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Synthesis of o-Halothiobenzamide Derivatives from the Selective
Thiolysis Reaction of o-Halobenzonitrile Mediated by CO,

Sang, Guozhi Feng, Xuetong

Han, Limin

Chen, Juan
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Li, Shanshan
Zhu, Ning*

Li, Zhuona Li, Xiao

(Inner Mongolia Engineering Research Center for CO, Capture and Utilization, Chemical Engineering College,
Inner Mongolia University of Technology, Hohhot 010051)

Abstract A method for the selective synthesis of o-halothiobenzamide by thiolysis reaction of o-halobenzonitrile with NaHS
under the action of CO, was explored. CO,/H,O/NaHS was used as a buffer system to provide a suitable pH environment,
which would make HS attack the nitrile-based carbon selectively to produce the corresponding o-halothiobenzamide.
Moreover, the buffer system also provided the additionally required hydrogen atom for the thiolysis reaction of o-haloben-
zonitrile with NaHS. Further studies have found that the CO,/Na,S*9H,0 buffer system could also efficiently promote the
thiolysis reaction of o-halobenzonitrile to form the corresponding o-halothiobenzamide. This synthetic method could be used to
prepare different substituted o-halobenzonitriles, which is a simple, efficient and high atom-economic reaction.

Keywords halobenzonitriles; thiolysis reaction; halohiobenzamide; carbon dioxide; NaHS
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Figure 1 Application of thioamide in the organic synthesis

AL BREALEN. BN E TR AL ERR IR, R
PR IR 75 LS R B A, B R T S N R M B
A, PR RNARR pH A2 RENAAH 5 A PR Ak
A1 e B R ) 32 SR IR R P, WE e, AR B DAAT
RS AT HLER AL 0 N BERE, S Il i I Rtk &R
pH RF-4K— 410 1 G B 48 i B4R 2 R Bk e R i A=
VI rik” BgAE.

M TEZR ST AR R A B S B TR AR e 2 i AT = 40 40
TR B G R, 5 BRI n R A TR A Rl
JERHEEAL =4, TRIMAR S 56 B U S PR BE B A B n R X
THE TR, LA NaHS. HpS #
(NH,),S ZRefF e R M TR, (HiE HS A Hopt
59, (NH,),S % 5 A 5tk A7 O, B DAAS SC gk B
NaHS {ENVIGEHRIE. MR 77 A T JFRLE
IR IE A= 40  BARR F B fE I, R B — AN R T
R EE A REA R LA =4, 28 NaHS H g
Pt —ARE T —ANER T, B AR R SO R e TR
FHRAE A A —ANEUR T R AE B ARP=ITR A K. 2005
4, Manaka 521438 1 FIH MgCly6H,0 15N Bh 15
KNG SRENE L, 1A R AR B RE 2R AT AR
(7. VEETPRANENF] MgCly6H,0 £ J 3 i Fe i
& Mg(OH), 9 s N HR AL 74, AT A S} AR S 7=
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HAHE TR M AL S NaHS TR & 8% S Rk 22 BRI 1)
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NERAR A ERYE, NS5 AR J5 TG 7 A I Bl ge A
SRR S, AU EREE AR, T L RE i 1R 1
AR AR R pH. (K, ASCHE COMER Tt
FOAR 1 AR NG 5 NaHS & AE B il [ N 35 38 14 b B il 41 <
AR RBEILHI T, FEER T COMENIRIERIFIFE Z %
A R AL

