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Michael Addition and Tandem Reaction of Aminothiphenols with a,(-
Unsaturated Ketones with High Steric Hindrance Catalyzed by
CeCl3*7H,0-Nal Supported on SiO, Microsphere

Zhang, Yiyang Mu, Boshuai Li, Yuan®
(College of Chemistry and Material Science, Hebei Normal University, Shijiazhuang 050024)

Abstract Using SiO, microsphere with size of 5 um as support, CeCl;*7H,0-Nal/SiO, supported catalyst was prepared and
characterized by SEM, EDS and XDR techniques and its catalytic performance for Michael addition and tandem Michael addi-
tion/condensation reactions between aminothiophenols and a,f-unsaturated ketones with high steric hindrance were investi-
gated. The experimental results showed that CeCl;*7H,0-Nal/SiO, can catalyzed above reactions in moderate to good yields.
When the catalyst was used fifth times, its morphology was largely unchanged, but its catalytic activity decreased for losing of
small amounts of metal cerium in the process of catalyzing. It was also found that CeCl;*7H,0-Nal/SiO, can catalyze both the
Michael addition of aminothiophenols to a,f-unsaturated ketones and the condensation reaction between ketones and amines.
Keywords Michael addition; tandem reaction; CeCl3*7H,0-Nal; SiO, microsphere; supported catalyst
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Figure 1 SEM images of column chromatography silica gel (a) and thin layer chromatography silica gel (b)
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Scheme 1 Reaction of aminothiophenols with a,f-unsaturated ketones catalyzed by CeCl;*7H,0-Nal/SiO,
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Figure 2 SEM images of SiO, microsphere (a~c) and CeCl;*7H,0O-Nal/SiO, catalyst (d~f)

itska
»
Q
o >
] 3
c c
3 2 ‘ | it4tb

. w;. IWH’JWMMWMMMMNMMMMMW

50 60 70 80

V.
ke
Energy/kev mm\mhkdummmmu‘muu_m.“._..u. bt
10 20 30 40

B3 CeCly7H,0-Nal/SiO, fi Ak 7f EDS it 20

Figure 3 EDS spectra of CeCl;*7H,0-Nal/SiO, catalyst B4 #ik, (AR5 A, b, ¢)HI XRD Kl
121 BB EHH®IL Figure 4 XRD patterns of supporter, catalyst and supported

catalyst (a, b, ¢)
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B | (a) Si0, 1FK, (b) CeCly*7H,0-Nal, (c) CeCly*7H,0-Nal/SiO,
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Table 1 Reaction of 2a with 11 under different experimental conditions “

Entry Catalyst Molar ratio of 11 © cat.  Solvent Time/h Yield®/% of 3+4 Ratio® of 3 : 4
1 CeCl3*7H,0-Nal/Si0, 10 0 1 CHCl; 2 72 55017
2 CeCl3*7H,0-Nal/Si0, 501 CHCl; 2 76 50 1 26
3 CeCl3*7H,0-Nal/Si0, 21 CHCl; 2 78 42 736
4 CeCl3*7H,0-Nal/Si0, 1:1 CHCl; 2 90 37 053
5 CeCl3*7H,0-Nal/Si0, 1:1 CHCl; 1 60 42 118
6 CeCl3*7H,0-Nal/Si0, 1:1 CHCl; 3 88 36 .52
7 CeCl3*7H,0-Nal/Si0, 1:1 CHCl; 4 73 20 153
8 CeCl3*7H,0-Nal/Si0, 1:1 CH;CN 2 69 52 017
9 CeCl3*7H,0-Nal/Si0, 1:1 CH;0H 2 61 46 15
10 HOAc 10:1 CH;0H 2~12 Trace® —
11 HOACc 201 CH;0H 12 10 —
12 HOAc 1:1 CH;0H 2~12 Trace® —
13 TsOH 10 0 1 CH;0H 12 10 —
14 TsOH 201 CH;0H 12 27 —
15 TsOH 1:1 CH;0H 12 20 —
16 HClO,-Si10, 10 0 1 CH;0H 2~10 0° —
17 FeCl; 10 0 1 CHCl; 2~10 0° —
18 — — CHCl; 2~12 — —

“Reaction temperature: reflux temperature, 7(1) : n(2)=1: 1.2; "HPLC yield by the internal standard curve method; ¢ Monitored by TLC.
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VL, WEREA AR, id &N LT (Entry 18).
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iz el 445 45 B B S LR B IR B R A7 1 06 7= (73 % ~ 87 %,
Entries 1~12), H&M#EIRR. 2 4-50-2-2 R0
(2b)VESE A% [ 37 7= 266 BT R B (61%~65%, En-
tries 13~16), AIAER RN 2b 2T &R T HIHL T2
N, BRI T BE T RIE . ASGEMFAL T Michael Jin
B5 Michael N0 FHR4E A B B0 B 36 4. 5 SRR
B, 1087 S8 AR B T, Michael MR 3 1
IR L) 4 RIS AEAE; SRR ST IR £ 2 S
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Table 2 Reaction of 2-aminothiophenols with a,f-unsaturated
ketones catalyzed by CeCl;*7H,0-Nal/SiO,

5/

Amino ) Isolated 3 : 4
Entry Enone thiophenol 4 Timeh yield/% ratio”
1 1a 2a 3aa 4aa 2 75 38 .37
2 1b 2a 3ba 4ba 2 86 48 .38
3 1c 2a 3ca 4ca 2 84 58 .26
4 1d 2a 3da 4da 2 82 50.32
5 1le 2a 3ea dea 2 74 35:.27
6 1f 2a 3fa dfa 2 80 43 .37
7 1g 2a 3ga 4ga 2 87 57 :30
8 1h 2a 3ha 4ha 2 82 54 .28
9 1i 2a 3ia dia 2 73 57 .16
10 1j 2a 3ja 4ja 2 84 68 .17
11 1k 2a 3ka 4dka 2 86 40 . 46
12 11 2a 3la dla 2 82 52:.30
13 1b 2b 3bb 4bb 6 61 39:22
14 1c 2b 3cb 4cb 6 64 45:19
15 1d 2b 3db 4db 6 64 40 24
16 1k 2b 3kb 4kb 6 65 34 :31
17 1a 2a 3aa 4aa 8 44¢
18 1b 2a 3ba 4ba 6 49¢
19 i 2a 3ia 4ia 6 s8¢ —d
20 1j 2a 3ja 4ja 6 53¢ ¢

