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Green Synthesis of Novel Spirooxindole Derivatives in
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Abstract A series of novel spirooxindole derivatives were synthesized by three-component domino Knoevenagel-Michael
reaction between aldehydes, indole and 6,10-dioxaspiro[4.5]decane-7,9-dione using the deep eutectic solvent (DES) choline
chloride-oxalic acid as a catalyst in 70%~97% yields. This method has some distinct advantages such as easy work-up, mild
reaction conditions, short reaction time, environmental friendliness and accessibility of catalyst.
Keywords deep eutectic solvent; domino reaction; spirooxindole derivatives; green synthesis

% K3 [ M (domino reaction) & i 7E 4T 5E [ N 261
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T Z 20 A, ESRSS R A T AIE N
WEFIFEALTR 2 N T S A MR L, s Bk e
AW R W (A-F R FH G R) Pl & & st
7t Knoevenagel 454 [ A A B4 & 4124, =
o & BB L A R DES B4 2
T ZME NN, (HA2E 7RI AT AV 06 i e
WAIRE L. T, AR SCHRIE SR S IH B/ 5 iR
(ChCVOX) I FL I8 15 751 2 S B2 A Jo3 AR A6 57, A B il
(11 6,10- SR 442 [4.5] 1 b8-7,9- B2, BeFng| Wk = 21 73
C—BRVET BECT 13 P BRI AT AR, B R 2R
411 Scheme 1.

1 GR5TR
1.1 RMFHMHRK

N TARA B A, DAZR S | 15[ FT 6,10- 4 4%
BR[4.5]F82-7,9- B I AR, 8T AS[RIMEE AL
WA AT EXT d4a PRI, WK 1 Fios, i1k
GifEAL 7 TsOH, L-Proline, Yb(OTf), H1, HARtLAESS
FITEARI =, ARSI [, W BAK (R 1, Entries
1~3). BB HET DA PHBR ISR HAF 1A 751 — — &AL
B/ JR 2= (ChCl/urea) « A4 JIH B / 5 14 4 (ChCl/LaCl; *
6H,0) FUALHHBE/ X FH R A 19 i (ChC/PTSA) . &AL H
B/ HE R (ChCVOX) AL RUR (R 1, Entries 5~10), Hrh
ChCl/Ox LB e fE, fE=EIR T, KM 40 min J5, 7=
LikF] 91% (£ 1, Entry 7). SIRLIEFZMET, SO
M4ak, Hreglt—PBitm, 18] 95%(K 1, Entry 8).
T RAG ChCVOx I, 455 KM, 498> ChCl/Ox
(£ 1, Entry O)ffi H &, 77 ZFFC; %MN ChClOx (3 1,
Entry 10)f &, [SI 465, (HU2 /=26 FK. 3
17138 23 G hn e N7 &= 3 30 mmol, fEAHF ST
ChClIOx RARAEMIA 5 i FiRBEAY [ . WiHH ChCl/Ox
EZAEM TG 8A (R 1, Entry 11).

R 1 EIRGAT DS ORI @
Table 1 Optimization of reaction conditions for synthesizing
spirooxindole derivatives

Entry  Catalyst Solvent Time Yield®/%
1 TsOH (5 mol%) CH;CN 8h 48
2 L-Proline (5 mol%) CH;CN 8h 55
3 Yb(OTH); (5 mol%) CH;CN 8h 45
4 ChCl/urea (1 mL) Ethanol 6h Trace
5 ChClLaCly*6H,0 Ethanol 6h 10
(1 mL)

6 ChCI/PTSA (1 mL) Ethanol 6h Trace
7 ChCl/Ox (1 mL) Ethanol 40 min 91

8 ChCl/Ox (1 mL) Solvent free 20 min 95
9 ChCl1/Ox (0.8 mL) Solvent free 30 min 92
10  ChCl/Ox (1.5 mL) Solvent free 15 min 94
11 ChCl/Ox (30 mL)* Solvent free 20 min 95

¢ Reaction conditions: benzaldhyde (I mmol), indole (I mmol), 6,10-dioxa-
spiro[4.5]decane-7,9-dione (1 mmol) , solvent (1 mL), r.t.; * isolated yield; © 30
mmol scale.

