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Synthesis of 4,5-Dihydropyrrole from y-Nitro-nitrile

Wen, Ting Kang, Meng Chen, Zhanguo™
(Key Laboratory of Macromolecular Science of Shaanxi Province, School of Chemistry and Chemical Engineering, Shaanxi
Normal University, Xi'an 710119)

Abstract A new method for the synthesis of 4,5-dihydropyrrole derivatives from y-nitro-nitriles is described. In this proce-
dure, the nitro groups of nitro-nitriles were reduced into aminoes under Fe+HCI systerm in methanol at 30 ‘C firstly. And
then the amino-groups reacted with cyano groups to form target compounds via intramolecular nucleophilic addition reaction
and rearrangement reaction. Under the optimized conditions, all y-nitro-nitriles can be easily converted into 4,5-dihydropyrrole
derivatives in satisfactory yield. It shows that the reaction has better universality. Based on the experimental results, the possi-
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ble reaction mechanism was proposed.

Keywords 4,5-dihydropyrrole derivative; y-nitro-nitrile; malonitrile; ethyl cyanoacetate
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Scheme 1 Synthesis of 4,5-dihydropyrrole derivatives via

p-nitrostyrene derivatives with malonitrile or ethyl cyanoacetate
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Ak HCL Rid &, AR BOE MR n(3a-1) !
n(& 7 Fe #1) © n( HCD)=1 : 10 : 10.

FEIE SRR AR SRR A AE R, & Aot & B 7k
177458 R W 1. HFR 1 (Bntries 1~9)AJ &, %X
JEAE FE I 7 0 B 7 2 0 e (59%). 7E LI I DY
IR (THF ) A G0 e o 1R = 28 350 b T 45 O IR,
M 7E — FEE T HR(DMSO)AT N,N-— H1 3 F it i (DMF) H
XA BPRE 1, 450 iz F I 2RI 7K i 77 IR 1% s
BIAREREAT. 1 T8 B T 700 PR e e xof s I WA 2R 1) 52
Wi, 7F B VRN DU SRR IR, R A VR A kAT OB
[V(C,HsOH) : THF)=1 : 1] (38 1, Entry 11), K=
FAUH 55%, A RN e g m. N T R iR
L2 A, AE R 2t TION OB iR B AT T iRk, 45 IR
W 1. H# 1 (Bntries 1, 12~ 14)A] %0, 5% (R E =
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EHAEIAR] 36%, MR R 80 CHf, =% T
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Table 1 Effect of solvent and temperature to the reaction

NH
NC.__CN NC 2
Fe, HCI -
NO, _renuy NH
solvent, T °C
3a-1 4a-1
Entry  7/C Solvent th  Yield/%
1 30 CH;CH,OH 3 49
2 30 CH;0H 3 59
3 30 CH;COCH; 2 37
4 30 THF 1.5 30
5 30 DMSO 24 Trace
6 30 DMF 2 Trace
7 30 CH,Cl, 12 20
8 30 Toluene 12 NR¢
9 30 H,O 24 NR¢
10 80 H,O 24 26
V(CH;CH,OH) :
11 30 24 55
VTHF)=1: 1
12 0 CH;O0H 24 36
13 50 CH;O0H 24 42
14 80 CH;0H 24 16

© 2019 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 3a-1 (1 mmol), Fe (10 mmol), HCI (10 mmol), solvent
(5mL), 30 °C. " Isolated yieid. ¢ No recation.

1.2 y-FEERBEWT R NAIFMm

NTHRBERM I EN, 7€ LR RERMNESET,
XAl B-RHE 2K 0 5 A [R] 46 W B E U E H RE A
VI IR = 4, B p-RE 2SR, S8 iR s WA 3
SN 4,5- EMIE AT T T 5, SR ILE 2.
3 2 nIR, TEmAERMFMT, ARG p-iH
TR R s N RENR A B 4,5- A ATAER, H p-
TSR SN TR, oS Ny Mt R R 22 5

IR AL ST i (a)it, BT I 2%
FAS TR G5 M (1) - 225 i 22 B 3o 38 Ji— 5 3R - S A I
FEEAR BSAH B2 B FRP=40(3K 2, Entries 1~10), KB
FERHAE 50%LA F, e AL 71% (R 2, Entry 7).
M p-RE LI S MR, 2R B A W
Cl, Br, F), 321 H b5/~ #07= 248 = (3K 2, Entries 79,
65%~71%), {H 22K _3EH 4 7 R0 (1 OCH; Al
CH,), 1521 B Arr=407= F A AR (R 2, Entries 2~6,
46%~63%), T4 y-HZE NG 45K I 05 N FRR (Z530)
i, A RETS 2 45% 01 H bR (3R 2, Entry 10). {HJ5%:0
WRIR LR, A R 2G5 1 B AR,

