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Silver-Catalyzed Tandem Radical Cyclization for the Synthesis of
3,3'-Disubstituted Oxindoles
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Abstract A new silver-catalyzed oxidative ring opening of cyclopropanols to functionalize alkenes of N-arylacrylamides

leading to 3,3'-disubstituted oxindoles has been developed. This reaction is proposed to proceed through oxidative radical

ring-opening and C—H functionalization cascade process under the mild reaction conditions with good functional groups

tolerance.

Keywords silver-catalyzed; radical tandem cyclization; C—H functionalization; carbonyl-containing 3,3'-disubstituted

oxindoles
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BAEY), HARE ] DA — e s i S AR, b s
BRARA Ag(P. CANIY, f k0245 A AL TT IR AL B-
BRIERR A L. 2013 4E Tangovan WA MR IE T —Fh
7 5L [ AR TR BE AT AgNOs/K,S,05 AAL I R ] % -
IRIEEBRA G VIRUH 7%, 2R BLE T T B i S
it FE . AR IR IR TT PR T B B- B FE ik ) PR S 2
KEDIR. A, 456 N-J7 A B 2R A LA R
P S TF IR T 1 - F e 1 BRI 2%, A8 B-B ik E
FEAT Rt WU R T BUE MU BIAR LR 3,3'- X0
REAIG W, 2355 ), — P ER HR A 1 1 4% & 1 B ok
BEXUE B AL 3 7 E R R I, 1% RN 2k A B IR AT I
HARGFHE Re A A1

1 HR5R
1.1 REBIFHML

F - N-FR - N-ZE R T IR e (La) AT 1-2K 2 L 3R TR %
Qa)lE N RBMALEAE(Eq. 1, £ 1), F 10 mol%
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Scheme 1 The representative AgNOs-catalyzed radical tandem
cyclization for 3,3'-disubstituted oxindoles skeleton

AgNO; EREEALT, 30 CHMATF, EARFRRERF, TG
HAE DMSO H, pDitifs 2| 7 AR ZE K =Y) 3a(3k 1, En-

Entries 5~6), &A1= H2, 24 DMSO 1 H,0 LA
PRFALE 3 2 1 AE NI 1, Entries 7~9)BF, R IF]H:
PL 66%H SRR 1774 3a, FEAHIE 41T AgF.
AgTFA. Ag,CO; #¥%A AgNOs R BEHF I B (£ 1,
Entries 10~12), #3, #N Na,S,05 & 2] 2.4 equiv.,
FER LR H] 73%(3K 1, Entries 13~16). 4[4 2a )&
(# 1, Entries 17~19), KMERAL, 1a HE 4, F2F
P22 66%, X REIIGIE AN AgNO; 1% BEAS AR (R
1, Entries 20).

J\% \/K OX|dant solvent

Me CHs
1a

M

1.2 RYEENT R

et ERRALRI B AF, X% NG 2 AT
THEE(Eq. 2, & 2), KIAFM N RS EEX1Z IR
MAAROK, 4N T EONH AR (3R 2, 3a f1 3¢), 1%
SRS REAR MR (I EAT, 24 N 7 BN (3E 2, 3b), %

tries 1~4), R ELAFIEALF], LU K,S,05+ TBHP.
BPO K SEHLIX AN S M, NayS,0 F& Fe i 2 AL (R 1,

R 1 1a M 2a {8 S PRI SN ) AL @

Table 1 Optimization of conditions for the radical tandem cyclization of 1a and 2a

SSINASHEAT, WAk R L AT H %22, IRZ B R,
Fein R B AR IR R 2, 3d F 3e), 1% BLASAEIR 47 Hb e

Entry Oxidant (equiv.) la: 2a Cat. (mol%) Solvent Yield®/%
1 K,S,05 (2.0) 1:1.2 AgNO; (10) THF 20
2 K,S,05 (2.0) 1:1.2 AgNO; (10) DMF 24
3 K,S,05 (2.0) 1:1.2 AgNO; (10) DCE 18
4 K»S,05 (2.0) 1:12 AgNO; (10) DMSO 32
5 BPO 1:1.2 AgNO;(10) DMSO <10
6 TBHP 1:12 AgNO;(10) DMSO <10
7 K,S,05 (2.0) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 60
8 K»S,05 (2.0) 1:12 AgNO; (10) V(DMSO) : V(H,0)=2: 1 56
9 K»S,05 (2.0) 1:12 AgNO; (10) V(DMSO) : V(H,0)=1: 3 <10
10 K»S,05 (2.0) 1:12 AgF (10) V(DMSO) : V(H,0)=3 : 1 37
11 K»S,05 (2.0) 1:12 Ag,CO5 (10) V(DMSO) : V(H,0)=3 : 1 38
12 K»S,05 (2.0) 1:12 AgTFA (10) V(DMSO) : V(H,0)=3 : 1 42
13 Na,S,05 (2.0) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 66
14 Na,S,05 (2.2) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 70
15 Na,S,05 (2.4) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 73
16 Na,S,05 (2.6) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 68
17 Na,S,05 (2.4) 1:15 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 80
18 Na,S,05 (2.4) 1:12 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 72
19 Na,S,05 (2.4) 1:1.0 AgNO; (10) V(DMSO) : V(H,0)=3 : 1 66
20 Na,S,05 (2.4) 1:1.2 V(DMSO) : V(H,0)=3 : 1 <10

R RiZAE: 1a (0.3 mmol), 2a (0.36 mmol), f#EALFI(10 mol%), ¥4 V(DMS0)=1.5 mL, V(H,0)=1.5 mL, &S5, 30 °C, KRB E] 9 h; 7357 2.
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R TREMIGER 2, 3630 MRS BIRLF IR, N-F
- N- 75 5 A 0 T e 408 o7 AR 5 R0 R 2 B S BELRT J R 7=
AT —E WA 2, 3§ M 3K), [AIAZEUAR N-HI - N-T%
FEN IR o] LIS 2] 61% =P 2, 31), (2B
ST XIRFEPEALE. AFRATE DS, DU Sk 1) 7 I
P Jf v AR 3] 62% 1 =P8 AR (3R 2, 3p), 2B
PR B Mt 1T DA 25 9 DA AR 85 1 7= 2245 31 7= 4.

