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Green Synthesis of Pyrano[3,2-c]pyridine Derivatives in lonic Liquids
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Abstract

A green and facile method for the synthesis of tert-butyl 2-amino-4-aryl-7,8-dihydro-5-oxo-4H-pyrano-

[3,2-c]pyridine-6(5H)-carboxylate derivatives, is described in good to high yields using ionic liquids as green media. The
method involves a three-component reaction of aromatic aldehyde, malononitrile or cyanacetate and fert-butyl 2,4-di-

oxopiperidine-1-carboxylate.

Keywords pyranopyridine; malononitrile; ionic liquid; synthesis
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PR AR/ N R AR SRR 0, FEA LA BT, 1Eh
SR8 IR NAN JRAEAR 22 28 M () ) N RS 2 T N,
FHEAFEE R R NI Ak NI, Friedel-Crafts
MW Suzuki MBS, Heck [z WUHT Michael A%
28 AR IR R i s 2 A5 BIAR I 3 T i
BB P O i B AR R R A T £
FhASFRAGE W), AN SCHROE B3 1WA 2-50 0 -4- 05 J5-7,8-
A A-5- AR -AH-IE I I [3,2-c] b e -6- R R U T R AT
LB R

1 HR5HE

SR [BMIm]Br H, 5 1. N F e 4R
B 2 1 2,4- —AARIILE - 1R IR T BR(3) I =443 80 °C
SN JU/NEE, A DU e = A BRI (1) 22 5E-4- 5 k-
7,8- -5 AR-4H-E IR I [3,2-c] e -6- FR IR AR ] 15
FIEMY)(Eq. 1).
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O 0 Ar
e 9 A s
ArCHO +NC_R + O)LN AT T @
1 2 /?\ /?\ 0" NH,
o)
3 4a~4p

AT 4-FEEZE R (1a). 5 Qa)R 2,4- 4848
NI - 1- 3R I BT R (3) I = 2H 20 S B A, 6 e o 4
HATRACTIEGR 1), E=H N RNGELE TLC K3
BRI da; Ui Z S N R RO R 55, 80
C 3 3 5 5 177 2.(86%).  LAAN[A] IR 25 1Ak, F%
AN T (67 K M B 25 7 R0 B A RN A R, R IR
[BMIm]Br %} T iX AN R MR e if. RV SR G, 1)
SN AR ZR W IIN D5 (PR AT =4, 6 B ae i R AT s
DLP= A A4 B Bk B L K, 80 CE
TR 4 h, BIRTEIMEH &k, B p) R N EER
T AR 4 IR, PR 4a 177 R IB IR 51(85%).

1 AT 4a ERLER

Table 1 Synthetic results of 4a under different reaction condi-

tions
it 1LBE/C BT %
1 r.t. [BMIm]Br 0
2 50 [BMIm]Br 64
3 80 [BMIm]Br 86
4 100 [BMIm]Br 86
5 80 [EMIm]Br 82
6 80 [PMIm]Br 85
7 80 [EMIm][BF,] 54
8 80 [PMIm][BF,] 60
9 80 [BMIm][BF,] 58

¢ [N 2 mL %A, 1a (0.120 g, 1.0 mmol), 2a (0.069 g, 1.05 mmol)Fll 3
(0.213 g, 1.0 mmol). * BMIm 2y 1-T %-3- FFIEBEIEFH 57 ; EMIm=1-Z.J&-
3- LRI 55T PMIm= 1-5 JE-3- FFUREOK e 55 7. © 43 B0 2.

FRPE TR AR S N A5 A, ANIRITR O kit FH 5
R 3 B, P45 B0 AH R (R IE IR FEE e F= I (R 2,
) 1~10). HRCREEEAUN ST R N, WA
FURLFIEE KGR 2, R 11~16). FTRHIMITEE, g
SRR (RIS A2 ARG el 75 A7 W H ik [ (18] 4
X 2% BN 3L, St H R A () an b B B AR L), B
AR, KT LR BRI, it IR, 'H
NMR, *C NMR F1 HRMS R 1EFT 5 7= 1 458, $odi 14
578 4 (SRR &5 7o) 4 NS RIERE X 6T
Iy HEfIE(E 1, CCDC933303).

