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Multi-Component One-Pot Reactions for the Synthesis of
Spirooxindole-pyrano[2,3-c]pyrazole Derivatives

Feng, Jun Ablajan, Keyume™

Ma, Xiabing

Li, Wenbo Obul, Mamateli

(Key Laboratory of Oil & Gas Fine Chemicals, Ministry of Education & Xinjiang Uyghur Autonomous Region,

College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046)

Abstract A highly efficient strategy for the one-pot synthesis of multi-substituted spirooxindol-pyrano[2,3-c]pyrazole deriv-
atives was developed. The product formed in good yield from the reaction of acetylenedicarboxylate, hydrazine, isatin, and
(E)-1-methylthio-1-methylamino-2-nitroethylene in the presence of Et;N catalyst. This simple and convenient method could

also be used to prepare similar types of product.

Keywords spirooxindole; multi-component reaction; one-pot synthesis; pyrano[2,3-c]pyrazole
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AR JE 205 B -N,S- 2 48 1 A J5 ) DX 3k 95 1 4
o P BT R A 10 20 5 b g - 5- R AT I TR S [3,2-c) A F it
MR -5- W PO RFF 72 51 S 7 SRATTAOVE . S S Sl 3ot e
£ Knoevenagel-Michael ¥Rk & 75 2=, @it
ZWH R 1,4- - [2,3-c]k me-6- i FT 2K
H ()28 FE LI -5,10-FA 240 &9 CRE™). iZRiE e
WRNE AL R, BT 2Bk 2R C B KA B BURES S5
B ZIFWA-N,S- AR BEAE T TS 7 00 210 1 26 2 B 1)
EL 5 - b P R 24 DL L e 2R AL A Y. AN R
BRI 3-F LW W, BRI S HRE SR LG
B -N,S- . 48 I 38 ik — 8 3 I N AE TG ¥ A T AR T
DA InCls AR S B AR 21 T v B B R 140 1o s o — b g
FEm P WANEHE BRI = 2 IhRE R o —
B 0L 85 T TR A N AR AR 1 22 2049 S N7 B s ik i 5
[2,3-c]ut ek Aol

AR AL RG] LR RR . 4- R R g
(4-DMAP). I I Joe S 1) 22 B LR 2, 3-¢ R Wk %
NG| - I 2 A A I — B A RPN, = 2 —
T FIHEAL 77, AEbs m ot b 2 Ma N N, B
BEMY . AR AN AT, A2 T K TR ST )
ZAE PRSP fEA S, RATVE = AR A
), I T ERES . E. BELLRI(E)-1-F R - 1- R
FE-2-TFE 2 FO VO 443 — g & R 22 EUA R MR Mg o - L T
I 2,3-c]HE MR S P(Eq. 1), HEUE T A Nl
S

R'O0OC——=—COOR" + R
1a~1b
NO.
JI 2 Et;N
\S N/ EtOH
H
4

5a~5n

R'=CH,, CHsCH,; R*=H, Ph, 4-FCsH4; R*=H, 5-CHs, 5-F, 5-Cl

1 ZFER5VHE
1.1 AR

B, AT KA THELE T TR
TG, KEME. BELLAN(E)-1-F R - 1- B A -2 i
CITAETCMENTN I S E T B R 5-R -6"- FH L 2 k-2 - Bk
B2 H- W[ NG] 1 -3 4= N R T [2,3-¢] ML R -37- R R Y
BGa)I M. ZRMNAE 60 CHIZE(10 mL)ER S, JL
P AR BITUAM BARFEYI(ER 1, Entry 15). 4L
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175 22 E A 7] 09 75 R B2 2% A R 2EAT. 24N 20 mol%
M=%, Lh 86% M s =243 3] 7 BAxr=Y) 5a (& 1,
Entry 6). SATM0, 200N 175 ke 2 R 50 8 1
(HDBAC). f##4HE&(Phosphomolybdic acid). X} H iz
AT 1,8- R4 IR-WIR(5,4,0)-7-1 I (DBU) AL 7]
I, SRAFHIF7 R EBARGER 1, Entries 7, 10, 13, 14). f#H
1,4- "R IR[2.2.2] HE(DABCO). L-FliZ R+ MLI& ke
B RE VR A RN P2 2 A s, (RS = R Le i, 2R
W& 2. DAL, ML, . TRRE. SRS TT H %
FE, = LI R NI B A 7.
1 LAY 5a &AL ©

