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Synthesis of Carbazolequinones by Pd-Catalyzed
Double Arylation Process

Li, Xue"** Song, Zirui™ Chen, Xin“” Cai, Yichao

Liu, Yajie* Chen, Chunxia™“” Peng, Jinsong™*
(“ College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040)
(® Material Science and Engineering College, Northeast Forestry University, Harbin 150040)

Abstract Starting from 2-aminonaphthalene-1,4-dione and o-dibromoarene, palladium-catalyzed one-pot synthesis of
carbazolequinone was examined in detail. With PdCIl, as the catalyst, 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
(Xphos) as ligand and K,COs as base in N,N-dimethylformamide (DMF) at 160 ‘C for 72 h, the annulation reaction afforded
the corresponding product by N-H/C-H double arylation process in 81% yield. With different o-dihaloarenes, a series of
carbazolequinone derivatives were synthesized to examine the scope and limitation of the above method, and the structure of
products was characterized by 'H NMR and '*C NMR spectra.

Keywords palladium-catalyzed; carbazolequinones; amination; arylation; tandem reaction
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Figure 1 Representative carbazolequinones
SR EB BTN 7 BN, CRA
A FSEHE PR TRE AT A4 7 ) L S S R g g a4, o Q ” Br

AR, 1 4 AL AE AR R ISR 4 8L Ak amination © C-H arylation

FIS N S IR AN 54 1, BRI — TR A A 4 H
A, W2 R AL B A, AL B R Path A °
RS SCAB IR s 2 e 51 1 & Ak 2 5 iz eyt o
LAEDLR, TRAT— B5 73 i A AR A R S i Q HN-U Bl py §
AR, “—IH” T SIS AR IR 2546 3L H *@Br double arylation O‘ O
AT TAEN, ZE e, A DL R S 1510 2-F 25N O Y 2 o
A — p AR TR N KL, A L N—H/C—H XU 1 3
1k (Path A)al, C—H/N—H X5 £:4k(Path B)i& 42 SE L« —
R B R IR R RRAT A4, G0 Scheme 1 7R, Paih B
1 ZE%'—?'N'I‘Q C-H arylation amination
1.1 SHIEERHESHE