1 ZR5HIE

PLABF RS (1a)(E YR, CO, 1E AR PEBNFHI,
N,N-— F5: F i Jie (DMF)AE g S R 711, 3 i e 3% e v
FAF, A4 THRE. K1 S8R LSRR AR
i 55 T SN S A AT AR A 2R R R RN (R 1),
IR R 1, Entries 1~4), RN 2 HEEE R
FET R I R KSR s, BHAE 25 CR™
RIKB] 9% RAE. il B PR, [N AT RESZ T 2%
SO, B ORI SO TE PR R R, PR R PR, TS
MR, VRAH R — T U I FH RS I e L RV R
FEMIE R, PR FRE. E CO, R i R P (R
1, Entries 2, 5~8) &I, 1tk Ntk Z AN CO, B,
SRR BERL 37% 7= 2645 31 B A5 =4 41 s AR F
fliZ; @A 0.1 MPa CO, Y, BELL 91% I ==K 45 3
H AR =48 AR AR L%, 48Tt mE 1% 3 MPa,
FERARWAK; SR, MUEII A 6 MPa B, 7EH IR
T CO, Witk, B#{%T DMF K, wTREfdnR S LanrE
WP SRS, SEUEER TR, Bz R M
CO, TR, 3+ H 0.1 MPa Al & RN T T, FEWFST
SRR ANE SIE AN BRI LI (R 1, Entries 2, 9~12)
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Table 1 Study on the reaction conditions of preparing o-fluorothiobenzamide from the reaction of o-fluorobenzonitrile and NaHS

CN N
@[ + NaHS ——>
F

1a 1b 1c
Entry Temp./C CO, pressure/MPa  n(1a) : n(1b) Solvent (2 mL) Time/h Yeid/%
1 0 0.1 1:2 DMF 2 75
2 25 0.1 1:2 DMF 24 91
3 30 0.1 1:2 DMF 24 68
4 60 0.1 1:2 DMF 24 47
5 25 0 1:2 DMF 24 37
6 25 1.2 1:2 DMF 24 89
7 25 3 1:2 DMF 24 88
8 25 6 1:2 DMF 24 40
9 25 0.1 1:05 DMF 24 34
10 25 0.1 1:1 DMF 24 67
11 25 0.1 1215 DMF 24 84
12 25 0.1 1:3 DMF 24 81
13 25 0.1 1:2 CH;0H 24 71
14 25 0.1 1:2 DMSO 24 92
15 25 0.1 1:2 H,O 24 Trace
16 25 0.1 1:2 DMF 0.5 63
17 25 0.1 1:2 DMF 1.5 82
18 25 0.1 1:2 DMF 2 89
19 25 0.1 1:2 DMF 7 90

“Isolated yield.

KEL, BRI 102 B, PERIABISEIR A RIHON
{B; T S AN ) S 2 T UL AT SR R B
ANGEAT, NGRS AN I A 0 2 A PR

w, Rk, ERATHEIRNE S A BRI A 1 1 24F
VSRS 0h e ta) S AL v = S 7 = A N S AL Sl P ORI
S 5 i A BN N A R A0 SR A R R I A 1 2
(3% 1, Entries 2, 13~15). HTZ5 M ERA S -
[ = Mok, R SR AEEFE MRS W [ =F
RAS 1 SRR AE SR OB DG, AR PO — [, A
SCAEF IR R E T NaHS 765 WA E g, K
NaHS M T &R 1,4- 505, RigT N-HI3
g e BH(NMP). DMF. RN 2,1 B fPERe Ik I
“NMP>DMF> HiE> 2" . A e T CO, fEH
LR s e Re, B 2 AT, 4N NaHS i,
DMF 5 1,4- 5 /"% CO, A MR PERER LT, A 2
mmol ) NaHS J&, DMF X} CO, FI¥E @ fE J1 BT 1,4-
THEONER, FTLAA kR DMFE /RN OSIVE . SR 4
BEABEBLL DMF {EEF, 1% RE LML 7> R 15 2] H
bR, AR5 HILL DMSO. CH;OH Al H,O 97wt
T RNRCR, 4558, DMF Al DMSO 588 LU 1)
FERAFE) HARPE; HyO X JEORI AR R G v iR e TG BR,
SONANBEIE 34T, CHROH 7E o o i 72 v BE AR AT 46
3544

http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

SR R Y, RN S AR B R, R
DMF 5 DMSO 1412 5 L) 5 18 S S 71

3.2
3.0 ——NMP ---DMF  ----- 1,4- "N
--=--CH,OH CH,CI, -~ NMP+NaSH
281 4 . DMF+NaSH ----- 1,4-— %A H +NaSH
2.6-
& 2.4
=
g 2.2
2
¢ 2.0
o
1.8
1.6-
14f
0 5 10 15 20 25 30
Time/min
B2 AFREAX CO, i 5E il &