1.2 ChCl/Ox R FE B3I A B R PIRE iE M

TEPRAC IR B 26 A 260 b, FRATEARM: . 6,10- 424
BR[4.5] T HE-7,9- W AR, WHAL T BERIEHYE ),
% 2 FiR, AT EEE, 852 G 7S 25 At 0 IR o 2
5 I S (AR A 3 25 F ), 9 m] DA &5 DL =15 3 H
PR, MR 2 R0 DAE H, T 05 &= %
W3 e T4 TR S A SR R I O A I e
SRPE DT IR, A7 W F 5 1 0 A I I N3 P Ry
BEREFIEI) T A, AR F R I MR, 20 min JA,
PR TR 97%% (7 2, Entry 2); T 6] F 405 268 B v
B, ]RML40 min J5, FEEA 74% (3R 2, Entry 7). iXA]
RE A& T 2R3 Wy o B A B B 2 1 IE
HLART, A3 R TSR A0 R B AT . A, 2R
ARIE AL BT X =S A — Le 5, F AT A 22K
BEAE Y ROUE AR, BT 2w A ARk, X5 3
Knoevenagel 46 [N~ 4)(4o), 1 2 [A) 67 BELASE /N 1) 05
FE, 3Lk 81%~91% UG 2] HAR=#I(£ 2, En-
tries 8~11).

ChCl/oxalic (1:1)

r.t., 20 ~ 45 min

4a ~ 4m
Yields 70% ~ 97%
13 examples

B 1 RIS VA 7 hofr RRIA NG| I TR 10 B 42

Scheme 1 Synthetic routes of novel spirooxindole derivatives in deep eutectic solvent
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K 2 ChClOx fALA BURIRGI AT A4
Table 2 Synthesis of spirooxindole derivatives catalyzed by
ChCl/Ox

Entry R Yield*/% Time/min Product m.p.?/'C
1 CeHs 95 20 4a  139~140
2 4-NO,CeH, 97 20 4b  122~124
3 4-FC¢H, 88 25 4c  127~129
4 4-CICH, 92 25 4d  117~119
5 4-BrC¢H, 91 25 4e  124~126
6 4-CHyCH, 85 25 4f  131~133
7 4-CH;0CgH, 74 40 4g  125~127
8 2-FC¢H, 91 25 4h  133~135
9 2-CH;0CgH, 83 25 4i 128~130
10 2,5-(CH;0),C¢H; 81 35 4j  145~147
11 3-NO,CeH, 86 30 4k 124~126
12 CH;(CH,), 72 45 4 127~129
13 CH;(CH,) 70 45 4m  106~108

“ Isolated yield; ® melting points are uncorrected.

1.3 ChCl/Ox EE{FFAMEE

FHEG T oA S NiAR R, 2 RIIRATE T2 R
“oeflh” | ZRHEMANEE ER S5 G RE
) IR} 2 44 23 i S B[R SORD 2555 R . Bt i g 2% A
T, DAZEHIES, WA 6,10- — A48 [4.5]FE-7,9-
ERER N, #8217 ChCl/Ox K E A4 I PEAE, ChCl/Ox
EEMHGRNE 3. R 3 0I5, BUS EL7R ]
MBI 5 IR, H IS A 3% PR,

®3  EEFIMM ChCUOx Xt 4a 7= 2R 5

Table3  Effects of ChCl/Ox recycling on the yield of 4a
Run Time/min Yield/%
Fresh 20 95
1 20 95
2 20 95
3 23 94
4 25 93
5 28 91
2 g

EERAMT, T ChCl/ox MRILIEEFt, k.
grf. mAHA T — R EUEIRATAEY), ChCl/Ox
R AEE A RN R, 1% S AE T ChCl/Ox
RILIEDE R 215 BXABE RGeS, fF &
SRR FRIE M, [RIN & REEA T A Pe it T
— T TS 1 .

