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Synthesis of 1-(2-Amino-3,5-dicyano-4-aryl-4H-pyran-6-
yl)guaiazulenes

Wang, Daolin*

Li, Di

Cao, Liang

(Key Laboratory of Synthesis & Application of Functional Compound, College of Chemistry,
Chemical Engineering & Food Safety, Bohai University, Jinzhou 121003)

Abstract An efficient and convenient method for the one-pot three-component synthesis of 1-(2-amino-3,5-dicyano-4-
aryl-4H-pyran-6-yl)guaiazulene derivatives by the condensation of 1-cyanoacetylguaiazulene, aldehydes, and malononitrile in
the presence of ammonium acetate has been described. The structures of synthesized compounds were determined by NMR,
IR, MS techniques and elemental analysis. This method provides several advantages such as good yield and simple work-up

procedure.
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7 CN
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1 XIS
1.1 NE5RF

J5 5 WRS-1B £ 065 s A, 985 55 R AR IE
NMR J] Bruker DPX-400 MHz A% B 3L 3RACI 5&, DY %k
Tk A I FER; IR 1 BIO-RAD FTS-40 {8 7 i A5 4 21 4h
I3 MGG EEVHIE, KBr o fr; MS SR ZAB-HS B! i
M5E; JCE M Vario EL JC &0 . BT R
181249 53 Wt Al R B JE SR 7 v k.
12 1-HZEBERZRE()IHE

FHRLER(Q2.0 g, 20 mmol)5 LR (30 mL)7E 50°C
TR 30 min. AR5 A A 2248 BE(2) (3.96 g, 20
mmol), JF7E 80 'C NV 2 h, W&, HitdE NE RNV A
W NVK=7K(100 mL)H, 3 h i vg, Kok, T, 4w
Emaidh, HREGYS &Y 435 g WE 82%, mp.
107~109 ‘C; "H NMR (CDCls, 400 MHz,) 6: 1.40 (d, J=
6.6 Hz, 6H, CH(CHs),), 2.61 (s, 3H, CH3), 2.96 (s, 3H,
CH3), 3.17~3.20 (m, 1H, CH(CHs),), 4.13 (s, 2H, CH,),
7.49 (d, J=10.8 Hz, 1H, ArH), 7.68 (d, J=10.8 Hz, 1H,
ArH), 7.88 (s, 1H, ArH), 8.32 (s, 1H, ArH); °C NMR
(CDCls, 100 MHz) §: 24.66, 25.19, 25.31, 37.95, 39.89,
125.33, 127.14, 133.36, 134.25, 135.76, 138.78, 140.02,
141.24, 146.45, 148.23, 161.97, 182.92; IR (KBr) v: 2253
(CN), 1648 (C=0) cm”'; EMS m/z: 266 (M'+1). Anal.
calcd for CigH;oNO: C 81.47, H 7.22, N 5.28; found C
81.63, H 7.47, N 5.39.
1.3 1-(2-|E-3,5-Z 5 H-4-F E-4H-MLIE-6-5) Al
ZRE(4)HE B

FEBEIR (0.2 mmol) AR 1-5 L BEHE B 2 4 B
(1) (1 mmol), 75 FE2) (1.1 mmol) AN —fi53) (1.1
mmol)[¥] ZEE(2S mL)EW . InFAmlm, R Z ik
(TLO M ¥ | M. N 58 o, B TR A Wi AN /K (30
mL), 98, KEER, T8, M= et @ gt
(AL 160~200 H; [FCki-ZROBEDV V=4 1)K
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VEMLA], #3 2R B AR &4 4a~4k.