DL 2-Z 25N R, HEARE AL XS B4 OB B
MR R AT A I LA F AR S5 R R 1 B, |
& 1 7J50, L Xphos NHECER, BREZER NN, 7€ NN-—H
B H B (DMF) &7 R IO 72 hy, AR TR AR 77 B = (-
WARFEPIER) AR, BEERAE. X = R — SR X i%
SN AL ORI i 22 T A4 (3R 1, Entries 1~4), 4
8 F S A AL BRI AT 3RS 81% /=2, LSILAT
AT, 12-X (KB ObE 1,1-R( R — %
B ZOREBE. IR CEBENRARET, ZR SRR LT
ARAGER 1, Entries 5~8), LA 2- IR -2 F AL B
(N N-T DR ZE . 2- 3 S IE-2'-(V,N- - H %)
BRI ABLARI, WAF] T M IREAT(R 1, Entries 9~
12). SO H TN 1) 568 555 5 e I 4 SR S A 5 K Tk
PRABRIRHE TR, [ SRR ELUF(R 1, Entries 3, 13),
Ky 2-TRUT B2 46 - S RN OR . 2- IR
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=1 AR ERSRAL S I A
Scheme 1 Palladium-catalyzed synthesis of carbazolequinones
MR . ABUT BEAN. BRI AN = L%
1 X s N FEANF (3 1, Entries 14~18). AMEREZ &
MR BEAT, WP o B AR A g9 R ik
R, OR8PSRI AR ZE TR, AR
PPEVE I 1,4- 5N NN-"HEE LWL NN-
TR P J R R R AR(ER 1, Entries 19~24), DMF
VERE RO B i (% 1, Entry 3). B4k, SOSREE
AN S B T o 5 82 485 SR 5 Wi 0 B K S IR JRE
100 CIf, Jo B A< B A8, P R RAG; B IR )
Thim, FRR S ¥ (3 1, Entries 25~27). {E 160 C
ST BTSN ()06 S5 S BOR A SE IR B, B S
I T AR SE A, S 7 28 2 B 10, 22 I (] S K 3]
72h, SNIFE AT LA F] 81%(F 1, Entries 3, 28, 29).
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Table 1 Reaction condition optimization of Palladium-catalyzed synthesis of carbazolequinones
O (0]
. * NH, Br . H
O‘ + ©i Catalyst, Ligand, Base, Solvent O‘
Br Temperature, Time Q
(o] 2a o
1a 3aa
Entry Catalyst/ligand® Base Solvent Temp./'C¢ Time/h Yield’/%
1 Pd,(dba)s/Xphos K,COs DMF 160 72 23
2 Pd(OAc),/Xphos K,CO;4 DMF 160 72 40
3 PdCl,/Xphos K,COs DMF 160 72 81
4 PdCl,(PPh;),/Xphos K,COs DMF 160 72 11
5 PdCl1,/DPPE K,COs DMF 160 72 Trace
6 PdCl1,/DPPF K,COs DMF 160 72 Trace
7 PdCl,/PCy; K,COs DMF 160 72 Trace
8 PdCl,/PPh; K,COs DMF 160 72 Trace
9 PdCl,/MePhos K,COs DMF 160 72 25
10 PdCl,/'BuXphos K,COs DMF 160 72 20
11 PdCl,/Davephos K,CO3 DMF 160 72 28
12 PdCl,/Johnphos K,COs DMF 160 72 5
13 PdCl,/Xphos Cs,CO; DMF 160 72 70
14 PdCl,/Xphos K;PO, DMF 160 72 13
15 PdCl,/Xphos NaO'Bu DMF 160 72 23
16 PdCl,/Xphos NaHCO; DMF 160 72 35
17 PdCl,/Xphos NaOH DMF 160 72 5
18 PdCl,/Xphos Et;N DMF 160 72 Trace
19 PdCl,/Xphos K,COs DMA 160 72 57
20 PdCl,/Xphos K,COs DMSO 160 72 35
21 PdCl,/Xphos K,COs Toluene 160 72 38
22 PdCl,/Xphos K,COs Acetonitrile 160 72 26
23 PdCl,/Xphos K,COs THF 160 72 10
24 PdCl,/Xphos K,CO3 1,4-Dioxane 160 72 10
25 PdCl,/Xphos K,COs DMF 100 72 31
26 PdCl,/Xphos K,COs DMF 120 72 40
27 PdCl,/Xphos K,COs DMF 140 72 61
28 PdCl,/Xphos K,COs DMF 160 24 51
29 PdCl,/Xphos K,COs DMF 160 48 63

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), base (0.6 mmol), catalyst (10 mol%, 0.02 mmol), ligand (20 mol%, 0.04 mmol) and solvent (2.0 mL), 72 h, air.
b Abbreviations: dba= dibenzylideneacetone, Xphos=_2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl, DPPE = 1,1-bis(diphenylphosphino)ethane, DPPF=
1,1"-bis(diphenylphosphino)ferrocene, MePhos = 2-dicyclohexylphosphino-2'-methylbiphenyl, ‘BuXphos = 2-di-tert-butylphosphino-2',4',6'-triisopropylbiphenyl,
Davephos =2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl, JohnPhos= (2-di-zert-butylphosphino)biphenyl, © 160 ‘C (oil temperature). The accurate
reaction temperature was the reflux temperature of the solvent employed (Entries 1~29). “Isolated yield after chromatography.

