% 4”) {t« % DOI: 10.6023/cjoc202005021

Chinese Journal of Organic Chemistry

ARTICLE

SEHEIL Y 5-F-8-F HMEMK S [a] AU SR AR AL

BEE

FE AT

I B oE k,a > s %,0
i =2 7

BRM"

(TERZEVBSS KRR T RILTT 529020)
¢ ERER EEEHULET T SRANL S ERE R E T AREETL B 200032)

WE R RRANENE 7 WA S5H, & B N B b k. R 5-5-8-Z S MR (A Q) 1 XUk 5 17
A, LA A5 R A I A6 AR, S R A SR LT 4L C(sp”)—H ELEEmEMEAL. 1250 S B AT B 1 B
BUEMZ Ve, & T R BAEEAFIA KR, 555k, AQYE XL T MR 5 T %, e e &
Prifit 7 — R RS, B E ERRIZR BIBOR 2 R R B A R Y.

KA W BRESRE R, BT

Copper-Catalyzed ortho-Sulfonylation with 5-Chloro-8-
aminoquinoline Group-Directed
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Abstract Sulfone is a common structure in natural products and active molecules, and also an important intermediate in or-
ganic synthesis. Sulfonylation is one of the most basic and important reactions in organic synthesis. The direct sulfonylation of
C(sp®>)—H bond has been successfully realized by copper catalysis using 5-chloro-8-aminoquinoline (AQ') as a bidentate
guiding group and various substituted sodium arylsulfites as sulfonylation reagent. This reaction has high functional group
tolerance and a wide scope of substrates, including substrates with double substituents or fused rings. AQ' bidentate guiding
group can be removed easily, which provides a new method for the synthesis of sulfone compounds. The reaction could be

scaled up to the gram scale with a good yield.

Keywords copper catalysis; carbon hydrogen functionalization; sulfonylation
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Dapsone Casodex(bicalutamide)
antibacterial anti-androgen
F 0.2
M N
Me © o_< /S O
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d N NO, O O
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B SR SIS T A
Figure 1 Active molecules and drugs with sulfone structure
FRIIPL L m g T SR A AR, s AN S
AR PG R T el TR AL R A A MR,
JitasE, fE5 R EMAE G C—H BRI AL & R
Pz FAUSERGRRO R R YL 8-S AR (AQ)E
R AR, BT S RO R R ALE C-5 AL R,
KR FIERVE AL TR, A P B2 5 5 AT Y e 7 A 1k

7, AE SRR B A AR FR TSI (RS Ak B B —
A AR R ) ) R
1 SRS
1.1 REFHML
PR 5-S-8-F HEMEMRE Sy 5 [ 2, R 25
(4 SAE EALTR SEBUAR (A6 1 C(sp”)—H ELIZRATEL.
e, DLEE R AT AR M (1a) A R 2 T R R 5N (2a) 9
MR, N,N-—F 5 B i (DMF)/E R 71, 80 ‘C 4%
R, 2R T ARSI, 0 CuCl. Cu(OAc),e
H,0O. CuBr, 1 Cu(OTY), ¥ 7] A 15 3|72 #5(5% 1, Entries
1~4); 4ffiH Cu(OAc), TENMEALFIEF, L 59%) 45
KRS B2 1, Entry 5); B HEALT, TLikE2)
FEYI(ER 1, Entry 6). EAEFEEMNE, BERK, 50
FTFBEGER 1, Entry 7). B JE AR 2 FER 28 n ) 2t
1T Tk, R, 3.4- - HIEZEFR. 2,4,6-=
FHOE R R AN 4-fU T ZE R R R AR AT 5056, Hoh 2R H

R RPNFIAL

Table 1 Optimization of the reaction conditions

Me O cl SO,N Me © ?
2Na  [M] (cat.), Base N X
SN LT OO
H N Me Additive, T, solvent Ts =
1a 2a 3a
Entry [M] Additive Base Solvent Yield®/%

1° CuCl PhCOOH KOPiv DMF 38
2¢ Cu(OAc),*H,0 PhCOOH KOPiv DMF 46
3¢ CuBr, PhCOOH KOPiv DMF 10
4¢ Cu(OTf), PhCOOH KOPiv DMF 46
5¢ Cu(OAc), PhCOOH KOPiv DMF 59
6° — PhCOOH KOPiv DMF Trace
7¢d Cu(OAc), PhCOOH KOPiv DMF 45
8¢ Cu(OAc), 3,4-Dimethylbenzoic acid KOPiv DMF 66
9¢ Cu(OAc), 2,4,6-Trimethylbenzoic acid KOPiv DMF 57
10° Cu(OAc), 4-tert-Butylbenzoic acid KOPiv DMF 58
11° Cu(OAc), PhCOOH KOPiv DMF 72
12/ Cu(OAc), PhCOOH KOPiv DMF 62
13 Cu(OAc), PhCOOH KOPiv DMF 71
14 Cu(OAc), PhCOOH — DMF 13
15 Cu(OAc), PhCOOH KOAc DMF 60
16 Cu(OAc), PhCOOH NaOPiveH,0 DMF 61
17 Cu(OAc), PhCOOH K,CO4 DMF 36
18 Cu(OAc), PhCOOH KOPiv DMSO 66
19 Cu(OAc), PhCOOH KOPiv DCE 17
20 Cu(OAc), PhCOOH KOPiv CH;CN 46
21 Cu(OAc), PhCOOH KOPiv 1,4-Dioxane 17
22 Cu(OAc), (10 mol%) PhCOOH (20 mol%) KOPiv DMF 58
23 Cu(OAc), (20 mol%) PhCOOH (30 mol%) KOPiv DMF 81 (79)°
24 Cu(OAc), (20 mol%) PhCOOH (40 mol%) KOPiv DMF 73

