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Nickel-Catalyzed Intramolecular Dearomative Arylation of
Pyridiniums and Quinoliniums

Lu, Jun Li, Qichuang Liang, Renxiao Jia, Yixia™
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract A nickel-catalyzed intramolecular dearomative arylation reaction of pyridiniums and quinoliniums is developed. In
the presence of zinc powder as a reducing agent, the intramolecular Grignard-type addition of arylbromides to the C=N bonds
of pyridiniums and quinoliniums proceeds smoothly to render pyridines and quinolines dearomatization, leading to a range of
spirooxindole derivatives bearing dihydropyridine and dihydroquinoline moieties in moderate to good yields.
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Figure 1 Bioactive molecules having spirooxindole frameworks bearing piperidines/tetraquinolines
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W7 TR 7S TC 2 A P AL A 1 B 777090, Schreiber Ma.
Arndtsen f Aponick S5 5T 4 2 AARIE T 1E T MR
AT AR S RSN SRR L ALk P R R SR A 0T R
TG R S5 S AN KRR 1,2-28 8 I pl ) B2, Feringa /INH
Harutyunyan /NHU2I 5355 SE30 1 8 {4k T A ALEE Bk
FRAR 70T HE £ 2R AN SR IN RS R, Doyle 250314 i
THETF ST, g s shnr 5 05 Bl n m AUs
I, S 0 LI B b O RN RS R R, T DA B 4 R B
NEAT], Belyk, Wang & Karimov S¢U4ISZE T At ig/
W Bk S5 5 5 05 BRI R (A X AR BSOR BE. AR I, b
R AR 95 I8 84 5 1) 25 05 R A SEAZ NN BB B AT AT e AR
FSEZMEBA VL4 8 7)(Scheme 1, a), 1XE6i{57)iE % H
FH R R 5 LR AR ) £ T 45, AR, s AR U
F7IE B H B4 E O BLPE Grignard BN s B B LR T4
Grite b R v e, ik, AN Hou BRAEZH 1S 73
SR & B S A BT, SEEL T Al C—H
BE R BN 2-05 FEEA T IR S PRI [3+ 2] 5 ik
IRAL R, BIF 5 B0 2t K M 220 H TR A0 b g e
WA C=N fEAEDFNITBAEABN G FE. & W
I, B AR XS L B MRS S 05 R B IR 2T Y
Griganrd B [ B AR WAHRGE. FTHH, FRAT/NAHSLIL T4
A T 5 it R i %o 7 1) - TR0 I s e R 161, e Je et &/
BARTT ISR 5>+ NNk, SEB T 3-8 21| Wkl % g
WRAT A A R0, T Shi A Xiao U@ ZH 1817 Hl 2T F
PEER . BRAEAGGR, SEIL T AT XY C=0 XUEEM)
AKX, H4h, Doyle /NHUR JE T 47 A0 0 il
A Wl 855 3E B B ISR BE. B2 X SR 9T JE R, 3K
TTRZER T 50 7 PIRAR TS S m e /s k45 25 1) Griganrd
RIS B, CABE G o BBk 1], 76 S B AL e /e bk 845 £
ZIF AR, SE R T — R 3,3-hr g At
B T S IR R T PR R BRI W 24 5 ) (Scheme 1, b).

1 HR5R

T 26 LA N-AJ i 05 R e -2- F IR 84 3 1a AL
YR ST Lo N 2 D5 AR TS B . IR 1 O,
¥ B B R EL 10 mol% Ni(PPhs),Bry AEAL 7114,
2,2"- TR M mE O A, R Sk SR AR, 7R PO A R R
120 “CIHIA M 12 h, 1% Grignard %955 FE 0 s B2 R
KA, TIRL 55% MR IRAT 207 KAk B R4 3-8 A
ML UENS LR 2a(3% 1, Entry 1). WAFSZI R IN, 1EIE R
T P AR R TR R NON- R B R L, OB
BIAN R A, PRI SR s B AT B S R A B (R L
Entries 2, 3). {8 FH b s BESRVE ) 1,4- NIRRT,
SN AT B 62%(F 1, Entry 4). BERI, £ 1,4-—
ASIRIE R P BT EAT T R A5 5. M EBAE
F NiBr>DME NfEALFIIS, [ NAY AE 3K 1S/ & 7=
(% 1, Entry 5), 1M1 BANi(PCy3).CL AL FIR, KB
MIBEZ 46%(F 1, Entry 6). i3 X SN 4G B S 5,
BB E R 100 CH, RMIEFESR 52%(E 1,
Entry 7). Ub4b, AHLLEALY), CLOSRREMY) 12 NKY
i B AR 2a FOUSCR FRK 22 48%(3R 1, Entry 8). Aitk—
T ONSCR, W R BT T R, 45 SRR, LA
1,10-FEMS bk Ay B A4 B S LSRR B2 T H(65%), 171 7 — Bk
MEIE L1, PENRRRERRIR 1.2 DA & F SR I e L3 S5 AR T,
S NSRS FTRAAR(GR 1, Entries 9~12). B4k, £
BT 4-— HE JEAEIE (DMAP) NECIRI, PR 5
IRIEREA (3R 1, Entry 13). feJe, 4¥¢m DMAP &
Z 1.0 equiv.iif, 74 2a IR ITHE R 45 71%(€ 1, Entry
14). 290 s SR R Hads R AR R B A 5 e o ol A Bk
I, AR HFR= P04 (R 1, Entry 15). XFHESE
ORI, AR IR BT Ni(PPhs),Bry B, J M
PIABER A (FE 1, Entries 16, 17). HAHKIE, KK
B I e A AE LR B 254 S AN R A IR