R
|
Z NJ\/\R3 + Ph\/KOH
R1 R
1la~1p 2a
R3 Ph
10 mol% AgNO3 R2
2.4 equiv. Na,S,0 e
q 292VU8 R;\ o 0 @)
DMSO-H,0 (V:V = 3:1) =
o N
30°C \
R1
3a~3p

K2 N-JFEEPUAETEIEA 2a (K18t DI SR RS
@ a

Table 2 Optimization of conditions for the radical tandem cy-
clization of N-arylacrylamides and 2a

Compd. R R!' R* R’ Yield®/%
3a H Me Me H 80
3b H H Me H 0
3c H Bn Me H 46
3d H Me Bn H 62
3e H Me CH,OH H 57
3f° 4-F Me Me H 59
3g° 4-Cl Me Me H 41
3h¢ 4-CN Me Me H 62
3i¢ 4-OMe Me Me H 46
3j 6-F Me Me H 38
3k¢ 6-Me Me Me H 36

5-Me (A), 61
1 M M H
1 3 Me(B) e e (A:B=187:1)
3m 3,5-Me, Me Me H 47
3n 3,5(OMe); Me Me H 45
30°¢ 4-Cl-6-Me Me Me H 54
3p° 62

“ RIS 1 (0.5 mmol), 2a (0.75 mmol), #EALFI(10 mol%), EFIN
V(DMSO0)=1.5 mL, V(H,0)=0.5 mL, @ <% F, 30 'C, RN 9 h;

bANBIREE: €60 C,9h.
ANFEIBRIE A R AT DAAT 1a 7EARHESRAE T %
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7L L R 77 545 3 B AR (Eq. 3, K 3), R*EHH
At B L [ 0 AR (3R 3, 3r 1 300 RN R A A, AERS
1S BT m )=, IR AREGE 3, 3wkt 5 &R A
(3R 3, 3q)H 5/ 1) J MLy

X

10 mol% AgNO3

0
J\r/ RL_OH 24 equiv. Na,S,08
s K
16 DMSO-H,0 (V:V = 3:1)

N
Me 30 °C
a
4
R2 R
3 o)
N
\
Me 3q~3u

K3 1a F12 [ E g R SR R
Table 3 Optimization of conditions for the radical tandem cy-
clization of 1a and 2

Compd. R® R* Yield®/%
3q Me Ph 60
3r Me 3,4,5-MeOC¢H, 84
3s Bn Ph 51
3t Me 4-MeOC4Hy 70
3u Me c-Hex 82

© 2015 Chinese Chemical Society & SIOC, CAS

¢ R4S 1a (0.5 mmol), 2 (0.75 mmol), fEALFI(10 mol%), VAFIHA
V(DMSO)=1.5 mL, V(H,0)=0.5 mL, @5 T, 30 C, RNHfA 9 h;
PR,

T BL B R SE 5 R DART AL BT ST, AL EE 4o
Scheme 2 fi7x, M—fHIFR NI EATTIN—FE, K5 H
FH AT V- F B 57 68 DA e I e ) LB AT I . T AR(T)
I Bt R AR s S 45 3] PR R 1 b R A7 B - 0 B TR B e
MNASFIFA A E B3 1A, 1A JFIRE R p-$ILmk B it
1B, 1B X () - 35 55 25 PR 473 PG Fi 1180 XUBE ) Jm kA 21
AR 1C, 1C X5 SE BN pAS 2 E 4k 1D,
1D # Ag(ID)EMNAR R RLTY), T bR HRD)1F 2
A,

2 #ig

BATRILT — A4 B % B8 B 3 AL B AT AE
R S, RV I B PR e R R R AL A B I A
AR AR B SRS B AN, 2 B I 7 26 AR

A 6 B 1T LT 2. SR S W e At B 40 ) 2 PR AT SR 75
FRATALHEAT HE— 25 T IR A MR
3 SCIOERSY
3.1 5
S T R 6 741 PR 3404 B b 380 3 541 10 e o 7 95

4T, 'TH NMR, *C NMR, "°F NMR ¥4 7F 1% [ Bruker 23 &)
400 MHz W3R M E, %55 CDCl;, WAR TMS;
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Scheme 5 The proposed mechanisms for silver-catalyzed radical tandem cyclization

FEEMTA 200~300 HERR, FBIFHIA A (60~
90 C )M & g < Wg. Ji ws £ ¥E i W e R A
GSMS-QP2010SE JFif{x, ZrAMaik il R Nexus
670 FT-IR ZLAMEEA. B M EELA Kulinkovich
SN &, WIUE TR BB SE H - Aldrich, Acros Organics,
J&K Chemicals 8¢# TCL L&Y 1 7 CHR[15] 5 K.
3.2 ZWHE

3.2.1 i@ i¥ Kulinkovich B2 #| &4L&-40 2 69 —Ff& 77
&

BT, 16 30 80 K £ B EE(14mmol)
F) DY SR R 5 Y 1 % 3 N T (S mmnol) RGP 42 Ak 4D P
SRR, ERAS R BOER. HKEKR, EE,
JEVRT ZBFZEEL (30 mL X 3), 7K¥E, T/KEREREN T 1,
YR, BERVET, AEENT, 153 E frre 2l
322 Smibe3as—MAs ik

7£ 25 mL Schlenk & H & ZUMA 1 (0.50 mmol), 2
(0.75 mmol), AgNO; (0.05 mmol), Na,S,0g (1.2 mmol),
WA B =K, M DMSO (1.5 mL)# H,0 (0.5
mL). 30 C T, TLC &l B, RN SR G, FH LR
CEMRE, FHOKTE =R, S8 )5 PR & h K vk, AL
JZ R T KBRER AN T4, 108, R ZR IR LA, b
EHT, 152 H bR 3a~3u.

1,3- 2 H 3 -3-(3- S AR -5- 2R 35k 30 2% ) 5| Wik -2- 1l (3a):
7% 80% . "H NMR (400 MHz, CDCl3) 6: 7.27~7.23 (m,
3H), 7.19~7.11 (m, 4H), 7.06 (t, J=7.5 Hz, 1H), 6.83 (d,
J=7.7 Hz, 1H), 3.20 (s, 3H), 2.82 (t, J=7.5 Hz, 2H), 2.62
(t, J=7.7 Hz, 2H), 2.31~2.21 (m, 2H), 1.86~1.68 (m,
2H), 1.33 (s, 3H), 1.25~1.16 (m, 2H); *C NMR (400
MHz, CDCls) 6: 209.3, 180.4, 143.1, 140.9, 133.5, 128.3,
128.2, 127.7, 126.0, 122.5, 122.4, 108.0, 48.2, 44.0, 42.6,

Chin. J. Org. Chem. 2015, 35, 638~646
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37.5,29.5,26.1,23.8, 18.7; IR (KBr) v: 3283, 3026, 2928,
1711, 1612, 1493, 1470, 1376, 1251, 1123, 751, 700 cm " ';
GC-MS m/z (%): 335 (M)*; HRMS (ESI) calcld for
CooHyNO, (M + 1)* 336.1958, found 336.2077.

1-7 Jk -3 Ok -3-(3- S X -5- 2 ik 12 it ) g e -2- il
(3¢): “F 46%. 'H NMR (400 MHz, CDCly) d: 7.27~
7.20 (m, 7H), 7.18~7.10 (m, 5H), 7.02 (t, J=3.8 Hz, 1H),
6.71 (d, J=7.7 Hz, 1H), 4.90 (g, J=26.1 Hz, 2H), 2.81 (t,
J=17.6 Hz, 2H), 2.58 (t, J=7.5 Hz, 2H), 2.27~2.22 (m,
2H), 1.38 (s, 3H), 1.32~1.22 (m, 2H); “C NMR (400
MHz, CDCly) 6: 209.3, 180.6, 142.4, 141.1, 136.1, 133.7,
128.8, 128.5, 128.3, 127.8, 127.6, 127.3, 126.1, 122.7,
122.6, 109.1, 48.3, 44.1, 43.7, 42.8, 37.7, 29.7, 24.3, 19.1;
IR (KBr) v: 3278, 3028, 2926, 2344, 1709, 1611, 1488,
1466, 1354, 1176, 1120, 748, 700 cm™'; GC-MS m/z (%):
411 (M)*; HRMS (ESI) calcld for C,3sH,y)NNaO, (M +
Na)* 434.2091, found 434.2180.