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: reflux temperature, CHCl; as solvent, n(CeCl3*7H,0) -
a(D)=1:1, n(1) : n(2)=1: 1.2; * The ratio is determined by isolated yield;
“Yield of compounds 4; “Not determined.
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(SR, B A2 T Si0, fER A A7 3T 2 B FHRE IR 1)
CeCl3*7H,0-Nal/SiO, FIEMMEREIEAT TR H(E 3), K
LRI AL P (84% ~86%, Entries 1, 3, 5)H 4T
J5i # (58%~64%, Entries 2, 4, 6), XAl RE T T
Si0, BRI CeCly»7TH,0-Nal 2Bk 2 W B 2 [ 4 %
#3 AR SO, H# I CeCly7H,0-Nal AL o, f-AHANEH 5
2-IE TR ) Michael HIJk K e e 1B S 7 @
Table 3 Reaction of 2-aminothiophenol with a,f-unsaturated
ketones catalyzed by CeCl;*7H,0-Nal supported on different
kind of SiO,

Entry Enone Amino 4 Support’ Isolated 3 : 4
thiophenoe yield/% ratio®
1 1c 2a 3ca 4ca A 84 58126
2 1c 2a 3ca 4ca B 58 40:18
3 1j 2a 3ja 4ja A 84 6317
4 1j 2a 3ja 4ja B 64 4816
5 1k 2a 3ka 4ka A 86 40 : 46
6 1k 2a 3ka 4ka B 64 29 .35

¢ Reaction conditions: reflux temperature, CHCl; as solvent, 2 h,

n(CeCly*7H,0) : n(1)=1":1, n(1) : n(2)=1: 1.2; * A is SiO, microspheres,
B is chromatography silica gel; “ The ratio is determined by isolated yield.
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FE THEAFIE 5 IREOIEIL, B AL SR 7
HKER 4 BEAFIER] 4 KA SEM(E 5), EDS(IA 6)i
DA K 4 @ i) 2 & USRI AR R 2, B4
KRG RHE RO IE, HIEERFIGRIEDE 3 IR, IEHAE R
TR B, AR R & s R ICP-MS
5.

£ 4 CeCly»TH,0-Nal/SiO, [y # & {8 Fi PR 58 ¢
Table 4 Reusability of CeCl;*7H,0-Nal/SiO, in reaction of 2a

with 1¢
Frequency of use 1 2 3 4 5
Isolated yield/% 81 76 68 64 56

“ Reaction conditions: reflux temperature, CHCl; as solvent, 2 h, n(CeCls®
7TH,0) : n(1)=1:1,n(1) : n(2)=1: 1.2.

H# 4 T LLE H, (AR EE 5 {8 A O AR e A R R
FIP= AR RS PR, RS 5 IREE, P20 56%, B
K7 25%.

AR, (/4 DU A A TR T k)
K, HEE 5 o7, MK L, S5Hih& it
FIAR bE TG B A2 4. EDS 5B 6)3 BRI 4 ot &
IAEAE T8 ARETH. ICP-MS Wl £ W, EHIED) &
JEAI S BN 4.705 mg, GEMFIHEITRER 6.73%,
Ut B AL FAE AR B e RSO FE R, &R i b Bk,
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Figure 5 SEM images of CeCly*7H,0-Nal/SiO, catalyst used
four times
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B 6 HEHEMH 4 G CeClyTH0-Nal/SiO, Fk 1671
EDS it
Figure 6 EDS spectra of CeCl3*7H,0-Nal/SiO, catalyst used
four times
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4ka FAL(TLC WMEER), EMHELFRIMENT, 2 h 1
dia~dka 7= 3IEF] T 73%HM 75%. 1] 0L, AT
WG HR B S I H R 7 A S5 R R A A .

£S5 CeCly7TH,0-Nal/SiO, MG 3 #Ab oy 4 IEAIER ¢

Table 5 Effect of CeCl;*7H,0-Nal/SiO, on conversion of
compounds 3 to 4

Isolated

Entry Reactant Product Catalyst yield/%
1 3ia 4ia CeCly+7H,0-Nal/SiO, 75

2 3ia 4ia — Trace®
3 3ja 4ja CeCly+7H,0-Nal/SiO, 75

4 3ja 4ja — Trace®
5 3ka 4ka CeCly+7H,0-Nal/SiO, 73

6 3ka 4ka — Trace”

a

Reaction conditions: reflux temperature, CHCl; as solvent, 2 h,
n(CeCl3*7H,0) - n(1)=1:1,n(1) : n(2)=1:1.2; ® Monitored by TLC.

2 Zhig

DIKIAEA S um (1) SiO, fERNEAR, % TSI
1) IR CeClyeTH,O-Nal #EALF, I T AR 5
TRy AR S m AL P o, - ANHELFNER ) Michael Jifi
B Michael I & RR4SE & 5 BCRONL. BT 97 25 SRR A,
AT BE A UL IR OB, 2-% 3 FR R I (2a) 15 5
FZARFET, N2 hg = 2k B 73%~87%, A% LR
(1) 4-5F-2-F R Q)ESEAZ AN, KM 6 h L7~
FHILE] 61%~65%, MM WA FEA Lewis BN LA B
RMJVETER. 5508 T BN AR CeCly7TH,0-Nal
L, ET SiO, fER L) CeCly7H,0O-Nal AL RUR
BT, MR R A ZE 20% 4. B FLIR R B,
ZAMEAL TS Michael i 46 75 5 5N 1 1 25
ML AR A, fEAGRIA — e E SR M, R
5 IREF, ATHEACR M= 81% KN 56%, fELH)
T ) < JeB A AU 2Kt FLAHE A v M PR A ) 32 LA

3 S
3.1 UHFES5HF

2-B BRI (AT 99%); 4-F-2-FFE AR (Ll T
99%); CeCly*7H,O(4liJE 98%); SiO, ERCKIE: 5 um, Eb
KA 42 m¥g, FL4%: 37 A, FLAEFH: 0.10 ecm’/g); HA
AN i at, Rl T 7 oK AL 2.