Table 1 Optimization of reaction conditions for the synthesis of
Sa
o

HsCOOC—==—COOCH, + H/H\NHZ + @EN&O +
1a 2a H
3a
HN
JINOZ 20 mol% cat.  HsCOOCQO
\s H/ 120 min, 60 °C HN = NO,
4 N" "o H/
5a
Entry Solvent Catalyst Yield”/%
1 CHCl; EN 43
2 CH,Cl, EtN 28
3 THF  EN 34
4 H,O Et;N 58
5 MeOH Et;N 83
6 EtOH EtN 86
7 EtOH HDBAC 23
8 EtOH DABCO 78
9 EtOH  L-Proline 75
10 EtOH  Phosphomolybdic acid 25
11 EtOH  Pyrrolidine 70
12 EtOH  Pyridine 55
13 EtOH  TsOH 10
14 EtOH DBU 12
15 EtOH N/A 0

R4 20 mol% AL, 60 C T R 120 min; * 43 B5 15 B 5.

BE S, FRAVEETE T ARSI 12 R B )20, sk
1 iR, £ OIS HEERIh, %R NERTG T AL
;=2 (F 1, Entries 5~6); HARME R H, 41 HO,
CHCl;, CH,Cl, fil THF %7/ % #K(3R 1, Entries 1~4).
FER|FEL P EENE, OV IERE LN S L 5

P N (3 1, Entry 6 13 2, Entries 6~8),
F K [ N [E](FR 1, Entry 6 F138 2, Entries 1~5)%#F#8
P E =R (3R 1, Entry 6 F15R 2, Entries 6, 7). #R1M, 4k
SEFF 1R RONE IR X R SR B AN K, L R o
fIG #4(3 2, Entries 5, 8). Kk, FA1ik$E 60 C oy it
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e

Table 2 Optimization of reaction time, temperature, and con-
centration of catalyst for the synthesis of 5a

Entry Et;N/mol% Time/min  Temp./C  Yield’/%
1 20 15 60 35
2 20 30 60 54
3 20 60 60 62
4 20 90 60 77
5 20 150 60 85
6 20 120 20 28
7 20 120 40 49
8 20 120 80 84
9 10 120 60 56
10 30 120 60 86
R 2 A B A e

RIEX = M EAT THE. =M HEN
10 mol% (¥ 2, Entry 9) H#4/M%] 20 mol % (3 1, Entry 6),
FEERAE 2 0. AR, 4k SR 0 4k R A &= ) 30
mol%, AR — BN/~ # (K 2, Entry 10). KU,
5 AR F A TRIVR FE A 52 2 20 mol%.

wfa, WAERIALI R B NE R T — RAIH
BRI WL I [2,3-c] ML AT AE ) Sa~5n, 25 RNk 3
Fis.

MR B2 I, FRATTE T — ST RE R SATL
Hi(Scheme 1). H5k, TR IREES M H KH4E G BN
MR faE 7, W2 — 7, EAEGTIRIE R T ARk

R'00C

K3 LRI EGN A DY 5 — 55 G g R -tk
MR [2,3-c]rt MR AL A1)

Table 3 Four-component one-pot syntheses of spirooxindole-
pyrano[2,3-c]pyrazole derivatives in EtOH catalyzed by Et;N

Entry  Product R' R’ R’ Yield"/%
1 S5a CH; H H 86
2 5b CH, H 5-CH, 88
3 5¢ CH, H 5-F 83
4 5d CH; Ph H 92
5 5e CH, Ph 5-CH, 89
6 5f CH; Ph 5-F 82
7 5¢ CH, Ph 5Cl 83
8 5h CH; 4-FCH, H 81
9 5i C,H; H H 90
10 5§ C,H; H 5-CH, 85
11 5k C,Hs H 5-F 87
12 51 C,H; H 5-Cl 86
13 Sm C,H; Ph H 84
14 S5n C,H; Ph 5-CH; 88
Iy B AR E 2

nE e bk -5 - 1) £ 8, SRJE S HELL KA Knoevenagel
SR, TERCHIEAR 9. FlalfE 9 eI T ARk
Ak 10, 2R )5 5(E)-1-HR - 1- & 2E-2-f 5 245 1)
B KA Michael JIRR B, 33 7 HiEE 11, BEE K
T TRNERRE, 52 THEW 13, &2 B
B A7) 5. XA REM [ SATLEE 75— P Hu it 5%
1.2 RIESH