Figure 2 Determination of different solvents on the solubility
of C02
70 °C, 50 mL reactor, 15 mL of solvent, 2 mmol of 70% NaHS
BRI Ab, G T AN SR )X 8 s ARG 5
S S LA AR TR A A TR I O B2 (3R 1, Entries
2, 16~19). HSEIGLERATHRI, NI 2 hiF,
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Table 2 Scope of the synthetic method investigated by preparing o-halothiobenzamide from the o-halobenzonitrile

S
CN
A CO
RO + NaHS ——2» g NH:
= DMF _
X X
b c
Entry Material Product Time/h Yield’/% | Entry Material Product Time/h  Yield®/%

()

CN i B N s
NH Br NH
1 . 2 2 91 9 | 2 24 46
F |
1a 1c 9a 9c
CN = Z,F N E/F 3
NH F~ -
2 @[CI @ 2 2 91 10 \@[ F @NHQ 24 52
| |
10a 10c

N
(1]

w
w (@]
- z

vy) ::(/)

Z
I
N
)

CN i
/@[ NH,
Br /E:fj\ 24 96
11a Br
11c

76 11
]
3a 3¢
S
CN i Ny -CN N
NH 7 "NH
4 @ 2 2 76 12 E;E | z 24 73
| | = |
' 12a
12¢

S
(1]

{0)]

24 44

(9
Q &
o
l (@)
z
n g
=z
xI
N
—_
w

S
CN
Br/©/ ﬁNHZ 24 6l
Br
13a 13¢

(<
(Y

o))
l (@}
z
; 2/ o
o
m wn
=z
I
N

CN N
@[ NH,
14 NH, Ej\)L 24 99
NH,
14a 14¢

24 77
HaCO
s 6a H,CO
6¢c
CN 7 N S
7 F/C[I /©5LNH2 " 53 15 ©/ @NHZ 24 93
F |
7a 7c 15a 15¢
S
CN
8 Cli :[ | /deW 24 64
cl |

8a

[+
1]

“ Reaction conditions: a (1.0 mmol), NaHS (2.0 mmol) and DMF (2mL) were stirred in an autoclave under 0.1 MPa CO, atmosphere at 25 C for an

indicated time; *Isolated yield.
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M 2 AIAL ZERRE M), (B[R EY)
PR REENAFAEZ R, 15k, BEA F. Cl. Brag 1
BRI ZE IS J5 R0, 24 F A1 CLEURI, B8 DL St = %
REIEbR=Y), [RBEVER S T4 Br A1 T HURE, f#E
DA Hp 85 = 245 BT B H AR =, OSTE A BT B AR (R
2, Entries 1~4). HIR, CAATEUORIEIE W B SE Y, 52
TEFL 447 HN 6~ 43 T AN [F) AR I BN %o s W 2 SR 1)
SOMA. S5 IRERA, 2-9-4- AR R B DA S5 215 3
HARF=H, B 2-5-6-BCR G A0 R BE L 44% 17 223K 15
HFsr=#)(3E 2, Entries 5, 6). R, PARBHURE Jy BEA
SE, RS AR SO A BB (R BRI I X s
SR RE, 25 SRR, AR 4-5-2- RS . 4-5-
Q-G . S-YR-2-BR I8 2 2-M-5- = JU AR I, #1
B LA &5 7= 4G B B 1) H AR P2 ¥)(3% 2, Entries 7~
10). fJa, VAABBRI N RHMALE M, HRAEH 4%
P R AR 25 B 6 S 7 R iy sz & NI Bt 1) 02
ZIRYIBELL 96% =153 HAR=¥)(E 2, Entry 11).
BbAh, ZVELL 3~ e -2- RS 24 BR R AR AT i BUAR 1
A-FRIE R RY), AR DA SE =R A5 2] HAR =R 2,
Entries 12, 13). 7E5 %240 = ARG BARAT A HIFRS,
X AEAR o RS BRATAE AT T 5. T ARG
PRI, DR AR R IR ARG AN 2-07 A2 B3 ) 2 R S 1)
e = 7 R M A5 B AH B 1 B AR P2 Y)(3R 2, Entries 14, 15).