(a) TM-catalyzed intermolecular dearomative nucleophilic addition of pyridiniums/quinoliniums

= l]\/j cat. [Cu] ah cat. [RhY/INil “ ”\/i
k\:\ / " IS B + - _— k\:‘ .
ONTR terminal alkyne N ArB(OH), / ArZnX N A
R or alkyl-MgX R R
R" = alkyne, alkyl R = alkyl, COR', CO,R' (Ref. [13, 14])
(Ref. [11, 12])

(b) This work: Ni-catalyzed intramolecular dearomative arylation of pyridiniums/quinoliniums
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Scheme 1 Transition-metal-catalyzed dearomative addition of pyridinium/quinoliniums
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Table 1 Condition optimization

O\[( ~IND(10mol%) |
+ 2 N N—
\© Zn (3 equiv.) |

solvent, 120 °C

1a, X Br
1a', X = Cl 2a
| X X
| A NG | XN NG I\O) 4 B \ W
_N N N N
L1 L2 L3
Entry  Solvent Catalyst Ligand Yield”/%
1 THF Ni(PPh3):Br. Bpy 55
2 DMF Ni(PPh3):Br. Bpy 0
3 MeOH Ni(PPhs)2Br2  Bpy 0
4 Dioxane  Ni(PPh3):Br. Bpy 62
5 Dioxane  NiBr.sDME Bpy <5
6 Dioxane  Ni(PCy3):Cl> Bpy 46
7¢ Dioxane  Ni(PPhs):Br. Bpy 52
8/ Dioxane  Ni(PPh3):Br. Bpy 48
9 Dioxane  Ni(PPh3)2Br2 1,10-Phen 65
10 Dioxane  Ni(PPh3):Br. L1 55
11 Dioxane  Ni(PPh3):Br2 L2 60
12 Dioxane  Ni(PPh3):Br L3 58
13¢  Dioxane  Ni(PPh3);Br. DMAP 62
14/ Dioxane  Ni(PPh3);Br. DMAP 71
15¢  Dioxane  Ni(PPhs3);Br. DMAP 0
16"  Dioxane  Ni(PPhs)Br. DMAP 0
17 Dioxane DMAP 0

@ Reaction conditions: 1a (0.2 mmol), catalyst (0.02 mmol), ligand (0.024
mmol) and Zn (0.6 mmol) in solvent at 120 “C for 12 h. *Isolated yield. ¢ At
100 “C. “1a’ (0.2 mmol) was used instead of 1a. ¢0.048 mmol of DMAP./0.2
mmol of DMAP. £0.6 mmol of Mn or Mg powder was used instead of Zn.
"Without Zn powder.

FEAL PR R LSRG, X SRS (1) 3 3 1 3
17755, HhREBREE T LS NRRPBARE R,
KA BRI BB (3G, PR A B R
P N-CIEEMII SN LL T0% U R R4S 74 2b, 24HL
REE BT B 2e) 1 A 2R QA B, F= P 7 3l %
&N 67%F1 64%. HE—0, HHEREN RIS, =4 2e
ISR R IR 57%. BhAh, ESHRZEZRIR E BRI
NHEAT T8, W, FLL A = A RS R R R
SN A2, DA 54%~T71% SR IRIGFHI R [ 724 26~
2i, AP R R A S = R R I PR R A
YRR, HeAh, IEERZE T T E B R it e 845 35 1) & B,
FHEC FRESERER, 729 2§ MR mT g BT 23 (A FEL A 52
] 111} PR A 22 51%.

