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VISIBLE-LIGHT-INDUCED SYNTHESIS OF
BENZO[B]THIOPHENEAND AND ITS DERIVATIVES

ABSTRACT

Benzo[b]thiophene is an important heterocyclic compound, which is
widely present in a lot of natural and bioactive drug
molecules. Benzo[b]thiophene and its derivatives are widely used in
pharmaceutical pesticides, organic photoelectric materials and organic
semiconductor materials. Benzo[b]thiophene derivatives are also
important synthetic intermediates. The synthesis methodology of
benzo[b]thiophene derivatives has attracted much attention from chemists
because of its wide range of applications. Organic reactions by visible
light-promoted have the advantages of mild conditions and
environment-friendly, and which are hot topics in current organic
synthetic chemistry. In this paper, three new methods for the synthesis of
benzo[b]thiophene and its derivatives based on the free radical tandem
cyclization reaction involving o-acetylenyl benzo[b]thiophene by visible
light-promoted was developed, and the following three research works
were mainly carried out:

(1) A new strategy for preparation of 3-halo(bromine,

iodine)benzo[b]thiophenes via a visble-light-induced tadem cyclization of
i
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2-alkynylthioanisoles with simple alkyl halides as halogen source was
developed. Under optimized reaction conditions, 43 desired compounds
were obtained in 60-97% yield and a lot of derivations of
3-bromo(iodo)benzo[b]thiophene were carried out. Moreover, the
halogen atom could be conveniently converted into other functional
groups for the synthesis of C3 functionalized benzo[b]thio(seleno)phenes.
The results of the radical trapping and fluorescence quenching
experiment show that bromocyclization process may undergo free radical
process. The light “on/off” experiment shows that uninterrupted
irradiation to be necessary for this transformation. Compared with the
methods reported in the literature, this protocol has a range of advantages,
including without external photocatalyst, simplicity and mildness of the
reaction conditions, good functional-group tolerance and excellent yields
of the products.

(2) A new method for preparation of 3-acylbenzo[b]thiophene via a
visble-light-induced  intramolecular  oxidative  cyclization  of
2-alkynylthioanisoles with PQ catalyzed was developed. Under the
optimal reaction conditions, 41 desired compounds were obtained in
51-90% yield. The mechanism of the reaction was studied by controlled
experiments. The results of the radical trapping experiment showed that
the formation of o-thioalkyl radical intermediates was very

important. The results of the isotope ('*0) labeling experiment showed

v
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that clearly illustrated that oxygen atom in 3-acylbenzo[b]thiophen comes
from O in air, and the results of the kinetic isotope experiment
(KIE=Ku#/Kp=2.69) showed that the hydrogen atom transfer (HAT) is the
rate determining step. Compared with the methods reported in the
literature, the reaction has the advantages of without external
metal-catalys, mild reaction conditions, great compatibility and high
atomic utilization.
3) A new method for the synthesis of
3- (alkylsulfonyl)benzo[h]thiophenes  via a  visble-light-induced
cyclization of 2-alkynylthioanisoles with 1, 4-diazabicyclo[2.2.2]octane-1,
4-diium-1, 4-disulfinate (DABSO) without external photocatalyst was
developed. The results of the control experiments show that C-S bond
homolysis is the key step. Compared with the methods reported in the
literature, the reaction has the advantages of metal-free, wide substrate
range, simple reaction conditions, excellent yields and good
functional-group tolerance of the products.
Wang FenDou (Chemistry)

Supervised by Li PinHua

KEY WORDS: Methyl(2-(phenylethynyl)phenyl)sulfane,

Benzo[b]thiophenes, Photocatalysis, Intramolecular cyclization reaction,

Free radical tandem reaction
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BEFRAL A B 3-TR J R IRy R 777 (Scheme 1-22) o Fas#H| 4t ST 38 BH 1% ) WV &
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(Schemel-27) o LA 30-84% IR G 1 28 N HIREY) . ZRPLEM BN H
220 75 B FH 3 2 o S A R e

0
R
CN  OrBP 4.0 eq) _ R" DTBP (4.0 eq.)
©j\§R Na,HPO, (1.0 eq.) @( Nf;(')*féh’\ft(:;z.) N
. 130 °C, N, 12 h e DTNz X
CHaCN x=s5e M (R'=Me Bu)

Scheme 1-27 3 ALY L HE AT B FE 2 FBREA I 3- 206 CUE) HISEEFF IRy

A AR HE A LR N 5 48 I AR B B IR AT S 2 ok, 2 4Rl A
R . IEEAER, AT WG AR IE 2-F i 2k FR BRI & B C3 A0 R AL 2R I Wy 45 2
W TAEE I A TR R RE .

2018 4, Kshirsagar PRAAB2IFfE T —Fh Al WOGAE i eosin Y Ak it U #%
AR R R R BT ok £ A Ak 5 BB B 3-B B DR FRIEY (¥ 7775 (Schemel-28)
ZITIET TG AR, R AN AT, TR T L 52-82%
R AR T 20 A BARLEEY) .

R SCN
Z inY 1%
R2 + NH,SCN eosin _(5 mol%) - R2 \,__R!
blue light, O,
SMe S

DMSO, rt, 48 h

Scheme 1-28 7 WG i3E 2-Be 38 28 AR E AL & 1% 3-f B I 4% R ey
2020 4F, Yu RTINS 3Tl Bk 3 2K R E Wy (1) & O 1R T . KRBT —
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FTE 20 254 T AT WG AR HE 2B d 5 F R T 5 A1 T 1% 2 BB 5 i 3- Tl
RIEEWY I 7715 (Scheme 1-29) o fEMRFIZKAF T LA 40-95% AR T 20
ANFVE REFI 3-BEBEAL 2RIy o 1% 7V5 S Gao WAL 5 A AR HL B T4 N4
J& TGRSR A AT

R’ ON

N\ 3
= o 4CZIPN (5 mol%) P;S
Il i
Re +HPR HLZOIEJZ e1q2wr\1/')rt R Pl
XMe R4 2 "2 2 X
blue LEDs

X=8,Se
Scheme 1-29 7] W't i 3 &I I: % FH BRI P10 5 B 3-TRAE 19 S A O ey
T, Lee VRO Yang PRI/ AL HiIE [ 2-RIEA AR IK 5
T A R R B R 3- 05 AR Iy (Scheme 1-30) o %7745 SCHR
B THEMEL, BA TR AN 8 B IR S AR AN S0 . MUEBE FE R B,
77 ST ] H 2 O o o R

R1

= SeAr
Visble ligh
R? + ArSeSeAr isble light R2 \y__R!
MeCN, O,, rt
XMe X

X=S§, Se
Scheme 1-30 7] WOGALHE [ AL 5 ) 3-77 FERACRTFE () Wy

1.5 NEERE

ST ORIy R AT Z i, HA OE i — B2 2% T
HNORTE o BARIE A JUAR R — S s K AR TRy 195 T VA AR 4R ARl o (H X e
JIEEN 2 B AELE — SR A i I S R AR R TR A, R
WM ZE S B A, ORI BRI T S FHVE o Sl L H AR AR R s Ak
F HUEAGIR R A R A A R B L S, BRI, R R R A AR SR TR T
HL A R e A R My (R R AR R U

BT DL B SCERIC JE R, AR SO IR I R WO AR a3k S bk 2R FR AR Ik 1) PR R 0k
AR SRR 3 S C3 B REAL AR Iy 5 J0RT 77725 6

1. DRI s AR A s, TF R TR DGR AR 5 2- bR 2R FR I TRk A
Ak 3- Gy B QS FmEm)

2. LLRRAY 9,10-3EE (PQ) GG, JTRE 1 a] Woltfedt PQ AL QR kI A

10
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BRI 701 A PG S G B R 3- BB 2 1 Iy
3. AN R ARG AL TR AE T, AT TG e E 40 P I 2 e A k5
DABSO 5 BRI G R 3- b HE At I 56 K 1y

11
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B 2T ZIMIEBGIFMA TR IR 2-REFKHHE 5
BRIMU R L& Ak 3-ma XA FH M)

2.1 MRE=R

Ry L FAT AR B BRI, T AEE T ARE KRR 2
T ReR R 53 Fle370 3o p AR I e Wy 2 5 A I (B 2R TRy AT AR IR G HL
[EIRTARUI7, fEid 2 LR O AR RE T 2R ki g 3- AR Iy . Horfr,
TE SR R SOV 43 8 SR AATE ) 2-W 2R FBR k3% P BAAK 2 iy S L I 7
.

Larock M7 1. Bro. NBS Al ICI fENFERRFIEE T — RIIEH
A 3- AR R 1 77 725, T AT A B 18] P9 15 38 AR P20 o 1298 7 2 2 A FT
JSSEIN ) o B 12 8 77 V2% 5 25 FH 38 B ek R el P ) 1 3 5T (Scheme 2-1)

R X

/
/
X5 or NBS or ICI
M 2 @E\&R
s e S
X =Br, |

Scheme 2-1 DL B b Y56 1 3- B AR - I Iy
Wu, Kesharwani M1 Cai BREEH-S15p5 37438 1 PL NaX A, 7£ Cu.
Fe B T 1) 2-B 4 F BB BE IR 0% B OB, 23807 VA B A ISR e A
B e A 52 M1 S0 R AH R 1% 2R 7V 7 B B U & ) 36 sl ol & 1 o S e
(Scheme 2-2) &
R X

=
Z NaX N\ R
s Me Cu or Fe or Oxone S

X =Br, |

Scheme 2-2 DL I {0 AN A g 55 il 3- il AXCA - gy
2020 4, Guo M ISSHRIE T B et KI 5% KBr 1466k IE K FH A ik & 26 > 7
]S LIR AR SR i 3- AR Wy o %7 VA BT AL R Ak, R 4 R AN
TEAFN A T R A R T — R 3-p AR MW , 12 % BB A H RE A 52
VESF R 26 IR AN SE A 5 (Scheme 2-3)

12
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R X
g = O
MR
oMe C (+)PL () g
X = Br, |

Scheme 2-3 FAAL ARG G L 3-pd AAA T EWy
SEAS TR E SRR, (2 H TR 2RO SRR, BT
R SRR O AT SR G X R S U5 IR & 0 1)
T e R, TR AR e AT R AE G B A T S L RO )R V2 N, AR
TRAVRMETE M R N 251 PRI C-X (TR SRt T H b2
2011 4F, Stephenso iR/ 24 CBry 8( CHI; fE N Y8, R 7 Al WG/E it
B AN S o 20T RN TR AN MBI, B B Re Bl 2t af . 7 S m
AR AL 5 (Scheme 2-4) .
jf\ + CBryor CHg Ru(bpy);Cl i
R OH NaBrorNal, hv  R2” “Br/
Scheme 2-4 7] W6/ 3 RO 3 g A6 4 (1 3 4L
2019 4, Lei PRSI —AMGE T ETCIMINEACTIZRAE T, HA 22572
AT B bE 2t Xk (CBrss CHBr3 fll CCLBr) » & 1 — R 51 8 5 ) 55 Al
Bt i1k (Scheme 2-5)
G}Ph + CBry 1(2;(;)//;2:2 CI\T\N/)i P

Br

Scheme 2-5 F3 AL 27 B S 1 A4 s B
[FJ4E, Jiao URRNALBOHRIE | —Fh AR 1) XU Th RE AL SENE , 7ETCAM NS T
SN R E HIVE R DCE FIPERIE S B T — RANTEBRAN Y, 27k 0]
R, A ZRERMTEHE, IR SR IR &R AR G T7R
FHRERT &S (Scheme 2-6) .

~_Cl C(+)/Pt(-) ._
R v c 10 mA/cm? R “

Scheme 2-6 L) DCE & F S RS AR LM
2021 4F, Morandi BREZETHRIE | — WG ) = 2= R OV, 12 % 8 1)
RUZIH C(sp®)-Br S 1 KiEE, FHim i BOnt B fif = A3 1) C(sp®)-Br B8, A R &R 11

13
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ML — ki) (Scheme 2-7)

. X
graphite electrodes
PO A~UX X
RS+ X 10 mA/cm? R)\’

Scheme 2-7 F S L AT 38 4T — b 4k s i
AT,  Molander PR BSHRIE | —Fh ] WOGIEFEA NIRRT R AL 7%, A
RIRE RSP Ah . EWAEY) . ERAMZKAT T L 12-85% MR &k 1 20
NG (Scheme 2-8)

4-CzIPN

R" O R!
PIDA
RR>—  + g™ -  RZ=—Cl
R3 OH hv (456 nm) R3

Scheme 2-8 1 WL G5 S R &AL B

FT UL ESCHR A K BAIBOT T I &K —Fm] WL S it s S vk A
SCARIE T AE TN G AR T, I AR iU, AN 2- R 2R F T Ik v
AR 3- AR TEE W
2.2 REFHMIKE

DL 2-JR KR (1a) A CHoBr AL N, 43 BIXTHHEALTR . 7).
K257 TH AT Ak DA 78 B R S v 254
2.2.1 fEMLFIFNA IR TFIE

Table 2-1 {44751 F1 72 771 ) i ik
Ph

+ CH,Br, . &Ph
SMe Solvent, r.t., 24 h S

Entry Photocatalyst Solvent Yield (%)°

1 Eosin Y CH:2Br> 65

2 - CH:2Br2 86

3 - CH:Br> nd.e

4 - THF 95

> - THF 88, 49¢

6 - CH;CN 64

7 - EtOH 39

14
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8 - DMF 66
9 - DMSO 59
10 - Toluene 16

“Reaction conditions: 1a (0.25 mmol) and CH2Br: (7.5 equiv.) in solvent (2.0 mL) were irradiated
with 10 W blue LED (425 nm) in a sealed tube (air atmosphere) at room temperature for 24 h.

"Isolated yield. “In dark. “Under argon. “Open to air. n.d. = no detection.

e, AHEAFIRAFIBET T 0E. W0 Table 2-1 FivR, DL 2-BROREE K
Tk (1a) AR MJEY), CHBr, (2 mL) VENRAAAN AT, EosinY (2.0 mol%)
NI T, fEZSASR R A 425 nm #1556 LED (10 W) RS, fEA38E b it iE
N 241, BL65%Ir=F 4G 3] 1 3-RACK IEEEy 3a (Table 2-1, entry 1) o 7
1, B2 AE R SN RITE LT, 3a 3/45 1 5 = U (86%) (entry
2) o PHIRIRIDCMGRZ B LK Centry 3) o« AR, HEHN
SRR (THE)E NGB FEAT N, 3a FIFE R B 51 e (95%) (entry4) . fE
AR N RATIRBIN, 3a B RIS H R, AR P AT RN, 3a [
RAN 49% Centry 5) o FEJE, X SBEFBEAT 70k, ALY SN2 iR
N7 Centries 6-10)
2.2.2 JiRRITEIE

Table 2-2 i J5 )i i

// Ph o Br
+ RX A Vy—Ph
SMe THF, r.t., 24 h S
Entry RX Solvent Yield (%)°
1 BrCH,CH:,Br THF 94
2 CBr4 THF 95¢
3 ‘BuBr THF n.d.
4 CH3;CH:2Br THF n.d.
5 PhBr THF n.d.
6 CH:Cl; THF n.d.
7 CICH,CH:Cl THF n.d.
8 CHCI:/CCly THF n.d.

15
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9 CHsl THF n.d.
10 CHzlz THF 974
11 ICH2CH2l THF 96°

“Reaction conditions: 1a (0.25 mmol) and RX (7.5 equiv.) in THF (2.0 mL) were irradiated with
10 W blue LED (425 nm) in a sealed tube (air atmosphere) at room temperature for 24 h. ®Isolated
yield. €1.0 mmol CBrs (4.0 equiv.) was used. 90.275 mmol CHal> (1.1 equiv.) was used, 12 h.
¢0.275 mmol ICH2CHoal (1.1 equiv.) was used, 12 h. n.d. = no detection.
2.2.3 K\ CH:Br: B UK [ R AT IE] Ay ik

Table 2-3 J%1< . CH:Br: B2 AR [z Rz B [E] B 322 <

Ph
= /; : Br
+ CHyBr, - V—ph
SMe THF, r.t., 24 h S
Entry LED (nm) Solvent Yield (%)°

1 390 THF 95
2 405 THF 96
3 415 THF 91
4 435 THF 93
5 518 THF n.d.
6 425 THF 81¢
7 425 THF 964
8 425 THF 83¢
9 425 THF 95/

“Reaction conditions: 1a (0.25 mmol) and CH2Br2 (7.5 equiv.) in THF (2.0 mL) were irradiated
with 10 W blue LED in a sealed tube (air atmosphere) at room temperature for 24 h. ’Isolated
yield. . €1.25 mmol CH:Br> (5.0 equiv.) was added. 2.5 mmol CH,Br» (10.0 equiv.) was added.
¢18 h./30 h. n.d. = no detection.

SRJE RS HEAT 1k, S5 RRE, PTifiEf) LED (390, 405, 415, 425,
435 nm) #RE A LR RN (Table 2-3, entries 1-4) o {Hf&, HiHK A 518 nm
I 2% S S AN RENRAI 24T Centry 5) 5 AT BEA KA 518 nm ANEE R A 1 48 SRR I
FEIN . X CHaBra (2a) & DLA S RIS (B 2E4T 1 e, #f0E 1 deefd = iR
Gt &N 7.5 equiv. S FERMNES A 24 h (entries 6-9)

16
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2.3 RNRIARE

2
// R Br
hv (425 nm, 10 W)
Mo THF, r.t, 24 h X
2a
1 X=8,Se 3
Br Br R=0CHs, 3b,92% R =Cl, 3f, 94%
R = CHa, 3¢, 96% R = Br, 3g, 92%
O N O O N O R R='Bu 3d, 90% R = CFs, 3h, 85%
S S R =F, 3e, 93% R = CN, 3i, 84%
3a, 95%
o < Br Cl Br
R = OCHj, 3j, 94% A N O
O N\ O R = CH,, 3k, 92% < S
= o
s R =Cl, 31, 95% 3m, 95% 3n, 86%
Br Br Br Br
S N=
S S S S
30, 90% 3p, 38%, 85%° R ="Bu, 3q, 92% 3s,32%, 87%
p
R = ‘Bu, 3r, 90%
Br Br Br
N\ N\ R R = CHs, 3v, 97%
' N—ph R=F, 3w, 96%
S S s R = Cl, 3x, 94%
3t, 94% 3u, 60%
Br
Br R = OCHj, 3y, 95% Br
R = CHj, 32, 94% MR N
N—ph  R-=F, 3aa, 95% se < CO-Me
R S R=Cl, 3ab, 91% R =Ph, 3ad, 91% 3af 0%
R= CF3, 3ac, 93% R= tBU, 3ae, 80% ar, °

Reaction conditions: 1 (0.25 mmol) and 2a (1.875 mmol, 7.5 equiv.) in THF (2.0 mL) at
room temperature in a sealed tube under blue LED (425 nm,10 W) irradiation for 24 h;

Isolated yields; “THF was replaced with CH2Br» (2.0 mL).
Scheme 2-9 &V /& 1
NIRRT AR SR 1) 11, ER AT T A T AN D5 BB 2-
HIERACK . 40 Scheme 2-9 Fiun, AR B A REFI SN, w4 B
SLfR) 3-RORIEEEYy, PR, BAA RIFIEREEIM 2. 450K, 2 2-5k
R R Tk 1) 0 2 DA 57 RN, TE VR AR A TR AN 7 BRI 2 45 L T 5 ] (Me
OMe. Bu) FIWHLT#HF (F. Cl. Br. CF3. CN) $JEA BIFMAHSE, 7%
N 84-96%. H—J7IH, FERAFMET, WHIT 7 Hktn i o Ze i mEmy ik, Abng
SRR HE MR o S TATEDENTZ, XL JRAILE 21T 5518 T RBLF], Lhrp g
B 10 77 F AR U L = i (3n=3u)
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R3
Z !
R‘I
, hv (425 nm, 10 W) g N g3
+  CHyl
XR 22 THF, rt, 12 h X
1 XR2 = OCHj, SCH;, 2b 3
SeCH3, NHTs X=0,S, Se, NTs
[ | | |
HsC
S S ) S
3ag, 97% 3ah, 97% 3ai, 95% 3aj, 96%
| | | |
cl {
N—ph N—Bu N—Si(CHa)s
s s S) S
3ak, 94% 3al, 93% 3am, 91% 3an, 90%°
Se
3a0, 95% 3ap, 90% 3aq, 78%”

3ar/3ar (9:1), 76%°

Reaction conditions: 1 (0.25 mmol) and 2b (0.275 mmol, 1.1 equiv.) in THF (2.0 mL) at
room temperature in a sealed tube under blue LED (425 nm,10 W) irradiation for 12 h;
Isolated yields; 0.625 mmol CHals (2.5 equiv.) was used; ?In acetonitrile (2.0 mL), 48 h; <In
acetonitrile (2.0 mL), 60 h.
Scheme 2-10 KA & 11

SRIG WHAL T RO IR FBR K 05 A7 3R 1 AN [l B : , 2086 F 1 R 2 TR R
L 91-97%(1 7 KA T T 1774 (3v-3ac) o BREE(RZ, BRI 2-bRIEZEH
ffik, A IERRY, ChRAFI 73 A B B R Y (3ad i 3ae) .
i, AFATVRERRE, PRI ER IR, 2% R BEIRREAT, A A
BRI~ (3af) , 4K IRt [RIi

NT Y R IRBE ], SERFTT T 2-RE % R T R 2- e I 2 P A ok 17
FEARHEIR AL S, U1 Scheme 2-10 AR SR, TEMRMZRAETR, 2-Hektm
AR FR TR AN 2-BRIEAIRR F ik S CHLL e B R4, 3568 LA S5 (5 15 21 B 75 1)
3-TUEART=Y) (3ag-3ap) . 5 2-BRIEGRARIK FHEEAH L, 2-be R FF ok 1) e B 1%
VERAR, BARY Baq) MR AN 78%. {H2, R 4-HH-H- (2- G
CHREL) FHL) KRB EAT AL, 32703570 &1 3ar A 3ar' (¥ ELGI DY 9:1,

FEFRN T6%
18
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2.4 TaRSELG

Ph

& Br
hv (427 nm, 20 W) N
+  CHaBrp Ph
THF, r.t., 48 h S
SMe (10.0 equiv)
1a 3a
(5.0 mmol,1.12 g) (1.17 g, 81% yield)
Ph |
=
hv (427 nm, 20 W) N\
v CHl THF, r.t., 24 h i
SMe (1.1 equiv) S S
1a 3ag
(5.0 mmol,1.12 g) (1.60 g, 95% yield)

Scheme 2-11 7 2% 5256

FRATT LA AT R 35t 24 FH G Pk P TR A A BN B B (RS A 8] AT T S S
EAFERMR, XF PR ST, W FT/RTE Scheme 2-11 H1, 24 1.12
g (5 mmoD) [ 1a TEFRUE RS Z& A T AT IRMAL I BEAE R B, 193 T BT 17
) 3a FER A 81% (1.17g) , 3ag HIFEH A 95% (1.60g) -

2.5 3-IREHEMITEMR N

R
{ R = CF, 95% (5A)
& TPh R=CN, 84% (6A)
s (@) Cul, KF, CF;TMS| (b) Pd(OAc),, Na,CO3, s
Ph DMF, X = | K4[Fe(CN)e], DMA, X = | ©1%—Ph
Ph
4A, 80% PR X \O\m o)) 7A, 91%
p"'fo,q o ‘(‘”‘G\
Oty Qe 1.7
45 R RIS
’\/\\@r Oq S < \0\
/ Ph
o X
o Ph
yo)
RSP o0, SN
e 1 SO
v o0 o — .0y, 3)
S o) LIL " /V/A\ 2 C(// S
)—Ph Ol F x Xy, )—Ph
=g
OH 5|38 e
QTR W
O 8A, 84% b,

Me’ Q
10A, 68% O Ve
xS
g~ Ph 9A, 73%

Scheme 2-12 3- X XA HBEW; (1 HT AL

NTIRR - ORI & U I&, EWEIT 1 3a M 3ag BIATA AL, 4N
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Scheme 2-12 Jfi7R, 3a £ Pd {40 T 52K 244 & 4 Heck B, DL 80% IS4 B
3-RIHFEAIHEYY (4A) , 3ag AT L7 HIFEARAIALAREAL T 5 An = 38 FR 2R A S 2 A
AL, 737 EL 95% 1 84% IR B4 Ay 3- = LR IFEWy (5A) 13-
FERFFHELY (6A). 3ag R LARIZRINIR &A= Suzuki MBI NI A 3- 2K JE 28 E vy
(TA) , BE N 91%, HAILLE 2k K& A Sonogashira fRHE S N A K, 3-HLFE 4
WEWY (8AD , WLEE N 84%. Ub4h, 3ag 5 4-F K HIBE SR 4-GUK FE (1 [ B A
TRIGTR, AHRL =4 3-B ke (4-FRIRZRHL) RIFEY (9A) FI 10A (1772655 Hl
N T3%F1 68%.

2.6 R ZHNIBERZR
2.6.1 ¥l L3

N T RICIZISNLER, HEAT 1 TR IESES . FEBR R T, 7E 1a 55 CH2Br
(R SO INN B B2 K5 TEMPO  (2,2,6,6-D0 H LR IESE ALY, 2.5 equiv.)
S U T8 4], SR B R 7Y 3a, JRIEIE HRMS Z3 B Rl 2 B
(YR H 2 H f 2 AT TEMPO [1IN&4) (Scheme 2-14) o b4k, FEFRUESRAE T,
7E 1a 5 BrCH2CH,Br R BIHIIN 2.5 245 ) TEMPO B, 40 4 40, HRMS
SIHTIE R I B 25 3 S5 TEMPO Iin&4) (Scheme 2-15) , Rl
ARV M H IR AR . SR, BAERACRME N, E 1a A CHaL B SOR M
TEMPO (2.5 equiv.) I, SMBEATIA], FfLL 89%MH) ™% (Scheme 2-13¢) 15
FRLHI =) 3ag, X RIS BA e B AT TR

Radical trapping experimet

Ph

=
hv (425 nm, 10 W) \
*OCHB RO 25 ) Pho+
) equiv.
SMe (7.5 equiv) THF, rt, 24 h

1a 3a, trace CHzBF
Detected by HRMS!