TR R BAR Z pH XHURAR i R T S S A R
SIS, 5 A 20 mL 4likf%#F DMF, 1£ 25 C
M2 NN CO, #E47 pH MBI E 5256, PAIRAT
CO, 7ER M HIIER. o B ful seas o R, 78
NaHS /K& R (PH=13.11)H @A 0.1 MPa CO,J5, &
MR ZR pH T % 8.38, HULULH] CO, ATRES H,O fEH
TERRIR, SR)G 5 NaHS # Mk R, WA E
AR T R 5 I SN AR R I pH A, IR, TR
T, WIS BANMAKIRI T B A A X B AR X
2R 5 S BN BB () 5 R Eh R O R (R
3), BT 70% NaHS HEH&HWMNEEGK, LA M RN
HHEAMINK, ISR BEAREE B 45 G 7K BL 91% 1) 7= %
BEIHFR=Y(EE 3, Entry 1); 240N 1 EEK)E, RN
FERMSA K, RSN 5 R EAKR 10 fFEK, RVLE
JLELARAE (5 3, Entries 2~4). N T %% CO, A& %
L= R R, SUAE 5 A Bk S AN B0 S o i 24
TEAET, HRMHEAN 0.1 MPa CO, =X LI I
BRI A B, HA NEAMOZ, RERB=RHHEA T
F#(3 3, Entry 5), WJREH TN CO, MEL 2, FHR
PERGR, BUE SH 5 H &AM HaS, K 7 SRi%E,
I SAF PR, IR R I T A A R S R
RO, DR, S THESE %8RBI R 2 52 ) ) SR
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F pH BUR T2 52, R pH A 2 — & Yo Bl
TEIREIAR—ERER, %N A GEAIET” X —
Mk, AR TFEEEARRRIER T T 405 A NG O AR 1)
SR, SEIG ORI, TEAEAMMKIIZAE T, NaSH {E
BRIRET, SN Ae 8 DL R B = R AF B H AR =GR 3,
Entry 1); 1 Na,Se9H,O TERBVRIT, S b A i DAt 4577 %2
B2 HArr=¥)(3R 3, Entry 6). T NaSH H A 44
K, FEHHAMAE T8 S X AER T, bRk
R A/ B SR R AT DA v = e AR S AR HE I A
1M Na,S*9H,0 H I & AT A & 1, K5 H & Pl
AL G/K R R E R gt R M ATHRE T, BreA R n]
DA AR R A AR R AR e G . Rk, R 7RSS
MR TR P (pH) Y L P, AR AR o 8 A B s = 2
TR Al A EUARAR s B AR R bR, S T ik — B iz
MIEEYE, 7E NaySe9H,0 1ERIEMIE I T, AR E )
) CO, BRI SRR H,0 HHTSZIRIR T, RibsE Bk
B, Na,Se9H,0 TEBIEES, M 10 f5EK)E, 72238 %
FRAR(3R 3, Entry 7), XTIX—ILG, ASCE5E T pH I E
PRSI IN y, ArRe RN KB 2, S8 DMF
X CO, M ARRE TS, T8RRI, [ Ak
Z pH AReib T & pH YN, HARF=WIr=2 TR, Bt
DALEAESMINZK B 26T, 380 CO, A E I LEK B
I a), CAURSR S IR IR AR e, Sii &t R & LA 9%
FPEERIAS AARP(EE 3, Entry 8); 1E AN, U7E%R
MR ANKIE, AVAE 0.1 MPa [ CO,JE /1 F M 6h, R
RELL 61%M 7= 23K 45 B bR #I(3K 3, Entry 9), #E—35 i
#3 RVHLHEBETIR