“1a (0.2 mmol), 2a (2 equiv.), [M] catalyst (20 mol%), additive (20 mol%), base (2 equiv.), 1 mL of solvent, 80 °C, 8 h; * Yield determined by "H NMR with CH,Br,
as internal standard; “2a (4 equiv.), base (1 equiv.), 24 h; 770 C;°12 h;f6 h; € Isolated yield in parentheses.
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FREUAS T i IR 72%(3K 1, Entries 8~11). 4ifi/x
JSEE AV, P2 26 AT BTG, {5 2 e BB a) b A B, PR R
S 2 B, W0k H s A RS 8] 8 (3 1, Entries 11~
13). AR R FEEIRAFAER, F2RACA 13%, HEN6R
PIIMAA B T AL, #m 4T KOAcy NaOPiveH,O.
K,CO; 1 KOPiv 254 [A] st 47 i ik, Bk KOPiv 4k, 15
RSB IFIE B3R 1, Entries 13~17). I REBLET
VTR S RGN, TN, N-— PR 5k PP B e/ g Vs 791 i
MR AN (ER 1, Entries 13 18~21). ¢ Ja fH 4 AL
2R BRI ISR BB LL 31T 8%, 4 fF A 20 mol %/
PEALFIAT 30 mol% 7k FHERET, LA 79% )7 B US43 21
YI(ER 1, Entries 22~24). K& 20 mol%4ifE L7

MHM%£$%%MJ KOPiv /£ M. DMF 1E# 57,

CEAE N P 8 h AF Ase i 444

1.2 RERM R

e AR G, KRR IE AT TR
. BHARFLE T ARPEBIRGTAEYCER 2), SFE Rk
B SRR R . SDLER RS )N R B A
RARARGr e 7y, DA a5 3 R AT W15 20 A0 B ik
Bk =20 (3a~3j). T34k, XEFE B (3K) A% HAL (1)
()2 FE I R 407 A P e DA R AT WO AR B 7=, (615 —
P22 FA A 28 1 25 38 (3m) 5 758 DL rp S5 ISR A 30 4H B 11
FE).

B R ORHLE T AR LA E (R 3). kR
R WAL N (4a). F. Cl. Br 25 pqZ(4b~4d). W HL T
=R B (de) DA S A FL - Jo AR R (4 R GE 2 (4g) IR IR 2R
B FR AN A BE AR R SR AS 20 7= 0. RN B PR 28 1 2%
SRR B (4h) A8 DL R PSR 15 274,
1.3 RHMIRE

N T BB U R SITE A R SR, K O
K2 e A% (Scheme 1), 1a (4 mmol, 1.18 g)fEFrE
FAFTRELL 60% 153 B U A5 2 T AH B R IR 16 =4
3a(1.08 g), B T IEEAELERSLHNE.

(¢]]
Me O SO,Na
N X /©/ Standard condition
H | * M e ——
N~ €
1a 2a

4 mmol, 1.18 g 2 equiv.

Me O cl
@\)LN N
H

N
Ts =

a
60% yield, 1.08 g

B 1 SRR

Scheme 1 Gram scale reaction

R2 AWBEAT Y R

Table 2 Substrate scope of benzamide derivative

A O™

KOPiv (2 equiv.)
Cu(OAc), (20 mol%)
PhCOOH (30 mol%)

c&%

DMF, 80°C, 8 h
cl cl cl
Me O CF; O Ph O 0 cl
sescENcescHENc e PN CA RS
H

Ts N~ Ts N~ Ts N~ Ts N~

3a, 79% 3b, 75% 3c, 45% 3d, 62%
cl cl cl

|
o c @ 0 o

FsC X X
o N R Ts Me Ts Z Et Ts Z

3e, 53% 3f.R=F,70% 3h, 54% 3i, 51%

39:R=Cl, 51%
Cl cl cl
0 Me O 0O O O 0
N | A N A N A
HoN Ho Ho

Bu Ts Me Ts & e Ts &

3j, 50% 3k, 78% 31, 71% 3m, 46%
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Table 3 Substrate scope of sodium arylsulfinate
Cl Cl
[ KOPiv (2 equiv.) [
N7 - SO2Na Cu(OAc), (20 mol%) NG
+ ReF PhCOOH (30 mol%)
P ©/ DMF, 80°C, 8 h R_/ | ,%N °
Me ' ' X //S/ Me
0
1a 2 4
Cl Cl cl Cl
X X AN | X
® ® ® )
N F. N Cl N Br N
HN.__O HN__O HN__O IaN o)
/O //O //O {
4 S
S Me ) Me S Me /8
o 0 0o
4a, 64% 4b, 61% 4c, 64% 4d, 62%
cl cl cl Cl
A X X | A
® B ® )
F,C N MeO N ‘Bu N N
3 HN. _O © HN._O HN._O HN__O
//o //O //O ”o
//S Me //s Me /7 Me //S Me
0 o) o)
4e, 78% 4f, 66% 49, 61% 4h, 79%
14 AQEEEFRKRI SRS R B 2a R 1 1- K SR AR ISR AR T I

TR 8- R S| SR =, 2% T
Tan PREHIAHICHE L. B R FBUILATAEY 3g
Pk F AL A B 1A 5, SRIG 5 FEBRME 26 N kAT
IKAEE, IR T K ERATAEY 6 (Scheme 2). AQEN
WA T A 5 T2, A IR St T —Fh
WM T

c (1)NaH, THF ©!