3 SLEES
3.1 EFEHF

6,10- S W2 [4.5] 1 BE-7,9- i 4% SR [24] 1 %
JE S . PR B . 2-R R S L TR I 2 R
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X GUR AT I A RO S L 0 FE R
RS, SRR S, 2,5- AR ZE . Xk
P . BRSBTS, IEREE N drat; ey
A

i £ BuchiB-540 A WS RAX R ETFR AR IE);
%t Bruker400 MHz BUE% LR (X (CDCl; B, DMSO-d;
R, TMS W AR); HAEE FT-IR-8400 BT 4MY
(KBr J£ F); Finnigan MAT-8430 %4 /5 73 #¥ i 154
3.2 S LHEmE/EER(ChCl/OX) KB MIRIHIZ

£ 250 mL [BJE K A SALIEGH(70 g, 0.5 mol),
HPR45 g, 0.5 mol), JTHEZE 80 CTOMIB), B 14+ 30
min, ZEM8AEIE IR, TB R (iE I S AR a4,
HATEIERH, 75 100%.
3.3 BEIRMIMRETESD 4a~4m BIE R

F|EKMT, £ 10 mL KIRE PRI 6,10-—
AR IR[4.5]F%¢-7,9- — (2, 1 mmol), B3, 1 mmol),
M51&(1, 1 mmol)fl ChCl/Ox (1 mL), #i/1H+E 20~40
min. TLC Kol 22 & B 5e R, AR BLRE A SR
L4 mLYFIK( mL), AHUAEZEKSE, TR T
W, ek 2 R EANIE RS, Mr=m& 95%
I ELERERA da~41, PR 70%~97%. KK
T 60 C FIE(10 mmHg)AEE 30 min J& BI AT UK IL
JEVE ). PTE BRI S B R R EY), HA5
£ IR, 'H NMR, *C NMR F1 HRMS HiE. 731k %
W

5-[(3-M5| ek )~ 1 3 1-6,10- — S IR IR [4.5] 1+ 4¢-7,9-
“fi(4a): FREA, 2 95%. '"H NMR (400 MHz,
DMSO-dg) d: 10.99 (s, 1H), 7.40~7.11 (m, 8H), 7.08~
7.00 (m, 1H), 6.92~6.85 (m, 1H), 5.37 (s, 1H), 5.17 (s,
1H), 2.34~2.27 (m, 2H), 2.02 (s, 2H), 1.82~1.64 (m,
4H); >C NMR (100 MHz, DMSO-ds) J: 165.97, 165.44,
141.74, 136.29, 129.44, 128.14, 127.65, 126.68, 124.33,
121.56, 119.03, 114.09, 113.86, 111.88, 53.19, 38.64,
37.83, 23.98, 22.41; IR (KBr) vma: 3472, 2952, 2880,
1787, 1752, 1496, 1452, 1344, 1307, 1251, 1206, 1114,
998, 956, 749; HRMS calcd for C,3H,; NOy4Na [M+
Na]" 398.1363, found 398.1369.

5-[(3-M5] W 3 )~ %of i 22 2 A -6,10- 40 24 12 [4.5]
+4E-7,9- [ (4b): TR, P2 97%. '"H NMR (400
MHz, DMSO-dy) : 11.13 (s, 1H), 8.14 (d, J=8.20 Hz,
2H), 7.66 (d, J=7.90 Hz, 2H), 7.43 (s, 1H), 7.27 (d, J=
8.30 Hz, 2H), 7.09 (t, J=7.20 Hz, 1H), 6.93 (t, J=7.20
Hz, 1H), 5.49 (s, 1H), 5.37 (s, 1H), 2.39~2.37 (m, 2H),
2.11 (s, 2H), 1.80 (d, J=6.40 Hz, 2H), 1.73 (d, J=6.20
Hz, 2H); "C NMR (100 MHz, DMSO-ds) J: 169.47,
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163.34, 151.64, 146.33, 145.35, 136.49, 129.89, 127.78,
126.68, 123.65, 122.60, 121.69, 119.09, 118.83, 115.44,
111.87, 57.48, 42.34, 38.21, 37.19, 24.52, 23.07; IR (KBr)
Vi 3439, 2967, 2874, 1791, 1752, 1514, 1460, 1348,
1310, 1229, 1209, 1108, 964, 951, 734; HRMS calcd for
Ca3Hy0N,OgNa [M+Na]" 443.1214, found 443.1220.