YR AL G YN EE R LRI, BTE
F ) 35 Tl AN TR) 65 K ) - 32 G B R ik o JiR - DG FR -1
He, MR FE AL SRR E bR, OSSR S
IR AR LRI B (3R 2, Entries 11~22), KB FEHR
HAE 60%LA . 2 p-REIENE I 95 5 N 23RS, AT 2
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Table 2  Effect of p-nitro-nitrile structure to the reaction

EtOOC

NC. _CN CN Fe, HCI

LNOz o ArLNoz CH4OH, 30 °C
Ar

3a 3b
ne N2 eooc_ )N
ENH or f/<N-OH
Ar Ar
4a 4b
Entry Ar Product Yield/%

1 CeHs 4a-1 59
2 4-CH,CeH, 4a-2 63
3 3,4-(CH;),C¢H; 4a-3 53
4 4-CH;0C4H, 4a-4 51
5 3-CH;0C¢H,4 4a-5 52
6 3,4,5-(CH;0);CgH, 4a-6 46
7 4-FCH, 4a-7 71
8 4-CIC¢Hy 4a-8 66
9 4-BrCgH, 42-9 65
10 2-Naphthyl 4a-10 45
11 CeHs 4b-1 62
12 4-CH,CeH, 4b-2 65
13 3,4-(CH;),C¢H; 4b-3 53
14 4-CH;0C¢H, 4b-4 65
15 3-CH;0CgH,4 4b-5 66
16 3,4,5-(CH;0);CgH, 4b-6 48
17 4-FCeH, 4b-7 65
18 4-CIC¢Hy 4b-8 66
19 4-BrCgH, 4b-9 64
20 2-Naphthyl 4b-10 45
21 2-Furyl 4b-11 47
22 3,4-(CH;0),C¢H;, 4b-12 58

“ Reaction conditions: 3a or 3b (I mmol), Fe (10 mmol), HCI (10 mmol),
solvent (5 mL), 30 C. ? Isolated yield.

45%M BARF=H(F 2, Entry 18). L&A MR /& 2 -
5 107 HEON R IR, 5RETR 2] 47%M H b =¥k 2,
Entry 21). HA—FEIE, 43R T H RGN E R
LR ZBEQb)RE, BRI 4,5- —EMKATEY R — AN
PR T ER RN, AT TR R %
A B A R R S AT T ORI R SRR, BRI 5
SN, 24 NO, JE A NHOH ‘B fe I, 5800 5 s Rl
FHUE T . N TE NO, IEJE AL NH,, S5 A ik 7 ik R 7
MHE(EFHER 2 %), [F R RN I 2w 2
80 C, H=Wsikyh 4,5- ~FMMEIA TR &R TR E
AR, VRS AR, Py ia A,

R T Y K AR 3 RS B, 3 R
BBV (2e)s NIRRT HS p-hiFEE
R OIFA-D) P, FETERAHN ) - &Y, PR
1 2 AF T 3 AT IR S5 OCER, IR FEAS B T B PR )
(Scheme 2), ¥ B1Z S BN IR AL 0H T2 1)
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Scheme 2 Synthesis of 4,5-dihydropyrrole derivatives via f-
nitrostyrene derivatives with pentanedione and diethyl malonate
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T B AE I JF ok AU ER R A7 AE N B0E IR s, TE K
HE ) 3aA, 3aA &IE AR A IR FXT, 22—
AMBIFHIZERZRF, 110 3aA 2 F IR B T B 2R/
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4 4a (Scheme 3). T779) 4b fx &4 B N-F25E-4,5-—
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RN, 24 NO, % NHOH B fe [, S5
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Scheme 3 Possible reaction mechanism of forming compound
4a
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Scheme 4 Possible reaction mechanism of forming compounds 4b
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5 (3b) 1% S SCHR[8] A IR, LA B-HHEEZR ZIEATAHI(1)
HEHE L LBEQ2b) N E R L.
3.2 45-ZSMMEITEYNERK