1- F 2k 37 2k -3-(3- F AR -5- 2R 3k 1 35 ) Mg e -2- i
(3d): 5% 62%. '"H NMR (400 MHz, CDCl;) 6: 7.22 (d,
J=17.5 Hz, 2H), 7.15~6.98 (m, 9H), 6.79~6.77 (m, 2H),
6.53 (d, J=17.7 Hz, 1H), 3.01 (q, J=49.3 Hz, 2H), 2.90 (s,
3H), 2.81 (t, J=7.5 Hz, 2H), 2.59 (t, 2H, J=7.8 Hz),
2.30~2.20 (m, 2H), 2.02~1.82 (m, 2H), 1.24~1.14 (m,
2H); C NMR (400 MHz, CDCl;) d: 209.3, 178.9, 143.8,
141.1, 135.8, 130.8, 129.8, 128.5, 128.4, 127.9, 127.4,
126.4, 126.1, 123.5, 122.2, 107.8, 54.7, 44.5, 44.1, 42.8,
36.2,29.7,25.8, 18.8; IR (KBr) v: 3402, 3028, 2930, 1710,
1612, 1494, 1470, 1377, 1257, 1091, 1027, 912, 752, 700
cm'; GC-MS m/z (%): 411 (M)*; HRMS (ESI) calcld for
CaosH3oNO, (M + 1)+ 412.2271, found 412.2394.

1- F L -3 -3 -(3- A AR-5- 2R 5k 3 0 ) | ik -2- il
(3e): “& 57% . '"H NMR (400 MHz, CDCl3) 6: 7.28 (t,

641
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J=17.6 Hz, 1H), 7.24 (t, J=7.5 Hz, 2H), 7.20~7.10 (m,
4H), 7.07 (t, J=17.5 Hz, 1H), 6.84 (d, J=7.8 Hz, 1H), 3.74
(q, J=36.2 Hz, 2H), 3.18 (s, 3H), 2.80 (t, J=7.5 Hz, 2H),
2.72 (s, 1H), 2.60 (t, J=7.7 Hz, 2H), 2.27~2.24 (m, 2H),
1.93~1.72 (m, 2H), 1.24~1.18 (m, 2H); >C NMR (400
MHz, CDCl;) 6: 209.4, 179.1, 144.2, 141.0, 129.9, 128.5,
128.4, 128.3, 126.1, 123.1, 122.8, 108.3, 67.1, 54.6, 44.1,
42.7,32.3,29.7,26.2, 18.2; IR (KBr) v: 3427, 3025, 2934,
1708, 1613, 1494, 1469, 1377, 1252, 1065, 753, 700 cm ™ ';
GC-MS m/z (%): 351 (M)*; HRMS (ESI) calcld for
C5,H,sNNaO; (M + Na)* 374.1727, found 374.1844.

1,3- = P L -5 560 -3-(3- S AX-5- 248 2k 11 2 ) g e -2- i
(3f): 77F 59 %. 'H NMR (400 MHz, CDCl;) o: 7.25 (t,
J=17.7 Hz, 2H), 7.17 (d, J=7.2 Hz, 1H), 7.13 (t, J=7.3
Hz, 2H), 6.76~6.73 (m, 1H), 3.18 (s, 3H), 2.82 (t, J=7.5
Hz, 2H), 2.63 (t, J=7.7 Hz, 2H), 2.29~2.24 (m, 2H),
1.87~1.65 (m, 2H), 1.32 (s, 3H) 1.22~1.15 (m, 2H); "*C
NMR (400 MHz, CDCl;) 6: 209.0, 180.0, 159.1 (Jor=
240.5 Hz), 140.8, 139.0 (Jor=1.5 Hz), 135.2 (Jer=7.9
Hz), 128.3, 128.1, 1259, 114.0 (Jory=23.4 Hz), 110.6
(Jer=24.6 Hz), 108.3 (Jor=8.1 Hz), 48.6, 44.0, 42.5,
37.4,29.5, 26.1, 23.7, 18.5; '°F NMR (400 MHz, CDCl5)
5: —120.6; IR (KBr) v: 3406, 3027, 2929, 1713, 1620,
1494, 1454, 1350, 1272, 1116, 907, 811, 752, 700, 667,
560 cm'; GC-MS m/z (%): 353 (M)*; HRMS (ESI)
calcld for Cp,H,sFNNaO, (M + Na)* 376.1683, found
376.1822.

1,3- = AL -5 G0-3-(3- S AX-5- 20 2k 11 2 ) g e -2- i
(3g): 7% 41%. '"H NMR (400 MHz, CDCly) §: 7.27~
721 (m, 3H), 7.18 (d, J=7.3 Hz, 1H), 7.14~7.12 (m,
3H), 6.75 (d, J=8.3 Hz, 1H), 3.18 (s, 3H), 2.83 (t, J=7.5
Hz, 2H), 2.63 (t, J=7.7 Hz, 2H), 2.29~2.24 (m, 2H),
1.86~1.65 (m, 2H), 1.32 (s, 3H), 1.22~1.15 (m, 2H); *C
NMR (400 MHz, CDCl;) d: 209.1, 179.8, 141.7, 140.8,
135.3, 128.3, 128.2, 127.8, 127.6, 126.0, 108.5, 48.8, 44.1,
42.6,37.5,29.7, 26.3, 23.8, 48.3, 18.7; IR (KBr) v: 3406,
3026, 2931, 2222, 1719, 1614, 1496, 1454, 1342, 1248,
1122, 822, 753, 701 cm '; GC-MS m/z (%): 370 (M + 1)*;
HRMS (ESI) calcld for C»,H,sCINO, (M + 1)* 370.1568,
found 370.1857.

1,3- 7 F -5 AR -3~ (3-SR -5- IR 25t T 2k s - 2- il
(3h): %3 62%. 'H NMR (400 MHz, CDCl;) d: 7.60 (dd,
J=8.1, 1.6 Hz, 1H), 7.41 (d, J=1.3 Hz, 1H), 7.26 (d, J=
7.2 Hz, 2H), 7.18 (d, J=7.3 Hz, 1H), 7.14 (d, J=7.2 Hz,
2H), 6.91 (d, J=8.1 Hz, 1H), 3.23 (s, 3H), 2.83 (t, J=7.5

642 http://sioc-journal.cn/
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Hz, 2H), 2.65 (t, J=7.7 Hz, 2H), 2.30~2.25 (m, 2H),
1.88~1.68 (m, 2H), 1.34 (s, 3H), 1.21~1.10 (m, 2H), "*C
NMR (400 MHz, CDCl;) 0: 208.8, 179.8, 147.0, 140.7,
134.5, 123.1, 128.3, 128.1, 125.9, 125.7, 119.1, 108.3,
105.4, 48.0, 43.9, 422, 372, 29.4, 26.2, 23.5, 18.3; IR
(KBr) v: 3408, 3063, 2931, 2222, 1718, 1614, 1496, 1454,
1342, 1248, 1119, 822, 754, 700 cm™'; GC-MS m/z (%):
360 (M)*; HRMS (ESI) calcld for Cy3HpN,;NaO, (M +
Na)* 383.1730, found 383.1826.

