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Efficient Synthesis of Diaryl Sulfides via Three Component
Cross Coupling

Liu, Mengqin“ Chen, Yiting” Zhang, Juyuan“ Zhou, Heye" Qin, Tao™* Liu, Bin™?
(“ College of Materials and Chemical Engineering, China Three Gorges University, Yichang, Hubei 443002)
(> Hubei Three Gorges Laboratory, Yichang, Hubei 443007)

Abstract Diaryl sulfides are found in drugs and natural products, yet their synthesis traditionally requires metal-catalyzed
cross-coupling reactions, high temperatures, and the use of the air-sensitive and extremely odorous thiophenols. A novel transi-
tion-metal-free strategy for the synthesis of unsymmetric diaryl sulfides via a three-component cross-coupling of polyfluoro-
arenes, diaryliodide salts and potassium thioacetate is reported. This approach enables the formation of a diverse array of un-
symmetric diaryl thioethers through two successive electrophilic substitution reactions involving commercially available po-
tassium thioacetate and two electron-deficient aromatic hydrocarbons, demonstrating broad substrate scope and functional
group compatibility. Additionally, this strategy facilitates the synthesis of sulfones and sulfoxides via a one-pot oxidation reac-
tion, thereby extending its applicability. Gram-scale reactions and derivatization experiments have shown excellent results,
further proving the potential application value of this reaction. Mechanistic insights were elucidated through control, radical
inhibition and intermediate capture experiments.
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Figure 1 Some biologically active diaryl sulfide compounds
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(A) Previous work: Transition-metal-catalyed or metal free synthesis of unsymmetrical diaryl sulfides

" \‘ "S"= SH, SSR, MeS(0), SBn, S(0),Cl, etc.
[M] = Pd, Cu, Fe, Rh, Ni, Co, etc.

(B) This work: Synthesis of polyfluoroaryl sulfides via transition-metal-free

‘ \‘ one-| pot
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¢ Transition metal-free 4 Thiol-free ¢ Versatile transformations 4 Post synthetic applications
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Scheme 1 Synthetic methods for giving diaryl sulfides
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1~6). ZREY, URAZIRM2¢, 1.5 equiv.) MR,
2 mL —H BN, 80 ‘C41E T 1a (1.0 equiv.) 5 3a
(2.0 equiv.) i 1 hJi, LL69%HIF=Z15 3] T — 55 Fhii i
771 4a(3% 1, Entry 3). S5 2a 1 2b AHEL, A 2¢ 1F
TR VR B TG 7% N RSN, — 2PN T R R & B
P, B REmE. N TS 4a 723, B R R0 RN 1)
VAT B R SR BE AT THRE, T e B8 7 NN-— H 3 H
W 2 (DMF) . 75 B (Acetone) . U S & i (THF) . 2. )i
(CH;CN). H'28(Toluene) M 1,2- 4 2. 5(DCE) &4 7 %t
SRR (R 1, Entries 7~12). 45 B8, HetEiE)
FEXS T AR VA FIR I T B R SIS, — HER
(DMSOYIER R 1% R M B ARV FI(FK 1, Entry 3). A5,
B SOV IR E RS 60 CHRITHEE 100 CHT [ Bi(F
1, Entries 13~ 14), SCIG R, 2 & N E T & #
100 ‘CHf HARr=47= 2 0] LR =1 2] 73%(3R 1, Entry 14).
T s NP R EE LA (R 1, Entries 15, 16),
RILTLF A F I (1a) TRAR L BREF (20) F R R R
Ga)I YR EEE N 1.0 2.0 2.0 i, 4a (K77 F 0] Lk
— B B 82%(F 1, Entry 15). 4 EANR, B8LEY

da MR PR BRI Z(1a). AR
(2¢)F1 2R B E Ga) W)l &L 1.0 £ 2.0 © 2.0,
AN QR mL), &N 100 °C, SN E 1
h(Z& 1, Entry 15).

TERAER N R T EERR T &M EZHEITR1 50
R TR (2¢) fr — 2R FLMLER (32) 052 UM BE R B (R 2).
2 AN [ 28 28 (1) o R H B FGB, TE IR 2 — S
TIRMGE FE R R E Sk, S REER BEIBUR R A, LA
AR AU I P AR AR B O SRR 4b~de. B S5 XK
AR FUUCRE F Fa AT 75 %2, SRiagi R
RIS AR P FRAE 2 R RS AT A 1, LA 70%
K UL GRS RN T BRR =4 4f~4j. UL & 1)U
FH 2R R SR e S OB, BE DAAR SR R4S B 2 )
ak~4l. BRIz Ab, JiEFEFNEE AR I = SR A 1%
P R R T DA, PR T 80% M =53] T H
FRP=4) 4m~4n. EEEENE, SEROTUAK—FE, X4
PAZS TR A AE 77 AR, B DL s I X 3k
P T 3 3 8V UK IS 7 R A S I A U Bk ) 4o~
dp. BURMIE, WA R AU 2 50T R

1 KM«
Table 1 Screening reaction conditions
i F
F F . OTf F S
F F o+ ngn 4 ©/|\© Slvent, T o F\©
o r\(\ rNW F
,,,,,,,,,,,,,,,,,,, L ... S
S
)J\ .Bn J\
LY HN” “NH, )kSK /\OJKSK KypS Na,S
2a 2b 2c 2d 2e 2f
Entry Molar ratio of 1a/2/3a 2 Temp./C Solvent Yield®/% of 4a
1¢ 1/1.5/2 2a 80 DMSO Trace
2¢ 1/1.5/2 2b 80 DMSO 42
3 1/1.5/2 2¢ 80 DMSO 69
44 1/1.5/2 2d 80 DMSO 56
5 1/1.5/2 2e 80 DMSO 55
6 1/1.5/2 2f 80 DMSO 43
7 1/1.5/2 2¢ 80 DMF 57
8 1/1.5/2 2¢ 80 Acetone 43
9 1/1.5/2 2¢ 80 THF Trace
10 1/1.5/2 2¢ 80 CH3CN Trace
11 1/1.5/2 2c 80 Toluene n.d.
12 1/1.5/2 2¢ 80 DCE n.d.
13 1/1.5/2 2¢ 60 DMSO 58
14 1/1.5/2 2¢ 100 DMSO 73
15 1/2/2 2¢ 100 DMSO 82
16 1/2/1.5 2¢ 100 DMSO 61

@ Reaction conditions: 1a (0.2 mmol), solvent (0.1 mol/L), 1 h. ®* "F NMR yields using fluorobenzene as internal standard. ¢ Using Cs,COj3 (4.0 equiv.) as base.

4 Reactions carried out in the absence of light.
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Table 2  Substrate scope for the synthesis of product 4

F

F o + OTf F s
. L . [ DMSO, 100°C, 1h \©
SK R F
3a

F

1
F
F. S\©
Et,N F
O F

4a, 81% yield

TGO

4e, 71% yield

F
F l\ S\©
N~ F
F
41, 81% yield
F
F. S\©
R F
F

4q, R = Me, trace
4r, R = H, trace

4b, 64% yield

F
F S\©
RO F
O F

4f R = Me, 81% yield
49, R = Et, 85% yield
4h, R = Pr, 77% yield
4i R = Cy, 78% yield

4m, R = CN, 84% yield
4n, R = COOMe, 81% yield

4s, n.d.

2c
H F
F S\© F S\©
U
3 PrN F thN F
(0] B (0] =

o @

sheas

4d, 76% yield

F
F S\©
FsC F
F

4k, 90% yield

4c, 78% yield
F
7 S
PhO \©
F
(@] [P
4j, 70% yield
F
F- S\©
JUL L
F

40, 61% yield

4p, 76% yield

LD T

4t, n.d.

4aReaction conditions: 1 (0.2 mmol), 2¢ (0.4 mmol), 3a (0.4 mmol), DMSO (0.1 mol/L), 100 C, 1 h, isolated yield based on 1.