65 2, 2-EIEZEE A SRR AR A AL 2 R AT
BRI B, LA 4L 77, Xphos LI, BRERHH
9%, DMF A&7, 160 “CF M 72 h R B4,
1.2 P-m@RFEFE R NI

TESRIFARE [ BL 26 J5, TR0 1 A A R U2 4]
VAR AR TS BRI IR BLGE R, R 2 s,
W48 IR IR R AR IR IR . AR TRBR AN AL R (R
2, Entries 1~4), ABEMBIFNLE 2K S 5 1 I N Al BE
BRI R, MATFIRAREAS S RN, KXk #
PE, 28 A AREUAR 1948 — RS SR IR, Je o2 AT
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REAE BRI A T2, N T B G IX R AR IR R 1) R, AN
EJBUARS T (AT K (3R 2, Entries 5~9, 12~16, 18)
A BRI S8 — R T7 J2 (3K 2, Entries 10, 11, 17)#
VERIRIMER, %A 7 B B ) R B S B
RE 11 52 7.
AR B, D7 R AR C—1 g 15
T C—Br 8, FIFHIX 55, A7 HE MO0 F b R B
SN FR) BR824 (Scheme 1), 5- B HE-2-JR AL (2€) F1 4-H1
F2IRBEROPIFIR MR RS 2-R 2L RN, S
S — AR B T PR RS A 2ael AT 2aft0)
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W, g =50 BRI S SNSRI, 5 ISR AR X
(3 2, Entries 7, 9, 13~16). JHHWEAR AR — 30T

BRI R R, gt IR R TIR S 1=
R T 7377 #(3 2, Entries 10, 11, 17). 5B
A, A0 R EAR I DU R 2 i 2q B, IS H Bg
S — IR R, 5 AMFA A AR R —VR R R A T I
JR U Si(FR 2, Entry 17). BbAb, 44RIRBER B IE Y
SRALEA FAERS, T BRI R 2 A BRSO NAS
RE 1IE % KA (3 2, Entry 18).

K2 AT RARTT SRR SRR R R ¢

Table 2 Effect of o-dihaloarenes on the reaction

O O H
O‘ NH; @X PdCIy/Xphos, KyCO3 O‘ N
+ R-— —
““~y  DMF, 160°C, 72h
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O 2 (0] R
1 3
Entry 1 2 Product 3 Yield"/%
0 Q4
NH; Br N
L O I O “
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O 2b 3aa
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H
O N
e ' Ao e
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o) 2 3aa
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H
O N
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| o}
0 2d 3aa
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H
O N
5 NH, O‘ 56
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O
Me
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0 2e
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O N
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3af Me
0 2f
Chin. J. Org. Chem. 2020, 40, 950~958 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 953



BHLE HRIEX
gk
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E
Entry 1 2 Product 3 Yield®/%
o
H
0O N
16 NH2 Br O‘ O 41
X .
o
Br
O 2p 3ap
(0}
H
0O N
T CC ey ”
Br Br 03
O 2q 29
o}
H
0O Me N
tocgT oC 0 '
| © Me
le) 2r 3ar

“Reaction conditions: 2-aminonaphthalene-1,4-dione (0.2 mmol), o-dihaloarene (0.6 mmol), base (0.6 mmol), catalyst (10 mol%, 0.02 mmol), ligand (20 mol%, 0.04
mmol) and solvent (2.0 mL), 160 ‘C (oil temperature), 72 h, air.  Isolated yield after chromatography. “ The substrate was completely recovered.

1.3 AR

N T B s R AT RE R AR I i AR, FRATTTE BRAE S 1F
T, DL 2-F SRR AR N R AT IR B, SEEG SRR
B, JBEREAE AR N-75 40 H 1] P2 ) (Scheme 2a), H H.i%
HHEATE SOV AATI AT, R 47 4 28 SUBA
BB R R AE R 3aa, P2 38%. H— 5T, f#
FAAKEFREUAR I AR VR B A R A, U 4-H R -2- YRt
HK2A), ZHRBR N E AR T 9-H R -SH- AR HE
-6,12- —FiF=#(3ah ! (4 N—H J5 C—H X5 HAL =
Y, 60%r=2); M N H A LR 3-FHk- SH-ZR I
e-6,12- =4 3aft' (% C—H JG N—H X5 HAL =
1)(Scheme 2b). FET FIRSZIG S5, % X5 B A0 A Bk
SN A GEHLER 40 Scheme 3 AT 7.