TE 52 I ARE 1 I g 84 3R 149 25 05 W A 5 5 I e e
Jei, FFZ A AL R 0 bk 4 2h 1 S REEAT T RIFFL. B
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Table 2 Substrate scope of the pyridiniums

P
10 mol% Ni(PPh3),Br,
| X Il? Br 1.0 equiv. DMAP N N-R
Pz N R?
- N% | \—R1 3.0 equiv. Zn \ -
R2 O Pz dioxane, 120 °C 7RI
. 2
| S l\ % Xy, @
|
N— NN
| | N \ N
2a, 71% 2b, 70% 2c, 67%
(0]
| X 0 | = ? | D | - i
N N-*< T I S W
| |

2d. 64% 2e, 57% 2f, 63% 29, 71%
| Xy @ ~x O
|
N N— N N—
I |
Cl F1sCO
2h, 54% 2i, 62% 2j, 51%
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@ Reaction conditions: 1 (0.2 mmol), Ni(PPhs),Br, (10 mol%), DMAP (1.0
equiv.) and Zn (3.0 equiv.) in dioxane at 120 ‘C for 12 h.

WS R JEC 427 -5 B P 5 S5 B i oA R 3R A T 25 110 1 AR 645
#h, R ks v R A SR A e b, AN B S IR 85
£, BT R 20K BRI B B TR
BAELL MeOTS Sy H EALIRFIRT, 2RI AT & A F
b, B EL A0 85 £h, B S 7E RO I AL 2 AF TR 10
mol% Ni(PPhs),Br, AL, 12 mol% 2,2'-BkitiE AT
&, 3.0 equiv. EEMNIEIRF, 1,4- ST, 80 C]
DR A SN, 3RAT— FR 81 e IR P R TR 1 P 24
. SehEEIRES 5 1 55 J2 0 5 I 1) RS A 3 1 A
17T 5K 3). MHARHEF=Y) 4a 70%IICER, 7RV
6-hr I NHUREE R B, RSCRIERRE, TR
M=) (4e A 4d) S B AR T L7 2551
(4b) SR, TR R 7 B SR SR AR, SIN 23
IR FERS =) de SR AR % 22 58%. hAh, TRFHKZKIF I
WA AL T LR, PR 4f RN 63%, T L T3
A=) g W NI BEIR A 59%.

BAVEA 8T MR R S, Ik 2 AENIR
UITEA AL N R AE L5 MA IR I s L, L 73% 1R
R SRAFEIA AL =) 6 (Scheme 2).
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Table 3 Substrate scope of the dearomative arylation of quino-
liniums

R N ||?1 Br (1) 1.5 equiv. MeOTHf, dioxane, r.t.
N/ N N, (2) 10 mol% Ni(PPh3),Br,, 80 °C
0o | /_R 12 mol% bpy, 3.0 equiv. Zn
3
R

4e 58%

CUOW
N N—

4f, 63% 4g, 59%

4 Reaction conditions: 3 (0.2 mmol), MeOTf (1.5 equiv.), Ni(PPhs3),Br, (10
mol%), bpy (12 mol%) and Zn (3.0 equiv.) in dioxane at 80 ‘C for 12 h.

N I|3n Br
= N X Ph

(1) 1.5 equiv. MeOTHf, dioxane, r.t.

N (2) 10 mol% Ni(PPh3),Br,, 100 °C
0 1.0 equiv. DMAP, 3.0 equiv. Zn
5 Ph
N |
(ral
©) Bn
673%

B 2 BAEALMERRES 570 1 A 25 57 MO A H 2 I i e 2
Scheme 2 Nickel-catalyzed intramolecular alkenylative dearo-
matization of of quinoliniums

BBAh, FERL T SRS SR, FExT B B e AT
T A AR JFE (Scheme 3). 3.0 mmol [{IFEMRES) 3a 7F ik
FR ST PRI SR A TR IR A 2R SR, AT A 68% PRI 3745
72 4a. ) 4a £E PA/C EALZAL T BL 98% LR A fi
IR =) 7.

BT SCEREFFEIO), 4 T 40 Scheme 4 TR T B
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©\/j\m/ (1) 1.5 equiv. MeOTf, dioxane, r.t.
\© (2) 10 Mol% Ni(PPh;),Br,, 80 °C

12 mol% bpy, 3.0 equiv. Zn
3a, 3 mmol

S
Pd/C, Hy
N— ———
'il EA, r.t.

4a, 68%

7, 98%

B3 71 4a B JORBLE B S

Scheme 3 Gram-scale synthesis and the hydrogenation of

product 4a

SRSV, B S IR 07 B IR R B B A
A INERTE L AN AR R TER A, 2% TR PR B S5 R i SR
N B, HrEA B R AN A N TT
WrplE ik C, & a4 ik J5 T bR A B - Y R R — 1
B, M ERAEEEIC R T FAERNAR, T 58 A
IE.