TEdiRS R 4 T, MERERR AR R 4 T
C(1), C(2), O(4), C(HF1 C(8)ILFTH, T C3) XA
I 0.154(3) A; XA LT 25 BT AERZ MR R,
TERC T F A 85.7(1)°. AHARAINLLRE A [R)FEFL h #1%
MMM G i C4), C(5), C(T)F C(8)1E—F- 1
b, JRF C(6)F1 N() i 25 1% 1 1R & 43930 R 0.838(4)
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2 AT da~4p ME LR ¢
Table 2 Synthetic results of 4a~4p in ionic liquids

VA mrs b
R o FEE

e Ar R /b %
1 4-MeC¢Hy CN 8 4a 86
2 4-FCeH, CN 5 4 90
3 3,4-CLL,C¢H; CN 5 4c 84
4 2-NO,-3,4-(OMe),C¢H, CN 3 4d 89
5 Furan-2-yl CN 7 4e 82
6 4-CIC¢Hy CN 8 4 88
7 3,4-(OMe),CgH; CN 8 4 78
8 Ph CN 8 4h 89
9 4-NCC¢H,4 CN 6 4 85
10 2-FCgH,4 CN 6 4j 89
11 3-NO,Cg¢H,4 CO,Et 10 4k 78
12 2-CIC¢H,4 CO,Et 12 41 85
13 4-CIC¢H,4 CO,Et 12 4m 79

14 3,4-Cl,Cg¢H; CO,Et 10 4n 80
15 4-MeOC¢H, CO,Et 12 40 86

16 2-CIC¢H, CO,Me 10 4p 76

© 2013 Chinese Chemical Society & SIOC, CAS

o [ N4 AF: 2 mL [BMIm]Br, 1 (1.0 mmol), 2 (1.05 mmol)#l1 3 (0.213 g, 1.0
mmol). * 43 B R .

Bl 1 771 4 ARG
Figure 1 The crystal structure of product 4j
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5% H Bruker AVANCE DPX-400 HRZREILHRAI &,
DMSO-ds HE I, TMS h bR, #i5rHE /e Bruker-
micro-TOF-Q-MS JFit {3 bl .
32 LWHE

T 50 mL BSEH A1) (1.0 mmol), H
T IEEER ZRTE) (1.05 mmol), 2.4- A AR IE-1- R
T HEE@B) (0.213 g, 1 mmol) & T /A [BMIm]Br (2
mL). FEFEAE] 80 CLREF 3~12 h, A EIFEEMA
SmL /K, EIEAFRURLE. KA H 95% EtOH HE 45 545 31
&Y 4.

2- G F-3- T F-5- S AR -4 X F R -7 8- A4k -4H-
N PR - [3,2-c ML e -6(S H)- 2 T A T Tk (4a): m.p. 212~
214 ‘C; 'H NMR (CDCl;, 400 MHz) 6: 1.40 (s, 9H,
3CH3), 2.30 (s, 3H, CH3), 2.46~2.53 (m, 1H, CH), 2.75~
2.84 (m, 1H, CH), 3.48~3.56 (m, 1H, CH), 4.20~4.26
(m, 1H, CH), 4.53~4.55 (m, 3H, CH+NH,), 7.11 (d,
J=8.0 Hz, 2H, ArH), 7.17 (d, J=8.0 Hz, 2H, ArH); "*C
NMR (DMSO-d,, 100 MHz) §: 163.1, 159.3, 158.6, 158.5,
152.3, 142.1, 136.3, 129.4, 127.7, 120.2, 108.5, 82.4, 58.7,
36.4,28.1,26.1, 21.1; IR (KBr) v: 3377, 3306, 3211, 3168,
3050, 2980, 2925, 2194, 1764, 1696, 1676, 1644, 1590,
1514, 1470, 1371, 1329, 1307, 1223, 1164, 1144, 1083,
1044, 1009, 951, 851, 793, 772, 755 cm”'; HRMS calcd
for Cy1H,3N3;04Na [M+Na]" 404.1586, found 404.1602.