O Ts
_ocith _
= N
'N H (2) @Melo°C
X rt., overnlght
3g
Ts
EtOH, NaoH  HOOC
130°C, 24 h
’ cl
6,57%

B2 AQ TR
Scheme 2 Removal of the AQ' directing group
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standard conditions
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Scheme 3 Radical scavenger reactions
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5, BRR, —RTRERISRE: Sk B Atk ik
TR [ 4k Cu(TIDPF C, Bl JE C & J 8 15 B mE L
FEY) 3a L Cu(DPIFR, S —FhelRERIEA R SH ik
B B4 N AE ) 3a F Cu()IFl. B, Cu(D# O,

FALAE U BRI 4k 222 5 BT — MBI
02
3a cu(l) Cu(OAc)2
reductlve HOAc
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ST c'
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Scheme 4 Proposed mechanism
2 &g

PLAQUNXL VT T [, PAZ S S SN AL A,
DL EAR 1) 8 J2 P s R A S B I A X0, e AR Ak
BRI ST 2 AL 2R Ak S I IAT AL C(sp®)—H F B2
TEMEAL. O R 251 B Re T Sz PR o, KA IE FHYE ),
[FI B BE S AR AFIA KRN, BAh, R BICR Z
TR IR B R AT,

3 SWES

3.1 XEFESHF

'H NMR. *C NMR # 'F NMR #£ Varian 400-MR
(400 MHz)5k Agilent 400-MR (400 MHz) k% il HE 4R 4%
EW5E, B TMS (6 0.00)8% CDC; (8 7.26)1F 9 'H NMR
[FIPI kR, CDCl; (6 77.00)/E °C NMR [P ks, L0508
W% (IR) Al Bio-Rad FTS-185 {X #%ill . £ H Agilent
Technologies 6224 TOF LC/MS JRAX 3RS 1 70 P
JRk . 45 A WRS-2 LA s G e . 2 BT 45
300~400 HEMR. FrA M iRISeE TCL, ML T,
Eef4, Sigma-Aldrich F1 Adamas-beta 7. BrAH
YLHAAh, oG — b aifb R mT g .

3.2 WML RIS

) I8 ) SN AR I N3 B F« DMF (1 mL)
FEHFIATAEY 1 (0.2 mmol). 5 RETREEREN 2 (0.4
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mmol). FEER4(7.2 mg, 0.02 mmol). ZHFR(7.4 mg, 0.03
mmol) FIEF R (56.0 mg, 0.4 mmol), Nk R E T
80 CHIAH XM 8 h. RMERFAHHEER, HLR
(S mL)WREfE, FFAHWAIE K20 mL)BEs, &9

AHAHIFFTEIK NSO, T4, U8, WUEik4s, FRp)
T RE R ENTCH M LR B, VL V=3 1)/ &1
FIH bR 3 B4 4.

N-(5-5-8- M4 Ik 35 )-2- FFY 25k -6 FFY 2R Fi I 268 O g
(3a): AMEEK, WE 79%. mp. 215.8~217.9 C; '
NMR (400 MHz, CDCl;) §: 9.87 (s, 1H), 8.90 (d, J=8.4
Hz, 1H), 8.76 (dd, J=4.4, 1.6 Hz, 1H), 8.59 (dd, J=8.4,
1.6 Hz, 1H), 8.01 (t, J=4.4 Hz, 1H), 7.82 (d, J=8.0 Hz,
2H), 7.69 (d, J=8.4 Hz, 1H), 7.63~7.55 (m, 1H), 7.53~
7.46 (m, 2H), 7.18 (d, J=8.0 Hz, 2H), 2.44 (s, 3H), 2.32
(s, 3H); >C NMR (100 MHz, CDCl;) J: 165.6, 148.9,
1443, 139.1, 138.9, 138.4, 137.3, 136.2, 135.6, 133.7,
133.5, 129.8, 129.7, 128.3, 127.4, 127.2, 126.1, 125.1,
122.5, 117.0, 21.7, 19.5; IR (neat) v: 3301, 2921, 1680,
1524, 1483, 1328, 1310, 1137, 1086, 940, 661, 578 cm ™ ';
HRMS (ESI-TOF) calcd for Co4H;7- N,O5F5SCl [M+H]"
505.0600, found 505.0590.

N-(5-5-8- WM ek )-2- FF Rk I k- 6- (= 3 Y 2 ) 2K
M iz (3b): ¥R B O [E 4R, U #E 75%. mp. 223.7 ~
225.6 ‘C; '"H NMR (400 MHz, CDCl3) 6: 10.06 (s, 1H),
8.84 (d, J=8.4 Hz, 1H), 8.77 (dd, J=4.0, 1.6 Hz, 1H),
8.59 (dd, J=8.4, 1.6 Hz, 1H), 8.45 (d, J=8.0 Hz, 1H),
7.97 (d, J=8.0 Hz, 1H), 7.84 (d, J=8.4 Hz, 2H), 7.77 (t,
J=8.0 Hz, 1H), 7.70 (d, J=8.4 Hz, 1H), 7.57 (dd, J=8.4,
4.0 Hz, 1H), 7.22 (d, J=8.0 Hz, 2H), 2.33 (s, 3H); "°C
NMR (100 MHz, CDCly) o: 162.1, 149.0, 145.1, 141.3,
139.0, 137.4, 134.6 (q, J=2.0 Hz), 133.6, 133.5, 133.5,
131.3 (q, J=4.0 Hz), 130.5, 130.0, 129.5 (q, J=31.0 Hz),
128.6, 127.4, 126.1, 125.5, 123.0 (q, J=274.0 Hz), 122.6,
117.1, 21.8; 'F NMR (376 MHz, CDCl;) 0: —58.68; IR
(neat) v: 3301, 2921, 1680, 1524, 1483, 1328, 1310, 1137,
1086, 940, 661, 578 cm '; HRMS (ESI-TOF) calcd for
Ca4H,7N,05F3SCI [M+H]" 505.0600, found 505.0590 .