X-4 U 5B AU R e A (T R IR T AR A
BHRTAEAF]); AVIIIS00Q Rt SHEMILIRIL, Apex
Ultra B! & 0 R 3% 4%, Vertex 70 B! FTIR St 4%, INCA
Energy 350 il fll D8 ADVANCE #-X 2R AT Y
(& Bruker 2~ 7#]); Waters 1525 & R AH (i (36 [E
Waters 2~ F]); X Series 2 HLEUE & &5 5 T4 5 15 (& [
Thermo Fisher Scientific); S-4800 3% & & Ei(H 4
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Hitachi).
32 ZLWHE
3.2.1 B 69 H] & B KA

TR 1] %% FREL 0.30 g SiO, fik, 0.19 ¢
(0.50 mmol) CeCl;*7H,0 F1 0.15 g (1.00 mmol) Nal i A
F) 25 mL FE B, FIIA 15.0 mL oK ZEEEHN
WA, = N RESERE 2 h, BE 12 h, NS HEE
A g, BENRE R K.

XRD JUik: Cu #E, Ko 28, 1=0.154056 nm, 26 £ /&%
N 5°~80°, FAHIESE 0.2 s/step, HLJE 40 kV, HI 40
mA; SEM Wik #fEHIE 3 kv, #EHR 10 mA; EDS
TR ER1E R 20 kV, EREHIR 10 mA.

3.2.2 14k Michael 72 5% & Michael 7m pk,—fiic BR 48 &~ &
B BB SR B

If1] SN PRI 0.64 g [E#A#AL7) . 0.5 mmol
&Y 1 1 6.0 mL CHCL, JiFA[EHA 10 min, AIA 0.75
mmol 2-Z /4 F-2-F K 2, L —ERf[E], AE
Z IR EYE, IRAF A CRRY), X HPIR AT A
EMTE, BRI 3 4. o, f-ANHURNER 1256 SCRR[15]
PaRr e
3.3 ESEIRE

3-[(2- K TR L P ik )-(4- VR R A ) Y K ]-4-(4- PR R
H)-4-5AC T R 215 (3aa): 0.11 g, 775 38%, [ {A[E 1Ak,
m.p. 94~95 C; 'H NMR [(CD;),CO, 500 MHz] o:
7.95~6.44 (m, 12H), 5.01 (s, 2H), 4.49~4.38 (m, 2H),
3.91 (g, J=7.0 Hz, 2H), 2.73 (dd, J=10.5, 17.0 Hz, 1H),
2.60 (dd, J=3.0, 17.0 Hz, 1H), 1.05 (t, J=7.0 Hz, 3H); *C
NMR (DMSO-ds, 125 MHz) d: 199.43, 170.87, 150.26,
138.51, 136.86, 136.64, 131.87, 131.22, 130.84, 130.60,
130.48, 127.70, 121.00, 116.98, 114.73, 113.89, 60.24,
52.49, 45.67, 34.56, 13.37; IR (KBr) v: 3462, 3362, 1728,
1678 cm™'. HRMS caled for C,sHyBr,NO;S [M+H]"
575.9838, found 575.9846.

3-[(2- % I R Wy 556 )-(4- 5L 3 ) H 3 )-4-(4- 1R K
H)-4-5AC T ER I BE(3ba): 0.14 g, 775 48%, [ [E 1A,
m.p. 81~82 C; 'H NMR (DMSO-ds, 500 MHz) o:
7.89~6.38 (m, 12H), 5.28 (s, 2H), 4.39~4.31 (m, 2H),
3.77 (t, J=6.5 Hz, 2H), 2.64 (dd, J=10.0, 16.5 Hz, 1H),
2.54 (dd, J=3.5, 17.0 Hz, 1H), 1.41~1.33 (m, 2H), 0.72
(t, J=7.5 Hz, 3H); °C NMR (DMSO-d,, 125 MHz) 0:
199.96, 171.35, 150.61, 138.43, 136.84, 136.32, 132.33,
131.52, 131.14, 130.91, 128.20, 121.20, 116.82, 114.98,
113.43, 66.23, 52.32, 45.50, 34.68, 21.72, 10.58; IR (KBr)
v: 3462, 3364, 1728, 1606 cm . HRMS caled for CagHag-
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Br,NO;S [M+H]" 589.9995, found 589.9989.

3-[(2- 5 F 2K M Iy 5 )-(4- VR K 3 ) FY 3 -4-(4- K
F)-4-5FAC T FR 7 (3ea): 0.17 g, =& 58%, [
. m.p. 96~98 C; 'H NMR (DMSO-d,, 500 MHz) §:
7.90~6.37 (m, 12H), 5.27 (s, 2H), 4.68~4.63 (m, 1H),
4.38~4.28 (m, 2H), 2.60~2.45 (m, 2H), 0.98 (d, J=6.5
Hz, 3H), 0.97 (d, J=6.5 Hz, 3H); °C NMR (DMSO-dj,
125 MHz) o: 200.02, 170.65, 150.58, 138.55, 136.80,
136.43, 132.32, 131.51, 131.15, 130.94, 128.17, 121.18,
116.80, 114.97, 113.47, 68.21, 52.42, 45.45, 35.15, 21.79,
21.73; IR (KBr) v: 3462, 3365, 1724, 1676 cm '. HRMS
caled for C,cH,sBr,NOsS [M—}—H]+ 589.9995, found
589.9987.

3-[(2- 5 FE 2K B Iy 5 )-(4- VR K 3 ) FR 3L -4-(4- LR
)-4-F AT R T EE(3da): 0.15 g, 7= 50%, O [E1A.
mp. 97~98 ‘C; 'H NMR [(CD;),CO, 500 MHz] ¢:
7.94~6.45 (m, 12H), 5.02 (s, 2H), 4.49~4.39 (m, 2H),
3.86 (t, J=7.0 Hz, 2H), 2.73 (dd, J=10.0, 16.5 Hz, 1H),
2.62 (dd, J=3.5, 17.0 Hz, 1H), 1.43~1.37 (m, 2H),
1.25~1.17 (m, 2H), 0.81 (t, J=7.5 Hz, 3H); *C NMR
(DMSO-d,, 125 MHz) d: 199.93, 171.27, 150.63, 138.47,
136.85, 136.34, 132.32, 131.51, 131.14, 130.92, 128.21,
121.21, 116.79, 114.98, 113.44, 64.45, 52.35, 45.48, 34.77,
30.37, 18.94, 13.91; IR (KBr) v: 3418, 3335, 1716, 1672
em ~ . HRMS caled for C,H,Br,NOsS [M + H] ©
604.0151, found 604.0158.