1,3- - F 35 4 3 -3-(3- S A R-5- R 5 13 3 ) e oge-2-
fiil(3i): 772 46%. (400 MHz, CDCly) §: 7.24 (t, J=7.6
Hz, 2H), 7.16 (d, J=7.3 Hz, 1H), 7.12 (d, J=7.2 Hz, 2H),
6.78~6.71 (m, 3H), 3.79 (s, 3H), 3.17 (s, 3H), 2.81 (t, J=
7.5 Hz, 2H), 2.61 (t, J=7.8 Hz, 2H), 2.32~2.18 (m, 2H),
1.87~1.65 (m, 2H), 1.32 (s, 3H), 1.26~1.15 (m, 2H); "*C
NMR (400 MHz, CDCl3) d: 209.2, 179.9, 156.0, 140.9,
136.6, 135.0, 128.3, 128.1, 125.9, 111.5, 110.2, 108.1,
55.6, 48.6, 43.9, 42.6, 37.5, 29.5, 26.1, 23.9, 18.7; IR
(KBr) v: 3399, 3013, 2929, 2374, 1707, 1600, 1496, 1364,
1288, 1122, 1034, 912, 754, 700 cm™'; GC-MS m/z (%):
365 (M)*; HRMS (ESI) calcld for Cy;Hy;NNaO; (M +
Na)* 388.1883, found 388.2015.

1,3- I -7-980-3-(3- 2K -5- 2 5k 3 ) M| Wk -2-
(3j): 7“% 38%. 'H NMR (400 MHz, CDCl3) 6: 7.25 (t,
J=17.5 Hz, 2H), 7.17 (d, J=7.2 Hz, 1H), 7.12 (d, J=7.2
Hz, 2H), 6.99~6.92 (m, 3H), 3.41 (d, J=2.6 Hz, 3H),
2.83 (t, J=7.5 Hz, 2H), 2.62 (t, J=7.8 Hz, 2H), 2.32~
2.21 (m, 2H), 1.86~1.66 (m, 2H), 1.32 (s, 3H), 1.22~
1.14 (m, 2H); “C NMR (400 MHz, CDCl;) ¢: 209.1,
179.9, 147.6 (Jep=243.5 Hz), 140.9, 136.6 Jor=2.9 Hz),
129.6 (Jor=8.0 Hz), 128.3, 128.2, 126.0, 123.0 (Jo.r=6.2
Hz), 118.3 (Jer=3.2 Hz), 115.6 (Jor=19.3 Hz), 48.6,
44.0, 42.5, 37.6, 29.5, 28.5, 24.0, 18.6; '’F NMR (400
MHz, CDCly) §: —136.7; IR (KBr) v: 3412, 3062, 2928,
1716, 1630, 1481, 1371, 1236, 1110, 1056, 752, 561 cm™';
GC-MS m/z (%): 353 (M)*; HRMS (ESI) calcld for
C5,H,FNNaO, (M + Na)* 376.1683, found 376.1814.

1,3- -7 -3 (3- B AR 5- 4 3k T ) | - 2-
(3K): “# 36% . 'H NMR (400 MHz, CDCl;) 6: 7.25 (t,
J=17.6 Hz, 2H), 7.17 (d, J=7.3 Hz, 1H), 7.12 (d, J=7.2
Hz, 2H), 6.99 (t, J=7.6 Hz, 2H), 6.79 (dd, J=19.2 Hz,
1H, 9.1 Hz), 3.85 (s, 3H), 3.47 (s, 3H), 2.82 (t, J=7.5 Hz,
2H), 2.61 (t, J=7.8 Hz, 2H), 2.33~2.18 (m, 2H), 1.85~
1.64 (m, 2H), 1.30 (s, 3H), 1.22~1.13 (m, 2H); *C NMR
(400 MHz, CDCly) §: 209.4, 180.5, 145.2, 140.9, 135.3,
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130.9, 128.3, 128.2, 125.9, 123.0, 115.1, 111.5, 55.7, 48.3,
43.9, 42.6,37.7,29.5, 29.3, 24.1, 18.7; IR (KBr) v: 3397,
3278, 2930, 1708, 1616, 1465, 1366, 1249, 1104, 751, 701
cm '; GC-MS m/z (%): 349 (M)*; HRMS (ESI) calcld for
Cy3HpNKO, (M + K)* 388.1673, found 388.2043.

1,3- 2 F 5 -6- 56 -3-(3- 48R -5- 2 25 13 258 s k-2 - i
(A)/1,3- F -4 B 3-(3- S AR -5 - 2R 2 130 268 ) s | Wik -2 -l
(B) (3I): /%% 61%. A: '"H NMR (400 MHz, CDCl;) o:
7.28~7.12 (m, 6H), 6.83 (d, J=7.7 Hz, 1H), 6.68 (d, J=
7.9 Hz, 1H), 3.20 (s, 3H), 2.82 (t, J=7.5 Hz, 2H), 2.62 (t,
J=7.8 Hz, 2H), 2.37 (s, 3H), 2.29~2.22 (m, 2H), 2.05~
1.97 (m, 1H), 1.91~1.83 (m, 1H), 1.40 (s, 3H), 1.12~
0.86 (m, 2H); C NMR (400 MHz, CDCl;) d: 209.4,
180.5, 143.5, 141.0, 137.8, 134.3, 128.4, 128.3, 126.1,
125.1,123.0, 105.8, 49.4, 44.2, 42.5, 35.6,29.7, 26.2, 22.4,
19.1, 18.1. B: '"H NMR (400 MHz, CDCLy) d: 7.28~7.12
(m, 6H), 2.83 (d, J=8.4 Hz, 2H), 7.03 (d, J=7.5 Hz, 1H),
3.19 (s, 3H), 2.82 (t, J=7.5 Hz, 2H), 2.62 (t, J=7.8 Hz,
2H), 2.38 (s, 3H), 2.29~2.22 (m, 2H), 1.82~1.76 (m,
1H), 1.73~1.67 (m, 1H), 1.31 (s, 3H), 1.12~0.86 (m,
2H); *C NMR (400 MHz, CDCl5) §: 209.4, 180.8, 143.3,
141.0, 137.8, 130.1, 128.4, 128.3, 127.7, 126.1, 122.3,
109.0, 48.1, 44.1, 42.7, 37.6, 29.6, 26.1, 23.9, 21.7, 18.8;
IR (KBr) v: 3402, 3282, 3026, 2927, 1711, 1607, 1454,
1377, 1292, 1071, 749, 700 cm™'; GC-MS m/z (%): 349
(M) *; HRMS (ESI) calcld for C;3HysNO, (M + 1) *
350.2115, found 350.2042.