N-(5-5-8- M Mpf I )-3- R R A e L[ 1, 1- B R ] - 2- PR Tk
2 (3e): EOFEE, WK 45%. mp. 199.3~202.4 C; 'H
NMR (400 MHz, CDCj3) 6: 9.61 (s, 1H), 8.63 (d, J=8.0
Hz, 2H), 8.46 (d, J=8.4 Hz, 1H), 825 (d, J=6.4 Hz,
1H), 7.94 (d, J=8.0 Hz, 2H), 7.65 (s, 2H), 7.56 (d, J=8.4
Hz, 1H), 7.43 (d, J=8.0 Hz, 3H), 7.23 (d, J=8.0 Hz, 2H),
7.18 (t, J=7.2 Hz, 2H), 7.11 (d, J=7.2 Hz, 1H), 2.32 (s,
3H); *C NMR (100 MHz, CDCL3) J: 164.8, 148.6, 144.4,
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141.8, 139.7, 138.9, 138.5, 138.3, 135.5, 135.4, 133.6,
133.2, 129.9, 129.7, 128.9, 128.6, 128.3, 128.1, 127.2,
125.8, 124.7, 122.3, 116.6, 21.7; IR (neat) v: 3347, 3183,
2919, 1660, 1517, 1474, 1319, 1139, 1086, 732, 664, 756
cmfl; HRMS (ESI-TOF) calcd for CyoH,,N,03SCl [M+
H]" 513.1034, found 513.1030.

N-(5-5-8- 1 IR J5& )- 5 HFY -2 R 30 g 266 2 FY I M
(3d): HEE, E 62%. mp. 82.3~84.5 C (lit.'¥
90 ‘C); '"H NMR (400 MHz, CDCl;) 6: 10.01 (s, 1H),
8.82 (d, J=8.4 Hz, 1H), 8.78 (dd, J=4.4, 1.6 Hz, 1H),
8.58 (dd, J=8.4, 1.6 Hz, 1H), 8.07 (d, J=8.4 Hz, 1H),
7.87~7.78 (m, 2H), 7.67 (d, J=8.4 Hz, 1H), 7.56 (dd,
J=8.4, 4.0 Hz, 1H), 7.41 (dd, J=5.6, 2.0 Hz, 2H), 7.19
(d, J=8.0 Hz, 2H), 2.44 (s, 3H), 2.32 (s, 3H); °C NMR
(100 MHz, CDCLy) d: 166.0, 148.9, 144.8, 144.3, 139.1,
138.4, 136.9, 136.2, 133.8, 133.5, 131.0, 129.9, 129.7,
129.4, 128.3, 128.3, 127.3, 126.1, 125.1, 122.5, 117.1,
21.7; IR (neat) v: 2920, 1678, 1518, 1476, 1384, 1317,
1152, 1089, 947, 675, 627, 548 cm™'; HRMS (ESI-TOF)
caled for C,H,0N,O:sSCl [M+H]" 451.0878, found
451.0879.

N-(5-5-8- WM ik ) -2 - FFF DR T g k-5 - (= 9 FF 26 2K R
Bk (3e): TEEAE A, WK 53%. mp. 209.2~212.3 C
(1it.1' 213 “C); '"H NMR (400 MHz, CDCLy) &: 10.12 (s,
1H), 8.86~8.72 (m, 2H), 8.62~8.54 (m, 1H), 8.34 (d, J=
8.4 Hz, 1H), 7.89 (s, 1H), 7.85 (d, J=8.0 Hz, 2H), 7.68 (d,
J=8.4 Hz, 1H), 7.58 (dd, J=8.4, 4.0 Hz, 1H), 7.29~7.18
(m, 2H), 2.34 (s, 3H); °C NMR (100 MHz, cdcls) 6: 164.3,
149.1, 145.2, 142.7, 139.1, 137.6, 137.1, 135.3 (q, J=34.0
Hz), 133.5, 133.5, 130.6, 123.0, 128.7, 127.4 (q, J=4.0
Hz), 127.2, 126.2 (q, J=4.0 Hz), 126.1, 125.7, 122.7,
122.9 (q, J=272 Hz), 117.2, 21.7; "F NMR (376 MHz,
CDCly) 6: —63.22; IR (neat) v: 3305, 2921, 1672, 1523,
1482, 1311, 1252, 1156, 1113, 1079, 713, 589 cm ';
HRMS (ESI-TOF) caled for Co4H;7- N,OsF3SCI [M+H]"
505.0600, found 505.0589.

N-(5-50-8- W BRI )-4- 55 -2- FF 2 At Tt 366 2 Y B i (31):
HEE A, R 70%. mp. 1722~174.4 °C; '"H NMR
(400 MHz, CDCl;) 8: 10.05 (s, 1H), 8.79 (d, J=7.0 Hz,
2H), 8.59 (d, J=8.4 Hz, 1H), 7.91 (d, J=8.2 Hz, 1H), 7.85
(d, J=8.0 Hz, 2H), 7.72~7.61 (m, 2H), 7.62~7.50 (m,
1H), 7.35 (t, J=8.2 Hz, 1H), 7.23 (d, J=8.0 Hz, 2H), 2.34
(s, 3H); *C NMR (100 MHz, CDCl;) 6: 164.9, 162.8 (d,
J=253.0 Hz), 149.0, 145.0, 141.7 (d, J=7.10 Hz), 139.1,
137.3, 133.6, 133.5, 133.2, 131.2 (d, J=6.0 Hz), 129.9,
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128.7, 127.3, 126.1, 125.4, 122.6, 120.6 (d, J=21.0 Hz),
117.2 (d, J=25.0 Hz), 117.1, 21.8; "’F NMR (376 MHz,
CDCly) 8: —106.79; IR (neat) v: 3318, 2920, 2341, 1685,
1520, 1473, 1320, 1149, 703, 655, 575 cm '; HRMS
(ESI-TOF) caled for CosHyN,05SCl [M+H]" 465.1034,
found 465.1031.