3-[(2- % 3k 2K B By 3 )-(4- ¥R 2K 3k ) Y 0 1-4-(4- TR %
H)-4-5AC T BRI R (3ea): 0.11 g, 7P7F 35%, [ aE 1A
mp. 93~94 ‘C; 'H NMR [(CD;),CO, 500 MHz] &:
7.90~6.44 (m, 17H), 5.02 (s, 2H), 4.94~4.93 (m, 2H),
4.51~441 (m, 2H), 2.80~2.69 (m, 2H); *C NMR
((CD5),CO, 125 MHz) d: 199.25, 170.83, 150.29, 138.35,
136.91, 136.46, 136.01, 131.88, 131.24, 130.88, 130.61,
130.45, 128.35, 128.06, 127.99, 127.75, 121.05, 117.04,
114.77, 113.91, 66.06, 52.42, 46.69, 34.37; IR (KBr) v:
3473, 3373, 1726, 1664 c¢cm ~'. HRMS caled for
C30HysBr,NOsS [M+H]" 637.9995, found 637.9985.

3-[(2-Z e AR BA T) Jik )-(4- SR B ) Y ik )-4-(4- 2R 0k )-4-
AR TR LBE(3fa): 0.098 g, P25 43%, 7R o ([l 44,
m.p. 100~101 ‘C; 'H NMR (DMSO-d,;, 500 MHz) o:
7.93~6.37 (m, 13H), 5.25 (s, 2H), 4.42~4.33 (m, 2H),
3.84 (q, J=7.0 Hz, 2H), 2.61 (dd, J=10.0, 16.5 Hz, 1H),
2.54 (dd, J=4.0, 17.0Hz, 1H), 0.97 (t, J=7.0 Hz, 3H); *C
NMR (DMSO-ds, 125 MHz) J: 200.55, 171.31, 150.71,
138.13, 137.27, 136.94, 133.92, 132.61, 131.08, 130.77,
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129.24, 128.94, 128.58, 116.80, 114.99, 113.60, 60.66,
52.46, 45.67, 34.67, 14.20; IR (KBr) v: 3468, 3387, 1720,
1676 cm™'. HRMS caled for C,sH,sCINO;S [M+H]"
454.1238, found 454.1241.

3-[(2-F AR M) e )-(4- R 55 ) Y ik )-4-(4- 2K 8 )-4-
TR ZEQBga): 0.12 g, 753 57%, Gy, 'H
NMR (DMSO-d,, 500 MHz) 0: 7.87~6.40 (m, 14H), 5.31
(s, 2H), 4.39~4.34 (m, 2H), 3.85 (q, J=7.0 Hz, 2H),
2.67~2.57 (m, 2H), 0.99 (t, J=7.0 Hz, 3H); *C NMR
(DMSO-d,, 125 MHz) d: 200.43, 171.49, 150.76, 138.82,
137.18, 137.01, 133.87, 131.61, 131.05, 129.25, 128.84,
128.64, 128.07, 116.79, 114.96, 113.92, 60.60, 53.01,
45.89, 34.21, 14.24; IR (KBr) v: 3462, 3365, 1728, 1678
cm '; HRMS caled for C,sH,oNO;S [M+H]" 420.1628,
found 420.1634.

3-[(2- N HE TR Iy 2L )-(4- P R R L ) FR R )-4-(4- R 2
HIH)-4-FAT R ZEE(3ha): 0.12 g, =% 54%, [
f&. m.p. 79~80 ‘C; 'H NMR (DMSO-d,, 500 MHz) o:
7.72~6.41 (m, 12H), 5.28 (s, 2H), 4.33~4.23 (m, 2H),
3.84 (q, J=7.0 Hz, 2H), 2.62 (dd, J=3.0, 6.5 Hz, 1H),
2.54 (dd, J=10.5, 16.5 Hz, 1H), 2.39 (s, 3H), 2.25 (s, 3H),
0.99 (t, J=7.0 Hz, 3H); “C NMR (DMSO-d,, 125 MHz)
0:199.74, 171.44, 150.67, 144.20, 137.20, 136.89, 135.91,
134.56, 130.88, 129.76, 129.18, 128.91, 128.69, 116.85,
115.02, 114.36, 60.48, 53.03, 46.20, 34.17, 21.60, 21.08,
14.24; IR (KBr) v: 3450, 3356, 1726, 1674 cm'. HRMS
caled for CpH,NNaO;S [M+Na]® 470.1760, found
470.1766.

A-[(2- 0 FE R0 Wy 3 )-(4- TR A 3 ) F O ]-5-(4- 1R K
H)-5-5E AN 2 BEBia): 0.17 g, P& 57%, Wl
. m.p. 151~152 °C; '"H NMR (DMSO-ds, 500 MHz) :
8.05~6.29 (m, 12H), 5.13 (s, 2H), 4.30~4.23 (m, 2H),
3.90~3.82 (m, 2H), 2.06~1.94 (m, 2H), 1.67~1.55 (m,
2H), 1.02 (t, J=7.0 Hz, 3H); “C NMR (DMSO-dq, 125
MHz) 6: 201.69, 172.33, 150.43, 139.75, 136.82, 136.66,
132.54, 131.47, 131.07, 130.95, 130.85, 128.67, 120.83,
116.59, 114.81, 113.63, 60.37, 53.20, 47.94, 30.95, 26.70,
14.35; IR (KBr) v: 3444, 3350, 1724, 1672 cm'. HRMS
caled for CyeHpBr,NOsS [M+H]™ 589.9995, found
590.0002.