2- G F-3- T F-5- A AR -4 X R R FE -7, 8- A4k -4H-
N PR 5 [3,2-c ] L BE -6(SH)- 2 TR AU T I (4b): m.p. 185~
187 “C; '"H NMR (DMSO-ds, 400 MHz) 6: 1.41 (s, 9H,
3CH3), 2.57~2.63 (m, 1H, CH), 2.80~2.87 (m, 1H, CH),
3.54~3.61 (m, 1H, CH), 3.98~4.03 (m, 1H, CH), 4.29 (s,
1H, CH), 7.06 (s, 2H, NH,), 7.12 (t, J=8.8 Hz, 2H, ArH),
7.23~729 (m, 2H, ArH); “C NMR (DMSO-d,;, 100
MHz) 6: 163.1, 161.5 (d, Jo—r=241.0 Hz), 159.6, 158.60,
158.56, 152.3, 141.2 (d, Jo¢=2.7 Hz), 129.7 (d, Jor=
8.1 Hz), 120.0, 115.5 (d, Jo—r=21.2 Hz), 108.2, 82.6,
58.4,36.1, 28.0, 26.1; IR (KBr) v: 3383, 3305, 3211, 3171,
3064, 2981, 2930, 2193, 1765, 1694, 1676, 1644, 1591,
1508, 1473, 1371, 1307, 1222, 1161, 1144, 1094, 1083,
1044, 1011, 952, 852, 802, 777, 760 cm'; HRMS calcd
for CaoH,0N3;04FNa [M+Na]" 408.1336, found 408.1335.

2- R K-35 S AR -4-(3.4- AR IE)-7,8- A
A -4 H- LI I [3,2-c] 0k BE -6(S H)- 2 B2 A% T TG (4¢): m.p.
205~207 °C; "H NMR (DMSO-dq, 400 MHz) 6: 1.40 (s,
9H, 3CHj3), 2.59~2.64 (m, 1H, CH), 2.78~2.86 (m, 1H,
CH), 3.58~3.64 (m, 1H, CH), 3.97~4.00 (m, 1H, CH),
432 (s, 1H, CH), 7.17 (s, 2H, NH,), 7.23 (d, J=8.0 Hz,
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1H, ArH), 7.47 (s, 1H, ArH), 7.56 (d, J=8.0 Hz, 1H,
ArH); C NMR (DMSO-ds, 100 MHz) 6: 163.1, 160.2,
158.7, 158.6, 152.2, 146.2, 131.4, 131.1, 129.9, 129.8,
128.4, 119.8, 107.3, 82.5, 57.6, 36.2, 28.1, 26.2; IR (KBr)
v: 3391, 3319, 3272, 3229, 3198, 2976, 2931, 2189, 1722,
1699, 1666, 1645, 1607, 1471, 1405, 1369, 1307, 1228,
1150, 1084, 1050, 1029, 953, 878, 848, 778, 755, 725
cm '; HRMS caled for CyH;oN3;04,CLNa [M+ Na] ™
458.0650, found 458.0643.

2- Kk -3- Tk -5- S AR -4-(2- FiF ik -3,4- T F AU R R
55)-7,8- A A -4H-E IR I [3,2-c] b e -6(SH)- R TR LU T
fik(4d): m.p. 184~186 ‘C; 'H NMR (DMSO-ds, 400
MHz) J: 1.39 (s, 9H, 3CH;), 2.60~2.64 (m, 1H, CH),
2.77~2.86 (m, 1H, CH), 3.57~3.65 (m, 1H, CH), 3.84 (s,
6H, 20CH;), 3.97~4.01 (m, 1H, CH), 5.19 (s, 1H, CH),
6.75 (s, 1H, ArH), 7.13 (s, 2H, NH,), 7.48 (s, 1H, ArH);
C NMR (DMSO-d,, 100 MHz) d: 163.1, 160.0, 159.13,
159.09, 153.3, 151.9, 147.7, 141.7, 133.6, 119.5, 111.8,
107.9, 107.7, 82.5, 56.8, 56.6, 56.5, 36.3, 28.1, 26.1; IR
(KBr) v: 3320, 3195, 2979, 2937, 2849, 2188, 1759, 1694,
1677, 1639, 1610, 1517, 1448, 1393, 1370, 1329, 1307,
1272, 1224, 1140, 1089, 1052, 954, 870, 847, 799, 778,
748,717 cm”'; HRMS caled for Co,H,4N;OgNa [M+Na]*
495.1492, found 495.1468.

