 127.1, 126.3, 126.2, 124.7, 124.6
(9, J=3.9 Hz), 124.0 (q, /= 270.0 Hz), 122.1, 63.8, 25.07, 25.05, 24.9; HRMS (ESI)
m/z: [M+H]" Calcd For C21H20F302S2" 425.0851; Found 425.0850.

O=s=-cy
e
S

(3-(Cyclohexylsulfonyl)benzo[b]thiophen-2-yl)benzonitrile (9i). White solid, 65%
yield (49.6 mg), mp 126.8-128.7 °C. '"H NMR (600 MHz, CDCl;): 6 =8.41 (d, /= 8.4
Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.73-7.72 (m, 2H), 7.67-7.66 (m, 2H), 7.57 (t, J =
7.2 Hz, 1H), 7.52 (t, J= 7.8 Hz, 1H), 2.93 (t, J=12.0, 1H), 1.90 (d, /= 12.6 Hz, 2H),
1.82-1.80 (m, 2H), 1.67-1.64 (m, 1H), 1.44-1.38 (m, 2H), 1.17-1.09 (m, 3H); *C
NMR (150 MHz, CDCl3): & = 151.1, 138.5, 136.6, 136.4, 131.5, 131.3, 127.3, 126.5,
126.4, 124.7, 122.2, 118.4, 113.4, 63.8, 25.0, 24.9; HRMS (ESI) m/z: [M+H]" Calcd
For C20H20NO2S>" 382.0930; Found 382.0927.

Q
O=S=Cy  OCH,

3-(Ccyclohexylsulfonyl)-2-(3-methoxyphenyl)benzo[b]thiophene (9j). Colourless
oil, 80% yield (61.8 mg). 'H NMR (600 MHz, CDCls): & = 8.47 (d, J = 8.4 Hz, 1H),
7.85 (d, J = 8.4 Hz, 1H), 7.53-7.51 (m, 1H), 7.47-7.45 (m, 1H), 7.34 (t, J = 7.8 Hz,
1H), 7.13-7.12 (m, 2H), 7.02-7.01 (m, 1H), 3.85 (s, 3H), 2.86 (tt, J = 12.0, 3.6 Hz,
1H), 1.89 (d, J = 12.6 Hz, 2H), 1.80-1.79 (m, 2H), 1.61-1.60 (m, 1H), 1.49-1.43 (m,
2H), 1.13-1.07 (m, 3H); *C NMR (150 MHz, CDCl3): 6 = 158.8, 153.4, 138.3, 137.0,
132.9, 128.8, 126.5, 126.0, 125.8, 124.8, 123.1, 121.9, 116.5, 115.5, 63.7, 55.5, 25.2,

24.9; HRMS (ESI) m/z: [M+H]" Calcd For C21H2303S2" 387.1083; Found 387.1085.
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3-(Cyclohexylsulfonyl)-2-(m-tolyl)benzo[b]thiophene (9k). White solid, 81% yield
(60.0 mg), mp 131.3-132.2 °C. '"H NMR (600 MHz, CDCl3): & = 8.45 (d, J = 8.4 Hz,
1H), 7.83 (d, J = 7.8 Hz, 1H), 7.52-7.49 (m, 1H), 7.45-7.42 (m, 1H), 7.37 (s, 1H),
7.36-7.34 (m, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.28-7.26 (m, 1H), 2.86 (tt, J = 12.0, 3.6
Hz, 1H), 2.41 (s, 3H), 1.91-1.88 (m, 2H), 1.78-1.77 (m, 2H), 1.59-1.58 (m, 1H),
1.47-1.41 (m, 2H), 1.11-1.06 (m, 3H); '*C NMR (150 MHz, CDCl3): § = 154.0, 138.2,
137.3, 136.9, 131.6, 131.3, 130.4, 127.6, 127.5, 126.2, 125.9, 125.6, 124.6, 121.9,
63.6, 25.1, 24.8, 21.5; HRMS (ESI) m/z: [M+H]" Calcd For C21H2302S," 371.1134;
Found 371.1127.

I
O=s=cy I

2-(3-Chlorophenyl)-3-(cyclohexylsulfonyl)benzo[b]thiophene (91). White solid,
74% yield (57.9 mg), mp 140.2-141.6 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.42 (d, J
= 8.4 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.55-7.52 (m, 2H), 7.49-7.46 (m, 1H),
7.45-7.43 (m, 2H), 7.36 (t, J = 7.8 Hz, 1H), 2.90 (tt, /= 12.0, 3.6 Hz, 1H), 1.91 (d, J
= 12.6 Hz, 2H), 1.82-1.80 (m, 2H), 1.62—1.61 (m, 1H), 1.44 (qd, J = 12.0, 4.2 Hz,
2H), 1.16-1.09 (m, 3H); *C NMR (150 MHz, CDCl3): 6 = 151.8, 138.4, 136.6, 133.6,
133.4, 130.5, 129.7, 129.1, 128.9, 126.9, 126.2, 126.1, 124.7, 122.0, 63.8, 25.1, 24.9;
HRMS (ESI) m/z: [M+H]" Calcd For C20H20C102S2" 391.0588; Found 391.0586.

?
O:S-Cy
O p O
S

Cl
2-(2-Chlorophenyl)-3-(cyclohexylsulfonyl)benzo[b]thiophene (9m). Colourless oil,

63% yield (49.3 mg). '"H NMR (600 MHz, CDCly): & = 8.43 (d, J = 8.4 Hz, 1H), 7.88
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(d, J= 7.8 Hz, 1H), 7.55-7.52 (m, 1H), 7.50-7.47 (m, 3H), 7.42 (t, J = 7.8 Hz, 1H),
7.37-7.34 (m, 1H), 2.99 (i, J = 12.0, 3.6 Hz, 1H), 2.07 (d, J = 12.6 Hz, 2H),
1.85-1.83 (m, 2H), 1.784-1.775 (m, 1H), 1.632-1.627 (m, 1H), 1.54-1.47 (m, 2H),
1.16-1.13 (m, 3H); 3C NMR (150 MHz, CDCL): & = 149.9, 138.9, 136.4,134.0,
132.0, 131.1, 130.9, 129.5, 128.6, 126.1, 126.0, 124.8, 122.1, 64.0, 25.6, 25.2, 25.1,
24.2; HRMS (ESI) m/z: [M+H]* Caled For CaoH20ClO»S2" 391.0588; Found
391.0587.

3-(Cyclohexylsulfonyl)-2-(naphthalen-2-yl)benzo[b]thiophene (9n). White solid,
75% yield (61.0 mg), mp 124.2-126.1 °C. 'H NMR (600 MHz, CDCls): § = 8.48 (dd,
J=17.8,3.0 Hz, 1H), 8.03 (s, 1H), 7.89-7.87 (m, 3H), 7.85 (d, /= 7.8 Hz, 1H), 7.68 (d,
J=8.4 Hz, 1H), 7.55-7.51 (m, 3H), 7.47-7.44 (m, 1H), 2.92-2.87 (m, 1H), 1.90 (d, J
= 12.6 Hz, 2H), 1.76-1.75 (m, 2H), 1.56—-1.55 (m, 1H), 1.43—-1.39 (m, 2H), 1.07-1.05
(m, 3H); 3C NMR (150 MHz, CDCl): & = 153.9, 138.4, 136.9, 133.5, 132.3, 130.2,
129.2, 128.5, 128.2, 127.9, 127.2, 127.1, 126.8, 126.4, 126.0, 125.8, 124.7, 121.9,
63.7, 25.0, 24.8; HRMS (ESI) m/z: [M+H]" Calcd For C24H230,S>" 407.1134; Found
407.1135.

3-(Cyclohexylsulfonyl)-2-(thiophen-2-yl)benzo[b]|thiophene (90). Colourless oil,
82% yield (59.5 mg). 'H NMR (600 MHz, CDCls): 8 = 8.52 (d, J = 8.4 Hz, 1H), 7.80
(d, J=7.8 Hz, 1H), 7.57 (dd, J = 3.6, 1.2 Hz, 1H), 7.52 (dd, J = 4.8, 1.2 Hz, 1H),
7.50-7.48 (m, 1H), 7.45-7.42 (m, 1H), 7.13 (dd, J = 4.8, 3.6 Hz, 1H), 2.92 (tt, J =
12.0, 3.6 Hz, 1H), 1.94-1.91 (m, 2H)), 1.80-1.78 (m, 2H), 1.61-1.60 (m, 1H),
1.54-1.47 (m, 2H), 1.14-1.08 (m, 3H); 3*C NMR (150 MHz, CDCls): & = 145.5,

138.2, 137.6, 132.0, 131.5, 129.5, 127.7, 126.9, 126.1, 125.9, 125.0, 121.7, 63.6,
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25.14, 25.11, 24.9; HRMS (ESI) m/z: [M+H]* Caled For CisH100,S5" 363.0542;
Found 363.0533.

@)

2-(Cyclohex-1-en-1-yl)-3-(cyclohexylsulfonyl)benzo[b]|thiophene (9p). Colourless
oil, 55% yield (39.7 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.31 (d, J = 6.0 Hz, 1H),
7.79 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.39 (t, J = 7.8, 1H), 5.91 (s, 1H),
3.05 (tt, J=12.0, 3.0 Hz, 1H), 2.46 (s, 2H), 2.23-2.22 (m, 2H), 1.99 (d, J = 12.6 Hz,
2H), 1.86—-1.85 (m, 2H), 1.82—1.78 (m, 2H), 1.73-1.69 (m, 2H), 1.59-1.55 (m, 5H),
1.21-1.16 (m, 3H); 3C NMR (150 MHz, CDCl3): 8 = 157.2, 137.8, 136.8, 131.6,
131.2, 125.7, 125.3, 125.1, 124.2, 122.0, 63.9, 31.8, 25.7, 25.30, 25.29, 25.1, 22.8,
21.6; HRMS (ESI) m/z: [M+H]" Caled For C20H2502S>" 361.1290; Found 361.1291.
N=
<\

2-(Benzo[b]thiophen-2-yl)pyridine (9q")!"8. White solid, 42% yield (17.7 mg), mp
118.4-120.0 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.64 (d, J = 4.8 Hz, 1H), 7.87-7.86
(m, 2H), 7.81-7.79 (m, 2H), 7.75 (td, J = 7.8, 1.2 Hz, 1H), 7.37-7.33 (m, 2H),
7.22-7.20 (m, 1H); 3C NMR (150 MHz, CDCl): & = 152.5, 149.7, 144.6, 140.8,
140.6, 137.0, 125.2, 124.7, 124.3, 122.8, 122.7, 121.5, 119.8.