N-(5- 50, -8- s Wk 3 )-4- 5 -2- HF 2 Tk Tk i % F G g
(3g): FEEE A, F 51%. mp. 220.9~202.3 C; 'H
NMR (400 MHz, CDCl3) 8: 10.05 (s, 1H), 8.82~8.74 (m,
2H), 8.59 (dd, J=8.4, 1.6 Hz, 1H), 8.19 (d, J=2.0 Hz,
1H), 7.90~7.84 (m, 2H), 7.67 (d, J=8.4 Hz, 1H), 7.62~
7.53 (m, 3H), 7.23 (d, J=8.0 Hz, 2H), 2.34 (s, 3H); "°C
NMR (100 MHz, CDCLy) &: 164.8, 149.0, 145.0, 141.0,
139.1, 136.8, 135.2, 133.6, 133.6, 133.5, 130.3, 129.9,
129.8, 128.7, 127.3, 127.2, 126.1, 125.4, 122.6, 117.1,
21.8; IR (neat) v: 3316, 2921, 1689, 1521, 1471, 1317,
1157, 1088, 896, 678, 653, 572 cm”'; HRMS (ESI-TOF)
caled for C,3H;7N,03SCl, [M+H]" 471.0331, found
471.0322.

N-(5-5-8- I Ik 35k -4 R 25 -0 PP R Fi I 268 O g
(3h): A, B 54%. mp. 209.6~210.3 C; 'H
NMR (400 MHz, CDCly) d: 10.01 (s, 1H), 8.81 (d, J=
8.4 Hz, 1H), 8.78 (d, J=4.0 Hz, 1H), 8.58 (dd, /=8.8,
1.5 Hz, 1H), 8.02 (d, J=1.6 Hz, 1H), 7.86 (d, J=8.0
Hz, 2H), 7.67 (d, J=8.4 Hz, 1H), 7.56 (dd, J=8.4, 4.2
Hz, 1H), 7.53 (d, J=7.6 Hz, 1H), 7.46 (d, J=7.6 Hz,
1H), 7.21 (d, J=8.0 Hz, 2H), 2.49 (s, 3H), 2.32 (s, 3H);
BC NMR (100 MHz, CDCly) &: 166.0, 148.9, 144.3,
1412, 139.2, 139.0, 138.3, 134.4, 134.1, 133.9, 133.4,
130.1, 129.7, 128.9, 128.4, 127.3, 126.1, 125.1, 122.5,
117.0, 29.4, 21.5; IR (neat) v: 3333, 2920, 1682, 1518,
1475, 1314, 1292, 1145, 705, 653, 577, 542 cm™';
HRMS (ESI-TOF) caled for CoHyoN,05SCl [M+H]"
451.0878, found 451.0879.

N-(5-5-8- W Mk 3 )-4- 2, 3 -2 FFF 2 Tk I 368 4% i i
(3i): A, UZE 51%. mp. 180.4~181.5 C; 'H
NMR (400 MHz, CDCl5) d: 10.02 (s, 1H), 8.79 (dd, J=
12.8, 6.4 Hz, 2H), 8.58 (d, J=8.4 Hz, 1H), 8.04 (s, 1H),
7.85 (d, J=8.0 Hz, 2H), 7.66 (d, J=8.4 Hz, 1H), 7.62~
7.52 (m, 2H), 7.49 (d, J=8.0 Hz, 1H), 7.20 (d, J=8.0 Hz,
2H), 2.78 (q, J=7.6 Hz, 2H), 2.31 (s, 3H), 1.30 (s, 3H);
3C NMR (100 MHz, CDCls) d: 166.0, 148.9, 147.4, 144 .4,
139.2, 139.0, 138.2, 134.6, 133.9, 133.4, 133.0, 129.7,
129.1, 129.0, 128.4, 127.3, 126.1, 125.1, 122.5, 117.0,
28.8, 21.7, 15.3; IR (neat) v: 3330, 2920, 1680, 1518,
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1475, 1316, 1297, 1145, 940, 656, 576, 559 cm™'; HRMS
(ESI-TOF) calcd for Cp7HyN,05SCl [M+H]" 487.0878,
found 487.08720.

N-(5-5-8-WE R I )-4- (R T 25k )-2- FF 25 g gt ik 24 A 7
fi&(3§): FEA, R 50%. mp. 201.5~203.6 C; 'H
NMR (400 MHz, CDCl3) 6: 10.04 (s, 1H), 8.80 (d, J=8.4
Hz, 1H), 8.76 (dd, J=4.4, 1.6 Hz, 1H), 8.55 (dt, J=8.4,
1.6 Hz, 1H), 8.24 (d, J=2.0 Hz, 1H), 7.84 (d, J=8.0 Hz,
2H), 7.72~7.61 (m, 2H), 7.61~7.45 (m, 2H), 7.19 (d, J=
8.0 Hz, 2H), 2.30 (s, 3H), 1.38 (s, 9H); *C NMR (100
MHz, CDCl;) 0: 166.0, 154.3, 148.9, 144.3, 139.1, 138.7,
138.2, 134.3, 133.8, 133.4, 130.6, 129.7, 128.8, 128.4,
127.2, 126.6, 126.0, 125.0, 122.5, 117.0, 35.4, 31.1, 21.7;
IR (neat) v: 2921, 1675, 1520, 1478, 1315, 1147, 939, 787,
682, 656, 578, 558 cm'; HRMS (ESI-TOF) calcd for
Cao7H eN,05SCI [M+H]" 493.1347, found 493.1347.

N-(5-50-8- W Npf It )-2,4- — FF Jk - 6- F 2 it 32 5% P e
fZ(3k): RO, KWE 78%. m.p. 209.9~211.3 C;
'H NMR (400 MHz, CDCl;) d: 9.84 (s, 1H), 8.89 (d, J=
8.4 Hz, 1H), 8.72 (dd, J=4.4, 1.6 Hz, 1H), 8.55 (dd, J=
8.4, 1.6 Hz, 1H), 7.86~7.78 (m, 3H), 7.68 (d, J=8.4 Hz,
1H), 7.53 (dd, J=8.4, 4.0 Hz, 1H), 7.28 (s, 1H), 7.17 (d,
J=8.0 Hz, 2H), 2.41 (s, 3H), 2.39 (s, 3H), 2.30 (s, 3H);
C NMR (100 MHz, CDCLy) d: 165.9, 148.8, 144.2, 140.1,
139.1, 138.7, 138.5, 137.1, 136.2, 133.8, 133.6, 133.4,
129.7, 128.2, 127.4, 127.3, 126.0, 124.9, 122.5, 116.9,
21.7, 21.3, 19.3; IR (neat) v: 3328, 2920, 1675, 1517,
1479, 1314, 1139, 1041, 663, 585, 564 cm '; HRMS
(ESI-TOF) caled for CyH,N,0,S [M+H]" 305.1536,
found 305.1532.