2-F Fh-3- 5 FE-5- A A C-4-(2- IR 3)-7,8- A fk-4H-
N IR - [3,2-] ML E -6(SH)- R IR AU T I (4e): m.p. 198~
200 ‘C; 'H NMR (DMSO-ds, 400 MHz) ¢: 1.43 (s, 9H,
3CH,), 2.57~2.62 (m, 1H, CH), 2.78~2.85 (m, 1H, CH),
3.55~3.61 (m, 1H, CH), 4.00~4.04 (m, 1H, CH), 4.11 (s,
1H, CH), 6.14 (s, 1H, ArH), 6.35 (s, 1H, ArH), 7.12 (s, 2H,
NH,), 7.52 (s, 1H, ArH); >C NMR (DMSO-d,, 100 MHz)
5:162.9, 160.2, 159.50, 159.46, 156.0, 152.3, 142.5, 120.0,
111.0, 106.00, 105.95, 82.5, 55.7, 30.4, 28.1, 26.1; IR
(KBr) v: 3381, 3315, 3200, 2987, 2935, 2891, 2196, 1764,
1698, 1647, 1613, 1504, 1471, 1395, 1373, 1334, 1304,
1222, 1137, 1085, 1052, 1007, 950, 849, 804, 768, 740
cm ~'; HRMS caled for CjsH;oN;OsNa [M + Na] *
380.1222, found 380.1203.

254 He-3- T F-5- B AR -4- X SR 37 8- A ML -4H-
WL - [3,2-c ML E -6(S H)- R AL T IR (4f): m.p. 193~195
“C; "H NMR (DMSO-d, 400 MHz) 6: 1.41 (s, 9H, 3CH3),
2.57~2.63 (m, 1H, CH), 2.79~2.88 (m, 1H, CH), 3.54~
3.62 (m, 1H, CH), 3.98~4.03 (m, 1H, CH), 4.28 (s, 1H,
CH), 7.08 (s, 2H, NH,), 7.24 (d, J=8.4 Hz, 2H, ArH), 7.37
(d, J=8.4 Hz, 2H, ArH); °C NMR (DMSO-d,, 100 MHz)

Chin. J. Org. Chem. 2013, 33, 1728~1733
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5:163.1, 159.8, 158.63, 158.59, 152.3, 144.0, 131.7, 129.8,
128.8, 120.0, 107.9, 82.5, 58.1, 36.3, 28.1, 26.1; IR (KBr)
v: 3444, 3317, 3274, 3225, 3193, 2979, 2936, 2892, 2201,
1764, 1698, 1660, 1645, 1605, 1489, 1394, 1370, 1299,
1218, 1160, 1141, 1091, 1054, 1015, 954, 836, 765 cm ™ ';
HRMS caled for C,0HsN304C1 [M—H]™ 400.1064, found
400.1074.

2- G F-3-F -5 5 M-4-(3,4- AR IE)-7,8-—
SAb-AH-EE 5 [3,2-c]EBE-6(S H)- R R AU T TiE(4g): m.p.
197~199 °C; '"H NMR (DMSO-ds, 400 MHz) 6: 1.41 (s,
9H, 3CH3), 2.57~2.63 (m, 1H, CH), 2.80~2.87 (m, 1H,
CH), 3.53~3.60 (m, 1H, CH), 3.72 (s, 3H, OCHj,), 3.74 (s,
3H, OCH,), 4.00~4.05 (m, 1H, CH), 4.22 (s, 1H, CH),
6.70~6.72 (m, 1H, ArH), 6.75~6.76 (m, 1H, ArH), 6.88
(d, J=8.4 Hz, 1H, ArH), 6.97 (s, 2H, NH,); *C NMR
(DMSO-ds, 100 MHz) §: 163.1, 159.3, 158.50, 158.46,
152.3, 149.0, 148.1, 137.5, 120.2, 119.7, 112.3, 111.7,
108.4, 82.4, 58.8, 56.5, 56.0, 36.2, 28.1, 26.2; IR (KBr) v:
3416, 3320, 3190, 2972, 2937, 2883, 2836, 2201, 1754,
1691, 1665, 1632, 1611, 1511, 1463, 1420, 1375, 1312,
1271, 1228, 1144, 1051, 1028, 949, 851, 803, 776, 762,
735 c¢cm'; HRMS caled for CyHysN3OgNa [M—+Na]®
450.1641, found 450.1638.