A-[(2- 0 FE R0 Wy 3 )-(4- TR A 3 ) FH O ]-5-(4- 1R K
)5S AR Gja): 0.21 g, 7% 68%, B[]
. m.p. 122~123 °C; '"H NMR (DMSO-ds, 500 MHz) :
8.06~6.28 (m, 12H), 5.13 (s, 2H), 4.31~4.22 (m, 2H),
3.82~3.73 (m, 2H), 2.07~1.95 (m, 2H), 1.67~1.54 (m,
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2H), 1.44~1.36 (m, 2H), 0.73 (t, J=7.5 Hz, 3H); “C
NMR ((CD;),CO, 125 MHz) 6: 201.00, 171.84, 150.26,
139.62, 136.84, 136.83, 132.12, 131.17, 130.57, 130.40,
120.67, 116.68, 114.56, 65.48, 53.16, 48.06, 30.54, 26.45,
21.66, 9.66; IR (KBr) v: 3439, 3344, 1720, 1670 cm .
HRMS caled for C,HyBr,NOsS [M+H] ™ 604.0151,
found 604.0145.

A-[(2- 3 FE TR B Iy FE )-(4- VR R L) FPY 3L -5-(4- R
H)-5- AR L S B (3ka): 0.12 g, P2F 40%, HE
44, m.p. 152~153 °C; '"H NMR (DMSO-d;, 500 MHz)
J: 8.06~6.28 (m, 12H), 5.12 (s, 2H), 4.74~4.65 (m, 1H),
4.30~4.12 (m, 2H), 2.05~1.91 (m, 2H), 1.66~1.50 (m,
2H), 1.03 (d, J=1.5 Hz, 3H), 1.01 (d, J=1.5 Hz, 3H); *C
NMR [(CD;),CO, 125 MHz] 6: 201.11, 171.32, 150.25,
139.67, 136.81, 132.13, 131.17, 130.57, 130.40, 128.21,
120.65, 116.66, 114.55, 113.93, 67.24, 53.23, 48.03, 30.86,
26.50, 21.02, 21.01; IR (KBr) v: 3433, 3337, 1718, 1670
cm '. HRMS caled for CyHyBrNO;S [M + H] ©
604.0151, found 604.0141.

4-[(2- BRIy 52 )-(4- FUR KL ) L ]-5-(4- 2K 3L )-5-
AR 4BE31a): 0.12 g, 723 52%, JRF K. m.p.
139~140 °C; '"H NMR (DMSO-d,, 500 MHz) ¢: 8.11~
6.28 (m, 13H), 5.14 (s, 2H), 4.31~4.25 (m, 2H), 3.91~
3.82 (m, 2H), 2.13~1.89 (m, 2H), 1.65~1.62 (m, 2H),
1.01 (t, J=7.0 Hz, 3H); *C NMR (DMSO-d;, 125 MHz)
5: 202.45, 172.25, 150.47, 139.45, 137.90, 136.70, 134.28,
132.21, 130.81, 130.70, 129.45, 128.93, 128.54, 116.57
114.80, 113.75, 60.33, 53.26, 47.92, 31.02, 26.78, 14.35;
IR (KBr) v: 3464, 3363, 1712, 1670 cm™'. HRMS calcd for
C,sH,7CINO,S [M+H]" 468.1395, found 468.1386.

3-[(2-F F-4- TR TR ) 25 )-(4- TR 2 5 ) FH 2 ]-4-(4- 1R
HKI)-4-5AC T BRI EE(3bb): 0.12 g, 773K 39%, HHh
44, m.p. 127~128 °C; '"H NMR (DMSO-ds, 500 MHz)
5: 7.93~6.37 (m, 11H), 5.44 (s, 2H), 4.42~4.29 (m, 2H),
3.76 (t, J=6.5 Hz, 2H), 2.66 (dd, J=10.0, 16.5 Hz, 1H),
2.48 (dd, J=3.5, 16.5Hz, 1H), 1.41~1.33 (m, 2H), 0.72 (t,
J=17.5 Hz, 3H); "C NMR (DMSO-d;, 125 MHz) J:
204.82, 175.99, 156.53, 143.12, 142.93, 141.15, 140.25,
137.08, 136.33, 135.94, 135.69, 133.01, 126.06, 121.05,
118.64, 117.15, 71.00, 57.40, 50.26, 39.80, 26.47, 15.32.
IR (KBr) v: 3443, 3348, 1726, 1668 cm . HRMS caled for
C,HasBr,CINO;S [M+H]" 623.9605, found 623.9610.

3-[(2-F e -4- TR TR ) 5 )-(4- IR 2R 58 ) FF 2 ]-4-(4- 1R
HI)-4-5EAC T TR R A BE(Beb): 0.14 g, P73 45%, %H
AR, mp. 126~127 ‘C; 'H NMR (DMSO-ds, 500
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MHz) 0: 7.97~6.38 (m, 11H), 5.53 (s, 2H), 4.68~4.62
(m, 1H), 4.42~4.37 (m, 1H), 427 (d, J=8.5 Hz, 1H), 2.61
(dd, J=10.5, 17 Hz, 1H), 2.42 (dd, J=3.5, 17 Hz, 1H),
0.98 (d, J=6.5 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); *C NMR
(DMSO-ds, 125 MHz) 6: 200.14, 170.55, 151.75, 138.47,
138.15, 136.49, 135.48, 132.31, 131.58, 131.20, 130.98,
128.25, 121.30, 116.28, 113.88, 112.42, 68.25, 52.73,
45.43, 35.50, 21.78, 21.72; IR (KBr) v: 3454, 3352, 1728,
1676 cm™'. HRMS caled for C,gH,sBr,CINO;S [M+H]"
623.9605, found 623.9608.

3-[(Q-E FE-4-F AT 3 )-(4- VR 2K ) H L )-4-(4-1R
HFH)-A-FACT BR T EE(3db): 0.13 g, 723 40%, {0
. m.p. 115~116 ‘C; '"H NMR (DMSO-ds, 500 MHz) :
7.93~6.37 (m, 11H), 5.51 (s, 2H), 4.41~4.28 (m, 2H),
3.82~3.75 (m, 2H), 2.63 (dd, J=10.0, 17.0 Hz, 1H), 2.46
(dd, J=3.5, 16.5 Hz, 1H), 1.33~1.26 (m, 2H), 1.51~1.07
(m, 2H), 0.75 (t, J=7.5 Hz, 3H); C NMR (DMSO-d;,
125 MHz) o: 200.04, 171.15, 151.78, 138.38, 138.17,
136.41, 135.52, 132.31, 131.57, 131.18, 130.94, 128.26,
121.31, 116.30, 113.91, 112.43, 64.48, 52.70, 45.51, 35.13,
30.35, 18.93, 13.89; IR (KBr) v: 3441, 3348, 1732, 1676
cm '. HRMS caled for C,;H,;Br,CINO;S [M + H] "
637.9761, found 637.9768.