Ph

Z
hv (425 nm, 10 W) \
+ BrCH,CH,Br Ph +
SMe ) TEMPO (2.5 equiv.)

(7.5 equiv)
1a THF, rt, 24h 3a, trace CH2CH23F

Detected by HRMS!
Ph '

=Z hv (425 nm, 10 W)
+  CHyl S—ph  (0)
11 . TEMPO (2.5 equiv.) S
SMe (1.1 equiv)

THF, r.t, 12 h
1a 3ag, 89% yield

Scheme 2-13 H /34 FE 5256
20
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2#501 RT: 285 AV: 1 ML 1.28EB
T: FTMS + p ESI Full ms [ 100.0000-500 0000]

o 250.1774
e
o
o
"
703
. Lk
g 3
B .'lfl—:. ‘CH;.&
2 0 [M+H|" Caled For CgHyBING 2500801
2 53 Found 250.0800
v
03
.
15-:; |
104 |
o 2800800 2501412 ||
.]E.._I.m . ; . 1 i : 1l J' : .
2488 2409 2500 250.1 250.2 2503 2504 2505
e
Scheme 2-14 7% F 3 5 B 200G 90 1 15 70 o it
TFTMS ¢ p 31 Full ma [105.0000.500.0000]
S 288 2201
"
"
"
w0 2632366 l
75 N
70 0.
| 2630884 |
e Br
§ o m+H| " Caled For CyHzz BN 264.0858
53 Found 264 0958
50
g e e 265 2620 T
o
]
%03
2
o
15 E
10 264 2404 2651795
L ] L
|
S g 2840 s w0 w88 260
miz

Scheme 2-15 J& 2.5 H HEE A Y00 & 70 PR 1
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2.6.2 ELIMRYS 1
1a (0.1 M)
ol ——CHBr,
. 1a (0.1 M)+CH Br, (0.75 M)
= 3a (0.1 M)
S — THF
S
S
£ 2
2
el
<
350 400 450 500 550
Wavelength (nm)

Scheme 2-16 A~ [5]7))57 (1RO
£ UV-Visible U-4100 730600 B it Ead s 8 A a] IR BOG RS, 4n&l Scheme
2-16 Fi7. 1a F1 3a MIWRISOEIE A 300 nm £ 450 nm A5 58 58 R USTE L, BT A
K 425 nm 4bT & RSO R FEL Y
2.6.3 AR LY

59000 la (5SmM)
1a (SmM)+CH,Br, (ImM)
la (5mM)+CHzBr2 (2mM)
49000 7] 1a (5SmM)+CH,Br, (3mM)
~ la (5mM)+CHzBr2 (4mM)
=]
& 3,000
>
=
z
ﬂ_é 2,000
— 1k
1,000 A
0

400 450 500
Emission wavelength (nm)

Scheme 2-17 CH,Br, X 1a )% K
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1.16 /.
1.12 /
//.
° //
1.08 - P
= // y=0.0389x+0.9985
P R’=0.9795
2
1.04 o
e

- ////

1.00 —/
Y T ! T L3 T ! T
0 1 2 3 4

Concentration (mM)
Scheme 2-18 1a [fJ Stern-Volmer
¥ 1a VERRAE THF WP INN BRI () CH2Brao BRI G 1D A5
. Scheme 2-17 K45 R EoR, 1a WG B AR &, BEF CH2Br KA
AL B8R B SZHT BA K LA CHLBro HIMREE A X Bl To/1 N Y 5175 B Sl & R 8UE —
FHEL L. HEH Ksv 4 0.0389 mM! (Scheme 2-18) . i HIRER M 1a f£i%
%57 CH2Br2.

4,000 - 3a (SmM)
3a (SmM)+CH Br, (ImM)
3a (SmM)+CH Br, (2mM)
3a (SmM)+CH_Br, (3mM)
VamnY 2 2
= 3,000 3a (SmM)+CH Br, (4mM)

S

S

O
1

b

Intensity (a
\}

350 400 450 500 550
Emission wavelength (nm)

Scheme 2-19 CH,Br: Xt 3a [FJ7 K

23



L N N 2T e A e

¥ 1a WEARAE THF SR IR Z 1K) CHoBrao RIS NG 103 KA
. Scheme 2-19 HI45 R EoR, 1a WG R IE, BEF CHBr KA
T8 B BT 4K LA CHoBr IIVREE A X Bl To/1 9 Y S 7538 (1 BB oL A K 8 —
=M 3a fEiHh

9 ,,/.
o
///}4
1.3 4 3
,,,//‘
;"‘/
194 /./,,
. /,//
s o y=0.0982x+1.00242
Pl R?=0.99905
104
1 Y T T T T
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Concentration (mM)

Scheme 2-20 Stern-Volmer

ZHEZL L, TFHE B Ksv A 0.0982 mM™!' (Scheme 2-20) . UiIHEEE
Y57 CH2Br, 1M1 H 3a AL3B%CR L 1a 5.
2.6.4 FFRAT LI
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= 60- o8
=S |
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= 45
> -
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| 4
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Scheme 2-21 134T 5256
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N T IIE R R N AR TS B ARG, HEAT T OKT S W AT (Scheme 2-19)
FE— DI R BFER) 10 mL HR RN a5, IMABHEEZR PR (1a, 56.1
mg, 0.25 mmol) . CH2Br, (325.9 mg, 1.875 mmol, 7.5 X&) A1 THF (2.0 mL) .
¥ RMNEAYE TEHES, =R N 425nm, 10 W #% LED Y68 <5 2 h,
AR 2 he Scheme 2-21 45 H T E 2 6 HE — i B[] FUAS S Bl — 5 B[]
RIF=4r= 26, ZEE R, FFEOGRNZ R SR B E .

2.6.5 FIHERY R RIHLEE

(a) Proposed mechanism for bromocyclization (b) Proposed mechanism for bromocyclization
Br
~Ph 17

1a%2a% CHpBr, g 13, 1 <
a

' hv .
, ‘ SMe A, CHa—= ' — 1, 2 J
v B
/ Detected by SMe B4

12i2a” CHyBr* cyyp, / HRMS! j /
Br ! I
Br
\ H—Ph @%»Ph
mph %Ph % / +s)
° 3 3ag CH,l ST
3a CH, A R
CH3CHzBr

Scheme 2-22 7] f i) [ B AL PR
BT 5 e A AN G K SEG ) £ R AR P RE R S RLHLEE (Scheme 2-22)

la JEIRIE R 1a*fE A GEIGH, SRS L RE R 45 CHoBr, TR CHoBro*, [AIREZS
la fi/£. CH:Bro*fERIZUER T AR H 1% (Bre) , 1R H BRI 2-HeRE
AR b B, AR SR XA VR ) OB B R b ik Are BEJS
ZIRALAE U LI B B3 A > T NG SMe BB RN, AR BUR )
3a, WEHMEENROER Y. B0, BRI 3a A DIAE A GE0H
FEREAIE S . X FEIAME, Be, FERT WOGHEST, CHal HHY C-1 S g2
JEAE A R GRIIIER BT (L), ZRJE 8 1a WP C-C =83 B 4K By,

B o R BB AL PR 5 TP R Co, B Jim H R ORE AT 21 7 8 74 3ag.
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2.7 SLIEERSY
2.7.1 2- R EREBHEE (1a) BIHIE

=
@E PdCl,(PPhs), (2 mol%)
SMe < > Cul (2 mol%), Et;N .

DMF, 50 °C, Ar, 12 h e

Ph

1a
Scheme 2-23 I bR 4% 5 % B T £ 1) 45

FREX 2-fit 1w ZF Bk (2.5010 g, 10.0 mmol) , PACl(PPhs), (140.4 mg, 2 mol%),
Cul (38.1 mg, 2 mol%) AL (1.2256 g, 12.0 mmol, 1.2 equiv.) IIATFHE)G
N R, SRJ5 NN DMF (5 mL) 1 EGN (20 mL) , B EEPIE 50 °CHJ
VR LRI R 12 /o ) PLC BRI, RIN 2-B I 7 Bk 1 #E 50 445 1 %
R, MZBZBE (3*50 mL) FiZK (50 mL) ZEHL 3 A WU TS /KB ER AN T4 .
I B IR A 0 C R 2y B9 ik, 75 30 B AR 1a B IR (2.0189
g,90% FEF)
2.7.2 4-FRE2-REFKRATE (1v) BIHIE

Ph Ph

/ . _ . /
Me I Me = i. n-BuLi M =
\@E + Ph—= Pf::C'Iz(ZPhsE/ (2 go'z%) \©\/ THF, 78°C
ul (2 mo m >
B ( 0), Ets Br ii. MeyS,, rt, 12 h SMe

r DMF, 50 °C, Ar, 12 h

Scheme 2-24 4- F -2k 28 356 28 FERR Ik 1) 1) 4%

1v

FREX 1-R-2 filt B 2K (2.9693 g, 10.0 mmol) , PACL(PPhs), (140.4 mg, 2 mol%),
Cul (38.1 mg, 2 mol%) FIZEZ B (1.2256 g, 12.0 mmol, 1.2 equiv.) IIAN TG
i R, AR5 NN DMF (5 mL) #1 EtN (20 mL) JRNIRBAHITE 50 °Cili
B9 LR ZUERE 12 /N I PLC BRIER IR BRI 4-75-3-FR 2T AR 52 4, 15 b RO
Z G R LRI KIS B T i, W4e. AEER CRmm glitk, 5
B 1-J8-2 KRB CHIE RO IR (2.3862 g, 88% F7F) .

FEG T T RREL 1-31-2 5 G EE IR (2.1693 g, 8.0 mmol) , JIATF-J&:
JE 1) 200 mL (IR FEE T, 485N 80 mL JE/K VUM H 5 &9 A, %R
HWIE-78 °C RIS 30 mine #RJ5, H4 2 5 M&EAIE T H4 (2.0 M IR
Fer) 8RR SRR N B R R R, WINTERE . 1% RNAE-T8 °CEk 4k
PiFE— /B, FEZIREE N R R (0.9042 g, 9.6 mmol, 1.2 equiv.)
FERSAUR R LIRS INAAE =R B 18 h, SN 58 B » WUk I 3 3o e i 7%

26



L N N 2T e A e

RAETERR, CROERMKZER, T8, S BEER, HAikE (iRa
Hg/ £ TE=1/200) 4lifk, 1531 5-F1 5 2-BeoR B8 R (1v) i iR (1.4301
g, 75% F=&)
2.7.3 2-KREFKERTAEE (1ad) AOHIE

I

' + nge, NaNOy, H,0 | 18-crown-6, (CH3Se), @[
47 °C,3h KOAC, CHCl3 SeMe

NH2 NzBF4 0 OC, 12 h lg]

Scheme 2-25 AL AT IBK 11 4

7 100 mL [ JE R+, K 2-MZE% (2.1902 g, 10 mmol) % T H,0 (2.0 mL)
A1 HBF4 ZKIEW (48%, 4.0 mL) KRS, SR J5 2218 i NaNO2 /K VAR (1.3804
g, 20 mmol, ¥ T 3.0 mL HO) . WM5ERUG, RNIRAYILE 0°C T 4k L4+ 3 h,
SRFEIEIE, [ BUKOK . RS CBMK RS, A TR E A, AHal,
HTF—%. Ak (27650 g, 87% %) .

7£ 100 mL BB A EE& L (3.1782 g, 10.0 mmol) « 18-ji-6
(1.3215 g, 5 mmol, 0.5 equiv.) 1= H 3 —ffif# (2.0678 g, 11 mmol, 1.1 equiv.) ,
I CHCL3(40 mLOfSE HIE %, ZIR-AWIFE 0 °CHiFE 1 KOAc(1.9628 g, 20 mmol,
2 equiv.) /MBI (20 438053 10 RIN5E) , ESINsERE, e 12 /eI €.
[E AR FH RO e, AT BB /KB, T JO/KBRIREN T4, A IRk4E. Fifs
R0 AT I R e i 791, AERE R b R (iR ik, o 753 21 55tk (2.1384
g, 2% FEE)

Ph

=Z
PdCly(PPhs), (2 mol%)
Cul (2 mol%), Et3N
SeMe SeMe

DMF, 50 °C, Ar, 12h

1ad
Scheme 2-26 2-J 4% 5 % A Ik ) o) 4%
FESOSAION 2- 2K LA % (2.9701 g, 10.0 mmol) K2k (1.2256 g,
12.0 mmol, 1.2 equiv.), PdCl(PPhs)2(140.4 mg, 2 mol%) A1 Cul(38.1 mg, 2 mol%),
I EtsN (20 mL) A1 DMF (5 mL) LA . [ MR & ER S HAM 50 °C
FAF R RIZIHE 120 o SERJEHK (50 mL) Fikk, BHZBRZEE (3%50 mL)
B AHUZH NaaSOs 1, 1 uE, JHvkds. UA il 4R 41 (200:1, V/V)
NV, AERERS EPREAE kA, FRITE AR (23326 g, 86% 7 F) .
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2.7.4 3 RARFRHIEM (3a) FIFH—IRSE

_ Ph Br
E:( hv (425 nm, 10 W) &
+  CHBr, Ph
SMe THF, rt., 24 h S
1a (0.25 mmol) (7.5 equiv) 3a (70.1 mg, 97% yield)

Scheme 2-27 St H AU A i 3-VR IR IFIEE Yy
FE— NIRRT MR S R B, NN 2-BR R FR IR IE (1a, 56.1 meg,
0.25 mmol) . CH,Br, (325.9 mg, 1.875 mmol, 7.5 equiv.) 1 THF (2.0 mL) . %
VRS PIE 20 N 425 nm, 10 W HIHY LED MRS S8 24 h, IR IR 28K
ICE R 25, R R 24k, B BT 77 3a Jy B (R (70.1 mg, 0% 97% ).
2.8 FEHIRRIE S 1E

Br
(-0

S
3-Bromo-2-phenylbenzo[b]|thiophene (3a). White solid; mp 62-64 °C; 95% yield
(68.7 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.83 (d, J = 7.8 Hz, 1H), 7.74-7.72 (m,
3H), 7.43-7.40 (m, 3H), 7.38-7.36 (m, 1H), 7.35-7.32 (m, 1H); '3*C NMR (150 MHz,
CDCl): 6 = 139.1, 138.2, 137.6, 133.0, 129.6, 128.7, 128.5, 125.4, 125.2, 123.6,

122.1, 104.9.

Br

S

3-Bromo-2-(4-methoxyphenyl)benzo|[b]thiophene (3b). White solid; mp 86-88 °C;
92% yield (73.4 mg). 'H NMR (600 MHz, CDCls): & = 7.86 (d, J = 7.8 Hz, 1H), 7.80
(d, J=17.8 Hz, 1H), 7.71 (d, J = 9.0 Hz, 2H), 7.48-7.46 (m, 1H), 7.40-7.38 (m, 1H),
7.02 (d, J=9.0 Hz, 2H), 3.88 (s, 3H); '3C NMR (150 MHz, CDCl;): 6 = 160.0, 139.2,
138.2, 137.4, 130.9, 125.4, 125.2, 125.1, 123.4, 122.1, 114.0, 104.2, 55.4.
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3-Bromo-2-(p-tolyl)benzo|[b]thiophene (3c). White solid; mp 62-64 °C; 96% yield
(72.8 mg). 'H NMR (600 MHz, CDCl3): 6 =7.90 (d, J= 7.8 Hz, 1H), 7.82 (d, J= 7.8
Hz, 1H), 7.70 (d, J = 7.8 Hz, 2H), 7.51-7.48 (m, 1H), 7.43-7.40 (m, 1H), 7.32 (d, J =
7.8 Hz, 2H), 2.45 (s, 3H); 3C NMR (150 MHz, CDCl3): 8 = 139.2, 138.8, 1384,
137.6, 130.1, 129.4, 129.3, 125.3, 125.1, 123.5, 122.1, 104.5, 21.3.

Br
S

3-Bromo-2-(4-(tert-butyl)phenyl)benzo[b]thiophene (3d). White solid; mp
57-58 °C; 90% yield (77.7 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.91 (d, /= 7.8 Hz,
1H), 7.83 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.8 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H),
7.51-7.48 (m, 1H), 7.43-7.40 (m, 1H), 1.42 (s, 9H); *C NMR (150 MHz, CDCl): &
=151.9, 139.2, 138.3, 137.6, 130.1, 129.2, 125.6, 125.3, 125.1, 123.5, 122.1, 104.4,
34.7, 31.2; IR (cm!): 2953, 1624, 1434, 1381, 1357, 1246, 1107, 1065, 1017, 893,
830, 785, 753, 719; HRMS (ESI) m/z: [M+H]" Calcd For CisHisBrS™ 345.0307;
Found 345.0309.

Br
C-O-
S

3-Bromo-2-(4-fluorophenyl)benzo[b]thiophene (3e). White solid; mp 63-65 °C;
93% yield (71.4 mg). 'H NMR (600 MHz, CDCl3): § = 7.87 (d, J= 7.8 Hz, 1H), 7.81
(d, J=7.8 Hz, 1H), 7.75-7.72 (m, 2H), 7.50-7.48 (m, 1H), 7.43-7.41 (m, 1H), 7.18 (t,
J = 8.4 Hz, 2H); 'F NMR (564 MHz, CDCl3): 6 = —112.04; 3C NMR (150 MHz,
CDCl3): 6 =162.9 (d, J=250.0 Hz), 139.0, 137.6, 137.1, 131.5 (d, J = 8.4 Hz), 129.1
(d,J=3.2 Hz), 125.6, 125.3, 123.7, 122.2, 115.6 (d, /= 21.8 Hz), 105.2.

Br
S

3-Bromo-2-(4-chlorophenyl)benzo[b]thiophenee (3f). White solid; mp 78-80 °C;
94% yield (76.1 mg). 'H NMR (600 MHz, CDCls): = 7.88 (d, J = 7.8 Hz, 1H), 7.82
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(d, J=7.8 Hz, 1H), 7.70 (d, J = 8.4 Hz, 2H), 7.50-7.48 (m, 1H), 7.46 (d, J = 8.4 Hz,
2H), 7.44-7.41 (m, 1H); 3C NMR (150 MHz, CDCls): 8 = 139.0, 137.6, 136.8, 134.9,
131.5, 130.9, 128.9, 125.7, 125.4, 123.7, 122.2, 105.4.

3-Bromo-2-(4-bromophenyl)benzo[b]|thiophene (3g). White solid; mp 81-83 °C;
92% yield (84.7 mg). 'H NMR (600 MHz, CDCls): = 7.88 (d, J= 7.8 Hz, 1H), 7.81
(d, J=7.8 Hz, 1H), 7.62 (q, J = 8.4 Hz, 4H), 7.50-7.48 (m, 1H), 7.44-7.41 (m, 1H);,
3C NMR (150 MHz, CDCl3): & = 139.0, 137.6, 136.8, 132.0, 131.8, 131.1, 125.7,
125.4,123.8,123.2, 122.2, 105.4.

Br

S

3-Bromo-2-(4-(trifluoromethyl)phenyl)benzo[b]thiophene (3h). White solid; mp
78-79 °C; 85% yield (75.9 mg). '"H NMR (600 MHz, CDCl3): 4 = 7.91-7.88 (m, 3H),
7.84 (d, J=7.8 Hz, 1H), 7.74 (d, J = 7.8 Hz, 2H), 7.52-7.50 (m, 1H), 7.46-7.44 (m,
1H); F NMR (564 MHz, CDCl3): § = —62.70; '*C NMR (150 MHz, CDCls): § =
139.0, 137.8, 136.7, 136.3, 130.6 (q, J = 32.8 Hz), 130.0, 126.0, 125.6 (q, J = 4.1 Hz),
125.5, 124.0 (CF3)(q, J=272.4 Hz), 123.9, 122.3, 106.2; IR (cm™): 2929, 1635, 1434,
1406, 1378, 1322, 1243, 1163, 1114, 1062, 1010, 893, 840, 788, 753, 722, 670;
HRMS (ESI) m/z: [M+H]" Calcd For CisHoBrF3S* 356.9555; Found 356.9555.

Br
S

4-(3-Bromobenzo|b]thiophen-2-yl)benzonitrile (3i). White solid; mp 117-118 °C;
84% yield (66.0 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.91-7.88 (m, 3H), 7.84 (d, J
= 7.8 Hz, 1H), 7.78-7.76 (m, 2H), 7.53-7.50 (m, 1H), 7.47-7.45 (m, 1H); *C NMR
(150 MHz, CDCl3): 6 = 139.0, 137.9, 137.7, 135.7, 132.3, 130.2, 126.3, 125.6, 124.1,
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122.3, 118.5, 112.2, 106.7; IR (cm™): 3106, 2918, 2230, 1635, 1594, 1493, 1454,
1420, 1357, 1232, 1163, 1083, 1024, 879, 837, 767, 743, 726, 698.

Br OCH;
S

3-Bromo-2-(3-methoxyphenyl)benzo|[b]thiophene (3j). Colorless oil; 94% yield
(75.0 mg). '"H NMR (600 MHz, CDCl3): 6 =7.90 (d, J= 7.8 Hz, 1H), 7.82 (d, J= 7.8
Hz, 1H), 7.51-7.48 (m, 1H), 7.43-7.42 (m, 1H), 7.41-7.40 (m, 1H), 7.37-7.35 (m,
2H), 7.01-6.99 (m, 1H), 3.89 (s, 3H); *C NMR (150 MHz, CDCl3): § = 159.5, 139.1,
138.0, 137.6, 134.2, 129.6, 125.5, 125.2, 123.6, 122.1, 122.0, 115.1, 114.5, 105.0,
55.3; HRMS (ESI) m/z: [M+H]" Calcd For C1sH12BrOS* 318.9787; Found 318.9789.

Br CHs
()

S
3-Bromo-2-(m-tolyl)benzo[b]thiophene (3Kk). Colorless oil; 92% yield (69.7 mg). 'H
NMR (600 MHz, CDClL3): 6 = 7.89 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H),
7.60-7.58 (m, 2H), 7.50-7.47 (m, 1H), 7.43-7.37 (m, 2H), 7.26 (d, J = 7.8 Hz, 1H),
2.46 (s, 3H); 3*C NMR (150 MHz, CDCl3): 6 = 139.1, 138.4, 138.3, 137.6, 132.9,
130.2, 129.6, 128.5, 126.7, 125.4, 125.2, 123.6, 122.1, 104.8, 21 4.

Br Cl
()

S
3-Bromo-2-(3-chlorophenyl)benzo[b]thiophene (31). White solid; mp 77-79 °C;
95% yield (76.9 mg). 'H NMR (600 MHz, CDCls): = 7.89 (d, J = 7.8 Hz, 1H), 7.82
(d, J=17.8 Hz, 1H), 7.77 (d, J = 0.6 Hz, 1H), 7.66-7.63 (m, 1H), 7.51-7.48 (m, 1H),
7.44-7.43 (m, 1H), 7.42-7.41 (m, 2H); *C NMR (150 MHz, CDCl3): & = 139.0,

137.7, 136.4, 134.8, 134.5, 129.8, 129.5, 128.8, 127.8, 125.8, 125.4, 123.8, 122.2,
105.7; HRMS (ESI) m/z: [M+H]" Calcd For C14HoBrCIS* 322.9291; Found 322.9293.
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Cl

3-Bromo-2-(2-chlorophenyl)benzo[b]thiophene (3m). Colorless oil; 95% yield (76.9
mg). 'H NMR (600 MHz, CDCl3): 6 = 7.91 (d, J = 7.8 Hz, 1H), 7.85 (d, /= 7.8 Hz,
1H), 7.56 (dd, J="17.8, 1.2 Hz, 1H), 7.53-7.51 (m, 1H), 7.49 (dd, J= 7.2, 1.8 Hz, 1H),
7.47-7.44 (m, 1H), 7.43 (td, J = 7.8, 1.8 Hz, 1H), 7.38 (td, /= 7.2, 1.2 Hz, 1H); 13C
NMR (150 MHz, CDCl3): 6 = 138.5, 137.9, 135.5, 134.5, 132.6, 132.0, 130.5, 129.9,
126.6, 125.7, 125.2, 123.6, 122.2, 108.6; HRMS (ESI) m/z: [M+H]" Calcd For
C14HoBrCIS* 322.9291; Found 322.9293.

Br
O \ OO

S
3-Bromo-2-(naphthalen-2-yl)benzo|b]thiophene (3n). White solid; mp 8284 °C;
86% yield (72.9 mg). '"H NMR (600 MHz, CDCl3): & = 8.26 (s, 1H), 7.96-7.92 (m,
3H), 7.91-7.89 (m, 2H), 7.85 (d, J = 7.8 Hz, 1H), 7.57-7.54 (m, 2H), 7.53-7.50 (m,
1H), 7.45-7.42 (m, 1H); *C NMR (150 MHz, CDClz): = 139.2, 138.3, 137.8, 133.1

(133.10, 133.07), 130.5, 129.2, 128.3, 128.2, 127.8, 126.9, 126.8, 126.6, 125.5, 125.3,
123.7,122.2, 105.2.

Br
A\ \S|
S

3-Bromo-2-(thiophen-2-yl)benzo[b]|thiophene (30). White solid; mp 102-104 °C;
90% yield (66.4 mg). '"H NMR (600 MHz, CDCls): 6 = 7.83 (d, J = 7.8 Hz, 1H), 7.76
(d, J=17.8 Hz, 1H), 7.61-7.60 (m, 1H), 7.47-7.44 (m, 2H), 7.40-7.37 (m, 1H), 7.15
(dd, J = 4.8, 3.6 Hz, 1H); '3*C NMR (150 MHz, CDCl3): 8 = 139.2, 136.7, 134.6,
132.1, 127.9, 127.2, 127.1, 125.7, 125.3, 123.4, 121.9, 104.8.