1-(2-2 5E-3,5- Ak -4- K KL -4 H-NE R -6- 55 ) /) =2
JR (4a): W OAIRSS . mp. 204~206 'C; '"H NMR
(CDCls, 400 MHz) d: 1.38 (d, J=6.6 Hz, 6H, CH(CH,),),
2.62 (s, 3H, CH3), 2.84 (s, 3H, CH3), 3.12~3.16 (m, 1H,
CH(CH,),), 4.45 (s, 1H, CH), 4.66 (s, 2H, NH,), 7.21 (d,
J=10.4 Hz, 1H, ArH), 7.37~7.47 (m, 5H, ArH), 7.56 (d,
J=10.4 Hz, 1H, ArH), 7.75 (s, 1H, ArH), 8.27 (s, 1H,
ArH); *C NMR (CDCl;, 100 MHz) d: 24.51, 25.37, 25.85,
38.05, 41.45, 59.45, 112.92, 116.73, 122.76, 124.43,
126.17, 126.49, 132.38, 133.26, 135.26, 137.75, 141.12,
141.34, 145.35, 146.55, 147.17, 148.37, 150.12, 160.25,
162.68; IR (KBr) v: 3312 (NH,), 2209 (CN) cm™'; EMS
m/z: 420 (M +1). Anal. calcd for C,gH,sN;0: C 80.16, H
6.01, N 10.02; found C 80.35, H 6.15, N 10.21.

1-[2- % 3 -3,5- U H -4-(4- F 3 28 56 )-4 H- I e -6
A 2R H (4b): W OERg 5. mp. 169~171 C;
'H NMR (CDCls, 400MHz) J: 1.44 (d, J=6.6 Hz, 6H,
CH(CHs),), 2.45 (s, 3H, CHs), 2.68 (s, 3H, CH3), 2.90 (s,
3H, CH;), 3.16~3.22 (m, 1H, CH(CHs),), 4.69 (s, 1H,
CH), 4.68 (s, 2H, NH,), 7.25~7.36 (m, 5H, ArH), 7.80 (s,
1H, ArH), 8.33 (s, 1H, ArH); IR (KBr) v: 3323 (NH,),
2217 (CN) em™'; EMS m/z: 434 (M"+1). Anal. calcd for
CoH27N;0: C 80.34, H 6.28, N 9.69; found C 80.45, H
6.37, N 9.76.

1-[2-340k-3,5- T k-4~ (4- A FE AL ) -4 H- L g - 6-
@A Z R (de): HEEPRGS M. mp. 190~192 C;
'H NMR (CDCls, 400 MHz) d: 1.43 (d, J=6.6 Hz, 6H,
CH(CHs),), 2.68 (s, 3H, CH3), 2.90 (s, 3H, CHj), 3.16~
3.22 (m, 1H, CH(CHjs),), 3.91 (s, 3H, OCH3), 4.46 (s, 1H,
CH), 4.68 (s, 2H, NH,), 7.03 (d, J=8.0 Hz, 2H, ArH), 7.26
(d, J=10.4 Hz, 1H, ArH), 7.38 (d, J=8.0 Hz, 2H, ArH),
7.60 (d, J=10.4 Hz, 1H, ArH), 7.80 (s, 1H, ArH), 8.33 (s,
1H, ArH); IR (KBr) v: 3324 (NH,), 2213 (CN) cm”'; EMS
m/z: 450 (M*-l— 1). Anal. caled for CyoHp;N;0,: C 77.48, H
6.05, N 9.35; found C 77.62, H 6.19, N 9.48.

1-[2-58HE-3,5- T HE-4-(4-FR FL R HE) -4 H-ntL VR - 6-
RO 2R B (4d): ARG A, mop. 200~202 C;
'H NMR (CDCls, 400 MHz) 0: 1.43 (d, J=6.6 Hz, 6H,
CH(CHs),), 2.68 (s, 3H, CH3), 2.89 (s, 3H, CH3), 3.16~
3.22 (m, 1H, CH(CHs),), 4.45 (s, 1H, CH), 4.68 (s, 2H,
NH,), 6.96 (d, J=8.0 Hz, 2H, ArH), 7.26 (d, J=10.4 Hz,
1H, ArH), 7.60 (d, J=8.0 Hz, 2H, ArH), 7.64 (d, J=10.4
Hz, 1H, ArH), 7.79 (s, 1H, ArH), 8.32 (s, 1H, ArH); IR
(KBr) v: 3328 (NH,), 2203 (CN) cm'; EMS m/z: 436

Chin. J. Org. Chem. 2012, 32, 1741~1745



Chinese Journal of Organic Chemistry

ARTICLE

(M*+1). Anal. caled for CosHysN3O,: C 77.22, H 5.79, N
9.65; found C 77.34, H 5.79, N 9.78.

