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Synthesis of Novel Spiro Indolizidine Derivatives via 1,3-Dipolar
Cycloaddition of Azomethine Ylide
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Abstract The 1,3-dipolar cycloaddition of azomethine ylide generated in sifu from acenaphthenequinone (isatin) and
sarcosine to 7-arylmethylidene-6,7-dihydroindolizin-8(5H)-ones afforded novel 4'-aryl-1'-methyl-5",6"-dihydro-2H,8"H-
dispiro[acenaphthylene-1,2'-pyrrolidine-3',7"-indolizine]-2,8"-diones and 4'-aryl-1'-methyl-5",6"-dihydro-8"H-dispiro[indole-
3,2'-pyrrolidine-3',7"-indolizine]-2,8"(1H)-diones in moderate yields. The structures of the products were characterized

thoroughly by NMR, IR, MS, elemental analysis together with X-ray crystallographic analysis.
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2a~2g

a Ar= C6H5, b Ar= 4-C|CSH4, c Ar= 2,4-C|206H3, d Ar= 4-FCGH4,
e Ar= 4-CH3SCgH,, fAr = 4-CHCgHs g Ar = 3,4,5-(OCH3)3CeH,

Scheme 1

. 7E 2b R RIERE S T, 6 2.00 [RHLIEY
NCH; (H-D)F LTI, § 3.58 (J=8.5 Hz)Fl 3.96
(J=9.5 Hz)Xb 11 41 — 0 Sy ks BR 1= 7 R 66 Joit - Ui
(H-2), 5 5.08 (J=9.0 Hz)[1J I AL IR T CH (H-3))5
T, T FEEH-6) BT 4 BT 6 1.51 AT 2.23, [fiE
FJE(H-7) [ T4 A7 T 6 2.93 Fil 3.43.

75 2b ISR ARG T, 6 34.54 J& NCH; R 1
(C-DIL 21T, 6 187.60 F1 207.63 433 U1 &+ 4N Jk
LR JET(C-8 1 C-9), 6 46.28 Fil 58.54 43 Hil LMK IA L
CH (C-3)f1 CH, (C-2)ffimic i1 liiie (31 HSQC), 6
30.81 ML IRERR F C-6 L 2= 0, 6 60.27 1 79.58 47
SIHJE T AN ZERR IR F-(C-4 A1 C-5). 7£ 2b [ 'H-"C
HMBC (& 1), H-2 1 H-1 5% )51 C-5 (6 79.58)H
%, WA L CH (H-3)M1 CH, (H-2) 5t 1 51815 C-4 (6
60.27)AH¢. H-3 Fl C-8 AR ICTEZR B,  187.60 J& Bl HE Ak
JATF(C-8) AR, e, 72 2b 1 X Sk B didiT
S RRAE T PE I ST AR A PO 2).

B 1 {9 2b (¥ HMBC
Figure 1 Partial HMBC diagram of 2b
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B2 1459 2b (¥ ORTEP
Figure 2 ORTEP diagram of 2b

H atoms have been omitted for clarity

YR E LR, WHIMH-6)M T2 5ALT 6 1.58
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Hz, 1H), ifj 6 3.67~3.74 (m, 2H) A ¥ F K(H-7) K15 1,
0 3.51 (J=8.0 Hz)F1 3.94 (J=9.5 Hz) AL W20 = T Ig Ny
NEE R _E IV F L 16 (H-2), 6 8.33 Abf ikl NH |
PIRT SRS . A 3F MR REERisis , 6 59.12 1
76.75 5 5V & T PR AR ISR, N-CH; H % 1AL 2247
16§ 34.54, 1M1 3 AN RIS TR AL 2= 0 72 53l a2 0
177.50 1 187.64.
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NE, T™MS i S K AR, CDCls il DMSO-ds
YENEER, JCZ ATl Elementar analyzer (varioEL
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3.2 ZWAHE
321 1-FHR-4-353-5"6"- =5 -2H,8"H-— 32 [ & b -
1,2'-wte& k-3, 7"-F FGER ]-2,8"- =Rl (2a~2g) #6 A%,

L7 [V B FI CaCl, T4 1) 50 mL [5Gk
oK 7-95 W R -6,7- AR R B -8(SH)- (1) (1
mmol), JZEE 0.184 g (1 mmol), WL 0.09 g (1 mmol)
YT 20 mL FEER, (B9 36 h, TLC SR EAIN 4 5 45
W, K NIRAYE R =, R, M
WERAEENTEIFFAD VO MEE) @ LR ZBE)=S5 @ 1]
FFEIAHNY (1] 7= 4) 2a~2g.