Cry
S

2-Butylbenzo[b]thiophene (9r")[®.. Colourless oil, 45% yield (17.1 mg). '"H NMR
(600 MHz, CDCl): 8 = 7.74 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.30-7.27
(m, 1H), 7.24-7.21 (m, 1H), 6.98 (s, 1H), 2.89 (t, J = 7.8 Hz, 2H), 1.75-1.70 (m, 2H),
1.45-1.39 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); '*C NMR (150 MHz, CDCLy): 5 = 147.0,
140.4,139.4, 124.1, 123.4, 122.8, 122.2, 120.5, 33.4, 30.6, 22.3, 14.0.
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3-(Cyclohexylsulfonyl)-5-methyl-2-phenylbenzo[b]thiophene (9s). White solid,
73% yield (54.1 mg), mp 130.2-131.3 °C. 'H NMR (600 MHz, CDCI3): & = 8.25 (s,
1H), 7.71 (d, J= 8.4 Hz, 1H), 7.55-7.54 (m, 2H), 7.47-7.40 (m, 3H), 7.28 (dd, J = 8.4,
1.2 Hz, 1H), 2.84 (tt, J = 12.0, 3.6 Hz, 1H), 2.53 (s, 3H), 1.89 (d, J = 12.0 Hz, 2H),
1.79-1.77 (m, 2H), 1.59-1.58 (m, 1H), 1.46-1.40 (m, 2H), 1.13-1.05 (m, 3H); *C
NMR (150 MHz, CDCl3): & = 153.8, 137.1, 136.0, 135.6, 131.9, 130.6, 129.5, 127.6,
127.5, 125.9, 124.3, 121.5, 63.4, 25.08, 25.06, 24.8, 21.9; HRMS (ESI) m/z: [M+H]*
Calcd For C21H2302S," 371.1134; Found 371.1135.

?
O=s=cy

c
V—ph
S

5-Chloro-3-(cyclohexylsulfonyl)-2-phenylbenzo[b]thiophene (9t). White solid,
70% yield (54.7 mg), mp 147.2-149.1 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.49 (d, J
= 1.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.56-7.54 (m, 2H), 7.50-7.47 (m, 1H),
7.46-7.41 (m, 3H), 2.77 (tt, J = 12.0, 3.6 Hz, 1H), 1.86 (d, J = 12.6 Hz, 2H),
1.80-1.78 (m, 2H), 1.61-1.60 (m, 1H), 1.46-1.39 (m, 2H), 1.10-1.08 (m, 3H); *C
NMR (150 MHz, CDCl3): 6 = 1155.4, 138.2, 136.4, 132.6, 131.3, 130.6, 129.9, 127.8,
126.4, 126.1, 124.4, 122.9, 62.8, 25.1, 25.0, 24.8; HRMS (ESI) m/z: [M+H]" Calcd
For C20H20C10:S>* 391.0588; Found 391.0582.

i
O=s=Cy

N—ph
HaC S

3-(Cyclohexylsulfonyl)-6-methyl-2-phenylbenzo[b]thiophene (9u). Colourless oil,
76% yield (56.3 mg). '"H NMR (600 MHz, CDCls): 6 = 8.32 (d, J = 8.4 Hz, 1H), 7.63
(s, 1H), 7.56-7.54 (m, 2H), 7.47-7.41 (m, 3H), 7.33 (d, J = 8.4, 1.2 Hz, 1H), 2.83 (tt,
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J=12.0, 3.6 Hz, 1H), 2.50 (s, 3H), 1.88 (d, J = 12.0 Hz, 2H), 1.78-1.76 (m, 2H),
1.60-1.59 (m, 1H), 1.45-1.38 (m, 2H), 1.10-1.06 (m, 3H); 3C NMR (150 MHz,
CDCL): & = 152.5, 138.6, 136.0, 134.7, 131.8, 130.7, 129.5, 127.73, 127.68, 126.1,
1243, 121.6, 63.6, 25.1, 249, 21.6; HRMS (ESI) m/z [M+H]* Caled For
C21H2302S;* 371.1134; Found 371.1134.

1
O=s=-cy
VY—Ph
S

=
3-(Cyclohexylsulfonyl)-6-fluoro-2-phenylbenzo[b]thiophene (9v). White solid,
69% yield (51.7 mg), mp 144.3-145.9 °C. 'H NMR (600 MHz, CDCls): 8 = 8.45 (dd,
J=9.0,4.8 Hz, 1H), 7.56-7.52 (m, 3H), 7.49-7.43 (m, 3H), 7.28-7.25 (m, 1H), 2.78
(tt, J=12.0, 3.6 Hz, 1H), 1.89 (d, J = 13.2 Hz, 2H), 1.79-1.78 (m, 2H), 1.61-1.59 (m,
1H), 1.45-1.39 (m, 2H), 1.11-1.06 (m, 3H); '°F NMR (564 MHz, CDCls): = —114.7,
13C NMR (150 MHz, CDCl3): & = 161.0 (d, J = 246.3 Hz), 153.2 (d, J = 3.3 Hz),
139.3 (d,J=10.2 Hz), 133.5, 131.4, 130.7, 129.8, 127.9, 126.4, 126.3 (d, J = 6.8 Hz),
115.1 (d, J = 23.6 Hz), 108.1 (d, J = 25.1 Hz), 63.9, 25.1, 24.9; HRMS (ESI) m/z:
[M+H]" Calcd For C20H20FO2S2" 375.0883; Found 375.0884.

O:g-Cy
VY—Ph

Cl S
6-chloro-3-(cyclohexylsulfonyl)-2-phenylbenzo[b]thiophene (9w). White solid,
64% yield (50.0 mg), mp 131.6-133.5 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.41 (d, J
=9.0 Hz, 1H), 7.83 (d, J = 1.8 Hz, 1H), 7.56-7.55 (m, 2H), 7.50-7.43 (m, 4H), 2.77
(tt, J=12.0, 3.6 Hz, 1H), 1.87-1.85 (m, 2H), 1.79-1.77 (m, 2H), 1.60-1.59 (m, 1H),
1.44-1.38 (m, 2H), 1.11-1.05 (m, 3H); '*C NMR (150 MHz, CDCIl3): 6 = 153.9, 139.2,
135.5, 132.1, 131.2, 130.6, 129.9, 127.9, 126.9, 126.4, 125.8, 121.5, 63.9, 25.1, 24.9;

HRMS (ESI) m/z: [M+H]" Calcd For C20H20C102S2" 391.0588; Found 391.0585.
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3-(Cyclohexylsulfonyl)-2-phenyl-6-(trifluoromethyl)benzo[b]|thiophene (9x).
White solid, 61% yield (51.8 mg), mp 139.2-141.4 °C. 'H NMR (600 MHz, CDCl5):
o = 8.82 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.70-7.68 (m, 1H), 7.58-7.57 (m, 2H),
7.53-7.50 (m, 1H), 7.48-7.46 (m, 2H), 2.74 (tt, J = 12.0, 3.6 Hz, 1H), 1.87 (d, J =
12.0 Hz, 2H), 1.80-1.78 (m, 2H), 1.61-1.60 (m, 1H), 1.47-1.41 (m, 2H), 1.12-1.06
(m, 3H); F NMR (564 MHz, CDCls): § = —61.6; *C NMR (150 MHz, CDCL3): § =
155.4, 141.3, 136.9, 131.1, 130.6, 130.1, 128.7 (q, J = 32.3 Hz), 128.0, 127.2, 124.3
(q, J=270.9 Hz), 122.6, 122.3 (q, J=4.2 Hz), 122.2 (q, J = 3.2 Hz), 64.1, 25.1, 24.9;
HRMS (ESI) m/z: [M+H]" Calcd For C21H20F302S2" 425.0851; Found 425.0849.

?
O=s=-cy

VY—Ph
Se

3-(Cyclohexylsulfonyl)-2-phenylbenzo[b]selenophene (9y). Yellow solid, 75%
yield (60.5 mg), mp 131.4-132.5 °C. '"H NMR (600 MHz, CDCl;): 6=8.49 (d, /= 8.4
Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.52-7.50 (m, 3H), 7.43-7.39 (m, 4H), 2.91 (tt, J =
12.0, 3.6 Hz, 1H), 1.91 (d, /= 12.6 Hz, 2H), 1.80-1.78 (m, 2H), 1.602—1.597 (m, 1H),
1.44 (qd, J=12.0, 3.0 Hz, 2H), 1.14-1.06 (m, 3H); '*C NMR (150 MHz, CDCl3): § =
159.7, 140.7, 138.5, 133.9, 129.9, 129.2, 128.9, 127.5, 126.7, 126.0, 125.9, 125.0,
63.2, 25.1, 24.7; HRMS (ESI) m/z: [M+H]* Calcd For CxH210,SSe* 405.0422;
Found 405.0419.

Q@
O=s=cy

Se

3-(Cyclohexylsulfonyl)-2-(p-tolyl)benzo|b]selenophene (9z). Yellow solid; 80%
yield (66.8 mg): mp 110.9-111.1 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.49 (d, J =
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8.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.51-7.48 (m, 1H), 7.41-7.37 (m, 3H), 7.20 (d,
J=17.8 Hz, 2H), 2.91 (tt, J = 12.0, 3.6 Hz, 1H), 2.40 (s, 3H), 1.91 (d, J = 12.6 Hz, 2H),
1.80-1.78 (m, 2H), 1.60-1.59 (m, 1H), 1.44 (qd, J = 12.0, 3.0 Hz, 2H), 1.11-1.09 (m,
3H); 3C NMR (150 MHz, CDCl3): & = 160.1, 140.6, 139.3, 138.6, 130.9, 129.8,
128.6, 128.3, 126.6, 125.9, 125.8, 125.0, 63.2, 25.1, 24.7, 21.5; HRMS (ESI) m/z:
[M+H]" Calcd For C21H2302SSe* 419.0578; Found 419.0577.

2-(4-Chlorophenyl)-3-(cyclohexylsulfonyl)benzo[b]|selenophene (9aa). Yellow
solid; 82% yield (71.8 mg): mp 140.2-140.7 °C. 'H NMR (600 MHz, CDCl3): § =
8.46 (d, J= 8.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.53-7.51 (m, 1H), 7.45-7.41 (m,
3H), 7.37-7.36 (m, 2H), 2.94 (tt, J = 12.0, 3.6 Hz, 1H), 1.91 (d, J = 12.6 Hz, 2H),
1.80-1.79 (m, 2H), 1.61-1.60 (m, 1H), 1.46-1.40 (m, 2H), 1.16-1.09 (m, 3H); *C
NMR (150 MHz, CDCl3): 6 = 158.2, 140.7, 138.3, 135.4, 132.3, 131.2, 129.2, 126.7,
126.1, 125.0, 63.3, 25.1, 24.7; HRMS (ESI) m/z: [M+H]" Calcd For C20H20C10,SSe*
439.0032; Found 439.0024.

0]
O:§—<
S

3-(Isopropylsulfonyl)-2-phenylbenzo[b|thiophene (9ab). White solid; 77% yield
(48.7 mg): mp 124.2-124.9 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.46 (d, J = 8.4 Hz,
1H), 7.85 (d, J = 7.8 Hz, 1H), 7.58-7.56 (m, 2H), 7.53-7.50 (m, 1H), 7.48-7.42 (m,
4H), 3.18-3.11 (m, 1H), 1.20 (d, J = 6.6 Hz, 6H); 3C NMR (150 MHz, CDCl3): § =
153.9, 138.3, 136.9, 131.7, 130.7, 129.7, 127.8, 126.3, 126.1, 125.8, 124.7, 121.9,
55.7, 15.2; HRMS (ESI) m/z: [M+H]" Calcd For Ci7Hi70.S;" 317.0664; Found
317.0663.
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3-(Sec-butylsulfonyl)-2-phenylbenzo[b]|thiophene (9ac). Yellow oil; 74% yield
(48.9 mg). 'H NMR (600 MHz, CDCl;): 6 = 8.46 (d, J = 8.4 Hz, 1H), 7.85 (d, J=7.8
Hz, 1H), 7.58-7.56 (m, 2H), 7.53-7.50 (m, 1H), 7.48-7.42 (m, 4H), 2.92-2.86 (m,
1H), 1.90-1.84 (m, 1H), 1.47-1.44 (m, 1H), 1.17 (d, /= 7.2 Hz, 3H), 0.86 (t, J = 7.8
Hz, 3H); 3C NMR (150 MHz, CDCl3): 6 = 153.7, 138.3, 136.9, 131.7, 130.7, 129.7,
127.8, 126.7, 126.1, 125.8, 124.7, 121.9, 61.6, 22.0, 12.1, 11.2; HRMS (ESI) m/z:
[M+H]" Caled For CisH1902S2" 331.0821; Found 331.0820.