1-[2-FJE-3,5- i k-4-(4- R 3k -4 H-NL IR -6- 3 ]
ALK (4e): WEOEPIRGS L. mop. 205~207 C; 'H
NMR (CDCls;, 400 MHz) 6: 1.44 (d, J=6.6 Hz, 6H,
CH(CHa),), 2.68 (s, 3H, CH3), 2.88 (s, 3H, CH3), 3.16~
3.23 (m, 1H, CH(CHs),), 4.50 (s, 1H, CH), 4.76 (s, 2H,
NH,), 7.28 (d, J=10.4 Hz, 1H, ArH), 7.41 (d, J=8.0 Hz,
2H, ArH), 7.49 (d, J=8.0 Hz, 2H, ArH), 7.62 (d, J=10.4
Hz, 1H, ArH), 7.80 (s, 1H, ArH), 8.34 (s, 1H, ArH); IR
(KBr) v: 3335 (NH,), 2216 (CN) cm'; EMS m/z: 454
(M++1). Anal. calced for C,gH,4CIN;O: C 74.08, H 5.33,
N 9.26; found C 74.15, H 5.46, N 9.41.

1-[2-23E-3,5- A -4-(4- T HE K 58 -4 H- L IR -6-
FWO IR (4f): HEEPIRG S, mp. 123~125 C;
'"H NMR (CDCl;, 400 MHz) J: 1.44 (d, J=6.6 Hz, 6H,
CH(CHa),), 2.68 (s, 3H, CH3), 2.88 (s, 3H, CH3), 3.17~
3.24 (m, 1H, CH(CHs),), 4.66 (s, 1H, CH), 4.89 (s, 2H,
NH,), 7.30 (d, J=10.4 Hz, 1H, ArH), 7.64 (d, J/=10.4 Hz,
1H, ArH), 7.66 (d, J=8.0 Hz, 2H, ArH), 7.79 (s, 1H,
ArH), 8.35 (s, 1H, ArH), 8.39 (d, J=8.0 Hz, 2H, ArH); IR
(KBr) v: 3323 (NH,), 2211 (CN) cm '; EMS m/z: 465
(M"+1). Anal. caled for CosH,4N,O5: C 72.40, H 5.21, N
12.06; found C 72.58, H 5.36, N 12.18.

1-[2-34 -3, 5- R Hk-4-(2- T AR BE AL -4 H-ntE i -6
I 2R de): WAEHIRE 4. mp. 129~1317C;
'H NMR (CDCls, 400 MHz) d: 1.46 (d, J=6.6 Hz, 6H,
CH(CHa),), 2.68 (s, 3H, CHj), 2.92 (s, 3H, CH3), 3.17~
3.22 (m, 1H, CH(CHs),), 4.14 (s, 3H, OCH3), 4.64 (s, 2H,
NH,), 4.95 (s, 1H, CH), 6.99 (d, J=8.2 Hz, 1H, ArH),
7.05~7.09 (m, 1H, ArH), 7.26 (d, J=10.4 Hz, 1H, ArH),
7.35~7.38 (m, 2H, ArH), 7.59 (d, J=10.4 Hz, 1H, ArH),
7.80 (s, 1H, ArH), 8.32 (s, 1H, ArH); IR (KBr) v: 3325
(NH,), 2215 (CN) cm '; EMS m/z: 450 (M"+1). Anal.
calcd for C,0H,7N;0,: C 77.48, H 6.05, N 9.35; found C
77.57, H 6.18, N 9.52.