- L4 2R L5 6" A -2H 8" H- B[ 1-1,2'-
NI e -3, 71 P R B 1-2,8"- I (2a): B €L [ A, IR
63%. m.p. 227~228 ‘C; '"H NMR (CDCl;, 500 MHz) ¢:
1.52 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.01 (s, 3H, H-1), 2.28
(dt, J=15.0, 2.0 Hz, 1H, H-6), 2.94 (td, J=15.0, 3.0 Hz,
1H, H-7), 3.42 (ddd, J=15.0, 5.0, 2.0 Hz, 1H, H-7), 3.59
(t, J=8.5 Hz, 1H, H-2), 4.04 (t, J=9.5 Hz, 1H, H-2), 5.11
(dd, J=8.0, 10.0 Hz, 1H, H-3), 5.90 (dd, J=4.0, 2.5 Hz,
1H), 6.09~6.10 (m, 1H), 6.91 (dd, J=1.0, 4.0 Hz, 1H),
7.23 (d, J=8.5 Hz, 1H), 7.33~7.36 (m, 2H), 7.44~7.47
(m, 1H), 7.52 (d, J=7.5 Hz, 1H), 7.59 (d, J=7.0 Hz, 2H),
7.69 (d, J=8.0 Hz, 2H), 7.87 (d, J=7.0 Hz, 1H), 8.04 (d,
J=8.0 Hz, 1H); *C NMR (CDCls, 125 MHz) 6: 30.75
(C-6), 34.59 (C-1), 42.03 (C-7), 46.93 (C-3), 58.42 (C-2),
60.49 (C-4), 79.63 (C-5), 110.71, 115.20, 120.22, 124.76,
124.87, 125.06, 126.96, 127.71, 128.36, 128.81, 130.11,
130.47, 130.61, 131.36, 132.21, 135.95, 139.10, 142.12,
187.83 (C-8), 207.62 (C-9); IR (KBr) v: 1650.9, 1702.3
cm '; MS (ESI) m/z: 433 [M+H] . Anal. caled for
CaoHo4N,O,: C 80.53, H 5.59, N 6.48; found C 80.40, H
5.69, N 6.76.

1'- F L4 (4- BRI )-5" 6"- — & -2H,8"H- IR [ )&
Ii-1,2'-NE s Joe-3', 7" S E1-2,8"- i (2b): 3 (1 [ 4,
W& 60%. m.p. 244~245 C; 'H NMR (CDCl;, 500
MHz) 6: 1.51 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.00 (s, 3H,
H-1), 2.23 (dt, J=15.0, 2.0 Hz, 1H, H-6), 2.93 (td, J=
15.0, 3.0 Hz, 1H, H-7), 3.43 (ddd, J=15.0, 5.0, 2.0 Hz,
1H, H-7), 3.58 (t, J=8.5 Hz, 1H, H-2), 3.96 (t, J=9.5 Hz,
1H, H-2), 5.08 (t, J=9.0 Hz, 1H, H-3), 5.91 (dd, J=4.0,
2.5 Hz, 1H), 6.10~6.11 (m, 1H), 6.92 (dd, J=1.0, 4.0 Hz,
1H), 7.31 (d, J=8.5 Hz, 2H), 7.43~7.46 (m, 1H), 7.50~
7.55 (m, 3H), 7.69 (d, J=8.0 Hz, 2H), 7.87 (d, J=7.0 Hz,
1H), 8.05 (d, J=7.0 Hz, 1H); °*C NMR (CDCls, 125 MHz
5 30.81 (C-6), 34.54 (C-1), 41.96 (C-7), 46.28 (C-3),
58.54 (C-2), 60.27 (C-4), 79.58 (C-5), 110.85, 115.35,
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120.36, 124.72, 125.06, 125.17, 127.78, 128.50, 128.79,
130.12, 130.50, 131.23, 131.82, 132.34, 132.78, 135.67,
137.68, 142.14, 187.60 (C-8), 207.63 (C-9); IR (KBr) v:
1651.4, 1699.9 cm™'; MS (ESI) m/z: 467 [M+ H]".
Anal. caled for CyoHpCIN,O,: C 74.59, H 4.96, N 6.00;
found C 74.41, H4.77, N 6.15.