LA da-1 HEMIHIE B K 1 mmol y-fiEEfi
(3a-1), 5 mL F{E, 0.30 mL & £RFR, 10 mmol i8S 2A &
FRMNIEF, 30 CTFHRE 4 h, BRI L OB N
SR EOVEIRR, FH)E O IR N, B S R G,
7] [ SR A I /D S M R BR ANV VR pH & 7~8,
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FRRE R B U, B2 AR ERE . IR 4R O EEAE

B, ANUHE T WEZEME, Hr-marEik g
2 e, RIF R 8 =& A R IR A W
[V(CH,CL,) : V(CH3OH)—3O 11, 53] 2-FFE-3-F -
4-KF-45- T H-1H-M " (4a-1), AHEOEE, 2R 59%.
m.p. 144~145 C; 'H NMR (400 MHz, DMSO-d,) o:
7.33~7.30 (m, 2H), 7.26~7.19 (m, 3H), 6.24 (s, 2H),
5.59 (s, 1H), 4.08~4.05 (m, 1H), 3.71~3.61 (m, 1H),
3.07 (s, 1H); *C NMR (100 MHz, DMSO-d;) J: 164.7,
145.3, 128.4, 127.1, 126.44, 122.8, 53.17, 52.92, 46.05; IR
(KBr) v: 2965, 2762, 2164, 1705, 1553, 1445, 1263, 1015,
897, 696, 480 cm™'; HRMS-ESI calcd for C;;H;,N; [M+
H]" 186.1025, found 186.1029.

2- 5 B3 A 4-(4- W R K KR )-4,5- A -1H-ME g
(4a-2): AEEAK, PR 63%. mp. 134~136 C; '
NMR (400 MHz, DMSO-d;) 0: 7.13~7.12 (m, 4H), 6.22
(s, 2H), 5.63 (s, 1H), 4.03 (s, 1H), 3.67 (s, 1H), 3.05 (s,
1H); “C NMR (100 MHz, DMSO-d;) J: 164.6, 142.2,
135.4, 128.9, 127.0, 122.7, 53.24, 53.03, 45.74, 20.61; IR
(KBr) v: 3002, 2776, 2158, 1699, 1549, 1464, 1263, 1015,
897, 669, 482 cm '; HRMS-ESI calcd for C1,H4N; [M+
H]" 200.1182, found 200.1193.

2-HE-3-F A -4-(3,4- R AL )-4,5- A -1H-E
% (4a-3): AEEE, 2% 53%. mp. 148~150 C; 'H
NMR (400 MHz, DMSO-d;) d: 7.08~6.94 (m, 3H), 6.21
(s, 2H), 5.61 (s, 1H), 3.98 (s, 1H), 3.64 (s, 1H), 3.03 (s,
1H), 2.19 (s, 3H), 2.18 (s, 3H); “C NMR (100 MHz,
DMSO-dg) J: 164.6, 142.6, 135.9, 134.1, 129.4, 128.2,
124.5, 122.7, 53.25, 53.10, 45.74, 19.47, 18.93; IR (KBr)
v: 3396, 3217, 2924, 2152, 1583, 1468, 1304, 1018, 818,
698, 446 cm '; HRMS-ESI caled for Ci3H (N3 [M+H]"
214.1338, found 214.1339.
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2-G HE-3-F - 4-(4-HE HE IR AL )-4,5- A -1 H-IE s
(4a-4): AEEEK, PR 51%. mp. 138~139 C; 'H
NMR (400 MHz, DMSO-d;) §: 7.16 (d, J=7.8 Hz, 2H),
6.87 (d, J=8.2 Hz, 2H), 6.22 (s, 2H), 5.60 (s, 1H), 4.02 (s,
1H), 3.72 (s, 3H), 3.64 (s, 1H), 3.01 (s, 1H); *C NMR
(100 MHz, DMSO-dg) 0: 164.6, 157.9, 137.2, 128.1, 122.8,
113.8, 55.00, 53.39, 53.12, 45.33; IR (KBr) v: 3119, 2926,
2850, 2154, 1705, 1512, 1261, 1065, 951, 656, 513 cm " ';
HRMS-ESI caled for C,,H,N;O [M+H]" 216.1131,
found 216.1132.