5-[(3- 1] e 2 )= Xof 9 A T 2k 1-6,10- — S AR MR [4.5] 1
BE-7,9- M (4e): A ERE A, 723 88%; 'H NMR (400
MHz, DMSO-dy) J: 11.00 (s, 1H), 7.36 (d, J=8.20 Hz,
3H), 7.22~7.12 (m, 2H), 7.04 (t, J=8.90 Hz, 3H), 6.93~
6.83 (m, 1H), 5.34 (s, 1H), 5.17 (d, J=3.00 Hz, 1H),
2.35~2.29 (m, 2H), 2.05 (s, 2H), 1.82~1.65 (m, 4H); °C
NMR (100 MHz, DMSO-d;) J: 165.44, 164.84, 159.56,
137.26, 135.82, 131.02, 130.94, 126.99, 123.64, 121.13,
118.48, 114.35, 114.15, 113.64, 113.20, 111.42, 107,12,
52.71, 38.35, 38.15, 37.25, 23.51, 21.88; IR (KBr) Vyay:
3471, 2950, 2880, 1784, 1750, 1609, 1511, 1458, 1339,
1307, 1204, 1131, 998, 963, 749 cm '; HRMS calcd for
Cyp3H, FNO, [M+H]" 394.1449, found 394.1456.

5-[(3-M91 ) —xf SR F 4R 1-6,10- SR IR[4.5] 1
Fe-7,9-—fi(4d): KREAREER, P2 92%; 'H NMR (400
MHz, CDCls) 6: 8.20 (s, 1H), 7.44~7.38 (m, 4H), 7.33 (s,
1H), 7.24 (d, J=6.9 Hz, 3H), 7.10 (t, J=7.1 Hz, 1H), 5.62
(s, 1H), 4.30 (s, 1H), 2.22~2.08 (m, 4H), 1.95~1.81 (m,
4H); *C NMR (100 MHz, CDCl;) 6: 165.31, 163.37,
138.36, 135.80, 134.87, 132.80, 130.71, 128.28, 123.85,
122.46, 119.86, 118.84, 114.12, 111.19, 52.89, 39.18,
38.53, 37.56, 24.17, 23.38; IR (KBr) vpa: 3471, 2981,
2880, 1786, 1752, 1621, 1492, 1457, 1343, 1307, 1205,
1104, 1017, 999, 961, 746; HRMS calcd for C,3H, CIN-
O4Na [M+Na]" 432.0973, found 432.0979.

5-[(3-M5] Wk 225 )= 3% VR 4K FR 3 1-6,10- — 460 AR M [4.5] 1
Fi-7,9- [ (de): [ EE A, 75 91%; 'H NMR (400
MHz, DMSO-dg) 6: 11.05 (s, 1H), 7.45~7.39 (m, 3H),
7.33 (d, J=17.60 Hz, 2H), 7.23 (s, 2H), 7.08 (t J=6.80 Hz,
1H), 6.94~6.90 (m, 1H), 5.36 (s, 1H), 5.23 (s, 1H), 2.36~
2.31 (m, 2H), 2.08 (s, 2H), 1.80~1.72 (m, 4H); "C NMR
(100 MHz, DMSO-dg) 0: 169.03, 162.87, 142.44, 136.11,
130.79, 130.47, 126.35, 121.65, 121.10, 119.13, 118.45,
115.85, 111.73, 111.32, 57.51, 41.59, 37.71, 36.76, 23.07,
22.64,; IR (KBr) viay: 3471, 2982, 2880, 1785, 1751, 1621,
1489, 1456, 1344, 1306, 1206, 1105, 1077, 1014, 998, 961,
746; HRMS caled for C,3H,BrNO,Na [M + Na] *
476.0468, found 476.0476.