B, AR AT RAE PA(O) I T AT AR AR N
B N AF R PR AR 4, ERMESME TS 2-E A ZEm )
REE AL HIE A i LA Ak 5, Ak 5 &b R
WM, AR N-J5 5 TE =) 6 F PA(0). BE)E,
Pd(0) - IR G S AN s 7 AE 55 40 e () 4 7, i I 40
TFWIREEN C—Pd ST R ARANE K 8, FI4 p-E kR
M RPAS 2 HFRr=4 3 (Heck i&1%, Scheme 3). X T3 —
97 AL TR I B, HaR R AT A A i U ] 4 R k-
ZR AR O SEERR -SRI AT R A N
TCARFR A 24 10, 10 2058 53 B [N A i 44 72 )
Jaa(Bi-E L& 1%, Scheme 3)AEPEYIF P(0), =2
LT BB A
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Scheme 2 Investigation on the reaction mechanism
2 Hig
ARICFEABTIT 1 2-F B R ER AN L IR AR AR AL
TR T & O IERR AT AE M S RS AR, PLRALAE JufiEfl

http://sioc-journal.cn/ 955



BIHE

L)
L
N
H

3aa

O H ¥

C-H paIIadatlon through CMD
transition state
(concerted metallation-
deprotonation)

migratory insertion
in Heck pathway

! .
l T
iP
H |d (IPd—Br

base NH\©
waddmon

@iBF
Br

2a

LnPd(0)

Br
oxidative addition @ Br 0
, A /
reductive elimination B-H elimination Pd(lly NH;
O PdBr 4 I\_

@RJ@ “

/(reductive elimination
Pd(0)

B3 AT I A R R S S LB

Scheme 3 Proposed mechanism for the synthesis of carbazolequinones by Pd-catalyzed double arylation

7. Xphos NECAR, BREREF MK, 7E 160 CHKMF T
DMF "1z 72 h BER]SRIGE i 7= 2 =), 1E L id b
HERAE T, TSR — ) AO REA R T R H
FRPEV), R0 TiZE O A E VSRS R R B,
A TR MR R i R T — 2 TR R R S
SR, G YITE LS LA BHL 0 540
) N B8 T Rl

3 SKEERS

3.1 UFESHF

'H NMR #1 °C NMR L DMSO-ds N7, 1
Bruker A F]; MP470 4 H 215 5, B dgae i ss A .
BB A0 R e il 22 5 102, R4 Jo KAk
.
3.2 KYRBREMERTE
321 2-AAEBEGESRT K

TERAHFET . TR S, A 625 ¢
NaN; B B4 T 15 mL KR S mL KEEER A, TRk
YR IH] NaN3 I 1,4-Z5F8(5 g, 29 mmol) Al 100 mL
PUSRIR, 7E=R R M 6 h, 51RO, 1A [ BEIm
TN S A7KIEAT K, TR NaHCO; il —
A R BRI =R, Tk MgSO, T, i, IER
AT RV =), SRS A E AT B R Al R,
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VMR VCHER) @ MR AER) =2 © 11/33
ZERE A 3.5 g, 72 70%.
3.2.2  vERRBELAT A A6 Ak