2-5 -3 k-5 A AR -4- TR KR -7,8- A Ak -4 H- L g
IF[3,2-c]ibiE-6(5H)-FR IR BT Tig(4h): m.p. 230~232 C;
'H NMR (DMSO-ds, 400 MHz) §: 1.41 (s, 9H, 3CH3),
2.58~2.64 (m, 1H, CH), 2.80~2.88 (m, 1H, CH), 3.53~
3.61 (m, 1H, CH), 3.99~4.05 (m, 1H, CH), 4.26 (s, 1H,
CH), 7.02 (s, 2H, NH,), 7.20~7.23 (m, 3H, ArH), 7.30~
7.33 (m, 2H, ArH); *C NMR (DMSO-d,, 100 MHz) o:
163.1, 159.6, 158.62, 158.58, 152.3, 145.0, 128.8, 127.8,
127.2, 120.1, 108.3, 82.4, 58.6, 36.8, 28.1, 26.1; IR (KBr)
v: 3460, 3322, 3269, 3221, 3192, 3024, 2978, 2196, 1759,
1699, 1663, 1644, 1602, 1469, 1455, 1392, 1371, 1330,
1304, 1224, 1161, 1142, 1083, 1056, 952, 850, 837, 785,
737,710, 697 cm'; HRMS calcd for CyoH,N3;O,Na [M+
Na]* 390.1430, found 390.1433.

2- 5 Kk -3 -5- A AR -4 X U R 0 -7,8- A k-
AH-IEIR I [3,2-c]MEBE -6(SH)-FRIR AT 1 (41): m.p. 190~
192 °C; 'H NMR (DMSO-ds, 400 MHz) 6: 1.40 (s, 9H,
3CH3), 2.60~2.66 (m, 1H, CH), 2.80~2.88 (m, 1H, CH),
3.58~3.66 (m, 1H, CH), 3.97~4.02 (m, 1H, CH), 4.37 (s,
1H, CH), 7.16 (s, 2H, NH,), 7.43 (d, J=8.4 Hz, 2H, ArH),
7.79 (d, J=8.4 Hz, 2H, ArH); *C NMR (DMSO-d, 100
MHz) d: 163.1, 160.3, 158.70, 158.66, 152.3, 150.5, 132.9,

Chin. J. Org. Chem. 2013, 33, 1728~1733
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129.0, 119.8, 119.3, 110.0, 109.3, 82.5, 57.3, 37.0, 28.1,
26.1; IR (KBr) v: 3444, 3317, 3274, 3225, 3193, 2979,
2936, 2892, 2230, 2201, 1764, 1698, 1660, 1645, 1605,
1489, 1394, 1370, 1299, 1218, 1160, 1141, 1091, 1054,
1015, 954, 836, 765 cm™'; HRMS calcd for Cy;H,oN,O4Na
[M+Na]" 415.1382, found 415.1380.

2- G -3- I -5- A AR -4- AR SR -7 8- A Ak -4H-
NEEIR JF[3,2-c Mtk e -6 (S H)-FRER U T TiE(4j): m.p. 208~210
‘C; "H NMR (DMSO-ds, 400 MHz) 6: 1.40 (s, 9H, 3CH3),
2.59~2.65 (m, 1H, CH), 2.79~2.85 (m, 1H, CH), 3.56~
3.63 (m, 1H, CH), 3.97~4.03 (m, 1H, CH), 4.55 (s, 1H,
CH), 7.09 (s, 2H, NH,), 7.11~7.16 (m, 2H, ArH), 7.23~
7.27 (m, 2H, ArH); *C NMR (DMSO-d;, 100 MHz) o:
163.0, 160.34 (d, Jc—r=2442 Hz), 160.27, 159.94,
158.89, 152.2, 131.5 (d, Jo—r=12.8 Hz), 130.1 (d, Jo—=
3.9 Hz), 129.2 (d, Jo—=8.0 Hz), 125.1 (d, Jo—r=3.1 Hz),
119.9, 115.9 (d, J—=21.7 Hz), 107.0, 82.5, 57.1, 30.7,
28.1, 26.1; IR (KBr) v: 3467, 3322, 3265, 3218, 3189,
2976, 2932, 2196, 1758, 1700, 1662, 1643, 1601, 1487,
1457, 1392, 1372, 1329, 1306, 1258, 1221, 1162, 1143,
1096, 1058, 954, 845, 806, 778, 758, 705 cm™'; HRMS
caled for ChHyN;0,F [M + Na] ™ 408.1336, found
408.1347.