5-[(3-M| W 35 )Xo Rk 2R FH JE 1-6,10- 28 44 153 [4.5]
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+E-7,9- i (4f): IR AR K, PEF 85%; 'H NMR
(400 MHz, DMSO-dg) 6: 11.00 (s, 1H), 7.38 (s, 1H), 7.23
(s, 4H), 7.05 (s, 3H), 6.90 (s, 1H), 5.36 (s, 1H), 5.15 (s,
1H), 2.27 (s, 2H), 2.24 (s, 3H), 2.05 (s, 2H), 1.75 (d, J=
27.7 Hz, 4H); *C NMR (100 MHz, DMSO-dj) J: 169.76,
169.60, 140.34, 138.82, 136.51, 135.41, 131.72, 128.98,
128.58, 126.91, 123.58, 121.44, 120.20, 118.76, 117.93,
117.07, 113.14, 111.71, 58.19, 42.17, 38.25, 38.02, 23.18,
22.86,20.99; IR (KBr) vinae: 3472, 2951, 2881, 1786, 1752,
1653, 1559, 1515, 1457, 1340, 1306, 1204, 1105, 999, 961,
746; HRMS caled for C,4H,3NO,Na [M+Na]" 412.1519,
found 412.1525.

5-[(3- I e 5k )— % FH 4 25 O Y 2k 1-6,10- — AL % 12,
[4.5]F4¢-7,9- [ (4g): KitafEfk, 723 74%; 'H NMR
(400 MHz, DMSO-dy) d: 10.95 (s, 1H), 7.35 (d, J=7.90
Hz, 1H), 7.28~7.18 (m, 3H), 7.16 (d, J=8.0 Hz, 1H),
7.06~7.00 (m, 1H), 6.87 (t, J=7.50 Hz, 1H), 6.78 (d, J=
8.50 Hz, 2H), 5.31 (s, 1H), 5.10 (d, J=2.80 Hz, 1H), 3.69
(s, 3H), 2.36~2.20 (m, 2H), 2.02 (s, 2H), 1.81~1.63 (m,
4H); *C NMR (100 MHz, DMSO-d;) J: 166.06, 165.38,
158.19, 136.32, 133.43, 130.69, 127.53, 124.19, 121.51,
119.06, 118.87, 114.25, 114.02, 113.50, 111.85, 55.38,
53.24, 39.10, 38.63, 37.84, 23.98, 22.41; IR (KBr) Vi
3472, 2958, 2881, 1785, 1751, 1614, 1516, 1457, 1339,
1306, 1262, 1225, 1180, 1104, 1034, 998, 962, 747;
HRMS calcd for Co4H»sNOsK [M+K]" 444.1208, found
444.1212.

5-[(3- 151 ek )— 408 4 2 FHY 2 1-6,10- — S 2% B [4.5]+
FiE-7,9- —H(4h): KL AR, 73 91%; '"H NMR (400
MHz, DMSO-dg) 6: 11.02 (s, 1H), 7.42~7.25 (m, 3H),
7.25~7.20 (m, 1H), 7.19~7.12 (m, 2H), 7.05 (dd, J=
14.90, 7.30 Hz, 2H), 6.92 (t, J=7.40 Hz, 1H), 5.56 (d, J=
3.80 Hz, 1H), 4.97 (d, J=4.00 Hz, 1H), 2.40~2.22 (m,
2H), 2.09~2.04 (m, 2H), 1.80~1.62 (m, 4H); *C NMR
(100 MHz, DMSO-d) J: 165.54, 165.42, 159.33, 136.26,
132.04, 128.84, 128.74, 127.26, 124.18, 121.72, 119.12,
118.74, 115.43, 115.20, 114.26, 113.02, 111.97, 51.58,
38.73, 38.22, 37.86, 33.37, 23.15, 22.39; IR (KBr) Vi
3430, 2985, 2892, 1790, 1752, 1490, 1456, 1344, 1291,
1287, 1200, 1117, 1055, 995, 960, 756, 747; HRMS calcd
for Co3Hy FNO, [M+H]" 394.1449, found 394.1458.