1,3,4,6- VY F Jik -3-(3- 28 AR -5- 2% 2k 13 5k ) s Wik -2- il
(3m): 7% 47%. '"H NMR (400 MHz, CDCl;) J: 7.24 (t,
J=7.0 Hz, 2H), 7.18~7.11 (m, 3H), 6.64 (s, 1H), 6.50 (s,
1H), 3.17 (s, 3H), 2.81 (t, J=7.6 Hz, 2H), 2.61 (t, J=7.5
Hz, 2H), 2.33 (s, 3H), 2.32 (s, 3H), 2.28~2.20 (m, 2H),
2.01~1.93 (m, 1H), 1.89~1.81 (m, 1H), 1.37 (s, 3H),
1.16~0.97 (m, 2H); “C NMR (400 MHz, CDCl;) §:
209.3, 181.7, 143.5, 140.9, 137.5, 133.8, 128.3, 128.1,
127.1, 125.9, 125.6, 106.7, 49.0, 44.0, 42.4, 35.6, 29.6,
26.1,22.5,21.4,19.1, 17.9; IR (KBr) v: 3404, 3084, 2929,
1713, 1620, 1454, 1480, 1336, 1240, 1148, 1060, 833, 752,
700 cm ™ '; GC-MS m/z (%): 363 (M)*; HRMS (ESI) calcld
for Co4H,0NNaO, (M + Na)* 386.2091, found 386.2244.

1,3- - F 3 -4,6- — F AR 36 -3-(3- 584 -5- 2 3k ) 3k ) |
WE-2-Ff(3n): =% 45%. '"H NMR (400 MHz, CDCl;) o
7.24 (t, J=7.3 Hz, 2H), 7.18~7.11 (m, 3H), 6.15 (s, 1H),
6.09 (s, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 3.15 (s, 3H), 2.81
(t, J=7.5 Hz, 2H), 2.61 (t, J=7.8 Hz, 2H), 2.30~2.22 (m,
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2H), 2.05~1.73 (m, 2H), 1.36 (s, 3H), 1.16~1.08 (m,
2H); *C NMR (400 MHz, CDCl;) 6: 209.5, 181.3, 161.2,
156.5, 144.9, 141.0, 128.3, 128.1, 125.9, 110.7, 92.2, 88.2,
55.4,55.2,48.4,43.8,42.8,35.5,29.5,26.2,22.2,19.3; IR
(KBr) v: 3402, 3062, 2934, 1711, 1612, 1455, 1379, 1255,
1152, 1069, 813, 752, 700 cm '; GC-MS m/z (%): 395
M) *; HRMS (ESI) calcld for C,sH)NNaO, (M +
Na)* 418.1989, found 418.2103.

1,3,7- = FHE-5-G-3-(3- S AR -5- 28 ik 13 32k ) g Wik -2
(30): %3 54%. '"H NMR (400 MHz, CDCl;) J: 7.25 (t,
J=17.2 Hz, 2H), 7.18~7.12 (m, 3H), 6.95 (d, J=6.4 Hz,
2H), 3.45 (s, 3H), 2.82 (t, J=7.5 Hz, 2H), 2.62 (t, J=7.7
Hz, 2H), 2.53 (s, 3H), 2.34~2.19 (m, 2H), 2.18~1.60 (m,
2H), 1.28 (s, 3H), 1.18~1.12 (m, 2H); *C NMR (400
MHz, CDCl3) 8: 209.2, 180.7, 141.0, 139.7, 136.1, 131.0,
128.5, 128.3, 127.5, 126.1, 121.2, 120.7, 47.9, 44.1, 42.7,
37.8,29.7,29.4, 243, 18.8, 18.7; IR (KBr) v: 3401, 3026,
2929, 1712, 1601, 1462, 1350, 1264, 1087, 1030, 865, 753,
700 cm™'; GC-MS m/z (%): 384(M +1)*; HRMS (ESI)
calcld for CpH,,CINO, (M + 1) * 384.1725, found
384.2079.

1-methyl-1-(3-oxo0-5-phenylpentyl)-5,6-dihydro-1H-
pyrrolo[3,2,1-ij]quinolin-2(4H)-one (3p): /“ % 62%. 'H
NMR (400 MHz, CDCly) 6: 7.24 (t, J=7.5 Hz, 2H), 7.17
(d, J=7.2 Hz, 1H), 7.12 (d, J=7.1 Hz, 2H), 7.00~6.91
(m, 3H), 3.69 (t, J=5.9 Hz, 2H), 2.81 (t, J=7.5 Hz, 2H),
2.76 (t, J=6.0 Hz, 2H), 2.62 (t, J=7.3 Hz, 2H), 2.21~
2.32 (m, 2H), 2.01~1.94 (m, 2H), 1.84~1.68 (m, 2H),
1.33 (s, 3H), 1.30~1.21 (m, 2H); C NMR (400 MHz,
CDCly) d: 209.2, 179.1, 140.8, 138.8, 132.0, 128.3, 128.1,
126.4, 125.9, 121.8, 120.3, 119.9, 49.4, 43.9, 42.6, 38.5,
37.2,29.5,24.4,23.4,21.1, 18.7; IR (KBr) v: 3401, 3026,
2929, 1708, 1626, 1482, 1354, 1240, 1166, 1072, 752, 700
cm '; GC-MS m/z (%): 361 (M)*; HRMS (ESI) calcld for
Ca4H,;NNaO, (M + Na)* 384.1934, found 384.2079.

1,3- = FF 56 -3-(3- B AR -3- 2K 56 14 2% ) M5 Wk -2- i (3q):
7&K 60%. '"H NMR (400 MHz, CDCl;) 6: 7.85 (t, J=7.8
Hz, 2H), 7.53 (t, J=5.5 Hz, 1H), 7.42 (t, J=7.8 Hz, 2H),
7.26 (t, J=7.8 Hz, 1H), 7.21 (d, J=7.5 Hz, 1H), 7.07 (t,
J=7.5 Hz, 1H), 6.85 (d, J=7.7 Hz, 1H), 3.22 (s, 3H),
2.92~2.77 (m, 2H), 2.01~1.86 (m, 2H), 1.37 (s, 3H),
1.43~1.33 (m, 2H); “C NMR (400 MHz, CDCl;) §:
199.5, 180.5, 1432, 136.7, 133.7, 132.9, 128.5, 127.9,
127.7, 1243, 122.6, 108.0, 48.4, 38.4, 37.8, 26.2, 24.0,
19.3; IR (KBr) v: 3277, 3058, 2927, 1710, 1612, 1492,
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1470, 1376, 1254, 1125, 753, 692 cm ™ '; GC-MS m/z (%):
307 (M)*; HRMS (ESI) calcld for C,0H»,NO, (M +1)*
308.1645, found 308.1761.