2-G E-3-F Fh-4-(3- A R L )4, 5- & -LH-IE s
(4a-5): AME K, PF 52%. mp. 122~124 C; 'H
NMR (400 MHz, DMSO-ds) o: 7.23~721 (m, 1H),
6.85~6.80 (m, 3H), 6.30 (s, 2H), 5.72 (s, 1H), 4.04 (s,
1H), 3.73 (s, 1H), 3.08 (s, 1H); “C NMR (100 MHz,
DMSO-dy) d: 164.8, 159.4, 147.0, 129.5, 122.8, 119.4,
112.9, 111.7, 54.95, 53.12, 52.52, 46.05; IR (KBr) v: 3383,
3082, 2937, 2154, 1587, 1464, 1281, 1138, 1065, 951, 787,
700, 615, 513 cm™'; HRMS-ESI caled for C,H4N;0
[M+H]" 216.1131, found 216.1127.

2-F H-3-F I -4-3,4,5- = AR KL )-4,5- & -
LH-IL % (4a-6): FIEAE 1A, 722 46%. m.p. 152~153 C;
'H NMR (400 MHz, DMSO-ds) 0: 6.57 (s, 2H), 6.28 (s,
2H), 5.68 (s, 1H), 4.05 (s, 1H), 3.75 (s, 6H), 3.64 (s, 3H),
3.45 (s, 1H), 3.07 (s, 1H); *C NMR (100 MHz, DMSO-d;)
5: 164.8, 152.9, 140.9, 136.1, 122.8, 104.3, 59.95, 55.78,
53.26, 52.47, 46.50; IR (KBr) v: 3225, 2964, 2852, 2164,
1994, 1508, 1421, 1323, 1124, 1003, 895, 656, 480 cm ';
HRMS-ESI caled for C14H;sN;0;Na [M+Na]" 298.1162,
found 298.1164.

2- % 3t -3 I -4-(4- T K AR )-4,5- A -1H- I g
(4a-7): AWGEE, P#F 71%. mp. 130~131 C; 'H
NMR (400 MHz, DMSO-d;) d: 7.27~7.12 (m, 4H), 6.31
(s, 2H), 5.70 (s, 1H), 4.08 (s, 1H), 3.68 (s, 1H), 3.04 (s,
1H); *C NMR (100 MHz, DMSO-d;) 6: 164.8, 161.1 ('J=
240.0 Hz), 141.5, 128.9 ((J=8.0 Hz), 122.8, 115.1 (J=
21.0 Hz), 53.21, 52.88, 45.29; IR (KBr) v: 3327, 2910,
2189, 1688, 1605, 1512, 1394, 1231, 1016, 910, 829 cm ';
HRMS-ESI caled for C,H;;FN; [M+H]" 204.0931,
found 204.0930.

2- % 3 3 F I -4-(4- EOOK AL )-4,5- A -1H- g
(4a-8): AMIEE, P*F 66%. mp. 142~143 C; 'H
NMR (400 MHz, DMSO-dg) o: 7.37~7.35 (m, 2H),
7.28~7.26 (m, 2H), 6.32 (s, 2H), 5.75 (s, 1H), 4.06 (s,
1H), 3.69 (s, 1H), 3.07 (s, 1H); “C NMR (100 MHz,
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DMSO-dg) J: 164.6, 144.2, 131.0, 128.9, 128.3, 122.5,
52.99, 52.52, 45.33; IR (KBr) v: 3441, 3346, 2880, 2154,
1514, 1315, 1013, 895, 696, 484 cm™'; HRMS-ESI calcd
for C;yH;,CIN; [M-+H]" 220.0636, found 220.0637.

2- G HE3-F HE 4-(4- VR IR KR )-4.5- A -1H-TE g
(4a2-9): AWGEE, P“F 66%. mp. 159~161 C; 'H
NMR (400 MHz, DMSO-dg) o: 7.50~7.48 (m, 2H),
7.21~7.19 (m, 2H), 6.32 (s, 2H), 5.75 (s, 1H), 4.05 (s,
1H), 3.70~3.66 (m, 1H), 3.04 (s, 1H); *C NMR (100
MHz, DMSO-dg) J: 164.8, 144.8, 131.3, 129.3, 122.6,
119.4, 52.89, 52.54, 45.39; IR (KBr) v: 3247, 3030, 2827,
1736, 1406, 1319, 1011, 914, 812, 698, 480 cm '; HRMS-
ESI caled for C;H;;BrN; [M+H]" 264.0130, found
264.0145.