1-F 34 (2,4- G R FE)-5",6"- & -2H,8"H- " IZ
e Hi-1,2"- ML g e -3, 7"- Hh U ]-2,8"- il (2¢): 2 L[]
&, W 65%. m.p. 239~241 C; "H NMR (CDCls, 500
MHz) J: 1.58 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.00~2.03
(m, 4H, H-1+H-6), 2.78 (td, J=15.0, 3.0 Hz, 1H, H-7),
3.39 (ddd, J=15.0, 5.0, 2.0 Hz, 1H, H-7), 3.63 (t, J=9.0
Hz, 1H, H-2), 3.97 (t, J=9.5 Hz, 1H, H-2), 5.44 (t, J=9.0
Hz, 1H, H-3), 5.96 (dd, J=4.0, 2.5 Hz, 1H), 6.11~6.12
(m, 1H), 7.02 (dd, J=4.0, 1.5 Hz, 1H), 7.35~7.36 (m,
1H), 7.38 (dd, J=8.5, 2.0 Hz, 1H), 7.43 (t, J=7.5 Hz,
1H), 7.51 (d, J=7.5 Hz, 1H), 7.69~7.72 (m, 2H ), 7.86 (d,
J=17.0 Hz, 1H), 8.06 (d, J=8.5 Hz, 1H), 8.21 (d, J=8.5
Hz, 1H); "C NMR (CDCl;, 125 MHz) 6: 30.37 (C-6),
34.62 (C-1), 41.85 (C-7), 42.26 (C-3), 58.08 (C-2), 59.15
(C-4), 79.93 (C-5), 110.79, 115.51, 120.42, 124.83, 125.02,
125.27, 127.10, 127.75, 128.77, 129.03, 130.16, 130.46,
131.09, 132.30, 132.45, 133.07, 135.08, 136.00, 136.92,
142.35, 186.73 (C-8), 207.81 (C-9); IR (KBr) v: 1654.1,
1698.6 cm™'; MS (ESI) m/z: 501 [M~+H]". Anal. calcd for
CoH2CLN,0,: C 69.47, H 4.42, N 5.59; found C 69.40, H
4.57,N 5.70.

1'- -4 (4- A R )-5",6"- A -2H 8" H- W[ )&
Ifi-1,2'- ML e -3", 7" FR R -2,8"- i (2d): (AL 44,
WE 62%. m.p. 203~204 C; 'H NMR (CDCls, 500
MHz) §: 1.49 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.00 (s, 3H,
H-1), 2.23 (dt, J=15.0, 2.0 Hz, 1H, H-6), 2.93 (td, J=
15.0, 3.0 Hz, 1H, H-7), 3.45 (ddd, J=15.0, 5.0, 2.0 Hz,
1H, H-7), 3.59 (t, J=8.5 Hz, 1H, H-2), 3.96 (t, J=10.0
Hz, 1H, H-2), 5.09 (dd, J=10.0, 8.5 Hz, 1H, H-3), 5.91
(dd, J=4.0, 2.5 Hz, 1H), 6.10~6.11 (m, 1H), 6.92 (d, J=
4.0 Hz, 1H), 7.03 (t, J=7.5 Hz, 2H), 7.45 (t, J=7.5 Hz,
1H), 7.50 (d, J=7.0 Hz, 1H), 7.57 (d, J=6.0 Hz, 2H), 7.69
(d, J=8.0 Hz, 2H), 7.87 (d, J=7.0 Hz, 1H), 8.05 (d, J=
8.0 Hz, 1H); '*C NMR (CDCl;, 125 MHz) 6: 30.81 (C-6),
34.55 (C-1), 41.98 (C-7), 46.16 (C-3), 58.76 (C-2), 60.26
(C-4), 79.63 (C-5), 110.81, 115.07, 115.23, 115.29, 120.31,
124.75, 124.98, 125.14, 127.75, 128.80, 130.12, 130.56,
131.27, 131.90, 131.96, 132.31, 142.15, 187.71 (C-8),
207.68 (C-9); IR (KBr) v: 1654.3, 1702.3 cm™'; MS (ESI)
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m/z: 451 [M+H]". Anal. caled for C,o0H,3N,FO,: C 77.32,
H 5.15, N 6.22; found C 77.50, H 5.03, N 6.44.