ISR Z o AN Y, A RE AR B A i ) H B = )
4q~4r, LU I HOR AN EUORME 2 505 R, 1B
SR F AR TH A RS H A5 =) 4s~4t. XA REZ
DR A M6 288 5 e P o AT VEIRARR, 78 H AT 2% A AR MR AR
B IR IR S B

B JE kSRR R T AL — 5 Hil R 3 5 o
TR 2¢ S 2 005 1 1g (28 USRI BL(FR 3). dl I siie
RO, —HAVE L B R ARIAS XS Bk i — 55 SE L 78 1% )
I A 22 AR B T (3 P, B, 4 2R ER N A7
THWAETERG. & )RR 07 R, Kk
AT CARARIEAT, 722 53 ik 5] 89%+94%F1 93% (Sa~
Sc). DA AR A 2 2R 0 — i AR 2R G U AN X R 0%
FETUERAE Ny 75 BRI, DA s 7 28 R B A ik
T U5 HEEREE 5d, Wi BB T 95 S AR 12 N A
R TSR RS, B 5 XAE 55 SR I 2R PR
AL 53 5 51 ON 4 B 7 SR A FR S RRUT 2%, It g R
B, BB R %R R & A, ¥RELLKT
80%HICRIAZE] HbRr=4) Se~5f. RIH & LA Al B
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KH)2,4/2,5- " HHEEE 2,4,6 = HIIEIAR A — 05 S 254
JEA, HAELL 85%~94% IR/ 2 H br =) Sg~S5i.
SR DA B S IR N ) = A IR RRL S R T A
PRI 0 FE R ER 35, TH R ASS) = A AR IR A e By 2
A0 AR R I s U # . SEa g RR M, X
TR BT AT Y8 AG I 281 %of PR AR SR AR I — 0 R R g, i
3 T ¥ = AR SE R ) 05 SRR, X T RE A
FA B R A5 A A7 B 35 = F A B A e b fE v LA
BT 2 Ee 0, AT LA S S B AR R AR IR R R
BE AN, il P IH g 2R ) 5 S A R P BB A B AR IR A H bR
W, RE BHEH) Sk HIP7 R H1E 39%.

LR A PR T2 A LE I AR DTG 2 T,
A NG AN 4 A0S P B B R (A AT, % AT
HE—2D IR T RS RIS RIS M, SEE T AR GA R
R RS BRIE S 05 FE T L B AR — #Rik A
B, 4 pros, i R A (TLC) RN 2 55— &N
SERUE, BRI PR R =R, B S B R B &R
A 5 fEE & EOR F R (m-CPBA), BELLH%E
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Table 3  Substrate scope for the synthesis of product 5

F F
F F -
o o onf DMSO, 100 °C, 1 h F S
EtO N *
F SK EtO F
c F o F
19 2c 3 5
F F F F
F s F s F s F S
© F F © F cl © F Br © F CFs
O F O F o F O F
5a, 89% yield 5b, 94% yield 5¢, 93% yield 5d, 90% yield
F F F Me
F s F s F s
EtO F\©\Me © F Bu ° F Me
o F O F O F
5e, 82% yield 5f, 89% yield 59, 89% yield

F Me F R F
EtO F EtO FR I )\ R EtO F N/
o F Me o F o F

5i, R = Me, 94% yield

5h, 85% yield 5j, R = OMe, 81% yield

5k, 39% yield

4@ Reaction conditions: 1g (0.2 mmol), 2¢ (0.4 mmol), 3 (0.4 mmol), DMSO (0.1 mol/L), 100 °C, 1 h, isolated yield based on 1g.

R4 AR 64 F 7P R EYVE
Table 4 Substrate scope for the synthesis of product 6¢ and 7°

. o ®0 Q o, 0
o . Ar'-| OTf (1) DMF, 100°C, 1h S S
SK Ar' (2) m-CPBA or
one-pot
1 2c 3 6 7
FQ F9 FQ F9
F S\© F S\©\ F S\©\ F S\©\
EtO F EtO F Cl EtO F Br EtO F Bu
(0] F O F (0] F O F
6a, 67% yield 6b, 55% yield 6c, 58% yield 6d, 55% yield
i 9 F O\\ //O i O\\ /,O
TroO ;@E@ %@EQ
EtO EtO
EtO F CFs F F Cl
O F o F o F
6e, 69% yield 7a, 48% yield 7b, 45% vyield
F F
o, 0 o, ,0 F o. O
F. >s? F. >3t F \\s/’
EtO . [ j\ . EtO . [ j\tBu Eto F\©\CF3
o F O F O F
7c, 41% yield 7d, 52% yield Te, trace

Reaction conditions: “1g (0.2 mmol), 2¢ (0.4 mmol) 3 (0.4 mmol) DMF (0.1 mol/L), 100 ‘C, 1 h, isolated yield. ® m-CPBA (1.0 mmol), DCM (0.1 mol/L), 100 C, 2
h, isolated yield.
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FIR IR A ARSI A Y 6a~6e. W E
el [ NAR R A DMF B 25, SRJE I 2 mL & ke
5 B R S0 R H R (m-CPBA), K B FE T
=E] 100 C, FeLAH SSRGS R TINEILEY) Ta~
7d. ST RPLE T 0 SRR, AR DUR BRI
RBBNRED) Te.

BT HEEA AN, BeRmEMmSs, #77T
o, SRR S 56 R A BN, LARE — PR R LN T )
4 Scheme 2 FR, KRNV JECKEF] 10 mmol B LA 82%
WCRAZ RN T 2.71 g (1) =75 HEmihk g, X —45 FUESL T 1%
TEEBEE AN, b5, 4g FEEN
HATIRIR, DL 75% BN 3 1 8 F R0 — 5 B ik
8. o, LK FF R I =415 58 AR I N A s A
HA G ARG I RIR =R AT 9, d— e
TIHIEHME. B, DL L-EATEE . oK AR E AT ) 2
TN, BELL 54%~69% 17 245 2 M R =)
9~11.

NT X FIR R N EIRAN T R, BEITRT &5
BLERRFFT. 41 Scheme 3A TR, 18I AH GH3 il SL48 A I,
YRMNAEZRFTRMAZHITE 1a FGLJE 2¢ B, BELA
66% M1 AT B0 FR I 2 5 07 FEAREE 12, 24 A =05 2%
L Eh 3a FGRIR 2¢ BF H5AA f il B — 2R HLmi L 13 (1A
B DA PR AN A 5 S8 150 B 7E AR R AR X AR 05 ZE AR R
R, BT E S H TR S IS B s R A R
IR P R TR AR D, R T B D R e R B R R B

(@) F

H I R VAR, BEE TR T H ARSI S, 47
SR ZHOIIN H B A7 TEMPO AT BHT B, K31
HFS=Y) da (TR ROFEA 15 2000 B A4, RZHL
HI AT EA B [ B T8 48 (Scheme 3B). it it X e i
KT IR R, AR B FE A AT REATAE Y R R AR
TTHR, EREREIERE T 14, 42200 14 4
JEEAFE NN 55 BEp R ANmE AT L — 515 3 B kR
4a, FAGE 14 7T HEE 1% 1) — > I HE A AnS),
BT PRSI0 45 AN OGS SOCHERU MY, $H T —ANe]
AERI SN AHLER. 40 Scheme 3C s, HAASEHIEHRIZ
BT 1 SR 20 ZoRi% BV R NS B Al
Al B SRS T IIVE R b (el A g N
BrHAR B, BRI AR B AT DL O S
R TRCA 13 2 mAN LR (A C, el U7 B E R 1S
B Er 2 FU I X FR 05 S Bt Bk 4151,

2 g

JRINTT AT — Tl AR RS B 55 3 it Bk (14038 75 7%,
275 LSk B 1 22 905 K AN — 07 S 3 O 97 A ik
7, B BRI NSRRI, RN TR 1
Tof 57 A Ul 5 RIS A IBC, 1T DA s R I B P
RE AR A PESCIL T =200 B S SUBIB S NL. (B ASTE R
K&, S PABRAR Z R B ONBRUR, 8 G T AU 5N,
BEAR 7 SOSERRAS. Ak, 7 SN 2 N S AT AL fE
RSB AR SIS K, i — 2P0 T i%5K

F
F s
DMSO, 100 °C, 12 h W[::
o F
49

82% yield, 2.71 g

F F o IC oTf
+ +
o b - Lo T
O F
19 2c 3a
10.0 mmol 15.0 mmol 18.0 mmol
(b) F
F S
\[:::] NaBHs (3.0 equiv.)
EtO F MeOH, 50 °C

(e} F

49
©) s
Beas
F
\O/O F

L-Menthol derivative
9, 63%

B 2

Borneol derivative
10, 54%

eae
e

RE R RTINS

Cholesterol derivative
1, 69%

ARG R IR = R 5 RT R A2

Scheme 2 Gram-scale synthesis, derivatization of the products and structurally more complicated modification
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(A) Controlled experlment

+ OTf

DMSO, 100 °C, 1 h

O F F O
FF
DMSO, 100°C, 1 h EtN NEt,
F S F
F F

12, 66%

@@ - A

(B) Radical inhibition experiments

O F )
E +7 OTf
Et,N o ©/ l \@
+ )]\ +
F F SK
F
1a 2c 3a

C) Intermediate capture experiment

o
Et,N Jt@i )J\ CHCN, rt, 12h ELN
SK

2c (1.1 equiv.)