1 &%) S5a~5n [ 'H NMR i+, mEsEf b ) N—H

FTES I 6 13.99~14.12 Y &b, $ 950, 165
R'00OC

N _R1

y O

R2

7

—HRIE R LAY 5 KT RE S ML B

Scheme 1 A proposed one pot reaction mechanism for the synthesis of compound 5

R1
NH 7o° R{N;a Okt
HN 2| . s R
- HN
R COOR! .
2 1 07 0”7
6
;\ R1ooc
THO MeN” “SMe
4
HN R3 o HN
1
NMe MesH ~ ROOC
R'00C. 4
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10.48~10.64 At 25| WREEIZ 15 5, ERILREER T
R E(C—NH)Ji 15 S RIS H L 6 10.62~10.81
hb; FHERMIR TS5 HBE 6 6.69~7.94 28], {E1k
A% 5a~5n [ °C NMR i, @828 A 51024008
S &R IE 7 HE MACEREAT S A
Sa~5n [ IR 3, 763000 cm ' BL_EHUI N—H (4645
WEhig; 75 1600~1760 cm ' i il Py H H B O A 45 4%
g, C=N 4430 06 B BLE Z a7
1500~ 1600 cm " 0 [ Py H LAY 3 f0 1 46 PR 3h U 7
800~900 cm ' U R A A I T HER . HURE
W3R, HErMEAY 5a~5n [ 5 HEM
+H] U, T S, FR I TR R )[R A 2
e, 5 b AT DAHE WAL AP0 I HERR 2 T B

2 g

ASAL B B 15, S5 1 B ), e T
ZH R, A E R T 6'-F RS -5 Ak -2-
-2 HAMEIA [ -3 ,4"- ML I [2,3-c] ML R -3 FR IR IR, 1%
NS T AR BRI = 2 oML, 158 T B )
FEER AN, WAV H T —/NE B R MALEE, X
FAL BRI FARAL T AT EEFIR .

3 LY
3.1 XE5RHH

AT ST A A R A T3 40 4k 5 T 48,
Bt FH 25 5 SR TCI, Alfa 1 Acros A Fl, K& H4E AN
80%, H A A4l =98%. 44 s AE I 1B 414 il
&, 155008 Buchi B-540, i RTARIEIE. '"H NMR 5
BC NMR #4# H Varian INOVA-400 B % i 3L 4RG4S,
WR N TMS, 1l il DMSO-d NIEF. £04MNIR) G i A
BRUKER-EQUINOX55 li#%, KBr J& 7. ESI-MS i H]
HP1100 JAH (1% Jo 3 {15
3.2 MED—IREESR 5-THE-6-(N-FREFE)-2-3%
£ -2'H-SZIR 05|k -3,4'- ALt I FF [2, 3-c] At ]-3'- ¥R % R i
(5a)

BT R W Es(1a) (1 mmol). /K&EHEQRa) (1
mmol). #EZL(3a) (1 mmol). (E)-1-HHfiE-1-HF 5 IE-2-
fif 2% Z.445(4) (1 mmol)Fl = Z.f%(0.2 mmol)#F T 20 mL Z
BEh, 5 60 C RN 120 min, F# )23 (TLO)ME:
LS. R NIRE A IR R, M ER. g,
FEEAR IR KRN 50% 074 ZBESR 5%, F CEEXTHL =) &
ghih, BAAFRNAG EAR Y Sa, AR K. mp.
309~311 ‘C; '"H NMR (DMSO-ds, 400 MHz) &: 3.19 (s,
3H, NCH3), 3.54 (s, 3H, OCH;), 6.78~7.15 (m, 4H,
CeH,), 10.60 (s, 1H, O=CNH), 10.77 (s, 1H, OCNH),
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14.12 (s, 1H, NNH); *C NMR (DMSO-ds, 100 MHz) §:
28.7, 49.6, 51.9, 101.8, 107.9, 108.7, 121.4, 122.8, 128.3,
129.3, 131.8, 144.3, 154.0, 157.8, 159.2, 176.2; IR (KBr)
v: 3636, 3501, 3192, 2954, 1744, 1725, 1642, 1526, 1473,
1445, 1390, 1363, 1295, 1186, 1068, 1012, 917, 796 cm ™ ';
ESI-MS m/z: 372 (M+H) " ; HRMS (ESI) caled for
Ci16H14NsOg [M+H]": 372.3123; found 372.3124.

thEH) Sa~5n A EH) Sa B 1EE L.