4-[(2- B F -4- R TR ) 525 )-(4- PO 5 ) F 6 )-5-(4- 1%
ZRFE)-5- AR S A EE(3kb): 0.11 g, 723K 34%, K3
R, mp. 135~136 ‘C; '"H NMR (DMSO-ds, 500
MHz) 0: 8.09~6.32 (m, 11H), 5.42 (s, 2H), 4.74~4.65
(m, 1H), 4.34~4.24 (m, 2H), 2.08~1.90 (m, 2H), 1.66~
1.55 (m, 2H), 1.03 (d, J=6.0 Hz, 6H); °*C NMR (DMSO-
de, 125 MHz) §: 201.80, 171.70, 151.64, 139.58, 138.04,
136.77, 135.30, 132.54, 131.57, 131.11, 130.96, 128.76,
120.98, 116.13, 113.13, 112.55, 67.72, 53.40, 47.85, 31.05,
26.92, 21.87; IR (KBr) v: 3431, 3342, 1716, 1670 cm™ .
HRMS caled for C,7H,7Br,CINO;S [M—i—H]+ 637.9761,
found 637.9724.

2,4- T (4- R IR HE)-3- L P TR -2,3- - 1,5- 0K
WA & (daa): 0.10 g, 7% 37%, HOEE. mp.
174~176 °C; "H NMR (CDCl;, 500 MHz) o: 7.61~7.06
(m, 12H), 4.74 (d, J=11.5 Hz, 1H), 3.85~3.68 (m, 3H),
2.45 (dd, J=10.0, 17.0 Hz, 1H), 2.05 (dd, J=4.5, 17.5 Hz,
1H), 1.02 (t, J=7.0 Hz, 3H); °C NMR (CDCls, 125 MHz)
5: 172.46, 170.68, 151.33, 141.27, 137.34, 135.15, 132.17,
131.71, 130.68, 129.46, 128.03, 125.66, 124.76, 124.20,
122.12, 121.46, 64.00, 60.84, 45.53, 36.02, 13.91; IR
(KBr) v: 1714, 1618 cm ', HRMS calcd for C,sH,Brp-
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NO,S [M+H]" 557.9732, found 557.9737.

2,4- T (4-TR IR IE)-3- T A B R R -2,3- TA-1,5- 0K
A & (4ba): 0.11 g, ;=% 38%, VR (L[HE{E. m.p.
166~167 ‘C; "H NMR (CDCl;, 500 MHz) o: 7.64~7.05
(m, 12H), 4.74 (d, J=11.5 Hz, 1H), 3.77~3.64 (m, 3H),
2.47 (dd, J=10.5, 17.0 Hz, 1H), 2.06 (dd, J=4.5, 17.5 Hz,
1H), 1.43~1.33 (m, 2H), 0.75 (t, J=7.5 Hz, 3H); “C
NMR (CDClLy, 125 MHz) ¢: 172.59, 170.76, 151.15,
141.26, 137.22, 135.16, 132.19, 131.71, 130.69, 129.48,
128.01, 125.74, 124.82, 124.30, 122.14, 121.51, 66.51,
63.99, 45.52, 36.02, 21.66, 10.24; IR (KBr) v: 1714, 1614
cm '. HRMS caled for CyHpBrNO,S [M + H]©
571.9889, found 571.9880.

2,4- T (4-TR 2RI )-3- 7 P A B Ak R R -2,3- - 1,5-
FIHRE I 2 (dea): 0.074 g, 77F 26%, %55 (0 [E 14,
m.p. 152~153 “C; '"H NMR (CDCls, 500 MHz) §: 7.62~
7.05 (m, 12H), 4.73 (d, J=11.5 Hz, 1H), 4.68~4.63 (m,
1H), 3.74~3.68 (m, 1H), 2.44 (dd, J=11.0, 17.5 Hz, 1H),
2.02 (dd, J=4.5, 17.5 Hz, 1H), 1.01 (d, J=6.0 Hz, 3H),
0.93 (d, J=6.5 Hz, 3H); *C NMR (CDCls, 125 MHz) :
172.52, 170.16, 151.28, 141.32, 137.21, 135.15, 132.19,
131.68, 130.66, 129.54, 128.00, 125.67, 124.75, 124.20,
122.12, 121.50, 68.49, 63.96, 45.45, 36.34, 21.49; IR
(KBr) v: 1728, 1612 cm '. HRMS calcd for CysHy4Br-
NO,S [M+H]" 571.9889, found 571.9889.

2,4- T (A-TR IR IE)-3- T SRR F R -2,3- TA-1,5-0K
HIR A A2 (4da): 0.094 g, =% 32%, HEREE. mp.
151~152 °C; "H NMR (CDCl;, 500 MHz) o: 7.61~7.05
(m, 12H), 4.74 (d, J=12.0 Hz, 1H), 3.81~3.68 (m, 3H),
2.47 (dd, J=10.5, 17.5 Hz, 1H), 2.05 (dd, J=4.5, 17.0 Hz,
1H), 1.37~1.31 (m, 2H), 1.18~1.10 (m, 2H), 0.85 (t, J=
7.5 Hz, 3H); “C NMR (CDCls, 125 MHz) §: 172.54,
170.76, 151.17, 141.27, 137.19, 135.16, 132.19, 131.71,
130.68, 129.49, 128.00, 125.73, 124.82, 124.29, 122.14,
121.51, 64.77, 63.98, 45.50, 36.04, 30.33, 18.97, 13.64; IR
(KBr) v: 1712, 1614 cm '. HRMS calcd for Cy7HyBr-
NO,S [M+H]" 586.0046, found 586.0049.