1'- FH F-4'-(4- H AR BE R ) -5",6"- 5 -2 H,8" H- %,
D& H-1,2'-ME g e -3',7"- HH R 12,8~ il (2e): 3 £ [F]
A&, W& 50%. m.p. 218~219 C; 'H NMR (CDCl;, 500
MHz) d: 1.54 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.00 (s, 3H,
H-1), 2.24 (dt, J=15.0, 2.0 Hz, 1H, H-6), 2.47 (s, 3H,
SCHs), 2.93 (td, J=15.0, 3.0 Hz, 1H, H-7), 3.43 (ddd, J=
15.0, 5.0, 2.0 Hz, 1H, H-7), 3.56 (t, J=8.5 Hz, 1H, H-2),
3.99 (t, J=10.0 Hz, 1H, H-2), 5.06 (dd, J=10.0, 8.5 Hz,
1H, H-3), 5.90 (dd, J=4.0, 2.5 Hz, 1H), 6.10~6.11 (m,
1H), 6.91 (dd, J=4.0, 1.5 Hz, 1H), 7.24 (d, J=8.5 Hz,
2H), 7.45 (t, J=17.5 Hz, 1H), 7.51 (d, J=7.0 Hz, 3H), 7.69
(d, J=8.0 Hz, 2H ), 7.86 (d, J=6.5 Hz, 1H), 8.04 (d, J=
8.0 Hz, 1H); “C NMR (CDCl;, 125 MHz) J: 15.89
(SCH3), 30.76 (C-6), 34.57 (C-1), 41.99 (C-7), 46.48
(C-3), 58.44 (C-2), 60.40 (C-4), 79.61 (C-5), 110.74,
115.22, 120.26, 124.74, 124.93, 125.09, 126.59, 127.72,
128.79, 130.10, 130.56, 130.91, 131.30, 132.24, 135.96,
136.87, 142.11, 187.77 (C-8), 207.60 (C-9); IR (KBr) v:
1651.0, 1700.3 cm™'; MS (ESI) m/z: 479 [M+H]". Anal.
calcd for C;0H,N,0,S: C 75.29, H 5.48, N 5.85; found C
75.08, H 5.59, N 5.73.

1'- L -4 (4- 1 45 68 )-5"6"- A -2H 8"H- W& [)E
I -1,2'-NEE e -3, 7" P R 1-2,8"- i (26): B E [ 44,
W& 53%. m.p. 226~227 C; 'H NMR (CDCl;, 500
MHz) 6: 1.54 (td, J=14.0, 5.0 Hz, 1H, H-6), 2.00 (s, 3H,
H-1), 2.27 (dt, J=15.0, 2.0 Hz, 1H, H-6), 2.33 (s, 3H,
CH3), 2.93 (td, J=15.0, 3.0 Hz, 1H, H-7), 3.42 (ddd, J=
15.0, 5.0, 2.0 Hz, 1H, H-7), 3.56 (t, J=8.5 Hz, 1H, H-2),
4.01 (t, J=10.0 Hz, 1H, H-2), 5.07 (dd, J=10.0, 8.5 Hz,
1H, H-3), 5.89 (dd, J=4.0, 2.5 Hz, 1H), 6.09~6.10 (m,
1H), 6.90 (dd, J=4.0, 1.5 Hz, 1H), 7.15 (d, J=8.0 Hz,
2H), 7.43~7.48 (m, 3H), 7.52 (d, J=7.0 Hz, 1H), 7.68 (d,
J=8.0 Hz, 2H), 7.86 (d, J=7.0 Hz, 1H), 8.03 (d, J=8.5
Hz, 1H); “C NMR (CDCls, 125 MHz) §: 21.06 (CHj),
30.72 (C-6), 34.58 (C-1), 42.02 (C-7), 46.57 (C-3), 58.47
(C-2), 60.41 (C-4), 79.61 (C-5), 110.66, 115.12, 120.18,
124.74, 124.82, 125.02, 127.69, 128.79, 129.05, 130.09,
130.31, 130.62, 131.35, 132.17, 135.91, 135.98, 136.52,
142.09, 187.92 (C-8), 207.61 (C-9); IR (KBr) v: 1654.1,
1702.2 cm™'; MS (ESI) m/z: 447 [M+H]". Anal. calcd for
C30Hx6N,0,: C 80.69, H 5.87, N 6.27; found C 80.55, H
5.99, N 6.50.