S

3-(Pentan-3-ylsulfonyl)-2-phenylbenzo[b]|thiophene (9ad). Colourless oil; 70%
yield (48.2 mg). '"H NMR (600 MHz, CDClz): 6 = 8.48 (d, J= 8.4 Hz, 1H), 7.85 (d, J
= 7.8 Hz, 1H), 7.60-7.58 (m, 2H), 7.54-7.51 (m, 1H), 7.49-7.43 (m, 4H), 2.75-2.71
(m, 1H), 1.82-1.75 (m, 2H), 1.66-1.59 (m, 2H), 0.85 (t, J = 7.2 Hz, 6H); '3C NMR
(150 MHz, CDCl3): 6 = 153.2, 138.4, 137.0, 131.7, 130.8, 129.8, 127.8, 127.6, 126.1,
125.8, 124.7, 122.0, 67.0, 20.0, 11.3; HRMS (ESI) m/z: [M+H]" Calcd For
C19H2102S2" 345.0977; Found 345.0973.

O
O:§—<_\
S

(S)-3-(pentan-2-ylsulfonyl)-2-phenylbenzo[b]thiophene (9ae). Colourless oil; 64%
yield (44.1 mg). 'H NMR (600 MHz, CDCls): 4 = 8.47 (d, J = 8.4 Hz, 1H), 7.85 (d, J
= 7.8 Hz, 1H), 7.58-7.57 (m, 2H), 7.53-7.51 (m, 1H), 7.48-7.42 (m, 4H), 2.98-2.94
(m, 1H), 1.81-1.75 (m, 1H), 1.44-1.35 (m, 2H), 1.17-1.14 (m, 4H), 0.78 (t, J = 7.2
Hz, 3H); 3C NMR (150 MHz, CDCl3): § = 153.6, 138.3, 137.0, 131.7, 130.7, 129.7,
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127.8, 126.7, 126.1, 125.8, 124.7, 121.9, 59.9, 30.5, 19.7, 13.7, 12.8; HRMS (ESI)
m/z: [M+H]" Calcd For C19H210,S2" 345.0977; Found 345.0979.

o)
o+C
S

3-(Cyclopentylsulfonyl)-2-phenylbenzo|[b]thiophene (9af). White solid; 85% yield
(58.2 mg): mp 102.7-103.9 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.51 (d, J = 8.4 Hz,
1H), 7.85 (d, J = 7.8 Hz, 1H), 7,59 (d, J = 7.2 Hz, 2H), 7.53 (t, J = 7.8 Hz, 1H),
7.49-7.43 (m, 4H), 3.45-3.40 (m, 1H), 1.99-1.93 (m, 2H), 1.74-1.66 (m, 4H),
1.53-1.49 (m, 2H); '3C NMR (150 MHz, CDCls): 8 = 153.1, 138.4, 136.9, 131.8,
130.8, 129.8, 128.1, 127.9, 126.1, 125.8, 124.7, 64.4, 26.8, 25.9; HRMS (ESI) m/z:
[M+H]" Caled For C19H1902S2" 343.0821; Found 343.0819.

4-((2-phenylbenzo[b]thiophen-3-yl)sulfonyl)tetrahydro-2H-pyran (9ag).
Colourless oil; 67% yield (48.0 mg). "H NMR (600 MHz, CDCl3): § =8.47 (d,J= 8.4
Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.57-7.55 (m, 2H), 7.54-7.52 (m, 1H), 7.50-7.44
(m, 4H), 3.98-3.96 (m, 2H), 3.19 (t, J = 11.4 Hz, 2H), 3.09-3.04 (m, 1H), 1.83-1.76
(m, 2H), 1.72-1.70 (m, 2H); '3*C NMR (150 MHz, CDCls): 8 = 154.5, 138.3, 136.8,
131.5, 130.7, 129.9, 127.8, 126.2, 125.9, 125.6, 124.6, 122.0, 66.5, 61.0, 25.1; HRMS
(ESI) m/z: [M+H]" Calcd For C19H1903S2" 359.0770; Found 359.0768.

(R)-3-(cyclohex-2-en-1-ylsulfonyl)-2-phenylbenzo[b]thiophene (9ah). Colourless
oil; 60% yield (42.5 mg). '"H NMR (600 MHz, CDCls): § = 8.47 (d, J = 8.4 Hz, 1H),
7.86 (d, J = 7.8 Hz, 1H), 7.58-7.56 (m, 2H), 7.54-7.51 (m, 1H), 7.49-7.43 (m, 4H),
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5.63-5.55 (m, 2H), 3.16-3.11 (m, 1H), 2.31-2.26 (m, 1H), 2.16-2.09 (m, 3H),
1.99-1.93 (m, 1H); 3C NMR (150 MHz, CDCl): 8§ = 154.0, 138.3, 136.8, 131.5,
130.6, 129.7, 127.7, 126.7, 126.2, 126.0, 125.7, 124.6, 123.6, 121.9; HRMS (ESI) m/z:
[M+H]" Caled For C20H1902S2" 355.0821; Found 355.0821.

O

O:§—<:/\N—Bn
S

1-benzyl-4-((2-phenylbenzo[b]|thiophen-3-yl)sulfonyl)piperidine (9ai). Yellow oil;
66% yield (53.7 mg). '"H NMR (600 MHz, CDCl:): 6 = 8.44 (d, J = 8.4 Hz, 1H), 7.84
(d, J = 7.8 Hz, 1H), 7.55-7.53 (m, 2H), 7.52-7.50 (m, 1H), 7.49-7.42 (m, 4H),
7.29-7.26 (m, 2H), 7.24-7.23 (m, 3H), 3.43 (s, 2H), 2.90 (d, J = 10.8 Hz, 2H),
1.85-1.77 (m, 6H), 1.27-1.24 (m, 1H); *C NMR (150 MHz, CDCl3): & = 154.3,
138.4, 136.9, 131.6, 130.7, 129.7, 129.2, 128.4, 127.8, 127.4, 126.14, 126.08, 125.9,
124.7, 122.0, 62.6, 52.1, 29.8, 24.7; HRMS (ESI) m/z: [M+H]" Calcd For
Ca6H2602S:" 448.1399; Found 448.1389.
3.8 RE/NG

B2, BATKET Ll DABSO N AR, idid S mmiiEA . ot
175 AR R % BRI 1) SE A TR A R A B B 3- e TR G 2 R R ey I 7V o 127
%, EFRASMIDCHEATIM G BT, BRI R (Hmik 91%) , 4k
HINRE T MR BRAL R R SR T SR 015 0BT T35

J‘\\i
PN
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£ 48 AT NARHADPREFRRES B, il HIRIAME
BN (KFH[bEM-3-5) i (fff) B

4.1 AREB=R

UL B 40 DR ECE 25900 2 o e 660 2 0 180, 810 ksl ol 2 AR )
2R, BB A AL S E R 5. C-S BEMBUE A TR T-A R
PR L IR, 7V 0 AR 2 B S 187), (30 7 CE R Sk A R
S8 SNSRI A B A T IR RAL B, TR SR S TE 75 L 5 A B PRI B 4%
% ey I88. 891,

2013 4§, Chen 1RARZH OO 5t 5 BLLE X FERIAEAN Sy BT ot AS [ g T L
PepEA TS AERREE  TOSHE CBRER LL: S0R BRI h/RERR ) AUE R
o5k R, SREL (ALY MRS TE . TH NMR B R T
BEAYIZT= 1, % Cul AL 5 BRI Rt — 15 R RIBEAL 9 — J5 3L A% (Scheme

4-1) .
CuX, Base, 100 °C
Q C DMF, N2, 5 h ” \©\(S)/©/
n= 1,n 2
Scheme 4-1 B AJ 42 7 o — 55 FE G K 55 — 57 3 T RRIEAY EL A
2016 4, Deng PREEAPIGE /AT K WA S5 E0R I =H 70 & ik
£ LIRS VA 7RSI U S FE B R Y s RO 26 o 1T VAR S8 A0 HLAE TR AT
KT HREZIE R, RYREEIERITE S R (Scheme 4-2)

OH CU(OTf)z, K2003 S/R
S 1,10-Phen . OH
120 °C, 24 h, H,0 OO
Scheme 4-2 F{ELLF5 15 MURCE 5808 ) =209 & 1K
2016 4, Ji /NHPHTE CuBr/KsPO4 AL T, SEIME I ER C(sp?)-H H-H B i it

AL BN, DA S5 2 RPN R G SR &9 . 207 ik ih e tism, etk
B ORIy I ] ] % AR SRR RT A2 (Scheme 4-3)

+
Y
1

.
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H - 00
| : CuBr (10 mol%) : ;
nNﬁ/ . s, K3POy (2.5 equiv.) . @ \;ESJ;/ @
H THF, 65 °C, under air NH HN
Scheme 4-3 CuBr/KsPOu4 #4445 i i 5 Ha 5 i O A S v
2017 4, Ma 25 NO3IFF A 1 A e A DK e 2 3R 505 /Al fy S 2 28 — 9 FH Rt PR

Mg ) = 2H 73 SO BE, e R TR A 2 A (1 7 5 ok /G P AR e 2 AL 540

Hrr, HrLEY) 6D X B . VRSl R R BT 5-5KBEE KT
WETE M (Scheme 4-4)

O X .. : Ox-©
ST T0
~ R AN B !
- CuO = e | =
RL | = + SS + R1_/\N \ R2 u \\/\\ ! \ N Se
Sey - X o \)QN Xylene N S | C
130 °C, air \I : N
N ! S
R2 ]
6D Y

Scheme 4-4 il (ALK IR0 S R3L/AMRY e 7 53R = 9 PR B IR N (Y Bt 1 S 2
2017 5, Deng PR ZH P4 F A BHATRFIR (E AL, SCELMGI R L e/ Bk 5 1y
I = AL, BRI R S HUACE s I (2, 3-b1MI AT AEY) . N, N- 2k

F DL e A D 77 [ B 0 (2 B JEURL AR AL BRI P o 2 LA s 82 2 APF ] B
JRE FHPER L5 (Scheme 4-5) .