5 BE-5"-fH Bk -6'-(V- P R G B )- 2 - F -2 H- R BA [ 5]
W IBR -3,4"- NEE IR - [2,3-c ] PEE WL 1-3- 3R R FFY 6 (Sb): ¥ 6 K
K. m.p. 301~303 ‘C; '"H NMR (DMSO-ds, 400 MHz) ¢:
2.13 (s, 3H, PhCH3), 3.17 (s, 3H, NCH3), 3.56 (s, 3H,
OCH,), 6.69~6.94 (m, 3H, C¢H;), 1048 (s, 1H, O=
CNH), 10.77 (s, 1H, OCNH), 14.07 (s, 1H, NNH); "*C
NMR (DMSO-ds, 100 MHz) &: 20.7, 28.7, 49.7, 51.9,
101.9, 108.0, 108.5, 123.5, 128.6, 129.4, 130.2, 131.9,
141.9, 154.0, 157.9, 159.3, 176.1; IR (KBr) v: 3492, 3188,
2965, 1741, 1730, 1656, 1534, 1475, 1428, 1376, 1360,
1234, 1162, 1085, 1021, 941, 782 cm™'; ESI-MS m/z: 386
(M+H)"; HRMS (ESI) calcd for C;;HNsOs [M+H] "
386.3388; found 386.3390.

5-90-5'-fiF 5= -6'-(N- FF L B Bk ) -2- e Bk -2 H-HE P [ 5| e
IPK-3,4'-PHE IR 5 [2,3-c ] IHE PR -3 JR R H i (Se): 35 B oK.
m.p. 287~289 ‘C; 'H NMR (DMSO-ds;, 400 MHz) §:
3.15 (s, 3H, NCH3), 3.56 (s, 3H, OCH3), 6.78~7.05 (m,
3H, C¢Hs), 10.62 (s, IH, O=CNH), 10.80 (s, 1H, OCNH),
13.99 (s, 1H, NNH); *C NMR (DMSO-ds, 100 MHz) §:
28.7, 50.4, 51.9, 101.2, 107.8, 109.2, 110.9, 111.2, 114.2,
114.5,129.4, 133.4, 140.7, 154.0, 157.4 (F—C, J=40 Hz),
159.3, 176.2; IR (KBr) v: 3481, 3184, 2946, 1765, 1725,
1629, 1538, 1471, 1458, 1411, 1348, 1298, 1172, 1077,
1033, 922, 787 cm '; ESI-MS m/z: 390 (M~+H)"; HRMS
(ESI) caled for C6H3FNsOg [M+H]": 390.3027; found
390.3025.

5'- i FE-6"- (- F 3 G 3 )-2- 3 B -1 2R R -2 - MR
[P5] WR pR -3, 4'-PHE I - [ 2,3~ L e 1-3"- PR R T IR (5d): 5t
HK. mp. 278~279 °C; 'H NMR (DMSO-d,, 400 MHz)
8: 3.16 (s, 3H, NCH;), 3.54 (s, 3H, OCH3), 6.81~7.17 (m,
4H, C¢H,), 7.51~7.88 (m, 5H, C¢Hs), 10.63 (s, 1H, O=
CNH), 10.72 (s, 1H, OCNH); *C NMR (DMSO-ds, 100
MHz) J: 29.0, 50.0, 51.6, 100.5, 108.3, 108.8, 121.3,
122.5, 123.3, 128.5, 128.9, 129.9, 131.6, 136.3, 138.3,
143.7, 144.3, 158.3, 160.5, 176.2; IR (KBr) v: 3457, 3356,
3061, 2959, 2871, 1723, 1642, 1551, 1456, 1390, 1170,
1067, 963, 909, 884, 758 cm™'; ESI-MS m/z: 448 (M+
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H) "; HRMS (ESI) caled for CpH;sNsOs [M+H]":
448.4082; found 448.4081.