Table 3 Experimental study on the reaction mechanism

S
CN
CO
+ Sulfur source —2, NH,
DMF
F 1b F

1a 1c

Entry Sulfur source Time/h pH®  Yield/%

MPa equiv.
1 NaHS 0.1 0 2 838Y 9]
2 NaHS 0.1 1 2 96
3 NaHS 0.1 5 2 96
4 NaHS 0.1 10 2 94
57 NaHS 0.3 5 2 815Y 85
6 Na,S*9H,0 0.1 0 2 13519 57
7 Na,S*9H,0 0.1 10 2 41
8° Na,S*9H,0 0.4 0 6 812° 99
9  Na,S*9H,0 0.1 0 6 61

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1a (1.0 mmol), NaHS (2.0 mmol) and DMF (2 mL)
were stirred in an autoclave under 0.1 MPa CO, atmosphere at 25 C for an
indicated time; ® The simulated pH value was determined in water solution
with the different method @ or @); “Isolated yield; 0.1 MPa CO, was ac-
cumulatively charged into the reaction solution for three times; ¢ 0.4 MPa CO,
was accumulatively charged into the reaction solution and stirred for 6 h.

Chin. J. Org. Chem. 2019, 39, 3542~3549
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I B SEAERIBARTT T e R R BER. SE8e e
R, 1] SR A F AR YIN N 10 mmol 413 A5 20 mmol
NaHS #1110 mL DMF, i\ 0.1 MPa CO,, %if Rtk
24 h, BEIRTT 1.45 g HER P20 s Aok iz, i~
ik 89%, SEEMUR RUF, UL TR — s
FAPE.

A SC e N HUEREAT HED . 1%, NaHS 755
DMF R4 B g, B3 HS &1, MG HS & FaEiit
BUAR SRR G (1a) HH RS i, 5 38U ik S B b Y,
R EE 1d, S5IEFRN, CO, 5 H,0 1EHITE R,
W R RS, B H B FMHCO; &7, H & 15
HiE R 1d I NG5G, TERUAEREE PR e, BT
AR 1e AFaE, & AR TN B R4 5
i AR AR 1e(1&] 3).
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Figure 3 Postulated reaction mechanism
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FE ZAABRRIE T, BEIT 1 &0 b R S L £
SN, ST T A b AR R B SR AT AR B
JiiE. A RBIREE . 5 SORHEE L TSR [A]
SERIERAT ol N AR, I BN S R M
PEE . TR, CO, 1N BN S K N
JRRRIR, SRIETRIR 9 HS ™ & T I F Ik A i UG B 3
7 A IERIRIRIA S, o fig S AR 2B I A T B A
e BRI IR AL 7 5 — DR T SERA I, SR
REMEL G, £ HS 5 H &G TE K HS, FRAIKT it
TRESRIZRE ST, SR R IR I 5, S 23 A B R/ fi
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3 SRS
3.1 X5

FIT FH R JEE A A 5 32 2 0 R i T XU A 27 3
FIRH AR AR EWERTRL T AR A PR A 7] |
G EEREAREARA A AL SR A R A
FEE DAV R R AR, BrA 256 A 57358 75
afi. I8 SUCRH IR OB AR A IR A J AR 1
X-4 BB E sSACI ;S EE R H A BE A E A
P2 LCMS-2020 7 v RGROFH 3% 57 1% 156 FH S0 5 (25 1
JEN BSI L ESYR); ZHEERE . B B R F e b e RH
HIRAE A=K Agilent Technologies 500 MHz 1% f1:
PRAC. pH H¥a K H gk % BB TR A | A r= 1)
PHS-25 B30 pH v &7 HF 3 Jou i (EST B >k F 22 4
R A R A A A= Agilent Technologies LC/MSD
TOF |45,
32 EMMERSHRIE