- B Ok -4'-(3,4,5- = FFF A0 Bk O AR )56t A -

2312 http://sioc-journal.cn/
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2H,8"H- MR [ Mi-1,2"- Mk g e -3",7"- v 4 2]-2,8"- — ]
(2g): EAE AR, W 57%. mp. 232~233 ‘C; 'H NMR
(CDCls, 500 MHz) 0: 1.61 (td, J=14.0, 5.0 Hz, 1H, H-6),
2.01 (s, 3H, H-1), 2.31 (dt, J=15.0, 2.0 Hz, 1H, H-6), 2.91
(td, J=15.0, 3.0 Hz, 1H, H-7), 3.47 (ddd, J=15.0, 5.0, 2.0
Hz, 1H, H-7), 3.63 (t, J=8.5 Hz, 1H, H-2), 3.85 (s, 3H,
OCHj3), 3.95~3.98 (m, 7H, OCH;+H-2), 5.01 (t, J=9.0
Hz, 1H, H-3), 5.93 (dd, J=4.0, 2.5 Hz, 1H), 6.12~6.13
(m, 1H), 6.93~6.95 (m, 3H), 7.44 (t, J=17.5 Hz, 1H), 7.51
(d, J=6.5 Hz, 1H), 7.70 (d, J=8.0 Hz, 2H ), 7.88 (d, J=
7.0 Hz, 1H), 8.05 (d, J=8.0 Hz, 1H); °C NMR (CDCl,
125 MHz) 6: 30.32 (C-1), 34.58 (C-6), 41.96 (C-7), 47.39
(C-3), 56.22 (OCH3), 58.99 (C-2), 60.32 (C-4), 60.83
(OCH3), 79.72 (C-5), 107.34, 110.81, 11528, 120.32,
124.69, 125.05, 125.13, 127.74, 128.74, 130.12, 130.62,
131.30, 132.27, 134.88, 135.71, 136.76, 142.13, 153.04,
188.07 (C-8), 207.65 (C-9); IR (KBr) v: 1646.9, 1710.3
cm '; MS (ESI) m/z: 523 [M+H] . Anal. caled for
C3,H30N,05: C 73.55, H 5.79, N 5.36; found C 73.80, H
5.63, N 5.61.

322 1-FHRA4-FHEI-F RS 6" —S-1H,8"H-—
$R[ 73] -3,k b -3, 7" P (2 ]-2,8"- —FR (3a—~3g)
ERECDY

FEHF T A B R CaCly, T4 11 50 mL [RS8
t o 7-95 W R -6,7- A TP AL B -8(5H)- B (1) (1
mmol), 5#E4L0.15 g (1 mmol), JIZER 0.09 g (1 mmol)
T 20 mL HEEHS, PR R, TLC K2 s W 4,
I VM) : (CROED)=5 1, KINVIRAR
AR, g, A CREE S 1 E) 3a~3g.

1-H -4 KL -5" 6"- — & -1H,8" H- WA 5| W-3,2'-
Mg e -3',7"- PR (B 1-2,8"- Wi (3a): (0 [k, R
76%. m.p. 259~261 ‘C; '"H NMR (CDCl;, 500 MHz) o:
1.56 (ddd, J=15.9, 12.0, 5.5 Hz, 1H, H-6), 2.12 (s, 3H,
H-1), 2.42 (dt, J=15.0, 2.5 Hz, 1H, H-6), 3.53 (t, J=8.5
Hz, 1H, H-2), 3.66~3.78 (m, 2H, H-7), 3.98 (t, J=9.5 Hz,
1H, H-2), 5.00 (dd, J=9.5, 8.5 Hz, 1H, H-3), 6.01 (dd, J=
4.0, 2.4 Hz, 1H), 6.39 (t, J=1.8 Hz, 1H), 6.78 (d, J=17.5
Hz, 1H), 6.81 (td, J=7.5, 1.0 Hz, 1H), 6.94 (dd, J=4.0,
1.5 Hz, 1H), 7.09 (td, J=7.5, 1.0 Hz, 1H), 7.17 (d, J=8.0
Hz, 1H), 7.21~7.24 (m, 1H), 7.30 (t, J=7.5 Hz, 2H), 7.54
(d, J=17.0 Hz, 2H), 8.62 (s, 1H, NH); C NMR (CDCl,
125 MHz) 6: 30.98 (C-6), 34.61 (C-1), 41.88 (C-7), 46.78
(C-3), 57.73 (C-2), 59.18 (C-4), 76.74 (C-5), 109.30,
110.81, 115.51, 122.97, 125.18, 126.01, 126.99, 127.98,
128.31, 129.36, 130.54, 130.57, 138.96, 140.83, 177.59

Chin. J. Org. Chem. 2012, 32, 2309~2314



Chinese Journal of Organic Chemistry

ARTICLE

(C-9), 187.55 (C-8); IR (KBr) v: 1637.5, 1695.0 cm™'; MS
(ESI) m/z: 398 [M+H]". Anal. calcd. for CosH3N;0,: C
75.54, H 5.83, N 10.57; found C 75.34, H 5.72, N 10.78.