5- H 5k -5 fiFd Bk -6'-(IN- F ik 2 0 )-2- e -1 R -
2'H-WE IR [ W5] g Bpk -3,4'- WL FRg FF: [2,3-c] ik e ]-3'- 3R R R I
(5e): E M A. mp. 270~272 ‘C; "H NMR (DMSO-d,
400 MHz) §: 2.15 (s, 3H, Ph-CH3), 3.15 (3H, s, NCH;),
3.55 (s, 3H, OCH3), 6.71~6.97 (m, 3H, C¢Hy), 7.51~7.88
(m, 5H, C¢Hs), 10.52 (s, 1H, O=CNH), 10.73 (s, 1H,
OCNH); *C NMR (DMSO-d,, 100 MHz) ¢: 20.8, 29.1,
51.6, 56.2, 100.6, 108.4, 108.6, 122.5, 123.9, 128.7, 128.9,
129.9, 130.1, 131.7, 136.3, 138.2, 141.9, 143.7, 158.3,
160.5, 176.2; IR (KBr) v: 3468, 3344, 3077, 2959, 2884,
1726, 1659, 1548, 1473, 1374, 1161, 1063, 970, 914, 866,
761 cm'; ESI-MS m/z: 294 (M~+H)"; HRMS (ESI) calcd
for C,3HyoNsOs  [M+H]: 462.4348; found 462.4347.

5-90-5'-fiF = -6"-(N- F L 2 Bk )-2- e k- 1 - 2R k-2 H- R
TR [ 5] IR -3, 4= L PR I [2,3-¢] ik IR 1-3"- $R % FF S (51): 7%
By R, mp. 274~276 C; '"H NMR (DMSO-d,, 400
MHz) §: 3.08 (s, 3H, CH;), 3.56 (s, 3H, OCH3), 6.79~
7.04 (m, 3H, C¢H3), 7.54~7.87 (m, 5H, C¢Hs), 10.57 (s,
1H, O=CNH), 10.74 (s, 1H, OCNH); IR (KBr) v: 3461,
3349, 3068, 2960, 2872, 1729, 1649, 1544, 1465, 1374,
1179, 1047, 971, 918, 890, 776 cm™'; ESI-MS m/z: 466
(M+H)"; HRMS (ESI) calcd for C»,H;;FNsOs [M+H]
466.3987; found 466.3988.

5-5-5'-fiH FE-6'"-(N-F L 2 Bk )-2- e k- 1 - 2R Ik -2 H- R
IR [ MGI P K -3, 4" H IR 5 [2,3-¢] HE IR ]-3"- 3R 82 F i (5g): 35
By R, mp. 293~295 C; '"H NMR (DMSO-d,, 400
MHz) 6: 3.15 (s, 3H, NCH3), 3.58 (s, 3H, OCH;), 6.83~
7.32 (m, 3H, C¢H3), 7.52~7.88 (m, 5H, C¢Hs), 10.76 (s,
1H, O = CNH), 10.78 (s, 1H, OCNH); “C NMR
(DMSO-d,, 100 MHz) 6: 29.1, 50.1, 51.7, 99.8, 108.0,
110.1, 122.5, 123.6, 125.3, 128.3, 129.0, 130.0, 133.7,
136.3, 138.1, 143.4, 143.9, 158.3, 160.5, 176.0; IR (KBr)
v: 3452, 3370, 3077, 2972, 2869, 1727, 1622, 1542, 1469,
1399, 1179, 1074, 956, 915, 832, 778 cm™'; ESI-MS m/z:
482 (M+H)", 484 (M+2-+H)"; HRMS (ESI) calcd for
CH,CINsOg [M+H]": 482.8533; found 482.8530.

5" FE-6'- (V- P 3 S ik )-2- R Ik - 1'-(4- Bl R 3k )-2' -
R A [ 05| WA K -3, 4'- L T - [2,3-¢] Ptk 1 )-3'- 32 B2 1 K (Sh):
FOFAR. mp. 207~208 C; 'H NMR (DMSO-dg, 400
MHz) d: 3.14 (s, 3H, NCH3), 3.54 (s, 3H, OCHj3), 6.81~
6.93 (m, 4H, CeHy), 7.52~7.94 (m, 4H, C¢H,), 10.50 (s,
1H, O=CNH), 10.65 (s, 1H, OCNH); IR (KBr) v: 3439,
3378, 3056, 2962, 2884, 1741, 1637, 1553, 1476, 1395,
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1175, 1079, 970, 926, 894, 752 cm™'; ESI-MS m/z: 466
(M+H)"; HRMS (ESI) calcd for C»,H;;FNsOs [M+H]
466.3987; found 466.3985.