112 an2

1/2 ZnX,

R4 ATREM SRR

Scheme 4 Possible mechanism
2 4hig

LR AT, kR 7 IRAR DS 18 5 ik e /g ik
5 ER M1 N Grignard BN s N, R JRFAIEH 52
P T NHkE /A IR 845 R 1) 4 A 25 05 M A O SR OB, A
PR EUF IR AR T — RYIE 3-ALEFIBRF A
ML g B S R 5 A 1) s | R B A 54 AR B SCHR R R
SRR TS B4 R R 2 5 I 4 O, IRAR TS Sttt
W /I R S5 R PR - R4 5 IR 84 B LR I, SEILIA JiR
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B RE, SMAEAHRAN, B R 2 SR AT
U P R THE, DB 15U T JR I 25 95 AL SO
(A o) X

3 X
3.1 U5

20 T FH s 70058 FH I 350 e FE Ak 3V R P s 1 D7 2%
#E47. "TH NMR F1 *C NMR 7£ Bruker AVANCE III 500 5§
600 MHz BUZRESLARAL BllE, #7H8 CDCL, PARAN
TMS; HRMS 7 ThermoScientific LTQ Orbitrap XL B%
Agilent 6210 TOF LC/MS A _Ell5E. 45 Ai7E Buchi
B-545 1 pA Bl &, TEERRE. FEEHTEH 200~
300 HAEER, BIFFINA M (b.p. 60~90 C)FILER L
P, BT SE58 24 a3 R i 4y A 4l i)

3.2 LWHE
32,1 4F AR EA ke 55 AL SR M AL RO B9 —
A ARAE

EZ B RO JERE 1 (0.2 mmol). 10 mol%
Ni(PPh3),Bra« 1.0 equiv. [ 4- —FZFEMELER 3.0 equiv.
Bk, B —REAUE, EEES I 2 mL G 1,4-
THENIR, RNIRAE 120 C RN 12 h SN SE R A
MEER, HHOR OB R, B2 IR A KR
2], LA QR CBR(V L V=5 1 1) Bk
R R 7 AR R .

1,1'- = -1 H- R ] -3, 2'- i g 1-2- il (2a):
FOE AR, IR 71%. mp. 126~127 ‘C; 'H NMR (500
MHz, CDCLs) d: 7.34 (t, J=7.5 Hz, 1H), 7.28 (d, J=7.5
Hz, 1H), 7.09 (t, J=7.5 Hz, 1H), 6.88 (d, J=8.0 Hz, 1H),
6.64 (s, 1H), 6.04 (t, J=3.5 Hz, 1H), 5.79 (s, 1H), 4.74 (s,
1H), 3.69 (s, 3H), 3.23 (s, 3H); *C NMR (125 MHz,
CDCls) 6: 174.9, 144.3, 128.5, 127.6, 126.5, 125.1, 123.6,
122.7, 108.4, 108.1, 106.9, 44.7, 34.4, 26.3; HRMS (ESI)
caled for C14HsN,ONa [M + Na] = 249.0998, found
249.0995.

1- 238 -1 F e -1 H- MR [ — &0 05] Wk -3,2'- it i 1-2- i
(2b): EOEE, WE 70%. mp. 80~81 C; 'H NMR
(500 MHz, CDCls) 6: 7.32 (t, J=8.0 Hz, 1H), 7.26 (d, J=
8.0 Hz, 1H), 7.06 (t, J=7.5 Hz, 1H), 6.89 (d, J=8.0 Hz,
1H), 6.62 (t, J=2.5 Hz, 1H), 6.04 (t, J=3.0 Hz, 1H),
5.81~5.80 (m, 1H), 4.72 (s, 1H), 3.80~3.75 (m, 2H),
3.65 (s, 3H), 1.27 (t, J=7.0 Hz, 3H); 3C NMR (125 MHz,
CDCLs) 6: 174.5, 143.3, 128.4, 127.8, 126.6, 125.3, 123.6,
122.6, 108.5, 108.2, 106.9, 44.8, 34.8, 34.4, 12.6; HRMS
(ESI) caled for C;sH;7N,O [M-+H]" 241.1335, found
241.1330.
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1'- H - 1= TR R - 1 H- B [ — 5] Wk -3,2'- b i ]-2-
(2¢): TR, WH 67%. 'H NMR (500 MHz,
CDCls) 6: 7.33 (t, J=7.5 Hz, 1H), 7.28 (d, J=6.5 Hz, 1H),
7.08 (t, J=7.0 Hz, 1H), 6.91 (d, J=8.0 Hz, 1H), 6.65 (t,
J=2.0 Hz, 1H), 6.06 (t, J=3.0 Hz, 1H), 5.81~5.80 (m,
1H), 4.75 (s, 1H), 3.71~3.68 (m, 5H), 1.78~1.71 (m,
2H), 0.98 (t, J=7.5 Hz, 3H); *C NMR (125 MHz, CDCl5)
5: 174.9, 143.8, 128.4, 127.7, 126.7, 125.2, 123.5, 122.5,
108.4, 106.9, 44.7, 41.7, 34.4, 20.8, 11.4; HRMS (ESI)
calcd for C1sHoN,O [M+H]" 255.1492, found 255.1494.