2-B -3 LA AL -5 - AR 4- AV 2R 07,8
SA-AH-NEIRE I [3,2-c ] BE-6(S H)- R R AU T TR (4k): m.p.
194~196 °C; '"H NMR (DMSO-d,, 400 MHz) J: 1.07 (t,
J=6.8 Hz, 3H, CH3), 1.41 (s, 9H, 3CH;), 2.65~2.71 (m,
1H, CH), 2.81~2.88 (m, 1H, CH), 3.52~3.59 (m, 1H,
CH), 3.92~4.02 (m, 3H, CH,+CH), 4.69 (s, 1H, CH),
7.53~7.57 (m, 1H, ArH), 7.66~7.71 (m, 3H, ArH-+
NH,), 8.00~8.03 (m, 2H, ArH); *C NMR (DMSO-d;, 100
MHz) d: 168.1, 163.5, 159.70, 159.69, 159.3, 152.3, 149.0,
147.8, 135.3, 129.9, 123.1, 121.7, 110.0, 82.4, 76.9, 59.5,
35.1, 28.1, 26.0, 14.5; IR (KBr) v: 3390, 3283, 2988, 2972,
2933, 2905, 1756, 1700, 1673, 1613, 1530, 1515, 1372,
1350, 1307, 1292, 1229, 1204, 1165, 1143, 1097, 1054,
956, 888, 852, 788, 737, 707 cm '; HRMS calcd for
C»,H,sN;OgNa [M+Na]" 482.1539, found 482.1559.

2-RHE-3- LA IR -5- A A4S EUR -7 ,8- A
b -4 H- ML IR 5 [3,2-c] ML e -6(S H)- F2 BR 45U T I (41): m.p.
197~199 °C; '"H NMR (DMSO-ds, 400 MHz) J: 1.03 (t,
J=6.8 Hz, 3H, CH3), 1.41 (s, 9H, 3CH;), 2.57~2.63 (m,
1H, CH), 2.79~2.87 (m, 1H, CH), 3.42~3.50 (m, 1H,
CH), 3.89~4.00 (m, 3H, CH,~+CH), 4.90~4.91 (s, 1H,
CH), 7.12~7.16 (m, 1H, ArH), 7.20~7.24 (m, 1H, ArH),
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7.25~7.28 (m, 2H, ArH), 7.64~7.65 (m, 2H, NH,); "*C
NMR (DMSO-ds, 100 MHz) §: 168.5, 163.3, 159.52,
159.46, 159.3, 152.1, 142.9, 133.2, 132.8, 129.9, 128.1,
127.0, 109.4, 82.3, 76.5, 59.2, 33.7, 28.1, 26.0, 14.6; IR
(KBr) v: 3462, 3308, 2985, 2941, 1751, 1700, 1666, 1609,
1509, 1473, 1457, 1391, 1372, 1303, 1200, 1166, 1144,
1073, 1043, 952, 851, 827, 785, 751, 705 cm'; HRMS
caled for C,H,sN,O4CINa [M—|—Na]+ 471.1299, found
471.1294.

2-G HE-3- LA PRI -5- A AR 4N R KE-7,8- A
A -4 H-NHE I IR [3,2-c ]I e -6(5 H)-FR IR L ] TG (4m): m.p.
194~196 °C; 'H NMR (DMSO-d,, 400 MHz) §: 1.09 (t,
J=17.2 Hz, 3H, CH3), 1.41 (s, 9H, 3CH;), 2.59~2.65 (m,
1H, CH), 2.78~2.87 (m, 1H, CH), 3.46~3.53 (m, 1H,
CH), 3.93~4.02 (m, 3H, CH,+CH), 4.57 (s, 1H, CH),
7.20 (d, J=8.4 Hz, 2H, ArH), 7.28 (d, J=8.4 Hz, 2H,
ArH), 7.60 (s, 2H, NH,); *C NMR (DMSO-d,, 100 MHz)
5: 168.3, 163.5, 159.33, 159.27, 159.1, 152.4, 145.8, 130.9,
130.3, 128.2, 110.8, 82.4, 77.4, 59.4, 34.4, 28.1, 26.0, 14.7,
IR (KBr) v: 3480, 3340, 2977, 2931, 2904, 1757, 1699,
1674, 1524, 1489, 1468, 1394, 1371, 1315, 1204, 1167,
1146, 1105, 1075, 1051, 1013, 954, 852, 839, 782 cm ';
HRMS caled for CpH,sN>OsCINa [M+Na]* 471.1299,
found 471.1298.