2-F H-3-F I -4-(2- 25 H)-4,5- A - 1H-ME (4a-10):
H @A, 72 45%. mp. 151~153 “C; 'H NMR (400
MHz, DMSO-dy) J: 8.12~8.10 (m, 1H), 7.94~7.92 (m,
1H), 7.81~7.79 (m, 1H), 7.52~7.50 (m, 4H), 6.40 (s,
2H), 5.85 (s, 1H), 4.91 (s, 1H), 4.02~3.97 (m, 1H), 3.04
(s, 1H); *C NMR (100 MHz, DMSO-d;) J: 164.9, 140.4,
133.7, 131.1, 128.6, 126.9, 126.0, 125.6, 125.5, 123.8,
123.4, 123.0, 52.38, 50.22, 41.97; IR (KBr) v: 3030, 2957,
2762, 2156, 1701, 1560, 1267, 1015, 895, 746, 476 cm ™ ;
HRMS-ESI caled for C;sH 4N; [M—|—H]+ 236.1182, found
236.1177.

2-RHE-3- O -4 TR B -4,5- - 1R -
(4b-1): TLHIRY, P35 62%. 'H NMR (400 MHz,
CDCly) 0: 7.38~7.35 (m, 2H), 7.32~7.27 (m, 3H), 5.84
(s, 2H), 4.27~4.22 (m, 2H), 4.02~3.94 (m, 2H), 3.83~
3.79 (m, 1H), 1.29 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) 0: 168.4, 143.6, 140.5, 129.5, 128.2, 127.6,
62.85, 62.70, 53.85, 39.23, 14.42. IR (KBr) v: 3736, 3126,
2185, 1735, 1088 cm™'; HRMS-ESI caled for C3H;,N,05
[M+H]" 249.1233, found 249.1225.

2GR HE-3- L E S -4-(4- P LR D)4 5- A 1- 5
BE-TIE % (4b-2): EEJHRY), F*F 65%. 'H NMR (400
MHz, CDCly) §: 7.16 (s, 4H), 4.26~4.21 (m, 2H), 3.97~
3.89 (m, 2H), 3.81~3.80 (m, 1H), 2.34 (s, 3H), 1.29 (t,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) J: 168.5,
143.6, 137.9, 137.4, 130.2, 127.5, 62.83, 62.78, 53.92,
38.90, 21.36, 14.45; IR (KBr) v: 3850, 3431, 2353, 2170,
1706, 1138 cm™'; HRMS-ESI calcd for C4,H;oN,O5 [M+
H]" 263.1390, found 263.1385.

2-FAI-3- LA PR -4-(3,4- T I E)-4,5- A -
1-F2 5% (4b-3): EEARY), P 53%. 'H NMR
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(400 MHz, CDCl;) 0: 7.11 (d, J=7.6 Hz, 1H), 7.03 (s,
1H), 6.99 (d, J=7.6 Hz, 1H), 5.96 (s, 2H), 4.26~4.21 (m,
2H), 3.92~3.91 (m, 2H), 3.81~3.79 (m, 1H), 2.25~2.24
(m, 6H), 1.29 (t, J=7.0 Hz, 3H); *C NMR (100 MHz,
CDCl3) d: 168.5, 143.4, 138.0, 137.80, 136.6, 130.6, 128.8,
124.9, 62.90, 62.77, 53.98, 38.76, 20.12, 19.69, 14.44; IR
(KBr) v: 3440, 2922, 2355, 2170, 1738, 1074 cm ';
HRMS-ESI calcd for C;sH,,N,O3;Na [M—}—Na]+ 299.1366,
found 299.1366.

2-RF-3- LA B -4-(4- AR IR )-4,5- & -1-
FRIL-IE g (4b-4): TLEHARY), 723 58%. "H NMR (400
MHz, CDCl3) 0: 7.18 (d, J=8.2 Hz, 2H), 6.87 (d, J=8.2
Hz, 2H), 6.21 (s, 2H), 4.24~4.22 (m, 2H), 3.94~3.86 (m,
2H), 3.79 (s, 3H), 3.77 (s, 1H), 1.28 (t, J=7.0 Hz, 3H); "°C
NMR (100 MHz, CDCl;) d: 168.5, 159.4, 143.9, 132.3,
128.7, 114.8, 62.72, 62.65, 55.62, 54.03, 38.67, 14.40; IR
(KBr) v: 3692, 3308, 3053, 2181, 1745, 1248 cm ';
HRMS-ESI caled for Ci4HoN,O4 [M+H]" 279.1339,
found 279.1339.