1'- k-4 (4- U IR R )-5,6"- & -1H,8"H- W& [ W]
W-3,2'- Mg e -3, 7"- 7 BT ]-2,8"- i (3b): 1 (AL 44,
W& 80%. m.p. 253~254 C; 'H NMR (CDCl;, 500
MHz) d: 1.55 (ddd, J=15.0, 11.0, 7.0 Hz, 1H, H-6), 2.11
(s, 3H, H-1), 2.36 (dt, J=15.0, 2.7 Hz, 1H, H-6), 3.53 (t,
J=8.5 Hz, 1H, H-2), 3.70~3.74 (m, 2H, H-7), 3.89 (t, J=
10.0 Hz, 1H, H-2), 4.96 (dd, J=10.0, 8.5 Hz, 1H, H-3),
6.02 (dd, J=4.0, 2.4 Hz, 1H), 6.41 (t, J/=1.9 Hz, 1H), 6.75
(d, J=8.0 Hz, 1H), 6.81 (td, J=7.5, 1.0 Hz, 1H), 6.95 (dd,
J=4.0, 1.5 Hz, 1H), 7.08 (td, J=7.5, 1.0 Hz, 1H), 7.15 (d,
J=7.5 Hz, 1H), 7.27~7.28 (m, 2H), 7.48 (d, J=8.0 Hz,
2H), 8.27 (s, 1H, NH); *C NMR (CDCl;, 125 MHz) ¢:
31.03 (C-6), 34.57 (C-1), 41.83 (C-7), 46.12 (C-3), 57.86
(C-2), 58.97 (C-4), 76.72 (C-5), 109.28, 110.95, 115.64,
123.06, 125.33, 125.76, 127.97, 128.45, 129.46, 130.44,
131.94, 132.80, 137.50, 140.63, 177.31 (C-9), 187.26
(C-8); IR (KBr) v: 1645.7, 1694.4 cm '; MS (ESI) m/z:
432 [M+H]+. Anal. calcd for C,sH»,CIN;O,: C 69.52, H
5.13, N 9.73; found C 69.67, H 5.25, N 9.55.

1= -4'-(2,4- — G R 3E)-5",6"- —&(-1H,8"H- 1%
(7] -3,2'- L g e -3', 7= R B ]-2,8"- il (3¢): [ E [F]
&, W 71%. m.p. 258~260 C; 'H NMR (CDCls, 500
MHz) d: 1.60 (ddd, J=15.0, 12.0, 5.5 Hz, 1H, H-6), 2.11
(s, 3H, H-1), 2.15 (dt, J=15.0, 2.5 Hz, 1H, H-6), 3.55 (t,
J=8.5 Hz, 1H, H-2), 3.59~3.72 (m, 2H, H-7), 3.92 (t, J=
10.0 Hz, 1H, H-2), 5.35 (dd, J=10.0, 8.5 Hz, 1H, H-3),
6.04 (dd, J=4.0, 2.4 Hz, 1H), 6.40 (t, J=1.8 Hz, 1H), 6.72
(d, J=17.5 Hz, 1H), 6.79 (td, J=7.7, 1.0 Hz, 1H), 7.00 (dd,
J=4.0, 1.5 Hz, 1H), 7.08 (td, J=7.5, 1.0 Hz, 1H), 7.15 (d,
J=17.5 Hz, 1H), 7.30 (dd, J=8.5, 2.0 Hz, 1H), 7.34 (d, J=
2.0 Hz, 1H), 7.80 (s, 1H, NH), 8.05 (d, J=8.5 Hz, 1H); °C
NMR (CDCl;, 125 MHz) d: 30.54 (C-6), 34.65 (C-1),
41.76 (C-7), 41.97 (C-3), 57.13 (C-2), 57.97 (C-4), 76.98
(C-5), 109.27, 110.83, 115.64, 123.08, 125.04, 127.01,
128.18, 128.95, 129.52, 130.36, 133.08, 136.86, 140.67,
177.03 (C-9), 186.36 (C-8); IR (KBr) v: 1638.2, 1721.5
cm '; MS (ESI) m/z: 466 [M+H] . Anal. caled for
C,sH,,CLN;0,: C 64.39, H 4.54, N 9.01; found C 64.55, H
4.59, N 8.84.

