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Pd-Catalyzed N-Formylation of Amines with N,N-Dimethylformamide
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Abstract A highly efficient protocol for the transamidation of N,N-dimethylformamide (DMF) and amines has been developed,
utilizing a catalytic amount Pd(OAc)2. This methodology has a broad substrate scope for aliphatic, aromatic, and heterocyclic amines.
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And this process is simple and easily performed without solvent and co-catalyst.
Keywords Pd(OAc),; N,N-dimethylformamide (DMF); amines; N-formylation
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Pd(NO;),,  Pd(dppf)Cl,,  Pd(COD)Cl,,  Pd(acac),,
(PA(AlLyD)CI), fE AL, 3-(2-54 2.3 )15] 1% 5 DMF & 3%, FF o e
P PEER AR, AL H R B KZE 10 mol%H,
PR FCE 35%(FE 1, Entry 5). Rk, FRA1%E$E
Pd(OAc), NEALMELFA, LIRS 20 mol%, H*f
SN Z AR T 3B R

R AT I A S R 1 £ 5 )
Table 1 Pd-catalyzed N-formylation of amine

H
Q Cat. (20 mol%) Hko
Q_\f\\NH“ HJ\N/ — =
N | 80 C,32h
H NH
1a 2a
Entry Catalyst Yield®/%
1 Pd(NOs), 39
2 Pd(OH), 22
3 PdCl, 33
4 Pd(OAc), 54
5¢ Pd(OAc), 35
6 Pd(dppf)Cl, 30
7 Pd(COD)Cl, 30
8 Pd(acac), 20
9 (Pd(Ally)Cl), 37

“ Reagents and conditions: 2-(1H-indol-3-yl)-ethylamine (1 mmol), catalyst
(0.2 mmol). * Isolated yield. ¢ Catalyst (0.1 mmol).

1.2 WX R R R A A 200

TEADAE AL SRR R R, R 2 T A A v A 1)
Hz. Fk, BATEZR PR R LT 2Rt i v
TSRS, SEIRLE AN 2 Fs. MR 2 AT, mex
PA(OAc), Ak Ji B S BTG PR B R RE A, LR
K,COs, Ba(OH),, CH3COOK, % & v i 1 [ A%, A
Cs,CO;, NEt;, ethylenediamine, pyridine, S5y 4: ] &
P, JUHR U NEG B, =44 B U ae i AR Tt
2 81%. 4kLEHE NEt 5 A0 AR A TS 1 1
SO, SRIRZE IR, MBS R 4 B, PR
BUCR EIE 94%, (H4kSRie m th s, (i 4k g PERR AR,
DRI, 2% M Al A4 2R 1R B A I B 26 1R 2 PA(OAC), (20
mol%), NEt; (Bl/fiE 475 =4).
1.3 DMF s3BZ BBt b & BLE M A §2 00

SRR BT IR R S, FRAT4kEEXT DMF
BT T 5%, SRR NEI PR, WERIITI, 4
AR 20N 1 equiv. DMF I, KILAENS DL 25% 190 55
PR R B AR, BE%E DMF N8 8 equiv.if, 774
(15 BRI IL Bt =N 94%, EEEMIIN)E, HAR 4
(7= 2% H R, g8 BATR, 1380 &b 214N
Pd(OAc), (20 mol%), NEt; (fi/fE{t55]=4), DMF (8.0
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Table 2 Effect of different bases on the N-formylation of amine

H
O 0 N/Eo
WNHz . J]\N/Pd(OAc)z (20 mol%) H
N | base, 80 C,32h X
H NH
1a 2a
Entry Base Base/catal. Yield/%
1 K,CO; 2 33
2 Cs,CO5 2 60
3 Ba(OH), 2 38
4 LiOH 2 41
5 CH;COOK 2 34
6 NEt; 0 54
7 NEt; 2 81
8 NEt; 4 94
9 NEt; 6 68
10 Ethylenediamine 2 60
11 Pyridine 2 74

“ Reagents and conditions: 2-(1H-Indol-3-yl)-ethylamine (1 mmol), Pd(OAc),
(0.2 mmol). * Isolated yield.