(D) Proposed reaction mechanism
(0]

A

B

SR

13, n.d.

Additive (2.0 equiv.)

—

lovae

NEt, F

DMSO, 100 °C, 1 h

TEMPO/BHT 4a, 76/79%
F
Ph,lOTF (2.0 equiv.) \©
SH Cs,C0O3 (2.0 equiv.)
CHACN, rt., 8 h
F 3 NEt, F
14, 37% 4a, 49%
Ar A
o r\!/ r
S” ArlOTf IE § _Ayltransfer S\Ar
Cc 4

B3 LTI A

Scheme 3 Mechanistic studies and speculations

WS P S PV e e 20 A S 6 AN AT A= A SR 6 IE ]
TZRMHEE N . e, RIEEHLs. Bl
SN SEIG v ) A4 B ST 06 B R T SR e e
AREBEAT 1.

3 SKEERS

3.1 UFESEHF

KGR {# ] Bruker Avance 400 MHz %Y 4% # 3t
P A 5, AR S AT (CDCIL)E N 7, DY F 3L 7 e
(TMS) NN FF; =i H1)i 8 Bruker micrOTOF-Q 11
T 43 R RAT A TS G 52, EST I8, U &R zﬂﬁ\
IR 1,2- R S et b iR i ab 2, 781848 H,
SRR N, N-— P S R R fr Sy ) K P T T 711, ﬁmﬁ?ﬂ
BN E P M aidh. &9 1a~1j, 3a~3k W35 CH T
A £ 110121,
3.2 A4 S5HER

£ 10 mL SE3ETE T, RUTMABA LR (2¢)
(45.7 mg, 0.4 mmol, 2.0 equiv.). - AKFEfEE(3a) (172.0
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mg, 0.4 mmol, 2.0 equiv.)A DMSO (2 mL), =ia#HH: 3
min S50 £ 575 /& (1a) (0.2 mmol). ¥ iE &1L
100 C Rk 1 h, 2 EANE(TLO)MEM M., &N 5E K,
J&, ¥ SN A i B 2R B8 AE e e AR EEAT AR E M
B2 H b=,
T 43E-2,3,5,6- DU BR-4- (R 35 ) 2K H EAZ (4a):
T HIRY), 57.9 mg, 7% 81%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.41~7.37 (m, 2H), 7.34~7.28 (m, 3H),
3.59 (q, J=7.2 Hz, 2H), 3.24 (q, J=7.2 Hz, 2H), 1.26 (t,
J=17.2 Hz, 3H), 1.14 (t, J=7.2 Hz, 3H); 3C NMR (100
MHz, Chloroform-d) ¢: 158.3, 147.0 (dm, J=247.0 Hz),
142.4 (dm, J=251.0 Hz), 132.42, 130.95, 129.43, 128.14,
117.6 (t, J=22.0 Hz), 115.2 (t, J=20.0 Hz), 43.3, 39.7,
14.0, 12.7; 9F NMR (376 MHz, Chloroform-d) J: —
131.05~—131.21 (m, 2F), —140.91~—141.15 (m, 2F).
HRMS (ESI-TOF) caled for CjsH¢FsNOS [M + H]"
358.0883, found 358.0880.
2,3,5,6- VU -N,N-— 55 N = -4- (R Tt 22 ) 4% 1 1k e
(4b): TR, 49.3 mg, % 64%. 'H NMR (400 MHz,
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Chloroform-d) 6: 7.42~7.36 (m, 2H), 7.34~7.27 (m, 3H),
3.75~3.61 (m, 1H), 3.60~3.51 (m, 1H), 1.54 (d, J=6.8
Hz, 6H), 1.19 (d, J=6.8 Hz, 6H); 3C NMR (100 MHz,
Chloroform-d) o: 157.6, 147.2 (dm, J=224.0 Hz), 142.5
(dm, J=253.0 Hz), 132.6, 131.0, 129.4, 128.1, 118.9 (4,
J=23.0 Hz), 114.4 (t, J/=20.0 Hz), 51.9, 46.8, 20.9, 20.2;
YF NMR (376 MHz, Chloroform-d) §: —131.18~
—131.36 (m, 2F), —141.93~—142.26 (m, 2F). HRMS
(ESI-TOF) calcd for C19HyFsNOS [M+H]" 386.1196,
found 386.1191.

2,3,5,6- VU 38-N,N- — A FE-4-CR B 25) 2K H 1 i (de):
TR, 70.7 mg, 7% 78%. 'H NMR (400 MHz,
Chloroform-d) 6: 7.41~7.36 (m, 4H), 7.29~7.22 (m, 9H),
7.19~7.14 (m, 2H); '3C NMR (100 MHz, Chloroform-d)
0: 158.9, 146.6 (dm, J=249.0 Hz), 142.1 (dm, J=262.0
Hz), 141.2, 141.1, 132.7, 130.4, 130.1, 129.6, 129.3, 128.7,
127.8, 127.2, 126.0, 118.7 (t, J=21.0 Hz), 115.3 (t, J=
20.0 Hz); '"F NMR (376 MHz, Chloroform-d) §:
—131.43~—131.63 (m, 2F), —139.63~—139.80 (m,
2F). HRMS (ESI-TOF) caled for CysH;sFsNOS [M]*©
453.0810, found 453.0811.

WRIE-1-3£(2,3,5,6- TU J6-4- (R 2k ) 28 58 F il (4d):
TR, 56.1 mg, 5% 76%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.39 (dd, J=7.6, 2.0 Hz, 2H), 7.35~
7.27 (m, 3H), 3.75 (t, J=5.2 Hz, 2H), 3.32~3.23 (m, 2H),
1.77~1.66 (m, 4H), 1.58 (p, J=5.6 Hz, 2H); 3C NMR
(100 MHz, Chloroform-d) J: 157.2, 147.0 (dm, J=249.0
Hz), 142.6 (dm, J=249.0 Hz), 132.4, 131.0, 129.4, 128.2,
117.1 (t, J=22.0 Hz), 115.3 (t, J=20.0 Hz), 48.1, 43.2,
26.5, 25.4, 24.4; F NMR (376 MHz, Chloroform-d) J:
—131.17~—131.33 (m, 2F), —140.47~—140.80 (m,
2F). HRMS (ESI-TOF) caled for CsH ¢FsNOS [M+H]"
370.0883, found 370.0886.