1- 55 TR -1 B DR - 1 - [ Mg Wk -3, 2" - M g 1-2-
Qd): FEOHCRY, WE 64%. 'H NMR (500 MHz,
CDCls) 6: 7.29 (t, J=8.0 Hz, 1H), 7.24 (d, J=8.0 Hz, 1H),
7.04 (t, J=7.5 Hz, 2H), 6.61 (t, J=2.5 Hz, 1H), 6.04 (t,
J=3.0 Hz, 1H), 5.83~5.82 (m, 1H), 4.69 (s, 3H), 4.66~
4.61 (m, 1H), 3.61 (s, 3H), 1.49 (d, J=4.5 Hz, 3H), 1.48
(d, J=4.5 Hz, 3H); 3C NMR (125 MHz, CDCls) 8: 174.6,
142.9, 128.1, 128.0, 126.7, 125.3, 123.5, 122.1, 109.8,
108.6, 106.9, 45.0, 43.9, 34.3, 19.3, 19.2; HRMS (ESI)
calcd for C1sHoN,O [M+H]" 255.1492, found 255.1495.

175 -1 F e 1 H- B — 5] Wk -3,2'- b i ]-2-
(2e): TR, WH 57%. 'H NMR (500 MHz,
CDCls) d: 7.30~7.24 (m, 6H), 7.26 (dd, J=8.0, 4.1 Hz,
1H), 7.21 (t, J=8.0 Hz, 1H), 7.03 (t, J=7.5 Hz, 1H), 6.78
(d, J=8.0 Hz, 1H), 6.64 (t, J=2.0 Hz, 1H), 6.05 (t, J=3.0
Hz, 1H), 5.80~5.79 (m, 1H), 4.90 (s, 2H), 4.83 (s, 1H),
3.69 (s, 3H); 3C NMR (125 MHz, CDCl3) 6: 175.0, 143.4,
135.8, 128.8, 128.4, 127.6, 127.6, 127.4, 126.6, 1252,
123.6, 122.7, 109.1, 108.4, 107.0, 44.7, 43.9, 34.4; HRMS
(ESI) calcd for CoHsN,ONa [M+Na]" 325.1311, found
325.1303.

1,1',6- = H JE- 1" - B8] 505 -3, 2'- Ik g 1-2- il (26):
@ EAR, BE 63%. mp. 109~110 ‘C; 'H NMR (500
MHz, CDCLy) d: 7.16 (d, J=7.5 Hz, 1H), 6.91 (d, J=7.5
Hz, 1H), 6.72 (s, 1H), 6.65 (t, J=2.0 Hz, 1H), 6.05 (t, J=
3.0 Hz, 1H), 5.80~5.79 (m, 1H), 4.71 (s, 1H), 3.70 (s,
3H), 3.22 (s, 3H), 2.44 (s, 3H); 3C NMR (125 MHz,
CDCLs) 6: 175.2, 144.4, 138.6, 126.8, 124.8, 124.5, 123.5,
123.2, 109.0, 108.3, 106.8, 44.5, 34.4, 26.3, 21.8; HRMS
(ESI) caled for C;sH7NoO [M-+H]" 241.1335, found
241.1333.

1,1',5- = F Ik 1" -0 5] k-3, 2" it i 1-2- il (2):
FOHPIRY, WE 71%. 'H NMR (500 MHz, CDCL3) 6:
7.14 (d, J=17.5 Hz, 1H), 6.89 (d, J=7.5 Hz, 1H), 6.70 (s,
1H), 6.643 (d, J=2.0 Hz, 1H), 6.03 (d, J=2.5 Hz, 1H),

http://sioc-journal.cn/ 1879
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5.77 (d, J=2.0 Hz, 1H), 4.69 (s, 1H), 3.68 (s, 3H), 3.20 (s,
3H), 2.41 (s, 3H); '3C NMR (125 MHz, CDCl3) §: 175.2,
144.4, 138.7, 126.9, 124.8, 124.5, 123.5, 123.2, 109.1,
108.3, 106.9, 44.5, 34.4, 26.3, 21.8; HRMS (ESI) calcd for
C1sH16N,ONa [M+Na]" 263.1155, found 263.1151.

5-G-1,1- -1 H- BB A S| 3,2 itk e 1-2- i
(2h): FEEHCRY, WX 54%. '"H NMR (500 MHz,
CDCly) d: 7.32~7.25 (m, 2H), 6.79 (d, J=8.0 Hz, 1H),
6.64 (t, J=2.5 Hz, 1H), 6.04 (t, J=3.0 Hz, 1H), 5.79~
5.78 (m, 1H), 4.72 (s, 1H), 3.67 (s, 3H), 3.20 (s, 3H); 1*C
NMR (125 MHz, CDCL) d: 174.4, 142.9, 129.2, 128.5,
128.1, 125.7, 125.5, 123.8, 109.0, 108.5, 107.0, 44.7, 34.4,
26.5; HRMS (ESI) caled for CisH4CIN;O [M+H]"
261.0789, found 261.0792.