Br
N=

¢ \ s
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2-(3-Bromobenzo|b]thiophen-2-yl)pyridine (3p). White solid; mp 102-104 °C; 85%
yield (61.7 mg). 'H NMR (600 MHz, CDCls): 4 = 8.65 (d, /= 4.8 Hz, 1H), 8.44 (d, J
=7.8 Hz, 1H), 7.85 (d, /= 7.8 Hz, 1H), 7.80 (d, J= 7.8 Hz, 1H), 7.74 (td, J=7.8, 1.8
Hz, 1H), 7.43-7.40 (m, 1H), 7.39-7.36 (m, 1H), 7.22 (dd, J = 7.8, 4.8 Hz, 1H); *C
NMR (150 MHz, CDCl3): 6 = 151.3, 149.5, 139.6, 139.1, 138.2, 136.3, 126.0, 125.0,
123.8, 123.0, 122.3, 122.2, 105.1; IR (cm™): 3050, 2918, 1656, 1635, 1576, 1520,
1461, 1423, 1246, 1149, 989, 878, 809, 774, 753, 733, 677; HRMS (ESI) m/z:
[M+H]* Calcd For Ci3HoBrNS* 289.9634; Found 289.9636.

S

3-Bromo-2-butylbenzo[b]thiophene (3q). Colorless oil; 92% vyield (61.9 mg). 'H
NMR (600 MHz, CDCl3): 6 = 7.76-7.74 (m, 2H), 7.44-7.41 (m, 1H), 7.35-7.32 (m,
1H), 2.97 (t, J = 7.8 Hz, 2H), 1.76-1.71 (m, 2H), 1.48-1.44 (m, 2H), 0.98 (t, J=17.2
Hz, 3H); 3C NMR (150 MHz, CDCl3): 4 = 140.9, 138.4, 137.1, 124.8, 124.6, 122.6,
122.2,105.7,32.4,29.6,22.2, 13.8.

S

3-Bromo-2-(tert-butyl)benzo[b]thiophene (3r). Colorless oil; 90% yield (60.6 mg).
'H NMR (600 MHz, CDCls): 5 = 7.81 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H),
7.44-7.41 (m, 1H), 7.36-7.33 (m, 1H), 1.61 (s, 9H); *C NMR (150 MHz, CDCI3): &
=148.8, 139.9, 135.4, 124.8, 124.6, 122.5, 121.8, 102.7, 35.5, 29.9.

Br

©f\g~SiMe3
S

(3-Bromobenzo|[b]thiophen-2-yl)trimethylsilane (3s). Colorless oil; 87% yield (62.0
mg). 'H NMR (600 MHz, CDCLy): 6 = 7.89 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 7.8 Hz,
1H), 7.48-7.46 (m, 1H), 7.42-7.39 (m, 1H), 0.53 (s, 9H); 3*C NMR (150 MHz,
CDCl): 6 =141.3,139.8, 136.0, 125.1, 124.8, 122.9, 122.1, 114.7, -0.8.

33



L N N 2T e A e

Br

Cr—<

3-Bromo-2-cyclopropylbenzo[b]thiophene (3t). Colorless oil; 94% yield (59.5 mg).
'"H NMR (600 MHz, CDCl3): 6 = 7.72 (d, J = 7.8 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H),
7.42-7.40 (m, 1H), 7.32-7.30 (m, 1H), 2.39-2.34 (m, 1H), 1.19-1.15 (m, 2H),
0.90-0.87 (m, 2H); *C NMR (150 MHz, CDCl3): & = 143.5, 138.8, 135.6, 124.9,
124.6, 122.3,122.1, 106.2, 11.9, 10.1.

Br
O
S

3-Bromo-2-(cyclohex-1-en-1-yl)benzo[b]thiophene (3u). Colorless oil; 60% yield
(44.0 mg). 'H NMR (600 MHz, CDCL): § = 7.80 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 7.8
Hz, 1H), 7.44-7.42 (m, 1H), 7.36-7.34 (m, 1H), 6.34-6.33 (m, 1H), 2.55-2.53 (m,
2H), 2.29-2.26 (m, 2H), 1.84-1.80 (m, 2H), 1.74-1.70 (m, 2H); '*C NMR (150 MHz,
CDCl): 6 = 141.1, 139.0, 136.6, 132.1, 130.7, 124.9 (2), 123.1, 122.0, 103.1, 29.4,
25.7,22.8,21.7.

Br

HsC
N—ph
S

3-Bromo-5-methyl-2-phenylbenzo[b]thiophene (3v). White solid; mp 71-73 °C;
97% yield (73.5 mg). 'H NMR (600 MHz, CDCls): & = 7.74-7.73 (m, 2H), 7.66-7.64
(m, 2H), 7.46-7.43 (m, 2H), 7.40-7.38 (m, 1H), 6.21-6.19 (m, 1H), 2.50 (s, 3H); 13C
NMR (150 MHz, CDCl3): & = 139.3, 138.3, 135.1, 134.8, 133.2, 129.6, 128.7, 128.5,
127.2,123.5, 121.8, 104.5, 21.5; IR (cm™): 3064, 2911, 2852, 1951, 1871, 1732, 1652,
1600, 1482, 1444, 1294, 1246, 1284, 1243, 1149, 1069, 1031, 923, 871, 820, 795, 736,
684; HRMS (ESI) m/z: [M+H]" HRMS (ESI) m/z: [M+H]" Calcd For CisHi2BrS*
302.9838; Found 302.9840.

Br

F
N—ph
s
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3-Bromo-5-fluoro-2-phenylbenzo[b]thiophene (3w). White solid; mp 65-66 °C;
96% yield (73.7 mg). '"H NMR (600 MHz, CDCl3): § = 7.77-7.75 (m, 2H), 7.73 (dd, J
= 8.4, 4.8 Hz, 1H), 7.57 (dd, J = 9.0, 2.4 Hz, 1H), 7.51-7.49 (m, 2H), 7.47-7.44 (m,
1H), 7.16 (td, J = 9.0, 2.4 Hz, 1H); '3*C NMR (150 MHz, CDCl3): 8 = 161.4 (d, J =
243 Hz), 140.8, 140.5 (d, J = 9.8 Hz), 133.0, 132.7, 129.5, 129.0, 128.6, 123.5 (d, J =
9.0 Hz), 114.3 (d, J = 25.2 Hz), 190.4 (d, J = 24.4 Hz), 104.2 (d, J = 4.4 Hz); IR
(cm™): 3023, 2924, 2848, 1653, 1631, 1602, 1560, 1438, 1278, 1166, 987, 856, 836,
795, 743, 686; HRMS (ESI) m/z: [M+H]" Calcd For Ci4HoBrFS* 306.9587; Found
306.9590.

Br

cl
N—ph
S

3-Bromo-5-chloro-2-phenylbenzo[b]thiophene (3x). White solid; mp 101-103 °C;
94% yield (76.1 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.86 (d, J= 1.8 Hz, 1H),
7.76-7.74 (m, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.51-7.48 (m, 2H), 7.47-7.44 (m, 1H),
7.37 (dd, J = 8.4, 1.8 Hz, 1H); *C NMR (150 MHz, CDCl;): = 140.4, 140.3, 135.8,
132.6, 131.7, 129.5, 129.1, 128.7, 125.9, 123.3, 123.2, 104.0.

Br

Iy
H,CO S

3-Bromo-6-methoxy-2-phenylbenzo[b]thiophene (3y). White solid; mp 97-99 °C;
95% yield (75.8 mg). 'H NMR (600 MHz, CDCLy): § = 7.77-7.75 (m, 3H), 7.49-7.47
(m, 2H), 7.43-7.40 (m, 1H), 7.29 (d, J = 2.4 Hz, 1H), 7.10 (dd, J = 9.0, 2.4 Hz, 1H),
3.90 (s, 3H); 3C NMR (150 MHz, CDCl3): & = 158.3, 138.9, 135.3, 133.2, 129.5,
128.52,128.45, 124.3, 115.2, 104.6, 104.3, 55.7.

Br

jont:
HsC S

3-Bromo-6-methyl-2-phenylbenzo[b]thiophene (3z). Colorless oil; 94% yield (71.3
mg). 'H NMR (600 MHz, CDCl): & = 7.79 (s, 1H), 7.78-7.76 (m, 2H), 7.61 (s, 1H),
7.51-7.48 (m, 2H), 7.45-7.42 (m, 1H), 7.31 (d, J = 8.4 Hz, 1H), 2.53 (s, 3H); 13C
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NMR (150 MHz, CDCl3): 6 = 137.8, 137.0, 136.9, 135.6, 133.2, 129.5, 128.6, 128.5,
126.9, 123.2, 121.9, 104.6, 21.5; HRMS (ESI) m/z: [M+H]" Calcd For CisH12BrS*
302.9838; Found 302.9840.

Br

e S

3-Bromo-6-fluoro-2-phenylbenzo[b]thiophene (3aa). White solid; mp 60-61 °C;
95% yield (73.0 mg). '"H NMR (600 MHz, CDCls): & = 7.82 (dd, J = 9.0, 4.8 Hz, 1H),
7.76-7.75 (m, 2H), 7.52-7.48 (m, 3H), 7.46-7.44 (m, 1H), 7.23 (td, J = 9.0, 2.4 Hz,
1H); F NMR (564 MHz, CDCl3): = —115.63; '3C NMR (150 MHz, CDCl3): 8 =
161.1 (d, J = 246 Hz), 138.4 (d, J = 10.5 Hz), 137.8 (d, J = 3.6 Hz), 135.6, 132.8,
129.5, 128.8, 128.6, 124.9 (d, J = 9.4 Hz), 114.2 (d, J = 24.6 Hz), 108.3 (d, J = 25.7
Hz), 104.3; HRMS (ESI) m/z: [M+H]" Calcd For CisHoBrFS* 306.9587; Found
306.9590.

Br

Cl S

3-Bromo-6-chloro-2-phenylbenzo[b]|thiophene (3ab). White solid; mp 107-109 °C;
91% yield (73.6 mg). 'H NMR (600 MHz, CDCls3): 8 = 7.80 (d, J = 1.8 Hz, 1H), 7.78
(d, J = 84 Hz, 1H), 7.76-7.75 (m, 1H), 7.74-7.73 (m, 1H), 7.50-7.48 (m, 2H),
7.46-7.43 (m, 2H); '3C NMR (150 MHz, CDCl): & = 138.7, 138.5, 137.7, 132.6,
131.6, 129.5, 129.0, 128.7, 126.1, 124.5, 121.7, 104.5; HRMS (ESI) m/z: [M+H]*
Calcd For Ci14HoBrCIS* 322.9291; Found 322.9289.

Br

jont:
FsC S

3-Bromo-2-phenyl-6-(trifluoromethyl)benzo[b]|thiophene (3ac). White solid; mp
8082 °C; 93% yield (83.0 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.17 (s, 1H), 7.91
(d, J = 8.4 Hz, 1H), 7.78-7.77 (m, 2H), 7.64-7.63 (m, 1H), 7.53-7.46 (m, 3H); '°F
NMR (564 MHz, CDCl3): = —61.56; 3*C NMR (150 MHz, CDCl;): & = 140.8, 140.5,
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139.0, 132.3, 129.6, 129.2, 128.7, 127.9 (q, J = 32.3 Hz), 125.3, 124.4 (q, J = 272.0
Hz), 122.8, 121.6 (q, J = 3.3 Hz), 120.9 (q, J = 4.0 Hz), 105.1; HRMS (ESI) m/z:
[M+H]" Calcd For C1sHoBrF3S* 356.9555; Found 356.9557.

Br
Se

3-Bromo-2-phenylbenzo[b]selenophene (3ad). White solid; mp 91-93 °C; 91%
yield (76.5 mg). 'H NMR (600 MHz, CDCls): 6 = 7.99-7.98 (m, 1H), 7.88 (d, J = 7.8
Hz, 1H), 7.74-7.72 (m, 2H), 7.53-7.48 (m, 3H), 7.46-7.43 (m, 1H), 7.39-7.37 (m,
1H); *C NMR (150 MHz, CDCl3): & = 140.9, 140.7, 138.9, 134.9, 129.8, 128.6,
128.5, 126.1, 125.7, 125.5, 125.1, 106.6.

Br

Se

3-Bromo-2-(tert-butyl)benzo[b]selenophene (3ae). White solid; mp 82-84 °C; 80%
yield (63.2 mg). 'H NMR (600 MHz, CDCls): 4 = 7.89 (d, J = 8.4 Hz, 1H), 7.80 (d, J
= 7.8 Hz, 1H), 7.45-7.42 (m, 1H), 7.32-7.29 (m, 1H), 1.62 (s, 9H); '*C NMR (150
MHz, CDCl3): 6 = 153.2, 142.0, 136.3, 125.1, 124.9, 124.7, 104.1, 37.1, 30.3.

S

3-lodo-2-phenylbenzo[b]thiophene (3ag). White solid; mp 54-56 °C; 97% yield
(81.5 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.86 (d, J= 7.8 Hz, 1H), 7.81 (d, J= 7.8
Hz, 1H), 7.72-7.70 (m, 2H), 7.52-7.45 (m, 4H), 7.43-7.40 (m, 1H); '*C NMR (150
MHz, CDCl3): 6 = 142.1, 141.9, 138.9, 134.6, 130.0, 128.9, 128.5, 126.3, 125.5, 125.4,
122.1, 79.4.

S

3-lodo-2-(p-tolyl)benzo|b]thiophene (3ah). White solid; mp 97-99 °C; 97% yield

(84.9 mg). 'H NMR (600 MHz, CDCL): & = 7.86 (d, J = 7.8 Hz, 1H), 7.80 (d, J= 7.8
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Hz, 1H), 7.63 (d, J = 7.8 Hz, 2H), 7.51-7.48 (m, 1H), 7.42-7.39 (m, 1H), 7.32 (d, J =
7.8 Hz, 2H), 2.46 (s, 3H); 3C NMR (150 MHz, CDCls): § = 142.3, 141.9, 138.9,
138.8, 131.6, 129.8, 129.2, 126.1, 125.3 (125.35, 125.32), 122.0, 79.0, 21.4.

2-(4-Chlorophenyl)-3-iodobenzo[b]|thiophene (3ai). White solid; mp 102-104 °C;
95% yield (88.0 mg). 'H NMR (600 MHz, CDCls): & = 7.84 (d, J = 7.8 Hz, 1H), 7.80
(d, J=7.8 Hz, 1H), 7.63 (d, J = 7.8 Hz, 2H), 7.50-7.45 (m, 3H), 7.43-7.40 (m, 1H);
13C NMR (150 MHz, CDCl3): & = 141.8, 140.7, 138.8, 135.0, 133.0, 131.3, 128.8,
126.4, 125.7, 125.6, 122.1, 79.9.

HsC
N—ph
S

3-lodo-5-methyl-2-phenylbenzo[b]thiophene (3aj). White solid; mp 101-103 °C;
96% yield (84.1 mg). '"H NMR (600 MHz, CDCl3): & = 7.72-7.70 (m, 2H), 7.69 (d, J
= 8.4 Hz, 1H), 7.66 (s, 1H), 7.51-7.49 (m, 2H), 7.47-7.45 (m, 1H), 7.24 (dd, J = 7.8,
2.4 Hz, 1H), 2.57 (s, 3H); *C NMR (150 MHz, CDCls): 6 = 142.2, 142.0, 136.0,
135.3, 134.7, 130.0, 128.8, 128.4, 127.2, 126.2, 121.8, 79.1, 21.5; HRMS (ESI) m/z:
[M+H]" Calcd For CisH12IS™ 350.9699; Found 350.9696.

of
N—ph
s

5-Chloro-3-iodo-2-phenylbenzo[b]thiophene (3ak). White solid; mp 101-102 °C;
94% yield (87.1 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.79 (d, J = 1.8 Hz, 1H), 7.74
(d, J= 8.4 Hz, 1H), 7.68-7.67 (m, 2H), 7.51-7.46 (m, 3H), 7.43 (dd, J = 8.4, 1.8 Hz,
1H); BC NMR (150 MHz, CDCls): & = 142.6, 140.5, 139.6, 134.1, 131.6, 129.9,
129.1, 128.6, 127.1, 126.2, 121.5, 78.6; HRMS (ESI) m/z: [M+H]" Calcd For
C14HoClISe* 370.9153; Found 370.9157.
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S

2-(tert-Butyl)-3-iodobenzo[b]thiophene (3al). White solid; mp 96-98 °C; 93% yield
(73.5 mg). 'H NMR (600 MHz, CDCl3): & = 7.85-7.82 (m, 1H), 7.75-7.73 (m, 1H),
7.45-7.41 (m, 1H), 7.36-7.32 (m, 1H), 1.67 (s, 9H); *C NMR (150 MHz, CDCl): &
=151.7, 142.8, 136.1, 125.2, 125.0, 124.7, 121.6, 74.7, 35.8, 30.3.

Cr<

2-Cyclopropyl-3-iodobenzo[b]thiophene (3am). Colorless oil; 91% yield (68.3 mg).
'"H NMR (600 MHz, CDCl3): 6 = 7.73-7.70 (m, 2H), 7.44-7.41 (m, 1H), 7.33-7.31
(m, 1H), 2.38-2.33 (m, 1H), 1.22-1.19 (m, 2H), 0.94-0.92 (m, 2H); '*C NMR (150
MHz, CDCL): 6 = 147.2, 141.4, 136.2, 125.1, 124.6, 124.3, 122.2, 80.2, 15.0, 10.3.

|
CHj

@E\&Si\—w@
S CH,

(3-Iodobenzo|b]thiophen-2-yl)trimethylsilane (3an). Colorless oil; 90% yield (74.8
mg). 'H NMR (600 MHz, CDCl): § = 7.87-7.84 (m, 2H), 7.48-7.46 (m, 1H),
7.41-7.38 (m, 1H), 0.56 (s, 9H); '3C NMR (150 MHz, CDCls): § = 142.9, 141.2,
140.6, 125.2, 125.1, 125.0, 121.8, 87.1, -0.7.

I
O
Se

3-lodo-2-phenylbenzo[b]selenophene (3a0). White solid; mp 112-115 °C; 95% yield
(91.0 mg). '"H NMR (600 MHz, CDCl3): 6 =7.95 (d, J= 7.8 Hz, 1H), 7.85 (d, J= 7.8
Hz, 1H), 7.64-7.63 (m, 2H), 7.51-7.43 (m, 4H), 7.36-7.34 (m, 1H); '3*C NMR (150
MHz, CDCL): 6 = 144.5, 143.6, 140.5, 136.9, 130.0, 128.9, 128.7, 128.4, 125.8, 125.7,
125.1, 82.7.
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Se

2-(tert-Butyl)-3-iodobenzo[b]selenophene (3ap). White solid; mp 108-110 °C; 90%
yield (81.7 mg). 'H NMR (600 MHz, CDCls): 8 = 7.95 (d, J = 8.4 Hz, 1H), 7.79 (d, J
= 7.8 Hz, 1H), 7.45-7.42 (m, 1H), 7.30-7.27 (m, 1H), 1.66 (s, 9H); '*C NMR (150
MHz, CDCL): 6 = 156.1, 144.9, 137.2, 125.8, 125.3, 125.0, 124.5, 77.5, 37.6, 30.7;
HRMS (ESI) m/z: [M+H]" Calcd For C12H14ISe" 364.9300; Found 364.9302.

@)

3-Iodo-2-phenylbenzofuran (3aq). Colorless oil; 78% yield (62.4 mg). 'H NMR
(600 MHz, CDCls): 6 = 8.16-8.15 (m, 2H), 7.47-7.44 (m, 3H), 7.43-7.41 (m, 1H),
7.40-7.37 (m, 1H), 7.32 (td, J = 7.2, 1.2 Hz, 1H), 7.29-7.26 (m, 1H); *C NMR (150
MHz, CDCl3): 6 = 153.8, 153.0, 132.4, 129.4, 129.2, 128.5, 127.4, 125.6, 123.5, 121.8,
111.1,61.1.

N

\

Ts
3-lodo-2-phenyl-1-tosyl-1H-indole (3ar). White solid; mp 110-112 °C; 76% yield
(86.0 mg, mixture of 3ar and 3ar’). '"H NMR (600 MHz, CDCls): 6 =8.30 (d, /= 8.4
Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.45-7.43 (m, 3H), 7.41 (d, J = 4.8 Hz, 1H),
7.36-7.35 (m, 3H), 7.31 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 7.8 Hz, 2H), 2.29 (s, 3H) ;
3C NMR (150 MHz, CDCl3): & = 145.0, 141.0, 136.9, 135.0, 132.2, 131.7, 131.5,

129.4,129.2,127.4, 126.8, 126.0, 124.6, 122.1, 115.9, 75.8, 21.5.
Ph
N

N—ph
s
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(E)-2-Phenyl-3-styrylbenzo[b]thiophene (4A). White solid; mp 62—64 °C; 80% yield
(249.9 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.09 (d, J = 7.8 Hz, 1H), 7.78 (d, J =
7.8 Hz, 1H), 7.58-7.57 (m, 2H), 7.42 (d, J = 7.2 Hz, 2H), 7.39-7.36 (m, 3H),
7.33-7.28 (m, 4H), 7.21-7.18 (m, 2H), 7.12-7.09 (m, 1H); '*C NMR (150 MHz,
CDCl3): 6 = 140.8, 139.2, 139.0, 137.6, 134.5, 132.2, 129.9, 129.3, 128.7, 128.6,
128.1, 127.6, 126.3, 124.6, 124.5, 123.3, 122.3, 122.2; HRMS (ESI) m/z: [M+H]*
Calcd For C22H17S™ 313.1045; Found 313.1047.

CFy

S

2-Phenyl-3-(trifluoromethyl)benzo[b]thiophene (5A). Colorless oil; 95% yield
(264.4 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.99 (d, J = 8.4 Hz, 1H), 7.80 (d, J =
7.8 Hz, 1H), 7.51-7.50 (m, 2H), 7.47-7.39 (m, 5H); °F NMR (564 MHz, CDCl;): 6 =
—54.85; 3C NMR (150 MHz, CDCl3): 8 = 147.6 (q, J = 3.6 Hz), 138.8, 136.5, 132.5,
129.7, 129.2, 128.2, 125.4, 125.2, 123.2 (q, J = 2.2 Hz), 122.8 (q, J = 272.5 Hz),
121.9, 120.4 (q, /= 33.4 Hz).

CN

S

2-Phenylbenzo[b]thiophene-3-carbonitrile (6 A). White solid; mp 109-110 °C; 84%
yield (197.7 mg). 'H NMR (600 MHz, CDCls): 6 = 7.96 (d, J = 7.8 Hz, 1H),
7.89-7.87 (m, 2H), 7.83 (d, J = 7.8 Hz, 1H), 7.53-7.48 (m, 4H), 7.45-7.43 (m, 1H);,
3C NMR (150 MHz, CDCl3): & = 155.0, 139.1, 137.3, 131.4, 130.4, 129.3, 128.2,
126.1(126.08, 126.06), 122.5, 122.3, 115.1, 102.0.

Ph

S

2,3-Diphenylbenzo[b]|thiophene (7A). White solid; mp 115-117 °C; 91% yield
(260.6 mg). 'H NMR (600 MHz, CDCI3): 4 = 7.86-7.85 (m, 1H), 7.59-7.58 (m, 1H),
7.39-7.37 (m, 2H), 7.35-7.30 (m, 7H), 7.23-7.21 (m, 3H); '3*C NMR (150 MHz,
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CDCL): 6 = 140.9, 139.5, 138.8, 135.5, 134.2, 133.2, 130.4, 129.6, 128.6, 128.3,

127.7,127.4, 124.5, 124.4, 123.3, 122.0.
Ph

/l

N—ph
s

2-Phenyl-3-(phenylethynyl)benzo[b]thiophene (8A). White solid; mp 70-72 °C;
84% yield (260.7 mg). 'H NMR (600 MHz, CDCl3): & = 8.12-8.10 (m, 2H), 8.08 (d, J
= 7.8 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.62-7.60 (m, 2H), 7.53-7.49 (m, 3H),
7.45-7.38 (m, 5H); 3C NMR (150 MHz, CDCl): & = 146.2, 141.0, 137.5, 133.9,
131.5, 128.8, 128.7, 128.4, 128.3, 125.2, 124.9, 123.3 (123.34, 123.31), 122.1, 113.6,

94.6, 84.1.
HaC

O
S

(2-Phenylbenzo[b]|thiophen-3-yl)(p-tolyl)methanone (9A). White solid; mp
126128 °C; 73% yield (239.8 mg). 'H NMR (600 MHz, CDCl3): & = 7.87-7.85 (m,
1H), 7.69-7.66 (m, 3H), 7.44-7.43 (m, 2H), 7.37-7.32 (m, 2H), 7.23-7.20 (m, 3H),
7.06 (d, J = 7.8 Hz, 2H), 2.29 (s, 3H); '3C NMR (150 MHz, CDCl3): 6 = 194.0, 145 .4,
144.3, 139.7, 138.9, 134.8, 133.3, 131.8, 130.0, 129.1 (129.14, 129.08), 128.7, 128.6,
125.0 (125.01, 124.96), 123.5, 121.9, 21.6.

OH

S

(2-Phenylbenzo|[b]thiophen-3-yl)(p-tolyl)methanol (10A). Yellow oil; 68% yield
(224.7 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.77 (d, J = 7.8 Hz, 1H), 7.68-7.66 (m,
1H), 7.49-7.47 (m, 2H), 7.38-7.34 (m, 3H), 7.27-7.26 (m, 2H), 7.25-7.22 (m, 1H),
7.17-7.14 (m,1H), 7.09-7.08 (m, 2H), 6.19 (s, 1H), 2.42 (br, 1H), 2.29 (s, 3H); 13C
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NMR (150 MHz, CDCl3): & = 194.0, 145.4, 144.3, 139.7, 138.9, 134.8, 133.3, 131.8,
130.0, 129.1 (129.14, 129.08), 128.7, 128.6, 125.0 (125.01, 124.96), 123.5, 121.9,
21.6; HRMS (ESI) m/z: [M+H]" Calcd For C22H19OS" 331.1151; Found 331.1153.