5-[(3- W] Wit 5k )— 418 B A 26 O R L 1-6,10- AL 2% 18
[4.5]1 %5e-7,9- — T (4i): WA, 2% 83%; 'H
NMR (400 MHz, DMSO-dq) 6: 10.98 (s, 1H), 7.38 (d, J=
7.70 Hz, 1H), 7.23 (d, J=7.50 Hz, 1H), 7.17~7.15 (m,
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2H), 7.09~6.94 (m, 3H), 6.90 (t, J=7.10 Hz, 1H), 6.73
(d, J=6.90 Hz, 1H), 5.56 (s, 1H), 4.84 (s, 1H), 3.86 (s,
3H), 2.28 (s, 1H), 2.19~2.14 (m, 1H), 2.08 (s, 2H), 1.72
(s, 4H); “C NMR (100 MHz, DMSO-d) §: 170.66,
170.52, 161.97, 141.07, 136.07, 134.03, 132.78, 132.09,
128.83, 126.43, 125.44, 123.66, 121.41, 118.70, 116.68,
116.53, 115.56, 60.76, 55.90, 43.47, 43.00, 39.52, 27.92,
27.21; IR (KBr) vinae: 3471, 2981, 2880, 1786, 1752, 1621,
1492, 1457, 1343, 1307, 1205, 1104, 1017, 999, 961, 746;
HRMS caled for C,4,H,3NOsK [M—|—K]+ 4441208, found
444.1217.

5-[(3-M5| Wi JE)-2,5- — A O R 0K -6,10- 480 R
[4.5]FFE-7,9- [ (4j): BEEFEEK, 2% 81%; 'H NMR
(400 MHz, CDCls) &: 8.17 (s, 1H), 7.52 (d, J=8.00 Hz,
1H), 7.34 (d, J=8.10 Hz, 1H), 7.25 (s, 1H), 7.16 (t, J=
7.30 Hz, 1H), 7.06 (t, J=7.20 Hz, 1H), 6.85~6.74 (m,
2H), 6.71 (dd, J=8.90, 3.0 Hz, 1H), 5.70 (d, J=3.10 Hz,
1H), 4.50 (d, J=3.20 Hz, 1H), 3.87 (s, 3H), 3.58 (s, 3H),
2.25~2.04 (m, 4H), 1.91~1.73 (m, 4H); *C NMR (100
MHz, DMSO-ds) o: 165.09, 164.54, 153.05, 150.16,
135.34, 129.25, 127.09, 123.13, 121.74, 119.13, 118.65,
117.80, 114.10, 113.13, 111.51, 110.46, 55.22, 51.08,
38.34, 37.99, 34.29, 23.64, 22.85, 22.10; IR (KBr) Vynay:
3432, 3323, 2941, 2868, 1782, 1747, 1592, 1493, 1461,
1343, 1287, 1273, 1209, 1107, 1010, 968, 741; HRMS
caled for C,sH,sNOgNa [M—|—Na]+ 458.1574, found
458.1579.

5-[(3- 1] Wi 2 )— (1] iF 26 2% Y L 1-6,10- 4 A4 18 [4.5]
+¥5¢-7,9- A (4Kk): IR ERE K, P2 86%; 'H NMR
(400 MHz, DMSO-d) d: 11.11 (s, 1H), 8.29 (s, 1H), 8.05
(d, J=17.50 Hz, 1H), 7.85 (d, J=7.30 Hz, 1H), 7.54 (t, J=
7.90 Hz, 1H), 7.40 (d, J=8.00 Hz, 1H), 7.25 (d, J=7.20
Hz, 2H), 7.08 (t, J=7.40 Hz, 1H), 6.91 (t, J=7.40 Hz,
1H), 5.49 (s, 1H), 5.36 (d, J=2.50 Hz, 1H), 2.50~2.33
(m, 2H), 2.10~2.09 (m, 2H), 1.82~1.65 (m, 4H); "*C
NMR (100 MHz, DMSO-d;) J: 169.61, 163.37, 148.12,
145.94, 136.53, 135.61, 129.95, 126.72, 123.21, 122.61,
121.69, 119.10, 118.84, 115.74, 112.20, 111.88, 57.70,
42.13, 38.20, 37.19, 23.14, 22.81; IR (KBr) vpay: 3432,
3323, 2941, 2868, 1782, 1747, 1592, 1493, 1461, 1343,
1287, 1273, 1209, 1107, 1010, 968, 741; HRMS calcd for
C,3HN,0O¢Na [M+Na]" 443.1214, found 443.1210.

