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Abstract Substituted phenylene and benzenesulfonyl-azides were used as starting materials to obtain N-benzensulfonyl phe-
nylacetamide abscisic mimics (PACs). 32 target compounds were efficiently and quickly obtained via cheap combination of
CuSO4/NaAsc (NaAsc, sodium ascorbate) catalysis under ultrasonic radiation in water (86%~95%). Furthermore, 22 target
compounds could overwhelmingly inhibit soybean seed germination at the concentration of 50 and 25 pml/L. These results are
benefit to discovering novel seed germination inhibitor agents.
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PMs)!4161 2 T A SR B 242 B DR 2 5 ) N Tk A it S e
(SONHCO) M Fr Be117-221, DIBASRAS B A mds e
L7 BRAAUN (3, PACs). STHRIARF A IR, &5 FIAL £t Ak
TR e B 7 (B 2) B BB —, K R TTE % (4)
RGO FaEHE, (HRIZR IR 1 equiv.4iH
R, HRMAARATTTE )22, 8=, 0.1 equiv.
Cul HEALIURIE 2B FRERERE S ZURIK =4 4> — ik
A RR(H7 % )25 200 {HJ R B AN, RS A
BRI EREED), BTH Cul g, Bk, iad)
TR — R RIAE . RS e R AR ) ST SRy 7
T A0 TR TR e B A 1l N- 2B Tk i 2K 2 Bk (PACs, 3).
1 ZR5TR
1.1 i N-FEEBER B R (3a)lE R

DA B I 2R i 19 S (62) 5 7% £ bR (Ta) AR S b
AT (R 1. B %, EHERRMENIE R CuSOy
NaAsc (NaAsc NPURMIREN), =&AL 63%[7)
W3k 15 B Rk &) 3a(3 1, Entry 1). B KR &R
BRI B R T2 s N AT, IFH 2 R K
VEFE IR ISR ] 2R H & 83% (Entries 1~3). BEHH K
P24 NaAsc [ BB E 0.4 equiv.i, WCRAIRIRARRTE
83% (Entries 4~6), {H2&HEM(KZ 0.3 1 0.1 equiv.,
W 53 5l R B2 78% (Entry 7)1 46% (Entry 8). 3 H.&
P24 CuSO4 I FH & FEAK — 5 R E AR (Entry 9), 4FF
% 0.02 equiv. IR R 43 71% (Entry 10). N T35
B e N R AL e, FRATT R IR A R A 2Tz T

Pyrabactin (1

1] 2)
N, HN / i ﬁN P R
Goon Br 2 QSO? i O/
)

2995y F A )20 min J5RIATSERL, HCRIAE] 95%
(Entry 11), AHX 2 M0 45 HF S N ISCER R0 2038 350 KR
P, ML T AN E P AT (Entries 11~17)25-2628]
K IL CuSO4 (Entry 11)F1 CuSO4+5H,0 (Entry 12)IE4k
WOREAE, HVUON Cu(OAc),*H,0 (Entry 13), Cu(OAc),
(Entry 14)1 Cu(CF3S03), (Entry 17), Fifif5> Cul(I) (En-
try 16), 1fi CuS (Entry 151522, 3B /KT 4 f i
AR TR ZER). a7 ie KT iR A R T
P& 51 N RU % (Entries 18, 19).

FEf 7 16 75 i SRR R BE R 79 22 %((6a, 1 mmol).
K H(Ta, 1 mmol)s CuSO4 (0.05 equiv.)/NaAsc (0.4
equiv.)s 4.0 mL /KT R BN IR &G, 52T 6a 5
ANFZE ZIREIR PR 2). FFICRIL 4-BURIZE 2004
T F WL L P AN (Entries 2~7, 3b~
3g) I RELL 86%~95% WS 15 BIAH B H Arb &4, 2-HX
AR AR . %0, SUHIR (Entries 8~ 11, 3h~3k,
88%~92%) tH REMIAI S . i f A BXUAR D 2,4- 4
T 2-TR-AFH I RN 35 -4- AR BL K 2 R
K319 90% (Entry 12, 31). 87% (Entry 13, 3m). 91%
(Entry 14, 3n). #J)5 6a 52Z5-1-H R Sifq 2] H AR~ 3o
(Entry 15), Y% 88%.
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SR EEAR R )RS 6a Lﬁfir“, PL 88%~
95% L 15 I A BN =) (Entries 16~22, 3aa~3ag),
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Table 1 Optimization reaction of TsN3 (6a) and phenylacetylene (7a)

( ) g—N R ( ) Catalyst g w
('5 ° T Solvent, t /©/6‘H
6a 7a 3a
Entry Catalyst Solvent t/min Yield/%
1 CuSO0s4 (0.1 equiv.)/NaAsc (1.0 equiv.) ‘BuOH : H, O (V' V=3 .1) 60 63
2 CuSO0s4 (0.1 equiv.)/NaAsc (1.0 equiv.) ‘BuOH : HO (V " V=2 1) 60 67
3 CuSO0s4 (0.1 equiv.)/NaAsc (1.0 equiv.) ‘BuOH : H,O (V V=1 .2) 60 71
4 CuSO04 (0.1 equiv.)/NaAsc (1.0 equiv.) H,O 60 83
5 CuSO0s4 (0.1 equiv.)/NaAsc (0.5 equiv.) H,O 60 83
6 CuSO0s4 (0.1 equiv.)/NaAsc (0.4 equiv.) H20 60 83
7 CuSO0s4 (0.1 equiv.)/NaAsc (0.3 equiv.) H,O 60 78
8 CuSO04 (0.1 equiv.)/NaAsc (0.1 equiv.) H,O 60 46
9 CuSO0s4 (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 60 83
10 CuSO04 (0.02 equiv.)/NaAsc (0.4 equiv.) H,O 60 71
11° CuS04(0.05 equiv.)/NaAsc (0.4 equiv.) H:0 20 95
12° CuS04*5H20 (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 20 95
13% Cu(OAC)2*H:0 (0.05 equiv.)/NaAsc (0.4 equiv.) H,0 20 93
14° Cu(OAc)2 (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 20 93
15° CuS (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 20 <5
16° Cul (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 20 45
17 Cu(CF3S03): (0.05 equiv.)/NaAsc (0.4 equiv.) H,0 20 91
18b¢ CuSO04 (0.05 equiv.)/NaAsc (0.4 equiv.) H,O 13 95
1954 CuSO04 (0.05 equiv.)/NaAsc (0.4 equiv.) HO 6 95