1,3-  F3E-3-[3-(3,4,5- = AR L 75 90)-3- AR 2
M5 WE-2-F (3r): 773 84%. '"H NMR (400 MHz, CDCl;) 6:
7.25 (t, J=17.7 Hz, 1H), 7.21 (d, J=7.2 Hz, 1H), 7.13 (s,
2H), 7.06 (t, J=7.5 Hz, 1H), 6.85 (d, J=7.7 Hz, 1H), 3.90
(s, 3H), 3.88 (s, 6H), 3.22 (s, 3H), 2.88~2.75 (m, 2H),
2.02~1.85 (m, 2H), 1.37 (s, 3H), 1.43~1.34 (m, 2H); "°C
NMR (400 MHz, CDCLy) d: 198.0, 180.2, 152.7, 143.0,
1422, 133.5, 131.8, 127.5, 122.3, 107.8, 105.2, 102.6,
60.6, 56.0, 48.1, 37.8, 37.5, 25.8, 23.7, 19.2; IR v: 3407,
2938, 1709, 1585, 1494, 1466, 1413, 1240, 1322, 1232,
1127, 1003, 833, 755 cm ™ '; GC-MS m/z (%): 397 (M)*;
HRMS (ESI) calcld for Cy;H;NNaOs (M + Na) *
420.1781, found 420.1881.

1- FH 5 -3- 7% ik -3-(3- AL AR -3- 2 5k P % ) Mg Wk -2- Tl
(3s): %% 51%. 'H NMR (400 MHz, CDCl) 6: 7.86 (d,
J=17.5 Hz, 2H), 7.53 (t, J=7.3 Hz, 1H), 7.42 (t, J=7.6
Hz, 2H), 7.17 (t, J=7.4 Hz, 2H), 7.07~7.01 (m, 4H), 6.81
(d, J=6.1 Hz, 2H), 6.58 (d, J=7.7 Hz, 1H), 3.07 (q, J=
42.6 Hz, 2H), 2.95 (s, 3H), 2.92~2.77 (m, 2H), 2.19~
2.10 (m, 1H), 2.10~1.98 (m, 1H), 1.47~1.30 (m, 2H);
C NMR (400 MHz, CDCLy) d: 199.5, 179.9, 143.7, 136.7,
135.7, 132.9, 130.7, 129.7, 128.5, 127.9, 127.7, 127.3,
126.3, 123.4, 122.1, 107.7, 54.7, 44.4, 38.4, 36.3, 25.8,
19.1; IR (KBr) v: 3277, 3058, 2927, 1710, 1612, 1494,
1470, 1376, 1254, 1125, 1027, 912, 753, 692 cm ';
GC-MS m/z (%): 383 (M)*; HRMS (ESI) calcld for
CagHpeNO5 (M + 1)* 384.1958, found 384.1862.

1,3- Z HBE-3-[3-(4- FH AR B R 6 )-3- S AR 2 10 -
2-Ff(3t): “F 70%. '"H NMR (400 MHz, CDCl;) o: 7.83
(d, J=8.8 Hz, 2H), 7.26~7.19 (m, 2H), 7.05 (t, J=7.5
Hz, 1H), 6.87 (d, J=8.8 Hz, 2H), 6.83 (d, J=7.8 Hz, 1H),
3.82 (s, 3H), 3.20 (s, 3H), 2.85~2.71 (m, 2H), 2.00~1.84
(m, 2H), 1.36 (s, 3H), 1.42~1.33 (m, 2H); *C NMR (400
MHz, CDCl;) 6: 197.9, 180.3, 163.1, 143.1, 133.6, 130.0,
129.7, 127.6, 122.4, 122.3, 113.4, 107.8, 55.2, 48.2, 37.8,
37.7,25.9,23.7,19.3; IR (KBr) v: 3278, 2933, 1709, 1601,
1493, 1470, 1349, 1308, 1258, 1171, 1125, 1029, 835, 754
cm'; GC-MS m/z (%): 337 (M)*; HRMS (ESI) calcld for
C,H,3NNaO; (M + Na)* 360.1570, found 360.1677.

1,3- 7 FE-3-(3- 30 O 2R -3- AR TR 268 3 -2 -l (B w):
= 82%. 'H NMR (400 MHz, CDCl;) d: 7.25 (t, J=17.7
Hz, 1H), 7.19 (d, J=7.2 Hz, 1H), 7.06 (t, J=7.4 Hz, 1H),

644 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

6.84 (d, J=17.7 Hz, 1H), 3.21 (s, 3H), 2.38~2.25 (m, 2H),
2.24~2.19 (m, 1H), 1.83~1.71 (m, 6H), 1.65~1.61 (m,
1H), 1.34 (s, 3H), 1.26~1.15 (m, 7H); *C NMR (400
MHz, CDCls) d: 213.3, 180.4, 143.1, 133.6, 127.6, 122.5,
122.4, 107.9, 50.5, 48.2, 40.2, 37.6, 28.3, 28.2, 26.0, 25.7,
25.5,25.4,23.7, 18.5; IR (KBr) v: 3400, 3012, 2929, 1710,
1613, 1493, 1470, 1376, 1250, 1125, 754 cm™'; GC-MS
m/z (%): 313 (M)*; HRMS (ESI) calcld for C,H»;NNaO,
(M +Na)* 336.1934, found 336.2083.

B4 £} (Supporting Information): 724 3a~3u 4L
AR TS DL AR R AE VS . X e AT DA G AN
A F] WX 3k (http://sioc-journal.cn/) b R %,

References

[1] (a) Trost, B. M.; Xie, J.; Sieber, J. D. J. Am. Chem. Soc. 2011, 133,
20611.

(b) Zhou, F.; Liu, Y. L.; Zhou, J. Adv. Synth. Catal. 2010, 352,
1381.

(c) Galliford, C. V.; Scheidt, K. A. Angew. Chem., Int. Ed. 2007, 46,
8748.

(d) Marti, C.; Carreira, E. M. Eur. J. Org. Chem. 2003, 2209.

[2] Fu, W.J; Xu. F. J; Fu, Y. Q.; Zhu, M.; Yu,J. Q.; Xu, C.; Zou, D. P.
J. Org. Chem. 2013, 78, 12202.

[3] Kergaye, A. A.; Tam, S. W.; Wilkerson, W. W. J. Med. Chem. 1993,
36,2899.

[4] (a) McDonald, R. L; Liu, G. S.; Stahl, S. S. Chem. Rev. 2011, 111,
2981.

(b) Mu, X.; Liu, G. S. C—H and C—X Bond Functionalization:
Transition Metal Mediation, Royal Society of Chemistry, Dorches-
ter, 2013, Vol. 11.

(c) Sibbald, P. A. Palladium-Catalyzed Oxidative Difunctionaliza-
tion of Alkenes: New Reactivity and New Mechanisms, ProQuest,
UMI, Ann Arbor, 2011.