M K-(2,3,5,6- DU Ji-4-(CR B ) 4 55 FT B (4e): ol
PR, 52.7 mg, 7#% 71%. 'H NMR (400 MHz, Chloro-
form-d) 0: 7.43~7.37 (m, 2H), 7.34~7.27 (m, 3H), 3.82
(t, J=4.8 Hz, 2H), 3.77 (t, J=4.8 Hz, 2H), 3.67 (t, J=4.8
Hz, 2H), 3.35 (t, J=4.8 Hz, 2H); *C NMR (100 MHz,
Chloroform-d) d: 157.5, 146.9 (dm, J=254.0 Hz), 142.6
(dm, J=254.0 Hz), 132.1, 131.3, 129.5, 128.3, 116.3 (t,
J=20.0 Hz), 115.9 (t, J/=22.0 Hz), 66.8, 66.6, 47.3, 42.7;
"F NMR (376 MHz, Chloroform-d) §: —130.74~
—130.88 (m, 2F), —140.25~—140.51 (m, 2F). HRMS
(ESI-TOF) calcd for Ci7H4FsNO,S [M+H]" 372.0676,
found 372.0670.
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2,3,5,6- VU 9-4-CR B 2k ) 28 FH R FH R (46): TG ipIR,
51.2 mg, %3 81%. 'H NMR (400 MHz, Chloroform-d)
0: 7.44~7.36 (m, 2H), 7.36~7.27 (m, 3H), 3.98 (s, 3H);
13C NMR (100 MHz, Chloroform-d) J: 159.9, 146.7 (dm,
J=261.0 Hz), 144.7 (dm, J=242.0 Hz), 131.9, 131.3,
129.5, 128.4, 118.6 (t, J=19.5 Hz), 112.7 (t, J=16.0 Hz),
53.4; F NMR (376 MHz, Chloroform-d) 6: —131.76~
—131.91 (m, 2F), —138.47~—138.71 (m, 2F). HRMS
(ESI-TOF) calcd for C14HgF40,S [M]" 316.0181, found
316.0180.

2,3,5,6-VU5-4-(R B 3 2K R B (d4g): oIk,
56.1 mg, %3 85%. 'H NMR (400 MHz, Chloroform-d)
d: 7.40~7.30 (m, 2H), 7.35~7.27 (m, 3H), 4.45 (q, J=
7.2 Hz, 2H), 1.40 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) J: 159.4, 146.8 (dm, J=246.0 Hz), 144.6
(dm, J=260.0 Hz), 132.0, 131.3, 129.5, 128.4, 118.3 (t,
J=19.5 Hz), 113.4 (t, J=16.5 Hz), 62.9, 14.1; 'YF NMR
(376 MHz, Chloroform-d) d: —131.81~—131.98 (m,
2F), —138.87~—139.00 (m, 2F). HRMS (ESI-TOF)
caled for CisH 0F40,S [M]" 330.0338, found 330.0338.

2,3,5,6- VU Ji-4-(CR i 2% ) 4% FH R 57 TN B (4h): T g
IR, 53.0 mg, F7#% 77%. 'H NMR (400 MHz, Chloro-
form-d) o: 7.43~7.35 (m, 2H), 7.34~7.27 (m, 3H),
5.42~525 (m, 1H), 1.38 (d, J=6.4 Hz, 6H); 3C NMR
(100 MHz, Chloroform-d) d: 158.9, 146.7 (dm, J=262.0
Hz), 144.5 (dm, J=261.0 Hz), 132.1, 131.2, 129.5, 128.3,
117.8 (t, J=19.5 Hz), 113.8 (t, J=16.5 Hz), 71.2, 21.7; '°F
NMR (376 MHz, Chloroform-d) J: —131.84~—131.98
(m, 2F), —139.25~—139.38 (m, 2F). HRMS (ESI-TOF)
caled for C16H12F40,S [M]" 344.0494, found 344.0490.

2,3,5,6- VU5 -4- (R AR ) 28 FE R 2R CUlR (4i): o tadm
IR, 59.9 mg, FZZ 78%. 'H NMR (400 MHz, Chloro-
form-d) o: 7.43~7.36 (m, 2H), 7.34~7.27 (m, 3H),
5.40~5.25 (m, 1H), 2.00~1.89 (m, 2H), 1.82~1.72 (m,
2H), 1.63~1.55 (m, 3H), 1.49~1.44 (m, 1H), 1.40~1.43
(m, 1H), 1.38~1.30 (m, 1H); '*C NMR (100 MHz, Chlo-
roform-d) J: 158.9, 146.7 (dm, J=241.0 Hz), 144.5 (dm,
J=257.0 Hz), 134.5, 131.2, 129.5, 128.3, 117.8 (t, J=20.0
Hz), 113.9 (t, J=17.5 Hz), 75.8, 31.3, 25.2, 23.4; "’F NMR
(376 MHz, Chloroform-d) d: —131.83~—132.06 (m,
2F), —139.10~ —139.23 (m, 2F). HRMS (ESI-TOF)
calced for CioH 6F40,S [M]" 384.0807, found 384.0800.

REE 2,3,5,6-VUH-4-CRIETRAR) K FH R (4)): Toth
MR, 52.9 mg, F7# 70%. 'H NMR (400 MHz, Chloro-
form-d) §: 7.49~7.41 (m, 4H), 7.36~7.29 (m, 4H),
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7.27~7.23 (m, 2H); *C NMR (100 MHz, Chloroform-d)
0: 157.9, 150.1, 146.9 (dm, J=248.0 Hz), 144.9 (dm, J=
252.0 Hz), 131.5, 129.7, 129.5, 128.6, 126.7, 121.3, 119.5
(t, J=20.0 Hz), 1153, 1122 (t, J=16.5 Hz): F NMR
(376 MHz, Chloroform-d) ¢: —131.44~ —131.58 (m,
2F), —137.79~ —137.93 (m, 2F). HRMS (ESI-TOF)
caled for C1oH0F40,S [M]" 378.0338, found 378.0335.

FHE(2,3,5,6- VU FI-4- = 5 ) 2R3 i ke (4k): ot
PR, 58.7 mg, 773 90%. 'H NMR (400 MHz, Chloro-
form-d) 6: 7.50~7.41 (m, 2H), 7.37~7.31 (m, 3H); *C
NMR (100 MHz, Chloroform-d) &: 146.8 (dm, J=258.0
Hz), 144.2 (dm, J=260.0 Hz), 131.9, 131.1, 129.6, 128.8,
120.7 (dm, J=274.0 Hz), 120.4 (t, J=19.5 Hz), 109.6; '°F
NMR (376 MHz, Chloroform-d) ¢: —56.33 (t, J=21.8
Hz, 3F), —130.94~—131.23 (m, 2F), —139.58~
—139.94 (m, 2F). HRMS (ESI-TOF) calcd for C;;HsF;S
M]" 326.0000, found 326.0072.

2,3,5,6-VUH-4-CREGAC) ML IE (4D): ToEilrR, 42.0
mg, “% 81%. 'H NMR (400 MHz, Chloroform-d) J:
7.55~7.49 (m, 2H), 7.41~7.34 (m, 3H); 3C NMR (100
MHz, Chloroform-d) d: 143.6 (dm, J=227.0 Hz), 141.0
(dm, J=223.0 Hz), 133.0, 131.0 (t, J=19.5 Hz), 129.7,
129.5, 129.2; F NMR (376 MHz, Chloroform-d) J:
—90.32~—90.65 (m, 2F), —136.29~—136.60 (m, 2F).
HRMS (ESI-TOF) calcd for C;HsFsNS [M]" 259.0079,
found 259.0070.

3,5- HR-4-CRBLE) A H S (4m): Tk, 41.5
mg, /7% 84%. 'H NMR (400 MHz, Chloroform-d) &:
737~7.31 (m, 2H), 7.30~7.24 (m, 3H), 7.24~7.19 (m,
2H); *C NMR (100 MHz, Chloroform-d) J: 162.5 (dd, J=
126.0 Hz), 132.5, 130.8, 129.4, 128.1, 119.0 (t, J=21.0
Hz), 1163 (t, J=3.5 Hz), 112.9 (dm, J=15.5 Hz), 113.0
(t, J=15.0 Hz); '°F NMR (376 MHz, Chloroform-d) ¢:
—99.98 (s, 2F). HRMS (ESI-TOF) calcd for Cy3H;FaNS
[M]" 247.0267, found 247.0265.

3,5- O -4-CR T 55 ) K IR IR (4n): G B IR,
45.4 mg, 7% 81%. 'H NMR (400 MHz, Chloroform-d)
5: 7.64~7.58 (m, 2H), 7.34~7.22 (m, 5H), 3.94 (s, 3H);
13C NMR (100 MHz, Chloroform-d) &: 165.2, 162.6 (dd, J
=249.0 Hz), 133.6, 132.5 (t, J=9.5 Hz), 129.9, 129.2,
127.4, 112.9 (dm, J=29.0 Hz), 52.8; '°F NMR (376 MHz,
Chloroform-d) 6: —102.48 (s, 2F). HRMS (ESI-TOF)
caled for C14H10F>205S [M]" 280.0370, found 280.0375.