R4
1= 3
T v 5, HOI@GM) R\/\\R
XN DMF, air, 150 °C N\ S
: N
RZ

R2
Scheme 4-5 W[k Bl 508 1 =450 40 B
2017 4, Flynn 28 NOSRJF SCl,  SeCla A1 TeCla /E A XUSHE HARFE & R

YII¥) DEC J N H A RO (3-2 I [ B WE My 5 ) B Tk /A Tk /A Tk o — e 512 B 251 A6 AT B
F 2K F R A X IR [ N R B R U . 1Z W BL 1, 2- & ke (DCE) 1k
RNEER], 1 60°CF, 4rHlf3RIFER B Frr=4), F=3%R{E 56-68% (Scheme 4-6) .

S
Ph ECl, . ©:/27Ph
©\/ DCE, 60 °C - g
E =S, Se, Te
SMe N\ Ph
S
Scheme 4-6 2163 2K FHAR ik 5 X085 HLARFT) (ECL) BB AL (3- 2R F[b]WE Wy JE )tk Bk /A gk /
i ik
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2019 4%, Zhou %5 NPSH@T 5206 5 B 115 R G I 1 A A AL I Mk S5 AR 5
VR BRAC R N B X 3-BR | A E P - 1% 07 VA B RIF B R 20 H =% )
T o JEALZLAN GRS HTIESE, NaOAc fREBEIUR TS 1 5 Rk (5 15 AR e — 2R 1Rk o
DFT tH 5 R, 1% R I A B A PR A ) S B ] 44 V- FF -3 - g e iz
DB FE (Scheme 4-7) o

/,
SJQ;W
L N Cu(OAC),, 1,10-Phen /
R'— ¥ R3|— + Sg » R1—— A\
NN - KI, NaOAc, DMF NN
R2

R2

Scheme 4-7 4 {H A0 15| e 55 A Q7 e RO BREA Jse B
2020 5, Yang /NHPTIFR TR & @A LR BB F R IR & ke I
MEWE R AL VDT 518 . AR R T AN B Al = oA T, S 2 IR 5
Y i, ki BA AR E PR R 2% 07 TRIBEL S 3R 4 (a2 5F 18 1% (Scheme 4-8).

— _R?
R1_//\r/N -
2 N 7 N\ _/
/YN — R DMSO
R1_\/N\/8_<\:\/) v 120°C, 12 h g >
H 7 R“—/\NW
ST\ R,

Scheme 4-8 BUAH 1 A BRIR & BRI I ML B 322 1 5 10
[ 112K - MEWy 3F[3,2-p|[ 114 MWy (BTBTs) HA RIFHIEHMERE, ENE £
Toft |2 FH 7 13 WL SA M B4 32 5613 . 2024 4F, Yoshida 25 NOSHR L DL 2-F5 FE 0%
FFIEWy 5 LB N R RS B BTBTs. 1% 5 1A T8I 70 Pl T 5880 C-S #EF)25
PSR U SR T BT S BIATLER i SGHE/E ] (Scheme 4-9)
Sg (0.2 equiv.)

S =\ _R2 I, (16 equiv.) “LR
\ // DMAP (3 equiv.)
///\ N toluene (0.9 mL) 7 )
R H,0 (2.7 mL)
110°C, 24 h R'

Scheme 4-9 2-75 3E 2K F1BEW) 5 B st & i BTBTs
AR, Bk E NERAERR A CAE AL AL R 1G HE R P, SR &
TR E R (RS RIS AT A7 AE BRI
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42 RMEHHT
4.2.1 WRREFR N & HRITFIE

Table 4-1 Jx N &AL 4L @
_ Ph . Ph Ph
% o
. s /‘(440nm,40W) S-S~ g
SMe 8 MeCN, 40-50 °C.
N,, 36 h
1a 14a
Entry S surrogate Solvent LED (nm) Yield(%)?

1 Sulfur Powder MeCN 440 74
2 Ss MeCN 440 72
3 K>S« MeCN 440 -
4 Sulfourea MeCN 440 -
5 Sulfur Powder MeCN 440 55¢
6 Sulfur Powder MeCN In dark -

“Reaction conditions: 1a (0.20 mmol) and S (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 40-50 °C under LED (40 W) irradiation for 36 h. ’Isolated yield. ¢in air atmosphere.

B, WERIRA S N AR AT T IR . 0 Table 4-1 iR, 24 2-BRIRILSRH
Bilik (1a) NRPJEY), 2AERBE . Ssv ZEALERIBRIRIE NG, ZH51E
NIRBER, FERSSA T 440 nm 5% LED (40 W) RS, 76 A 08 it bt
SRV 36 ho 25 UBUMAE NBRIRRT, RN LA SRR (74%) 19317 H
FRr=) 14a(entries 1-4) o 7E 2SS N HEAT IRV, 14a 773 RN 528 55% Centry
5) o BRI IZ R B LEZE (entry 6)

4.2.2 BFIHNTHIE

Table 4-2 & 551104k, «

Ph
P s'o
/
[:::Ij//// . s A% 440 nm. 40 W) S-S~ Ag
SMe 8 Solve’\r}; 40- 50 °C.

1a
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Entry S surrogate Solvent LED (nm) Yield(%)”
1 Sulfur Powder MeCN 440 74
2 Sulfur Powder DCE 440 70
3 Sulfur Powder THF 440 66
4 Sulfur Powder DMF 440 47
5 Sulfur Powder Acetone 440 67
6 Sulfur Powder DMSO 440 52
7 Sulfur Powder Toluene 440 61

“Reaction conditions: 1a (0.20 mmol) and S (0.20 mmol) in solvent (2.0 mL) in nitrogen

atmosphere at 40-50 °C under LED (40 W) irradiation for 36 h. *Isolated yield.

)5, ik T —RPER, W3 Table 4-2 Fiw, LB (MeCN) 1E AN ¥
FIEF, 14a P7R g E, BET 74% (entries 1) o Pk HLiEm e —& o
ft (DCE) « VUM (THF) . N, N-—HEEFEEZ (DMF) . Nl —H &
AR (DMSO) MR, P& Tz B, (P FA PR, 18 52%3] 70%Z [

(entries 2-7) -

423 FKHTHIE

Table 4-3 K AAL «
P Ph o
8 MeCN, 40-50 °C.
SMe ® N,, Time
1a
Entry S surrogate Solvent LED (nm) Yield(%)?
1 Sulfur Powder MeCN 440 74
2 Sulfur Powder MeCN 390 62
3 Sulfur Powder MeCN 427 70
4 Sulfur Powder MeCN 456 49
5 Sulfur Powder MeCN 440 57¢, 734
6 Sulfur Powder MeCN 440 59¢, 74

“Reaction conditions: 1a (0.20 mmol) and S (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 40-50 °C under LED (40 W) irradiation for 36 h. ’Isolated yield. ¢S (0.15 mmol). /S

(0.25 mmol). “Irradiation for 24 h. /Irradiation for 48 h.
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B ROk, ATHTA T OGIR BB SR RE I, i ) LED WK (3904
427. 440 1 456 nm) #SA] DU % S SBA AT, Horh 440 nm PR 7 F s,

F| 74% (entries 1-4)

BE— PR R A R (2a) TR R DL KRS ). Table 4-3 FR,
B 2 2] 0.25 mmol I, 72 LA, 12 2a FIEFERE] 0.5 HE
B, RMFERBERE 57% (entry 5)

SN TR SE A 28 48 h o S B2 L3 A 56 M, AH 24 Je LI () 4 k6 2 24 h 1
PERELE 59% (entry 6) o

B 2T 8 % RS B R K 440 nm. 2a (BT 1.0 equiv.. SR
R[] /2 36 he
424 RRLFMHRITHIE

Table 4-4 [N ZEAFARAL @
P Ph P Ph
Z - s /
©\/ . P (440 . 240 W) @—Ph N\, -Se A g o
MeCN, 70-80 °C. 4
SMe N3, 48 h S Me
1a 15a 16a Oxidized*
Entry Variation from standard Conditions Result’
15a: 43% yield
1 None ]
16a: 13% yield
2 40 °C -
3 under air atmosphere Oxidized*
4 40 W, 130 °C -
5 TEMPO 16a: 84% yield
6 40 W, TEMPO -

“Reaction conditions: 1a (0.20 mmol) and Se (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 70-80 °C under LED (2*40 W) irradiation for 12 h. ®Isolated yield.

W PR AE SRS BB B 4 A, B0 NG 5 R S %A, e N D LED 440
nm. 2*40 W, 33| 15a. 16a PiFl/=4), 7= Z5 514 43%M 13% (entry 1) . B
JERZ IS EHTHEAT A o« W SO E PG , I SRS H AR, kA
W Centry 2) o EFRARP ML, H2EEHEMLY Centry 3) o B IEIR
(HR BRI 130 °C, RAGEIH AR, JERHENL Centry 4) o 47E R BifEF
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HMA 2.5 {5 1] TEMPO B, 15a =980, LA 84% 117~ %45 2] 16a 74 (entry
5) o F4Ub [ B IE FEIE I\ TEMPO I, K433 H R4, JEAEHEL Centry 6).

43 RIEEMHEE

L0 S = R
R’|—/ 7N\ /
hv (440 nm, 40 W)

s
MeCN. 40-50 °C. S
. =
2 R2— , A\ 7\
N S _\R1
14
S —/R R =4-H, 14a, 74% R = 4-Br, 149, 43% s O
7\ 4 R = 4-OCHj, 14b, 82% R = 4-CF, 14h, 0% O P O
R = 4-CHa, 14c, 79% R = 2-OCHj, 14i, 64%

R =4-Bu, 14d, 80% R =3-OCHj, 14j, 60%

S S
\ 7 \ R = 4-F, 14e, 73% R = 3-CHj, 14k, 84%
S —R R =4-Cl, 14f, 459 ~ R=3-Cl, 141,64% O N QQ
o s
S N— S S Me S S
7\ 4 Van'S )—Ph Ve
Me s
S S . S Me (
> m mph s
N= S Me S

14n, 0% 140, 50% 14p, 72% 14q, 78%

“Reaction conditions: 1a (0.20 mmol) and S (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 40-50 °C under LED (40 W) irradiation for 36 h. *Isolated yield.
Scheme 4-10 JiEA) & 11 %52 1¢

1 Scheme 4-10 Fi7R, ZRNHEA RIFHEIEE, 77 ARME R 1977 2245 241
SR B ER . RN, REBE BT USER B Y. K EXA A
ST HUARER, P AEURR  HERRUT B, DL 79-82% ML 345 2 BT 75 (1724 (14b
—14d) ; PO SR RN R, R AR R 3 © 73%
(K177 2 A 2 B AR, T B R SRR, 735l LA 45%F1 43% 1) 7™ Z45
B HFR Y (14e-14g) o BRI R FHURE:, WM=5F A5 [ NARE,
REBIEHARY) (14h) o 4B, [EAA BRI R 5 B RARZS, L 64-90%
(7= 2245 2 H AR =4 (14i-14D o IEAN, FEZ AT, 2558 (14m) FIREIEEE (14n)
RAFRAARLI =)o (HBEMHE DL 50% 107~ 2453 2 H AR =4 (140) o & ANEM%H
&, BTG ER LM REAEEREANRY, R, WERIR AT RN, I

PL 72-78% )= R SAF T TR =4 (14p-14q)
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X R1;\ X RZ

| = X\ R1;\ RZ l = Y

[ hv (440 nm, 2*40 W) =1 .
2 N MeCN, 70-80 °C 7
S eCN, 70-80 °C.