i 10 mL %3 RBEHRKIKIIN 2-2 52501 (34.6
mg, 0.2 mmol). 4 — ¥R (141.6 mg, 0.6 mmol). AL
(3.6 mg, 0.02 mmol). Xphos (19.1 mg, 0.04 mmol). K&
£f(83 mg, 0.6 mmol)fl 2 mL J5/K DMF ¥, Iz
160 C TR 72 h, FERFMEGVRERZRE, A
5 mL WK, LB AFEFEE(10 mLX3), &H AN,
AN KB, oK R BT, I8, RS,
FEEHT o B RERR, SRl VR k) @ V(2R LBE) =
5 114595 # (0[5 4 (3aa), 40.1 mg, = F 81%. m.p.
301~303 C (Lit."" 301~303 °C); "H NMR (500 MHz,
DMSO- dg) 6: 13.07 (s, 1H), 8.21 (d, J=7.9 Hz, 1H), 8.11
(t, J=7.2 Hz, 2H), 7.91~7.75 (m, 2H), 7.60 (d, J=8.2
Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 7.37 (t, J=7.5 Hz, 1H);
BC NMR (126 MHz, DMSO-d) 6: 180.4, 177.6, 138.2,
137.2, 134.2, 134.1, 133.2, 132.6, 127.0, 126.1, 126.0,
124.0,123.9, 122.4, 117.4, 113.9.

3-FH LS H-ZE T M mE-6,12- il (3ae)"™: P2 56%
(29.3 mg). ¥ EFE A, mp. 271~274 C; '"H NMR
(500 MHz, DMSO-dy) d: 12.92 (s, 1H), 8.08~8.04 (m,
3H), 7.85~7.78 (m, 2H), 7.35~7.33 (d, J=8.0 Hz 1H),
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7.18~7.16 (d, J=8.2 Hz, 1H), 2.44 (s, 3H); *C NMR
(126 MHz, DMSO-dg) 0: 180.8, 177.8, 139.2, 137.4, 137.2,
134.6, 134.5, 133.6, 133.1, 126.5, 126.4, 126.3, 122.5,
122.3,118.0, 113.7, 22.1.

9- Hl Jk -5 H- 7 3 W I -6,12- — i (3af): 7* F 60%
(31.4 mg). HHOEE, mp. 258~260 C (Lit.' 257~
260 C); 'H NMR (500 MHz, DMSO-ds, 6: 12.91 (s, 1H),
8.05 (t, J=7.9 Hz, 2H), 7.94 (s, 1H), 7.83~7.75 (m, 2H),
7.44 (d, J=8.2 Hz, 1H), 7.23 (d, J=17.5 Hz, 1H), 2.42 (s,
3H); C NMR (126 MHz, DMSO-d,) J: 180.2, 177.4,
136.9, 136.6, 134.1, 134.0, 133.2, 133.0, 132.6, 128.8,
126.0, 125.9, 1242, 121.6, 116.8, 113.5, 21 2.

2- G -5H- I M -6,12- i (3ag)!™: FEE 32%
(18.0 mg). # ¥ A[E K, mp. 318~320 C; '"H NMR
(500 MHz, DMSO-dg) J: 1325 (s, 1H), 8.11 (d, J=
10.1Hz, 3H), 7.90~7.85 (m, 2H), 7.61 (d, J=8.7 Hz, 1H),
7.47 (d, J=8.7 Hz, 1H); °C NMR (126 MHz, DMSO-d;)
J9: 180.0, 177.4, 138.1, 136.5, 134.3, 133.8, 133.3, 132.5,
128.4,127.0, 126.1, 123.4, 124.7, 121.1, 116.6, 115.6.

2-FHAE FE-SH-OE IFHEME-6,12- — i (3ah): P2 44%
(24.4 mg). FEOHE K, mp. 288~290 C (Lit.!" 297~
298 °C); 'H NMR (500 MHz, DMSO-dq) d: 13.08 (s, 1H),
8.16 (t, J=8.3 Hz, 2H), 7.93~7.85 (m, 2H), 7.67 (s, 1H),
7.55 (d, J=8.9 Hz, 1H), 7.15 (d, J=8.9 Hz, 1H), 3.92 (s,
3H); “C NMR (126 MHz, DMSO-dy) J: 180.2, 177.2,
156.9, 137.0, 134.1, 133.4, 133.1, 132.7, 126.0, 125.9,
124.8,118.4, 117.0, 115.0, 102.0, 55.3.