N-(5- 54 -8- W Whk ik )-6- F R st 1k ik -2,3- — & K JF:
[b][1,4] - MEHE-5-FRFEREBY): AGBEE, W 71%. m.p.
225.6~228.6 C; '"H NMR (400 MHz, CDCl;) d: 10.03~
9.86 (m, 1H), 8.90 (d, J=8.4 Hz, 1H), 8.77 (dd, J=44,
1.6 Hz, 1H), 8.58 (dd, J=8.4, 1.6 Hz, 1H), 7.89~7.76 (m,
2H), 7.67 (dd, J=8.4, 7.2 Hz, 2H), 7.56 (dd, J=8.4, 4.0
Hz, 1H), 7.17 (d, J=8.0 Hz, 2H), 7.04 (d, /=8.8 Hz, 1H),
438~4.17 (m, 4H), 2.31 (s, 3H); *C NMR (100 MHz,
CDCLy) d: 165.4, 148.9, 144.6, 139.1, 138.4, 135.5, 135.4,
1352, 133.8, 133.4, 130.7, 129.9, 129.4, 128.7, 128.3,
127.4, 126.7, 126.2, 125.3, 124.0, 122.6, 117.1, 21.7; IR
(neat) v: 2922, 1678, 1519, 1476, 1288, 1258, 1150, 1079,
788, 656, 582, 524 cm '; HRMS (ESI-TOF) calcd for
CasHy0N,05SCI [M+H]" 495.0776, found 495.0773.

N-(5-50-8-MEEMph I )-2- HH 2R Tt e - 1- 25 W A (3m): %
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B E AR, R 46%. mp. 2149~217.6 C (it
220~223 °C); '"H NMR (400 MHz, CDCl;) d: 10.14 (s,
1H), 9.06 (d, J=8.4 Hz, 1H), 8.69 (dd, J=4.4, 1.6 Hz,
1H), 8.58 (dd, J=8.4, 1.6 Hz, 1H), 8.15~8.05 (m, 2H),
8.03 (d, J=8.8 Hz, 1H), 7.92 (dd, J=12.4, 8.0 Hz, 3H),
7.74 (d, J=8.4 Hz, 1H), 7.64 (t, J=7.6 Hz, 1H), 7.60~
7.49 (m, 2H), 7.21 (d, J=8.0 Hz, 2H), 2.33 (s, 3H); "°C
NMR (100 MHz, CDCly) o: 165.4, 148.9, 144.5, 139.1,
138.4, 138.3, 135.5, 135.4, 135.2, 133.8, 133.4, 130.7,
130.1, 129.9, 129.4, 128.7, 128.3, 127.4, 126.7, 126.1,
125.3, 124.0, 122.6, 117.1, 21.7; IR (neat) v: 2921, 1677,
1517, 1477, 1317, 1152, 901, 811, 684, 663, 543, 467,
cm'; HRMS (ESI-TOF) caled for CyH;N,0,S [M+H]"
305.1536, found 305.1532.

N-(5- 58 -8- W I Ik )-2- F 356 - 6-( A B 1 326 ) 7% A ik i
(4a): FHOMEMAK, IE 64%. mp. 226.0~228.5 C; 'H
NMR (400 MHz, CDCl;) &: 9.90 (s, 1H), 8.89 (d, J=8.4
Hz, 1H), 8.76 (dd, J=4.4, 1.6 Hz, 1H), 8.58 (dd, J=8.4,
1.6 Hz, 1H), 8.02 (t, J=4.8 Hz, 1H), 8.00~7.91 (m, 2H),
7.69 (d, J=8.4 Hz, 1H), 7.56 (dd, J=8.4, 42 Hz, 1H),
7.51 (d, J=4.8 Hz, 2H), 7.40 (t, J=7.8 Hz, 2H), 2.45 (s,
3H); *C NMR (100 MHz, CDCls) 6: 165.6, 148.9, 141.4,
139.2, 138.6, 137.38, 136.4, 136.2, 135.8, 133.7, 133.5,
133.4, 129.8, 129.1, 1282, 127.4, 126.2, 125.2, 122.6,
117.1, 19.4; IR (neat) v: 3342, 2920, 1680, 1518, 1478,
1317, 1139, 1081, 682, 601, 579 cm™'; HRMS (ESI-TOF)
caled for C3H;sN,O5SCl [M + H] * 437.0821, found
437.0719.

N-(5-5.-8- WA IR 35 )-2-((4- F0 A< 32 ) T 32 )-6- F 2 2K
F T % (4b): B3 € [ A4, Ut # 61%. mup. 210.7 ~
212.9 ‘C; '"H NMR (400 MHz, CDCls) 6: 9.91 (s, 1H),
8.89 (d, J=8.4 Hz, 1H), 8.77 (dd, J=4.3, 1.6 Hz, 1H),
8.59 (dd, J=8.4, 1.6 Hz, 1H), 8.00 (td, J=8.8, 8.4, 4.8 Hz,
3H), 7.70 (d, J=8.4 Hz, 1H), 7.57 (dd, J=8.6, 4.2 Hz,
1H), 7.55~7.45 (m, 2H), 7.08 (t, J=8.5 Hz, 2H), 2.45 (s,
3H); *C NMR (100 MHz, CDCl3) d: 165.7, 165.6 (d, J=
255.1 Hz), 149.0, 139.2, 138.5, 137.4 (d, J=7.1 Hz), 136.3
(d, J=6.1 Hz), 136.0, 133.6, 133.6, 131.3, 131.2, 123.0,
127.4, 127.3, 126.2, 125.3, 122.6, 117.0, 116.5 (d, J=23.0
Hz), 19.5; "F NMR (376 MHz, CDCl3) §: —104.13; IR
(neat) v: 3314, 2922, 1682, 1518, 1477, 1319, 1139, 1080,
834, 663, 590, 558 cm '; HRMS (ESI-TOF) calcd for
C3H1sN,O5SCI [M+H]" 455.0627, found 455.0627.