@ Reaction conditions: 6a 1.0 mmol, 7a 1.0 mmol, solvent 4.0 mL, NaAsc (sodium ascorbate), stirring at room temperature. * Ultrasonic irradiation. € 40 “C. 460 C.

M HARI 3-BACKR R S R A IR fiS3E) R ar it
FI155) H brik &% 3ah~3ak (Entries 23~26, 87%~
92%). BEJEELE T 2-BUACREBE S A (P2, . &
Ry SR, BRI EARMEEY 3al~3ap HIflRhLE
S UL _E (Entries 27~31, 86%~91%). #x /)i & IWEWY-1-
TSRS 6a [V f3 % 3aq (Entry 32), K 87%.
1.2 RZHLEBERT

RS B A LK =200 B S AT B LB G
T (DPUAMLER SN T KA EALIE R Cu(1D)45 Cu(l); (2)
Cu(D) A E FH MG il (8] 44 8; (3)FF IR [E] 44 9; (4)
JRFAAE L% Ny, HE 25 B8 2 PUIA R A ie
JiJ5 2 SHAIERE; (S)FAZRFNEH T2 11; (6)5t )5
ST N EHMEAL A 3 (Scheme 1)129). PRIk 2448 FH X4
) CuS s MIRCRIAR (R 1, Entry 15), FFH AR
B CuSO4 8¢ NaAsc I ARG 2] Hirfb-&4 3(E 3).
1.3 FhFEFHHEIAR

T T N-RES LR LW i &%) (3a~30, 3aa~
3aq)7E 50, 25 pmol/L ¥R 3% KGRk & 14 I
PEER3). S5 REH, A 32 MEA YA 50 F125 pmol/L
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IR BAT IS, Kb 3a~3d, 3g, 3i~3j, 31,
3aa~3ae, 3ag~3ak, 3am~3ao }t: 22 MLEWIREE &M
HR S R M2 100%), 351 BT BV IR, (4
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80%. Kk, EHL 3a A1 3k #E4T X} #(PDB:3ENG)( 4).
IR, 3a 731 SO, Re 45 Eh KA Ser98 kI T Rk
B H CO B8 Asnl76 FREETE AR, T 3k I A fE
5 Ser98 55 TY A5, H 3a (Total score 7.250)
# 3k (Total score 6.061)[F1FT 731, FTLA 3a 456 24K
R 7755, DR A o A o

2 i

DA IR 2 B AN i o 2 BN k), KA 75 4R
BN BT CuSO4/NaAsc fi#4b(CuAAC)FZE T Btk
TR B, T VEBRAE AT 5, IOV 5520 min). 42
2 151(86%~95%), JEMIE VG (AR T 324 N-ZK 1t
WE oK Wb o 1), TS Bistb &M &t 'H
NMR. 3C NMR Fl =5 50 H 5 0% AR IE. 38 i b8
R R I 3a~3d, 3g, 3i~3j, 31, 3aa~3ae, 3ag~
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Table 2 Reaction of 6 and 7 under ultrasonic radiation

? ? e
=7\ 4 =[= CuSQy4/NaAsc @ HN

— 1
) ) /2 SOaMs o > /3 ) Ultrasonic radiation /é
6 7 H,O, r.t., 20 min 3
Entry R! R? 3 Yield/% | Entry R! R? 3 Yield/%
1 4-CHs3 H 3a 95 16 H 4-CH3 3aa 95
2 4-CHs3 4-F 3b 90 17 4-OCH3 4-CH3 3ab 93
3 4-CH3 4-Cl 3c 91 18 4-F 4-CH3 3ac 92
4 4-CHs3 4-Br 3d 90 19 4-Cl 4-CHs3 3ad 92
5 4-CHs3 4-1 3e 89 20 4-Br 4-CH3 3ae 91
6 4-CHs3 4-OCF3 3f 90 21 4-OCF3 4-CH3 3af 90
7 4-CH3 4-CN 3g 86 22 4-COOCH3 4-CH3 3ag 88
8 4-CH3 2-OCH3 3h 92 23 3-F 4-CH3 3ah 92
9 4-CHs3 2-F 3i 88 24 3-Cl 4-CHs3 3ai 91
10 4-CHs3 2-Cl 3j 89 25 3-Br 4-CH3 3aj 92
11 4-CHs3 2-Br 3k 90 26 3-NO2 4-CH3 3ak 87
12 4-CH3 2,4-Cl, 31 90 27 2-CH3 4-CH3 3al 90
13 4-CHs3 2-Br-4-F 3m 87 28 2-F 4-CHs3 3am 90
14 4-CH3 3-F-4-OCH3 3n 91 29 2-Cl 4-CHs3 3an 91
30 2-Br 4-CH3 3ao 89
OS‘OZ o) 31 2-CF3 4-CH3 3ap 86
HN

15 Q 3o 88 @7 S0, O

O 32 s HN— C 3aq 87

4Reaction conditions: 6 (1.0 mmol), 7 (1.0 mmol), H>O (4.0 mL), CuSO, (0.05 mmol), NaAsc (0.4 mmol), ultrasonic irradiation.

cu(ll)
‘ (4)
(1) NaAsc
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Scheme 1 Proposed reaction mechanism of 6 and 7a
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Table 3 Inhibition activity of N-benzensulfonyl phenylacetamide (3) on soybean seed germination

Compd. __ 50 umolsL ! __ 25 pumolsL ! Compd. ——— 50 pmolsL ! : %25 pmoleL !