(d) Xu, L. M.; Li, B. J.; Yang, Z.; Shi, Z. J. Chem. Soc. Rev. 2010,
39, 712.

(e) Jacques, B.; Muinz, K. In Catalyzed Carbon-Heteroatom Bond
Formation, Ed.: Yudin, A. K., Wiley-VCH, Weinheim, 2011, p. 119.
(f) Muinz, K. Angew. Chem., Int. Ed. 2009, 48, 9412.

(g) Jensen, K. H.; Sigman, M. S. Org. Biomol. Chem. 2008, 6,
4083.

(h) Chemler, S. R. Org. Biomol. Chem. 2009, 7, 3009.

(i) Jensen, K. H.; Sigman, M. S. Org. Biomol. Chem. 2008, 6, 4083.
() Li, G; Kotti, S. R. S. S.; Timmons, C. Eur. J. Org. Chem. 2007,
17,2745.

(k) Kotov, V.; Scarborough, C. C.; Stahl, S. S. Inorg. Chem. 2007,
46, 1910.

[5] (a) Sibbald, P. A. Palladium-Catalyzed Oxidative Difunctionaliza-
tion of Alkenes: New Reactivity and New Mechanisms, ProQuest
UMI Dissertation Publishing, Ann Arbor, 2011.

(b) Jacques, B.; MuiCz, K. In Catalyzed Carbon-Heteroatom Bond
Formation, Ed.:  Yudin, A. K., Wiley-VCH, Weinheim, 2011, p.
119.

(¢) McDonald, R. I; Liu, G;; Stahl, S. S. Chem. Rev. 2011, 111,
2981.

(d) MuCiz, K. Angew. Chem. Int. Ed. 2009, 48, 9412.

Chin. J. Org. Chem. 2015, 35, 638~646



Chinese Journal of Organic Chemistry

(6]

(7]

Chin. J. Org. Chem. 2015, 35, 638~646

(e) Chemler, S. R. Org. Biomol. Chem. 2009, 7, 3009.

(f) Kotov, V.; Scarborough, C. C.; Stahl, S. S. Inorg. Chem. 2007,
46, 1910.

(g) Jensen, K. H.; Sigman, M. S.; Org. Biomol. Chem. 2008, 6,
4083.

(h) Li, G; Kotti, S. R. S. S.; Timmons, C. Eur. J. Org. Chem. 2007,
2745.

(a) Wang, W.; Wang, F.; Shi, M. Organometallics 2010, 29, 928.

(b) Wang, A.; Jiang, H.; Chen, H. J. Am. Chem. Soc. 2009, 131,
3846.

(c) Li, Y.; Song, D.; Dong, V. M. J. Am. Chem. Soc. 2008, 130,
2962.

(d) Alexanian, E. J.; Lee, C.; Sorensen, E. J. J. Am. Chem. Soc.
2005, 127, 7690.

(e) Liu, G.; Stahl, S. S. J. Am. Chem. Soc. 2006, 128, 7179.

(f) Desai, L. V.; Sanford, M. S. Angew. Chem., Int. Ed. 2007, 46,
5737.

(g) MuCiz, K.; Iglesias, A.; Fang, Y. Chem. Commun. 2009, 5591.
(h) Paderes, M. C.; Chemler, S. R. Org. Lett. 2009, 11, 1915.

(i) Wang, H.; Wang, Y.; Liang, D.; Liu, L.; Zhang, J.; Zhu, Q. 4n-
gew. Chem. Int. Ed. 2011, 50, 5678.

(j) Karyakarte, S. D.; Smith, T. P.; Chemler, S. R. J. Org. Chem.
2012, 77,7755.

(k) Zhu, R.; Buchwald, S. L. Angew. Chem. Int. Ed. 2012, 51, 1926.
(1) Paderes, M. C.; Belding, L.; Fanovic, B.; Dudding, T.; Keister, J.
B.; Chemler, S. R. Chem. Eur. J. 2012, 18, 1711.

(m) Chvez, P.; Kirsch, J.; Streuff, J.; MuCiz, K. J. Org. Chem.
2012, 77, 1922.

(n) Zhao, B.; Peng, X.; Zhu, Y.; Ramirez, T. A.; Cornwall, R. G;
Shi, Y. J. Am. Chem. Soc. 2011, 133, 20890.

(o) Cornwall, R. G;; Zhao, B.; Shi, Y. Org. Lett. 2011, 13, 434.

(p) Zhao, B.; Du, H.; Cui, S.; Shi, Y. J. Am. Chem. Soc. 2010, 132,
3523.

(q) Zhao, B.; Peng, X.; Cui, S.; Shi, Y. J. Am. Chem. Soc. 2010,
132, 11009.

(r) Iglesias, A.; Prez, E. G; MuCiz, K. Angew. Chem., Int. Ed.
2010, 49, 8109.

(s) Sibbald, P. A.; Rosewall, C. F.; Swartz, R. D.; Michael, F. E. J.
Am. Chem. Soc. 2009, 131, 15945.

(t) MuCiz, K.; Hgvelmann, C. H.; Streuft, J. J. Am. Chem. Soc.
2008, 130, 763.

(u) Sibbald, P. A.; Michael, F. E. Org. Lett. 2009, 11, 1147.

(v) MuCiz, K. J. Am. Chem. Soc. 2007, 129, 14542.

(w) Streuff, J.; Hevelmann, C. H.; Nieger, M.; MuCiz, K. J. Am.
Chem. Soc. 2005, 127, 14586.

(x) Michael, F. E.; Sibbald, P. A.; Cochran, B. M. Org. Lett. 2008,
10,793.

(y) Lei, A.; Lu, X.; Liu, G. Tetrahedron Lett. 2004, 45, 1785.

(a) Zhou, M. B.; Song, R. J.; Ouyang, X. H.; Liu, Y.; Wei, W. T;;
Deng, G. B.; Li, J. H. Chem. Sci. 2013, 4, 2690.

(b) Li, Y. M.; Wei, X. H.; Li, X. A.; Yang, S. D. Chem. Commun.
2013, 49, 11701.

(¢) Yuan, Y. Z.; Shen, T.; Wang, K.; Jiao, N. Chem. Asian J. 2013,
8,2932.

(d) T. Shen, Y. Z. Yuan, N. Jiao, Chem. Commun. 2014, 50, 554.

(e) Xu, X. S.; Tang, Y. C.; Li, X. Q.; Hong, G.; Fang, M. W.; Du, X.
H. J. Org. Chem. 2014, 79, 446.

(f) Jaegli, S.; Dufour, J.; Wei, H. L.; Piou, T.; Duan, X. H.; Vors, J.
P.; Neuville, L.; Zhu, J. P. Org. Lett. 2010, 12, 4498.

(g) Li, Z.J.; Zhang, Y.; Zhang, L. Z.; Liu, Z. Q. Org. Lett. 2014, 16,
382.