R? Nz, 48 h i R TN g

X=S, Se «

1 15 16

n
/
\m\m
(0]
(fl/m/s\(/)
(0]

15a, 43% yield 16a, 13% yield

()
[

0~ :\:m
®
=
o
n_ /E\ (0]
= Z
) )

15b, 55% yield 16b, 15% yield

)
(0]

/E\ (0]

o

<

[0]

/{:\ w
(@)
<
(0]

n
(0]
2N~
o)
=
o

15¢, 35% yield 16c, 29% yield

o :\:m
@
w
C
(O /E\ ()]
@ w
c c

o
©

156d, 46% vyield 16d, 14% yield

()
(0]

0 :\:m
@
uS
[ /E\ [4)]
n n

15e, 43% yield 16e, 20% yield

“Reaction conditions: 1a (0.20 mmol) and Se (0.20 mmol) in MeCN (2.0 mL) in nitrogen

atmosphere at 70-80 °C under LED (2*40 W) irradiation for 12 h.

Scheme 4-11 &Y & iE ME# 52 114

PSR SR F (R BRI A 5 TR IR AT FE AN Scheme 4-11 BTz, 1R
HA RIFMAE T, EsfEfm T, KREHE e LS 2 HARr=. RKIF Fxt
MAS B TFRUREE, WAL, BT L, DL 35-43% i 3R 45 B H 2k
Y1 (15b-15d) , DA 13-29%017= 2845 2 =4 (16b-16d) ; B3 J5 T Uit

A AR RIS H A=) (15e. 16e)
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X
X X R1+\ Y R?
TN ~ R1-! \ R2 =
R hv (440 nm, 240 W) . Y +
= S + Se 5 F Se
N MeCN, 70-80 °C. P

Se
R2 Ny, 48 h ]

159, 46% yield 164, 15% yield
MeO
. - OO
OMe S 4
X V4 Se
C - -0
S
MeO
15h, 30% yield 16h, 15% yield
Me S
Me S Me s \©:/2*Ph
Ph
S 7 Se
AN Se
Ph / N—ph
Me S
15i, 34% yield 16i, 21% yield
S
S\ S / Ph
/ Ph Me S
e
Me _ Me Se Me
Ph / N—ph
S
15, 44% yield 16j, 17% yield

“Reaction conditions: 1a (0.20 mmol) and Se (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 70-80 °C under LED (2*40 W) irradiation for 12 h.

4 Scheme 4-11 JKY) S EMEH 5 11
W HUORE:, =3 AL, DL 41% M A5 34 151, DL 17%H) 77 %45
B =) 168, A% LA BRI R RYIE 5 LR N AEZS, LA 30-46% 17 3645 2|7~
Y 15g-15h, DL 15%H)7 245 277 16g-16h. & A= X2, FEARTF &S B

75



L N N 2T e A e

BEAEANEERBNEY, WL, WERAIHIET B, FH L 34-44%H 7= 3K
BT TE R 15i-155. LL 17-21% )72 R45. 3] H kR4 16i-16j .

X R1;
RIS s hv (440 nm, 2*40 W) RIS R A
= + Se - Z Se
N MeCN, 70-80 °C.
RZ

/
X
2

N,, 48 h /Se R

|
z
)

X=S§, Se

s o )
® e /
< Cr-0) 4
2 T
S
S

-
X

/

15k, 30% vyield 16k, 0% yield
S
74
~ s |
CQ_@ 7
Se
N S Se ° S
| / > |
S
151, 43% yield 161, 0% yield
S t
S S . m Bu
u
S / Se
AN Se
By / wtsu
S
15m, 23% yield 16m, 0% vyield
Se Se
Cr : ;
< L0 .
C O
Se

15n, 37% yield 16n, 0% yield

“Reaction conditions: 1a (0.20 mmol) and Se (0.20 mmol) in MeCN (2.0 mL) in nitrogen
atmosphere at 70-80 °C under LED (2*40 W) irradiation for 12 h.

Scheme 4-12 JEEY & 4% 5 111¢
¥ 55 PR IR H R IR B 3 2R HE L MY SR AR T B AR AT IR R S R, 7R
KA 30% (15k) « 43% (15D . 23% (15m) . AFHedEdk Palimk R ke R A
RUEH), VA 37%57 23K 143 B AR 150, {H RS 20774 16n.
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S
hv (440 nm, 2*40 W) O O

Y
+ Se
MeCN, 70-80 °C. Se
N,, 48 h b
R
15
S S S S
OO U0 U0 O
Se /Se /Se Se
& "Bu Bu @
150, 39% yield 15p, 41% yield 15q, 0% vyield* 15r, 0% yield*
S S S
O OO Y
Se Se Se
O " C
(e}
15s, 25% yield 15t, 22% yield 15u, 0% vyield

“Reaction conditions: 1 (0.20 mmol) and Se (0.20 mmol) in solvent (2.0 mL) in nitrogen
atmosphere at 70-80 °C under LED (2*40 W) irradiation for 12 h.
Scheme 4-13 V)G EH 5 TV«

ABATE DL, o BRI B HEAT B ], 0 RA AT T AR L
FEH) (150-5p 15s-50) o MHUREABRBCT AR LR (15q 15r) , K
132 B AR, A 2 C3 AL B BRI & 3071 o IR N R (15u0),
IR BENTRIEAT -

4.4 RHERS
44.1 HEEHREE

Ph ~"
=
. s TEMPO (2.5 equiv.) X -S—~F g
MeCN, 40-50 °C.
SMe Ny, 36 h

1a
14a, trace

Scheme 4-14 F H 24T 1
N TR NALER, HEAT T E BRI . FEARESRLE TS, R 2.5 equiv.
A SRR 2, 2, 6, 6-UU FRAEIRIE ALY (TEMPO) IMAZ| i, R
R B R ) 14a,  SSAE LA . RIZIR N A RE4 D B AR .
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Ph /\,!:_ S Ph Ph
, Ph 8N Sex g
v se TEMPO (2.5 equiv.) Y .
MeCN, 70-80 °C.
She N5, 48 h e

15a, trace 16, major product
Scheme 4-15 H B3R5 11

N TR S SALER, B SERIRRG . FEARHESAE T, K 2.5 equiv i H B3
FPAFIE 2, 2, 6, 6-VU FEENRIE ALY (TEMPO) JIE B, AR 35k
B 15a, SOSAEEASA0H]; 10 16a PRI, RO RN E B,
VUHHAE R 15a P T eI 4 B AR IR, AR RGP~ 15a 55 16a (13 72 T REAFAE
TR R
4.42 FIRERMYR RIHLER

A,

1a

Se\
S’S_S\s . 3 s\ Ph
SI\ ,SI $> é/S\S/S\S/S\S/S L > E;\H\)/
S-S ST
(n,

. Solvent Solvent .
CH; > CH, = CHs

1a

A
o :\ :C/)

(b,

Scheme 4-16 FJ fE ] 52 S AL 2

TRIE B ARSI 45 IR, a0 NHHRIE, 1R T 1a S8R OB
AIAENLEE (Scheme 4-16) o H5G, AOGHSRATT, BB RIE M i A H
M RS, b —am Bl SRR 1a R =58, AR R XSk B R &
e B A rp A . BEJS, HPEMA IS EER A TG, TR R R
I S 24 B H bR IR RO B2 5 CReA i be) o rpialA I P — Ik et
H—A 1a s =4, AERChEAR IV, BTN R R &R RH bR
Yo
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RS B HAEAR LI A R, RNVIEY) 1a 5 Se BRI N, i A2 s F
F P R N R AT RE A B LR, 1T B R I R N AR AR A 16a
) S ALER I AT F k SEAR T
4.5 SKEERSY
4.5.1 MEEFH[b]'EL-3-B)RBAHI ZH— R LT

P . Ph Ph
Z pod
@( . s /‘(440nm,40W) SN S—g
MeCN, 40-50 °C.
SMe N,, 36 h
1a 14a

Scheme 4-18 X (A< H:[b]WEN -3- 522 ) B Bk (1 1] %

TEFAHET 1) 10 mL TR0 I SN 25 2% I AT ZK % (1a, 44.9 meg,
0.20 mmoD) . iy (0.20 mmoD) FIZME (2.0 mL) o RMIEIER A,
J& LED 440 nm, 40 W [, #i#k 24 he RMSERSE, HeEZ&RERZER, LA
AHBEAVEMIR, AR A, BRIFTFE Y 14a M E A (33.3 mg,
FEER T4%)

4.5.2 2-FF-3-(FRBREL) 2 F [ bR AN WL CGR F [ b]EMY-3- 15 ) Al B ) 22 B — AR P IR

Ph Ph Ph
= o, S
= A Xy Se-~#
[::I://// ¢ se ,Z‘k(440nm,2M0\N) [:::[;%>_Ph . S >
0,
SMle MeCN, 70-80 °C. Se
Me
6a

N,, 48 h
1a 15a 1

Scheme 4-19 2-7f 53 (FFfG J) 2% 91 [ 5] WE Wy ARG - [ ] R Wy -3-J25 ) Al ik 1) 4%

FERA BT 10 mL T8 1) R BLZE A NSBB8 AR TE (1a, 44.9 mg,
0.20 mmol) . i3 (0.20 mmol) FIZNE (2.0 mL) » RMRAERS A+, H
P0G LED 440 nm, 40 W IR, $iidk 48 he RMTERG, WefE 2 KR
A, DA B BE MR, RERAEET AL, 1521 Y 15a A A A (26.1
mg, FEH 43%) . 16a NI AE A (6.5 mg, 7K 13%) .
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4.6 FEYIRITRIERIE

S
/Ph

S

A
S

bis(2-phenylbenzo[b]thiophen-3-yl)sulfane (14a)°°, White solid; 74% yield (33.3

Ph

mg). '"H NMR (600 MHz, CDCL): § = 7.66 (d, J = 8.4 Hz, 2H), 7.49-7.48 (m, 4H),
7.46 (d, J = 8.4 Hz, 2H), 7.36-7.35 (m, 6H), 7.22 (t, J = 7.8 Hz, 2H), 7.15 (t, J = 7.8
Hz, 2H); 3C NMR (150 MHz, CDCL): § = 144.6, 140.7, 138.1, 133.6, 130.1, 128.6,
128.3, 124.7, 124.6, 123.5, 122.1, 120.3.

S

S
S

bis(2-(4-methoxyphenyl)benzo[b]thiophen-3-yl)sulfane (14b). White solid; 82%
yield (41.9 mg). '"H NMR (600 MHz, CDCls): & = 7.64 (d, J = 7.2 Hz, 2H), 7.46-7.45
(m, 6H), 7.21-7.18 (m, 2H), 7.15-7.12 (m, 2H), 6.89-6.87 (m, 4H), 3.83 (s, 6H); 13C
NMR (150 MHz, CDClz): 6 = 159.9, 144.6, 140.8, 137.7, 131.2, 126.0, 124.44,
124.38, 123.3, 121.9, 119.5, 113.7, 55.4. HRMS (ESI) m/z: [M+H]" Calcd For
C30H2302S3" 511.0855; Found 511.0853.