1-[2-38 HE-3,5- i HE-4-(2,4- — WA LRI -4 H-nlt,
I -6-FE @B 2 12 B (4h): HEERES . mp. 197~199
‘C; "H NMR (CDCls, 400 MHz) d: 1.32 (d, J=6.6 Hz, 6H,
CH(CHa),), 2.68 (s, 3H, CHj), 2.92 (s, 3H, CH3), 3.15~
3.22 (m, 1H, CH(CH;),), 3.90 (s, 3H, OCHj3), 3.92 (s, 3H,
OCHjy), 4.61 (s, 2H, NH,), 4.86 (s, 1H, CH), 6.59~6.63
(m, 2H, ArH), 7.25 (s, 1H, ArH), 7.27 (d, J=10.0 Hz, 1H,
ArH), 7.61 (d, J=10.0 Hz, 1H, ArH), 7.80 (s, 1H, ArH),
8.32 (s, 1H, ArH); IR (KBr) v: 3326 (NH,), 2218 (CN)
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em ~'; EMS m/z: 480 (M "+ 1). Anal. caled for
C30HoN;05: C 75.13, H 6.10, N 8.76; found C 75.27, H
6.25, N 8.81.

1-[2-3 HE-3,5- U Hk-4-(3,4- — AU OR L) -4 HAiE
W -6- L @A 22 K B (4i): ARG . mop. 190~191
‘C; "H NMR (CDCls, 400 MHz) 6: 1.44 (d, J=6.6 Hz, 6H,
CH(CHs),), 2.68 (s, 3H, CH3), 2.90 (s, 3H, CH3), 3.16~
3.23 (m, 1H, CH(CHas),), 3.98 (s, 3H, OCH3), 4.00 (s, 3H,
OCHs,), 4.46 (s, 1H, CH), 4.70 (s, 2H, NH,), 6.95~7.03
(m, 3H, ArH), 7.27 (d, J=10.8 Hz, 1H, ArH), 7.61 (d,
J=10.8 Hz, 1H, ArH), 7.80 (s, 1H, ArH), 8.33 (s, 1H,
ArH); IR (KBr) v: 3322 (NH,), 2217 (CN) cm '; EMS m/z:
480 (M"+1). Anal. caled for C3HN;O;5: C 75.13, H
6.10, N 8.76; found C 75.23, H 6.24, N 8.89.

1-[2-% JE-3,5- 5 HE-4-(3- A Jk-4- R B R )-4 -
NEL I -6~ AT 1) 22 JR B (4)): WA AT IRGE . mop. 194~
196 C; '"H NMR (CDCls, 400 MHz,) 6: 1.44 (d, J=6.6
Hz, 6H, CH(CHs),), 2.69 (s, 3H, CHz), 2.90 (s, 3H, CH;),
3.16~3.22 (m, 1H, CH(CHs),), 4.01 (s, 3H, OCHj3), 4.43
(s, 1H, CH), 4.70 (s, 2H, NH,), 5.72 (s, 1H, OH), 6.93 (s,
1H, ArH), 6.97 (d, J=8.2 Hz, 1H, ArH), 7.05 (d, J=8.0
Hz, 1H, ArH), 7.24 (d, J=10.4 Hz, 1H, ArH), 7.60 (d, J=
10.4 Hz, 1H, ArH), 7.80 (s, 1H, ArH), 8.33 (s, 1H, ArH);
IR (KBr) v: 3331(NH,), 2220 (CN) cm '; EMS m/z: 466
(M"41). Anal. caled for CoH,;N305: C 74.82, H 5.85, N
9.03; found C 74.93, H 5.95, N 9.24.