&3 DMF X & AL S B 1 ) 5 )
Table 3 Effect of DMF on the N-formylation of amine

Entry DMF/equiv. Yield®/%
1 1 25
2 2 40
3 4 62
4 6 85
5 8 94
6 10 92
7 12 91

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reagents and conditions: 2-(1H-Indol-3-yl)-ethylamine (1 mmol), Pd(OAc),
(0.2 mmol), NEt; (0.8 mmol). * Isolated yield.

equiv.).
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Table 4 Pd(OAc),-catalyzed N-formylation of amines

R/NHZ + 0>—N

Pd(OAG), (20 mol%)

H

Bk

Entry Substrate Product Temp./C Yield®/%

R
1 H NEts, 32 h
Entry Substrate Product Temp./C Yield/%
H
1 ©/ 80 89
NH, H\?o
2 /O/ /©/ 80 92
1c 2¢
3 F . O/ 80 93
1d 2d
o ™
4 ol o /©/ 80 91
1e 2e
o o™
5 Br Br/©/ 80 90
1f 2f
o™ ot
6 ~o o /©/ 80 85
19 2g
7 ON N /©/ 80 88
1h 2h
NH, Hv/o
8 @L @( 80 72
1i 2i
H
NH, N._O
9 80 60
1j 2j
NH H
2 H_o
10 80 75
Cl
1k Cl 2k

S
e
§

11 140 64
12 @ @El} 140 75
1m 2m \QO
H
NH, N_o
13 (j/V 140 93
1n 2n
NH, N0
14 @H 140 89
1o 20
RS
15 ©/LNH2 ©)\H SO 140 85
1p 2p
H
NH, H_o
16 O/ 140 78
1q 2q
/_/—FNH2 i7°
NH
17 ir /’/J 140 83
2r
NH, H
| o A NVO
18 N | N 120 82
=
1s 2s
N7 UNH, NN S0
| N | H
19 2 _N 120 87
1t 2t
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“ Reagents and conditions: amines (1 mmol), Pd(OAc), (0.2 mmol), NEt; (0.8
mmol), 32 h. ® Isolated yield.
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0 Pd(OAc), (20 mol% N\A\O
N | NEts;, 80 °C, 32 h ~
H
1649 NH

1.5 g, 80% yield
B 1 R m L

Scheme 1 Gram scale N-formylation reaction
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K] JEOL NMR 400 BUAZHEILIRAX I 7€, DMSO-ds N
R, SR LCO Advantage 7Y 5 3430 5 .
32 WA

7E 10 mL H R BE T, TIANZ(1.0 mmol). BHR
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I ORI BT, e78, BRZVEASH™ M. 2R
JG, IR kAT o iRl B &)
ZEH 2 '"HNMR, °C NMR F1 HRMS FffiiiE.
3.3 EHIRIE

N-[2-(1H-T5| W JE -3)- 2. FE - F Wi 2 (2a): K15 774
HRFH RS, L 90 L KamRY; H
NMR (DMSO-dg¢, 400 MHz) o: 10.89 (s, 1H), 8.15 (s,
0.9H), 8.07 (s, 0.9H), 7.83 (s, 0.1H), 7.58 (d, J=8.0 Hz,
1H), 7.39 (d, J=4.0 Hz, 1H), 7.21 (s, 1H), 7.09~7.13 (m,
1H), 7.01~7.05 (m, 1H), 5.80 (s, 0.1H), 3.42~3.45 (m,
2H), 2.87~2.91 (m, 2H); *C NMR (DMSO-d;, 100 MHz)
0: 164.96 (minor), 161.59 (major), 136.77 (major), 136.62
(minor), 127.68 (major), 127.63 (minor), 123.59 (minor),
123.25 (major), 121.47 (major), 121.35 (minor), 118.79
(major), 118.75 (major), 118.59 (minor), 118.47 (minor),
112.09 (major), 111.91 (major), 111.71 (minor), 111.54
(minor), 42.29 (minor), 38.56 (major), 27.75 (minor),
25.65 (major); HRMS calcd for C;;H;N,ONa [M—|—Na+]
211.0847, found 211.0839.

N-ZE 5 T BEHE (2b): R4S W0 PRI AL B K,
Eefilhy 30 1. #OE AR, mp. 47~48 C; 'H NMR
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(DMSO-ds, 400 MHz) o: 10.18 (s, 1H), 8.80 (d, J/=6.0 Hz,
0.25H), 8.30 (s, 0.75H), 7.61 (d, J/=4.0 Hz, 1.5H), 7.31~
7.34 (m, 2H), 7.21 (d, J=4.0 Hz, 0.5H), 7.06~7.09 (m,
1H); *C NMR (DMSO-d,, 100 MHz) d: 163.05 (minor),
160.10 (major), 138.86 (minor), 138.78 (major), 129.91
(minor), 129.38 (major), 124.15 (minor), 124.11 (major),
119.65 (major), 118.02 (minor); HRMS calcd for C;H,NO-
Na [M+Na'] 144.0425, found 144.0424.