RERY WS REFER%  WHIZE% RIEFEY%  HHIZE% RIEFZ Y% 2%
3a 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3ac  0.04+00  100.0%0.0 0.040.0  100.0+0.0
3b 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3ad 00400  100.0%0.0 0.040.0  100.0+0.0
3¢ 0.0+0.0  100.00.0 0.0+0.0 100.0+0.0 | 3ae  0.04+00 100.0%0.0 0.040.0  100.0+0.0
3d 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3af  0.04+00  100.0%0.0 56+1.9 889438
3e 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3ag 00400  100.0%0.0 0.040.0  100.0+0.0
3f 0.0+0.0 100.0+0.0 44+19 91.1+3.8 3ah  0.0+00  100.0%0.0 0.040.0  100.0+0.0
3g 0.040.0  100.00.0  0.0+0.0  100.0+0.0 3ai 0.0£0.0  100.00.0 0.0+0.0  100.0+0.0
3h 0.0+0.0 100.0+0.0 122+3.8 75.6+77 3aj  0.0+00  100.0+0.0 0.040.0  100.0+0.0
3i 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3ak  0.04+0.0  100.0%0.0 0.040.0  100.0+0.0
3j 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | 3al  0.04+00  100.0%0.0 56+1.9 889438
3k 0.0+0.0  100.0+0.0 122+38 756+7.7 | 3am 00400  100.0%0.0 0.040.0  100.0+0.0
31 0.0+0.0  100.00.0  0.0+0.0 100.0+0.0 | 3an  0.040.0  100.0%0.0 0.040.0  100.0+0.0
3m 0.0+0.0 100.0+0.0 7.8+1.9 844+38 3a30  0.04+0.0  100.0%0.0 89+1.9 822438
3n 0.0+0.0 100.0+0.0 56+1.9 88.9+3.8 3ap  0.0+00  100.0%0.0 6.7+0.0  86.740.0
30 0.0+0.0 100.0+0.0 44+19 91.1+3.8 3ag 0.0+00  100.0%0.0 6.7+0.0  86.740.0
3aa 0.0+0.0  100.0+0.0 0.0+0.0 100.0+0.0 | ABA  0.040.0  100.0%0.0 6.7+0.0  86.740.0
3ab 0.00.0 100.0+0.0  0.0+£0.0 100.0+00| CK 50.0+3.3 (0.5% DMSO)

3ak fil 3am~3ao % 22 /N/IN 58 A K G R ()
B2 100%) , iGME AT Bk R, Ham K Ehuisi:
(A SC IEAE T R . ASHIE 78 A B 28 v 3% P P v
AR T A%
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H). '"H NMR A1 3C NMR H] Varian 600 5, 400 MHz % i
JEPRAXMI 52, LA CDCls 5% DMSO-ds N7, — HI I
(DMSO) & TMS(IY F EfiE: 4t ) Jy P A%; HRMS H Agilent,
TOF 6224 5E; 15 SACH SGW X-4(CRIEIE), #HEEDE
X 9% (40 kHz, 120~180 W). F FHVER . 71387
Hréati.

32 ZWHE

32.1 bdh 3 896

T REIR IR EBES ZBY (6, 1.0 mmol)H5HUY
2R ZH(7, 1.0 mmol). 0.5 mL NaAsc (0.8 mol/L). 3.0 mL
KIS, BeJa I 0.5 mL CuSO4 (0.1 mol/L)#E 75
JRBE 20 min, 2T, HENEERHAMLEY).

N-(4- H 2B 196 22 ) O 2 B i (3a): B[k, F= 2R
95%. m.p. 147.0 ~147.9 °‘C; 'H NMR (600 MHz,
DMSO-ds) d: 12.29 (s, 1H), 7.78 (d, J=7.8 Hz, 2H), 7.40
(d, J=7.8 Hz, 2H), 7.27 (t, J=7.2 Hz, 2H), 7.23 (d, J=6.6
Hz, 1H), 7.14 (d, J=7.2 Hz, 2H), 3.53 (s, 2H), 2.38 (s,
3H); 3C NMR (150 MHz, DMSO-de) J: 169.41, 144.30,
136.38, 133.95, 129.55, 129.31, 128.36, 127.62, 126.90,
42.05, 21.09. HRMS (ESI) calcd for C;sHigNOsS [M+
H]" 290.0851, found 290.0847.

N-(4- FF 2R B 9 2k )-4- 5K £ T8t Ji% (3b): 1 £ ] 44k,
FEE 90%. m.p. 173.9~174.6 C; '"H NMR (600 MHz,
DMSO-ds)d: 12.30 (s, 1H), 7.78 (d, J=7.8 Hz, 2H), 7.40
(d, J=7.8 Hz, 2H), 7.22~7.16 (m, 2H), 7.10 (t, J=9.0
Hz, 2H), 3.55 (s, 2H), 2.38 (s, 3H); 3C NMR (150 MHz,
DMSO-ds) 6: 169.37, 161.31 (d, J=242.9 Hz), 144.32,
136.35, 131.30 (d, J=8.1 Hz), 130.07 (d, J=3.0 Hz),
127.62, 115.08 (d, J=21.5 Hz), 41.07, 21.08. HRMS (ESI)
caled for C;sH;sFNOsS [M + H] © 308.0757, found
308.0752.