1'- k-4 (4-F IR 6 )-5",6"- A -1H,8"H- & [ 5]
Wk-3,2'- N g e -3, 7"- R BT ]-2,8"- i (3d): 1 (A 44
W 72%. mp. 225~226 C; 'H NMR (CDCls, 500
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MHz) 0: 1.54 (ddd, J=15.0, 11.0, 7.5 Hz, 1H, H-6), 2.11
(s, 3H, H-1), 2.37 (dt, J=15.0, 2.5 Hz, 1H, H-6), 3.54 (t,
J=8.5 Hz, 1H, H-2), 3.71~3.74 (m, 2H, H-7), 3.89 (t, J=
10.0 Hz, 1H, H-2), 4.97 (dd, J=10.0, 8.5 Hz, 1H, H-3),
6.02 (dd, J=4.0, 2.4 Hz, 1H), 6.40 (t, J=1.8 Hz, 1H), 6.73
(d, J=17.5 Hz, 1H), 6.81 (td, J=7.5, 1.0 Hz, 1H), 6.5 (dd,
J=4.0, 1.5 Hz, 1H), 6.99 (t, J=8.8 Hz, 2H), 7.08 (td, J=
7.5, 1.0 Hz, 1H), 7.16 (d, J=7.5 Hz, 1H), 7.51 (t, J=6.0
Hz, 2H), 8.05 (s, 1H, NH); °*C NMR (CDCl,, 125 MHz) ¢:
31.02 (C-6), 34.59 (C-1), 41.85 (C-7), 45.99 (C-3), 58.07
(C-2), 58.96 (C-4), 76.71 (C-5), 109.21, 110.90, 115.02,
115.18, 115.57, 123.07, 125.24, 125.81, 128.02, 129.43,
130.48, 132.03, 132.09, 140.56, 177.21 (C-9), 187.35
(C-8); IR (KBr) v: 1627.6, 1717.0 cm™'; MS (ESI) m/z:
416 [M+H]+. Anal. caled for CpsH,,FN3;O,: C 72.27, H
5.34,N 10.11; found C 72.46, H 5.41, N 10.26.

1'- FH J-4'-(4- H i JE R ) -5",6"- 5 -1H,8" H- 1%,
(95 W -3,2'- L g e -3', 7" R B ]-2,8"- il (3e): [ £ [#]
&, W& 68%. m.p. 230~232 C; "H NMR (CDCls, 500
MHz) 6: 1.58 (ddd, J=15.0, 11.5, 6.0 Hz, 1H, H-6), 2.12
(s, 3H, H-1), 2.38 (dt, J=15.0, 2.5 Hz, 1H, H-6), 2.46 (s,
3H, SCH;), 3.52 (t, J=8.0 Hz, 1H, H-2), 3.68~3.74 (m,
2H, H-7), 3.92 (t, J=10.0 Hz, 1H, H-2), 4.95 (dd, J=8.0,
10.0 Hz, 1H, H-3), 6.02 (dd, J=4.0, 2.4 Hz, 1H), 6.40 (t,
J=1.8 Hz, 1H), 6.75 (d, J=7.5 Hz, 1H), 6.81 (td, J=17.5,
1.0 Hz, 1H), 6.94 (dd, J=4.0, 1.5 Hz, 1H), 7.08 (td, J=
7.5, 1.0 Hz, 1H), 7.16 (d, J=8.0 Hz, 1H), 7.19 (d, J=8.0
Hz, 2H), 7.46 (d, J=7.5 Hz, 2H), 8.33 (s, 1H, NH); "*C
NMR (CDCls;, 125 MHz) §: 15.85 (SCHj3), 30.99 (C-6),
34.63 (C-1), 41.86 (C-7), 46.33 (C-3), 57.76 (C-2), 59.09
(C-4), 76.75 (C-5), 109.27, 110.86, 113.63, 115.55, 123.01,
125.25, 126.47, 127.99, 129.40, 130.49, 131.03, 135.76,
136.92, 140.68, 177.36 (C-9), 187.47 (C-8); IR (KBr) v:
1693.8, 1717.8 cm™'; MS (ESI) m/z: 444 [M+H]". Anal.
caled for Cy6H,5N30,S: C 70.40, H 5.68, N 9.47; found C
70.30, H 5.61, N 9.65.