(2-(1,2-Diiodovinyl)phenyl)(methyl)sulfane. Colourless oil; 52% yield (52.3 mg). 'H
NMR (600 MHz, CDCls): & = 7.35-7.32 (m, 2H), 7.23 (d, J = 7.8 Hz, 1H), 7.19-7.17
(m, 1H), 7.11 (dd, J = 7.8, 1.2 Hz, 1H), 2.50 (s, 3H); '*C NMR (150 MHz, CDCls): &
= 141.5,136.3, 129.4, 128.2, 125.5, 125.1, 94.5, 84.9, 15.6.
2.9 KENG

M2, AR T —Fhis A 200 777, 38 AT WO fE ik 2- R m AR F ik
55t B e B A ) ) A S N B 3- B AR IR ES AT AR ) o 107 V2 B R ANt
AR TR B BRI 2t P eR =3 s thsh, i
ARG S S AT LR e 3R R A R AR Re A, HT-& T e A R I ey, XA
iR Th e A R B S NME . S2I0 = IEE RN AT N LB 7T, I
AN R 12 G AE A R R S A
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KRV o

0,
)\ 'Pr3SiSH (20 mol%)
+ CO, — - >
Ar R DMF, visible light Ar” R

Scheme 3-1 “F5: C-H $ 1R

2020 4, Leonori PRI, 4RiE 1 —Mw] Kot 4CzIPN itk e 5

Il bR A R B (Scheme 3-2) , XA ITIRRYIVEHE]) 2 B REBIMN 32 47,

TR N . 22 YR AR IR N Heek SN JE 48 B A e S A0 R B A
TN

4CzIPN (5 mol%)

: R R
P R3N (2.0 equiv.) N
re + 7 RCHCNH20 (0.1 M), 1t Y

blue LED

Scheme 3-2 Jifi & IR Bk S ot R A S b
2022 £F, Glorius PRAHES, FEXERATA] OG5 HOEEAIE AL R T
SEIL T H RN I DT HEA B (Scheme 3-3) o 1A R TIZ IB VG
AR E BERTIN 52 1%, AT BAN R s 250K i) Ja iz it
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ZnBry (10 mol%), BzBr (1.5 equiv.) OBz
O Br CH,Cl,, 0°C, 2 h
AU, \© then R'
R H 2 Ir-F (1 mol%), NiBr, (15 mol%)
(TES)3SiH (1.5 equiv.) R?

K3sPOy4 (2.5 equiv.), CH3CN (0.05 M)
30 W 450 nm LEDs, RT, 24 h

Scheme 3-3 H kI IR HE 57 He Al S
A4, ZREAL00, K 1R Mot et R s e i AU 07 A
SR (Scheme 3-4) 5 1% NAE IR AR ALIE S5 Fr RS N O & AR BTS2 o
GITIEXS 2 e BE H AR BA R = R 52 1, I i U 6 e AL ) N 3L Th RE AL 32
T — R IE

NiBrsL1 (5.0 mol%)
H Br HAT catalyst (4.0 mol%) Me AN

PP \O\ PC catalyst (7.5 mol%) N\/\Q

COOEt 2.4,6-colidine (2.0 equiv.) COOEt
DCE (0.067 M)
36 h, 450 nm blue LED
Scheme 3-4 #7143 C(sp?)-H H.#% 75 540 [ B

2022 4, Wu BREEAPT, FEIA. et T, DU, 5 1 HCF.Cl
RFRIE, IS T AREWE R A R IR )OS (Scheme 3-5) o ZJTER

AARE T ZRDVE .

R’ R’

: . 2
Rj/ + CI-CF,H —2CzIPN (6 mol%), MesN-BH; (2.0 equiv.) R%CFZH
e PhSSPh (10 mol%), BUCN (0.1 M), rt., 48 h R3

40 W 456 nm LEDs

Scheme 3-5 JE3% AL 12 10 S — 9 4k ]
AT, Wu BRAEHS, 38 7 M EY 1E 8 HAT MGG, e8Il | 2 AkEktiE b
Thae (Scheme 3-6) o ZITIEIRY)IEELF (150 AMA1F) , BA HEARESE
PRI AT 4

Neutral eosin Y (cat.)

R'—Fg
Hydrosilanes Feedstock chemicals Additives/Solvents Functional silicon reagents

R'—H + Fg

Scheme 3-6 2 S FELi 125 T REAL [ B
— MRV, et s HAT EALFIERCR PC B BT P24 HAT B4 H 2t
FREMA, B WE BE R e B 3L [E])4Z199-101 (Scheme 3-7)
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® ) PC e HA HAT catalysis @ 2.
reaction Cat/ radical species —
substrates

Scheme 3-7 S5 7 F AL AL AL LR

AR, AL R HAT i3t C(sp®)-H d b W L BUS T3 s R R,
B 7 IX b HAT AT 240, TREESR. BER. X3 A MA@ E i HIES
WU R TR A AL 1021090, 78 T 2405 o ) 35 BT i — Pl AN Sz 1 64k
% HAT AT, AN TR 24150 HAT AR RSO0 N 0E C(Spd)-H # . AA 5%
A LHEIR T S5 48 B R SEAE T WO6 DRI G B, i TR BOR RS B R Y
LTS RE U FIRTERE /1, AT BARIR/E 9 PC A HAT HEAL 7]

2017 4F, Yuan BRGHMO, JFA 7 — e ] WOGIEHETT e B = 34k .
ZIR NIRRT . CFs B HESRICAR 273 (Scheme 3-8)

CFs
R@ + CF4SO,Na 2DQ. CHCN _ o
Visible light

Scheme 3-8 ] WG 57 e 9 = 980 FH B Ak e b
2017 4, Kumar BREEHA!M, FFk T —FE T &8 % N KV NEALT], 7]
WG PQ HEAL & B =980 F A IR I E IR, MRy RIS W o 2 S B SR AR AT, iR
Wit %2 445 (Scheme 3-9) .

0
Ph \\—Ph
=
PQ N
o~ CFsSO:Na —gie fight
X =0, S, NCH;

Scheme 3-9 7] WL 155 5 & ik = 8 JE 4L 28 FF ey
2020 4, Zheng BRI, ¥ HAT Yol bl 540455, RIS 1E
RFEAZART, ERAZAE T LA 32-88% MR G/ T 41 NI AW, (Scheme
3-10) .

') PC O
J__Pd(OAc),/Xantphos P
(hehAX + 1~ R KHCO, actone rt~ AThed” R
purple LEDs

Scheme 3-10 & 1) B £z 75 AV B HEAL [ B
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2021 £, Xia ARSI, @A) WOt SRR RN, KL T O7 R B AL
SR (Scheme 3-11) o %75 3A 57 A AN G i R REAE 9 = = BRI, £
AN SN R D7 360, RAT 2 1 REF 52 1% .

PQ, [Pd] O
i 0]

0
! AgZO !
E\ + H)kR visible Tight [
C v

Scheme 3-11 77 K& I IBE I AL S
2022 4, Helaja fRAHM, & 1 —Fha] WG etk £k & a2 Bk 1)
Jii% (Scheme 3-12) o 1M PQ ENMEALT, 2 IR E RG], &
RAE R T 26 > 2 BURFEE.

R® | 3 ¥
N il visibTeQ light R@\/j
2
I, air, r. N° R
Scheme 3-12 7 WL (e EMERE 5
iiT, Hong HJUEREANS), FERMPLEE N EMT, FIHEE (AQ)
[F ISR R AR A S R 7 #2440 77 (Scheme 3-13) , k4 & Ca St &AL L

WE o ZI N AEIR AT 2T N BL 31-94% 7RG i 1 57 DN RA AL s FE R 4-
HCACHIEBE -

R2
1 3
H | ~ R AQ (10 mol%) RUR
R1i\2R3 . '?‘/ MeCN (0.1 M), rt, Ny - Q
W1,
Npg A lN/ R

Scheme 3-13 ARiF ALk ELIEMEIELL
SR, A WA R T e A DhRetl, JF AT TR, AN
ME—SULTT, BR2E0Y PC AT HAT AL, SEILAHIAN KR 20 006 I L ) EL 3004k o7
HAT TR AR BAR ), (H2 BAPRRPER . TRk, D REMRT A H ik
FEANRIANEE b — 2D IIpASF BB BE BT, AT B & B A ML T IR R L
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EErp gk 12 N1, H H R SCERIRIE R 3-F REAL AR IFELY (15
G RR PRI IR NIR B . IE, IR IRRE . =R T MR m T Retl
fit R AL A AR B LN

2017 4, MacMillan FJERERZIZ), @G EMIE R RN TH AL
Mg, WIE 7Pk FErE Sp BRI SN (Scheme 3-14) o ZAK & AN i
FI = AMEACTE AR SEDL A B S AL etk s AL (1 S AL D0 AT S i B AT
S R ek Fr BUB K .

~

-~ A IrfdF(CF3)ppyla(dtbbpy)PFg ¢~

o, roN (1 mol%) \S s

N7 g N HAT-catalyst p
quinuclidine

Scheme 3-14 514 C(Sp®)-H K =0 AT XARER
BT DL ETTARRIR; B B 2R S N 2412 I AT % R b 3R A R, AT
JCHUR BRAE Ny HAT HEALH], W LA FH R IEAL 2-J R 28 ARk rh 1) S-C(sp®)-H 8,
SNIERAE TN B RN AL, R 3-BEAE A I HE B A2 (Scheme 3-15) .

R o R K
= PQ (10 mol%) [ Z
@ PhCl, air, 24 h @ ~
1 °

X/\R'I }:- \\ X/\R1

Scheme 3-15 7] WA T PO AL AU A ISR HE R 9 23R

3.2 REIEMHMIL

DL 2-BRORFEIE R TE (La) BRSNS, 3 A AL )L VA7) DK% 75 T
HBEAT T ARAL DU 58 B R RS A
3.2.1 EUHIRIBFIR L

4, SORBGHEHT T % (Table 3-1) « ¥ 1a (0.2 mmol) 1 PQ (10 mol%)
VML DCE (2mL) 1, fEZ VAT, MG LED (425nm, 5W) B4
224 h, LA 64%MCR13 BT 1K) 3-IE A28 E Y (4a) , JF Rl 2580 10 Ak
P20 42" Centry 1) . SRJGHBER (PQ) . JEEE (ACQ) . KR (BQ) #2,3-
TE-5,6- —FUAE R (DDQ) MO AL R a3 = e AR, HR IR T Centries

2-5) o SRIGEXTERBAT TiHk, KINER NN R (entries 6-16)
48
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Table 3-1 AL A1 77 4 G ik »

)
Ph \ Ph
\ +
_CH, Solvent, air, t, 24 h s _CHj3
S 425 nm (5 W) S
1a 4a 4a'
Yield (%)”
Entry PC Solvent
4a 4a’
1 PQ DCE 64 trace
2 AQ DCE 52 trace
3 ACQ DCE 50 trace
4 BQ DCE trace 15
5 DDQ DCE n.d. 12
6 PQ PhClI 71 trace
7 PQ THF n.d. trace
8 PQ n-Hexane 26 trace
9 PQ MeCN trace 25
10 PQ Acetone trace n.d.
11 PQ EtOH trace 27
12 PQ DMF trace trace
13 PQ DCM 31 18
14 PQ EtOAc 34 trace
15 PQ PhCH; 54 trace
16 PQ PhCF3 59 trace

9Reaction conditions: 1a (0.20 mmol) and photocatalyst (PC) (10 mol%) in solvent (2.0
mL) were irradiated with 5 W blue LED in a reaction tube with an air balloon at room
temperature for 24 h unless otherwise stated. *Isolated yield; n.d. = not detected.
3.2.2 JR R AR HRTHE

SRIG X CURHEAT T 9%, 415 nm (5w)i LED & B ik 5 DL 82%[rik
KIS HFRF“) (Table 3-2, entries 1-4) o XFHESZIGIESE, JeAIEILFZ
SEHAX — AL L B4 Centries 5-6) o HFHIMK, 1% ONAE G T tLAENR
FIBEAT, DL 52%MI7 K155 4a (entry 7) o SRJE RN IR AT T84,
KI5 W NEAAERMNIIE (entries 8-10) , MIERAAM P AT NV,
B WL R E A=) 4a Centry 11) o SR1, HRMBAERS A AT,
4a F1 4a' (7= R R 27%H1 50% Centry 12) o B, 24 NAE 2SS ik
ATHE, 4a F1 4a'fRIP= 350 5109 57%H 13% Centry 13) . H)a, HE—H0ik
FCHBGR ) UL B SRS 8], i 10% e FE G LTI &, 24 /i A

S NiETE] Centriesy 14-15) o
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Table 3-2 Y6if S 3k A &A1) i ik 2

)
Ph N_ph _ Ph
Z PQ (10 mol%) @\; . ~
S/CH3 PhCI, a};‘,/rt, 24 h S §/CH3
1a 4a 4a' g
Yield (%)”
Entry PC LED (nm) Solvent

4a 4a'
1 PO 425 (5 W) PhCl 71 trace
2 PQ 395(5W) PhCl 43 trace
3 PQ 415 (5 W) PhCI 82 race
4 PQ 435 (5 W) PhCl 68 trace
5 / 415 (5 W) PhCl n.d. n.d.
6 PQ / PhCl n.d. n.d.
7 PQ sunlight PhCl 29¢, 524 trace
8 PQ 415 3 W) PhCl 78 trace
9 PQ 415 (7 W) PhCl 75 trace
10 PQ 415 (10 W) PhCl 65 trace
11 PQ 415 (5W) PhCl n.d.c n.d.c
12 PQ 415 (5 W) PhCl 27 50/
13 PQ 415 (5 W) PhCl 578 13¢
14 PQ 415 (5W) PhCl 61", 80 trace”
15 PQ 415 (5W) PhCl 63/, 81 trace)

“Reaction conditions: 1a (0.20 mmol) and PQ (10 mol%) in PhCl (2.0 mL) were irradiated
with blue LED in a reaction tube with an air balloon at room temperature for 24 h unless
otherwise stated. “Isolated yield; “The reaction exposed to sunlight irradiation for 8 h. “The
reaction exposed to sunlight irradiation for 24 h. ¢Under argon atmosphere; /Under O,
atmosphere with an oxygen balloon; ¢Reaction conducted open to air; 5 mol% PQ; 20
mol% PQ; /18 h; 30 h; n.d. = not detected.

33 RMEYHRRE

AT — AR B P, R R B, 58T SRy
EI (R _EHAANFREER 2- R IEGAKH B (Scheme 3-16) o ZEH (R?)
/) p-OMe. p-Me. p-Bu. m-OMe. m-Me. 0-OMe %545 Hi, 7 3L [Ff1 p-F. p-Cl.
p-Br. p-CFs. p-CN. m-Cl. o-Cl %W} BT HE BRI RAF A1, P2 N
52-90%. Wi HL T IARTEAT R T A sl =4, s e 1R IAREAS 1 S . BEAh,
R Ry B ZEILRINEnE B HUARR, X LR MIHE F T2 RN, LA 56-69%
SR B AT TR AR I (do-dq) o SRT, 4 REPIE T3 (1r) 8K
i (1s) U, 733K IFEEY) (4r T 4s) , T2 AHRLFFDEAR (41
N 4s") TR 5 R B AR IER O, TR MRS IR HRMS 20 Hr ik

MBI 450 XS5 REBY], £HATNPEM T, RPIBDAUEITH. o,
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SPERARIK F R 75 A 30 AN [RI O AT T RIS, 200 FEL RIS (A1 RN, I A
58-7TA%) 7 AL T HAR T ) 3-I B8 0F ey (4t-dy) o 2 FATEAIE, B
FRI) 2-F B K R (1z-1ab) MRS BIAHRLY 3-TE B K IF MYy (4z-4ab) , J~
HN 69-712%. AT, 12N A DARA 5 TBOR . FEAG I SR 26 A T
¥ 1.50 g (6.7 mmoD) I 1a FEATHIAL B, 73 BI45 BAHS K=Y 4a, ULEHN 67%

(1.07g) «

R? Ao
= PQ (10 mol%) R
; 415 nm (5 W) \
R _CHs ,
X PhCI, air, 24 h R X
1 2  X=8,Se

R =4-H, 2a, 82%, 67%° R =4-CF3, 2h, 76%

R = 4-OCH3, 2b, 73% R =4-CN, 2i, 71%
O R = 4-CHj, 2¢, 78% R = 3-OCHj, 2j, 59%
O \ R =4-Bu, 2d, 77% R =3-CHg, 2k, 68%
R Rz4F 2e 77% R =3-Cl, 21, 75%

R = 4-Cl, 2f, 88% R =2-OMe, 2m, 52%
R = 4-Br, 2g, 90% R=2-Cl, 2n, 67%

Q — R?
\\_R2 R? = 2-naphthyl, 20, 69% )
R2 = 2-thienyl, 2p, 68% R® = cyclopropyl,
\ 2 e o S=0 2r' 44%
R? = 2-pyridyl, 2q, 56% Me '
S R2 = "By, 2s', 46%¢

o)
R' = 5.CHa, 2t, 69% \

Q Ar
5 4 )—Ph R'=5-Cl 2u,63% |
R! \ R' = 6-OCHjg, 2v, 74% Se
6 S R'=6-CHj, 2W,71%  Ar=Ph, 2z, 72%
7

R'=6-F, 2x, 61% Ar = p-MeCgHy4, 2aa, 71%
R'=6-Cl, 2y, 58% Ar = p-CICgH,4, 2ab, 69%

Unless otherwise noted, all reactions were performed with 1 (0.20 mmol) and PQ (10 mol%) in
chlorobenzene (2.0 mL) at room temperature in a reaction tube with an air balloon under blue
LED (415 nm, 5 W) irradiation for 24 h. Isolated yields. ) The reaction was carried out on 6.7
mmol scale. ! 48 h.
Scheme 3-16 XY JE 1
N T2 RX A TE ], R FT T 2- B ORHOR R R R I A A A L
(Scheme 3-17) o &KL, EMRACHI N AT, BRI 34T, A
B3 AR BN b A i BRI T BRI AR AT B R I 52, 7PN 56-67%,
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92T IR 3-TE B 2R T ey (dac-daj) , FFulid x 542 5 d 7 b idt— IR SE
1 dah E5K . 07, AT, &4 2-MEnE H 2R 2L 1K R B
T %Ak, dak F 4al (K172 28505108 S1%H 68%. AT iE—ARER L L HE
FIVE ], BATRE R e 1 25 Fh 3-BE 2R IR IR 1) & . 2 N %o, 2-
RRIETRFL ORI B IZFAC I R AP, R B B 51-78% )7 R 3k
18 VT 0 3-BE 2 TF K (4am-4ap) o

Ph R
FZ PQ (10 mol%) Ph
415 nm (5 W) {
X R PhCI. air, 24 h x~ R
1 2 X=0,8

R'=H, 2ac, 63% R' = 4-Br, 2ag, 62%
R'=4-Me, 2ad, 65% R’ = 4-CF;, 2ah, 56%
R'=4-F, 2ae, 64% R'=3-Cl, 2ai, 67%
R'=4-Cl, 2af, 67% R'=2-Cl, 2aj, 63%

2ah
@@ ©E§ {*r {}9
2ak, 51% 2al, 68% CCDC: 2286087
0
N_ph R? = H, 2am, 78%°

2
O { R R? = 4-Me, 2an, 72%°
0 R2 = 4-Br, 2a0, 76%°

O R2 = 2-Br, 2ap, 51%¢

Unless otherwise noted, all reactions were performed with 1 (0.20 mmol) and PQ (10 mol%) in
chlorobenzene (2.0 mL) at room temperature in a reaction tube with an air balloon under blue
LED (415 nm, 5 W) irradiation for 24 h. Isolated yields. {1 PQ (20%) was used, 48 h.

Scheme 3-17 KM & 11

3.4 RENARRFE—DEEWL

DL, S-3E-2- (RIEZH) KNG (3B) NEY, 16— 85 T R B
FIHEAT, T73RH 69%, 5 Zhou 177029 (Scheme 3-18a) AHLL KEUHIE . JAT,
WL BRI (SB) A FRZR A MR, By (6B) =%
XN 27% (Scheme 3-18b) . 74, da W[ LLRZE Gy it 47 444k . FH m-CPBA %
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1% da, S EIIFEY) CTB) P22 K 60%, F NaBHs 7% da 18 J5 AR N R 724 (8B).
Ak, AUMEALTY 4a 5 4-BZE S C2-H ThREAL ) Bt TR UF, FEUAE S
FINCRIS R T AN FIEEBE=Y) (9B)  (Scheme 3-18¢)

(a) The oxidative cyclization reaction of 3B

PQ (10 mol%)
415 nm (5 W)
" DMSO, air, 24h

3B 4B, 69%

(b) The oxidative cyclization reaction of 5B

o}
PQ (10 mol%)
d\ 415 nm (5 W) djj/'\
SMe PhCl, air, 24 h
5B

GB 27%
(c) Further transformations of 4a
m-CPBA (2.5 eq.) %_(0
CHJCl, (5 mL), rt, 24 h =S/
2Cla ( ) 0=g oh
O 7B, 60%
o
Ph
A\ NaBH4 (1.0 eq.)
S THF (4 mL)
70 °C AI’ 12 h BB 91%
4a
p-BrPhCHO (2.0 eq.)
Pd(OAc), (5 mol%)
KOAc (2.0 eq.), DMA
150 °C, Ar, 48 h BB 75%

Scheme 3-18 < M. &} ift — D 4k

3.5 REANEAMR
N TRN T REXFHAZ RN, HEAT T LI RS

3.5.1 BEEEHIRSE
-
4a + /\\Q O N

0%
PQ (10 mol%) 10B 43%
415nm (5W) )
a . A
PhClI, air, 24 h
TEMPO (2 equiv.) 'o—N H
0-0 0-0
—_— + —
s S h
- 12B detected by HR-MS 13B

Scheme 3-19 B HJE R S2LG
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BAEBR RN RN 2 £5 B2 B KGR TEMPO I, 701 WAL
SN 58 A4 (Scheme 3-19) o {HA24r B H T TEMPO Al S-a-C(sps) H HH 2
ey (10B) , HAHRFRAFEE L (Scheme 3-20) o h4b, XF M IRAVIN
HRMS 73 #rksill 744 TEMPO [ HiZEr[E{£(10B, 11B, 12B) &) (Scheme
3-221) , FERHRBIHEE (13B) #E4T 7 HRMS 2347 (Scheme 3-22) . iX£E45
KU, HREMSTFARMLBETESS TXMEL.

Ph
@K
N
s o

2,2,6,6-Tetramethyl-1-(((2-(phenylethynyl)phenyl)thio)methoxy)piperidine (10B).
Pale yellow solid; 43% yield (32.6 mg): m.p. 84-86 °C. 'H NMR (600 MHz, CDCls):
o0 =767 (d, J =7.8 Hz, 1H), 7.57-7.55 (m, 2H), 7.49 (dd, J = 7.8, 1.2 Hz, 1H),
7.36-7.32 (m, 3H), 7.29 (td, J = 7.8, 1.2 Hz, 1H), 7.18-7.16 (m, 1H), 5.19 (s, 2H),
1.59-1.52 (m, 1H), 1.46-1.42 (m, 4H), 1.33-1.31 (m, 1H), 1.20 (s, 6H), 1.12 (s, 6H);
13C NMR (150 MHz, CDCl3): & = 140.0, 132.4, 131.8, 129.1, 128.9, 128.5, 128.4,
125.9, 123.3, 123.2, 95.3, 87.5, 79.3, 60.1, 39.7, 33.5, 20.3, 17.2; HRMS (ESI) m/z:
[M+H]" Calcd For C24H30NOS™ 380.2043; Found 3380.2042.

A N T

J\UUU "
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139.986
132.413
131.757

129.109

2
§

128.905
128.492
128.415
125.909
123.325
123.183

—95.290

Ph
=

N
10B

—87.453

79.268
77.371
77.160
76.949

<

—60.114

—39.747
——33.487

—20.298
—17.199

T
150

140

T

130

120

110

D:\DATA\Professor Wang\2023\20230615\5

5#1012 RT: 538 AV: 1 NL: 2.60E9
T: FTMS + p ESI Full ms [200.0000-700.0000]
380.2042

Relative Abundance

100+
95

©
=]
sl

® o
2.a

T
100

381.2054

382.1991

378.9692

90

80 70

06/15/23 11:16:27

Ph
F
N
S/‘\O,

10B

60

or

50

40

s

0,
/

S
1B

30

Ph

[M+H]* Calcd For Cp4HsoNOS* 380.2043

Found 380.2042

,384.2058 388.1683

392.9925 395.9951

20

10

0 ppm

375

380

385

390

miz

395

400

Scheme 3-20 10B [1) 45 14 £ 4F
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D:\DATA\Professor Wang\2023\20230615\5 06/15/23 11:16:27

5#555 RT.3.05 AV.1 NL 2.03E8
T: FTMS + p ESI Full ms [200.0000-700.0000]
\60= 412.1944

95

® o ©
S g o

[ENTNTEV TN AT NN

755

= 12B
455 [M+H]* Calcd For Cp4HagNO3S* 412.1941
40— Found 412.1944

Relative Abundance
(5.
(=]

413.1963

-
o

414.1891 438.3688

434.2146
404.1656 406.2017 410215 L 416,176 420.1985 424 1937 4263686 4311100 |
‘ IO rer

Libbdd WAL Ldas
405 410 415 420 425 430 435
miz

Scheme 3-21 12B [f1/54 /3 ¥

D:\DATA\Professor Wang\20231202306 15\5 06/15/23 11:16:27

5#447 RT: 250 AV: 1 NL: 7.06E5
T: FTMS + p ESI Full ms [200.0000-700.0000]

100
95%

257.0628

3&‘.3%$$
LIl

257.0429 /

3

138
[M+H]* Caled For CqsH;30,8* 257.0631
Found 257.0628

NN w
3 a 8 8% 8 &

o

o

Relative Abundance
5 & 8 &
[FTERURTTR TR A TE TN AUR TN AR RRN RN A TRV AUN Y NUUT) ARV A INaN FATRN AU TT AT a T (UNRN Aaun
,

LAAd Lidd aaas 1aad AR R0 RAM) SRS M) LAAS AAAS AAAS il A A i A a4 M
2571 257.2 2573 2574 2575
miz

T L3R 1AM LA MM AAAS AAMS MRS
256.8 256.9 257.0

Scheme 3-22 13B (1154 /3 4
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3.5.2 MRS
F U-4100 400 Wor e e b 7 PQ (1*%10°M) . 1a (5*%10“M) F

PQ (1*10°MD  +1a (5*10*M) FEE/TE VAR T X ER AN AT RSO
e PQ EZUEE VAU T HIROGIEE 330 1 416 nm ALH FHKAE, RiE
M 250 nm % 525 nm, 41 (Scheme 3-23) o, X585 # A 1 LED &K

(415 nm) & —HH. AT TN, 1a FRBOETEAE 330 nm A1 416 nm
WA B RAB, WRUACTE FELAA 280 nm %) 340 nm, 41 (Scheme 3-24) flizn. fER/EL
ZRARA, 1a+PQ MMRIOEIELE 300, 330 A1 416 nm AbA i KA, WL
M 280 nm | 525 nm, @I (Scheme 3-25) fia. BEERSOLIE W (Scheme 3-26)
Al (Scheme 3-27) iR

1.0 ——PQ(inN)
—— PQ (in air)

Absorbance (a.u.)
<o
n

0.0 1

300 400 500 600
Wavelength (nm)

Scheme 3-23 PQ ¥ T AL A LB R Ul T P SN0 51
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la(inN,)

1.54 1a (in air)
£
=
3 1.0+
=
<
-
2
© 0.5
<

0.0 . . . . . . .