N-(4-FORT R 5 )-4- 50K OBt (3e): B ElEliA, 7=
% 91%. mp. 191.5~192.3 C; 'H NMR (600 MHz,
DMSO-ds) d: 12.31 (s, 1H), 7.77 (d, J=7.8 Hz, 2H), 7.40
(d, J=7.8 Hz, 2H), 7.33 (d, J=8.4 Hz, 2H), 7.17 (d, J=
8.4 Hz, 2H), 3.55 (s, 2H), 2.39 (s, 3H); 3C NMR (150
MHz, DMSO-ds) 6: 169.11, 144.32, 136.29, 132.88,
131.70, 131.27, 129.54, 128.26, 127.60, 41.18, 21.09.
HRMS (ESI) calcd for CsH;sCINO;S [M+H]" 324.0461,
found 324.0457.

N-(4- 2R T 1 35 )-4- R 2Tt iz (3d): 1 £ [T 4k
P2 90%. m.p. 194.8~195.6 ‘C; 'H NMR (600 MHz,
DMSO-ds) d: 12.31 (s, 1H), 7.77 (d, J=8.4 Hz, 2H), 7.47
(d, J=8.4 Hz, 2H), 7.40 (d, J=8.4 Hz, 2H), 7.11 (d, J=
8.4 Hz, 2H), 3.53 (s, 2H), 2.39 (s, 3H); 3C NMR (100

1672 http://sioc-journal.cn/
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MHz, DMSO-ds) J: 168.67, 143.98, 136.06, 133.07,
131.36, 130.91, 129.27, 127.32, 119.93, 41.22, 21.09.
HRMS (ESI) caled for CisH;sBrNOsS [M + H] *
367.9956, found 367.9953.

N-(4-FRORT IR 2)-4- TR 2 Bk i (3e): I E 44, 7=
# 89%. m.p. 186.6~187.4 ‘C; 'H NMR (600 MHz,
DMSO-de) J: 12.30 (s, 1H), 7.77 (d, J=7.8 Hz, 2H), 7.63
(d, J=17.8 Hz, 2H), 7.40 (d, J=7.8 Hz, 2H), 6.96 (d, J=
7.8 Hz, 2H), 3.51 (s, 2H), 2.38 (s, 3H); '*C NMR (150
MHz, DMSO-ds) 6: 169.00, 144.29, 137.06, 136.25,
133.65, 131.76, 129.53, 127.58, 92.97, 41.40, 21.12.
HRMS (ESI) caled for CisH;sINO;S [M+H]" 415.9817,
found 415.9813.

N-(4- FF R T g 5 )-4- — U AR R Bk R (30): A
EAER, 773 90%. m.p. 127.8~128.8 “C; '"H NMR (600
MHz, DMSO-de) d: 12.33 (s, 1H), 7.77 (d, J=8.4 Hz, 2H),
7.40 (d, J=17.8 Hz, 2H), 7.27 (s, 4H), 3.60 (s, 2H), 2.38 (s,
3H); 3C NMR (150 MHz, DMSO-ds) 6: 169.14, 147.34,
144.32, 136.30, 133.40, 131.33, 129.54, 127.61, 120.91,
41.10, 21.05 (OCF; 5 HAthlg#E 5); HRMS (ESI) caled
for C16H1sFaNO4S [M+H]" 374.0674, found 374.0668.

N-(4-F R Bt IoE 5 )-4- UL R Ok (3g): 1 Bl 1k,
FEER 86%. m.p. 216.9~217.7 ‘C; 'H NMR (600 MHz,
DMSO-ds) d: 12.39 (s, 1H), 7.78 (d, J=8.4 Hz, 2H), 7.75
(d, J=8.4 Hz, 2H), 7.41 (d, J=7.8 Hz, 2H), 7.35 (d, J=
7.8 Hz, 2H), 3.69 (s, 2H), 2.39 (s, 3H); *C NMR (150
MHz, DMSO-ds) 6: 168.61, 144.36, 139.67, 136.22,
132.16, 130.59, 129.56, 127.60, 118.81, 109.80, 41.80,
21.09. HRMS (ESI) caled for Ci¢HisN,03S [M+H]"
315.0803, found 315.0799.

N-(4- I 2R T I 2% )-2- F AR 0K W2 (3h): - £l
&, 77% 92%. mp. 132.6~133.5 ‘C; 'H NMR (600
MHz, DMSO-de) d: 12.16 (s, 1H), 7.79 (d, J=7.8 Hz, 2H),
7.42 (d, J=6.6 Hz, 2H), 7.20 (t, J=8.4 Hz, 1H), 7.04 (d,
J=6.6 Hz, 1H), 6.88 (d, J=7.8 Hz, 1H), 6.82 (t, J=7.2
Hz, 1H), 3.56 (s, 3H), 3.49 (s, 2H), 2.39 (s, 3H); *C NMR
(150 MHz, DMSO-ds) 0: 169.57, 157.11, 144.15, 136.64,
131.13, 129.50, 128.50, 127.59, 122.66, 120.11, 110.59,
55.19, 37.09, 21.10. HRMS (ESI) caled for Ci6HisNO4S
[M+H]" 320.0957, found 320.0965.

N-(4-FHORTE T 58 )-2- 9 0K S BER% (31): A il 4k, 7=
# 88%. m.p. 117.6~118.5 C; 'H NMR (600 MHz,
DMSO-de) J: 12.36 (s, 1H), 7.79 (d, J=8.4 Hz, 2H), 7.42
(d, J=7.8 Hz, 2H), 7.33~7.27 (m, 1H), 7.23 (t, J=7.2
Hz, 1H), 7.16~7.08 (m, 2H), 3.63 (s, 2H), 2.39 (s, 3H);
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13C NMR (150 MHz, DMSO-ds) 6: 168.45, 160.57 (d, J=
244.6 Hz), 144.33, 136.37, 132.11 (d, J=4.0 Hz), 129.58,
129.26 (d, J=8.1 Hz), 127.60, 124.26 (d, J=3.0 Hz),
121.13 (d, J=16.0 Hz), 115.03 (d, J=21.5 Hz), 35.53,
21.09. HRMS (ESI) caled for CisH;sFNOsS [M+H]"
308.0757, found 308.0756.