N-(5-50-8- W IR I )-2-((4- 5 28 ) Tt 5 22 )-6- FFY L
ML i (4e): B B[ AR, R0 # 64%. mp. 1929 ~
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194.9 ‘C; '"H NMR (400 MHz, CDCls) 6: 9.86 (s, 1H),
8.89 (d, J=8.4 Hz, 1H), 8.81~8.68 (m, 1H), 8.64~8.50
(m, 1H), 8.02 (t, J=4.8 Hz, 1H), 7.94~7.82 (m, 2H), 7.70
(d, J=8.4 Hz, 1H), 7.57 (dd, J=8.4, 4.2 Hz, 1H), 7.53 (d,
J=4.0 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H), 2.45 (s, 3H); *C
NMR (100 MHz, CDCLy) d: 165.5, 149.0, 140.1, 139.9,
139.1, 138.2, 137.5, 136.4, 136.1, 133.5, 129.9, 129.7,
129.4, 127.4, 126.1, 125.3, 122.6, 117.0, 19.4; IR (neat) v:
3311, 2920, 1682, 1518, 1476, 1320, 1085, 938, 756, 621,
584, 558 cm '; HRMS (ESI-TOF) caled for Cp;Hi/N,-
03SCl, [M+H]" 471.0331, found 471.0320.

N-(5-5.-8- WA IR 35 ) -2-((4- VR R 228 ) T e 225 )-6- FH 2L 2K
HOME i (4d): B (0 [ R, IR# 62%. m.p. 188.5 ~
190.3 °C; '"H NMR (400 MHz, CDCls) 6: 9.85 (s, 1H),
8.89 (d, J=8.4 Hz, 1H), 8.73 (dd, J=4.0, 1.6 Hz, 1H),
8.55 (dd, J=8.4, 1.7 Hz, 1H), 8.01 (t, J=4.4 Hz, 1H), 7.81
(d, J=8.4 Hz, 2H), 7.69 (d, J=8.4 Hz, 1H), 7.58~7.46
(m, 5H), 2.44 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
165.4, 149.0, 140.4, 138.9, 138.0, 137.4, 136.3, 136.1,
133.5, 133.4, 132.4, 129.9, 129.7, 128.6, 127.3, 127.3,
126.0, 125.2, 122.6, 116.9, 19.4; IR (neat) v: 3311, 2920,
1682, 1518, 1476, 1320, 1085, 938, 756, 621, 584, 558
cmfl; HRMS (ESI-TOF) calcd for Cy3H;7N,0;3SCl, [M+
H]" 471.0331, found 471.0320.

N-(5-5 -8~ IR JEE )-2- HH - 6-((4-( =3 Y 268 ) R 258 ) Tk
T 5 O R It Mz (de): AT, WCZE 78%. mup. 176.9~
178.5 “C; ' H NMR (400 MHz, CDCl;) d: 9.88 (s, 1H),
8.89 (d, J=8.4 Hz, 1H), 8.74 (dd, J=4.4, 1.7 Hz, 1H),
8.59 (dd, J=8.4, 1.7 Hz, 1H), 8.10 (d, J=8.0 Hz, 2H),
8.06 (dd, J=6, 3.4 Hz, 1H), 7.71 (d, J=8.4 Hz, 1H), 7.66
(d, J=8.2 Hz, 2H), 7.60~7.49 (m, 3H), 2.46 (s, 3H); "°C
NMR (100 MHz, CDCLy) d: 165.4, 149.1, 144.9, 139.0,
137.6, 136.57, 134.9 (q, J=33.0 Hz), 133.6, 133.5, 133.4,
130.0, 128.8, 128.8, 128.7, 127.6 (q, J=4.0 Hz), 127.3 (q,
J=5.0 Hz), 125.4, 123.2 (q, J=271.0 Hz), 122.7, 122.6,
117.0, 19.4; F NMR (376 MHz, CDCl;) 0: —63.21; IR
(neat) v: 2922, 1591, 1518, 1479, 1319, 1163, 1128, 1060,
709, 616, 598, 555 cm '; HRMS (ESI-TOF) calcd for
Ca4H7N,05F;SCI [M+H]" 505.0600, found 505.0591.

N-(5-54.-8- W Wk 3 )-2-((4- H 48 2 % 36 ) Tt o it )-6- HY
FEOR WL iz (4f): A BB, #E 66%. mp. 89.1~
91.5 ‘C; "H NMR (400 MHz, CDCl;) 6: 9.87 (s, 1H), 8.90
(d, J=8.4 Hz, 1H), 8.75 (dd, J=4.2, 1.6 Hz, 1H), 8.57
(dd, J=8.4, 1.7 Hz, 1H), 8.07~7.95 (m, 1H), 7.92~7.81
(m, 2H), 7.69 (d, J=8.4 Hz, 1H), 7.55 (dd, J=8.4, 4.2 Hz,
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1H), 7.49 (d, J=2.8 Hz, 1H), 7.48 (s, 1H), 6.88~6.79 (m,
2H), 3.75 (s, 3H), 2.43 (s, 3H); “C NMR (100 MHz,
CDCly) 6: 165.7, 163.4, 148.9, 139.2, 139.0, 137.2, 136.0,
135.4, 133.7, 133.4, 132.8, 130.5, 129.7, 127.3, 127.0,
126.0, 125.1, 122.5, 117.0, 114.3, 55.6, 19. 4; IR (neat) v:
3336, 2920, 1678, 1517, 1478, 1318, 1259, 1137, 1083,
665, 591, 560 cm™'; HRMS (ESI-TOF) caled for CyyHao-
N,04SCI [M+H]" 467.0827, found 467.0827.