N-(4- 2R 05 ) I ik (2¢): RAR 7= PR R
SRR, Bl 301, AfEE, mp. 47~49 C; 'H
NMR (DMSO-ds, 400 MHz) ¢0: 10.09 (s, 1H), 8.73 (d, J=
6.0 Hz, 0.25H), 8.26 (s, 0.75H), 7.50 (d, /=6.0 Hz, 1.5H),
7.12 (d, J=4.0 Hz, 2H), 7.09 (d, /=4.0 Hz, 0.5H), 2.26 (s,
3H); *C NMR (DMSO-d,, 100 MHz) d: 162.97 (minor),
159.84 (major), 136.45 (minor), 136.30 (major), 133.22
(minor), 133.04 (major), 130.29 (minor), 129.73 (major),
119.62 (major), 118.20 (minor), 20.96 (major), 20.82 (mi-
nor); HRMS caled for CgHoNONa [M—|—Na+] 158.0582,
found 158.0580.

N-(A- SR BRI 2d): 503 P AR 5 5
Fafk, teBIA3 1. AR, mp. 62~64 C; '"HNMR
(DMSO-ds, 400 MHz) ¢: 10.18 (s, 0.75H), 10.09 (d, J=
4.0 Hz, 0.25H), 8.65 (d, J=6.0 Hz, 0.25H), 8.22 (s,
0.75H), 7.57 (d, J/=8.0 Hz, 1.5H), 7.16~7.19 (m, 0.5H),
7.08~7.13 (m, 2H); C NMR (DMSO-d,, 100 MHz) ¢:
163.21 (minor), 159.99 (major), 158.08 (minor), 157.45
(major), 135.29 (minor), 135.20 (major), 121.36 (major),
120.04 (minor), 116.63 (minor), 116.04 (major); HRMS
caled for C;H,FNONa [M + Na "] 162.0331, found
162.0324.

N-(4-F ) F iz (2e): RIS =90 P FP A4 B 5
Rk, BN 4 0 1. A®EE, mp. 100~102 C; 'H
NMR (DMSO-dg, 400 MHz) J: 10.27 (s, 0.8H), 10.18 (d,
J=4.0 Hz, 0.2H), 8.75 (d, J=6.0 Hz, 0.2H), 8.25 (s,
0.8H), 7.58 (d, J/=4.0 Hz, 1.6H), 7.32 (d, /=4.0 Hz, 2H),
7.17 (d, J=4.0 Hz, 0.4H); “C NMR (DMSO-ds, 100
MHz) J: 163.04 (minor), 160.22 (major), 137.91 (minor),
137.67 (major), 129.73 (minor), 129.26 (major), 127.98
(minor), 127.67 (major), 121.20 (major), 119.47 (minor);
HRMS calcd for C;H¢CINONa [M+Na'] 178.0036, found
178.0036.

N-(4-TRIR5R) L (26): 3RAF 70 AT P AL G R4
i, Bl 401, AfREA, mp. 113~115 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 10.29 (s, 0.8H), 10.19 (d,
J=6.0 Hz, 0.2H), 8.79 (d, J=6.0 Hz, 0.2H), 8.30 (s,

Chin. J. Org. Chem. 2019, 39, 1109~1115
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0.8H), 7.57 (d, J/=4.0 Hz, 1.6H), 7.49 (d, J/=6.0 Hz, 2H),
7.16 (d, J=4.0 Hz, 0.4H); “C NMR (DMSO-ds;, 100
MHz) J: 162.98 (minor), 160.25 (major), 138.33 (minor),
138.06 (major), 132.61 (minor), 132.17 (major), 121.58
(major), 119.83 (minor), 115.90 (minor), 115.69 (major);
HRMS caled for C;H¢BrNONa [M+Na+] 221.9530,
found 221.9514.