N-(4-H RTS8 ) - 2- U Bk (3)): A EultilAAk, 7=
£ 89%. m.p. 150.3~151.3 C; 'H NMR (600 MHz,
DMSO-ds) d: 12.37 (s, 1H), 7.79 (d, J=7.2 Hz, 2H), 7.42
(d, J=8.4 Hz, 2H), 7.37 (d, J=7.8 Hz, 1H), 7.31~7.22
(m, 3H), 3.73 (s, 2H), 2.39 (s, 3H); '*C NMR (150 MHz,
DMSO-ds) 0: 168.43, 144.24, 136.35, 133.62, 132.39,
132.36, 129.51, 128.99, 128.97, 127.62, 127.06, 39.97,
21.10. HRMS (ESI) caled for C;sH;sCINO;S [M+H]"
324.0461, found 324.0457.

N-(4-F 2R T It i ) - 2- VR 2K Tt i (3K): 1 B B 4k,
FEE 90%. m.p. 166.9~167.9 C; '"H NMR (600 MHz,
DMSO-ds) d: 12.38 (s, 1H), 7.80 (d, J=8.4 Hz, 2H), 7.53
(d, J/=7.8 Hz, 1H), 7.42 (d, J=7.8 Hz, 2H), 7.32~7.26
(m, 2H), 7.18 (t, J=7.2 Hz, 1H), 3.74 (s, 2H), 2.39 (s, 3H);
3C NMR (150 MHz, DMSO-ds) 6: 168.36, 144.21,
136.33, 134.18, 132.48, 132.21, 129.49, 129.17, 127.66,
127.60, 124.46, 42.36, 21.10. HRMS (ESI) calcd for
Ci5H;sBrNO;S [M+H]" 367.9956, found 367.9953.

N-(4- F 28Tk 58 )-2,4- — 50K W 31): Al
%, P5E 90%. m.p. 156.8~157.7 C; 'H NMR (600
MHz, DMSO-ds) d: 12.40 (s, 1H), 7.79 (d, J=8.4 Hz, 2H),
7.55 (s, 1H), 7.42 (d, J=7.8 Hz, 2H), 7.37~7.31 (m, 2H),
3.74 (s, 2H), 2.39 (s, 3H); 3C NMR (150 MHz, DMSO-ds)
9: 168.11, 144.25, 136.31, 134.60, 133.64, 132.67, 131.56,
129.50, 128.44, 127.61, 127.19, 40.04, 21.09. HRMS (ESI)
caled for C;sH14CLNOsS [M+H] " 358.0071, found
358.0066.

N-(4- F ORI P 35 )-2- 1R -4- 30K L kA% (3m): [ £ [
i, PEF 87%. mp. 1282~129.1 C; 'H NMR (600
MHz, DMSO-de) d: 12.37 (s, 1H), 7.79 (d, J=8.4 Hz, 2H),
7.51 (dd, J=8.4, 2.4 Hz, 1H), 7.41 (d, J=7.8 Hz, 2H),
7.37~7.31 (m, 1H), 7.19 (dd, J=8.4, 6.0 Hz, 1H), 3.74 (s,
2H), 2.39 (s, 3H); *C NMR (150 MHz, DMSO-ds) o
168.34, 160.97 (d, J=247.9 Hz), 144.24, 136.35, 133.63
(d, J=8.5 Hz), 130.66 (d, J=3.1 Hz), 129.51, 127.68,
124.58 (d, J=9.7 Hz), 119.31 (d, J=24.7 Hz), 114.61 (d,
J=20.8 Hz), 41.51, 21.11. HRMS (ESI) calcd for C;sHs-
BrFNO;S [M+H]" 385.9862, found 385.9856.

N-(4-F 2 Bt 5 2 ) - 3- 9o -4- F AR L K 2Tk % (3m): (A
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EER, 773 91%. m.p. 106.8~107.7 “C; '"H NMR (600
MHz, DMSO-de) J: 12.26 (s, 1H), 7.77 (d, J=8.4 Hz, 2H),
7.40 (d, J=7.8 Hz, 2H), 7.06 (t, J=9.0 Hz, 1H), 6.99 (d,
J=12.6 Hz, 1H), 6.91 (d, J=8.4 Hz, 1H), 3.79 (s, 3H),
3.48 (s, 2H), 2.39 (s, 3H); '3C NMR (150 MHz, DMSO-ds)
d: 169.32, 151.08 (d, J=243.3 Hz), 146.10 (d, /=103
Hz), 14432, 136.34, 129.44 (d, J=30.4 Hz), 127.62,
126.56 (d, J=6.7 Hz), 125.61 (d, J=2.6 Hz), 116.83 (d,
J=18.3 Hz), 113.59, 55.91, 40.89, 21.07. HRMS (ESI)
caled for C;sH;7FNO,S [M + H] © 338.0862, found
338.0858.

N-(4- P 2R R L 95 )-2- 28 2 Wi B (30): A (R [E 4K, 7=
#Z 86%. m.p. 180.1~181.0 C; 'H NMR (600 MHz,
DMSO-ds) d: 12.47 (s, 1H), 7.90 (d, J=7.8 Hz, 1H),
7.85~7.78 (m, 3H), 7.76 (d, J=8.4 Hz, 1H), 7.44~7.37
(m, 2H), 7.44~7.37 (m, 3H), 7.34 (d, J=7.2 Hz, 1H),
4.04 (s, 2H), 2.37 (s, 3H); 3C NMR (150 MHz, DMSO-ds)
5: 169.49, 144.29, 136.32, 133.32, 131.70, 130.66, 129.55,
128.49, 128.20, 127.67, 127.62, 126.18, 125.77, 125.48,
123.80, 39.56, 21.08. HRMS (ESI) calcd for CioH;sNOsS
[M+H]" 340.1007, found 340.1006.