2,4- T (A-TR OR3-S L T R -2,3- TA-1,5- 0K
A I 2 (dea): 0.082 g, 7K 27%, FEGEAE. mp.
153~154 °C; IH NMR (CDCls;, 500 MHz) o: 7.56~7.04
(m, 17H), 4.83 (d, J=12.0 Hz, 1H), 4.74~4.71 (m, 2H),
3.75~3.68 (m, 1H), 2.52 (dd, J=10.5, 17.0 Hz, 1H), 2.10
(dd, J=4.5, 7.5 Hz, 1H); >C NMR (CDCl;, 125 MHz) :
172.27, 170.46, 151.30, 14125, 137.22, 135.16, 135.07,
132.22, 131.73, 130.68, 129.44, 128.61, 128.48, 128.35,
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128.02, 125.70, 124.84, 124.21, 122.17, 121.44, 66.69,
63.99, 45.48, 36.05; IR (KBr) v: 1716, 1612 cm™'. HRMS
caled for CyHpBr,NO,S [M+H]" 619.9889, found
619.9880.

2-(4-FRIE)-4-RHE3- LS R IE -2, 3- (- 1,5-
RIFIR A AL (4fa): 0.081 g, =% 37%, FHEAE mp.
141~144 °C; "H NMR (CDCl;, 500 MHz) 6: 7.83~7.10
(m, 13H), 4.87 (d, J=11.5 Hz, 1H), 3.85~3.74 (m, 3H),
2.53 (dd, J=10.5, 17.5 Hz, 1H), 2.06 (dd, J=4.5, 17.5 Hz,
1H), 1.00 (t, J=7.0 Hz, 3H); *C NMR (CDCls, 125 MHz)
8:173.65, 170.81, 151.60, 141.04, 138.49, 135.12, 133.90,
130.59, 129.71, 129.17, 128.70, 128.53, 127.77, 125.46,
124.77, 121.56, 63.90, 60.71, 45.67, 36.10, 13.90; IR
(KBr) v: 1724 1612 cm™'. HRMS calcd for C,5H,;CINO,S
[M-+H]" 436.1132, found 436.1139.

2,4- IR HE3- L RHE I -2,3- A 1L5-ZR A
<2 (4ga): 0.060 g, F7F 30%, I B[E A&, mp. 128~
130 ‘C; '"H NMR (CDCls, 500 MHz) d: 7.77~7.18 (m,
14H), 4.84 (d, J=12.0 Hz, 1H), 3.83~3.74 (m, 3H), 2.50
(dd, J=10.5, 17.0 Hz, 1H), 2.05 (dd, J=4.5, 17.5 Hz, 1H),
0.99 (t, J=7.0 Hz, 3H); “C NMR (CDCl;, 125 MHz) §:
173.92, 170.94, 151.61, 142.59, 138.61, 135.17, 130.39,
129.59, 129.01, 128.49, 128.23, 127.80, 126.39, 125.35,
124.69, 122.04, 64.67, 60.60, 45.78, 36.17, 13.89; IR
(KBr) v: 1724, 1670 cm™'. HRMS calcd for C,sHy4NO,S
[M~+H]"402.1522, found 402.1527.

2,4- T (4-HER I )-3- AR AR AR 2, 3- 1,5
IR E A4 2 (4ha): 0.060 g, =3 28%, HARE . m.p.
140~141 °C; "H NMR (CDCl;, 500 MHz) 6: 7.64~7.07
(m, 12H), 4.80 (d, J=12.0 Hz, 1H), 3.82~3.71 (m, 3H),
2.51 (dd, J=10.5, 17.5 Hz, 1H), 2.41 (s, 3H), 2.32 (s, 3H),
2.06 (dd, J=4.5, 17.0 Hz, 1H), 1.00 (t, J=7.0 Hz, 3H); *C
NMR (CDClL,, 125 MHz) 6: 173.78, 171.11, 151.73,
139.94, 139.67, 137.95, 135.77, 135.12, 130.25, 129.62,
129.11, 127.76, 126.27, 125.13, 124.59, 122.16, 64.44,
60.54, 45.75, 36.30, 21.41, 21.13, 13.87; IR (KBr) v: 1716,
1618 cm~'. HRMS caled for CpH,sNO,S [M+H] "
430.1835, found 430.1839.

2,4- T (4R IE)-3- LA L 42, 3- 1,5 0K
HER AL = (4ia): 0.046 g, P23 16%, B EHRY. 'H
NMR (CDCls, 500 MHz) §: 7.77~7.08 (m, 12H), 4.83 (d,
J=10.5 Hz), 3.93 (q, J=7.0 Hz, 2H), 3.41~3.33 (m, 1H),
1.97~1.93 (m, 1H), 1.88~1.80 (m, 2H), 1.52~1.45 (m,
1H), 1.10 (t, J=7.0 Hz, 3H); *C NMR (CDCls, 125 MHz)
5:172.64, 171.97, 151.34, 141.64, 137.30, 135.20, 132.12,
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131.83, 130.46, 129.24, 127.96, 125.50, 124.62, 124.33,
121.94, 121.60, 65.08, 60.48, 48.76, 32.08, 25.76, 14.05;
IR (KBr) v: 1730, 1606 cm ~'. HRMS calcd for
CaH24Br,NO,S [M+H]" 571.9889, found 571.9891.

2,4- T (4-IRIRIL)-3- IR EE £ -2, 3- TA-1,5- K
HI A = (4§a): 0.050 g, = 17%, %k G A mp.
104~105 °C; "H NMR (CDCls, 500 MHz) 6: 7.75~7.05
(m, 12H), 4.81 (d, J=10.5 Hz, 1H), 3.81 (t, J=7.0 Hz,
2H), 3.42~3.33 (m, 1H), 1.96~1.78 (m, 3H), 1.50~1.42
(m, 3H), 0.80 (t, J=7.0 Hz, 3H); *C NMR (CDCl,, 125
MHz) 6: 172.62, 172.04, 151.35, 141.65, 137.58, 135.19,
132.12, 131.83, 130.45, 129.24, 127.98, 125.50, 124.62,
124.35, 121.95, 121.61, 66.10, 65.13, 48.78, 32.05, 25.83,
21.80, 10.27; IR (KBr) v: 1730, 1606 cm '. HRMS calcd
for Co7H,sBr,NO,S [M+H] " 586.0046, found 586.0037.