¥ 1 mmol JE#£}. 2 mmol 70% NaHS F1 2 mL DMF
I 10 mL B2, AW IR RPIZE, H CO,
A =WEFAN CO, £ 0.1 MPa, fEEIR(25 C) FHid:
KB 2 h, FERMGERG, FFEH IR OB R IR,
MR EhK e 3 Ik, B2 DMF, #E 7 E, WER
BUAR. B0 K 2 B8 380 B R 2k, FH R CBig 2
B3 k. WERFIEEFANIAE, HTCKEREREE T4 30 min,
o P R 2T RGN, RO R 2SR, RECE . A
200~300 HEERIEATHENT 2 S VA HE) - (R &
Big)=10 : 1 fERBEMERINF 240 KT 99% 0 H brr=4).

AR EBACE F B (10)7): 146.9 mg 3% (O [E 44,
P2 91%. mp. 89~91 C (1itPY 83 C); 'H NMR
(Chloroform-d, 500 MHz) ¢: 8.37 (tt, J=8.5, 1.5 Hz, 1H),
7.95 (brs, 1H), 7.78 (brs, 1H), 7.52~7.44 (m, 1H), 7.26~
7.20 (m, 1H), 7.10 (ddt, J=12.5, 8.5, 1.0 Hz, 1H); "*C
NMR (Chloroform-d, 126 MHz) §: 197.11, 158.52 (d, J=
250.7 Hz), 135.11 (d, J=1.3 Hz), 133.76 (d, J=8.8 Hz),
125.10 (d, J=10.1 Hz), 124.70 (d, J=3.8 Hz), 116.02 (d,
J=25.2 Hz); MS (ESI) m/z: 155.1 [M]".

BEEBRACTE F R (2¢): 155.4 mg ¥R I8 (Ol 1K, 7=
91%. m.p. 56~57 C (litP" 62.5~63 ‘C); 'H NMR
(Chloroform-d, 500 MHz) ¢o: 8.20 (brs, 1H), 7.74~7.58
(m, 1H), 7.43~7.14 (m, 4H); *C NMR (Chloroform-d,
126 MHz) &: 201.54, 140.33, 130.94, 130.27, 130.02,
128.16, 127.02; MS (ESI) m/z: 170.99 [M] .

ARIRERA T I 30)P: 168.0 mg A MHE K, 7
% 76%. m.p. 105~107 C; 'H NMR (Chloroform-d, 500
MHz) ¢: 8.25 (brs, 1H), 7.63~7.50 (m, 2H), 7.34 (t, J=

http://sioc-journal.cn/ 3547
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7.5 Hz, 1H), 7.23 (td, J=8.0, 2.0 Hz, 2H); °C NMR
(Chloroform-d, 126 MHz) ¢o: 202.91, 142.80, 133.23,
130.85, 129.60, 127.58, 117.07; MS (ESI) m/z: 216.2 [M+
H]".

A MR AC A Bk (4e): 188.5 mg FaEAK, 77
76%. m.p. 118~119 C; 'H NMR (Chloroform-d, 500
MHz) J: 7.84 (dt, J=17.5, 1.0 Hz, 2H), 7.49 (dt, J=8.0, 1.5
Hz, 1H), 7.37 (tt, J=7.5, 1.0 Hz, 1H), 7.05 (tdd, J=7.5,
1.5, 0.5 Hz, 1H), 6.98 (brs, 1H); *C NMR (Chloroform-d,
126 MHz) 6: 205.54, 147.21, 139.82, 130.60, 128.34,
127.99, 91.15; HRMS (ESI) m/z: 263.9342 [M+H]".

2-F-6- TR A Q2 FA G 1% (Se): 64.3 mg H A, 7=
% 44%. m.p. 157~187 ‘C; 'H NMR (Chloroform-d, 500
MHz) o: 7.82 (brs, 1H), 7.65 (d, J=8.0 Hz, 1H), 7.11 (td,
J=8.5, 1.0 Hz, 1H), 7.08~7.01 (m, 1H), 6.96 (brs, 1H);
3C NMR (Chloroform-d, 126 MHz) J: 199.63, 156.56 (d,
J=254.5 Hz), 135.43, 135.31 (d, J=3.8 Hz), 131.25 (d,
J=8.8 Hz), 11598 (d, J=21.4 Hz), 93.52 (d, J=1.3
Hz); HRMS (ESI) m/z: 281.9242 [M+H]".