1'- k-4 (4- F 5 36 )-5",6"- A -1 H,8"H- W& [ 5]
W -3,2'- 1k 1 56 -3",7""- P U1 1-2,8"- [ (3): 1 5 [ A,
W& 79%. m.p. 275~276 C; 'H NMR (CDCls;, 500
MHz) 6: 1.58 (ddd, J=14.5, 13.0, 5.5 Hz, 1H, H-6), 2.11
(s, 3H, H-1), 2.32 (s, 3H, CH3), 2.40 (dt, J=15.0, 2.5 Hz,
1H, H-6), 3.51 (t, J=8.0 Hz, 1H, H-2), 3.67~3.74 (m, 2H,
H-7), 3.94 (t, J=9.5 Hz, 1H, H-2), 4.96 (dd, J=9.5, 8.0
Hz, 1H, H-3), 6.01 (dd, J=4.0, 2.4 Hz, 1H), 6.39 (t, J=
1.8 Hz, 1H), 6.74 (d, J=8.0 Hz, 1H), 6.81 (td, J=8.0, 1.0
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Hz, 1H), 6.94 (dd, J=4.0, 1.5 Hz, 1H), 7.08 (td, J=17.5,
1.0 Hz, 1H), 7.12 (d, J=8.0 Hz, 2H), 7.17 (d, J=7.5 Hz,
1H), 7.41 (d, J=17.0 Hz, 2H), 8.33 (s, 1H, NH); °C NMR
(CDCls, 125 MHz) ¢: 21.08 (CH3), 30.95 (C-6), 34.62
(C-1), 41.90 (C-7), 46.43 (C-3), 57.59 (C-2), 59.12 (C-4),
76.75 (C-5), 109.12, 110.77, 115.45, 122.99, 125.12,
126.04, 128.01, 129.02, 129.32, 130.43, 130.56, 135.78,
136.58, 140.69, 177.50 (C-9), 187.64 (C-8); IR (KBr) v:
1635.0, 1716.6 cm™'; MS (ESI) m/z: 412 [M+H]". Anal.
calcd for CyHysN30,: C 75.89, H 6.12, N 10.21; found C
75.68, H 6.31, N 10.35.

- AL -4-(3,4,5- — F AR Ak O O )-5m6m- A -
LH 8"H- WA [M5| -3 2" g e -3' 7"- PR L 2 ]-2,8"- Il
(3g): FE K, W 70%. m.p. 242~243 “C; '"H NMR
(CDCl, 500 MHz) 6: 1.65 (ddd, J=15.0, 11.5, 6.5 Hz, 1H,
H-6), 2.12 (s, 3H, H-1), 2.44 (dt, J=15.0, 2.5 Hz, 1H,
H-6), 3.57 (t, J=8.5 Hz, 1H, H-2), 3.70~3.74 (m, 2H,
H-7), 3.83~3.92 (m, 10H, OCH;+H-2), 4.88 (dd, J=9.5,
8.5 Hz, 1H, H-3), 6.03 (dd, J=4.0, 2.0 Hz, 1H), 6.42 (t,
J=2.0 Hz, 1H), 6.70~6.73 (m, 1H), 6.80 (td, J=7.5, 1.0
Hz, 1H), 6.83~6.87 (m, 2H), 6.96 (dd, J=4.0, 1.5 Hz,
1H), 7.07 (td, J=1.0, 7.5 Hz, 1H), 7.15 (d, J=8.0 Hz,
1H), 8.09 (s, 1H, NH); *C NMR (CDCl;, 125 MHz) ¢:
30.56 (C-6), 34.59 (C-1), 41.82 (C-7), 47.25 (C-3), 56.12
(OCH3), 58.35 (C-2), 59.04 (C-4), 60.82 (OCHj;), 76.70
(C-5), 109.14, 110.87, 115.51, 122.96, 125.25, 125.80,
127.94, 129.36, 130.55, 134.79, 136.64, 140.54, 152.93,
177.12 (C-9), 187.72 (C-8); IR (KBr) v: 1651.6, 1704.7
em ™ '; MS (ESI) m/z: 488 [M+H] . Anal. caled for
C,sHoN;O05: C 68.98, H 6.00, N 8.62; found C 69.15, H
6.11, N 8.39.
323 4bbdh 2b ShRLE A e

BB 2b 15 mg T 5 mL LR LWE, EBEL
14 d FEGEMHRAG. EDCK/NR 024 mmX0.12
mmX0.12 mm FEEREET X PR ATHICE,
T 2932) K TH&A&AERAMAT Mo Ka Hf4@=
0.071073 nm)fE 0 NS4RS, WCERATIHEdE. H 0-20
72, A8 2.1°<0<27.9%Vu[IN —25<h<25, —11<
k<11, —17<I<16, H:A 5330 AN NISLHTH S [Rim=
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0.069], 3974 /My al WL 5. (1> 20(1)], A= 5 15 K g 1y
% Lp FALIE, I RWISRIE. RS i H
i, ARARSUR T AR B % ) et S s B
Felz 1, H SHELXL-97 F&/7xf Fy BT R B3 AR AR
TAbR 25 ) e E SR, AR T 22 Fourier £ Al
HR TR, ST ARR RIS ) [ P R 1 2 5 45
MibE, BEAS5BIE. &GfAH2 R =0.036, wR,=
0.065.
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