S
CLp—Cwe
S
CI—C)we
S

bis(2-(p-tolyl)benzo[b]|thiophen-3-yl)sulfane (14¢). White solid; 79% yield (37.8
mg). 'H NMR (600 MHz, CDCls): 6 = 7.64 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz,
2H), 7.41 (d, J= 7.8 Hz, 4H), 7.18 (t, J = 7.8 Hz, 6H), 7.12 (d, J = 7.8 Hz, 2H), 2.40
(s, 6H); 13C NMR (150 MHz, CDCl3): & = 144.9, 140.7, 138.5, 137.9, 130.7, 129.9,
128.9,124.4,123.4,121.9, 120.1, 21.4.
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S
OO
S
\ tBU
S

)

5-Chloro-3-(methylsulfonyl)-2-phenylbenzo[b]thiophene (14d). White solid; 80%
yield (45.0 mg). 'H NMR (600 MHz, CDCls): 8 = 7.63 (d, J = 7.8 Hz, 2H), 7.47 (d, J
= 7.8 Hz, 2H), 7.44 (d, J = 7.8 Hz, 4H), 7.33 (d, J = 7.8 Hz, 4H), 7.20 (t, J/ = 7.2 Hz,
2H), 7.14 (t, J = 7.2 Hz, 2H), 1.34 (s, 18H); '*C NMR (150 MHz, CDCl3): 8 = 151.5,
144.2, 140.7, 137.9, 130.6, 129.5, 125.0, 124.43, 124.39, 123.3, 121.9, 119.7, 34.7,
31.3.

S
Y/

S
Cy-Or
S

bis(2-(4-fluorophenyl)benzo[b]thiophen-3-yl)sulfane (14e). White solid; 73% yield

5

(35.5 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.68 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4
Hz, 2H), 7.35 (dd, J = 7.8, 5.4 Hz, 4H), 7.26 (t, J = 7.2 Hz, 2H), 7.21 (t, J = 7.8 Hz,
2H), 6.97 (t, J = 8.4 Hz, 4H); 9F NMR (564 MHz, CDCL): § = —112.6; 3C NMR
(150 MHz, CDCls): 6 = 162.8 (d, J = 248.0 Hz), 143.2, 140.4, 137.8, 131.5 (d, J = 8.1
Hz), 129.4 (d, J = 3.0 Hz), 124.8, 124.7, 123.2, 122.0, 120.3, 115.2 (d, J = 21.6 Hz).
HRMS (ESI) m/z: [M+H]" Calcd For C23H17F2S3" 487.0455; Found 487.0450.

bis(2-(4-chlorophenyl)benzo[b]thiophen-3-yl)sulfane (14f). White solid; 45% yield
(23.4 mg). 'H NMR (600 MHz, CDCL): & = 7.70 (d, J = 7.8 Hz, 2H), 7.56 (d, J = 7.8
Hz, 2H), 7.30-7.22 (m, 12H); 3C NMR (150 MHz, CDCls): § = 143.0, 140.3, 137.8,
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134.5, 131.7, 130.8, 128.3, 125.0, 124.8, 123.2, 122.1, 120.7. HRMS (ESI) m/z:
[M+H]" Calcd For C2sH17C12S3" 518.9864; Found 518.9864.

W

Br

CD/E\U)\CD

bis(2-(4-bromophenyl)benzo[b]thiophen-3-yl)sulfane (14g). White solid; 43% yield
(26.2 mg). 'H NMR (600 MHz, CDCl3): 6 = 7.70 (d, J = 7.8 Hz, 2H), 7.57 (d, J = 7.8
Hz, 2H), 7.38 (d, J= 8.4 Hz, 4H), 7.29 (t, J = 7.2 Hz, 2H), 7.25-7.24 (m, 2H), 7.18 (d,
J = 8.4 Hz, 2H); 3C NMR (150 MHz, CDCls): 3 = 143.0, 140.3, 137.8, 132.1, 131.3,

131.1, 125.0, 124.8, 123.2, 122.8, 122.1, 120.8.
MeQO

(D/E\m\(n

MeO
bis(2-(2-methoxyphenyl)benzo[b]thiophen-3-yl)sulfane (14i). White solid; 64%

yield (32.7 mg). '"H NMR (600 MHz, CDClz): 6 = 7.66 (d, J = 7.8 Hz, 2H), 7.51 (d, J
=7.8 Hz, 2H), 7.36-7.34 (m, 2H), 7.19 (t, /= 7.8 Hz, 2H), 7.17-7.15 (m, 2H), 7.12 (t,
J="1.8 Hz, 2H), 6.95 (t, J = 7.2 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 3.68 (s, 6H); 13C
NMR (150 MHz, CDCl3): 6 = 157.3, 140.6, 140.3, 138.8, 132.3, 130.3, 124.2, 124.1,
123.4, 123.2, 122.5, 121.8, 120.3, 111.1, 55.4. HRMS (ESI) m/z: [M+H]" Calcd For
C30H2302S3" 511.0855; Found 511.0852.
S
(0

S OMe

P

OMe
bis(2-(3-methoxyphenyl)benzo[b]thiophen-3-yl)sulfane (14j). White solid; 60%
yield (30.6 mg). 'H NMR (600 MHz, CDCls): 8 = 7.67 (d, J = 7.8 Hz, 2H), 7.50 (d, J
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= 7.8 Hz, 2H), 7.24 (t, J = 7.8, 4H), 7.17 (t, J = 7.8 Hz, 2H), 6.99-6.98 (m, 4H),
6.89-6.88 (m, 2H), 3.75 (s, 6H); 3C NMR (150 MHz, CDCls): 5 = 159.3, 144.4,
140.7, 138.1, 134.8, 129.3, 124.7, 124.6, 123.5, 122.5, 122.1, 120.6, 115.2, 114.6,
55.4. HRMS (ESI) m/z: [M+H]" Caled For C30H230,S5* 511.0855; Found 511.0855.

S CHs
)
S
CHs

bis(2-(m-tolyl)benzo[b]thiophen-3-yl)sulfane (14k). White solid; 84% yield (40.2
mg). 'H NMR (600 MHz, CDCl3): 6 = 7.65 (d, J = 7.8 Hz, 2H), 7.50 (d, J = 7.8 Hz,
2H), 7.25-7.21 (m, 8H), 7.16 (t, J = 7.8 Hz, 2H), 7.12-7.11 (m, 2H), 2.30 (s, 6H); '*C
NMR (150 MHz, CDCl3): 6 = 144.7, 140.8, 138.0, 137.9, 133.5, 130.6, 129.3, 128.1,
127.2, 124.6, 124.5, 123.4, 122.0, 120.3, 21.5. HRMS (ESI) m/z: [M+H]" Calcd For
C30H23S3" 479.0956; Found 479.0953.

S
S Cl
<)
S
Cl
bis(2-(3-chlorophenyl)benzo[b]thiophen-3-yl)sulfane (141). White solid; 64% yield
(33.2 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.69 (d, J = 7.8 Hz, 2H), 7.57 (d, J= 7.8
Hz, 2H), 7.294-7.291 (m, 3H), 7.27 (d, J = 8.4 Hz, 2H), 7.25-7.22 (m, 3H),
7.21-7.20 (m, 2H), 7.17-7.15 (m, 2H); *C NMR (150 MHz, CDCl3): 6 = 1424,
140.4, 138.0, 135.0, 134.1, 129.6, 129.3, 128.5, 128.0, 125.2, 124.9, 123.4, 122.2,
121.2. HRMS (ESI) m/z: [M+H]* Calcd For C2sH17CL2S3" 518.9864; Found 518.9859.
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]
S

S

S
bis(2-(thiophen-2-yl)benzo[b]thiophen-3-yl)sulfane (140). White solid; 50% yield
(23.1 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.64 (d, J = 7.8 Hz, 2H), 7.57 (d, /= 6.0
Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H),, 7.45 (d, J = 5.4 Hz, 2H), 7.20 (t, J = 7.2 Hz, 2H),
7.13 (t, J = 4.8 Hz, 2H), 7.10 (t, J = 7.8 Hz, 2H); *C NMR (150 MHz, CDCl3): 4 =
140.9, 138.4, 137.5, 135.2, 128.2, 128.0, 127.4, 125.2, 125.1, 123.2, 122.0, 119.7.
HRMS (ESI) m/z: [M+H]" Caled For C24H15Ss* 462.9772; Found 462.9771.

Me S
/ Ph
S
N—ph
Me S

bis(6-methyl-2-phenylbenzo[b]thiophen-3-yl)sulfane (14p). White solid; 72% yield
(34.5 mg). 'H NMR (600 MHz, CDClz): 8 = 7.52-7.51 (m, 4H), 7.44 (s, 2H),
7.38-7.35 (m, 6H), 7.30 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 2.34 (s, 6H);
3C NMR (150 MHz, CDCl3): & = 143.5, 138.6, 138.3, 134.7, 133.8, 130.1, 128.5,
128.3, 126.4, 123.1, 121.9, 120.2, 21.6. HRMS (ESI) m/z: [M+H]" Calcd For
C30H23S3" 479.0956; Found 479.0957.

S
/ Ph
Me
S
Me
N—ph
S

bis(5-methyl-2-phenylbenzo|[b]thiophen-3-yl)sulfane (14q). White solid; 78% yield
(37.3mg). 'H NMR (600 MHz, CDCl:): 6 = 7.68 (d, J = 7.2 Hz, 2H), 7.50 (d, J = 8.4
Hz, 2H), 7.49-7.46 (m, 4H), 7.44-7.42 (m, 2H), 7.12 (s, 2H), 7.00 (d, J = 8.4 Hz, 2H),
2.18 (s, 6H); 3*C NMR (150 MHz, CDCl3): 6 = 146.1, 141.3, 135.2, 134.3, 134.1,
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130.5, 128.8, 128.5, 126.5, 123.8, 121.6, 120.3, 21.4. HRMS (ESI) m/z: [M+H]*
Calcd For C30H23S3" 479.0956; Found 479.0953.

S
()

/Se

3-(methylselanyl)-2-phenylbenzo[b]thiophene (152)['%, Yellow solid; 43% yield
(26.1 mg). '"H NMR (600 MHz, CDCls): & = 8.04 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8
Hz, 1H), 7.71 (d, J = 7.8 Hz, 2H), 7.47 (t, J = 7.2 Hz, 3H), 7.43-7.41 (m, 1H),
7.39-7.37 (m, 1H), 2.09 (s, 3H); 3C NMR (150 MHz, CDCly): & = 145.9, 142.2,
139.1, 134.6, 130.2, 128.6, 128.3, 124.9, 124.8, 122.2, 117.6, 8.8.

bis(2-phenylbenzo[b]thiophen-3-yl)selane (16a)P°°. Yellow solid; 13% yield (6.5
mg). 'H NMR (600 MHz, CDCl3): & = 7.67 (d, J = 7.8 Hz, 2H), 7.44-7.42 (m, 4H),
7.38-7.36 (m, 8H), 7.22 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 7.2 Hz, 2H); '3C NMR (150
MHz, CDCl): & = 145.4, 141.6, 138.6, 134.2, 130.2, 128.5, 128.2, 124.6, 124.53,
124.49, 121.8, 116.7.