2-Fi-4- A ERRAR IR L% (6¢): 71.6 mg & B4,
FEF 77%. m.p. 72~74 °C; "H NMR (Chloroform-d, 500
MHz) J: 8.48~8.42 (m, 1H), 7.98 (brs, 1H), 7.82 (brs,
1H), 6.77 (dd, J=9.0, 2.5 Hz, 1H), 6.59 (dd, J=15.0, 2.5
Hz, 1H), 3.86 (s, 3H); >°C NMR (Chloroform-d, 126 MHz)
J9: 196.17 (d, J=2.5 Hz), 164.33 (d, J=12.6 Hz), 160.05
(d, J=252.0 Hz), 137.28 (d, J=2.5 Hz), 117.25 (d, J=
10.1 Hz), 110.77 (d, J=1.3 Hz), 101.28 (d, J=29.0 Hz),
55.98; HRMS (ESI) m/z: 186.0381 [M+H]".

45 -2- BRI % (Te): 79.0 mg A 4k, 7=
# 53%. m.p. 103~106 ‘C; "H NMR (Chloroform-d, 500
MHz) J: 7.74 (brs, 1H), 7.56 (dd, J=8.0, 2.5 Hz, 1H), 7.50
(dd, J=8.5, 5.5 Hz, 1H), 7.10 (ddd, J=8.0, 2.5, 1.0 Hz,
1H), 6.93 (brs, 1H); >C NMR (Chloroform-d, 126 MHz) d:
204.46, 161.97 (d, J=255.8 Hz), 143.54 (d, J=3.8 Hz),
129.44 (d, J=8.8 Hz), 126.74 (d, J=25.2 Hz), 115.68 (d,
J=21.4 Hz), 90.92 (d, J=8.8 Hz); HRMS (ESI) m/z:
281.9240 [M+H]".

4-5-2-TAR AR ZK H e A% (8¢): 95.3 mg MLl {4, 7=
K 64%. m.p. 151~162 C; 'H NMR (Chloroform-d, 500
MHz) 6: 7.84 (d, J=2.0 Hz, 2H), 7.42 (d, J=8.0 Hz, 1H),
7.35 (ddd, J=8.5, 2.0, 0.5 Hz, 1H), 6.97 (brs, 1H); "*C
NMR (Chloroform-d, 126 MHz) : 204.19, 145.68, 139.09,
135.57, 128.73, 128.62, 91.34; HRMS (ESI) m/z: 297.8950
[M+H]".

S-IR-2-TER AR H BEfZ(9¢): 79.1 mg Al {4, 7=
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K 46%. m.p. 144~148 °C; '"H NMR (Chloroform-d, 500
MHz) 6: 7.79 (brs, 1H), 7.67 (dd, J=8.5, 1.0 Hz, 1H), 7.60
(dd, J=2.5, 1.0 Hz, 1H), 7.18 (ddd, J=8.3, 2.5, 1.0 Hz,
1H), 6.95 (brs, 1H); *C NMR (Chloroform-d, 126 MHz) ¢:
203.54, 148.68, 141.10, 133.60, 130.65, 122.72, 89.28;
HRMS (ESI) m/z: 341.8442 [M+H]".

2-ffl-5- = 5 H BB AR H e (10¢): 86.5 mg IR
[E4A, 77% 52%. m.p. 144~148 °C; '"H NMR (Chloro-
form-d, 500 MHz) ¢: 7.98 (d, J=38.5 Hz, 1H), 7.85 (brs,
1H), 7.69 (d, J=2.0 Hz, 1H), 7.31~7.27 (m, 1H), 6.98
(brs, 1H); *C NMR (Chloroform-d, 126 MHz) ¢: 203.71,
147.91, 140.61, 131.09 (q, J=34.0 Hz), 126.80 (q, J=3.8
Hz), 124.41 (q, J=3.8 Hz), 123.42 (q, J=273.4 Hz),
95.75; HRMS (ESI) m/z: 331.9210 [M+H]":.