2-F-SH-ZEIFIEME-6,12- B (3ai): 7% 32% (17.1
mg). P #H O E 4K, mp. 260 ~262 C (Lit!'" >
250 °C); '"H NMR (500 MHz, DMSO-dg) d: 13.17 (s, 1H),
8.10~8.05 (m, 2H), 7.85~7.77 (m, 3H), 7.61~7.55 (m,
1H), 7.34~7.27(m, 1H); *C NMR (126 MHz, DMSO-d;)
5: 180.0, 177.3, 159.4 (160.2, 158.7, d, 'Jer=239 Hz),
138.4, 134.8, 1343, 1339, 1332, 132.5, 126.1, 1242
(124.2, 124.1, d, *Jep=12 Hz), 117.2 (117.3, 117.2, d,
*Jer=5.3 Hz), 115.8 (115.9, 115.7, d, *Joy=27 Hz), 115.5
(115.6, 115.5, d, *Jep=10 Hz), 106.6, 106.5.

8,9- . FA R SH-ZE e E-6,12- i (3aj): FEFK 49%
(30.2 mg). & FH O E A, mp. 265~267 C (Lit.!"™
266~269 C); '"H NMR (500 MHz, DMSO-d) o: 12.87
(s, 1H), 8.11 (t, J=7.2 Hz, 2H), 7.96 (s, 1H), 7.89~7.76
(m, 2H), 7.36 (s, 1H), 2.37 (s, 6H); *C NMR (126 MHz,
DMSO-dg) o: 180.3, 177.3, 137.4, 136.7, 136.4, 134.1,
134.0, 133.2, 133.1, 132.7, 126.0, 125.9, 122.4, 121.9,
117.1, 113.5, 20.4, 20.0.
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SH-FF[1,3] = 5% 0 00 I [4,5-H] R e -6,12- —
fifl(3ak): 7= 53% (30.9 mg), FEEARE K, mp. 312~
314 C (Lit!"™ >310 ‘C); '"H NMR (500 MHz,
DMSO-dg) d: 12.90 (s, 1H), 8.07~8.00 (m, 2H), 7.85~
7.71 (m, 2H), 7.45 (s, 1H), 6.95 (s, 1H), 6.11 (s, 2H); *C
NMR (126 MHz, DMSO-d;) d: 180.4, 175.9, 148.7, 146.5,
135.5, 134.6, 133.9, 133.7, 133.1, 132.8, 125.9, 12528,
118.6,117.9, 101.7, 99.2, 93 2.

2- = H AR B -SH- 2R IR -6,12- i (3al): 7%
58% (38.4 mg). B AE K, mp. 274~276 C; 'H
NMR (500 MHz, DMSO-dg) 6: 13.29 (s, 1H), 8.05 (d, J=
7.9 Hz, 3H), 7.80 (s, 2H), 7.65 (s, 1H), 7.40 (d, J=8.2 Hz,
1H); “C NMR (126 MHz, DMSO-d;) J: 180.6, 177.9,
145.4, 139.2, 137.0, 134.8, 134.3, 133.8, 133.0, 126.6,
124.4,121.8,121.2,119.7, 117.8, 116.1, 114.2; HRMS-ESI
caled for C;HoFsNO; [M + H] *332.05290, found
332.05246.