S
O / O Me

/Se
3-(methylselanyl)-2-(p-tolyl)benzo[b]thiophene (15b). Yellow solid; 55% yield
(34.9 mg). '"H NMR (600 MHz, CDCl3): 6 =8.02 (d, J= 7.8 Hz, 1H), 7.82 (d, J= 7.8
Hz, 1H), 7.59 (d, J = 7.8 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.36 (t, J = 7.2 Hz, 1H),
7.27-7.26 (m, 2H), 2.42 (s, 3H), 2.08 (s, 3H); 3C NMR (150 MHz, CDCl): & = 146.3,
142.3, 139.1, 138.7,131.8, 130.1, 129.2, 124.93, 124.87, 124.8, 122.3, 117.3, 21.5, 8.9.
HRMS (ESI) m/z: [M+H]" Calcd For CisH15SSe* 319.0054; Found 319.0052.
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S

O / O Me
Se

O N O Me
S
bis(2-(p-tolyl)benzo[b]|thiophen-3-yl)selane (16b). Yellow solid; 15% yield (7.9 mg).
'"H NMR (600 MHz, CDCl3): 6 = 7.66 (d, J = 7.8 Hz, 2H), 7.37 (d, J = 7.8 Hz, 2H),
7.33 (d, J= 7.8 Hz, 4H), 7.21-7.17 (m, 6H), 7.11 (t, J= 7.2 Hz, 2H), 2.41 (s, 6H); 13C
NMR (150 MHz, CDCl3): 6 = 145.7, 141.8, 138.6, 131.5, 130.1, 129.0, 124.6, 124.5,
121.9, 116.7, 21.5. HRMS (ESI) m/z: [M+H]" Calcd For C3oH23S.Se™ 527.0401;
Found 527.0397.

S

Se
/

2-(4-methoxyphenyl)-3-(methylselanyl)benzo[b]thiophene (15¢). Yellow solid,;
35% yield (23.3 mg). 'H NMR (600 MHz, CDCl3): & = 8.01 (d, J = 7.8 Hz, 1H), 7.82
(d, J=7.8 Hz, 1H), 7.65 (d, J = 7.8 Hz, 2H), 7.45 (t, /= 7.2 Hz, 1H), 7.36 (t, J=7.2
Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 3.87 (s, 3H), 2.08 (s, 3H); '3*C NMR (150 MHz,
CDCl): & = 160.1, 146.0, 142.4, 139.0, 131.5, 127.1, 124.9, 124.8, 124.7, 122.2,
117.0, 113.9, 55.5, 8.9. HRMS (ESI) m/z: [M+H]* Calcd For CisH150SSe* 335.0003;
Found 335.0003.

S

Se
H—)-om
S

bis(2-(4-methoxyphenyl)benzo[b]thiophen-3-yl)selane (16¢). Yellow solid; 29%
yield (16.2 mg). '"H NMR (600 MHz, CDClz): 6 = 7.65 (d, J = 7.8 Hz, 2H), 7.40 (d, J
= 7.8 Hz, 2H), 7.36 (d, J = 7.8 Hz, 4H), 7.20 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 7.2 Hz,
2H), 6.88 (d, J = 7.2 Hz, 4H), 3.86 (s, 6H); '3*C NMR (150 MHz, CDCls): & = 159.9,
145.3, 141.7, 138.4, 131.3, 126.6, 124.43, 124.40, 124.3, 121.7, 116.2, 113.6, 55.4.

HRMS (ESI) m/z: [M+H]" Calcd For C30H230:S2Se* 559.0299; Found 559.0303.
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2-(4-(tert-butyl)phenyl)-3-(methylselanyl)benzo[b]thiophene (15d). Yellow solid;
46% yield (33.1 mg). '"H NMR (600 MHz, CDCl3): 6 = 8.03 (d, J = 7.8 Hz, 1H), 7.83
(d, J=7.8 Hz, 1H), 7.66 (d, J=7.8 Hz, 2H), 7.48 (d, /= 7.2 Hz, 1H), 7.45 (t, J="7.2
Hz, 1H), 7.36 (t, J = 8.4 Hz, 2H), 2.10 (s, 3H), 1.37 (s, 9H); '3C NMR (150 MHz,
CDCl3): 6 = 151.8, 146.3, 142.4, 139.1, 131.7, 129.9, 125.4, 124.93, 124.86, 124.8,
122.3, 117.1, 34.9, 31.5, 9.0. HRMS (ESI) m/z: [M+H]" Calcd For Ci9H2:1SSe*
361.0524; Found 361.0522.

bis(2-(4-(tert-butyl)phenyl)benzo[b]thiophen-3-yl)selane (16d). Yellow solid; 14%
yield (8.5 mg). '"H NMR (600 MHz, CDCL): & = 7.65 (d, J = 7.8 Hz, 2H), 7.40-7.35
(m, 10H), 7.20 (d, J= 7.8 Hz, 2H), 7.11 (t,J= 7.2 Hz, 2H), 1.36 (s, 18H); 3C NMR
(150 MHz, CDCl3): 6 = 151.6, 145.2, 141.9, 138.6, 131.3, 129.9, 125.1, 124.6, 124.5,
121.8, 116.2.

S
(L=

Se
/

2-(4-fluorophenyl)-3-(methylselanyl)benzo[b]|thiophene (15e). Yellow solid; 43%
yield (27.6 mg). 'H NMR (600 MHz, CDCls): 4 = 8.02 (d, /= 7.8 Hz, 1H), 7.84 (d, J
=7.8 Hz, 1H), 7.68 (dd, J= 7.2, 6.0 Hz, 2H), 7.47 (t, /= 7.2 Hz, 1H), 7.39 (t,J=7.2
Hz, 1H), 7.16 (t, J = 8.4 Hz, 2H), 2.08 (s, 3H); *C NMR (150 MHz, CDCl): § =
163.1 (d, J = 247.8 Hz), 144.9, 142.2, 139.1, 132.4 (d, J = 8.1 Hz), 130.7 (d, J = 3.0
Hz), 125.1 (d, J = 6.0 Hz), 125.0, 122.3, 118.0, 115.6, 115.5. HRMS (ESI) m/z:
[M-+H]" Calcd For CisH12FSSe*™ 322.9803; Found 322.9801.
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bis(2-(4-fluorophenyl)benzo[b]thiophen-3-yl)selane (16e). Yellow solid; 20% yield
(10.7 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.69 (d, J = 7.8 Hz, 2H), 7.47 (d, J = 7.8
Hz, 2H), 7.30-7.28 (m, 4H), 7.26-7.25 (m, 2H), 7.19 (t, /= 7.2 Hz, 2H), 6.98 (t, J =
8.4 Hz, 4H); 1*C NMR (150 MHz, CDCl3): 8 = 162.8 (d, J = 247.2 Hz), 144.0, 141 .4,
138.4, 131.6 (d, J = 8.4 Hz), 130.0 (d, J = 3.0 Hz), 124.7 (d, J = 16.5 Hz), 124.4,
121.9, 116.9, 115.2, 115.0.

S
PV

Se
/

3-(methylselanyl)-2-(4-(trifluoromethyl)phenyl)benzo[b|thiophene (15f). Yellow
solid; 41% yield (30.4 mg). '"H NMR (600 MHz, CDCl;3): 6 = 8.06 (d, /= 7.8 Hz, 1H),
7.87 (d, J="7.8 Hz, 1H), 7.84 (d, J = 8.4, 2H), 7.73 (d, J= 7.2 Hz, 2H), 7.49 (t, J =
7.2 Hz, 1H), 7.42 (t, J = 8.4 Hz, 1H), 2.10 (s, 3H); *C NMR (150 MHz, CDCls): § =
144.0, 142.0, 139.2, 138.2, 130.5, 126.6, 125.4, 125.3 (q, J = 3.0 Hz), 125.2, 125.1,
122.3, 121.7 (q, J = 199.5 Hz), 9.0, 0.0. HRMS (ESI) m/z: [M+H]" Calcd For
Ci6H12F3SSe* 372.9772; Found 372.9773.

S

(L))o
Se

O N O CF3
S
bis(2-(4-(trifluoromethyl)phenyl)benzo[b]thiophen-3-yl)selane (16f). Yellow solid,
17% yield (10.8 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.70 (d, J = 7.8 Hz, 2H), 7.55
(d, J=7.8 Hz, 2H), 7.44 (d, J= 7.8 Hz, 4H), 7.34 (d, /= 7.8 Hz, 4H), 7.30 (t, J = 7.2
Hz, 2H), 7.24-7.23 (m, 2H); '*C NMR (150 MHz, CDCls): 8§ = 142.0 (d, J = 250.8
Hz), 138.4,127.3, 129.9, 125.2, 124.89, 124.85, 124.8, 124.3, 123,7, 122.0.
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S
(L~

e OMe
2-(3-methoxyphenyl)-3-(methylselanyl)benzo[b]thiophene (15g). Yellow solid,;
46% yield (30.7 mg). '"H NMR (600 MHz, CDCl3): 8 = 8.04 (d, J = 7.8 Hz, 1H), 7.84
(d, J=17.8 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 7.38 (d, J = 7.2 Hz, 2H), 7.29-7.28 (m,
2H), 6.98-6.96 (m, 1H), 3.88 (s, 3H), 2.10 (s, 3H); 3C NMR (150 MHz, CDCl3): 8 =
159.3, 145.6, 142.6, 139.0, 135.8, 129.3, 124.92, 124.87, 124.8, 122.6, 122.2, 117.7,
115.7, 114.3, 55.4, 8.8. HRMS (ESI) m/z: [M+H]* Calcd For CisH150SSe* 335.0003;
Found 335.0001.

OMe

Se
)
S
OMe

2-(3-methoxyphenyl)-3-(methylselanyl)benzo[b]|thiophene (16g). Yellow solid,;
15% vyield (8.4 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.68 (d, J = 7.8 Hz, 2H), 7.44
(d, J = 8.4 Hz, 2H), 7.25-7.22 (m, 4H), 7.15 (t, J = 7.2 Hz, 2H), 6.94-6.89 (m, 6H),
3.77 (s, 6H); 3C NMR (150 MHz, CDCl3): & = 159.3, 145.2, 141.7, 138.7, 135.5,
129.2, 124.7, 124.6, 122.7, 121.9, 117.0, 115.3, 114.7, 55.4. HRMS (ESI) m/z:
[M-+H]" Calcd For C30H2302S2Se* 559.0299; Found 511.0304.