N-(4-HH R SE R I ) HY L (2g): BRAS 7 AT T Al 4
SRk, B3 D1 AEREE, mp. 79~80 C; 'H
NMR (DMSO-dg, 400 MHz) J: 10.05 (s, 0.75H), 9.99 (d,
J=6.0 Hz, 0.25H), 8.61 (d, J=4.0 Hz, 0.25H), 8.22 (s,
0.75H), 7.53 (d, J/=4.0 Hz, 1.5H), 7.13 (d, J=4.0 Hz,
0.5H), 6.90 (d, J=4.0 Hz, 2H), 3.72 (s, 3H); *C NMR
(DMSO-ds, 100 MHz) 6: 163.11 (minor), 159.58 (major),
156.51 (minor), 155.90 (major), 131.98 (major), 131.79
(minor), 121.10 (major), 120.19 (minor), 115.10 (minor),
114.46 (major), 55.74 (minor), 55.65 (major); HRMS calcd
for CsHoO,NNa [M+Na'] 174.0531, found 174.0528.

N-(4-TEFE B LR (2h): SRS =204 PRl i 4
S, HEY 3 01 B GE AR, mp. 196~198 C;
'H NMR (DMSO-d, 400 MHz) 0: 10.84 (s, 0.75H), 10.74
(s, 0.25H), 9.09 (s, 0.25H), 8.44 (s, 0.75H), 8.25 (d, J=4.0
Hz, 2H), 7.85 (d, J=4.0 Hz, 1.5H), 7.45 (d, J=4.0 Hz,
0.5H); *C NMR (DMSO-d,, 100 MHz) 6: 163.31 (minor),
161.01 (major), 145.48 (minor), 144.72 (major), 143.09
(major), 143.00 (minor), 125.98 (minor), 125.59 (major),
119.51 (major), 117.07 (minor); HRMS [M-+
Na'] calcd for C;HgO3N,Na 189.0276, found 189.0278.

N-(2-F LRI B 20): A5 i % 57
W, LBy 703, RFEEREAK, mp. 56~57 C; 'H
NMR (DMSO-ds, 400 MHz) o: 9.76 (d, J=6.0 Hz, 0.3H),
9.58 (s, 0.7H), 8.42 (d, /=4.0 Hz, 0.3H), 8.30 (s, 0.7H),
7.75 (d, J=4.0 Hz, 0.7H), 7.20~7.23 (m, 1.3H), 7.15 (m,
1H), 7.07~7.09 (m, 0.3H), 7.03~7.05(m, 0.7H), 2.24 (s,
0.9H), 7.22 (s, 2.1H); *C NMR (DMSO-ds, 100 MHz) o:
164.17 (minor), 160.33 (major), 136.74 (minor), 136.17
(major), 131.31 (minor), 130.91 (major), 130.81 (minor),
129.74 (major), 127.28 (minor), 126.63 (major), 125.81
(minor), 125.14 (major), 123.30 (major), 122.33 (minor),
18.36 (major), 18.22 (minor); HRMS calcd for CgH;(NO
[M+H"]136.0762, found 136.0765.

N-(2,6- = FHEEZRIE) Rt Iz (2)): R340 W b i)
RS, BN S5 1 ABEAR, mp. 158~159 C;
"H NMR (DMSO-d, 400 MHz) 6: 9.47 (s, 0.83H), 9.30 (d,
J=6.0 Hz, 0.17H), 8.25 (s, 0.83H), 7.98 (d, J=6.0 Hz,
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0.17H), 7.11~7.12 (m, 0.5H), 7.05~7.08 (m, 2.5H), 2.21
(s, 1H), 2.15 (s, 5H); *C NMR (DMSO-d;, 100 MHz) ¢:
165.22 (minor), 159.87 (major), 135.44 (minor), 135.22
(major), 134.99 (major), 134.53 (minor), 128.81 (minor),
128.23 (major), 127.31 (minor), 127.08 (major), 18.93
(minor), 18.82 (major); HRMS calcd for CoHpNO [M—+
H']150.0919, found 150.0918.

N-(3- SRR ) HBE % (2K): SRAS 7 W04 T A A R
Fathk, tefly 301, W AEAE, mp. 56~58 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.33 (s, 0.75H), 10.21 (d,
J=6.0 Hz, 0.25H), 8.80 (d, J=4.0 Hz, 0.25H), 8.27 (s,
0.75H), 7.75 (s, 0.75H), 7.40 (d, J=4.0 Hz, 0.75H),
7.27~7.31 (m, 1H), 7.25~7.26 (m, 0.25H), 7.12 (d, J=
4.0 Hz, 0.25H), 7.07 (d, J=4.0 Hz, 1H); “C NMR
(DMSO-ds, 100 MHz) d: 163.11 (minor), 160.48 (major),
140.57 (minor), 140.12 (major), 134.30 (minor), 133.67
(major), 131.49 (minor), 131.06 (major), 123.84 (major),
123.69 (minor), 119.22 (major), 118.03 (major), 117.38
(major), 116.26 (major); HRMS calcd for C;H¢CINONa
[M-+Na '] 178.0036, found 178.0027.