1-[2-58HE-3,5- R HE-4-(WE Wy -2-FL) -4 H- L IR -6-
RV 2R B (4K): ARG . mop. 218~219 C;
'H NMR (CDCls;, 400 MHz) 6: 1.44 (d, J=6.6 Hz, 6H,
CH(CHs),), 2.69 (s, 3H, CHj), 2.90 (s, 3H, CH3), 3.16~
3.23 (m, 1H, CH(CHs),), 4.73 (s, 2H, NH,), 4.84 (s, 1H,
CH), 7.07~7.11 (m, 1H, ArH), 7.19 (d, J=3.2 Hz, 1H,
ArH), 7.28 (d, J=10.8 Hz, 1H, ArH), 7.40 (d, J=5.4 Hz,
1H, ArH), 7.49 (d, J=8.0 Hz, 2H, ArH), 7.61 (d, J=10.8
Hz, 1H, ArH), 7.82 (s, 1H, ArH), 8.33 (s, 1H, ArH); IR
(KBr) v: 3323 (NH,), 2215 (CN) cm '; EMS m/z: 426
(M"41). Anal. caled for CosH,3N;0S: C 73.38, H 5.45, N
9.87; found C 73.46, H 5.58, N 9.94.

2 #ZR51He

LR 2R ] N KY), ORI LRI R &
BEALARF, RIS B T - QB A 22 R B (1), IR
% 82% (Eq. 2).

FEROKR, 52T T QA A 22 Je 4[] A% FE AR T
TERPIR RS, TR OREA RNV, B 2 h &,
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‘ NCCH,CO,H ‘ 2
s Oy
(0]
Guaiazulene 1

x %2 7 | Ak #) (TsOH, NH,SO;H, CF;CO,H, ZnCl,,
MgCly, Et;N, WRNE, FERREL)NT 1% =415y [ N IR, I
WAL 1. 24LL TsOH, NH,SO;H, CF;CO,H, ZnCl,
F MgCl, Jg e AT, % B har=Emk, Bk
F[HN (3R 1, Entries 1~5); L1 Et;N. URBE . B RREAT
I HEATRIES s N A AR 34T (€ 1, Entries 6~10), 4
A 45%~92%; H AEEEREL I FH 24 20 mol%I (3% 1,
Entry 9), HAR/ =Pl 25 (92%). I IE RS R
¥l N N AR, A5 08 20 mol%.

‘ CHO
CN
o0 -«
(¢} CN
1 2a 3
A_f
NH4OAc O =
O.
EtOH ZNeN
NH,
4a

R BRG] 22 5 R R A — S 4 15 S, @
Table 1 Condensation of 1-cyanoacetylguaiazulene with ben-
zaldehyde and malononitrile using various catalysts

Amount of

Entry Catalyst . Time/min  Yield/%
1 TsOH 20 120 0
2 NH,SO;H 20 120 0
3 CF;CO,H 20 120 0
4 ZnCl, 20 120 0
5 MgCl, 20 120 0
6 Et;N 20 90 45
7 Piperidine 20 60 72
8 NH;OAc 10 60 78
9 NH4OAc 20 60 92

10 NH;OAc 30 60 90

¢ Reaction conditions: 1-cyanoacetylguaiazulene (1, 1 mmol), benzaldehyde
(2a, 1.1 mmol), malononitrile (3, 1.1 mmol), EtOH (15 mL), at reflux.

Ba, A RN, X 1-(2-234-3,5-
475 K4 H-ME IR -6-38) B 2 R AT AW da~dk (1)
E(Eq. DTSR (R 2).

MW EE R 2 AT LA, KHIE(ER 2, Entry 1)
DAACHUAR )R R CIG 18 2 2 A ik v 7 5 1 (3R 2, Entries

1744 http://sioc-journal.cn/

K2 AEY) 4 RN T S 4
Table 2 Reaction times and yields of the products 4

Entry R Time/min  Product Yield/%
1 CgHs 60 4a 92
2 4-MeC¢Hy 60 4b 87
3 4-MeOC¢Hy 40 4c 94
4 4-HOC¢H, 40 4d 90
5 4-CIC¢Hy 60 4e 86
6 4-NO,C¢H, 90 4f 88
7  2-MeOC¢Hy 50 4g 89
8  2,4-(MeO),CgH; 50 4h 93
9  3,4-(Me0),Ce¢H; 40 4i 90
10 3-MeO-4-HOC4H; 40 4j 94
11 2-Thienyl 60 4k 80