2,4- T (4-TR 2R IE)-3- R T Ak £ FE-2,3- T A-1,5-
HIEFRE I = (4ka): 0.14 g, 77K 46%, FEOMHIRY. 'H
NMR (CDCls, 500 MHz) d: 7.77~7.09 (m, 12H), 4.84~
477 (m, 2H), 3.39~3.38 (m, 1H), 1.95~1.81 (m, 3H),
1.51~1.45 (m, 1H), 1.06 (t, J=6.0 Hz, 6H); *C NMR
(CDCl;, 125 MHz) o: 172.69, 171.44, 151.37, 141.66,
137.62, 135.17, 132.10, 131.82, 130.44, 129.26, 128.00,
125.48, 124.59, 124.37, 121.93, 121.62, 67.91, 65.11,
48.67, 32.33, 25.75, 21.71, 21.63; IR (KBr) v: 1724, 1608
em ~ . HRMS caled for C,HyBr,NO,S [M + H] *
586.0046, found 586.0036.

2-(4-FRIE)-4- R HE3- LR 56 -2,3- T A-1,5-
FKIEBR A L4 = (4la): 0.068 g, FEF 30%, 7% 4k,
m.p. 94~95 ‘C; '"H NMR (DMSO-d;, 500 MHz) o:
7.96~7.16 (m, 13H), 5.40 (d, J=11.5 Hz, 1H), 3.77 (q,
J=7.0 Hz, 2H), 3.26~3.16 (m, 1H), 1.85~1.66 (m, 3H),
1.28~1.18 (m, 1H), 0.94 (t, J=7.0 Hz, 3H); *C NMR
(DMSO-d,, 125 MHz) d: 174.08, 171.96, 151.86, 142.69,
138.72, 135.38, 132.66, 130.97, 130.43, 129.14, 128.89,
128.49, 128.14, 125.73, 124.49, 121.43, 63.20, 60.20,
48.20, 31.79, 25.54, 14.34; IR (KBr) v: 1724, 1604 cm .
HRMS caled for CyHpsCINO,S [M+H] " 450.1289,
found 450.1294.

7-5-2,4- T (4- IR IR B )-3- T A Bk A 0 -2,3- -
1,5- KA I & (4bb): 0.067 g, 73 22%, AR
#). '"H NMR (CDCl;, 500 MHz) §: 7.64~7.06 (m, 11H),
4.76 (d, J=6.0 Hz, 1H), 3.80~3.68 (m, 3H), 2.50 (dd, J=
11.0, 17.5 Hz, 1H), 2.09 (dd, J=4.0, 17.0 Hz, 1H), 1.45~
1.37 (m, 2H), 0.77 (t, J=7.5 Hz, 3H); °*C NMR (CDCl;,
125 MHz) 6: 173.56, 170.66, 152.31, 140.88, 136.91,
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136.51, 135.96, 132.28, 131.76, 129.43, 127.89, 125.69,
124.67, 124.57, 122.31, 119.95, 66.58, 63.90, 45.61, 35.96,
21.66, 10.20; IR (KBr) v: 1730, 1616 cm™'. HRMS calcd
for ChH,3Br,CINO,S [M + H] ©  605.9499, found
605.9494.

7-R-2,4- (A-IHIE)-3-F N AR IE-2,3- — A -
1,5- 2K IR & 24 2 (4cb): 0.058 g, P73 19%, Wi (0[]
f&. mp. 139~140 C; 'H NMR (CDCl;, 500 MHz) o:
7.61~7.04 (m, 11H), 4.73 (d, J=12 Hz, 1H), 4.70~4.63
(m, 1H), 3.72~3.66 (m, 1H), 2.44 (dd, J=11.0, 17.5 Hz,
1H), 2.04 (dd, J=4.5, 18.0 Hz, 1H), 1.01 (d, J=6.5 Hz,
3H), 0.93 (d, J=6.5 Hz, 3H); >°C NMR (CDCl,, 125 MHz)
8: 173.60, 170.08, 152.35, 140.93, 136.90, 136.51, 135.96,
132.29, 131.74, 129.49, 127.89, 125.68, 124.63, 124.51,
122.30, 119.97, 68.62, 65.58, 45.45, 36.29, 21.49, 21.47;
IR (KBr) v: 1728, 1616 cm ' HRMS caled for
C,H23Br,CINO,S [M+H]™ 605.9499, found 605.9491.

7-8-2,4- . (A-IRFIE)-3- T A PR A 3L -2,3- A
1,5- IR A (4db): 0.075 g, 2% 24%, AR
¥). '"H NMR (CDCl;, 500 MHz) 6: 7.64~7.06 (m, 11H),
4.76 (d, J=11.5 Hz, 1H), 3.85~3.80 (m, 1H), 3.76~3.69
(m, 2H), 2.50 (dd, J=10.5, 17.0 Hz, 1H), 2.09 (dd, J=4.0,
17.0 Hz, 1H), 1.40~1.33 (m, 2H), 1.20~1.13 (m, 2H),
0.87 (t, J=7.0 Hz, 3H); *C NMR (CDCl;, 125 MHz) §:
173.52, 170.62, 152.33, 140.90, 136.90, 136.50, 135.97,
132.27, 131.75, 129.46, 127.90, 125.69, 124.67, 124.59,
122.30, 120.00, 64.84, 63.90, 45.62, 36.01, 30.35, 18.98,
13.65; IR (KBr) v: 1732, 1616 cm '. HRMS calcd for
C,7H,5Br,CINO,S [M+H]"619.9656, found 619.9657.

7-F-2,4- T (4-EREL)-3- N AR AL £ -2,3- -
1,5- K AR A 2% 2 (4kb): 0.096 g, =% 31%, IR
¥). '"H NMR (CDCls, 500 MHz) 6: 7.77~7.06 (m, 11H),
4.85~4.78 (m, 2H), 3.41~3.40 (m, 1H), 2.01~1.92 (m,
1H), 1.87~1.82 (m, 2H), 1.77~1.72 (m, 1H), 1.08 (t, J=
5.0 Hz, 6H); °C NMR (CDCl;, 125 MHz) &: 171.92,
171.38, 151.90, 140.79, 136.66, 136.34, 136.03, 132.21,
131.65, 129.32, 127.90, 125.69, 124.31, 122.15, 121.52,
120.36, 68.07, 65.98, 47.93, 32.20, 26.90, 21.69, 21.61; IR
(KBr) v: 1728, 1618 cm . HRMS calcd for Cy; Hys Br,-
CINO,S [M+H]" 619.9656, found 619.9656.

1 B4 Bl (SupportingInformation) Fr & e &

Y '"H NMR, "C NMR 1 HRMS ¥ [, iX L8861 mT LA
G %% MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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