N-(5-5-8- W Mph 555 )-2-((4-(GRUT 26 ) 2K 528 ) Tk ok 5% )-6-
PR 2 PR i (dg): B RS AR R4, R 61%. 'H
NMR (400 MHz, CDCl3) &: 9.91 (s, 1H), 8.92 (d, J=8.4
Hz, 1H), 8.79~8.65 (m, 1H), 8.59~8.46 (m, 1H), 8.00
(dd, J=6.6, 2.8 Hz, 1H), 7.91 (d, J=8.2 Hz, 2H), 7.69 (d,
J=8.4 Hz, 1H), 7.53 (dd, J=8.4, 4.2 Hz, 1H), 7.50~7.44
(m, 2H), 7.45~7.34 (m, 2H), 2.43 (s, 3H), 1.25 (s, 9H);
C NMR (100 MHz, CDCl5) d: 165.7, 157.1, 148.9, 139.0,
138.9, 138.28, 137.1, 136.1, 135.5, 133.6, 133.3, 129.8,
128.1, 127.2, 126.2, 126.0, 125.0, 122.5, 117.0, 35.2, 31.0,
19.4; IR (neat) v: 3338, 2962, 1679, 1516, 1478, 1318,
1142, 938, 733, 630, 590, 568 cm '; HRMS (ESI-TOF)
caled for CrsHyN,OsSCl [M + H]" 493.1347, found
493.1347.

N-(5- 58 -8- W ph 3k )-2- 3 -6-( 2% ik -2- T b 22 ) 7 H
T B (4h): ¥R B B AR, IR 79%. mp. 224.5 ~
226.1 ‘C; "H NMR (400 MHz, CDCls) 6: 9.70 (s, 1H),
8.89 (d, J=8.4 Hz, 1H), 8.51 (dd, J=8.4, 1.8 Hz, 1H),
8.49~8.38 (m, 2H), 8.15 (dd, J=7.4, 2.0 Hz, 1H), 7.90~
7.76 (m, 2H), 7.72 (d, J=8.0 Hz, 1H), 7.68 (d, J=8.4 Hz,
1H), 7.59~7.53 (m, 2H), 7.53~7.49 (m, 2H), 7.47~7.38
(m, 2H), 2.43 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
165.2, 148.7, 139.5, 138.8, 138.4, 138.0, 137.6, 136.4,
135.9, 135.1, 133.5, 133.4, 132.1, 129.8, 129.8, 129.5,
129.4, 129.0, 127.8, 127.4, 127.4, 126.0, 125.2, 122.9,
122.5, 117.1, 19.4; IR (neat) v: 3342, 2920, 1679, 1517,
1478, 1316, 1259, 1120, 1069, 788, 656, 557 cm'; HRMS
(ESI-TOF) caled for CpHyoN,05SCl [M+H] 487.0878,
found 487.0868.
3.3 BEHEMHKTSE

¥ 3g (0.5 mmol)¥% T-PYE ML (THF) (5 mL)H,
0 CZM N2t NaH (1 mmol)JF-#i+E 1 h. BlJE1E
0 CFZEIA Mel (2.5 mmol)fi$k 1 h, RJETHE =R
BRI, 7KV K B s I BRO ZEEL, WA LA
FTEK NaySO, T4, 1L JE, R4, 7335 b fA
5 P FEA. KAk 5 A1 NaOH (6 mmol)¥fiRfe
EtOH (5 mL)H, 130 CHit: 24 h. KBFERE 7K (20
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mL) B, WK AHIEH 1 mol/L HCl FR1L, FE s H
EtOAc (10 mL X 3)ZHUIFEEA WA JE7K Na,SO, T
W, L E, BRORRAE, TR I e R = A (T Tk
LW, VI Vv=3 " D) BEER HEY 6.

45 -2- FH Rl I 2 O R (6): R B L [ Ak, Wik
57%. mp. 1452~147.5 C (lit"™ mp. 155 C); 'H
NMR (400 MHz, DMSO-d;) d: 8.04 (d, J=8.0 Hz, 2H),
7.89 (d, J=2.0 Hz, 1H), 7.62 (dd, J=8.4, 2.0 Hz, 1H),
7.39 (d, J=8.2 Hz, 1H), 7.34 (d, J=8.0 Hz, 2H), 2.36 (s,
3H); °C NMR (101 MHz, DMSO-dy) 6: 169.27, 143.67,
138.72, 137.83, 132.96, 130.92, 130.47, 129.20, 128.48,
127.79, 125.53, 21.08.

3.4 AQSEEHMBLR

1] TR I s S AR UM 7+ DMF (1 mL)+
1,1- 2K ZH5(72.1 mg, 0.4 mmol). X FH A ERE4(2)
(71.3 mg, 0.4mmol). BEELZH(7.2 mg, 0.02 mmol). 7 HI R
(7.4 mg, 0.03mmol)FIF KR (56.0 mg, 0.4 mmol), HF
SRR RET 80 CAT M 8 h. A HEH
=R, HZR ARG mL)FRG, BHBEAEEEKQ0
mL)Pes, A IFAVMHIFATK Na2SOs T4, i JE, sk
JE4E, i HRMS Al 246 54 7 1Ak, 2-H R
Bk % -1,1- — 2K 2 # (7): HRMS (ESI-TOF) calcd for
C,H50,SNa [M+Na]™ 357.0920, found 357.0920.

4 BI#1 8 (Supporting Information) 1L&%) 3a~3m.
4a~4h J 6 ) 'HNMR. “C NMR. ""F NMR [, X
Se Rl AT DL A B MAS T X 33 (http://sioc-journal.cn/) b R
.
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