300 400 500 600
Wavelength (nm)

Scheme 3-24 1a 1 GURE S B UR T I0S AN

1a+PQ (in N))

1.5 1a+PQ (in air)
E)
S
Q 1.0+
S
=
2
© 0.5-
<

O.O— | N 1 " | " ]

300 400 500 600

Wavelength (nm)
Scheme 3-25 1a F1 PQ V& T SURTE 2 B VU T K5 AN 1
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la(inN)

1.5 PQ (inN)
”;:\ 1a+PQ (in N)
S
S 1.0-
=
<
°
St
2
< 0.5-

0.0 - . . .

300 400 500 600
Wavelength (nm)
Scheme 3-26 1a, PQ fl 1a+PQ ¥ T & IRTERTAM N LM Koy i
1a (in air)
— PQ (in air)

1.5+ 1a+PQ (in air)
3
S,
S 1.0-
5
o
S
3
< 0.5-

0.0 . . . . ' .

300 400 500 600
Wavelength (nm)

Scheme 3-27 1a, PQ Fl 1a+PQ ¥ T & R 1E 2R N HIER AN IR i

3.5.3 /[ A ) 4RI JE SREG

o)
y Ph PQ (10 mol%) Ph Ph
415 nm (5 W)
N\, ¢t b
_Me -
ﬁ PhCI, air, 24 h S S\\O
4a’ O 4a, 0% 14B, 0%

Scheme 3-28 5 W H (A AR 56 1IE S 56
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A, 1. CREETAIE) 2- CEZIE) ZE (4a") EFRVESME T RNV,
BAH BT HIE =) 4a 5% 14B (Scheme 3-28) . X —4EBHE T 4a'fE N1k
Hh ] =) AT BEAE

3.54 BMirE ('%0) FRICsEIE

180 P Ph
> PR pq (10 mol%) Ph Z
415 nm (5 W)
A\ + S/Me
18
SMe PhC|, 02, 24 h S 186
1a 180-4a/d4a = 5/2, 24% '0-4a'/4a = 5/1, 44%

Scheme 3-29 80 Fric 246

FEREH W IR ) 25 mL B #SH, INSI R R (1a, 224.3 mg,

1.0 mmol) PQ (20.8 mg, 10 mol%) FIE K (5.0 mL) . KMNIEEWITEZEIEA B0

CR/SER AR T REEAE 415nm (5 W) (0 LED WS RN 24 he RS 58

BG, RAIRIERE RR A E R L, H R CER AR AR (1:100-1:5,V

/) FEJENTIE S B AR R R IR 4a-180 (57.7 mg, 24% yield, '80-4a/4a =

5:2) FMIEAHRYIF 180-4a' (106.6 mg, 44% yield, '80-2a'2a' = 5:1) Ff Hi@ it

HRMS 347 T 43041 (Scheme 3-30,3-31) . 455K 4a FHIEJE T RA T2+
[¥) 024

D:\DATAL . \2023\20230630\CH-4 06/30/23 09:24:50

CH-4 #128-924 RT: 0.85-5.23 AV: 797 NL: 1.72E7
T: FTMS + p ESI Full ms [150.0000-700.0000]

1005 243.0722

= Ph
95+ Vi
M

90
= _Me

=0

180y ;

857 0
E Ph sl
203 A 180m4a’
757 s [M+H]* Calod For CyH,5 08" 243.0724

¥0-4a Found 243.0722
E [M+H]* Caled For Cy5Hq4'80S* 241.0568
655 Found 241.0568
60~ Ph
4
M
|

704

557
3 _Me
50 o

E \—Ph |
45 o}
4 4a’
407 3
E g 243.2875 [M+H]* Caled For Cy5H;50S* 241.0682

355 241.0568
E 4a

307 [M#H]* Calod For CygHy;0S* 239.0525

25; Found 239.0525

Relative Abundance

2412731

244 0755
15 239.0525

237.0370 242.0601 245.0680 —
247.0674 01T g0 1777
o ol rrrpd

240.0560
5 236.0595 L 238.0404 o
T R O |

] ] L L e e T
236 237 238 239 240 241 242 243 244 245 246 247 248 249 250
miz

Scheme 3-30 S W1 & VIIT) 5 5 HE i
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DDATAL. \202 31202306 30\CH-1 06/30/23 09:03:00
CH-1#258 RT: 151 AV: 1 NL 9.03E7
T: FTMS + p ESI Full ms [150.0000-700.0000] : Ph
it 241.0564
3 — | \
957 N
00 O-4a
853 [M+H]* Caled For CysHyy'%0S" 241.0568
3 Found 241.0564
B0 “§_pPh
759
70 3
654 ©
3 da
g 803 [M+H]* Calcd For Cy5H,;0S* 239.0525
E 55- Found 239.0529
2 3
£ 50
% PrE
T 239.0529
x 40
353
303
255
Cie 242.0590
155 242.2830
104 240.0564
59 243.0521
J 2351608 236.1072 238.1337 244.0555 2450308 246.2426 247 0748

R e ETRAEE ceeh Ao TR
235 236 237 238 239 240 241 242 243 244 245 246 247 248

Scheme 3-31 '80-4a 1 4a {95 DAL

3.5.5 ShHF R Z L

Ph Ph 0
Z Z PQ (10 mol%) Damall
. o 415 nm (5 W) {
SEth s PhCl, air, 6 h g~ HD
(1.0 equiv) (1.0 equiv) KIE = ky/kp = 2.69 271%D
1a D-1a 4a+D-4a, 21% yield

Scheme 3-32 3 /) 5 [F) 47 25 5250

N Tk T R TR AR TR PR S ARG (TLS) , BHF 1 i%
WEA R BB 15 R 2= 20N (KIE)  (Scheme 3-32) .

—ANBEE WL FERE ) 25 mL EAR TR S N A A, NGB BRI F Tk (1a,
22.4mg, 0.1 mmol) . JARARHRIEIR AR EE (D-1a, 22.7 mg, 0.1 mmol) . PQ (4.2
mg, 10 mol%) 1 PhCl (2.0 mL) » R MIBGWEE R TR T, HiEE LED

(415 nm, 5 W) HEHH N 6 h, 152 AHPIRYIF 4a F1 D-4a (10.0 mg, ;=N
21%) . 54+ KIE 5256 B, ALY D-1a 5 1a (932 KIE {H°N 2.69(Scheme
3-33) , RUER THA 2 gl R 1P RIS,
(Benzo[b]thiophen-3-yl-2-d)(phenyl)methanone (D-4a/4a = 27.1/72.9). 'H NMR
(500 MHz, CDCls): & = 8.57 (d, J = 8.0 Hz, 1H), 8.00 (s, 0.73H), 7.91 (d, J = 8.0 Hz,
1H), 7.87 (d, J = 7.5 Hz, 2H), 7.62-7.59 (m, 1H), 7.53-7.49 (m, 3H), 7.47-7.44

(m,1H).
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. |

iy
|/ |
4a+D4a ), |l_ W L_J)H t/ LM__JL

o)

A /ﬁ”
MJ

Scheme 3-33 4a f1 D-4a [ AL R AE
3.5.6 AJRERY R SZHIE

0] 0 4a
H,O Ph
@ N "
Dl L
\'. N\
ay H
PQ S
13B
o 0 detected by HRMS
Sy "o
N
/' o
1a S
HO O @) OH c,
)
~ . trapped by
! "CH, PQ-H TEMPO
S .
>ph_ 02
A, S— B,
trapped by trapped by 12B
TEMPO TEMPO
detected by HRMS
10B, 43% 118

detected by HRMS

Scheme 3-34 1] {E [ [ ML FE

62



L N N 2T e A e

AR XS IR SR A0 AN BT N AR IEDS0, 3/ H 1 —Fb b B 3 3 B S BT
(Scheme 3-34) . E4t, PQ EHARMMIAE PQ*, PQ* 5 la KA T4
(HAT) AR S-a-bikk H 15 Az, bR H HIEAE D T WINAE] C-C =842 R

CAFEE HIE By, HEAR B 0 TR, AERUEAE H B G, Rl A
HAT B4 PQ, [ A A AMA 13B. a7 T WK, 331 K4 4a.
3.6 SKRuERSY
3.6.1 2-IREERFEMBE (1ac) HIHIE
Jiil A:

| 1. CuS0O4.5H50 (10 mol%), bipy (10 mol%) |

©i BnClI (5 equiv.),l\la28203.5H20 (5 equiv.) ©i
NH, yec»ﬂHzo,so Q,4h 5 BN
2. 'BUONO (1.5 equiv.), 48 h
Scheme 3-35 2-fIUAR A R T ] 4%

7E 250 mL [ B, II NaxS,05-5H0 (12.4095 g, 50 mmol, 5 equiv.) ,

FIA (6.3292 g, 50 mmol, 5 equiv.) , CuSO45H,O (247.7 mg, 10 mol%), BEAtL
e (156.2 mg, 10 mol%) , MeOH/H,O (50 mL/70 mL) , 7£ 80 C s it ¥
SN 4 h, BN 2-B2E % (2.1902 g, 10 mmol) , ‘BuONO (1.5468 g, 15 mmol, 1.5
equiv.) , ARG NAREERHIFE 48 h, F PLC MUER BRSO & I SRR e Vi #E 56
G, BRI, OB OEERER ., T, iE. BRIk =4 LA i
NP, TERERS R DA (v Al 19 B R P S AT UK RS,
WHAAEAR (1.9572 g, 775 60%) .

' . (7 \__—— PdCl(PPhs), (2 mol%)
o BN N\ 7/ ~ Cul (2mol%), Et;N Bn

DMF, 50 °C, Ar, 36 h

1ac
Scheme 3-36 2-JR 2K HE IR B < HE ik o] &

W AR LA BE (1.6310 g, 5.0 mmol) FIZEZ K (0.7660 g, 7.5 mmol, 1.5
equiv.) & T 5 mL DMF W4, I PACLy(PPhs) (70.2 mg, 2 mol%) , Cul (19.1
mg, 2 mol%) A Et:N (20 mL) o fEG/TTM T, RNVIBEYILE 50°CHITH# el
FUNEHE IS 36 ho PLC AR 7 7 SR RICR R BE AR kv 48 58 42« KN 212 22
U, F NaSOs T4, 1€, WOEWRAE. DoAimBENDEbl, TErER BRI NG
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Tl Al AL BRI, 15 5] 2-B It RS EE (1ac) IR B (0 [E 14 (1.0064 g, 77F 67%) .
777 B:

Ph——= Ph
B BnCl (1.2 equiv.) &
@[ r K,CO (i 2equi\./) Br PdCly(PPhs), (5 mol%)
2003 (1. )
sy C€s2C03 (20 mol%) @[S,Bn Cul (5 mol%), EtsN &0
DMF, rt DMF, 80 °C, Ar, 36 h 1
ac

Scheme 3-37 2-JR 2K HE IR B 1 HE ik o] £

2-HIRIREE (3.7814 g, 20.0 mmol) FIFRIES (3.0379 g, 24.0 mmol, 1.2 equiv.)

TAfRAE 30 mL DMF 1, I\ KoCOs (3.3169 g, 24.0 mmol, 1.2 equiv.) Al Cs2CO;

(1.3033 g, 4 mmol, 20 mmol%) . ¥R NIEAYIEEE FRIZIH: 12h, RV5E
HJE FHZK (50 mL) #iE, 285 FH 4R 4.8 (3*50 mL) Z5HL, HHLZH JE/K NazSO4
THE, U, WURWRAE. DUA MBS, ERER N 2 ki, 153
SRIRRAR IR N B iR (44671 g, K 80%) -

W AR IR I B (2.7920 g, 10.0 mmol) FIZE Z Bk (1.5320 g, 15.0 mmol, 1.5
equiv.) ¥f#7E DMF (10 mL) ¥, S PACL(PPhs), (351.0 mg, 5 mol%) -
Cul (95.2 mg, 5mol%) 1 EtN (20 mL) . fEESSM Y, RMNIEEYITE 80°C
IR R S B 36 he SERJE FHZK (50 mL) ke, A LR AHE (3*50 mL)
W, HHUZHTEK NapSOs T4, 138, WEZK. U MEAG bR, 7k
JB b FH INZE Bk ai b R, 15 BIAE L =) 2- 2R R i lE (1ae) , AR
WEFEA (11116 g, F2F 37%) .

3.622-F, B-ZFHE-2- GRZE)ERE 3B) WH&

i. ProNEt (2.5 equiv.) Ph
Benzyl bromide (2.5 equiv.) é

[
©i Toluene, reflux
NH, N-B"

ii. phenylacetylene (1.2 equiv.)
PdCI,(PPhs)s (5 mol%) Bn
Cul (10 mol%), EtsN, DMF, rt 3B

Scheme 3-38 2-JOR -2, (- R IR A%

7 2-WR % (2.1903 g, 10 mmol) [ BRI AW, A ProaNEt (4.2 mL)
FIHEFEIR (4.2759 g, 25 mmol, 2.5 equiv.) , EESSA N BEIERM 72 h, RN 5E
G, i PERE A AR TTRE R, AR RIS R, SRS YA R T
EtsN (20 mL) A1 DMF (5 mL) . B )5, MMA PdClx(PPhs): (351.0 mg, 5 mol% )

64



L N N 2T e A e

Cul (190.5 mg, 10 mol%) FIZE LB (1.2256 g, 12.0 mmol, 1.2 equiv.) , FEES
ST R BR GV R, SRJ5G e 28 R R 2. BRIEFIZK (50 mL) #ike,
LR MG (3*50 mL) ML, AHURTETK NaxSOs F 0, EZ5Wk4s, F =T
Atk CRmmk) , BRI, B-7FH-2- CGRZIL ZKE (3B) Ak (2.5398
g, FEE10%) .

3.6.3 2-RAEMRERARB K (5B) HIHI&

i. oxalyl chloride
OH ii. phenylacetylene (1.2 equiv.) R
s~ PdCIy(PPh3), (2 mol%) - Ph

Cul (2 mol%), Et;N, DMF, rt
Scheme 3-39 2- FHBE A AR I 2 2 i) 2%

FREX 2- CFRILERACE S (1.6821g, 10 mmol) , JARAE T /K CH2CL (20 mL)
Fr, IR 4 (1.3 mL) f1DMF (3 §%) - =R, KMMBAYHH 4h,
SR G e 28 K B 25 CHoCleo FEFRIEH N PACL(PPhs), (140.4 mg, 2 mol%)
Cul (38.1 mg,2mol%) + EN (20 mL) 1 DMF (5mL) . )5, {EFEHTF,
W RAR RFENR SRS FHEFESF I 25 (1.2256 g, 12.0 mmol, 1.2 equiv.)
SRR AR IR N RN 24 he RJG KA R OB AEBL, T, B 45. LA
LR CTE/ATEE (1:20, V/V) 9B E T aifl, 153 2- FIL AR i % 4
W (5B) AfFEEA (1.7663 g, 725 70%)
3.6.4 3-EBAERHIEN (4a) HIZHM—RLTE

0
Ph
= PQ (10 mol%) Ph
415 nm (5 W) . \
SMe PhCl, air, 24 h S
1a 2a

Scheme 3-40 7T P4 B AL FRAL B B Ik 3 5 e gy
FE—NRAHET I 25 mL TR B N 2-BOR B8 R (1a, 44.9
mg, 0.2 mmol) . 9, 10-fE (4.2 mg, 10 mol%) A& (2.0mL) . KNIESY
RS %&M T, HEE LED (415nm, S W) FRSH R 24 he N 5ERUR
VAR B P e 28 AN S 2, RIETERERE b DL LR L BE/A i EE (1:100, VIV)
PRt AT AR E AT 2litk, BEIFTTE = 2a NEEHCIR (39.1 mg, 7% 82%) .
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3.7 FEHIRRIEEHE
3.7.1 =4 4ah B9 X STk B R HIE (CCDC: 2286087)

50
273

67 Y
—
o
3
e
non

c4

PLATON-Aug 1 9:46:32 2023 - (60723)

~N

=97 l o P -1 R =0.04 RES= 0 53 X

Scheme 3-41 4ah 1] X 52k 5. 5 &
3.7.2 YRR RIS 2 B R

© Ph

A\

S
Benzo[b]thiophen-3-yl(phenyl)methanone (4a). Yellow oil; 82% yield (39.1 mg).

'"H NMR (600 MHz, CDCls): 6 = 8.57 (d, J = 7.8 Hz, 1H), 7.99 (s, 1H), 7.90 (d, J =
7.8 Hz, 1H), 7.87-7.85 (m, 2H), 7.60 (tt, J = 7.2, 1.2 Hz, 1H), 7.52-7.49 (m, 3H),
7.46-7.43 (m, 1H); '3C NMR (150 MHz, CDCL): & = 191.0, 140.2, 139.4, 138.4,
137.6, 134.9, 132.5, 129.6, 128.6, 125.8, 125.7, 125.3, 122.5; HRMS (ESI) m/z:
[M+H]" Calcd For CisH11OS* 239.0525; Found 239.0526.

Ph
=

.M
Se

(@)
1-(Methylsulfinyl)-2-(phenylethynyl)benzene (4a'). Yellow oil. '"H NMR (600 MHz,

CDCls): & = 8.01 (d, J= 7.8 Hz, 1H), 7.60-7.56 (m, 2H), 7.54-7.52 (m, 2H), 7.47 (td,
J=17.8, 1.2 Hz, 1H), 7.39-7.38 (m, 3H), 2.90 (s, 3H); 3C NMR (150 MHz, CDCls): &
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= 147.1, 132.5, 131.6, 130.5, 129.6, 129.3, 128.7, 123.4, 122.0, 119.4, 98.1, 84.2,
2.1.

oo

A\

S
Benzo[b]thiophen-3-yl(4-methoxyphenyl)methanone (4b). Pale yellow solid; 73%

yield (39.2 mg): m.p. 117-119 °C. 'H NMR (600 MHz, CDCL): & = 8.4 (d, J = 7.8
Hz, 1H), 7.95 (s, 1H), 7.91-7.90 (m, 3H), 7.50-7.48 (m, 1H), 7.45-7.43 (m, 1H),
7.01-6.98 (m, 2H), 3.90 (s, 3H); 3C NMR (150 MHz, CDCls): & = 189.8, 163.4,
140.2, 137.8, 136.4, 135.4, 132.1, 131.9, 125.60, 125.57, 125.1, 122.5, 113.9, 55.7;
HRMS (ESI) m/z: [M+H]* Caled For C16H1302S* 269.0631; Found 269.0630.

A\
S
Benzo[b]thiophen-3-yl(p-tolyl)methanone (4c). White solid; 78% yield (39.4 mg):

m.p. 110-112 °C. 'H NMR (600 MHz, CDCls): & = 8.52 (d, J = 7.8 Hz, 1H), 7.96 (s,
1H), 7.89 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 2H), 7.51-7.48 (m, 1H), 7.45-7.42
(m, 1H), 7.29 (d, J = 7.8 Hz, 2H), 2.44 (s, 3H); 3C NMR (150 MHz, CDCL): § =
190.8, 143.3, 140.2, 137.7, 137.5, 136.6, 135.1, 129.9, 129.3, 125.7, 125.6, 125.2,
122.4,21.8.

DY
48
S
Benzo|b]thiophen-3-yl(4-(tert-butyl)phenyl)methanone (4d). Pale yellow solid,
77% yield (45.3 mg): m.p. 107-108 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.55 (d, J =
7.8 Hz, 1H), 8.00 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.83-7.82 (m, 2H), 7.52-7.51 (m,
2H), 7.50-7.49 (m, 1H), 7.45-7.42 (m, 1H), 1.37 (s, 9H); *C NMR (150 MHz,
CDCl): 6 = 190.7, 156.2, 140.2, 137.8, 137.7, 136.6, 135.1, 129.7, 125.7, 125.6,

125.5, 125.3, 122.4, 35.2, 31.3; HRMS (ESI) m/z: [M+H]" Calcd For Ci9H9OS*
295.1151; Found 295.1151.

DY

N

~

Bu

NG~
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Benzo[b]thiophen-3-yl(4-fluorophenyl)methanone (4e). Pale yellow solid; 77%
yield (39.5 mg): m.p. 85-87 °C. 'H NMR (600 MHz, CDCI3): 6 = 8.50 (d, J= 7.8 Hz,
1H), 7.98 (s, 1H), 7.93-7.90 (m, 3H), 7.53-7.51 (m, 1H), 7.48-7.45 (m, 1H), 7.19 (t,
J = 8.4 Hz, 2H); 'F NMR (564 MHz, CDCl;): § = —106.1; '*C NMR (150 MHz,
CDCl): & = 189.5, 165.5 (d, J = 252.5 Hz), 140.2, 137.8, 137.5, 135.6, 134.9, 132.2
(d, /J=8.8 Hz), 125.8 (d, /= 7.5 Hz), 125.2 (2), 122.5, 115.8 (d, /= 21.7 Hz); HRMS
(ESI) m/z: [M+H]" Calcd For CisH1oFOS* 257.0431; Found 257.0429.

g8
S

Benzo[b]thiophen-3-yl(4-chlorophenyl)methanone (4f). Pale yellow solid; 88%
yield (48.0 mg): m.p. 100-101 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.43 (d, J = 7.8
Hz, 1H), 7.85 (s, 1H), 7.79 (d, /= 7.8 Hz, 1H), 7.71-7.69 (m, 2H), 7.42-7.39 (m, 1H),
7.38-7.33 (m, 3H); 3C NMR (150 MHz, CDCl): & = 189.6, 140.1, 138.8, 138.2,
137.6, 137.4, 134.6, 131.0, 128.9, 125.9, 125.8, 125.2, 122.5; HRMS (ESI) m/z:
[M+H]" Calcd For Ci15H10C1OS* 273.0135; Found 273.0135.

g8
S

Benzo|b]thiophen-3-yl(4-bromophenyl)methanone (4g). White solid; 90% yield
(57.1 mg): m.p. 88-89 °C. 'H NMR (600 MHz, CDCl): & = 8.53 (d, J = 7.8 Hz, 1H),
797 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.74-7.72 (m, 2H), 7.65-7.63 (m, 2H),
7.52-7.50 (m, 1H), 7.47-7.44 (m, 1H); *C NMR (150 MHz, CDCl;): = 189.8,
140.2, 138.4, 138.1, 137.4, 134.6, 131.9, 131.1, 127.5, 125.9, 125.8, 125.2, 122.5.

g
S

Benzo[b]thiophen-3-yl(4-(trifluoromethyl)phenyl)methanone (4h). Pale yellow
solid; 76% yield (46.6 mg): m.p. 84-85 °C. 'H NMR (600 MHz, CDCls): 6 = 8.61 (d,
J=17.8 Hz, 1H), 8.00 (s, 1H), 7.95 (d, J = 7.8 Hz, 2H), 7.92 (d, J = 7.8 Hz, 1H), 7.78
(d, J = 7.8 Hz, 2H), 7.56-7.53 (m, 1H), 7.49-7.47 (m, 1H); ’F NMR (564 MHz,
CDCl3): 8 = —63.0; 3C NMR (150 MHz, CDCl3): & = 189.7, 142.6, 140.2, 139.5,
137.2, 134.4, 133.8 (q, J = 32.5 Hz), 129.7, 126.1, 126.0, 125.7 (q, J = 3.9 Hz), 125 .4,

68



L N N 2T e A e

123.8 (q, J = 271.3 Hz), 122.6; HRMS (ESI) m/z: [M+H]* Calcd For Ci6H10F50S*
307.0399; Found 307.0396.

g8
S

4-(Benzo[b]thiophene-3-carbonyl)benzonitrile (4i). White solid; 71% yield (37.4
mg): m.p. 134-135 °C. '"H NMR (600 MHz, CDCI3): 6 = 8.60 (d, J = 7.8 Hz, 1H),
7.99 (s, 1H), 7.94-7.92 (m, 3H), 7.82-7.81 (m, 2H), 7.56-7.54 (m, 1H), 7.50-7.48 (m,
1H); *C NMR (150 MHz, CDCl3): & = 189.1, 143.0, 140.2, 139.7, 137.1, 134.1,
132.5, 129.9, 126.2, 126.1, 125.3, 122.6, 118.1, 115.7, HRMS (ESI) m/z: [M+3H]*
Calcd For C1sH12NOS* 266.06341; Found 264.06323.

OCH,

Y,

g8

S
Benzo[b]thiophen-3-yl(3-methoxyphenyl)methanone (4j). Pale yellow oil; 59%
yield (31.7 mg). 'H NMR (600 MHz, CDCls): 6 = 8.57 (d, J = 7.8 Hz, 1H), 8.02 (s,
1H), 7.90 (d, J = 7.8 Hz, 1H), 7.53-7.50 (m, 1H), 7.46-7.44 (m, 1H), 7.43-7.38 (m,
3H), 7.15-7.13 (m, 1H), 3.87 (s, 3H); '3C NMR (150 MHz, CDCls): 8 = 190.7, 159.8,
140.7, 140.2, 138.4, 137.5, 134.9, 129.5, 125.8, 125.7, 125.3, 122.5, 122.3, 118.8,

114.1, 55.6;, HRMS (ESI) m/z: [M+H]" Calcd For CisHi30.S" 269.0631; Found
269.0632.