N-ZR T ok 5 -4- L 2R 2 Tk B (3am): 1 0 [l 4%, 7=
£ 95%. m.p. 135.0~1359 C; 'H NMR (600 MHz,
DMSO-ds) 6: 12.33 (s, 1H), 7.92~7.87 (m, 2H), 7.70 (t,
J=17.8 Hz, 1H), 7.61 (t, J=7.8 Hz, 2H), 7.07 (d, J=7.8
Hz, 2H), 7.02 (d, J=7.8 Hz, 2H), 3.49 (s, 2H), 2.25 (s,
3H); '3C NMR (100 MHz, DMSO-ds) J: 169.25, 138.97,
135.73, 133.42, 130.56, 128.86, 128.67, 127.24, 41.63,
20.66. HRMS (ESI) caled for C;sH;¢NO;S [M+H]"
290.0851, found 290.0847.

N-(4- FA8 56 R AR Ik 3k )-4- F L K 2T 1% (3ab): [
AR, 723 93%. m.p. 139.1~140.0 ‘C; 'H NMR (600
MHz, DMSO-de) d: 12.17 (s, 1H), 7.82 (d, J=8.4 Hz, 2H),
7.11 (d, J=8.4 Hz, 2H), 7.07 (d, J=7.2 Hz, 2H), 7.02 (d,
J=17.2 Hz, 2H), 3.84 (s, 3H), 3.46 (s, 2H), 2.25 (s, 3H);
3C NMR (100 MHz, DMSO-ds) 6: 169.03, 162.72,
135.65, 130.62, 130.40, 129.66, 128.82, 128.62, 113.97,
55.69, 41.61, 20.68. HRMS (ESI) caled for [M+H]"
C16H1sNO4S 320.0957, found 320.0954.

N-(4- ORI 5L )-4- LR 2 1 % (3ac): LB,
7% 92%. mp. 156.3~157.3 ‘C; 'H NMR (600 MHz,
DMSO-ds) 6: 12.40 (s, 1H), 7.98 (dd, J=8.4, 5.4 Hz, 2H),
7.45 (t, J=9.0 Hz, 2H), 7.08 (d, J=7.8 Hz, 2H), 7.03 (d,
J=17.8 Hz, 2H), 3.50 (s, 2H), 2.25 (s, 3H); *C NMR (100
MHz, DMSO-ds) 0: 169.28, 164.45 (d, J=251.7 Hz),
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135.71, 135.17 (d, J=3.0 Hz), 130.58, 130.46 (d, J=3.3
Hz), 128.82, 128.63, 116.09 (d, J=22.9 Hz), 41.62, 20.68.
HRMS (ESI) caled for C;sHisFNOsS [M+H]" 308.0757,
found 308.0753.

N-(4- PR ok 56 )-4- 1 L 2K 20 Tk % (3ad): 1 00 [
i, PEE 92%. mp. 169.1~170.0 ‘C; 'H NMR (600
MHz, DMSO-ds) d: 12.44 (s, 1H), 7.88 (d, J=8.4 Hz, 2H),
7.68 (d, J=7.8 Hz, 2H), 7.07 (d, J=7.8 Hz, 2H), 7.02 (d,
J=7.8 Hz, 2H), 3.48 (s, 2H), 2.24 (s, 3H); '*C NMR (100
MHz, DMSO-ds) J: 169.42, 13838, 137.75, 135.75,
130.45, 129.27, 129.02, 128.86, 128.66, 41.63, 20.65.
HRMS (ESI) caled for CisHisCINOsS [M+H]" 324.0461,
found 324.0455.

N-(4-IR SRR )-4- B K 2 Bk i (3ae): 1 £ [ 44,
% 91%. mp. 166.9~167.9 ‘C; 'H NMR (600 MHz,
DMSO-ds) d: 12.44 (s, 1H), 7.83 (d, J=9.0 Hz, 2H), 7.80
(d, J=9.0 Hz, 2H), 7.08 (d, J=7.8 Hz, 2H), 7.03 (d, J=
7.8 Hz, 2H), 3.49 (s, 2H), 2.25 (s, 3H); 3C NMR (100
MHz, DMSO-ds) &: 169.48, 138.24, 135.73, 131.95,
130.48, 129.30, 128.87, 128.66, 127.43, 41.68, 20.67.
HRMS (ESI) caled for CisH;sBrNOsS [M + H] '
367.9956, found 367.9945.

N-(4- =5 F AU R I 225 )-4- P R O 2 Tt i (Baf):
HEE K, P25 90%. mp. 109.8~110.7 ‘C; 'H NMR
(600 MHz, DMSO-ds) d: 12.48 (s, 1H), 8.02 (d, J=9.0 Hz,
2H), 7.61 (d, J=8.4 Hz, 2H), 7.07 (d, J=7.8 Hz, 2H), 7.02
(d, J=7.8 Hz, 2H), 3.50 (s, 2H), 2.25 (s, 3H); '*C NMR
(100 MHz, DMSO-ds) d: 169.47, 151.33, 137.68, 135.76,
130.44, 130.10, 128.85, 128.65, 120.96, 41.63, 20.62
(OCF3 carbons are merging with other peaks); HRMS
(ESI) caled for Ci6HsFsNO4S [M+H]" 374.0674, found
374.0668.