S
Co—0

Se

/
2-(2-methoxyphenyl)-3-(methylselanyl)benzo[b]thiophene (15h). Yellow solid,;
30% yield (20.0 mg). 'H NMR (600 MHz, CDCls): 6 = 7.99 (d, J = 7.8 Hz, 1H), 7.84
(d, J= 7.8 Hz, 1H), 7.46-7.35 (m, 4H), 7.05 (t, /= 7.8 Hz, 1H), 7.01 (d, J = 7.2 Hz,
1H), 3.81 (s, 3H), 2.06 (s, 3H); *C NMR (150 MHz, CDCls): = 157.4, 142.4, 141 4,
140.0, 132.5, 130.5, 124.7, 124.5, 123.7, 122.3, 120.4, 120.3, 111.2, 55.7, 8.3. HRMS

(ESI) m/z: [M+H]" Calcd For CisHi150SSe* 335.0003; Found 335.0001.
89



L N N 2T e A e

MeQO
S
VW,
Se
)
S
MeO
bis(2-(2-methoxyphenyl)benzo[b]thiophen-3-yl)selane (16h). Yellow solid; 15%
yield (8.4 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.67 (d, J = 7.8 Hz, 2H), 7.44-7.39
(m, 4H), 7.21-7.17 (m, 4H), 7.11 (t, J= 7.2 Hz, 2H), 7.01 (t, J = 7.2 Hz, 2H), 6.96 (d,
J=71.8 Hz, 2H), 3.72 (s, 6H); 3C NMR (150 MHz, CDCl3): 6 = 157.2, 141.4, 141.0,
139.3, 132.2, 130.3, 124.4, 124.13, 124.11, 123.3, 121.7, 120.3, 119.6, 111.1, 55.3.
HRMS (ESI) m/z: [M+H]" Calcd For C30H2302S2Se" 559.0299; Found 559.0298.
Me S
mPh
Se
/
6-methyl-3-(methylselanyl)-2-phenylbenzo[b]thiophene (15i). Yellow solid; 34%
yield (21.6 mg). 'H NMR (600 MHz, CDCls): & = 7.82 (s, 1H), 7.72-7.69 (m, 3H),
7.46 (t, J = 7.8 Hz, 2H), 7.42-7.39 (m, 1H), 7.21 (d, J = 8.4 Hz, 1H), 2.53 (s, 3H),
2.08 (s, 3H); *C NMR (150 MHz, CDCl3): & = 146.1, 142.4, 136.2, 134.7, 130.1,
128.5, 128.3, 126.6, 124.7, 121.9, 117.2, 21.7, 8.8. HRMS (ESI) m/z: [M+H]* Calcd
For CisHi5SSe™ 319.0054; Found 319.0052.

Me S
mPh

Se

Me S

bis(6-methyl-2-phenylbenzo[b]thiophen-3-yl)selane (16i). Yellow solid; 21% yield
(11.0 mg). 'H NMR (600 MHz, CDCls): 6 = 7.55 (d, J= 7.8 Hz, 4H), 7.52 (d, J = 8.2
Hz, 2H), 7.47-7.34 (m, 6H), 7.10 (s, 2H), 7.01 (t, J = 7.2 Hz, 2H), 2.19 (s, 6H); *C
NMR (150 MHz, CDCl3): 6 = 146.3, 142.1, 135.7, 134.6, 134.2, 130.5, 128.6, 128.3,
126.3, 124.8, 121.3, 116.7, 21.3. HRMS (ESI) m/z: [M+H]" Calcd For C30H23S2Se”
527.0401; Found 527.0400.
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s
/@1/2—%
Me

Se
/

5-methyl-3-(methylselanyl)-2-phenylbenzo[b]thiophene (15j). Yellow solid; 44%
yield (27.9 mg). 'H NMR (600 MHz, CDCls): 8 = 7.83 (s, 1H), 7.72-7.69 (m, 3H),
7.45 (t, J = 7.8 Hz, 2H), 7.41-7.39 (m, 1H), 7.20 (d, J = 8.4 Hz, 1H), 2.53 (s, 3H),
2.07 (s, 3H); 3C NMR (150 MHz, CDCl3): 6 = 146.1, 142.4, 136.3, 134.7, 130.2,
128.5, 128.3, 126.6, 124.7, 121.9, 117.2, 21.7, 8.9. HRMS (ESI) m/z: [M+H]* Calcd
For Ci6H15SSe" 319.0054; Found 319.0051.

S
Me

Se

Me
S—ph
s

bis(5-methyl-2-phenylbenzo[b]thiophen-3-yl)selane (16j). Yellow solid; 17% yield
(8.9 mg). IH NMR (600 MHz, CDCI3): 6 = 7.58 (d, J = 7.8 Hz, 4H), 7.53 (d, J = 8.2
Hz, 2H), 7.48-7.44 (m, 6H), 7.10 (s, 2H), 7.01 (d, J = 7.8 Hz, 2H), 2.20 (s, 6H); 13C
NMR (150 MHz, CDCI3): 6 = 146.2, 142.1, 135.7, 134.6, 134.2, 130.5, 128.6, 128.3,
126.3, 124.8, 121.3, 116.7, 21.3.

s /= )
(=)

Se

/

3-(methylselanyl)-2-(naphthalen-2-yl)benzo[b]|thiophene (15Kk). Yellow solid; 30%
yield (21.2 mg). 'H NMR (600 MHz, CDCls): 8 = 8.15 (s, 1H), 8.06 (d, J = 8.4 Hz,
1H), 7.92-7.90 (m, 2H), 7.88-7.85 (m, 3H), 7.53-7.51 (m, 2H), 7.48 (t, J = 7.8 Hz,
1H), 7.39 (t, J = 7.8 Hz, 1H), 2.08 (s, 3H); '3*C NMR (150 MHz, CDCIl;): & = 146.0,
142.4, 139.3, 133.3, 133.2, 132.2, 129.7, 128.5, 128.0, 127.9, 127.8, 126.8, 126.6,
125.1, 125.0, 124.9, 122.3, 118.1, 9.0. HRMS (ESI) m/z: [M+H]" Calcd For CioH;sSSe*

355.0054; Found 355.0054.

91



L N N 2T e A e

S
Y

Se
/

7]
S

3-(methylselanyl)-2-(thiophen-2-yl)benzo[b]thiophene (151). Yellow solid; 43%
yield (26.6 mg). '"H NMR (600 MHz, CDCls): 6 = 8.01 (d, J= 7.8 Hz, 1H), 7.78 (d, J
=7.8 Hz, 1H), 7.55 (d, J= 3.6 Hz, 1H), 7.44-7.42 (m, 2H), 7.36 (t, J = 7.2 Hz, 1H),
7.11 (t, J=4.2 Hz, 1H), 2.19 (s, 3H); *C NMR (150 MHz, CDCls): & = 142.8, 140.1,
138.2, 136.3, 128.3, 127.8, 127.0, 125.3, 125.2, 124.8, 122.0, 117.5, 9.3. HRMS (ESI)
m/z: [M+H]" Calcd For C13H11S2Se* 310.9462; Found 310.9460.
S
Se
/
2-(tert-butyl)-3-(methylselanyl)benzo[b]thiophene (15m). Yellow solid; 23% yield
(13.0 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J= 7.8
Hz, 1H), 7.40 (t, J= 7.2 Hz, 1H), 7.31 (t, J= 7.2 Hz, 1H), 2.14 (s, 3H), 1.64 (s, 9H);
3C NMR (150 MHz, CDCl3): 6 = 158.9, 143.3, 137.0, 124.6, 124.2, 123.6, 122.0,
115.1, 36.6, 31.3, 9. HRMS (ESI) m/z: [M+H]" Calcd For Ci3Hi7SSe" 285.0211;
Found 285.0211.
Se
Se
/

3-(methylselanyl)-2-phenylbenzo[b]selenophene (15n). Yellow solid; 37% yield
(25.9 mg). '"H NMR (600 MHz, CDCl;): 6 = 8.01 (d, J= 8.4 Hz, 1H), 7.89 (d, /= 7.8
Hz, 1H), 7.63-7.62 (m, 2H), 7.49-7.48 (m, 1H), 7.46-7.43 (m, 2H), 7.41-7.39 (m,
1H), 7.32 (t, J = 7.2 Hz, 1H), 2.06 (s, 3H); *C NMR (150 MHz, CDCls): & = 149.6,
144.2, 141.0, 136.7, 130.3, 128.5, 128.4, 127.3, 125.4, 125.32, 125.26, 120.5, 9.0.
HRMS (ESI) m/z: [M+H]" Caled For CisHi3Se>" 352.9342; Found 352.9341.
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3-(ethylselanyl)-2-phenylbenzo[b]|thiophene (150). Yellow solid; 39% yield (24.8
mg). 'H NMR (600 MHz, CDCl3): 6 = 8.05 (d, J = 6.0 Hz, 1H), 7.84 (d, /= 7.8 Hz,
1H), 7.70 (d, J = 7.8 Hz, 2H), 7.45 (t, J = 7.8 Hz, 3H), 7.41 (d, J = 7.2 Hz, 1H),
7.39-7.36 (m, 1H), 2.64 (q, J = 7.2 Hz, 2H), 1.16 (t, J = 7.8 Hz, 1H); *C NMR (150
MHz, CDCL): 6 = 146.8, 142.7, 139.0, 134.7, 130.4, 128.5, 128.2, 125.0, 124.9, 124.8,
122.1, 116.7, 22.3, 15.6. HRMS (ESI) m/z: [M+H]" Calcd For Ci6H15SSe™ 319.0054;
Found 319.0051.

3-(butylselanyl)-2-phenylbenzo[b]thiophene (15p). Yellow solid; 41% yield (28.3
mg). 'H NMR (600 MHz, CDCls): & = 8.05 (d, J = 7.8 Hz, 1H), 7.85-7.82 (m, 1H),
7.72-7.70 (m, 3H), 7.46 (t, J = 7.2 Hz, 3H), 7.43-7.41 (m, 1H), 2.63 (t, J = 7.2 Hz,
2H), 1.43-1.38 (m, 2H), 1.23-1.17 (m, 2H), 0.73 (t, J = 7.8 Hz, 3H); *C NMR (150
MHz, CDCl3): 6 = 139.0, 134.7, 130.3,129.0, 128.5, 128.2, 126.5, 125.0, 122.2, 122.1,
119.5, 117.0, 32.2, 28.6, 22.6, 13.4. HRMS (ESI) m/z: [M+H]" Calcd For CigH19SSe*
347.0367; Found 347.0365.
S
(L0

Se

@)
4-((2-phenylbenzo|b]thiophen-3-yl)selanyl)tetrahydro-2H-pyran (15s). Yellow
solid; 25% yield (18.7 mg). "H NMR (600 MHz, CDCl3): 6 = 8.07 (d, J= 7.8 Hz, 1H),
7.85 (d, J= 7.8 Hz, 1H), 7.69 (d, J = 7.8 Hz, 2H), 7.46-7.45 (m, 3H), 7.43 (d, /= 7.2
Hz, 1H), 3.76-3.74 (m, 2H), 3.22 (t, J = 10.8 Hz, 2H), 1.68-1.66 (m, 2H), 1.61-1.58
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(m, 2H), 1.27-1.25 (m, 1H); '3C NMR (150 MHz, CDCls): 8 = 147.9, 143.1, 139.0,
134.6, 130.5, 128.6, 128.2, 125.1, 125.0, 124.9, 122.1, 115.8, 67.7, 39.3, 33.8.

S
Co—O

/Se

Bn

3-(benzylselanyl)-2-phenylbenzo|b]thiophene (15t). Yellow solid; 22% yield (16.7
mg). 'H NMR (600 MHz, CDCls): & = 7.85 (d, J = 7.8 Hz, 1H), 7.52-7.50 (m, 3H),
7.40 (t, J= 7.8 Hz, 2H), 7.36 (d, J = 7.8 Hz, 1H), 7.31 (t, J= 7.2 Hz, 1H), 7.27-7.24
(m, 3H), 7.19-7.14 (m, 3H), 4.29 (s, 2H); 1*C NMR (150 MHz, CDCls): 8 = 140.6,
140.4, 140.1, 139.8, 134.4, 129.50, 129.46, 128.7, 128.6, 128.2, 128.1, 126.1, 124.32,
124.28, 122.9, 122.2, 32.7.
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