5T 3 -6"- (V- P 3 S 5 )-2- ik 3 -2 - W A [ 15 e e —
3 A4-MEI FE[2,3-c]MkE]-3- R R 2B (Sh): 3R, mup.
311~313 “C; '"H NMR (DMSO-ds, 400 MHz) J: 1.06 (t,
J=17.2 Hz, 3H, CCH,), 3.18 (s, 3H, NCHs), 4.04 (q, J=7.2
Hz, 2H, OCH,), 6.78~7.16 (m, 4H, C¢Hy), 10.60 (s, 1H,
O=CNH), 10.77 (s, IH, OCNH), 14.06 (s, 1H, NNH); "*C
NMR (DMSO-ds, 100 MHz) §: 14.0, 28.7, 49.6, 61.2,
101.5, 108.1, 108.8, 121.4, 122.9, 128.3, 129.6, 131.9,
144.4, 154.0, 157.5, 159.3, 176.2; IR (KBr) v: 3162, 2897,
1724, 1637, 1552, 1472, 1392, 1356, 1315, 1207, 1184,
1087, 1010, 919, 757 ecm™'; ESI-MS m/z: 386 (M+H)";
HRMS (ESI) caled for C7H;¢NsOs [M+H]": 386.3388;
found 386.3385.

5- L5 B Bk -6'- (V- P R G B )- 2- Fi -2 H- R A [ 5]
W bR -3,4'-THE 1 [2,3-c] Mt L 1-3"-FR R . R (5)): 75tk
K. m.p. 321~323 C; '"H NMR (DMSO-ds, 400 MHz) ¢:
1.08 (t, J=7.2 Hz, 3H, CCHj), 2.13 (s, 3H, PhCH3), 3.18
(s, 3H, NCHj,), 4.06 (q, J=7.2 Hz, 2H, OCH,), 6.68~6.95
(m, 3H, C¢Hs), 10.49 (s, 1H, O=CNH), 10.77 (s, 1H,
OCNH), 14.05 (s, 1H, NNH); (DMSO-ds, 100 MHz) o:
14.0, 20.7, 28.7, 49.6, 61.2, 101.7, 108.1, 108.6, 123.5,
128.5, 129.6, 130.2, 131.9, 142.0, 154.0, 157.5, 159.2,
176.1; IR (KBr) v: 3170, 3047, 2981, 2876, 1723, 1635,
1561, 1496, 1465, 1355, 1233, 1178, 1087, 1012, 956, 818,
759 cm”'; ESI-MS m/z: 400 (M+H)"; HRMS (ESI) calcd
for C;gHsNsOg [M+H]": 400.3654; found 400.3652.

5-90-5'-fiF 5= -6'-(N- P L B Bk )-2- e Bk -2 H-HE P [ 5| e
IBK-3,4'-PEE IR - [2,3-c] Mt e -3 - R R LR (SK): 35 B K ;
m.p. 283~285 C; 'H NMR (DMSO-d;s, 400 MHz) ¢:
1.07 (t, J=7.2 Hz, 3H, CCHj3), 3.17 (s, 3H, NCH3), 4.06
(q, J=7.2 Hz, 2H, OCH,), 6.76~7.18 (m, 3H, C¢H,),
10.62 (s, 1H, O=CNH), 10.79 (s, 1H, OCNH), 13.74 (s,
1H, NNH); *C NMR (DMSO-ds, 100 MHz) §: 14.0,
28.7, 50.0, 61.2, 101.0, 107.9, 109.2, 111.0, 114.2, 129.7,
133.4, 133.5, 140.8, 154.0, 157.4, 159.3, 176.2; IR (KBr)
v: 3171, 2881, 1731, 1637, 1551, 1485, 1381, 1357, 1312,
1216, 1195, 1070, 1006, 917, 763 cm ™ '; ESI-MS m/z: 404
(M+H)"; HRMS (ESI) calcd for C;;H;sFNsOg [M+H]":
404.3293; found 404.3292.