2-JR-4-FHIERRAR I k% (11e): 207.2 mg [ (Al 4,
P23 96%. m.p. 72~74 C; 'H NMR (Chloroform-d, 500
MHz) d: 8.07 (brs, 1H), 7.53 (d, J=8.0 Hz, 1H), 7.38 (d, J
=1.0 Hz, 1H), 7.13 (ddd, J=8.0, 1.0, 0.5 Hz, 2H), 2.34 (s,
3H); C NMR (Chloroform-d, 126 MHz) J: 202.93,
141.69, 139.78, 133.58, 130.00, 128.35, 116.78, 20.89;
HRMS (ESI) m/z: 229.9634 [M+H]".

3Bt e -2-BiAR A R A% (12¢): 97.3 mg (A (B[l 44, 7=
HE 73%. mp. 151~162 C; 'H NMR (DMSO-d;, 500
MHz) d: 10.15 (s, 1H), 9.76 (s, 1H), 8.48 (d, J=4.5 Hz,
1H), 8.26 (d, J=8.0 Hz, 1H), 7.11 (dd, J=8.3, 5.0 Hz,
1H); *C NMR (DMSO-d,, 126 MHz) ¢: 201.55, 161.29,
147.71, 147.02, 124.36, 90.02; HRMS (ESI) m/z: 264.9291
[M+H]".

4-RACTE LI (130)P7): 132.3 mg B O A, 7
E 61%. mp. 135~138 C (1t 131~135 C); 'H
NMR (Chloroform-d, 500 MHz) §: 7.75 (d, J=7.5 Hz,
2H), 7.59 (brs, 1H) , 7.55 (d, J=8.5 Hz, 2H), 7.12 (brs,
1H); “C NMR (Chloroform-d, 126 MHz) o: 201.43,
137.90, 131.69, 128.41, 126.92; MS (ESI) m/z: 216.2 [M+
H]'.

ARRIEERAAE H LI (14¢): 154.1 mg AEE A, 7~
E 99%. mp. 118~121 C (1it.*” 118 ‘C); 'H NMR
(DMSO-ds, 500 MHz) 6: 9.63 (s, 1H), 9.30 (s, 1H), 7.15
(dd, J=8.0, 1.5 Hz, 1H), 7.08 (ddd, J=8.5, 7.0, 1.5 Hz,
1H), 6.70 (dd, J=8.3, 1.0 Hz, 1H), 6.52 (td, J=7.8, 1.0
Hz, 1H), 6.17 (s, 2H); *C NMR (DMSO-d, 126 MHz) ¢:
200.20, 147.12, 130.70, 126.96, 123.69, 116.45, 115.07;
MS (ESI) m/z: 153.15 [M+H]".

WACTE FEERZ (150)*Y: 127.7 mg A @K, 7%
93%. m.p. 113~116 C (lit*" 114~116 C); '"H NMR
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(Chloroform-d, 500 MHz) ¢: 7.90~7.85 (m, 2H), 7.66
(brs, 1H), 7.54~7.50 (m, 1H), 7.41 (m, 2H), 7.19 (brs,
1H); *C NMR (Chloroform-d, 126 MHz) J: 202.93,
139.19, 132.03, 128.52, 126.89; MS (EI) m/z: 137.0 [M]",
104.0, 77.0, 51.1.

%5 Bh#1 ¥k (Supporting Information)

Hi8 7 SR R A DA

BALEY) 1e~15¢ (] 'THNMR. PC NMR BLE 5 1% 3% 4],
X LA KL AT PL A 3 AT Y 3k (http://sioc-journal.cn/) I

T
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