(4 - 1,4- 30 2K 36 ) X (2R L 1 ¢ )(do): o o it IR,
44.7 mg, 7% 61%. 'H NMR (400 MHz, Chloroform-d)

Chin. J. Org. Chem. 2025, 45, 1283~1296

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

6: 7.46~7.39 (m, 4H), 7.36~7.30 (m, 6H); 3*C NMR (100
MHz, Chloroform-d) ¢: 153.9 (dm, J=139.0 Hz), 147.6
(dm, J=227.0 Hz), 131.0, 129.4, 128.1, 120.6; ”F NMR
(376 MHz, Chloroform-d) ¢: —132.01 (s, 4F). HRMS
(ESI-TOF) calcd for CisHoF4S; [M]" 366.0160, found
366.0162.

(EHA[1,1-BE 2R )-4,4'- 3 WCR IR BT ) (4p): ot
HPIR, 78.1 mg, 75% 76%. 'H NMR (400 MHz, Chloro-
form-d) 6: 7.51~7.42 (m, 4H), 7.38~7.29 (m, 6H); 1*C
NMR (100 MHz, Chloroform-d) ¢: 146.9 (dm, J=259.0
Hz), 144.2 (dm, J=254.0 Hz), 132.1, 131.5, 129.5, 128.4,
117.2 (t, J=20.0 Hz), 107.4; F NMR (376 MHz, Chlo-
roform-d) J: —131.76~—132.03 (m, 8F), —136.86~
—137.16 (m, 4F). HRMS (ESI-TOF) calcd for C4H0FsS2
[M]" 514.0096, found 514.0091.

2,3,5,6- VY 3 -4-((4- 3 AR H) B ARQ) K R LR (Sa):
TR, 61.9 mg, =% 89%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.53~7.40 (m, 2H), 7.01 (t, /=38.8 Hz,
2H), 4.44 (q, J=7.2 Hz, 2H), 1.38 (t, J=7.2 Hz, 3H); 13C
NMR (100 MHz, Chloroform-d) ¢: 162.7 (dd, J=298.0
Hz), 159.5, 146.6 (dm, J=261.0 Hz), 144.8 (dm, J=257.0
Hz), 134.6 (d, /=9.0 Hz), 126.9 (d, J=3.0 Hz), 118.7 (4,
J=19.5 Hz), 126.9 (d, J=22.0 Hz), 113.4 (t, J/=16.5 Hz),
63.0, 14.2; "F NMR (376 MHz, Chloroform-d) 6:
—111.65 (s, 1F), —132.40~—132.55 (m, 2F), —138.72
~ — 138.95 (m, 2F). HRMS (ESI-TOF) caled for
Ci5HoFs50,S [M]" 348.0243, found 348.0237.

2,3,5,6- VU 9 -4-((4- 52K 25) i AX) 2K F iR & 16 (Sb):
TR, 68.4 mg, 5% 94%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.34~7.29 (m, 2H), 7.28~7.23 (m, 2H),
4.42 (q, J=17.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, Chloroform-d) ¢: 159.3, 146.6 (dm, J=259.0
Hz), 144.5 (dm, J=257.0 Hz), 134.8, 132.7, 130.4, 129.7,
117.6 (t, J=19.5 Hz), 113.6 (t, J=16.5 Hz), 62.9, 14.1; °F
NMR (376 MHz, Chloroform-d) J: —131.77~—132.07
(m, 2F), —138.54~—138.76 (m, 2F). HRMS (ESI-TOF)
caled for C1sHoCIF40,S [M]" 363.9948, found 363.9940.

2,3,5,6- VU JR-4-((4-IR AT B H TR LB (Se): &
R, 75.9 mg, 773% 93%. 'H NMR (400 MHz, Chlo-
roform-d) 6: 7.44~7.38 (m, 2H), 7.26~7.21 (m, 2H), 4.42
(g, J=7.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, Chloroform-d) ¢: 159.3, 146.7 (dm, J=251.0 Hz),
144.6 (dm, J=258.0 Hz), 132.8, 132.6, 131.1, 122.7, 117.4
(t, J=19.5 Hz), 113.6 (t, J=16.5 Hz), 63.0, 14.1; F
NMR (376 MHz, Chloroform-d) ¢: —131.69~—131.94
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(m, 2F), —138.47~—138.73 (m, 2F). HRMS (ESI-TOF)
calcd for C;sHoBrF40,S [M]" 407.9443, found 407.9556.

2,3,5,6- VY 5 -4-((4-( =50 H 35 RO IR A K H R &
fig(5d): TR, 71.6 mg, 7% 90%. 'H NMR (400
MHz, Chloroform-d) d: 7.55 (d, J=8.4 Hz, 2H), 7.40 (d,
J=8.4 Hz, 2H), 4.46 (q, J=7.2 Hz, 2H), 1.40 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, Chloroform-d) 6: 159.2,
146.9 (dm, J=247.0 Hz), 144.7 (dm, J=258.0 Hz), 137.3,
130.2, 129.8, 126.3 (q, J=3.6 Hz), 123.7(d, J=270.0 Hz),
115.9 (t, J=20.0 Hz), 114.3 (t, J=16.5 Hz), 63.1, 14.0; '°F
NMR (376 MHz, Chloroform-d) ¢: —62.84 (s, 3F),
—130.91~—131.12 (m, 2F), —138.11~—138.27 (m,
2F). HRMS (ESI-TOF) caled for Ci¢HoF;0,S [M] "
398.0211, found 398.0210.

2,3,5,6- VU -4~ FH R B 588 K R 2. BiK (Se): ot
MR, 55.4 mg, 753 82%. 'H NMR (400 MHz, Chloro-
form-d) J: 7.33 (d, J=8.2 Hz, 2H), 7.12 (d, J=8.0 Hz,
2H), 4.44 (q, J=7.2 Hz, 2H), 2.33 (s, 3H), 1.39 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, Chloroform-d) 6: 159.5,
146.6 (dm, J=265.0 Hz), 144.5 (dm, J=241.0 Hz), 138.9,
132.0, 130.2, 128.2, 119.0 (t, J=20.0 Hz), 112.9 (t, J=
16.5 Hz), 62.8, 21.1, 14.1; '9F NMR (376 MHz, Chloro-
form-d) 0: —132.28~—132.45 (m, 2F), —139.07~
—139.22 (m, 2F). HRMS (ESI-TOF) calcd for CisHi,F4-
0,S [M]" 344.0494, found 344.0495.

4-((4-(BUT B8 R ) i 4X)-2,3,5,6- VU 5 K F R 2 T
(5f): LR, 68.7 mg, =% 89%. 'H NMR (400 MHz,
Chloroform-d) o: 7.39~7.30 (m, 4H), 4.44 (q, J=7.2 Hz,
2H), 1.39 (t, J=7.2 Hz, 3H), 1.30 (s, 9H); '*C NMR (100
MHz, Chloroform-d) d: 159.5, 152.0, 146.7 (dm, J=246.0
Hz), 144.4 (dm, J=256.0 Hz), 131.7, 128.2, 126.5, 118.7
(t, J=20.0 Hz), 113.1 (t, J=16.5 Hz), 62.8, 34.7, 31.2,
14.1; F NMR (376 MHz, Chloroform-d) 6: —131.93~
—132.23 (m, 2F), —139.01~—139.24 (m, 2F). HRMS
(ESI-TOF) caled for Ci9HisF40,S [M]" 386.0964, found
386.0965.