Benzo[b]thiophen-3-yl(m-tolyl)methanone (4k). Pale yellow oil; 68% yield (34.3
mg). '"H NMR (600 MHz, CDCl3): 6 = 8.56 (d, J = 7.8 Hz, 1H), 7.99 (s, 1H), 7.90 (d,
J=17.8 Hz, 1H), 7.68 (s, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.52-7.49 (m, 1H), 7.45-7.43
(m, 1H), 7.41-7.36 (m, 2H), 2.43 (s, 3H); *C NMR (150 MHz, CDCl;): & = 191.2,
140.1, 139.4, 138.5, 138.2, 137.6, 135.1, 133.2, 130.0, 128.4, 126.9, 125.8, 125.7,
125.3, 122.4, 21.5; HRMS (ESI) m/z: [M+H]" Calcd For CisHi30S" 253.0682; Found
253.0681.
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Benzo[b]thiophen-3-yl(3-chlorophenyl)methanone (41). White solid; 75% yield
(40.9 mg): m.p. 101-102 °C. '"H NMR (600 MHz, CDCl3): & = 8.56 (d, J = 7.8 Hz,
1H), 8.00 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.83 (t, J= 1.8 Hz, 1H), 7.72 (dt, J = 7.8,
1.2 Hz, 1H), 7.57-7.56 (m, 1H), 7.53-7.51 (m, 1H), 7.47-7.42 (m, 2H); 3C NMR
(150 MHz, CDCl3): 6 = 189.4, 141.0, 140.2, 139.0, 137.3, 134.8, 134.4, 132.4, 129.9,
129.5, 127.7, 126.0, 125.9, 125.3, 122.5; HRMS (ESI) m/z: [M+H]" Calcd For
Ci5sH1oCIOS* 273.0135; Found 273.0136.
MeQO

b

O \

S
Benzo[b]thiophen-3-yl(2-methoxyphenyl)methanone (4m). Pale yellow oil; 52%
yield (27.9 mg). 'H NMR (600 MHz, CDCls): 8 = 8.79 (d, J = 8.4 Hz, 1H), 7.91 (s,
1H), 7.87 (d, J = 7.8 Hz, 1H), 7.53-7.50 (m, 1H), 7.48-7.45 (m, 1H), 7.44-7.42 (m,
1H), 7.40 (dd, J=7.2, 1.8 Hz, 1H), 7.05-7.03 (m, 1H), 7.01 (d, J = 8.4 Hz, 1H), 3.76
(s, 3H); 3C NMR (150 MHz, CDCls3): 6 = 190.7, 157.2, 140.8, 140.2, 136.9, 136.1,
131.8,130.2, 129.4, 125.9, 125.7, 125.6, 122.4, 120.5, 111.7, 55.8; HRMS (ESI) m/z:

[M+H]" Caled For C16H1302S* 269.0631; Found 269.0631.
Cl

baY,

g8

S
Benzo[b]thiophen-3-yl(2-chlorophenyl)methanone (4n). Pale yellow solid; 67%
yield (36.5 mg): m.p. 82-84 °C. 'H NMR (600 MHz, CDCls): & = 8.82 (d, J = 8.4 Hz,
1H), 7.88 (d, J = 8.4 Hz, 1H), 7.87 (s, 1H), 7.56-7.54 (m, 1H), 7.48-7.46 (m, 2H),
7.45-7.42 (m, 2H), 7.37 (td, J = 7.2, 1.2 Hz, 1H); '3C NMR (150 MHz, CDCl3): § =
189.5, 142.0, 140.3, 139.7, 136.6, 135.1, 131.3, 131.2, 130.3, 129.0, 126.8, 126.2,

125.9, 125.7, 122.5; HRMS (ESI) m/z: [M+H]" Calcd For CisHi0ClOS* 273.0135;
Found 273.0135.
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Benzo[b]thiophen-3-yl(naphthalen-2-yl)methanone (40). Pale yellow solid; 69%
yield (39.8 mg): m.p. 116-117 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.57 (d, J = 7.8
Hz, 1H), 8.35 (s, 1H), 8.04 (s, 1H), 7.99-7.98 (m, 1H), 7.97-7.95 (m, 1H), 7.94-7.91
(m, 3H), 7.63-7.60 (m, 1H), 7.57-7.55 (m, 1H), 7.53-7.51 (m, 1H), 7.48-7.45 (m,
1H); *C NMR (150 MHz, CDCl3): & = 191.0, 140.2, 138.1, 137.7, 136.6, 135.4,
135.2, 132.5, 131.2, 129.5, 128.6, 128.4, 128.0, 127.0, 125.8, 125.7, 125.6, 125.3,
122.5; HRMS (ESI) m/z: [M+H]" Caled For C19H130S" 289.0682; Found 289.0682.

S
Benzo|b]thiophen-3-yl(thiophen-2-yl)methanone (4p). Pale yellow oil; 68% yield
(33.2 mg). '"H NMR (600 MHz, CDCl3): & = 8.46 (dd, J = 7.8, 0.6 Hz, 1H), 8.19 (s,
1H), 7.90 (d, J= 7.8 Hz, 1H), 7.76 (dd, J = 3.6, 1.2 Hz, 1H), 7.72 (dd, J=4.8, 1.2 Hz,
1H), 7.50-7.48 (m, 1H), 7.45-7.43 (m, 1H), 7.18-7.17 (m, 1H); '3C NMR (150 MHz,
CDCl): 6 = 182.2, 144.8, 140.1, 137.4, 135.8, 135.0, 134.0, 133.8, 128.1, 125.8,
125.7,125.0, 122.5.

N=
\ 7/

o)

A\
S

Benzo[b]thiophen-3-yl(pyridin-2-yl)methanone (4q). Pale yellow solid; 56% yield
(26.8 mg): m.p. 73-75 °C. 'H NMR (600 MHz, CDCls): 6 = 9.11 (s, 1H), 8.81 (d, J =
8.4 Hz, 1H), 8.74 (d, J = 4.2 Hz, 1H), 8.15 (d, /= 7.8 Hz, 1H), 791 (td, J=7.8, 1.2
Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.54-7.51 (m, 1H), 7.50-7.48 (m, 1H), 7.45-7.42
(m, 1H); *C NMR (150 MHz, CDCl3): 6 = 186.9, 156.1, 148.5, 142.7, 139.4, 138.1,
137.3, 132.7, 126.3, 125.9, 125.6, 125.4, 124.5, 122.4; HRMS (ESI) m/z: [M+H]*
Calcd For C14H10NOS™ 240.0478; Found 240.0477.
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1-(Cyclopropylethynyl)-2-(methylsulfinyl)benzene (4r'). Colourless oil; 44% yield
(18.0 mg). '"H NMR (600 MHz, CDCl3): = 7.91 (d, J = 7.8 Hz, 1H), 7.53-7.50 (m,
1H), 7.41-7.38 (m, 2H), 2.81 (s, 3H), 1.52-1.47 (m, 1H), 0.97-0.92 (m, 2H),
0.87-0.81 (m, 2H); '3C NMR (150 MHz, CDCl): & = 147.1, 132.6, 130.3, 128.8,
123.2, 120.2, 103.1, 71.1, 42.0, 9.1, 8.9; HRMS (ESI) m/z: [M+H]" Calcd For
C12H130S" 205.0682; Found 205.0683.

"Bu
=

M
§e

o]
1-(Hex-1-yn-1-yl)-2-(methylsulfinyl)benzene (4s'). Yellow oil; 46% yield (20.3 mg).
'"H NMR (600 MHz, CDCl3): 6 = 7.92 (dd, J = 7.8, 0.6 Hz, 1H), 7.54-7.51 (m, 1H),
7.44-7.42 (m, 1H), 7.41-7.39 (m, 1H), 2.82 (s, 3H), 2.47 (t, J = 7.2 Hz, 2H),
1.64-1.59 (m, 2H), 1.53-1.47 (m, 2H), 0.97 (t, J= 7.2 Hz, 3H); *C NMR (150 MHz,
CDClL): 6 = 147.1, 132.6, 130.4, 128.9, 123.2, 120.3, 100.0, 76.1, 42.1, 30.6, 22.1,
19.3, 13.7.
o)

Ph

HaC
N

S
(5-Methylbenzo|b]thiophen-3-yl)(phenyl)methanone (4t). Pale yellow oil; 69%

yield (34.8 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.40 (s, 1H), 7.95 (s, 1H),
7.86-7.85 (m, 2H), 7.77 (d, J = 8.4 Hz, 1H), 7.59 (tt, J = 7.2, 1.2 Hz, 1H), 7.51-7.48
(m, 2H), 7.28 (dd, J = 8.4, 1.2 Hz, 1H), 2.51 (s, 3H); '*C NMR (150 MHz, CDCls): §
=191.1, 139.5, 138.6, 137.8, 137.4, 135.8, 134.6, 132.4, 129.6, 128.5, 127.5, 125.1,
122.0, 21.7; HRMS (ESI) m/z: [M+H]" Caled For CisHi30S" 253.0682; Found
253.0680.

0]

Ph

cl
N

S
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(5-Chlorobenzo[b]|thiophen-3-yl)(phenyl)methanone (4u). Pale yellow solid; 63%
yield (34.4 mg): m.p. 72-74 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.61 (d, /= 1.8 Hz,
1H), 8.04 (s, 1H), 7.86-7.84 (m, 2H), 7.81 (d, J = 8.4 Hz, 1H), 7.61 (tt, J=7.2, 1.2
Hz, 1H), 7.53-7.50 (m, 2H), 7.42 (dd, J = 8.4, 1.8 Hz, 1H); '3*C NMR (150 MHz,
CDCl): 6 = 190.6, 139.8, 139.1, 138.8, 138.2, 134.3, 132.7, 132.5, 129.6, 128.7,
126.4, 125.1, 123.4; HRMS (ESI) m/z: [M+H]" Caled For CisHioCIOS*™ 273.0135;
Found 273.0135.

© Ph

A\
HsCO S
(6-Methoxybenzo[b]thiophen-3-yl)(phenyl)methanone (4v). Pale yellow oil; 74%
yield (39.7 mg). 'H NMR (600 MHz, CDCls): 8 = 8.45 (d, /= 9.0 Hz, 1H), 7.86 (d, J
= 7.2 Hz, 2H), 7.83 (s, 1H), 7.60 (t, /= 7.2 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.35 (d,
J =24 Hz, 1H), 7.13 (dd, J = 9.0, 2.4 Hz, 1H), 3.90 (s, 3H); '3*C NMR (150 MHz,
CDCL): 6 = 191.0, 158.3, 141.7, 139.5, 136.2, 134.6, 132.4, 131.5, 129.6, 128.5,
126.0, 115.6, 104.9, 55.8; HRMS (ESI) m/z: [M+H]" Calcd For CisHi30.S* 269.0631;
Found 269.0629.

© Ph

A\
HaC S
(6-Methylbenzo[b]thiophen-3-yl)(phenyl)methanone (4w). Pale yellow oil; 71%
yield (35.8 mg). 'H NMR (600 MHz, CDCl3): 6 = 8.44 (d, J = 8.4 Hz, 1H), 7.88 (s,
1H), 7.84 (d, J = 7.8 Hz, 2H), 7.66 (s, 1H), 7.57 (t, J = 7.2 Hz, 1H), 7.47 (d, J= 7.8
Hz, 2H), 7.31 (d, J = 8.4 Hz, 1H), 2.48 (s, 3H); '3C NMR (150 MHz, CDCls): § =
191.0, 140.4, 139.4, 137.5, 135.8, 135.3, 134.7, 132.3, 129.6, 128.5, 127.5, 124.8,
122.2, 21.6; HRMS (ESI) m/z: [M+H]" Calcd For CisHi30S" 253.0682; Found
253.0682.

© Ph

A\
F S
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(6-Fluorobenzo|b]thiophen-3-yl)(phenyl)methanone (4x). Pale yellow solid; 61%
yield (31.3 mg): m.p. 75-77 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.55 (dd, J = 9.0,
5.4 Hz, 1H), 7.95 (s, 1H), 7.86 (d, J = 7.8 Hz, 2H), 7.61 (t, J= 7.2 Hz, 1H), 7.57 (dd,
J=28.4, 1.8 Hz, 1H), 7.51 (t,J = 7.8 Hz, 2H), 7.26 (td, J= 9.0, 1.8 Hz, 1H); ’F NMR
(564 MHz, CDCl3): 8 =— 115.4; 3C NMR (150 MHz, CDCl3): 6 = 190.8, 161.1 (d, J

=245.0 Hz), 141.1 (d, /= 10.4 Hz), 139.2, 138.0 (d, /= 3.0 Hz), 134.4, 134.1, 132.6,
129.6, 128.6, 126.6 (d, J = 8.8 Hz), 114.8 (d, J = 23.6 Hz), 108.5 (d, J = 25.1 Hz);
HRMS (ESI) m/z: [M+H]" Calcd For Ci1sHioFOS™ 257.0431; Found 257.0429.

© Ph

A\
cl S
(6-Chlorobenzo[b]|thiophen-3-yl)(phenyl)methanone (4y). Pale yellow solid; 58%
yield (31.6 mg): m.p. 77-78 °C. 'H NMR (600 MHz, CDCIl;): 6 = 8.50 (d, /= 9.0 Hz,
1H), 7.99 (s, 1H), 7.89 (d, J = 1.8 Hz, 1H), 7.86-7.85 (m, 2H), 7.62 (tt, J = 7.2, 1.2
Hz, 1H), 7.53-7.50 (m, 2H), 7.48 (dd, J = 9.0, 1.8 Hz, 1H); 3C NMR (150 MHz,
CDCl): 6 = 190.7, 141.1, 139.1, 138.5, 136.1, 134.5, 132.7, 132.0, 129.6, 128.7,
126.7, 126.2, 122.0; HRMS (ESI) m/z: [M+H]" Caled For CisHioCIOS*™ 273.0135;
Found 273.0136.

© Ph

A\
Se
Benzo[b]selenophen-3-yl(phenyl)methanone (4z). Pale yellow oil; 72% yield (41.1

mg). 'H NMR (600 MHz, CDCI3): & = 8.56 (s, 1H), 8.51 (dd, J = 8.4, 0.6 Hz, 1H),
7.94 (d, J= 7.8 Hz, 1H), 7.87-7.85 (m, 2H), 7.59 (tt, J = 7.2, 1.2 Hz, 1H), 7.50-7.47
(m, 3H), 7.40-7.37 (m, 1H); 3C NMR (150 MHz, CDCls): 8 = 191.7, 142.2, 142.0,
139.5, 139.3, 138.7, 132.6, 129.8, 128.5, 127.1, 125.8, 125.7, 125.5; HRMS (ESI) m/z:
[M+H]" Calcd For Ci15H110Se" 286.9970; Found 286.9966.

DaVad
g8
Se
Benzo[b]selenophen-3-yl(p-tolyl)methanone (4aa). Pale yellow solid; 71% yield
(42.5 mg): m.p. 117-119 °C. 'H NMR (600 MHz, CDCl3): 8 = 8.51 (s, 1H), 8.45 (d, J
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=7.8 Hz, 1H), 7.93 (d, /= 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 2H), 7.46 (t, J = 7.8 Hz,
1H), 7.37 (t, J = 7.2 Hz, 1H), 7.28 (d, J = 7.8 Hz, 2H), 2.43 (s, 3H); '3C NMR (150
MHz, CDCL): 6 = 191.5, 143.5, 142.0, 141.1, 139.6, 138.9, 136.5, 130.0, 129.2, 127.0,
125.7, 125.6, 125.5, 21.8; HRMS (ESI) m/z: [M+H]* Calcd For CisHi30Se* 301.0126;
Found 301.0122.

oo
g8

Se
Benzo[b]selenophen-3-yl(4-chlorophenyl)methanone (4ab). Pale yellow solid; 69%
yield (44.1 mg): m.p. 121-123 °C. '"H NMR (600 MHz, CDCl;): 6 = 8.55 (s, 1H), 8.47
(d, J=8.4 Hz, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.51-7.46 (m,
3H), 7.40 (t, J = 7.8 Hz, 1H); 13C NMR (150 MHz, CDCls): 6 = 190.4, 142.2, 142.0,
139.4,139.1, 138.4, 137.5, 131.2, 128.9, 127.0, 125.9, 125.8, 125.5; HRMS (ESI) m/z:

[M+H]" Calcd For Ci5H10C1OSe* 320.9580; Found 320.9575.

© Ph

N—ph
S
Phenyl(2-phenylbenzo[b]|thiophen-3-yl)methanone (4ac). Pale yellow solid; 63%

yield (39.6 mg): m.p. 111-113 °C. 'H NMR (600 MHz, CDCls): & = 7.89-7.87 (m,
1H), 7.77-7.74(m, 3H), 7.42-7.40 (m, 3H), 7.39-7.37 (m, 2H), 7.27-7.24 (m, 2H),
7.22-7.20 (m, 3H); 3C NMR (150 MHz, CDCL): & = 194.4, 146.6, 139.8, 139.1,
137.6, 133.38, 133.35, 131.7, 130.0, 129.5, 128.9, 128.7, 128.4, 125.3, 125.2, 123.8,
122.1.

© Ph

S

Phenyl(2-(p-tolyl)benzo[b]thiophen-3-yl)methanone (4ad). Pale yellow solid; 65%
yield (42.7 mg): m.p. 141-143 °C. '"H NMR (600 MHz, CDCl3): 6 = 7.76 (d, J = 7.8
Hz, 1H), 7.69-7.68 (m, 2H), 7.62-7.60 (m, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.26-7.25
(m, 2H), 7.23-7.21 (m, 2H), 7.17 (t, J = 7.8 Hz, 2H), 6.92 (d, J = 7.8 Hz, 2H), 2.15 (s,
3H); 3C NMR (150 MHz, CDCl): & = 194.6, 146.7, 139.9, 139.0, 138.9, 137.6,
133.3, 131.2, 130.5, 130.0, 129.4, 129.2, 128.4, 125.2, 125.0, 123.6, 122.1, 21.3.
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(2-(4-Fluorophenyl)benzo[b]|thiophen-3-yl)(phenyl)methanone (4ae). Pale yellow
oil; 64% vyield (42.5 mg). 'H NMR (600 MHz, CDCl;3): § = 7.88-7.86 (m, 1H),
7.75-7.72(m, 3H), 7.43 (t, J = 7.2 Hz, 1H), 7.40-7.35 (m, 4H), 7.27 (t, J = 7.8 Hz,
2H), 6.91 (t, J = 8.4 Hz, 2H); '3C NMR (150 MHz, CDCl3): 8 = 194.2, 163.0 (d, J =
248.6 Hz), 145.3, 139.7, 138.9, 137.5, 133.5, 131.9, 131.3, 131.2, 130.0, 129.5 (d, J =
3.3 Hz), 128.5, 125.4 (d, J= 8.4 Hz), 123.8, 122.1, 115.8 (d, /= 21.7 Hz).

© Ph

o
S

(2-(4-Chlorophenyl)benzo[b]|thiophen-3-yl)(phenyl)methanone (4af). Pale yellow
solid; 67% yield (46.7 mg): m.p. 147-148 °C. '"H NMR (600 MHz, CDCl3): 6 = 7.78
(d, J=7.8 Hz, 1H), 7.67 (d, J= 7.8 Hz, 2H), 7.62 (d, /= 7.8 Hz, 1H), 7.35 (t, J=7.2
Hz, 1H), 7.30-7.25 (m, 4H), 7.19 (t, J = 7.8 Hz, 2H), 7.09 (d, J = 8,.4 Hz, 2H); *C
NMR (150 MHz, CDCl3): 6 = 194.2, 144.8, 139.7, 138.9, 137.4, 135.0, 133.6, 132.1,
131.9, 130.5, 130.0, 128.9, 128.6, 125.43, 125.40, 123.8, 122.1.

O

Ph

N O Br

S

(2-(4-Bromophenyl)benzo[b]thiophen-3-yl)(phenyl)methanone (4ag). Pale yellow
solid; 62% yield (48.8 mg): m.p. 145-147 °C. 'H NMR (600 MHz, CDCl): 8 =
7.88-7.87 (m, 1H), 7.77-7.75 (m, 2H), 7.70-7.69 (m, 1H), 7.46 (tt, J = 7.8, 1.2 Hz,
1H), 7.40 (td, J= 7.8, 1.2 Hz, 1H), 7.39-7.36 (m, 1H), 7.36-7.35 (m, 2H), 7.31-7.28
(m, 4H); 3C NMR (150 MHz, CDCl): & = 194.2, 144.8, 139.7, 139.0, 137.4, 133.7,
132.3, 132.2, 131.9, 130.8, 130.0, 128.6, 125.5, 125.4, 123.8, 123.3, 122.1; HRMS
(ESI) m/z: [M+H]" Calcd For C21H14BrOS* 392.9943; Found 392.9942.

© Ph

—Cen
S

Phenyl(2-(4-(trifluoromethyl)phenyl)benzo[b]thiophen-3-yl)methanone (4ah).
Pale yellow solid; 56% yield (42.8 mg): m.p. 120-121 °C. 'H NMR (600 MHz,
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CDClz): 6 =7.89 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 7.8 Hz,
1H), 7.54 (d, J = 8.4 Hz, 2H), 7.48 (d, /= 8.4 Hz, 2H), 7.44 (td, /= 7.2 Hz, 1H), 7.41
(td, J=7.2,, 1.2 Hz, 1H), 7.38-7.36 (m, 1H), 7.39 (t, J = 7.8 Hz, 2H); '*C NMR (150
MHz, CDClz): 6 = 194.1, 144.1, 139.6, 139.2, 137.4, 136.9, 133.8, 133.0, 130.7 (q, J
=32.5 Hz), 130.0, 129.7, 128.7, 125.7, 125.6 (q, J = 3.4 Hz), 125.5, 124.0, 123.9 (q, J
= 270.4 Hz), 122.2; HRMS (ESI) m/z: [M+H]" Calcd For C2;H14F30S" 383.0712;
Found 383.0711.

© Ph Cl

L)

S

(2-(3-Chlorophenyl)benzo[b]thiophen-3-yl)(phenyl)methanone (4ai). Pale yellow
oil; 67% yield (46.7 mg). 'H NMR (600 MHz, CDCl;): 6 = 7.88-7.87 (m, 1H),
7.76-7.73 (m, 3H), 7.43-7.41 (m, 2H), 7.40-7.36 (m, 2H), 7.29-7.26 (m, 3H),
7.17-7.15 (m, 1H), 7.11 (d, J = 7.8 Hz, 1H); *C NMR (150 MHz, CDCI;): § = 194.0,
144.6, 139.6, 139.0, 137.5, 135.1, 134.5, 132.5, 129.9, 129.3, 128.9, 128.5, 127.6,
125.6, 125.5, 123.9, 122.1; HRMS (ESI) m/z: [M+H]" Calcd For C»Hi4ClIOS*
349.0448; Found 349.0450.

© Ph

=)
S

Cl
(2-(2-Chlorophenyl)benzo[b]|thiophen-3-yl)(phenyl)methanone (4aj). Pale yellow
oil; 63% yield (44.0 mg). 'H NMR (600 MHz, CDCl;): 6 = 7.90-7.89 (m, 2H),
7.73-7.71 (m, 2H), 7.43-7.40 (m, 2H), 7.38-7.36 (m, 1H), 7.35-7.34 (m, 1H),
7.25-7.22 (m, 3H), 7.13-7.12 (m, 2H); *C NMR (150 MHz, CDCl3): & = 193.0,
144.8, 139.7, 138.7, 138.2, 134.1, 133.7, 132.9, 132.4, 130.3, 129.9, 129.8, 128.1,
126.6, 125.5, 125.3, 124.4, 122.0; HRMS (ESI) m/z: [M+H]" Calcd For C21H14C10S*
349.0448; Found 349.0449.

Phenyl(2-(pyridin-2-yl)benzo[b]thiophen-3-yl)methanone (4ak). Pale yellow oil;
51% yield (32.2 mg). '"H NMR (600 MHz, CDCls): & = 8.45 (d, J = 4.8 Hz, 1H), 7.89
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(d, J=7.8 Hz, 1H), 7.86 (d, J = 7.8 Hz, 2H), 7.62 (d, J = 7.8 Hz, 1H), 7.49-7.47 (m,
1H), 7.46-7.44 (m, 1H), 7.42-7.41 (m, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.34-7.30 (m,
3H), 7.05 (tt, J = 7.2, 4.8 Hz, 1H); *C NMR (150 MHz, CDCL): & = 194.9, 151.2,
149.5, 143.9, 139.6, 139.5, 137.5, 136.5, 133.5, 133.2, 129.7, 128.6, 125.8, 125.2,
123.7,122.9, 122.7, 122.4.

° Ph

N—CH,
S
(2-Methylbenzo[b]thiophen-3-yl)(phenyl)methanone (4al). White solid; 68% yield

(34.3 mg): m.p. 91-93 °C. 'H NMR (600 MHz, CDCls): 8 = 7.83 (dd, J = 6.0, 1.2 Hz,
2H), 7.78-7.77 (m, 1H), 7.59 (tt, J = 7.8, 1.2 Hz, 1H), 7.51-7.50 (m, 1H), 7.47-7.44
(m, 2H), 7.29 (td, J = 7.2, 1.2 Hz, 1H), 7.27-7.25 (m, 1H), 2.49 (s, 3H); *C NMR
(150 MHz, CDCl3): 6 = 193.6, 145.9, 139.2, 138.8, 138.0, 133.4, 132.4, 129.8, 128.8,
124.8, 124.4,123.4,121.9, 15.9.

© Ph

N—ph
0]
Phenyl(2-phenylbenzofuran-3-yl)methanone (4am). Yellow oil; 78% yield (46.5

mg). 'H NMR (600 MHz, CDCls): & = 7.84-7.82 (m, 2H), 7.67 (dd, J = 7.2, 1.8 Hz,
2H), 7.57 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.2 Hz, 1H),
7.36-7.25 (m, 7H); 3C NMR (150 MHz, CDCL): & = 192.5, 157.8, 153.9, 137.9,
133.3, 129.9 (2), 129.8, 128.51(3), 128.50, 125.5, 123.9, 121.6, 116.3, 111.3.