2-RFE-3- L B -4-(3- AR LK )-4,5- A - 1-
FRIL-IE % (4b-5): TLEHARY), 773 66%. "H NMR (400
MHz, CDCl;) d: 7.26~7.24 (m, 1H), 6.85~6.80 (m, 3H),
5.89 (s, 2H), 4.26~4.21 (m, 2H), 3.95~3.92 (m, 2H),
3.84~3.83 (m, 1H), 3.79 (s, 3H), 1.28 (t, J=7.1 Hz, 3H);
C NMR (100 MHz, CDCl;) J: 168.4, 160.4, 143.9, 141.9,
130.6, 119.7, 113.5, 113.3, 62.84, 62.46, 55.61, 53.71,
39.27, 14.41; IR (KBr) v: 3690, 3304, 3157, 2839, 2181,
1751 ecm™'; HRMS-ESI caled for C4H;oN,O4 [M+H]"
279.1339, found 279.1333.

2- R F-3- L P 3 -4-(3,4,5- = H A FE IE 3)-4,5-
AR AT E (4b-6): T EHRY, FEE 48%. 'H
NMR (400 MHz, CDCl;) d: 6.48 (s, 2H), 4.28~4.23 (m,
2H), 3.98~3.91 (m, 2H), 3.85 (s, 6H), 3.83 (s, 3H), 3.80
(s, 1H), 1.31 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 168.3, 154.0, 143.7, 137.9, 136.0, 104.6, 62.91,
62.52, 61.14, 56.57, 53.96, 39.47, 14.44; IR(KBr) v: 3639,
3312, 2961, 2837, 1736, 1512, 1327 cm™'; HRMS-ESI
caled for C;sH,,N,O¢Na [M—i—Na]+ 361.1370, found
361.1364.

- I3 L H PR -4-(A- A )-4,5- A -1-72
FE-THEn% (4b-7): EEMRY), 7% 65%. 'H NMR (400
MHz, CDCl;) d: 7.26~7.23 (m, 2H), 7.06~7.02 (m, 2H),
6.19 (s, 2H), 4.27~4.22 (m, 2H), 3.99~3.93 (m, 1H),
3.91~3.87 (m, 1H ), 3.78~3.77 (m, 1H), 1.29 (t, J=7.1
Hz, 3H); “C NMR (100 MHz, CDCl;) J: 168.3, 162.6
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('J=245.5 Hz), 143.7, 136.1 (*J=3.0 Hz), 129.1 (J=8.1
Hz), 116.4 (J=21.4 Hz), 62.95, 62.60, 53.91, 38.65,
14.43; IR(KBr) v: 3688, 3134, 2185, 1736, 1603, 1512,
1099 cm™'; HRMS-ESI caled for Cy3H;¢FN,O; [M—|—H]+
267.1139, found 267.1138.

2-G K -3- L P L -4-(4- R HE)-4,5- A -1- R
BE-nLng (4b-8): TLEIHIRY), 723 66%. 'H NMR (400
MHz, CDCLy) d: 7.33 (d, J=8.4 Hz, 2H), 7.21 (d, J=8.4
Hz, 2H), 6.01 (s, 2H), 4.28~4.22 (m, 2H), 3.98~3.87 (m,
2H), 3.78~3.76 (m, 1H), 1.29 (t, J=7.1 Hz, 3H); C
NMR (100 MHz, CDCly) d: 168.1, 143.3, 138.9, 134.2,
129.7, 129.0 , 63.04, 62.55, 53.73, 38.65, 14.47; IR (KBr)
v: 3693, 3306, 2162, 1705, 1596, 1493, 1213 cm ';
HRMS-ESI caled for Cj3H;CIN,O; [M+H]" 283.0843,
found 283.0840.

2- G H-3- L B -4-(4-1R K L )-4.5- A -1- 7%
BE-nEn% (4b-9): TLEIHIRY), 723 64%. 'H NMR (400
MHz, CDCLy) o: 7.48 (d, J=7.6 Hz, 2H), 7.15 (d, J=7.8
Hz, 2H), 6.21 (s, 2H), 4.25~4.23 (m, 2H), 3.94~3.90 (m,
2H), 3.79 (s, 1H), 1.28 (t, J=6.7 Hz, 3H); *C NMR (100
MHz, CDCly) d: 168.2, 143.8, 139.3, 132.6, 129.4, 122.1,
63.00, 62.32, 53.64, 38.82, 14.43; IR (KBr)v: 3690, 3306,
3066, 2928, 2498, 1734, 1553 cm”'; HRMS-ESI calcd for
C3H3BrN,O5 [M+H]" 327.0338, found 327.0338.