4-((2,4- I FHEFIE))Fi1R)-2,3,5,6- VU 5K R L5
(5g): LR, 63.7 mg, =% 89%. 'H NMR (400 MHz,
Chloroform-d) ¢: 7.25 (d, J=8.0 Hz, 1H), 7.03 (s, 1H),
6.93 (d, J=7.8 Hz, 1H), 4.42 (q, J=7.2 Hz, 2H), 2.40 (s,
3H), 2.28 (s, 3H), 1.37 (t, J=7.2 Hz, 3H); '*C NMR (100
MHz, Chloroform-d) ¢: 159.5, 146.5 (dm, J=243.0 Hz),
144.6 (dm, J=257.0 Hz), 140.3, 139.4, 133.5, 131.7,
129.7, 128.6, 127.7, 126.9, 119.3 (t, J=19.0 Hz), 112.31
(t, J=16.5 Hz), 62.8, 21.0, 20.6, 14.1; "°F NMR (376

1292 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MHz, Chloroform-d) 6: —133.09~—133.31 (m, 2F),
—139.16~—139.42 (m, 2F). HRMS (ESI-TOF) calcd for
Ci7H14F40,8 [M]" 358.0651, found 358.0650.

4-((2,5- = R E)BiAX)-2,3,5,6- VUK R .1
(5h): TLthiliR, 63.7 mg, 7% 85%. 'H NMR (400 MHz,
Chloroform-d) J: 7.11 (d, J=8.0 Hz, 2H), 7.04 (d, J=17.8
Hz, 1H), 4.44 (q, J=7.2 Hz, 2H), 2.41 (s, 3H), 2.26 (s,
3H), 1.40 (t, J=7.2 Hz, 3H); '*C NMR (100 MHz, Chlo-
roform-d) J: 159.6, 146.6 (dm, J=271.0 Hz), 144.6 (dm,
J=279.0 Hz), 136.9, 136.7, 133.2, 130.6, 130.2, 129.8,
118.9 (t, J=19.5 Hz), 112.5 (t, J=36.5 Hz), 62.8, 20.8,
20.1, 14.1; F NMR (376 MHz, Chloroform-d) d:
—132.67~—132.90 (m, 2F), —139.04~—139.31 (m,
2F). HRMS (ESI-TOF) caled for Cj7Hi4F40,S [M] "
358.0651, found 358.0650.

2,3,5,6- VU -4~ BB K T R IR (50): ot iR,
70.0 mg, ;2% 94%. 'H NMR (400 MHz, Chloroform-d)
0: 6.94 (s, 2H), 4.42 (q, J=7.2 Hz, 2H), 2.42 (s, 6H), 2.28
(s, 3H), 1.38 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
Chloroform-d) d: 159.7, 145.8 (dm, J=247.0 Hz), 144.7
(dm, J=257.0 Hz), 142.8, 139.8, 129.5, 125.1, 120.6 (t,
J=18.5 Hz), 110.8 (t, J/=16.0 Hz), 62.6, 21.7, 21.0, 14.1;
F NMR (376 MHz, Chloroform-d) 6: —135.77~
—135.94 (m, 2F), —139.62~—139.81 (m, 2F). HRMS
(ESI-TOF) calcd for CisHisF40,S [M]" 372.0807, found
372.0800.

2,3,5,6- VU 35 -4-((2,4,6- = H 48 3 2% 3 ) E Wy 5 ) 4%
B2 . FR(5)): ik, 68.1 mg, % 81%. 'H NMR
(400 MHz, Chloroform-d) J: 6.12 (s, 2H), 4.40 (q, J=7.2
Hz, 2H), 3.82 (s, 9H), 1.37 (t, J=7.2 Hz, 3H); '3*C NMR
(100 MHz, Chloroform-d) o: 163.1, 161.8, 159.9, 145.9
(dm, J=261.0 Hz), 144.3 (dm, J=251.0 Hz), 121.3 (t, J=
18.5 Hz), 110.2 (t, J=16.0 Hz), 96.6, 91.1, 62.5, 56.2,
55.4, 14.1; F NMR (376 MHz, Chloroform-d) J: —
136.46~—136.64 (m, 2F), —140.67~—140.88 (m, 2F).
HRMS (ESI-TOF) calcd for C1sH7F405S [M]" 421.0727,
found 421.0722.

2,3,5,6-VU g -4-(MLmE -3- 240 25 2K R .15 (Sk):
R, 22.5 mg, 773% 39%. 'H NMR (400 MHz, Chlo-
roform-d) J: 8.66 (s, 1H), 8.54 (d, J=3.2 Hz, 1H), 7.73 (d,
J=8.0 Hz, 1H), 7.25 (t, J=6.8 Hz, 1H), 4.43 (q, J=7.2
Hz, 2H), 1.38 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz,
Chloroform-d) J: 159.2, 152.0, 149.5, 146.7 (dm, J=246.0
Hz), 144.6 (dm, J=257.0 Hz), 143.4, 139.2, 129.4, 124.2,
116.8 (t, J=19.5 Hz), 113.9 (t, J=16.5 Hz), 63.0, 14.1; '°F
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NMR (376 MHz, Chloroform-d) 6: —131.63~—131.86
(m, 2F), —138.21~—138.38 (m, 2F). HRMS (ESI-TOF)
caled for C14H 10F4NO,S [M]" 332.0363, found 332.0359.
3.3 &6 ERK

fE 10 mL BESEEEH, RTINABA LR (2¢)
(45.7 mg, 0.4 mmol, 2.0 equiv.). —75FEMLEE3) (0.4
mmol, 2.0 equiv.)f DMSO (2 mL), Ei&#H+ 3 min, 0
ANZH I7 1% (1g) (0.2 mmol). KHEEPIE 100 °C R HiHE 1
h, 2 G (TLO) MM SN, [ T8, # S B [
RE=W, A m-CPBA (172.6 mg, 1.0 mmol, 5.0
equiv.) /5 AR EEE = N 1 h, @IS E AES(TLO) MR
WL R PLSERSE, RS AT 7 215 2 H br
=Y 6.

2,3,5,6- VY i -4-(R LT ) K AR IR (6a): o £ I
AR, 46.4 mg, P“FE 67%. 'H NMR (400 MHz, Chloro-
form-d) o: 7.84~7.68 (m, 2H), 7.61~7.48 (m, 3H), 4.42
(q, J=7.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, Chloroform-d) J: 158.7, 145.6 (dm, J=19.0 Hz),
143.0 (dm, J=11.0 Hz), 141.8, 131.9, 129.6, 127.5 (t, J=
16.5 Hz), 124.0, 116.3 (t, J=17.0 Hz), 63.3, 14.0; '°F
NMR (376 MHz, Chloroform-d) J: —136.80~—137.03
(m, 2F), —138.76~—138.88 (m, 2F). HRMS (ESI-TOF)
caled for CisHioF40sS [M + H] " 347.0365, found
347.0356.

4-((4-F PR FL) WAL FE)-2,3,5,6- VU 55 2K HY R 2. T
(6b): LR, 41.8 mg, 7% 55%. 'H NMR (400 MHz,
Chloroform-d) d: 7.69 (d, J/=8.6 Hz, 2H), 7.61 (d, J/=8.4
Hz, 2H), 4.43 (q, J=7.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H);
13C NMR (100 MHz, Chloroform-d) 6: 158.5, 145.6 (dm,
J=15.0 Hz), 143.0 (dm, J=19.0 Hz), 140.9, 132.9, 127.0
(t, J=16.0 Hz), 126.6, 125.6, 116.6 (t, J=17.5 Hz), 63.3,
14.0. YF NMR (376 MHz, Chloroform-d) §: —136.45~
—136.65 (m, 2F), —138.60~—138.72 (m, 2F). HRMS
(ESI-TOF) caled for CisHoCIF40:S [M+H]" 380.9975,
found 380.99661.

4-((4-JRZKIE) W R R FE)-2,3,5,6- VU 4K F R £ B8
(6¢): LR, 41.8 mg, 2% 55%. 'H NMR (400 MHz,
Chloroform-d) o: 7.71 (d, J=8.4 Hz, 2H), 7.56 (d, J=38.6
Hz, 2H), 4.46 (q, J=7.2 Hz, 2H), 1.40 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, Chloroform-d) J: 158.6, 145.6 (dm,
J=16.0 Hz), 143.0 (dm, J=19.0 Hz), 140.2, 138.3, 130.0,
127.1 (t, J=17.0 Hz), 125.5, 116.6 (t, J=16.5 Hz), 63.3,
14.0; °F NMR (376 MHz, Chloroform-d) §: —136.44~
—136.73 (m, 2F), —138.66~—138.79 (m, 2F). HRMS
(ESI-TOF) caled for CisHoBrF40:S [M-+H]" 424.9470,
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found 424.9463.