1,10 F RS0 FE AU )- 1 H- B [ A s Pk -3,2-
MENE]-2- W (20): B EHPRY), 1% 62%. 'H NMR (500
MHz, CDCl:) d: 7.25~7.19 (m, 2H), 6.85 (d, J=8.5 Hz,
1H), 6.65 (t, J=2.5 Hz, 1H), 6.04 (t, J=3.0 Hz, 1H),
5.75~5.74 (m, 1H), 4.75 (s, 1H), 3.71 (s, 3H), 3.22 (s,
3H); *C NMR (125 MHz, CDCl3) J: 174.6, 144.8, 143.0,
129.0, 125.5, 123.9, 121.8, 119.2, 108.5, 108.3, 107.1,
447, 34.4, 26.5; HRMS (ESI) calcd for C;sH;4F3;N>O;
[M-+H]" 311.1002, found 311.1006.

1- 5610 P 6 -1 - W — 05| W -3,2"- ik g 1-2- B
(2j): FHEMARY, WHE 51%. 'H NMR (500 MHz,
CDCls) 6: 7.33 (t, J=7.5 Hz, 1H), 7.25 (d, J=7.5 Hz, 1H),
7.07 (t, J=7.0 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H), 6.70 (t,
J=2.5 Hz, 1H), 6.06 (t, J=3.0 Hz, 1H), 5.74~5.73 (m,
1H), 4.73 (s, 1H), 4.05~3.99 (m, 1H), 3.84~3.79 (m,
1H), 3.22 (s, 3H), 1.82~1.74 (m, 2H), 0.91 (t, J=7.5 Hz,
3H); 3C NMR (125 MHz, CDCL3) 6: 174.9, 144.3, 128.5,
127.9, 126.1, 125.1, 122.7, 121.9, 108.1, 108.0, 107.1,
48.8, 44.6, 26.4, 24.6, 11.4; HRMS (ESI) calcd for
C16H1sN,ONa [M+Na]* 277.1311, found 277.1304.

322 9 F ABEAE RS R EF MR 69—
A AR

EZEE R IMNER 3 (0.2 mmol), BH=IX%ES
J&, ISR 2 mL FITEKI 1,4- S NFRIE]
F 1.5 equiv. =5 e iR R, =R NHike 1 h, Bl
JE I 10 mol% Ni(PPhs),Bra« 12 mol% 2,2'-IkAH i Fl
3.0 equivEEKy. 7£ 80 C NI 12 h. KM FERUG AR E
ZER, HHCROEWHBEAR, BTN ARNRE
W, DAl SRR/ LR GBR(V iV i V=412
0.1 B iE i i JZ 4T 43 515 2074,

1,1 F RV H- B3 [ ] D-3,2"- 1 Ik )-2- Bl (4a):
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B E K, BE 70%. mp. 205~206 C; 'H NMR (500
MHz, CDCLy) d: 7.36 (d, J=7.0 Hz, 1H), 7.33 (d, J=17.5
Hz, 1H), 7.13 (t, J=8.5 Hz, 1H), 7.07 (t, J=7.5 Hz, 1H),
6.94 (d, J=7.0 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H), 6.67 (t,
J=17.5 Hz, 1H), 6.56 (d, J=9.5 Hz, 1H), 6.56 (d, J=17.0
Hz, 1H), 5.19 (d, J=10.0 Hz, 1H), 3.25 (s, 3H), 2.49 (s,
3H); '3C NMR (125 MHz, CDCl:) 6: 176.1, 144.1, 141.3,
131.9, 129.8, 129.7, 127.4, 127.3, 124.9, 123.5, 121.6,
119.7, 117.4, 109.9, 108.4, 70.7, 33.1, 26.4; HRMS (ESI)
caled for C;sHisN,ONa [M + Na] © 299.1155, found
299.1152.

6'- 2 FE-1,1'- L1 H- B[ A -3, 20 i i - 2-
fiil (4b): #OE K, WE 67%. mp. 118~119 C; 'H
NMR (500 MHz, CDCl;) d: 7.37~7.32 (m, 2H), 7.08 (t,
J=17.5 Hz, 1H), 6.97 (d, J=8.0 Hz, 1H), 6.86 (t, J=8.0
Hz, 1H), 6.80 (s, 1H), 6.57 (d, J=9.5 Hz, 1H), 6.50 (d, J=
8.5 Hz, 1H), 5.21 (d, J=9.5 Hz, 1H), 3.25 (s, 3H), 2.56~
2.52 (m, 2H), 2.48 (s, 3H), 1.22 (d, J=7.5 Hz, 3H); 3C
NMR (125 MHz, CDCLy) d: 176.2, 142.1, 141.4, 133.1,
131.9, 129.6, 129.0, 127.5, 126.9, 124.9, 123.4, 121.7,
119.7, 109.9, 108.4, 70.6, 33.1, 27.7, 26.4, 15.8; HRMS
(ESI) caled for CyHzN2O [M-+H]" 305.1648, found
305.1644.