2-GA -3 L P FE-4-(2-25)-4,5- A -1- e -t
1% (4b-10): JEEJHARY), 723 45%. 'TH NMR (400 MHz,
CD,CL,) d: 7.85~7.80 (m, 3H), 7.73 (s, 1H), 7.50~7.48
(m, 2H), 7.37~7.35 (m, 1H), 4.25~4.20 (m, 2H), 4.13~
4.07 (m, 1H), 4.00~3.95 (m, 1H), 3.93~3.92 (m, 1H),
1.25 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5) §:
168.4, 143.9, 137.5, 133.7, 133.1, 129.6, 128.1, 128.1,
127.0, 126.9, 126.7, 125.0, 62.93, 62.55, 53.77, 39.41,
14.44; IR (KBr) v: 3850, 3418, 2963, 2355, 2170, 1735,
1076 cm'; HRMS-ESI caled for C7H;oN,O; [M+H]"
299.1390, found 299.1386.

2- G HE-3- L B 3 -4-(2- kIR )-4,5- A -1-FR 3
ML % (4b-11): KRy, 7235 47%. 'H NMR (400
MHz, CD,Cl,) d: 7.39 (s, 1H), 6.34 (s, 1H), 6.24 (s, 1H),
4.28~4.23 (m, 2H), 4.09~4.08 (m, 2H), 3.95~3.94 (m,
1H), 1.29 (t, J=7.0 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 168.1, 152.0, 143.2, 142.9, 110.9, 107.4, 62.98, 59.58,
50.79, 32.84, 14.45; IR (KBr) v: 3653, 3325, 2963, 1738,
1589, 1259, 1018 ecm ™ '; HRMS-ESI calcd for C;;H,sN,O,
[M+H]" 239.1026, found 239.1023.

2-FH-3- A B AL 4-(3,4- I SE IR I )-4,5-—
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A -1 5% (4b-12): EAMRY), 72 61%. 'H
NMR (400 MHz, CDCl;) 6: 6.83 (s, 2H), 6.77 (s, 1H), 5.87
(s, 2H), 4.28~4.23 (m, 2H), 3.98~3.93 (m, 2H), 3.88 (s,
3H), 3.87 (s, 3H), 3.81~3.79 (m, 1H), 1.30 (t, J=7.1 Hz,
3H); *C NMR (100 MHz, CDCl5) §: 168.4, 149.7, 148.9,
143.7, 1327, 119.8, 111.9, 110.6, 62.77, 62.59, 56.31,
56.24, 53.97, 38.97, 14.39; IR (KBr) v: 3724, 3314, 2966,
2185, 1736, 1518, 1261 cm ™~ '; HRMS-ESI caled for
C,sHyN,OsNa [M+Na]" 331.1264, found 331.1265.

i B L (Supporting Information) -fif 7K 2 I 117
VI HIE L p-TEEEIRE 3a R0 3b & BB H ARrE
YIRS . BRI . o PR . X ek T DL G
B AT ] 3 (http://sioc-journal.cn/) | R %K.

References

[1] (a) Fattorusso, E.; Taglialatela-Scafati, O. Modern Alkaloids:
Structure, Isolation, Synthesis and Biology, Wiley-VCH Verlag
Gmb H & Co. K GaA, Weinheim, 2008.

(b) Castellano, S.; Fiji, H. D. G; Kinderman, S. S.; Watanabe, M.;
deLeon, P.; Tamanoi, F.; Kwon, O. J. Am. Chem. Soc. 2007, 129,
5843.

(c) Carmeli, S.; Moore, R. E.; Patterson, G. M. L. Tetrahedron
1991, 47, 2087.

(d) Marti, C.; Carreira, E. M. J. Am. Chem. Soc. 2005, 127, 11505.

[2] (a) Katz, J. D.; Overman, L. E. Tetrahedron 2004, 60, 9559.

(b) Pathak, T. P.; Sigman, M. S. Org. Lett. 2011, 13,2774.

(c) Bergner, 1.; Wiebe, C.; Meyer, N.; Opatz, T. J. Org. Chem. 2009,
74, 8243.

(d) Ritthiwigrom, T.; Willis, A. C.; Pyne, S. G. J. Org. Chem. 2010,
75,815.

(e) Evans, P. J. Org. Chem. 2007, 72, 1830.

(f) Pichon, N.; Harrison-Marchand, A.; Mailliet, P.; Maddaluno, J.
J. Org. Chem. 2004, 69, 7220.