A-((4-(RUT ) 2K ) M A Bt 55 )-2,3,5,6- DU 2K FH R
ZHEE6d): TR, 44.2 mg, 7% 55%. 'H NMR (400
MHz, Chloroform-d) ¢: 7.67 (d, J/=8.4 Hz, 2H), 7.55 (d,
J=8.6 Hz, 2H), 4.42 (q, J=7.2 Hz, 2H), 1.36 (t, J=7.2
Hz, 3H), 1.32 (s, 9H); '3C NMR (100 MHz, Chloroform-d)
0: 158.7, 155.8, 145.5 (dm, J=10.0 Hz), 142.9 (dm, J=
19.0 Hz), 138.6, 127.8 (t, J=16.5 Hz), 126.8, 123.9, 116.0
(t, J=17.0 Hz), 63.2, 35.1, 31.1, 14.0; °F NMR (376
MHz, Chloroform-d) 6: —137.02~—137.21 (m, 2F),
—138.99~—139.13 (m, 2F). HRMS (ESI-TOF) calcd for
C19H sF403S [M+H]" 403.0991, found 403.0983.

2,3,5,6- VU 3i-4-((4-( = i P 258 ) 2 ) MV g e ) 4% HY
M .Mk (6e): AR, 57.1 mg, %% 69%. 'H NMR
(400 MHz, Chloroform-d) ¢: 7.87 (d, J/=8.4 Hz, 2H), 7.82
(d, J/=8.4 Hz, 2H), 4.44 (q,J=7.2 Hz, 2H), 1.37 (t, J=17.2
Hz, 3H); *C NMR (100 MHz, Chloroform-d) 6: 158.4,
146.0, 145.6 (dm, J=14.0 Hz), 143.0 (dm, J=16.0 Hz),
133.8 (q, /=33.0 Hz), 126.7 (q, J=4.0 Hz), 124.6, 121.9,
117.0 (t, J=17.0 Hz), 63.4, 14.0; '°’F NMR (376 MHz,
Chloroform-d) ¢: —63.02 (s, 3F), —136.24~—136.46
(m, 2F), —138.23~—138.40 (m, 2F). HRMS (ESI-TOF)
caled for C;7H;sFsNOS [M + H] © 415.0239, found
415.0240.

34 LEMTHERK

FE 10 mL SESETE H, RITMABRAR Z R (2¢)
(45.7 mg, 0.4 mmol, 2.0 equiv.). —75FEMLE(3) (0.4
mmol, 2.0 equiv.)f1 DMSO (2 mL), Z iR+ 3 min, I
ANZHI71E(1g) (0.2 mmol). K E&HI7E 100 °C RHitHE 1
h, HEEE(TLO) MM . BT8R, W R SR %
RE=EHE, AR DMSO, FiEA 2 mL =&
F 5 & m-CPBA (172.6 mg, 1.0 mmol, 5.0 equiv), FHiEL %
100 °C, fiidt 2 h, @it 2 Ak (TLC) Wl [ B B
SERE, RADEEAEENT 0 S AR B AR 7.

2,3,5,6- VY 9ol -4- (AT I 3 ) 8 YR 2 B (Ta): G C iy
IR, 34.8 mg, F7% 48%. 'H NMR (400 MHz, Chloro-
form-d) J: 8.08 (d, J=8.0 Hz, 2H), 7.72 (t, J=7.6 Hz,
1H), 7.60 (t, J=7.8 Hz, 2H), 4.44 (q, J=7.2 Hz, 2H), 1.37
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, Chloroform-d) J:
158.3, 145.6 (dm, J=56.0 Hz), 143.0 (dm, J=40.0 Hz),
140.4, 135.1, 129.7, 128.1, 123.5 (t, J=14.0 Hz), 117.7 (t,
J=16.5 Hz), 63.5, 14.0; "F NMR (376 MHz, Chloro-
form-d) 6: —134.96~—135.09 (m, 2F), —136.46~—
136.69 (m, 2F). HRMS (ESI-TOF) caled for C1sHioF404S
[M+H]" 363.0314, found 363.0315.
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A-((4-FUAR I L5 )-2,3,5,6- DU 35 2K H R Z. B (7b):
TR, 35.6 mg, 7% 45%. 'H NMR (400 MHz,
Chloroform-d) d: 8.02 (d, J/=8.6 Hz, 2H), 7.57 (d, J=38.8
Hz, 2H), 4.44 (q, J=7.2 Hz, 2H), 1.38 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, Chloroform-d) J: 158.2, 144.5 (dm,
J=274.0 Hz), 143.9 (dm, J=237.0 Hz), 142.1, 138.7,
130.1, 129.6, 123.2 (t, J=14.0 Hz), 118.0 (t, J=17.0 Hz),
63.5, 14.0; "F NMR (376 MHz, Chloroform-d) 6:
—134.92~—135.06 (m, 2F), —136.22~—136.37 (m,
2F). HRMS (ESI-TOF) caled for CisHoCIF,04S [M+H]"
396.9924, found 396.9920.

4-((4-TR A HL) I 52)-2,3,5,6- VU 362K H R LT (Tc):
TR, 36.1 mg, 5% 41%. 'H NMR (400 MHz,
Chloroform-d) o: 7.93 (d, J=28.8 Hz, 2H), 7.74 (d, J=38.8
Hz, 2H), 4.44 (q, J=7.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, Chloroform-d) J: 158.2, 144.5 (dm,
J=276.0 Hz), 144.0 (dm, J=260.0 Hz), 139.3, 133.1,
130.8, 129.6, 123.1 (t, J/=13.5 Hz), 118.0 (t, J=17.5 Hz),
63.5, 14.0; '°’F NMR (376 MHz, Chloroform-d) é:
—134.88~—135.06 (m, 2F), —136.18~—136.40 (m,
2F). HRMS (ESI-TOF) calcd for CsHoBrF404S [M+H]"
440.9419, found 440.9415..

4-((4-(BUT He) R HL) B 1 %) -2,3,5,6- VU 914 IR &
fig(7d): TPk, 43.6 mg, F#3% 52%. 'H NMR (400
MHz, Chloroform-d) d: 7.99 (d, J=8.4 Hz, 2H), 7.60 (d,
J=8.6 Hz, 2H), 4.44 (q, J/=7.2 Hz, 2H), 1.38 (d, J=7.2
Hz, 3H), 1.34 (s, 9H); '3C NMR (100 MHz, Chloroform-d)
0: 1594, 1584, 144.6 (dm, J=261.0 Hz), 144.0 (dm, J=
256.0 Hz), 137.3, 128.0, 126.7, 123.9 (t, J=14.5 Hz),
117.5 (t, J=17.0 Hz), 63.4, 35.5, 31.0, 14.0; '°F NMR
(376 MHz, Chloroform-d) ¢: —135.05~ —135.24 (m,
2F), —136.63 ~—136.87 (m, 2F). HRMS (ESI-TOF)
caled for CioH;sF4048S [M + H] © 419.0940, found
419.0944.

3.5 HEMBHAEMK

76 10 mL 523 wE d, IS Bk (4g) (66.0 mg,
0.2 mmol)f! MeOH (2 mL), ZEHi+E 5 min, AT
1b#(22.7 mg, 0.6 mmol, 3.0 equiv.). KHRAMITE 50 °C
THEEE 12 h, R OE(TLO) MM RN, KM 5ERE, ¥
SN K R R A B A AT AR JE AT 4 B A
FIHFRY) 8.

(2,3,5,6- VY 3 -4-(CR it ik ) R ik ) FR I (8): TG € VIR,
43.2 mg, 7% 75%. 'H NMR (400 MHz, Chloroform-d)
9: 7.46~7.34 (m, 2H), 7.34~7.26 (m, 3H), 4.86 (s, 2H);
BC NMR (100 MHz, Chloroform-d) J: 144.7 (dm, J=
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217.0 Hz), 145.5 (dm, J=278.0 Hz), 133.0, 130.6, 129.4,
127.9, 119.8 (t, J=19.0 Hz), 114.4 (t, J=22.0 Hz), 53.0;
YF NMR (376 MHz, Chloroform-d) 6: —132.66~
—132.96 (m, 2F), —143.68~—143.81 (m, 2F). HRMS
(ESI-TOF) caled for C3HsF,0S [M]' 288.0232, found
288.0228.