5-[(3-M5IWFE) - 1E T 3£]-6,10- 41 Z4 02 [4.5] 1 %5¢-7,9-
—HA4): AR, 2R 72%; '"H NMR (400 MHz,
CDCly) d: 8.16 (s, 1H), 7.67 (d, J=7.80 Hz, 1H), 7.33 (t,
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J=8.30 Hz, 1H), 7.30 (s, 1H), 7.15 (dt, J=14.60, 7.0 Hz,
2H), 4.13 (s, 1H), 3.79 (s, 1H), 2.07~1.96 (m, 2H), 1.93~
1.43 (m, 8H), 1.46~1.21 (m, 2H), 0.91 (t, J=7.30 Hz,
3H); *C NMR (100 MHz, CDCly) J: 165.98, 165.54,
135.72, 127.34, 123.93, 122.03, 119.65, 118.71, 115.11,
114.11, 111.28, 52.08, 38.70, 38.49, 35.09, 34.88, 23.92,
22.68, 21.43, 14.00; IR (KBr) v 3478, 2957, 2875,
1789, 1734, 1632, 1450, 1373, 1345, 1306, 1294, 1120,
1099, 1026, 991, 975, 740 cm '; HRMS caled for
C2oH2sNOH [M+H]" 342.1700, found 342.1706.

5-[(3-M5| Wk FE) - 1E [ 3K 1-6,10- 4 2402 [4.5] 1+ %5¢-7,9-
—F4m): AMEE, 2R 70%; '"H NMR (400 MHz,
CDCly) 8: 8.18 (s, 1H), 7.67 (d, J=7.80 Hz, 1H), 7.34 (d,
J=17.9 Hz, 1H), 7.29 (d, J=2.4 Hz, 1H), 7.21~7.11 (m,
2H), 4.13~4.09 (m, 1H), 3.80 (d, J=2.50 Hz, 1H), 2.09~
1.94 (m, 2H), 1.94~1.60 (m, 8H), 1.39~1.25 (m, 4H),
0.84 (t, J=6.80 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
165.42, 164.97, 135.20, 126.82, 123.37, 121.54, 119.16,
118.21, 114.71, 113.58, 110.72, 51.56, 38.19, 38.02, 34.66,
32.08, 29.96, 23.41, 22.17, 22.09, 13.49; IR (KBI) Vi
3386, 2956, 2851, 1786, 1748, 1572, 1458, 1433, 1343,
1294, 1195, 1130, 1096, 1010, 976 739 cm™'; HRMS calcd
for C5 H,eNO4 [M+H]" 356.1856, found 356.1859.

5-(2-TlFE AR FE T 1 3)-6,10- S 242 [4.5] 1 KE-7,9-
“fil(40): FEOMEEK, PF 95%; 'H NMR (400 MHz,
CDCLy) d: 8.75 (s, 1H), 8.28 (d, J=8.20 Hz, 1H), 7.74 (t,
J=7.50 Hz, 1H), 7.65 (t, J=7.70 Hz, 1H), 7.50 (d, J=
7.60 Hz, 1H), 2.35~2.11 (m, 4H), 1.89 (s, 4H); °C NMR
(100 MHz, CDCl;) &: 162.09, 159.61, 155.51, 146.36,
133.87, 130.97, 130.37, 129.77, 124.83, 118.54, 114.52,
38.60, 23.25; IR (KBr) vinax: 2963, 2908, 1765, 1736, 1625,
1604, 1524, 1363, 800 cm '; HRMS caled for CysH;5N-
O¢Na [M+Na]" 326.0635, found 326.0642.

HBhA &L (Supporting Information) {L&4) 4a~41 [
'"HNMR, "“C NMR i [&]. 324 m] DA 2 A 93
(http://sioc-journal.cn/)_E T %K.
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