(g) Herzon, S. B.; Myers, A. G. J. Am. Chem. Soc. 2005, 127, 5342.
(h) Donohoe, T. J.; Rigby, C. L.; Thomas, R. E.; Nieuwenhuys, W.
F.; Bhatti, F. L.; Cowley, A. R.; Bhalay, G,; Linney, 1. D. J. Org.
Chem. 2006, 71, 6298.

[3] (a) Shi, F,; Luo, S.-W.; Tao, Z.-L.; He, L.; Yu, J.; Tu, S.-J.; Gong,
L.-Z. Org. Lett. 2011, 13, 4680.

3168

http://sioc-journal.cn/

(4]

(3]
(6]

(7]

(8]
[9]

© 2019 Chinese Chemical Society & SIOC, CAS

(b) Sun, W.; Ma, X.; Hong, L.; Wang, R. J. Org. Chem. 2011, 76,
7826.

(c) Sawadjoon, S.; Samec, J. S. M. Org. Biomol. Chem. 2011, 9,
2548.

(d) Ishikawa, S.; Noguchi, F.; Kamimura, A. J. Org. Chem. 2010,
75,3578.

(e) Zhang, Y.; Raines, A. J.; Flowers, R. A. I1 J. Org. Chem. 2004,
69, 6267.

(f) Flogel, O.; Amombo, M. G. O.; Reissig, H.-U.; Zahan, G;
Brudgam, 1.; Hartl, H. Chem.-Eur. J. 2003, 9, 1405.

(g) Verniest, G;; Claessens, S.; Bombeke, F.; Van Thienen, T.; De
Kimpe, N. Tetrahedron 2005, 61, 2879.

(a) Novikov, M. S.; Khlebnikov, A. F.; Shevchenko, M. V.; Kos-
tikov, R. R.; Vidovic, D. Russ. J. Org. Chem. 2005, 41, 1496.

(b) Chen, M.-J.; Chang, S.-T.; Liu, R.-S. Tetrahedron 2000, 56,
5029.

(c) Ghorai, M. K.; Tiwari, D. P. J. Org. Chem. 2013, 78, 2617.
Alberti, A.; Carloni, P.; Eberson, L.; Greci, L.; Stipa, P. J. Chem.
Soc., Perkin Trans. 2 1997, 887

(a) Guo, S. H.; Mi, X. L. Tetrahedron Lett. 2017, 58, 2881.

(b) Ashokkumar, V.; Siva, A. Org. Biomol. Chem. 2015, 13, 10216.
(c) Azad, C. S.; Khan, 1. A.; Narula, A. K. Org. Biomol. Chem.
2016, 14, 11454.

(d) Dong, W. K.; Xu, D. C.; Xie, J. W. Chin. J. Chem. 2012, 30,
1771.

(e) Kotrusz, P.; Toma, S.; Schmalz, H.-G.; Adler, A. Eur. J. Org.
Chem. 2000, 7, 1577.

(a) Liu, Y.-L.; Liu, D.-E.; Du, M.-F.; Cao, C.-X.; Chen, Z.-G. Chem.
J. Chin. Univ. 2015, 36, 1117 (in Chinese).

CUERE, Bk, 2, WRE, RERE, SFFRiEF
I, 2015, 36, 1117.)

(b) Chen, Z.-G.; Zhao, P.-F.; Wang, Y. Eur. J. Org. Chem. 2011,
5887.

(c) Chen, Z.-G.; Zhou, J.-M.; Wang, Y.; Li, W.-L. Acta Chim. Sinica
2011, 69, 2851 (in Chinese).

(REGE, B4k, £35, 255000, 4R, 2011, 69, 2851.)

(d) Chen, Z.-G.; Wang, Y.; Wei, J.-F.; Zhao, P.-F.; Shi, X.-Y. J. Org.
Chem. 2010, 75, 2085.

(e) Du, M. F.; Hou, D.; Hui, W. P.; Chen, Z.-G. Chem. J. Chin. Univ.
2016, 37, 902 (in Chinese).

(FL2 %, GRS, BoCME, BREE, &% FaF 53R, 2016,
37,902.)

Halimehjani, A. Z.; Karimi, N.; Saidi, M. R. Synth. Commun. 2013,
43,744,

Shibatomi, K.; Zhang, Y.; Yamamoto, H. Chem.-Asian J. 2008, 3,
1581.

(Cheng, F.)

Chin. J. Org. Chem. 2019, 39, 3162~3168