(h) Zhou, Z. Z.; Hua, H. L.; Luo, J. Y.; Chen, Z. S.; Zhou, P. X;

(8]

(9]

[10]

(1]

[12]
[13]

[14]

[15]

© 2015 Chinese Chemical Society & SIOC, CAS

Liu, X.Y.; Liang, Y. M. Tetrahedron 2013, 69, 10030.

(1) Kong, W. Q.; Casimiro, M.; Merino, E.; Nevado, C. J. Am.
Chem. Soc. 2013, 135, 14480.

() Li, X. Q.; Xu, X. S.; Hu, P. Z,; Xiao, X. Q.; Zhou, C. J. Org.
Chem. 2013, 78, 7343.

(k) Fu, W. J.; Xu, F. J; Fu, Y. Q.; Zhu, M.; Yu, J. Q.; Xu, C.; Zou,
D. P.J. Org. Chem. 2013, 78, 12202.

(D) Piou, T.; Neuville, L.; Zhu, J. P. Org. Lett. 2012, 14, 3760.

(m) An, G. H.; Zhou, W.; Zhang, G. Q.; Sun, H.; Han, J. L.; Pan, Y.
Org. Lett. 2010, 12, 4482.

(n) Gorokhovik, I.; Neuville, L.; Zhu, J. P. Org. Lett. 2011, 13,
5536.

(o) Liu, L.; Zhang-Negrerie, D.; Du, Y. F.; Zhao, K. Org. Lett. 2014,
16, 436.

(p) Li, L.; Deng, M.; Zheng, S. C.; Xiong, Y. P.; Tan, B.; Liu, X. Y.
Org. Lett. 2014, 16, 504.

(q) Zhou, B.; Hou, W.; Yang, Y. X.; Feng, H. J.; Li, Y. C. Org. Lett.
2014, 16, 1322.

(r) Wei, W.; Wen, J. W.; Yang, D. S.; Du, J.; You, J. M.; Wang, H.
Green Chem. 2014, 16, 2988.

(s) Dai, Q.; Yu, J. T.; Jiang, Y.; Guo, S. J.; Yang, H. T.; Cheng, J.
Chem. Commun. 2014, 50, 3865.

(t) Shi, L. L.; Yang, X. B.; Wang, Y. Y.; Yang, H. J.; Fu, H. 4dv.
Synth. Catal. 2014, 356, 1021.

(u) Gong, W. W.; Xu, L.; Ji, T.; Xie, P.; Qi, X. Y.; Pittman, C. U
Zhou, A. H. RSC Adv. 2014, 4, 6854.

(v) Wu, T.; Zhang, H.; Liu, G. S. Tetrahedron 2012, 68, 5229.

(w) Fabry, D. C.; Stodulski, M.; Hoerner, S.; Gulder, T. Chem. Eur.
J.2012, 18, 10834.

(x) Matcha, K.; Narayan, R.; Antonchick, A. P. Angew. Chem., Int.
Ed. 2013, 52, 7985.

(y) Wang, H.; Guo, L. N.; Duan, X. H. Adv. Synth. Catal. 2013,
355,2222.

() Xu, P; Xie, J.; Xue, Q. C.; Pan, C. D.; Cheng, Y. X.; Zhu, C. J.;
Chem. Eur. J. 2013, 19, 14039.

(aa) Li, Y. M.; Shen, Y. H.; Chang, K. J.; Yang, S. D. Tetrahedron
2014, 70, 1991.

(ab) Yin, F.; Wang, X. S. Org. Lett. 2014, 16, 1128.

(ac) Xie, J.; Xu, P;; Li, H. M.; Xue, Q. C.; Jin, H. M.; Cheng, Y. X.;
Zhu, C.J. Chem. Commun. 2013, 49, 5672.

(ad) Dai, Q.; Yu, J. T; Jiang, Y.; Guo, S. J.; Yang, H. T.; Cheng, J.
Chem. Commun. 2014, 50, 3865.

(ae) Wu, T.; Mu, X.; Liu, G. S. Angew. Chem., Int. Ed. 2011, 50,
12578.

(af) Wei, W. T.; Zhou, M. B.; Fan, J. H.; Liu, W.; Song, R. J.; Liu,
Y.; Hu, M.; Xie, P.; Li, J. H. Angew. Chem., Int. Ed. 2013, 52, 3638.
Li, Y. M.; Sun, M.; Wang, H. L.; Tian, Q. P.; Yang, S. D. 4Angew.
Chem., Int. Ed. 2013, 52, 3972.

Wei, X. H.; Li, Y. M.; Zhou, A. X.; Yang, T. T.; Yang, S. D. Org.
Lett. 2013, 15, 4158.

Jiao, J.; Nguyen, L. X.; Patterson, D. R.; Flowers, R. A. Org. Lett.
2007, 9, 1323.

Kulinkovich, O. G;; Kozyrkov, Y. Y.; Bekish, A. V.; Matiushenkov,
E. A.; Lysenko, I. L. Synthesis 2005, 1713.

Wang, Y. F.; Chiba, S. J. Am. Chem. Soc. 2009, 131, 12570.

Chiba, S.; Cao, Z.; Bialy, S. A. A. E.; Narasaka, K. Chem. Lett.
20006, 18.

Tlangovan, A.; Saravanakumar, S.; Malayappasamy, S. Org. Lett.
2013, 15, 4968.

(a) Walba, D.; Thurmes, W.; Haltiwanger, R. J. Org. Chem. 1988,
53, 1046.

(b) Shaffer, C.; Harriman, S.; Koen, Y.; Hanzlik, R. J. Am. Chem.

645

http://sioc-journal.cn/



BIHE

646

Soc. 2001, 123, 8502.

(c) Pinto, A.; Jia, Y.; Neuville, L.; Zhu, J. Chem. Eur. J. 2007, 13,
961.

(d) Biros, S.; Yeh, R.; Raymond, K. Angew. Chem., Int. Ed. 2008,
47, 6062.

(e) Campbell, N.; Finch, A.; Rokita, S. ChemPhysChem 2010, 11,
1768.

(f) Wei, H.; Piou, T.; Dufour, J.; Neuville, L.; Zhu, J. Org. Lett.
2011, 13,2244,

(g) Mu, X.; Wu, T.; Wang, H.; Guo, Y.; Liu, G. J. Am. Chem. Soc.

http://sioc-journal.cn/

[16]

© 2015 Chinese Chemical Society & SIOC, CAS

2012, /34, 878.

(a) Salaun, J. J. Org. Chem. 1978, 43, 2809.

(b) Barluenga, J.; Fernandez-Simon, J. L.; Concellon, J. M.; Yus,
M. Synthesis 1987, 584.

(c) Fujita, K.; Yorimitsu, H.; Shinokubo, H.; Matsubara, S.; Oshi-
ma, K. J. Am. Chem. Soc. 2001, 123, 12115.

(d) Jingliang, J.; Larry, X. N.; Dennis, R. P.; Robert, A. F. Org. Lett.
2007, 9, 1323.

(e) Rosa, D.; Orellana, A. Chem. Commun. 2013, 49, 5420.

(Li, L.; Fan, Y.)

Chin. J. Org. Chem. 2015, 35, 638~646