© 2012 Chinese Chemical Society & SIOC, CAS

2~4, 7~10)ib W T 5413 2, Entries 5, 6), 1t 4 11
I R, AR I R G 1 5 R R v I
(86%~~94%), HUARIE RN 5 1% 4k A1 B il b oA L 1
BIEFE. b, F T E MR 2, Entry 11D{EIZR RN H
WL A RIBCR (80%). P44 IR, '"H NMR K&
MS &1 LU, 76 IR BEE S, HEsLE 4 (3L FEE
HESEAE 33123335 cm ™' Y5 A R B NH, (14145 9% 5)
WU, AE 2203~2220 em ' S A LB WA 0y
JL(CN) I e 2 e /2 'H NMR 3% &b, H s~
V) 415 6 4.61~4.89 2y NH, it 1 IFRFIE R, 5 4.41~
4.95 h LR B 4437 51 FR AR 1k BRI L. 6 7.75~7.82 Al
0 8.27~~8.35 43 Jill Jg BIR 27 T 437 J5 145 W AL P,
FH 152 21 B B &5 7 SR BR 1) 52 e AR 3 35 6
7.21~7.30 Fil 7.41~7.64 K BEIR 617 A1 707 JF 1 4L
W L 0.

3 it

FERSIREEAF IR, s LR A e, 95 %
WEANA 5 1 = 4 5 N5 B T — R HATHAE
EYITETE 1-2-283E-3,5- R HE-4- 75 FE-4 H-NE IR -6- 35
WO IR E A B, A EAIME BT LD PRI
T ARG RN, TR EA ROV AR 7R

References

[1] (a) Tang Y.; Oppenheimer J.; Song, Z.; You, L.; Zhang, X.; Hsung,
R. P. Tetrahedron 2006, 62,10785.
(b) Jung, E. J.; Park, B. H.; Lee, Y. R. Green Chem. 2010, 12,
2003.

[2] (a) Kumar, S.; Hernandez, D.; Hoa, B.; Lee, Y.; Yang, J. S.;
McCurdy, A. Org. Lett. 2008, 10, 3761.
(b) Rawat, M.; Prutyanov, V.; Wulff, W. D. J. Am. Chem. Soc.
2006, /28, 11044.

[3] (a) Manolov, L.; Danchev, N. D. Arch. Pharm. 2003, 336, 83.
(b) Mulwad, V. V.; Shirodkar, J. M. Indian J. Heterocycl. Chem.
2002, /1, 199.

Chin. J. Org. Chem. 2012, 32, 1741~1745



Chinese Journal of Organic Chemistry

ARTICLE

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(11]

Chin. J. Org. Chem. 2012, 32, 1741~1745

(c) Longobardi, M.; Mariani, E.; Bargagna, A.; Mazzeo, F.; Vitelli,
M. R.; Giordano, L.; Falcone, G. Farmaco 2001, 56, 625.

(d) Horino, H.; Mimura, T.; Kagechika, K.; Ohta, M.; Kubo, H.;
Kitagawa, M. Chem. Pharm. Bull. 1998, 46, 602.

(a) Quintela, J. M.; Peinador, C.; Moreira, M. J. Tetrahedron 1995,
51,5901.

(b) Srivastava, S.; Batra, S.; Bhaduri, A. P. Indian J. Chem., Sect. B
1996, 35B, 602

Wang, X. S.; Shi, D. Q.; Tu, S. J.; Yao, C. S.; Wang, Y. C. Chin. J.
Struct. Chem. 2002, 21, 146 (in Chinese).

(E&H, Sk, B, shEmR, £Xmk, 4M0F, 2002,
21,146.)

Sayed, A. Z.; El-Hady, N. A.; El-Agrody, A. E. J. Chem. Res.,
Synop. 2000, 164.

(a) Wang, X. C.; Xu, X. B.; Quan, Z. J.; Zhang, Z. Chin. J. Org.
Chem. 2009, 29, 1821 (in Chinese).