5-5-5"- T HE-6'"-(N- F R 2 Bk )-2- Bl Jik -2 H-HB BR[| W
Wbk -3, 4'- NEE I I [2,3-c] LR ]-3'-FR 8 . Bk (S): (kK.
m.p. 325~326 C; 'H NMR (DMSO-ds, 400 MHz) ¢:
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1.09 (t, J=7.2 Hz, 3H, CCHj3), 3.18 (s, 3H, NCHj3), 4.07
(q, J=7.2 Hz, 2H, OCH,), 6.80~7.23 (m, 3H, C¢H,),
10.74 (s, 1H, O=CNH), 10.81 (s, 1H, OCNH), 14.11 (s,
1H, NNH); *C NMR (DMSO-d;, 100 MHz) §: 14.0, 28.7,
49.7,61.2,100.9, 107.8, 110.1, 123.4, 125.3, 128.1, 129.5,
133.8, 143.5, 154.0, 157.3, 159.3, 175.9; IR (KBr) v: 3181,
2884, 1736, 1631, 1545, 1488, 1379, 1368, 1294, 1215,
1171, 1095, 1022, 926, 761 cm™'; ESI-MS m/z: 420 (M+
H)", 422 M+2+H)"; HRMS (ESI) caled for
Cy7H,5CINsO¢ [M+H]": 420.7839; found 420.7836.

5" 3 -6'-(N- F 3k 1 6 )-2- i 3k - 17- 2K JE -2 - MR R
[M5] WR IR -3,4'- ML I I [2,3-c ] e 1-3"- R R .15 (Sm): (1
K. mp. 254~256 °‘C; 'H NMR (DMSO-dg, 400 MHz)
: 1.07 (t, J=7.2 Hz, 3H, CCH3), 3.15 (s, 3H, NCH3), 4.03
(q, J=7.2 Hz, 2H, OCH,), 6.81~7.18 (m, 4H, C¢H,),
7.51~7.87 (m, 5H, C¢Hs), 10.62 (s, IH, O=CNH),
10.73 (s, 1H, OCNH); *C NMR (DMSO-d,, 100 MHz) §:
14.1, 29.0, 50.0, 60.6, 100.3, 108.4, 108.9, 121.3, 122.5,
123.3, 128.4, 128.9, 129.9, 131.6, 136.3, 138.6, 143.7,
144.4, 158.3, 160.1, 176.2; IR (KBr) v: 3372, 2974, 2942,
1733, 1645, 1549, 1470, 1392, 1294, 1186, 1064, 996, 856,
762 cm'; ESI-MS m/z: 462 (M~+H)"; HRMS(ESI) calcd
for Co3H,0NsO [M+H]": 462.4348; found 462.4349.

5- F B -5 fiff Bk -6'-(N- Ak B 2 )-2- i Bk -1 DR k-
2'H- BRI [ W] P Bk -3,4'- BEE PR - [2,3-c] Ptk e ]-3"- R TR £ i
(5n): KA. '"H NMR (DMSO-ds, 400 MHz) §: 1.07
(t, J=7.2 Hz, 3H, CCH;), 2.15 (s, 3H, PhCHj3), 3.15 (s,
3H, NCH;), 4.03 (q, J=7.2 Hz, 2H, OCH,), 6.69~6.97
(m, 3H, C¢Hs), 7.51~7.88 (m, 5H, C¢Hs), 10.51 (s, 1H,
O=CNH), 10.73 (s, 1H, OCNH); “C NMR (DMSO-d,
100 MHz) J: 14.1, 20.8, 29.0, 50.0, 60.6, 100.43, 108.4,
108.6, 122.5, 123.9, 128.6, 128.9, 129.9, 130.0, 131.7,
136.3, 138.6, 142.0, 143.6, 158.3, 160.1, 176.1; IR (KBr)
v: 3343, 3040, 2976, 1732, 1706, 1647, 1549 1494, 1455,
1390, 1366, 1227, 1162, 1070, 881, 755 cm '; ESI-MS
m/z: 294 M~+H)", 316 (M+Na)'; HRMS (ESI) calcd
for Co4H,,N5O [M+H]": 476.4614; found 476.4611.

4 B A1 Bl (Supporting Information) & MELA VI
S B S ALAME . IXEERPRERT DL G B AR T 1 s
(http://sioc-journal.cn/) . N K.
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