N-FREE-N-ZR B BRI (21): RAF PP Wl S 5
Pk, LLBIA 9 @ 1. AR ERY); "TH NMR (DMSO-d,
400 MHz) J: 8.53 (s, 0.9H), 8.35 (s, 0.1H), 7.49 (d, /=4.0
Hz, 0.2H), 7.40~7.44 (m, 2H), 7.33 (d,
J=4.0 Hz, 1.8H), 7.23~7.27 (m, 1H), 3.21 (s, 3H); C
NMR (DMSO-ds, 100 MHz) J: 163.06 (minor), 162.55
(major), 142.56 (major), 140.95 (minor), 129.91 (major),
129.17 (minor), 126.09 (major), 125.89 (minor), 123.53
(minor), 121.99 (major), 36.61 (minor), 31.50 (major);
HRMS calcd for CgHyNONa [M—|—Na+] 158.0582, found
158.0577.

2,3- A -(1-g| ek ) HY B e (2m): R4S 7 P A 7 A
MRS, Bl 301, WEAEEK, mp. 62~
64 ‘C; "H NMR (DMSO-d, 400 MHz) J: 9.07 (s, 0.75H),
8.51 (s, 0.25H), 7.94 (d, J=4.0 Hz, 0.25H), 7.46 (d, J/=4.0
Hz, 0.75H), 7.30 (d, /=4.0 Hz, 1H), 7.18~7.22 (m, 1H),
7.03~7.07 (m, 1H), 4.13~4.17 (m, 0.5H), 3.91~3.96 (m,
1.5H), 3.10~3.15 (m, 2H); *C NMR (DMSO-d,, 100
MHz) J: 160.62 (minor), 158.88 (major), 141.75 (minor),
141.68 (major), 133.15 (minor), 132.23 (major), 127.80
(major), 127.52 (minor), 126.31 (major), 125.63 (minor),
124.56 (major), 124.13 (minor), 115.98 (minor), 110.35
(major), 46.95 (minor), 44.63 (major), 27.67 (minor),
27.08 (major); HRMS caled for CoHoNONa [M+Na']
170.0582, found 170.0582.
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N-ZK WL E (2m): 3RAG 0 PRI G R 4,
ELBilh 9 @ 1. BB EHIRY); 'TH NMR (DMSO-d;, 400
MHz) ¢J: 8.06 (s, 1H), J: 8.01 (s, 0.9H), 7.77 (s, 0.1H),
7.28~7.31 (m, 2H), 7.19~7.23 (m, 3H), 3.31~3.36 (m,
2H), 2.72~2.76 (m, 2H); *C NMR (DMSO-d,, 100 MHz)
d: 164.93 (minor), 161.56 (major), 139.77 (major), 139.27
(minor), 129.40 (minor), 129.14 (major), 128.85 (major),
128.59 (minor), 126.72 (minor), 126.65 (minor), 43.00
(minor), 39.24 (major), 37.66 (minor), 35.55 (major);
HRMS calcd for CoH;;NONa [M+Na'] 172.0738, found
172.0736.

N-"RFE I BE% (20): KAG 7 V04T PI RN G B R K 1K,
ELBilh 9 @ 1. IR, mp. 62~63 C; 'H NMR
(DMSO-ds, 400 MHz) o: 8.53 (s, 1H), 8.16 (s, 0.9H), 8.14
(d, J=6.0 Hz, 0.1H), 7.26~7.37 (m, 5H), 4.32 (d, J=2.0
Hz, 2H); *C NMR (DMSO-d;, 100 MHz) J: 165.44 (mi-
nor), 161.56 (major), 140.19 (minor), 139.52 (major),
128.97 (minor), 128.86 (major), 127.82 (major), 127.60
(minor), 127.57 (minor), 127.40 (minor), 45.08 (minor),
41.25 (major); HRMS caled for CsHNONa [M+Na']
158.0582, found 158.0577.