6'-Fol-1,1'- — 1 - MR — & 5] e -3, 2" 1 T ]-2-
(4c): FEOFEAE, WEK 51%. mp. 144~145 ‘C; 'H NMR
(500 MHz, CDCls) 8: 7.33 (t, J=7.0 Hz, 2H), 7.07 (t, J=
7.5 Hz, 1H), 6.88~6.81 (m, 2H), 6.70~6.68 (m, 1H), 6.50
(d, J=9.5 Hz, 1H), 6.46~6.43 (m, 1H), 5.29 (d, J=9.5
Hz, 1H), 3.24 (s, 3H), 2.46 (s, 3H); 3C NMR (125 MHz,
CDCly) 0: 175. 9, 155.9(d, J=233.9 Hz), 141.4, 140.5,
131.4, 129.8, 126.6, 124.8, 123.6 (d, J=20.1 Hz), 115.5,
115.3, 113.8, 113.7, 110.6 (d, J=7.4 Hz), 108.5, 70.5,
33.4, 26.4; HRMS (ESI) calcd for CisHFN,O [M+H]"
295.1241, found 295.1239.

6'-F-1,1'- -1 - A 8| -3, 2" I k- 2- i
(4d): FOHCRY, WF 32%. 'H NMR (500 MHz,
CDCls) 8: 7.35 (d, J=7.0 Hz, 2H), 7.11~7.06 (m, 2H),
6.92~6.88 (m, 2H), 6.51 (d, J=9.5 Hz, 1H), 6.47 (d, J=
9.0 Hz, 1H), 5.26 (d, J=9.5 Hz, 1H), 3.26 (s, 3H), 2.48 (s,
3H); '3C NMR (125 MHz, CDCly) 6: 175.7, 142.7, 141.4,
131.5, 129.9, 129.1, 126.8, 126.4, 124.9, 123.6, 123.1,
122.3, 121.2, 111.1, 108.6, 70.6, 33.3, 26.5; HRMS (ESI)
caled for CisHiCINO [M + H] " 311.0946, found
311.0947.

1- 2B -1 1 L -1 H- B [ — 5] Tk -3, 2 s Ik ]-2- i
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(4e): FEOE AR, UE 58%. mp. 134~135 C; 'H
NMR (500 MHz, CDCLy) 6: 7.35 (d, J=7.5 Hz, 1H), 7.31
(t, J=7.5 Hz, 1H), 7.11 (t, J=7.0 Hz, 1H), 7.04 (t, J=17.5
Hz, 1H), 6.93 (d, J=7.0 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H),
6.66 (t, J=7.5 Hz, 1H), 6.55 (d, J=9.5 Hz, 1H), 6.54 (d,
J=8.0 Hz, 1H), 5.18 (d, J=9.5 Hz, 1H), 3.81~3.77 (m,
2H), 2.48 (s, 3H), 1.30 (t, J=7.0 Hz, 3H); '*C NMR (125
MHz, CDCly) 0: 175.6, 144.1, 140.3, 132.1, 129.8, 129.6,
127.3, 127.3, 125.1, 123.3, 121.6, 119.7, 117.4, 109.9,
108.6, 70.5, 34.9, 33.0, 12.6; HRMS (ESI) calcd for
C19H19N>O [M+H]" 291.1492, found 291.1491.

1,1'5- = FE B 1 H- MR [ — 05| Wk -3,2"- 1 bk )-2- il (4):
FOARY), B 63%. 'H NMR (500 MHz, CDCl3) o:
7.17 (s, 1H), 7.12 (t, J=7.5 Hz, 2H), 6.93 (d, J=7.5 Hz,
1H), 6.75 (d, J=7.5 Hz, 1H), 6.66 (t, J=7.5 Hz, 1H),
6.56~6.50 (m, 2H), 5.17 (d, J=9.5 Hz, 1H), 3.22 (s, 3H),
2.48 (s, 3H), 2.29 (s, 3H); '3C NMR (125 MHz, CDCl5) o:
176.1, 144.1, 138.9, 133.3, 132.0, 129.9, 129.8, 127.4,
127.1, 125.6, 121.6, 119.6, 117.2, 109.8, 108.2, 70.8, 33.1,
26.5, 21.0; HRMS (ESI) calcd for Ci9H;sN2ONa [M—+
Na]" 313.1311, found 313.1308.