N-(4- F AR L PRI 22 )-4- H 36 5 2 Bk % (Bag): A
O E AR, 723 88%. m.p. 172.5~173.5 “C; 'H NMR (600
MHz, DMSO-ds) d: 12.51 (s, 1H), 8.14 (d, J=7.8 Hz, 2H),
8.03 (d, J=8.4 Hz, 2H), 7.06 (s, 2H), 7.03 (d, J=7.8 Hz,
2H), 3.90 (s, 3H), 3.51 (s, 2H), 2.24 (s, 3H); 3C NMR
(100 MHz, DMSO-ds) J: 169.44, 164.65, 142.73, 135.74,
133.61, 130.37, 129.60, 128.85, 128.64, 127.70, 52.64,
41.68, 20.67. HRMS (ESI) calcd for Ci7H;7NNaOsS [M+
Na]” 370.0725, found 370.0714.

N-(3- T 2R T It 5 )-4- FY B 0K 2k Jiz (3ah): 1 €2 [
K, FEE 92%. mp. 125.1~126.0 ‘C; 'H NMR (600
MHz, DMSO-ds) 6: 12.78 (s, 1H), 8.06 (d, J=7.8 Hz, 1H),
7.71~7.63 (m, 2H), 7.57 (t, J=7.8 Hz, 1H), 7.48 (d, J=
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7.2 Hz, 2H), 7.13 (d, J=7.8 Hz, 2H), 3.61 (s, 2H); 1*C
NMR (100 MHz, DMSO-ds) 6: 168.77, 161.00 (d, J=
247.8 Hz), 140.82 (d, J=7.2 Hz), 135.76, 131.32 (d, J=
7.9 Hz), 130.38, 128.85, 128.65, 123.46 (d, J=2.7 Hz),
120.69 (d, J=20.8 Hz), 114.33 (d, J=24.7 Hz), 41.12,
20.68. HRMS (ESI) calcd for Ci4H;;BrCINNaOsS [M—+
Na]" 409.9229, found 409.9206.

N-(3- SRR T 55 )-4- F DR 2 Bk i (3ai): A B4,
% 91%. m.p. 162.5~163.5 ‘C; '"H NMR (600 MHz,
DMSO-ds) d: 12.49 (s, 1H), 7.85 (d, J=8.4 Hz, 2H), 7.80
(s, 1H), 7.66 (d, J=7.8 Hz, 1H), 7.08 (d, J=7.2 Hz, 2H),
7.03 (d, J=7.8 Hz, 2H), 3.51 (s, 2H), 2.25 (s, 3H); 13C
NMR (100 MHz, DMSO-ds) d: 169.46, 140.62, 135.76,
133.41, 133.29, 130.97, 130.35, 128.83, 128.66, 126.83,
125.92, 41.69, 20.70. HRMS (ESI) caled for C;sH;4Cl-
NNaO3;S [M+Na]" 346.0281, found 346.0272.

N-(3-VELR T 58 )-4- H B 0K OBk (3aj): A (il 4k,
P23 92%. m.p. 186.2~187.2 ‘C; 'H NMR (600 MHz,
DMSO-ds) 6: 12.50 (s, 1H), 7.97 (s, 1H), 7.93 (d, J=7.8
Hz, 1H), 7.89 (d, J=7.8 Hz, 1H), 7.58 (t, J=7.8 Hz, 1H),
7.09 (d, J=7.8 Hz, 2H), 7.04 (d, J=7.8 Hz, 2H), 3.51 (s,
2H), 2.25 (s, 3H); *C NMR (100 MHz, DMSO-ds) o:
169.45, 140.74, 136.26, 135.75, 131.15, 130.34, 129.59,
128.82, 128.66, 126.26, 121.50, 41.69, 20.70. HRMS (ESI)
caled for CisHsBrNNaOsS [M+Na]* 389.9776, found
389.9763.

N-(3-FiFf 22 S T 5% ) -4- FH SR 2 T i (3ak): [ ]
&, 73 87%. m.p. 140.1~140.9 C; 'H NMR (600
MHz, DMSO-ds) 0: 12.69 (s, 1H), 8.57 (s, 1H), 8.54 (d,
J=8.2 Hz, 1H), 8.32 (d, J=7.8 Hz, 1H), 7.92 (t, J=8.0
Hz, 1H), 7.07 (d, J=7.8 Hz, 2H), 7.03 (d, J=7.8 Hz, 2H),
3.53 (s, 2H), 2.24 (s, 3H); 3C NMR (150 MHz, DMSO-ds)
: 170.08, 147.59, 140.50, 136.12, 133.63, 131.24, 130.49,
129.17, 128.94, 128.32, 122.52, 41.75, 20.63. HRMS (ESI)
caled for C;sHi4NaNaOsS [M+Na]® 357.0521, found
357.0512.

N-(2-H L DR T I 06 )-4- FHE R 2 Bt i (3al): 1 o]
&, 77% 90%. m.p. 139.1~140.0 ‘C; 'H NMR (600
MHz, DMSO-de) d: 12.40 (s, 1H), 7.91 (d, J=7.8 Hz, 1H),
7.56 (t, J=7.8 Hz, 1H), 7.39 (dd, J=13.8, 7.2 Hz, 2H),
7.07 (d, J=7.8 Hz, 2H), 7.02 (d, J=7.8 Hz, 2H), 3.50 (s,
2H), 2.53 (s, 3H), 2.25 (s, 3H); 3C NMR (100 MHz,
DMSO-ds) o: 169.10, 137.01, 136.64, 135.72, 133.29,
132.06, 130.63, 130.00, 128.81, 128.65, 125.90, 41.64,
20.65, 19.50. HRMS (ESI) calcd for C6HisNOsS [M+
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H]" 304.1007, found 304.1001.