3.6 “&EWI~1 BERK

fE 10 mL SE3EEEF, KK INABA ZERHH (2¢)
(45.7 mg, 0.4 mmol, 2.0 equiv.). - AFIEfEE(3a) (172.0
mg, 0.4 mmol, 2.0 equiv.)fl DMSO (2 mL), =i #FE 3
min, JIAZ®EITIE (0.2 mmol). KEEWE 100 CF
BEFE 1 h, EEASTLOMMR N, RN5EME, KR
L) A I 2 B8 SR AE e I FRIEAT AR R AT 2 S A 3
Hbrr=4.

(1R,28,5R)-2-57 N &-5-H KL 34 L 3-2,3,5,6- VU -4~
CREBAC) R FELEE(9): LR, 55.5 mg, 7% 63%.
"H NMR (400 MHz, Chloroform-d) d: 7.44~7.35 (m, 2H),
7.35~7.27 (m, 3H), 5.04~4.95 (m, 1H), 2.22~2.10 (m,
1H), 2.06~1.92 (m, 1H), 1.78~1.68 (m, 2H), 1.58~1.42
(m, 2H), 1.18~1.06 (m, 2H), 0.93 (dd, J=12.6, 6.8 Hz,
6H), 0.91~0.88 (m, 1H), 0.81 (d, J=7.0 Hz, 3H); '*C
NMR (100 MHz, Chloroform-d) ¢: 159.1, 146.7 (dm, J=
265.0 Hz), 144.3 (dm, J=272.0 Hz), 132.1, 131.2, 129.5,
128.3, 117.6 (t, J=19.5 Hz), 114.0 (t, J=17.5 Hz), 46.9,
40.6, 34.1, 31.5, 25.9, 23.1, 22.0, 20.8, 15.9; '9F NMR
(376 MHz, Chloroform-d) ¢: —131.74~ —131.91 (m,
2F), —139.14~ —139.27 (m, 2F). HRMS (ESI-TOF)
caled for Ca3Ha4F40,S 440.1433, found 440.1430.

(1R,2S,4R)-1,7,7- = H B UIR[2.2. 11 B Je -2 - Fk -
2,3,5,6- VU J-4-(R i 5% ) 2K R IR (10): o iR, 47.3
mg, F“% 54%. 'H NMR (400 MHz, Chloroform-d) &:
7.49~7.40 (m, 2H), 7.40~7.31 (m, 3H), 5.30~5.11 (m,
1H), 2.55~2.47 (m, 1H), 2.06~1.88 (m, 1H), 1.88~1.73
(m, 2H), 1.40~1.27 (m, 2H), 1.16 (dd, J=14.0, 3.6 Hz,
1H), 0.97 (s, 3H), 0.93 (s, 6H); 3C NMR (100 MHz,
Chloroform-d) &: 159.9, 147.2 (dm, J=314.0 Hz), 144.8
(dm, J=355.0 Hz), 132.0, 131.3, 131.2, 129.5, 128.4,
113.8 (t, J=17.5 Hz), 103.9 (t, J=16.0 Hz), 83.4, 49.1,
48.0, 44.9, 36.7, 27.9, 27.1, 19.7, 18.9, 13.4; '9F NMR
(376 MHz, Chloroform-d) §: —131.81~—131.96 (m,
2F), —138.69~ —138.92 (m, 2F). HRMS (ESI-TOF)
caled for CsHnF40,S [M]" 438.1277, found 438.1277.

(35,85,95,10R,13R,14S,17R)-10,13- — H #£-17-((R)-
6- FH 5 i e -2-£-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
PUE-1H-38 [ H [a] FE-3-3E-2,3,5,6- VU Rl -4-CR FE i/ Q) 2
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HERES(11): LR, 92.5 mg, 7% 69%. 'H NMR
(400 MHz, Chloroform-d) ¢: 7.51~7.35 (m, 2H), 7.35~
7.23 (m, 3H), 543 (d, J=4.8 Hz, 1H), 5.02~4.83 (m,
1H), 2.52~2.38 (m, 2H), 2.07~1.59 (m, 7H), 1.54~0.95
(m, 22H), 0.92 (d, J=6.4 Hz, 3H), 0.87 (dd, J=6.6, 2.0
Hz, 6H), 0.68 (s, 3H); '3*C NMR (100 MHz, Chloroform-d)
o: 158.8, 146.8 (dm, J=255.0 Hz), 144.7 (dm, J=250.0
Hz), 139.0, 132.1, 131.2, 129.5, 128.3, 123.4, 117.9 (t, J=
20.0 Hz), 113.8 (t, J=16.5 Hz), 56.7, 56.2, 50.0, 42.3,
39.7, 39.5, 37.9, 36.9, 36.6, 36.2, 35.8, 31.9, 31.9, 28.2,
28.0,27.7,24.3,23.9,22.8,22.6,21.1,19.3, 18.7, 11.9; ¥F
NMR (376 MHz, Chloroform-d) 6: —131.86 (q, J=11.2
Hz, 2F), —139.09 (g, J=11.2 Hz, 2F). HRMS (ESI-TOF)
caled for C40HsoF40,S [M]" 670.3468, found 670.3470.

3.7 AWM 12HER

fE 10 mL SESEEEF, KM ABAA LR (2¢)
(17.1 mg, 0.12 mmol, 0.75 equiv.)f1 DMSO (2 mL), ZE i
i £ 3min, M Z B 5 /(0.2 mmol). iR & WAE
100 °CFHEHE 1 h, 2 s (TLC) WM . M 5E i
Jei, W S S A i T TR R AR R B AR AT AR JE AT
I EAER] 44-BACB(N,N-— 2. 3£-2,3,5,6- VU 46 4 1 ik
%) (12), TEMIIR, 69.7 mg, FF 66%. 'H NMR (400
MHz, CDCl) 6: 3.60 (q, J=7.2 Hz, 4H), 3.24 (q, J=7.2
Hz, 4H), 1.27 (t, J=7.2 Hz, 6H), 1.16 (t, J=7.2 Hz, 6H);
13C NMR (100 MHz, CDCls) 6: 158.0, 147.0 (dm, J=
251.0 Hz), 142.5 (dm, J=238.0 Hz), 118.9 (t, J=22.0
Hz), 111.7 (t, J=22.0 Hz), 43.4, 40.0, 14.3, 12.8; '°F NMR
(376 MHz, CDCls) 6: —130.66~—130.92 (m, 4F), —
140.17~—140.40 (m, 4F). HRMS (ESI-TOF) calcd for
CaoHa 1 FsN>O,S [M+H]" 529.1191, found 529.1180.
39 HAEM14KER

fE 10 mL SESEEF, KK IMATAAR LR (2¢)
(25.1 mg, 0.22 mmol, 1.1 equiv.)f1 CH;CN (2 mL), %= i
BiFE 3 min, JIAZH & (1a) (0.2 mmol). ¥R AL
FiR T 12 h, HEAETLO)MEN R, N 5ERK
Jei, ¥ SN A i e TR £ BE AR R B SR AT AR JE AT
I, 15E] NN-—2.%5-23,5,6- VU 5 -4- 57 3k 2K F L i
(14): LR, 20.8 mg, F=% 37%. 'H NMR (400 MHz,
CDCls) : 4.18 (s, 1H), 3.60 (q, J=7.2 Hz, 2H), 3.23 (q,
J=172 Hz, 2H), 1.27 (t, J=7.2 Hz, 3H), 1.15 (t, J=7.2
Hz, 3H). HRMS (ESI-TOF) calcd for C;1HoFsNOS [M—
H]" 280.0425, found 280.0420.

4 Bh#1 B} (Supporting Information) V41 ) 45 E AL 1L
AL EW) 4a~4p, 5a~5k, 6a~—6e, Ta~Te, 8~12, 14 [{]
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