© Ph

o

Phenyl(2-(p-tolyl)benzofuran-3-yl)methanone (4an). Pale yellow oil; 72% yield
(45.0 mg). 'H NMR (600 MHz, CDCL): & = 7.85-7.83 (m, 2H), 7.589-7.55 (m, 3H),
7.52 (d, J= 7.8 Hz, 1H), 7.48 (t, J = 7.2 Hz, 1H), 7.35-7.31 (m, 1H), 7.24 (t, J = 7.8
Hz, 1H), 7.09 (d, J = 7.8 Hz, 2H), 2.31 (s, 3H); '3*C NMR (150 MHz, CDCls): & =
192.6, 158.1, 153.8, 140.2, 138.0, 133.2, 129.9, 129.2, 128.7, 128.5, 128.4, 126.7,
125.2, 123.9, 121.5, 115.7, 111.3, 21.5; HRMS (ESI) m/z: [M+H]" Calcd For
Cx»Hi70,2" 313.1223; Found 313.1222.
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© Ph

O N O Br

o]

(2-(4-Bromophenyl)benzofuran-3-yl)(phenyl)methanone (4ao). Pale yellow oil;
76% yield (57.3 mg). '"H NMR (600 MHz, CDCls): 6 = 7.84 (d, J = 7.2 Hz, 2H),
7.59-7.56 (m, 3H), 7.52 (t, /= 7.2 Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H), 7.43 (d, /= 8.4
Hz, 2H), 7.36 (t, J= 7.8 Hz, 3H), 7.26-7.23 (m, 1H); '3C NMR (150 MHz, CDCl5): &
=192.2, 156.3, 153.9, 137.8, 133.6, 131.8, 129.9, 129.8, 128.7, 128.5, 128.4, 125.7,
124.3, 124.1, 121.7, 116.7, 111.4; HRMS (ESI) m/z: [M+H]" Calcd For C21H14BrO;*
377.0172; Found 377.0176.

© Ph

L)
0]

Br
(2-(2-Bromophenyl)benzofuran-3-yl)(phenyl)methanone (4ap). Yellow oil; 51%
yield (38.5 mg). 'H NMR (600 MHz, CDCls): = 7.87 (d, J = 7.2 Hz, 1H), 7.72-7.71
(m, 2H), 7.61 (d, J = 8.4 Hz, 1H), 7.52 (dd, /= 7.8, 1.2 Hz, 1H), 7.42 (td, J=7.2, 1.2
Hz, 1H), 7.38-7.35 (m, 3H), 7.23 (t, J = 7.8 Hz, 2H), 7.20 (td, /= 7.8, 1.2 Hz, 1H),
7.15 (td, J = 7.8, 1.8 Hz, 1H); 1*C NMR (150 MHz, CDCl3): 8 = 191.7, 158.5, 154 .4,
138.3, 133.2, 132.9, 132.6, 131.5, 131.3, 129.6, 128.0, 127.2, 127.1, 125.8, 124.3,
123.7, 122.3, 118.8, 111.6; HRMS (ESI) m/z: [M+H]" Calcd For Cz1H14BrO;*
377.0172; Found 377.0172.

© Ph

N—ph
N

)

Ph
(1-Benzyl-2-phenyl-1H-indol-3-yl)(phenyl)methanone (4B). Pale yellow solid; 69%
yield (53.5 mg): m.p. 147-148 °C. '"H NMR (600 MHz, CDCls): 3 = 8.04 (d, J = 8.4
Hz, 1H), 7.55 (d, J = 7.8 Hz, 2H), 7.27-7.23 (m, 7H), 7.18-7.17 (m, 3H), 7.14-7.10
(m, 4H), 6.98 (d, J = 7.2 Hz, 2H), 5.30 (s, 2H); '3C NMR (150 MHz, CDCls): 8 =
193.2, 146.6, 140.1, 137.1, 136.9, 131.1, 130.9, 130.7, 129.4, 129.0, 128.2, 128.0,
127.7,127.6, 126.1, 123.6, 122.6, 122.0, 115.4, 110.9, 48.0.
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3-Benzoyl-4H-thiochromen-4-one (6B). Pale yellow solid; 27% yield (14.4 mg): m.p.
80-83 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.55 (d, J = 7.8 Hz, 1H), 8.26 (s, 1H),
7.84 (d, J = 7.8 Hz, 2H), 7.69-7.68 (m, 2H), 7.62-7.56 (m, 2H), 7.45 (t, J = 7.8 Hz,
2H); *C NMR (150 MHz, CDCl): & = 194.2, 177.7, 141.6, 137.0, 136.5, 136.2,
133.5, 132.9, 132.1, 129.6, 129.4, 128.7, 128.6, 127.0; HRMS (ESI) m/z: [M+H]*
Calcd For Ci16H1102S" 267.0474; Found 267.0476.

O
O
(1,1-Dioxidobenzo[b]thiophen-3-yl)(phenyl)methanone (7B). Yellow oil; 60% yield
(81.1 mg). '"H NMR (600 MHz, CDCI3): 8 = 7.94-7.93 (m, 2H), 7.77-7.75 (m, 1H),
7.70-7.65 (m, 2H), 7.58-7.57 (m, 2H), 7.52 (t, J = 7.8 Hz, 2H), 6.91 (s, 1H); '3C
NMR (150 MHz, CDCl3): 6 = 189.8, 139.2, 137.0, 135.6, 134.7, 133.8, 132.4, 131.1,
129.6, 129.0, 125.4, 121.6; HRMS (ESI) m/z: [M+H]" Calcd For C;sH;103S*
271.0423; Found 271.0422.

HO Ph

A\

S
Benzo[b]thiophen-3-yl(phenyl)methanol (8B). Colourless oil; 91% yield (109.3 mg).

'H NMR (600 MHz, CDCL): & = 7.79-7.77 (m, 1H), 7.63-7.62 (m, 1H), 7.34-7.33
(m, 2H), 7.29-7.22 (m, SH), 7.20 (d, J = 0.6 Hz, 1H), 5.98 (s, 1H), 2.80 (br, 1H); 13C
NMR (150 MHz, CDCL): § = 142.2, 141.0, 138.7, 137.3, 128.6, 128.0, 126.9, 124.5,
124.1,123.9, 122.9, 122.7.

© Ph

O
(I~
S H
4-(3-Benzoylbenzo[b]thiophen-2-yl)benzaldehyde (9B). Pale yellow oil; 75% yield
(128.4 mg). '"H NMR (600 MHz, CDCls): & = 9.92 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H),

7.78-7.76 (m, 2H), 7.74-7.73 (m, 3H), 7.59 (d, J = 8.4 Hz, 2H), 7.45-7.42 (m, 2H),

7.41-7.38 (m, 1H), 7.29 (t, J = 8.4 Hz, 2H); '°*C NMR (150 MHz, CDCls): § = 194.1,
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191.5, 144.1, 139.6, 139.33, 139.28, 137.3, 136.0, 133.8, 133.3, 130.00, 129.96, 129.9,
128.7, 125.9, 125.6, 124.1, 122.2; HRMS (ESI) m/z: [M+H]" Calcd For C22H1502S*
343.0787; Found 343.0789.

3.8 KB

B, KERRET —FHERMEM TR WG RE PQ Ak AR BRI I B Tk 43
T IWIMCEEA A R 3-IBE 2R FEME Wy 1) R RO Vs o RIS AN BE T -4 S5 Ji 5k
HHIEM D TFHEMLERE, MHANSH. &8 SlASEAARNE Rt T —
SA IR . AT S0 3 IEAE BT HE— B IO IE, DURN T AR A 5 7 L 1
X T A I LE R -
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F 45 A I{RH DABSO S54RI E K B bR B BAIMML & Ak
3-tke 5 gk ik B R HE R g

41 ARE=

RS A2 TR AL B ) AR TR ) 2 8 R T, HE IR A RN AR 24 ek o o o Y
SLRIANE, I EL IR 51 AR TG Al S AR S U534 R, 3R RO
FFIEWy & — M E B YIS r T, R B B 5-HTs ZARIEPURFER, 3-
R S IRy 1) B T VR &R TIR KA.

2017 4, Song PR, FR T —FhHITAMBT BE (TBHP) %Ak 755
P ik P98 A5 G 7 A Tl T 5 1 i 5 A0 o i IR R R I R A N A S L ( Scheme
4-1) o ZBLRIHELF R E R A, DU RIS — RS 3-75 K
TR 3 2 Wy o H 212 S A F 1 TBHP 16 Bl B T E IR IE AR, R HIIR
il 1AL H o

R’ SO,A
)
Z TBHP (80 mol%) 2
mMOl7o
ArSO,H Ny Rt
R o Me * 2 MeCN., 100 °C « R

X=S or Se
Scheme 4-1 77 J WA R 5 <1 BRI FHRRT IR (¥ I sl A 4 e oz
B JE 2 R A 512018 AR AE SR AT FEA b0 % S NEEAT e, KR T AT WO
BERRAE AL 57 B AL S (VR RV D 55 QIR I R R S N A Fl 3- 77 ik il
R EE IR IFENY (1) 7778 (Scheme 4-2) o ZJTVERARAERI S, FAHEM, BREH]
M 32 PR F I Ao

R’ SOLAr
2
Z [IrdF(CF3)(ppy)2(dtbbpy)]PF N
3 2 6, !
R Ve + ArSHO,CI K,CO5, MeCN, 24 h, R X R
NG

5 W Blue LED
X=S or Se

Scheme 4-2 7 UL 'G (2 32 55 JE SV A S 5 A1 S48 R BRE T ) 8BRS
2019 £, Wu BREHB, FFA T —Fml WG 3k QbR I 4 FH AR Ik 5 £ S0 5 R
B E R S AL B R 3- F R I B 4 FWE WY IR 59 (Scheme 4-3) o FEIR AN
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FAER, BL55-96% 7RG R T — AR 3- AL RIS ORI HEwy . HLERAT TER A,
JEUT AR ol 1 FR 2 1 P i OB R TR

1
= R Ru(bpy)sCl, (2 mol%) >O2Me
MeSO,Na (30 mol%) N\ 1
R vie 225205 e ERL BOE, 120 R A
.

Scheme 4-3 FF V7l PR 474 A <15 bRk 248 PR RGPk 15 Bl 3- P R i T kR D g oy
2021 4, Fang 1 Wang BRRRZHC ST fEHRIE 1 — A1) A R i b fE ik
- IR H ARk 5 AR R A 1) PR R R DN ML S RL (Scheme 4-4) , Ak T
— R 377 R R ORI EYy o 0T R TR MR, RS TR, R
TEMTEL, B R A1 52 R A AN i AR A

1
= R SOzAr
~ C(+)IPt()
R e * ATSO;Na R N—R!
s Ve S

Scheme 4-4 LAY SR BRIR AL G i 3- 75 B IR 5 8 IR wyy
2023 4, Lee URAAHPO, il 1 ABMCEE R HBRIE . 77 Ak 03 AN A A PR
S BRI G 8 3-07 FERE IR L A I EWY (1 & TV (Scheme 4-5) o 1ZRN
FEZIR T AT, THRAR ARSI (TR, 2R T &)
3-FRE R I EE 2GRy, I HL@ I 2% T AR R 7= 0 1 A o

R‘I

A
& . SOLAr
R 3 \ |
Me + ANBFL + K805 — °C, Nz, 6 h "
) X
X =S orSe

Scheme 4-5 — 21 73 Ji 3- 77 FERATH 3 R T FEY)
[Fl4E, Yang URARAIDY, 4Ri8 JAETGHER. Bl EALFIAE R AT,
A L' AR a3 8 R ke % R A I 5 7 T R R SR A 5 T 3- 7 ik T T Ak 4% - e oy
(Scheme 4-6) . FANAT WOGIEERY], F7 WY 15 2-Pe R AR Iz 2 1]
JEHL T EDA FL&4.

1
_ R SO,Ar
~ 15 W Blue LED
R + ArSO,H ue R N—R!
o Me MeCN/H,0, N,, 30 h S

Scheme 4-6 HL 5~ fAK-SZ AR B S WAL IR L SN
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HOR 3T A I S R E 2 f TIRKI AR, BRI — 2 KRR L.
R R 70 K R IR /2 3-77 Rt 6 (1) & i, 12386 BT 143 18 G DR AP 2 ) TR
%, WP HHEAG, B WuilRiBH A KIE T — A 301 3- 1 Bt 5 o8t
WEWY )5 BT 1 o E2 BRI g H R AAM 2R IS, i S 77 3R KK BEAIG . IF
Hie TEGIMNA @A 5 & XK RIBRE T IRIR . B, KE
JR 7 P 23 e 5 2 £ T B 5 00 il 3- e B Rl P 2 TR oy (1) 7 V2 AR A b I
42 REZFHMRL

Table 4-1 [R5 AL @

Ph 9

4 O=s=Me
solvent, 40-45 °C, N,, 36 h N\

+ DABSO NP Ph
SMe S

/f: (427 nm, 40 W)

1a 5a 6a
Entry SO» source (x eq.) Solvent Yield(%)”

1 DABSO (1.2) CH;COOH 91

2 NaxS20s5(1.2) CH;COOH 83

3 K2S:05(1.2) CH3COOH 81

4 DABSO (1.2) DCE 67

5 DABSO (1.2) CHCI; 83

6 DABSO (1.2) CHxCl2 66

7 DABSO (1.2) MeCN 80

8 DABSO (1.2) THF, EtOAC or PhCHj3 n.d.

9 DABSO (1.2) DMF or CH3COCH3 trace

10 DABSO (1.2) MeOH 46

11 DABSO (1.2) PhCl 53

12 DABSO (1.0) CH3COOH 82

13 DABSO (1.5) CH;COOH 91
144 DABSO (1.2) CH3COOH trace, n.d.
15¢ DABSO (1.2) CH3;COOH 33
1652 DABSO (1.2) CH3COOH 72,90

“Reaction conditions: 1a (0.20 mmol) and DABSO (0.24 mmol) in solvent (2.0 mL) were
irradiated with 40 W blue LED in a reaction tube Under N; atmosphere at 40-45 °C for 36
h unless otherwise stated. “Isolated yield; ‘Room temperature; “In dark at 50 °C; “Under air

atmosphere; /30 h; 42 h; n.d. = not detected.
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DL 2-BR B8 R (1a) A1 DABSO BRSO, 3 5l SOREE 7 il e
DABSO H &5 56 AT T AL, DU E Bt IR N 261 (Table 4-1) o B S X
Mk F RV AT 704K, KIW DABSO A fEmEBEERIE. L 91% MUl % 3k45 3-
PR B T 56 6 B D) Centries 1-3) /& IV PR 0 R0 I g 0 £ b 66 SR 90 = 2R
WA FEAR . AR5 R B FRIEAT T AR, R I SR ANV R R AT Centries
4-11) . 2R J5 5%+ DABSO HIERET T4k, 1.2 242 DABSO J#xf: (entries 12-13),
PR PESEIG R I, 78 i T 2R A REMRIEEAT , 6 R 1% S BE )0 B 4% A4 Centry
14) 1% SR 2 U R HEAT IR R 26 KK BRI (entl'y15) s R A
T VR AN (3a") B JE R R B TATHEAT T0AE, e A tE I Mgk
536 h Centry 16) .

43 REMEYHRE

R Q
4 i, O=s=Me
/f: 427 nm (40 W)
+ DABSO N—R!
SMe CH3COOH, 40-45 °C, N, 36 h s
1 5a
6
O\S =Me :S Me
Cry-O O O mm O
6a, 91%, 71%3P 6b 93% 6c, 87% 6d, 88%
O= s Me O= s Me
0, 0, 0,
Ge 85% 6f 89% sg 81% 6h 79%
0= s Me O‘S -Me 0~s -Me 0= s Me
6i, 74% 6] 84% Bk 87% 61, 92%
o) o)
1 _nu 1l 1
O=5=Me O=S=Me O=5=-Me O=35=Me
R = OMe, 6m, 95% O S
O N\ O R = CI, 6n, 95% O N O Y=< 1 A
s s s s
R 60, 44% 6p, 72% 6q, trace

Unless otherwise noted, all reactions were performed with 1 (0.20 mmol) and DABSO (0.24
mmol, 1.2 equiv.) in CH3COOH (2.0 mL) at 40-45 °C in a reaction tube under nitrogen
atmosphere under blue LED (427 nm, 40 W) irradiation for 36 h. Isolated yields. [ The reaction

was carried out on 5.0 mmol scale. 148 h.

Scheme 4-15 &Y e 1
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N T VIR N I E M, TR R, 1 S0 A0 b 2 R P AR
B RUHHAT 5% (Scheme 4-15) o HUREE 975 FEIN o102 W L - 2558 f2 it
TR AT AL 5 (07 AR R 3- P BB SR IRy, RN 79-95%.
UEA 2 RY 2SRl ey LN, 12 S N B AT DABCAMIEEAT o FF 200 LA 44%F0 72%
(RIS 23R4T 2- 25 H:-3- I LM ORIy (60) FH 2-PIEWy it 3- HH S ik ik 2R -
GEy (6p) o A NBURERZ, FiiEBURIEFEA LI BA BURY), R aetail 2]
ER HARY), AIRe S B HERETEE K. BTN, ZRMNIRE )
BEATTOR, K 5.0 mmol (9 1a VE R N, 3RAG 1 F04 7T1%H] 6a.

Ph
gz ' s -R3
, ~ A 4270m (4o W)
R + DABSO \ Ph
SR® CH3COOH, 40-45 °C, Ny, 36 h
1 5a
o o
1l
O=3=Me =S= ‘S Me
Me cl
N—Ph N \ Ph
s s
6r, 89% 6s, 79% 6t, 77% 6u, 91%
0 0
=S=Me O=§-Me :S Me O= S CD;
A\
mPh \ Ph
F S Cl
6v, 94% 6w, 85% 6X, 83% 6y, 80%
o Q
O=§-Et 0:s—< "—C :s
wph V—ph &Ph
s s
62, 76% 6aa, 67% 6ab 65% 6ac, 61%

Unless otherwise noted, all reactions were performed with 1 (0.20 mmol) and DABSO (0.24
mmol, 1.2 equiv.) in CH;COOH (2.0 mL) at 40-45 °C in a reaction tube under nitrogen
atmosphere under blue LED (427 nm, 40 W) irradiation for 36 h. Isolated yields.
Scheme 4-16 XY & 1

SR 0T AR B I R i 5 A A B IUARERHEAT T 5% (Scheme 4-16) , - Fil
WG A, Lh 77%-94% 177 23545 1 AH R IERL R Iy (6r-6x) o 4
AR MM, HMHUREE N CDs 8 20, W3k THMN Y (6ab-6ac) ,
PRGN T6%AM 80%. HERIE N R F T M7 RN, S50 DUBA)
A, FREREEA K.
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R’ o
= N O=s=Me
, /f: 427 nm (40 W)
R + DABSO R2 YRt
XMe CH5COOH, 40-45 °C, N,, 36 h X
1 5a X = Se, O, NMe
Q
0=s-Me 0= s Me 0= s Me
Se Se Se Se
7a, 71% 7b, 75% 7c, 70% 7d. 61%
0 Q Q % o
O=5=Me O=s=-Me O=g- O=8&-
O= S Me S=Me S=Me
| D S Gl G
Se cl Se () N
Se Me
7e, 68% 7f, 67% 79, 72% 7h, 0% 7i, trace

Unless otherwise noted, all reactions were performed with 1 (0.20 mmol) and DABSO (0.24
mmol, 1.2 equiv.) in CH:COOH (2.0 mL) at 40-45 °C in a reaction tube under nitrogen
atmosphere under blue LED (427 nm, 40 W) irradiation for 36 h. Isolated yields.
Scheme 4-17 J&P) € 111

)5 FRATTAF @I R 4 TR A 5 5% o AR FAN T 0% BRI 25 Tl 3- FPY L s P i oA
TRy SR DU EAT, BL 61-75% MU 3R4G B AR 4. B2 MR N 1-
FAEJE-2- OREE ORI RIHZ RS REIRIBEAT , RN E, B- 1 AE-2-

OREE CJEED R ARl 254 & H b7 (Scheme 4-17)

44 RNHBHR
44.1 BHREHIKIE

gz Ph O\(IS? M
=S-Me
Z DABSO
Standard condition N

SMe TEMPO (2.0 equiv.) S O.
1a 6a, 0% 7C

Scheme 4-18 [ H1 34 3K 5256
NTIRNT FEXFEAR RG], BT T B R SE I . S E R S B
N 2 f5 M2 E R TEMPO B, %5 S 58 44 o SN IR A 401 HRMS
SRR 7 TEMPO 5 AL H ARG 7C, 45REW, AHEATRESS
TMNIEFE (Scheme 4-18)
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DADATAL \202403272_20240327160604
2_20240327160904 #311 RT: 1.84 AV: 1 NL: 4.12E7

T: FTMS + p ESI Full ms [100.0000-600.0000]
100 172.1694

95

90

857

7c
E [M+H]* Caled for CygHNO* 172.1696
55— Found 172.1694

Relative Abundance

178.0774

i3 179.0853

10 165.0697

170.1537
5- 162.0547 166.0724

] ‘ { ?EB |17AG i 177.1933 ( ‘152,‘|902 ‘
& il
T 1

ey T hreet T T i Thrr e
165 170 175 180 185
miz

180.0930

Scheme 4-19 7C {7570 #4 i 1

442 WPEBSCIG

Ph 0 y v
P . =S=CH, 0=S-CD
Z 5 427 nm @0 W) i
+ DABSO g VP >Pn
SMe CD;COOD s S
1a 40-45°C, N,, 36 h 6a, 88% 6ab, 0%

R SUTAR Z BRI 5 BL 88% AR IRAT 1 3-F BL A LA 2R I FI8E Wy (6a)
BAFE] 37T FR B IE S R Py . SR B B FR AR T 40K
4.5 FIRERY IR Rz ALFE

MRAEXS IS SG, SR 1 B R GIBRIAL 1 ] fE S M ALER (Scheme 4-23)
B, EGHEEAET 1a PHIEE 75 DABSO H R 1 74 1 g9 AR,
TR T RS As, ZJa C-S P, JERUFIEH i (D MG E M3 (0D
I H A5 DABSO WA A B th & (V) , ZJRAEPIskERE, £
EAR A TR LRI Bt BEREMORI R RA  H 2 (V) Z R TR
RETBG™ W) 3-H LA L 2R I HE WY (6a) i 2 F AL ) 3R (BT HEAT T —MEH . 5
AR BB AR A PR IE A B AR S B A I OB K 6a.
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SOzMe
o x_Ph
Z . )
N
M V v
s e e

ridical
path a relay

Ph

@K
path b s

SO,Me

N—ph
s
6a

Scheme 4-20 1] 8 1 /2 ML PR
4.5 SLIGERSY
4.5.1 3-FAERERI R R HEN (6a) HIFH—MRTE

Ph

(0]
I
= O=s5-Me
= /"5:- (427 nm, 40 W)
+ DABSO N Ph
SMe S

CH3COOH, 40-45 °C, N,, 36 h

1a 5a
Scheme 4-24 T WG {2 E 3- S TR JE 4 I MY 5 %

FE— AN T 1) 10 mL 8 10 5 S SR B N 2-BREE 2R FR ik (1a, 44.9
mg, 0.2 mmol) . DABSO (5a, 57.7 mg, 1.2 equiv.) fIZFE (2.0mL) . RNIEE
YILE 50 CRES &M, ¥ LED (427 nm, 40 W) RSB 36 he [ 5E
FJE VAR B P i 75 R AR 22, BRI TEREIR I DL TR Z B/ A g (1:9, V/IV)
NPT R T AL, fFRIFTHR S 6a A AE (52.5 mg, 77E 91%) .
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4.6 FEYIRNRIEHE

3-(Methylsulfonyl)-2-phenylbenzo|[b]thiophene (6a). White solid; 91% yield (52.5
mg): mp 134.1-135.0 °C. 'H NMR (600 MHz, CDCl3): § = 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); C NMR (150 MHz, CDCl3): & = 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; HRMS (ESI) m/z: [M+H]*
Calcd For Ci5sH1202S2" 289.0351; Found 289.0353.

2-(4-Methoxyphenyl)-3-(methylsulfonyl)benzo[b]thiophene (6b). White solid. 93%
yield (59.2 mg): mp 133.1-133.7 °C. '"H NMR (600 MHz, CDCl3): = 8.48 (d, J =
8.4 Hz, 1H), 7.84 (d, J= 7.8 Hz, 1H), 7.54-7.51 (m, 3H), 7.47-7.44 (m, 1H), 6.98 (d,
J = 8.4 Hz, 2H), 3.87 (s, 3H), 2.98 (s, 3H); 3C NMR (150 MHz, CDCl;): 6 = 161.0,
152.8, 138.2, 136.5, 132.0, 128.8, 126.1, 125.7, 124.3, 123.5, 122.0, 113.7, 55.5, 45.0;
HRMS (ESI) m/z: [M+H]" Caled For CisH1503S2" 319.0457; Found 319.0457.

3-(Methylsulfonyl)-2-(p-tolyl)benzo[b|thiophene (6¢). White solid, 87% yield (52.6
mg): mp 156.7-158.1 °C. 'H NMR (600 MHz, CDCl3): § = 8.48 (d, J = 8.4 Hz, 1H),
7.84 (d, J = 7.8 Hz, 1H), 7.55-7.52 (m, 1H), 7.49-7.45 (m, 3H), 7.28 (d, J = 7.8 Hz,
2H), 3.00 (s, 3H), 2.43 (s, 3H); *C NMR (150 MHz, CDCls): 8 = 153.0, 140.2, 138.3,
136.4, 130.4, 129.1, 128.9, 128.6, 126.2, 125.8, 124.4, 122.0, 45.1, 21.6; HRMS (ESI)
m/z: [M+H]" Calcd For CisH1502S2" 303.0508; Found 303.0507.
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Q
O=s-Me

S

2-(4-(tert-Butyl)phenyl)-3-(methylsulfonyl)benzo[b]thiophene (6d). White solid,;
88% yield (60.6 mg): mp 190.2-191.4 °C. 'H NMR (600 MHz, CDCl3): = 8.49 (d, J
= 8.4 Hz, 1H), 7.54-7.52 (m, 3H), 7.49-7.45 (m, 3H), 2.99 (s, 3H), 1.37 (s, 9H); 1*C
NMR (150 MHz, CDCl3): 6 = 153.2, 153.0, 138.3, 136.5, 130.3, 128.9, 128.6, 126.1,
125.7,125.2, 124.4, 122.0, 45.0, 35.0, 31.4.