(B2, VPR, BUEZE, 5k, A AULF, 2009, 29, 1821.)

(b) Fang, D.; Zhang, H. B.; Liu, Z. L. J. Heterocycl. Chem. 2010,
47, 63.

(c) Sabitha, G.; Bhikshapathi, M.; Nayak, S.; Srinivas, R.; Yadav, J.
S. J. Heterocycl. Chem. 2011, 48, 267.

Santagada, V.; Perissutti, E.; liendo, G. Curr. Med. Chem. 2002, 9,
1251.

Yanagisawa, T.; Wakabayashi, S.; Tomiyama, T.; Yasunami, M.;
Takase, K. Chem. Pharm. Bull. 1988, 36, 641.

(a) Asato, A. E.; Peng, A.; Hossain, M. Z.; Mirzadegan, T.; Ber-
tram, J. J. Med. Chem. 1993, 36, 3137.

(b) Hong, B. C.; Jiang, Y. F.; Kumar, E. S. Bioorg. Med. Chem.
Lett. 2001, 11, 1981.

Becker, D. A.; Ley, J. J.; Echegoyen, L.; Alvarado, R. J. Am. Chem.
Soc. 2002, 124, 4678.

[12]

[13]

[14]

[15]

[16]

[17]

© 2012 Chinese Chemical Society & SIOC, CAS

(a) Fisher, G. Advances in Heterocyclic Chemistry, Ed.: Katritzky,
A. R., Academic Press, New York, 1995, 64, p. 81.

(b) Fisher, G. In Advances in Heterocyclic Chemistry, Vol. 66, Ed.:
Katritzky, A. R., Academic Press, New York, 1996, p. 285.

(a) Kurokawa, S. Bull. Chem. Soc. Jpn. 1983, 56, 2311.

(b) Asato, A. E.; Li, X. Y.; Mead, D.; Patterson, G. M. L.; Liu, R.
S. H.J. Am. Chem. Soc. 1990, 112, 7398.

(c) Asato, A. E.; Liu, R. S. H.; Rao, V. P.; Cai, Y. M. Tetrahedron
Lett. 1996, 37, 419.

(a) Wang, D. L.; Xu, J.; Han, S.; Gu, Z. Chin. J. Org. Chem. 2007,
27,1305 (in Chinese).

(K, i, wl, 208, A A4, 2007, 27, 1305.)

(b) Imafuku, K.; Wang, D. L. Heterocycles 2002, 58, 405.

(c) Wang, D. L.; Imafuku, K. Heterocycles 2001, 54, 647.

(a) Wang, D. L.; Xu, J.; Gu, Z.; Han, S. Chin. J. Org. Chem. 2007,
27,1404 (in Chinese).

(B, i, 2206, B, A AueE, 2007, 27, 1404.)

(b) Wang, D. L.; Den, J. J.; Xu, J.; Gu, Z.; Han, S.; Imafuku, K.
Heterocycles 2007, 71, 2237.

(c) Wang, D. L.; Imafuku, K. J. Heterocycl. Chem. 2004, 41, 723.
Wang, D. L.; Han, S.; Gu, Z.; Xu, J. Chin. J. Org. Chem. 2008, 28,
1641 (in Chinese).

(CEIEK, THIE, 205, IR, A AL, 2008, 28, 1641.)

(a) Sun, S. G.; Gu, Z.; Wang, D. L.; Han, S.; Huang, X. D. Chin. J.
Org. Chem. 2009, 29,2012 (in Chinese).

(PMEEDG, U, EIEAR, EhHll, ER, AHIE, 2009, 29,
2012.)

(b) Wang, D. L.; Lin, L. N.; Li, S. F.; Li. W.; Li, Y. F. Chin. J. Org.
Chem. 2010, 30, 1774 (in Chinese).

(EiEM, AT, 227, 246, 20, AAdes, 2010, 30,
1774.)

(Lu, Y)

1745

http://sioc-journal.cn/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