5S-G, T R R A ] -3, 2 - R - 2- T
(4g): FOMEAER, WE 59%. mp. 123-124 C; 'H NMR
(500 MHz, CDCls) d: 7.35~7.31 (m, 2H), 7.16 (t, J=7.5
Hz, 1H), 6.96 (d, J=7.0 Hz, 1H), 6.81 (d, J=8.5 Hz, 1H),
6.70 (t, J=7.0 Hz, 1H), 6.61~6.57 (m, 2H), 5.17 (d, J=
9.5 Hz, 1H), 3.25 (s, 3H), 2.51 (d, J=5.9 Hz, 3H); '3C
NMR (125 MHz, CDCly) d: 175.7, 139.8, 133.4, 130.0,
129.7, 129.0, 127.7, 127.5, 125.3, 120.7, 117.7, 110.0,
109.5, 70.8, 33.2, 26.6; HRMS (ESI) calcd for CisH;sCl-
N,ONa [M+Na]" 333.0765, found 333.0759.

3.2.3  AREALE OO B AL S AL BB B9 — AR R4

EZEE R IMNER 5 (0.2 mmol), BHF=IXES
Ja, ERESEHI 2 mL ITEK 1,4- N
1.5 equiv. 1) =56 FHGERATR AR, 7E =00 NHiFE L h, BEJS
BIN 10 mol% Ni(PPh;),Bra+ 1.0 equiv. [ 4-— F & FEHlt
BEAT 3.0 equiv.BER. 100 C R 12 h. [B5E G 3
WA=, HH R CEWMBIER, BN 2 KA
FEF, M B AR E T S A B R

(2)-1-7F 3 4% FE-1- H S -1 - BB [ ke v J -3,2"- 1
Wbk 1-2- i (6): ¥ L HDIR Y, WE 73%. 'H NMR (600
MHz, CDCl3) §: 7.40~7.31 (m, 8H), 7.03 (t, J=7.2 Hz,
1H), 6.95~6.85 (m, 4H), 6.66 (s, 1H), 6.54 (t, J=7.2 Hz,
1H), 6.50 (d, J=9.6 Hz, 1H), 5.96 (d, /=8.4 Hz, 1H), 5.37
(d, J=9.6 Hz, 1H), 4.63 (d, J=14.4 Hz, 1H), 4.58 (d, J=
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14.4 Hz, 1H), 4.05~4.02 (m, 1H), 3.84~3.81 (m, 1H),
2.32 (s, 3H); 3C NMR (150 MHz, CDCls) 6: 170.9, 144.5,
135.8, 135.5, 135.0, 129.9, 129.2, 129.0, 128.8, 128.4,
128.0, 127.4, 127.3, 127.1, 127.0, 119.5, 118.4, 116.2,
108.6, 72.2, 49.9, 47.2, 33.3; HRMS (ESI) caled for
Co7HasN,O [M+H]" 393.1961, found 393.1954.
3.2.4 bk da HIRIE R

£ Schlenk & HKIKIIAMAY) 4a (0.2 mmol) 15T
N 10%1) PA/C. WA A 2 mL 1 4R 4
B, TERSV/ASKM T B =R 2288 FEAREK, RV
WAEER TR 12 h. RS8R SRR 25 Pd/C, FEH
LR CTERRRR R, HAS et 28 RAXBR 0 7, HH= b
WA RN BARE] 1,1 3 4 A HAE A
I5) W -3,2'- g Wbk 1-2- i (7), 28 (IR A, = 98%. 'H
NMR (500 MHz, CDCls) §: 7.33 (t, J=8.0 Hz, 1H), 7.19
(d, J=6.5 Hz, 1H), 7.15 (t, J=6.5 Hz, 1H), 7.05 (t, J=7.5
Hz, 2H), 6.89 (d, J=7.5 Hz, 1H), 6.73 (t, J=7.5 Hz, 2H),
3.27 (s, 3H), 3.09~3.04 (m, 1H), 2.98~2.92 (m, 1H),
2.53 (s, 3H), 2.27~2.21 (m, 1H), 1.99~1.94 (m, 1H); 13C
NMR (125 MHz, CDCLy) d: 177.9, 145.3, 142.6, 131.9,
129.0, 128.3, 127.5, 123.8, 122.9, 122.8, 117.1, 111.7,
108.3, 66.6, 34.5, 32.4, 26.4, 23.5; HRMS (ESI) calcd for
Ci1sHsN,ONa [M+Na]" 301.1311, found 301.1306.

4 Bh #4 B} (Supporting Information) L&Y 1a~1j,
2a~2j, 3a~3g, da~4g, 5, 6 17t 'H NMR Al 3C NMR
Ji 4 v LI b RE AT DA A 9 MR T I k (http://sioc-
journal.cn/)_ N4,
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