2-5H-3- LRSI -5 A-4-(3 4- U E)-7,8-
A AL -4H-DE IR I [3,2-c] ML BE -6(SH)- 7R IR AU T 1 (4n):
m.p. 193~195 C; 'H NMR (DMSO-d;, 400 MHz) ¢:
1.09 (t, J=6.8 Hz, 3H, CH;), 1.41 (s, 9H, 3CH3), 2.61~
2.68 (m, 1H, CH), 2.79~2.86 (m, 1H, CH), 3.50~3.57
(m, 1H, CH), 3.91~4.01 (m, 3H, CH,+CH), 4.54 (s, 1H,
CH), 7.17 (dd, J=8.4, 2.0 Hz, 1H, ArH), 7.36~7.37 (m,
1H, ArH), 7.54 (d, J=8.4 Hz, 1H, ArH), 7.67~7.68 (m,
2H, NH,); “C NMR (DMSO-d,, 100 MHz) J: 168.1,
163.5, 159.5, 159.3, 159.2, 152.3, 147.9, 130.59, 130.58,
130.5, 128.9, 128.8, 110.0, 82.4, 76.8, 59.4, 34.6, 28.1,
26.0. 14.6; IR (KBr) v: 3392, 3285, 2982, 2934, 2907,
1754, 1700, 1616, 1523, 1468, 1397, 1372, 1306, 1229,
1203, 1143, 1074, 1047, 954, 888, 849, 804, 783, 729 cm~
' HRMS calcd for C»HN,O4ClL, [M+Na]" 505.0909,
found 505.0915.

2-% H-3- LA IR -5- S -4 0] H AR R R 27,8 -
A AL -4H-ME T S [3,2-c] WL BE -6(SH)- TR BR £ T 1 (40):
m.p. 198~199 C; 'H NMR (DMSO-ds, 400 MHz) ¢:
1.11 (t, J=7.2 Hz, 3H, CH3), 1.42 (s, 9H, 3CHj;), 2.58~
2.64 (m, 1H, CH), 2.78~2.87 (m, 1H, CH), 3.43~3.51
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(m, 1H, CH), 3.69 (s, 3H, OCH3), 3.92~4.02 (m, 3H,
CH,+CH), 4.53 (s, 1H, CH), 6.78 (d, /=8.8 Hz, 2H,
ArH), 7.09 (d, J=8.8 Hz, 2H, ArH), 7.52 (s, 2H, NH,); "*C
NMR (DMSO-ds, 100 MHz) 6: 168.5, 163.5, 159.28,
159.22, 158.6, 157.9,152.4, 138.8, 129.3, 128.8, 113.6,
111.5, 82.3, 78.2, 59.3, 55.4, 33.8, 28.1, 26.0, 14.7; IR
(KBr) v: 3411, 3295, 2979, 2934, 2905, 2881, 1752, 1699,
1672, 1613, 1510, 1462, 1372, 1303, 1288, 1262, 1249,
1231, 1203, 1170, 1142, 1107, 1073, 1048, 1035, 951, 848,
785, 774, 746 cm '; HRMS caled for C,3H,sN,O/Na
[M+Na]" 467.1794, found 467.1805.

2-G B -3- AR P -5- S AR 4- AR AU R 5E-7,8- &
-4 H- TR 51 [3,2-c ]I e -6(SH)- FR IR U T T (4p): m.p.
199~201 °C; "H NMR (DMSO-d, 400 MHz) &: 1.41 (s,
9H, 3CH3), 2.58~2.64 (m, 1H, CH), 2.79~2.87 (m, 1H,
CH), 3.44~3.51 (m, 4H, CH;0+CH), 3.95~4.01 (m, 1H,
CH), 4.91~4.92 (m, 1H, CH), 7.11~7.16 (m, 1H, ArH),
7.20~7.28 (m, 3H, ArH), 7.63 (s, 2H, NH,); *C NMR
(DMSO-dg, 100 MHz) §: 168.8, 163.2, 159.5, 159.40,
159.35, 152.1, 143.1, 133.2, 132.4, 129.9, 128.1, 127.2,
109.6, 82.3, 76.5, 50.8, 33.5, 28.1, 26.0; IR (KBr) v: 3440,
3322, 2972, 2936, 2889, 1769, 1700, 1612, 1519, 1269,
1435, 1371, 1313, 1301, 1206, 1142, 1100, 1078, 1035,
952, 850, 820, 784, 761, 747, 705 cm '; HRMS calcd for
Ca3H23N,06Cl [M+Na]" 457.1142, found 457.1143.
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