N-(1-22 5 £ 38) HBEIZ (2p): 3RAT 7 W0H PIA A B
S, Bl 91 R EAMRY; 'H NMR
(DMSO-ds, 400 MHz) o: 8.53 (s, 0.9H), 8.32 (s, 0.1H),
8.11 (d, /=6.0 Hz, 0.1H), 8.05 (s, 0.9H), 7.33~7.37 (m,
4H), 7.23~7.27 (m, 1H), 4.98~5.05 (m, 0.9H), 4.67~
4.74 (m, 0.1H), 1.43 (d, J/=6.0 Hz, 0.3H), 1.37 (d, J=4.0
Hz, 2.7H); “C NMR (DMSO-ds, 100 MHz) J: 164.48
(minor), 160.58 (major), 145.26 (minor), 144.66 (major),
128.96 (minor), 128.83 (major), 127.43 (minor), 127.27
(major), 126.48 (major), 126.40 (minor), 51.30 (minor),
47.08 (major), 23.95 (minor), 22.97 (major); HRMS
caled for CoH;;NONa [M + Na "] 172.0738, found
172.0736.

N-3F U FE 2 (2q): R B2 iR Y 'TH NMR
(DMSO-ds, 400 MHz) o: 7.95 (d, J/=6.0 Hz, 1H), 7.87 (s,
1H), 3.52~3.57 (m, 1H), 1.59~1.68 (m, 4H), 1.49 (d, J=
4.0 Hz, 1H), 1.08~1.23 (m, 5H); *C NMR (DMSO-d,
100 MHz) ¢: 163.93 (minor), 160.44 (major), 50.68 (mi-
nor), 46.54 (major), 34.72 (minor), 32.84 (major), 25.66
(major), 25.35 (minor), 25.09 (minor), 24.88 (major);
HRMS caled for C;H,NO [M+H"] 128.1075, found
128.1078.

N-1E CHE i (2r): 3 iR, 'H NMR
(DMSO-ds, 400 MHz) d: 7.91~7.99 (m, 2H), 3.04~3.09
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(m, 2H), 1.36~1.41 (m, 2H), 1.25~1.30 (m, 6H), 0.86
(m, 3H); “C NMR (DMSO-d,, 100 MHz) 6: 164.97 (mi-
nor), 161.38 (major), 41.38 (minor), 37.58 (major), 31.50
(major), 31.43 (minor), 29.53, 26.60 (major), 26.11 (mi-
nor), 22.63, 14.43; HRMS calcd for C;H;(NO [M-+
H '] 130.1232, found 130.1234.

N-(2-PH g J5 ) G i (2s): 3R AS 7= PRl 5 5
ik, R 101 AR, mp. 70~71 C; 'H
NMR (DMSO-ds, 400 MHz) ¢: 10.60 (s, 1H), 9.30 (d, J=
4.0 Hz, 0.5H), 8.34 (s, 1H), 8.26 (s, 0.5H), 8.07 (d, J=4.0
Hz, 0.5H), 7.73~7.82 (m, 1H), 7.08~7.13 (m, 1H),
6.94(s, J=4.0 Hz, 0.5H); *C NMR (DMSO-d;, 100 MHz)
0: 162.66, 160.64, 152.16, 151.55, 148.69, 148.58, 139.25,
138.86, 120.30, 119.76, 114.30, 111.85; HRMS calcd for
CeHgN,ONa [M+Na '] 145.0378, found 145.0379.

N-(2-MHE e L) FR B e (20): A EiHeIRY; 3RA3 724
AW RSFRIE, KN 9 0 1. "H NMR (DMSO-dj,
400 MHz) ¢: 8.59 (s, 1H), 8.51 (d, J/=4.0 Hz, 1H), 8.18 (s,
0.9H), 8.14 (s, 0.1H), 7.75~7.79 (m, 1H), 7.31 (d, J=4.0
Hz, 1H), 7.26~7.29 (m, 1H), 4.40 (d, J=2.0 Hz, 1H); °C
NMR (DMSO-ds, 100 MHz) J: 165.86 (minor), 161.82
(major), 159.23 (minor), 158.46 (major), 149.61 (minor),
149.41 (major), 137.44 (minor), 137.30 (major), 122.94
(minor), 122.73 (major), 121.74 (minor), 121.65 (major),
46.99 (minor), 43.30 (major); HRMS calcd for C;HgN,-
ONa [M+Na'] 159.0534, found 159.0539.

B4 Bl (Supporting Information) [t &1L G411
"HNMR 1 °C NMR #% . X2l B4 3 AT
¥l (http://sioc-journal.cn/) | N .
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