N-(Q2- T AT I 522 )-4- FH B 2K 2 I i (Bam): [ 4 ]
K, 23 90%. mp. 112.5~113.4 ‘C; 'H NMR (600
MHz, DMSO-de) d: 12.73 (s, 1H), 7.90 (t, J=7.2 Hz, 1H),
7.76 (d, J=5.4 Hz, 1H), 7.45 (t, J=9.6 Hz, 1H), 7.41 (t,
J=17.8 Hz, 1H), 7.08 (d, J=7.8 Hz, 2H), 7.04 (d, J=7.8
Hz, 2H), 3.54 (s, 2H), 2.25 (s, 3H); 3C NMR (100 MHz,
DMSO-ds) 6: 169.41,157.87 (d, J=254.5 Hz), 136.29 (d,
J=8.6 Hz), 135.73, 130.96, 130.43, 128.77, 128.65,
126.53 (d, J=12.9 Hz), 124.56 (d, J=3.7 Hz), 116.93 (d,
J=20.5 Hz), 41.55, 20.68. HRMS (ESI) calcd for C;sH4F-
NNaO;S [M+Na]* 330.0576, found 330.057.

N-(Q2-F AR BE S )-4- 2K 2 W% (3an): [ (4[]
&, 2% 91%. m.p. 162.2~163.1 C; 'H NMR (600
MHz, DMSO-ds) 6: 12.73 (s, 1H), 8.06 (d, J=7.8 Hz, 1H),
7.73~7.65 (m, 2H), 7.57 (t, J=7.2 Hz, 1H), 7.08 (d, J=
7.8 Hz, 2H), 7.04 (d, J=7.8 Hz, 2H), 3.55 (s, 2H), 2.25 (s,
3H); 3C NMR (100 MHz, DMSO-ds) 6: 169.24, 135.91,
135.70, 134.88, 131.93, 131.38, 130.40, 130.37, 128.83,
128.62, 127.37, 41.41, 40.13, 39.92, 39.71, 39.50, 39.29,
39.09, 38.88, 20.68. HRMS (ESI) calcd for C;sH;4CIN-
NaOsS [M+Na]" 346.0281, found 346.0273.

N-(2- 1R T Tk 5 )-4- F B 0K 2, T8t iz (3a0): 1 £ [
i, P5E 89%. m.p. 158.2~159.0 ‘C; 'H NMR (600
MHz, DMSO-ds) 6: 12.73 (s, 1H), 8.09 (dd, J=7.8, 1.8
Hz, 1H), 7.85 (d, J=7.8 Hz, 1H), 7.62~7.57 (m, 2H),
7.08 (d, J=7.8 Hz, 2H), 7.05 (d, J=8.4 Hz, 2H), 3.55 (s,
2H), 2.25 (s, 3H); BC NMR (100 MHz, DMSO-d) §:
169.27, 137.67, 135.74, 134.94, 134.80, 132.27, 130.48,
128.94, 128.66, 127.88, 118.90, 41.41, 20.67. HRMS (ESI)
caled for C;sH;sBrNOsS [M + H] " 367.9956, found
367.9949.

N-Q2- =900 H R ORI 08 )-4- H K 2 2 (3ap):
E AR, 723 86%. m.p. 124.7~125.6 “C; 'H NMR (600
MHz, DMSO-ds) 6: 12.69 (s, 1H), 8.29 (d, J=7.2 Hz, 1H),
7.99 (d, J=7.8 Hz, 1H), 7.90 (t, J=5.4 Hz, 2H), 7.08 (d,
J=7.8 Hz, 2H), 7.05 (d, J=7.8 Hz, 2H), 3.56 (s, 2H), 2.24
(s, 3H); 3C NMR (100 MHz, DMSO-ds) 6: 169.38,
136.95, 135.77, 133.99, 132.90, 132.74, 130.35, 128.91,
128.64, 128.03 (q, J=6.0 Hz), 125.94 (q, J=32.6 Hz),
123.88, 121.16, 41.54, 20.66. HRMS (ESI) calcd for
C16H14F3NNaO;S [M+Na]" 380.0544, found 380.0536.

N-(2- W T Tk gk 56 )-4- FF R O 2 Tk % (Baq): 1 0 [
i, P2 87%. mp. 172.4~1732 C; 'H NMR (600
MHz, DMSO-ds) 6: 12.48 (s, 1H), 8.03 (d, J=4.8 Hz, 1H),
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7.76 (d, J=3.6 Hz, 1H), 7.19 (t, J=4.2 Hz, 1H), 7.09 (d,
J=17.8 Hz, 2H), 7.05 (d, J=7.8 Hz, 2H), 3.51 (s, 2H), 2.25
(s, 3H); 3C NMR (150 MHz, DMSO-ds) J: 169.64,
139.50, 136.04, 134.73, 134.25, 130.78, 129.13, 128.96,
127.51, 41.71, 20.67. HRMS (ESI) caled for Ci3H14NOsS,
[M-+H]" 296.0415, found 296.0412.
323 AT RFEMHRE

eI ARE: 4k &% 3a~30 1 3aa~3aq, DMSO-ds,
K FhF.

WY AR ES: P, SRR (w=0.1%)TH B, Vi
T HIRP T3 NS 9% S (B WK 4R), B S2 56 2 I N AR R At
FI(RIGH: —EFREFEUEMHER, ZTHH: 0.5%
DMSO-ds), HHRRF =5 R RE 7= (H IR B 100%,
14 h/26 °C; J&:lE 0%, 10 h/26 C). £ 24 hidsk—k K
L R EFE(Y%) =1 = R FHUFIEE X 100%,
H12(%) = [(1 — LI 2H R 2 2%/ 78 AR 2 3) X 100%).

4 BI#1 K (Supporting Information) L&) 3a~30
3aa~3aq ) '"H NMR 1 '°C NMR i . X448 nr e
G B WAST R 3 (http://sioc-journal.cn/)_I T %,
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