3-9-5H- 2K I EE-6,12- — B (3am)!"™: 2% 30%
(16.2 mg). O, mp. 265~267 C; 'H NMR
(500 MHz, DMSO-dg) 0: 13.15 (s, 1H), 8.11 (d, J=7.2 Hz,
2H), 7.86~7.73 (m, 3H), 7.55 (m, 1H), 7.28 (m, 1H); °C
NMR (126 MHz, DMSO-d) ¢: 180.5, 177.8, 159.9 (160.9,
159.0, d, "J.r=239 Hz), 138.8, 135.3, 134.7, 134.4, 1337,
133.0, 126.5, 124.7 (124.7, 124.6, d, *Jer=11 Hz), 117.7
(117.8, 117.7, d, “Jey=>5.4 Hz), 116.3 (116.4, 116.2, d,
2Jer=27Hz), 116.0 (116.1, 116.0, d, *Jer=10 Hz), 107.1,
107.0.

2- = F B -SH-OR GF M -6,12- i (3an): 7T
27% (17.3 mg). FEFEARE A, mp. 262~264 C (Lit."!
257~260 °C); '"H NMR (500 MHz, DMSO-d,) o: 13.38
(s, 1H), 8.38 (s, 1H), 8.03 (d, J=7.2 Hz, 2H), 7.85~7.75
(m, 2H), 7.70 (d, J=8.2 Hz, 2H); *C NMR (126 MHz,
DMSO-dg) d: 180.7, 177.9, 140.0, 139.4, 1349, 134.2,
133.9, 132.9, 126.6, 126.3, 124.8, 124.6, 124.1, 123.4,
120.02, 119.0, 115.5.

3- S -5 H-ZE IR R -6, 12- i (3a0)": PR
20% (12.8 mg). B3 K, mp. 268~270 C; 'H
NMR (500 MHz, DMSO-dq) 6: 13.41 (s, 1H), 8.31 (d, J=
7.9 Hz, 1H), 8.06 (d, J=7.2 Hz, 2H), 7.86~7.75 (m, 3H),
7.60 (d, J=8.2 Hz, 1H); *C NMR (126 MHz, DMSO-d;)
5: 180.6, 178.0, 139.8, 137.4, 135.0, 134.3, 133.9, 132.9,
127.3, 127.0, 126.7, 126.0, 124.0, 123.8, 120.3, 117.4,
111.6.

3-IR-SH-FEFFIEME-6,12- i (3ap): 7% 41% (26.7
mg). A EE, mp. 298~300 C; 'H NMR (500

http://sioc-journal.cn/ 957
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MHz, DMSO-dg) d: 13.12 (s, 1H), 8.08~8.22 (m, 3H),
7.84 (m, 2H), 7.60~7.35 (m, 2H); *C NMR (126 MHz,
DMSO-dg) d: 180.6, 177.8, 139.3, 1382, 134.8, 1343,
133.7, 133.0, 127.4, 126.5, 124.5, 123.2, 122.8, 120.1,
116.7, 114.3; HRMS-ESI caled for C,¢H,BrNO, [M+H]"
325.9817, found 323.1689, 325.1657.

SH-ZEFFEIE-6,12- —fd(3aq): 7% 33% (26.5 mg).
P E A, mp. 301~303 C (Lit!"™ 301~303 C);
'H NMR (500 MHz, DMSO-d;) 6: 13.14 (s, 1H), 8.27 (d,
J=8.0 Hz, 1H), 8.17 (t, J=8.1 Hz, 2H), 7.94~7.86 (m,
2H), 7.66 (d, J=8.2 Hz, 1H), 7.51 (t, J=7.6 Hz, 1H), 7.43
(t, J=7.5 Hz, 1H); *C NMR (126 MHz, DMSO-d;) o:
180.8, 178.0, 138.7, 137.7, 134.7, 134.5, 133.7, 133.1,
127.5,126.6, 126.5, 124.5, 124.3, 122.8, 117.9, 114.3.

4Bl (Supporting Information) L&) 3aa~3aq
¥ "H NMR Al °C NMR 1% . 33X L4 8} AT DL G 3 AT
%3 (http://sioc-journal.cn/) I N .
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