?
O=s-Me

OO
S

2-(4-Fluorophenyl)-3-(methylsulfonyl)benzo[b]thiophene (6e). White solid; 85%
yield (52.1 mg): mp 140.2-140.7 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.46 (d, J =
8.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.58-7.54 (m, 3H), 7.50-7.48 (m, 1H), 7.16 (t,
J = 8.4 Hz, 2H), 3.02 (s, 3H); ’F NMR (564 MHz, CDCls): 6 = —110.7; 3C NMR
(150 MHz, CDCl3): 6 = 163.8 (d, J = 249.2 Hz), 151.6, 138.3, 136.2, 132.5 (d, /= 8.9
Hz), 129.5, 127.4 (d, J = 3.8 Hz), 126.2 (d, J = 43.4 Hz), 124.3, 122.1, 115.4, 115.3,
45.1; HRMS (ESI) m/z: [M+H]" Calcd For C1sH12FO2S2" 307.0257; Found 307.0258.

O=s-Me
O
S

2-(4-Chlorophenyl)-3-(methylsulfonyl)benzo[b]thiophene (6f). White solid; 89%
yield (57.5 mg): mp 175.1-177.2 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.46 (d, J =
8.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.57-7.55 (m, 1H), 7.52-7.48 (m, 3H),
7.45-7.43 (m, 2H), 3.03 (s, 3H); *C NMR (150 MHz, CDCl3): 6 = 151.3, 138.4,
136.3, 136.2, 131.9, 129.9, 129.5, 128.5, 126.4, 126.2, 124.4, 122.1, 45.2; HRMS
(ESI) m/z: [M+H]" Calcd For CisH12Cl02S2" 322.9962; Found 322.9965.
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2-(4-Bromophenyl)-3-(methylsulfonyl)benzo[b]|thiophene (6g). White solid; 81%
yield (59.5 mg): mp 169.1-169.9 °C. 'H NMR (600 MHz, CDCl3): 8 = 8.45 (d, J =
8.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.60-7.59 (m, 2H), 7.56 (t, J = 7.8 Hz, 1H),
7.50-7.48 (m, 1H), 7.45-7.44 (m, 2H), 3.03 (s, 3H); *C NMR (150 MHz, CDCI3): &
= 151.3, 138.4, 136.2, 132.1, 131.4, 130.4, 129.5, 126.4, 126.1, 124.6, 124.3, 122.1,
45.2.

O=s-Me
S

3-(Methylsulfonyl)-2-(4-(trifluoromethyl)phenyl)benzo[b]thiophene (6h). Yellow
solid; 79% yield (56.3 mg): mp 183.7-184.9 °C. 'H NMR (600 MHz, CDCl3): § =
8.45 (d, J= 8.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.73-7.68 (m, 4H), 7.59-7.57 (m,
1H), 7.53-7.50 (m, 1H), 3.06 (s, 3H); '°F NMR (564 MHz, CDCl3): § = —62.8; 13C
NMR (150 MHz, CDClz): 6 = 150.7, 138.6, 136.0, 135.3, 131.8 (q, J = 32.5 Hz),
131.0, 129.9, 126.6, 126.4, 125.0 (q, J = 270.8 Hz), 124.3, 122.2, 45.3; HRMS (ESI)
m/z: [M+H]" Calcd For Ci16H12F302S2" 357.0225; Found 357.0225.

0=5-Me
C~Ore
S
4-(3-(Methylsulfonyl)benzo[b]thiophen-2-yl)benzonitrile (6i). Pale yellow solid;
74% yield (46.4 mg): mp 218.4-220.1 °C. 'H NMR (600 MHz, CDCl3): 6 = 8.43 (d, J
= 8.4 Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.76-7.75 (m, 2H), 7.68-7.67 (m, 2H),
7.61-7.58 (m, 1H), 7.550-7.52 (m, 1H), 3.08 (s, 3H); '*C NMR (150 MHz, CDCL): &

=151.2, 138.6, 136.4, 135.9, 131.7, 131.4, 130.7, 126.7, 126.6, 124.3, 122.3, 118.3,
113.7,45.3.
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Q
O=S-Me OCH;

2-(3-Methoxyphenyl)-3-(methylsulfonyl)benzo[b]thiophene (6j). White solid; 84%
yield (53.5 mg): mp 105.7-106.5°C. 'H NMR (600 MHz, CDCl3): 6 = 8.50 (d, /= 8.4
Hz, 1H), 7.85 (d, J= 7.8 Hz, 1H), 7.55-7.52 (m, 1H), 7.46 (t, /= 7.8 Hz, 1H), 7.37 (t,
J=17.8 Hz, 1H), 7.16-7.15 (m, 2H), 7.03-7.01 (m, 1H), 3.85 (s, 3H), 2.99 (s, 3H); 13C
NMR (150 MHz, CDCl3): 6 = 159.1, 152.2, 138.3, 136.3, 132.7, 129.4, 129.2, 126.2,
125.9, 124.4, 122.8, 122.0, 116.2, 116.0, 55.5, 45.0; HRMS (ESI) m/z: [M+H]* Calcd
For Ci6H1503S2" 319.0457; Found 319.0456.

3-(Methylsulfonyl)-2-(m-tolyl)benzo[b]thiophene (6k). White solid; 87% yield
(52.6 mg): mp 135.4-136.7 °C. 6 = 8.48 (d, /= 8.4 Hz, 1H), 7.84 (d, /= 7.8 Hz, 1H),
7.54-7.52 (m, 1H), 7.47-7.44 (m, 1H), 7.38-7.37 (m, 2H), 7.35-7.33 (m, 1H), 7.29 (d,
J="7.2 Hz, 1H), 2.99 (s, 3H), 2.42 (s, 3H); 3C NMR (150 MHz, CDCl3): § = 152.8,
138.3, 137.9, 136.3, 131.4, 131.0, 130.7, 129.1, 128.0, 127.6, 126.1, 125.8, 124.3,
122.0, 45.1, 21.5.

O=s-Me I
S

2-(3-Chlorophenyl)-3-(methylsulfonyl)benzo[b]thiophene (61). White solid; 92%
yield (59.4 mg): mp 144.2-145.1 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.45 (d, J =
8.4 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.57-7.54 (m, 2H), 7.50-7.48 (m, 1H),
7.47-7.45 (m, 2H), 7.39 (t, J = 7.8 Hz, 1H), 3.04 (s, 3H); 3C NMR (150 MHz,
CDClz): 6 = 150.7, 138.4, 136.0, 134.0, 133.2, 130.3, 130.0, 129.7, 129.3, 128.9,
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126.4, 126.2, 124.3, 122.1, 45.2; HRMS (ESI) m/z: [M+H]* Caled For C1sH12C10,S2"
322.9962; Found 322.9960.

0=S-Me
(0~
S
MeO
2-(2-Methoxyphenyl)-3-(methylsulfonyl)benzo[b]thiophene (6m). White solid;
95% yield (58.6 mg): mp 161.7-162.5 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.38 (d, J
= 8.4 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.54-7.52 (m, 1H), 7.47-7.43 (m, 2H), 7.36
(d, J=7.2 Hz, 1H), 7.04 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 3.81 (s, 3H),
3.10 (s, 3H); '3C NMR (150 MHz, CDCl3): & = 157.0, 149.1, 138.9, 136.0, 131.6,
131.3, 129.9, 126.0, 125.6, 123.8, 122.2, 120.7, 120.4, 110.9, 55.6, 43.6; HRMS (ESI)

m/z: [M+H]" Calcd For C16H1503S2" 319.0457; Found 319.0455.

O=5-Me
(<)
S
C
2-(2-Chlorophenyl)-3-(methylsulfonyl)benzo[b]thiophene (6n). White solid; 95%
yield (61.3 mg): mp 132.4-133.7 °C. '"H NMR (600 MHz, CDCl3): 4 = 8.38 (d, J =
8.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.52-7.49 (m, 2H),
7.47 (d, J= 7.8 Hz, 1H), 7.43-7.41 (m, 1H), 7.36 (t, J = 7.2 Hz, 1H), 3.14 (s, 3H); 13C
NMR (150 MHz, CDClz): 8 = 149.1, 139.0, 135.4, 133.6, 132.2, 131.0, 130.9, 130.7,

129.4, 126.4, 126.3, 126.2, 124.0, 122.3, 44.0; HRMS (ESI) m/z: [M+H]" Calcd For
C1sH12Cl02S2" 322.9962; Found 322.9960.

Q
O=s-Me
\O
S

3-(Methylsulfonyl)-2-(naphthalen-2-yl)benzo[b]thiophene (60). Yellow solid; 44%
yield (29.8 mg): mp 169.5-170.7 °C: mp 169.5-170.7 °C. '"H NMR (600 MHz,
CDCl3): 6 = 8.52 (d, J= 8.4 Hz, 1H), 8.07 (s, 1H), 7.93-7.88 (m, 4H), 7.69 (dd, J =
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8.4, 1.8 Hz, 1H), 7.58-7.54 (m, 3H), 7.51-7.49 (m, 1H), 3.02 (s, 3H); *C NMR (150
MHz, CDCl3): 6 = 152.7, 138.5, 136.4, 133.7, 132.6, 130.1, 129.4, 129.0, 128.6, 128.0,
127.9, 127.7, 127.5, 127.0, 126.3, 126.0, 124.4, 122.1, 45.1; HRMS (ESI) m/z:
[M+H]" Caled For C19H1502S2" 339.0508; Found 339.0508.

Q
O=s-Me
S
A\ S |
S

3-(Methylsulfonyl)-2-(thiophen-2-yl)benzo[b]thiophene (6p). White solid; 72%
yield (42.4 mg): mp 119.0-119.6 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.56 (d, J =
8.4 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 3.0 Hz, 1H), 7.55 (d, J = 4.8 Hz,
1H), 7.52 (t, J= 7.8 Hz, 1H), 7.47-7.45 (m, 1H), 7.17-7.16 (m, 1H), 3.04 (s, 3H); *C
NMR (150 MHz, CDCl3): 6 = 144.5, 138.3, 136.7, 132.1, 131.2, 129.8, 129.5, 128.1,
126.3, 126.1, 124.7, 121.8, 44.4.
O:g—Me
H3C
N—ph
S
5-Methyl-3-(methylsulfonyl)-2-phenylbenzo[b]|thiophene (6r). White solid; 89%
yield (53.8 mg): mp 158.7-159.1 °C. 'H NMR (600 MHz, CDCls): 8 = 8.27 (s, 1H),
7.72 (d, J = 8.4 Hz, 1H), 7.56-7.55 (m, 2H), 7.47-7.43 (m, 3H), 7.29 (d, J = 8.4 Hz,
1H), 2.99 (s, 3H), 2.53 (s, 3H); 3C NMR (150 MHz, CDCl3): 6 = 152.7, 136.5, 136.3,
135.6, 131.7, 130.4, 129.8, 128.8, 128.1, 127.6, 124.0, 121.6, 45.1, 21.9; HRMS (ESI)
m/z: [M+H]" Calcd For CisH1502S2" 303.0508; Found 303.0507.
I
=S—Me
C

N—ph
S

5-Chloro-3-(methylsulfonyl)-2-phenylbenzo[b]thiophene (6s). White solid; 79%
yield (51.0 mg): mp 162.2-163.1 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.52 (d, J =
1.8 Hz, 1H), 7.77 (d, J= 8.4 Hz, 1H), 7.58-7.56 (m, 2H), 7.52—-7.46 (m, 3H), 7.44 (dd,
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J =84, 1.8 Hz, 1H), 2.97 (s, 3H); '3C NMR (150 MHz, CDCl3): & = 154.3, 137.4,
136.4, 132.8, 131.1, 130.4, 130.2, 128.9, 128.3, 126.5, 124.1, 123.0, 45.1; HRMS
(ESI) m/z: [M+H]" Calcd For Ci5H12C102S2* 322.9962; Found 322.9961.

Q
O=5-Me

N—ph
H,CO S

6-Methoxy-3-(methylsulfonyl)-2-phenylbenzo[b]thiophene (6t). White solid; 77%
yield (49.0 mg): mp 149.6-150.4 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.36 (d, J =
9.0 Hz, 1H), 7.57-7.56 (m, 2H), 7.49-7.44 (m, 3H), 7.30 (d, J = 1.8 Hz, 1H), 7.14 (dd,
J=19.0, 2.4 Hz, 1H), 3.90 (s, 3H), 2.97 (s, 3H); *C NMR (150 MHz, CDCl3): § =
158.3, 149.6, 140.0, 131.7, 130.6, 130.1, 129.8, 129.0, 128.1, 125.1, 116.1, 104.3,
55.8, 45.1; HRMS (ESI) m/z: [M+H]" Calcd For Ci¢His03S>" 319.0457; Found
319.0457.

6-Methyl-3-(methylsulfonyl)-2-phenylbenzo[b]|thiophene (6u). White solid; 91%
yield (55.0 mg): mp 149.6-150.4 °C. '"H NMR (600 MHz, CDCl3): 8 = 8.35 (d, J =
8.4 Hz, 1H), 7.64 (s, 1H), 7.57-7.56 (m, 2H), 7.47-7.44 (m, 3H), 7.35 (d, J = 8.4 Hz,
1H), 2.98 (s, 3H), 2.50 (s, 3H); *C NMR (150 MHz, CDCls3): 8 = 151.3, 138.7, 136.2,
134.0, 131.7, 130.5, 129.8, 129.1, 128.1, 127.9, 123.9, 121.7, 45.1, 21.6; HRMS (ESI)
m/z: [M+H]" Caled For CisH1502S2" 303.0508; Found 303.0506.

6-Fluoro-3-(methylsulfonyl)-2-phenylbenzo[b]|thiophene (6v). White solid; 94%
yield (57.6 mg): mp 177.1-180.2 °C. '"H NMR (600 MHz, CDCls): 6 = 8.49 (dd, J =
9.0, 4.8 Hz, 1H), 7.58-7.57 (m, 2H), 7.55 (dd, J = 7.8, 2.4 Hz, 1H), 7.50-7.46 (m,
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3H), 7.27 (td, J = 9.0, 2.4 Hz, 1H), 2.97 (s, 3H); '°F NMR (564 MHz, CDCls): § =
—114.4; 3C NMR (150 MHz, CDCls): 8 = 161.0 (d, J = 246.6 Hz), 152.1 (d, J = 3.3
Hz), 139.4 (d,/=10.0 Hz), 132.8, 131.3, 130.5, 130.1, 129.1, 128.3, 126.0 (d, J = 8.9
Hz), 115.3 (d, J = 23.7 Hz), 108.2 (d, J = 25.5 Hz), 45.1; HRMS (ESI) m/z: [M+H]"
Calcd For Ci5H12FO2S2" 307.0257; Found 307.0256.

I
O=5-Me

N—ph
Cl S

6-Chloro-3-(methylsulfonyl)-2-phenylbenzo[b]thiophene (6w). Pale yellow solid;
85% yield (54.9 mg): mp 167.9-168.5 °C. 'H NMR (600 MHz, CDCl3): & = 8.52 (s,
1H), 7.77 (d, J = 8.4 Hz, 1H), 7.58-7.57 (m, 2H), 7.51-7.46 (m, 3H), 7.44-7.43 (m,
2H), 2.97 (s, 3H); 3C NMR (150 MHz, CDCl3): 8 = 154.4, 137.4, 136.4, 132.8, 131.1,
130.4, 130.2, 128.9, 128.3, 126.5, 124.1, 123.0, 45.1; HRMS (ESI) m/z: [M+H]*
Calcd For Ci5H12C102S,* 322.9962; Found 322.9964.

I
O=5-Me

N—ph
FsC S

3-(Methylsulfonyl)-2-phenyl-6-(trifluoromethyl)benzo[b]thiophene (6x). White
solid; 83% yield (59.2 mg): mp 156.4-158.0 °C. 'H NMR (600 MHz, CDCl3): & =
8.85 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.61-7.59 (m, 2H),
7.53-7.49 (m, 3H), 2.98 (s, 3H); 'F NMR (564 MHz, CDCl3): 6 = —61.7; *C NMR
(150 MHz, CDCl3): & = 154.5, 141.3, 136.1, 130.9, 130.44, 130.40, 130.0, 128.8 (q, J
=32.4 Hz), 128.4, 124.3 (q, J = 270.9 Hz), 122.7, 122.3 (q, J = 3.1 Hz), 122.0 (q, J =
4.9 Hz), 45.2; HRMS (ESI) m/z: [M+H]" Calcd For CisH12F302S2" 357.0225; Found
357.0223.

0
O=5-CD;

S
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3-((Methyl-ds)sulfonyl)-2-phenylbenzo|[b]thiophene (6ay). White solid; 80% yield
(46.6 mg): mp 132.6-133.9 °C. '"H NMR (600 MHz, CDCl3): 4 = 8.49 (dd, J = 7.8,
2.4 Hz, 1H), 7.86 (dd, J = 7.8, 2.4 Hz, 1H), 7.58-7.57 (m, 2H), 7.56-7.53 (m, 1H),
7.49-7.46 (m, 4H); 3C NMR (150 MHz, CDCl3): 8 = 152.6, 138.4, 136.3, 131.6,
130.5, 129.9, 129.2, 128.1, 126.2, 125.9, 124.4, 122.0; HRMS (ESI) m/z: [M+H]*
Calcd For Ci5H10D302S2" 292.0540; Found 292.0538.

3-(Ethylsulfonyl)-2-phenylbenzo|[b]thiophene (6z). Brown solid; 76% yield (46.0
mg): mp 103.5-104.7 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.48 (d, J = 8.4 Hz, 1H),
7.86 (d, J= 7.8 Hz, 1H), 7.58-7.57 (m, 2H), 7.55-7.52 (m, 1H), 7.50-7.43 (m, 4H),
3.05 (q, J= 7.2 Hz, 2H), 1.18 (t, J = 7.2 Hz, 3H); '3C NMR (150 MHz, CDCl;): 8 =
153.5, 138.4, 136.7, 131.6, 130.6, 129.8, 128.0, 127.3, 126.2, 125.9, 124.5, 122.0,
51.0, 7.2; HRMS (ESI) m/z: [M+H]" Calcd For CisH10D302S2" 292.0540; Found
292.0538.

O:gsl)~<
S

3-(Isopropylsulfonyl)-2-phenylbenzo[b]thiophene (6aa). White solid; 67% yield
(42.4 mg): mp 124.2-124.9 °C. 'H NMR (600 MHz, CDCls): & = 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, CDCL): § =
153.9, 138.4, 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 Ci7H170.S2" 317.0664; Found
317.0663.
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3-(Sec-butylsulfonyl)-2-phenylbenzo[b]|thiophene (6ab). Yellow oil; 65% yield
(43.0 mg). '"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), 2.92-2.86 (m,
1H), 1.90-1.84 (m, 1H), 1.45-1.37 (m, 1H), 1.17 (d, J = 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.

O
4
S

3-(Pentan-3-ylsulfonyl)-2-phenylbenzo|b]|thiophene (6ac). Colourless oil; 61%
yield (42.0 mg). 'H NMR (600 MHz, CDCls): 4 = 8.48 (d, /= 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, CDCls): 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.

I
O=5-Me

N—ph
Se

3-(Methylsulfonyl)-2-phenylbenzo|[b]selenophene (7a). Yellow solid; 71% yield
(47.6 mg): mp 138.7-140.0 °C. 'H NMR (600 MHz, CDCl3): 8 = 8.52 (d, J = 8.4 Hz,
1H), 7.90 (d, J= 7.8 Hz, 1H), 7.55-7.52 (m, 3H), 7.44-7.41 (m, 4H), 3.01 (s, 3H); *C
NMR (150 MHz, CDCl3): 6 = 158.6, 140.8, 138.0, 133.8, 131.9, 129.7, 129.5, 128.0,
126.4, 126.2, 126.1, 125.1, 45.1; HRMS (ESI) m/z: [M+H]" Calcd For Ci5H1302SSe*
336.9796; Found 336.9796.
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3-(Methylsulfonyl)-2-(p-tolyl)benzo[b]|selenophene (7b). Yellow solid; 75% yield
(52.4 mg): mp 156.7-158.1 °C. 'H NMR (600 MHz, CDCl3): 8 = 8.51 (d, J = 8.4 Hz,
1H), 7.88 (d, J = 7.8 Hz, 1H), 7.53-7.51 (m, 1H), 7.42-7.39 (m, 3H), 7.24-7.23 (m,
2H), 3.00 (s, 3H), 2.41 (s, 3H); 3*C NMR (150 MHz, CDCl3): 6 = 158.9, 140.7, 139.6,
138.1, 131.7, 130.8, 129.6, 128.7, 126.3, 126.1, 125.9, 125.1, 45.0, 21.5; HRMS (ESI)
m/z: [M+H]" Calcd For C1sH1502SSe* 350.9952; Found 350.9951.

Q
O=5-Me

CrCo
Se

2-(4-Chlorophenyl)-3-(methylsulfonyl)benzo[b]selenophene (7¢). Yellow solid,;
70% yield (51.8 mg): mp 179.6-180.0 °C. 'H NMR (600 MHz, CDCl;): 6 = 8.48 (d, J
= 8.4 Hz, 1H), 791 (d, J = 7.8 Hz, 1H), 7.56-7.54 (m, 1H), 7.46-7.43 (m, 3H),
7.41-7.40 (m, 2H), 3.04 (s, 3H); *C NMR (150 MHz, CDCl): § = 157.2, 140.8,
137.9, 135.8, 132.21, 132.17, 131.0, 128.2, 126.4, 126.3, 125.2, 45.1; HRMS (ESI)
m/z: [M+H]" Calcd For Ci5sH12C102SSe* 370.9406; Found 370.9404.

O=S-Me
O
Se

2-(4-Bromophenyl)-3-(methylsulfonyl)benzo[b]selenophene (7d). Pale yellow
solid; 61% yield (50.5 mg): mp 163.7-164.5 °C. 'H NMR (600 MHz, CDCl): § =
8.48 (d, /= 8.4 Hz, 1H), 7.91 (d, J= 7.8 Hz, 1H), 7.57-7.54 (m, 3H), 7.44 (t, J=7.8
Hz, 1H), 7.40-7.38 (m, 2H), 3.04 (s, 3H); '*C NMR (150 MHz, CDCl3): § = 157.2,
140.8, 137.9, 132.7, 132.2, 131.23, 131.21, 126.4, 126.3, 125.2, 124.1, 45.1.

O=5-Me
PO
Se
C
2-(3-Chlorophenyl)-3-(methylsulfonyl)benzo[b]selenophene (7e). Yellow solid,;

68% yield (50.3 mg): mp 158.6-159.2 °C. 'H NMR (600 MHz, CDCls): 5 = 8.48 (d, J
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= 8.4 Hz, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.57-7.54 (m, 1H), 7.49 (s, 1H), 7.46-7.40
(m, 3H), 7.38-7.35 (m, 1H), 3.06 (s, 3H); °C NMR (150 MHz, CDCls): & = 156.6,
140.9, 137.7, 135.5, 133.9, 132.4, 129.5, 129.4, 129.1, 128.1, 126.39, 126.35, 125.2,
45.2.

0=S-Me
DR
Se
Cl
2-(2-Chlorophenyl)-3-(methylsulfonyl)benzo[b]|selenophene (7f). Yellow solid;
67% yield (49.5 mg): mp 161.4-161.6 °C. '"H NMR (600 MHz, CDCl3): 6 = 8.43 (d, J
= 8.4 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.57-7.55 (m, 1H), 7.48-7.44 (m, 3H),
7.40-7.37 (m, 1H), 7.35-7.33 (m, 1H), 3.14 (s, 3H); *C NMR (150 MHz, CDCl): §
=154.8, 141.4,137.2, 133.3, 133.2, 132.7, 131.3, 130.6, 129.4, 126.4, 126.34, 126.28,

126.1, 125.4,43.7.

?
O=s-Me

Cl Se

6-Chloro-3-(methylsulfonyl)-2-phenylbenzo[b]selenophene (7g). Pale yellow solid;
72% yield (53.2 mg): mp 184.7-185.4 °C. 'H NMR (600 MHz, CDCl:): 4 = 8.70 (s,
1H), 7.75 (d, J= 8.4 Hz, 1H), 7.53-7.51 (m, 3H), 7.48-7.43 (m, 3H), 2.98 (s, 3H); 1*C
NMR (150 MHz, CDCl3): & = 160.3, 139.6, 139.2, 133.4, 131.4, 129.8, 129.6, 129.2,
129.1, 128.1, 126.3, 120.6, 45.2.
4.7 KREINE

B, PATVRET —Fe] Mot DABSO 5 4% 2K F G Ik 5 BRI A
3-Jo S A Pt S 2R IRy R 3 RO V% o TR TR AN G AT S SR A 7, L
B UEY], DABSO MSEERILA AR 8] 7] e A2 T AR, 1 C-S Bt
Ao RIS PO TRV, 3D Sz IE RN .
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EBSE ENRE

WHAL T R WOGIRZE ) 2- B2 (it Al TESE 2 5 10 SR IR OB, R e
T C3 BRI IFIELY . FRIFANY L IR IF IR IR RIS e 5 BB T i
(1) TAMIICEBG AT T Ay WG fe st 2- bRt 48 AR I 5 ) A e 2k p b ) £
R B BB 7 3- R AR IR e o AEIR AT SRR BL 60-97% IR G R 1 — &5
3-p ORIy . ZRIEAIM . 48 IR IR ARG I
R3

— Y
/ \l&-

R A< (4250m, 10W) R N g3
xRz -+ CHaY2 THF, rt, 12 h X

XR? = OCHj3, SCHS,
SeCHs3, NHTs

Y =Br, | X=0,S, Se, NTs
43 examples, 60-97% yield

(2) A WGt 2-k 28 F R Ik 701 N ML B AL B Rk 3-T0E 2L 2R Jf gy . LA
PQ M, TRHFWESANE AR, ERFFAET LA 51-90%FIWCR G/ T
— R 3-BE IR,
X =0, S, Se, NR?

R
PQ (10 mol%)
Z PhCl, air, 24 h
|
@ R }3(415 nm, 5 W)
41 example, 51-90% vyield

(3) A WYGEHE DABSO S54RI 75 H AR Ik £ IR IAAK B il 3-8 ik i gk 3 %
FEIEWY . FETCHMIICEFISAET s LL 44-95% IR A T 31 A 3-SR mih 3 o
JEngE R Wy

o)
R N\—R

@ N\ R1
X

0
Ar I
// N O=5=R3?
5 /f: 427 nm (40 W)
R + DABSO R? N—Ar
XR® CH3;COOH/MeCN (1/1) X
X:SorSe 500C, N2, 36 h
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