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Amide Hydrolysis Reaction Using tert-Butyl Nitrite
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(Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and

Materials Science, Soochow University, Suzhou, Jiangsu 215123)

Abstract Amide is a compound that serves important functions and acts as versatile synthons, finding wide applications in
organic synthesis and pharmaceutical chemistry. In this study, the mild hydrolysis reaction of primary amides using terz-butyl
nitrite is showed, which leads to the formation of diverse carboxylic acids. This method stands out because it operates under
neutral conditions, has a wide range of applicable substrates, and is compatible with various functional groups.
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Pk e s LRt R A 2 B RE L, R 29k
R BHAGE . MORRL SR SURA A T2 R
H. BT ZAAET BRI, REAR. RAKME
PR i) O B R 4000 A 2 SN A OG0 T MR R& 1  1,
AT B ReA W 5T 2R DU ZER e oy 7 rh, BUR
TRHL sp? 44k, FI06 BT BT AE 1) p FUIE 5 BRESTE % p-n
LY (Scheme 1). HTFHIFLIR(ILIREE 62~83 kI/mol)
FEmE e R AR E M, 5. BRI AIERAH L, BERZ
(556 F PR SS, ME DLHE 32 SR AR R 1 510, I Jhe
1A B ERBRAER. B 19 LDk, &b R
RIET A HES, SR HIEM I S A LR RSk
LT B ) R . B2, BEAUE H TR
5. AABEREAE A T A i, LA — M R
B 9RO i S T R SN SR A, AR ARG R )R
FRPEFNBRAR. DAL, AP i A 2 1 U M A, 3]
T R N AP S S AL

BT C—N S IR E, Bz w Rl RA
Pha 10T Horh ) B K AR R s B A A 2 —.
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Scheme 1 Stability of amide resonance structures
VRN AP AN AL BB S, HARGE T i e AR R IR
BRI EE T I #7(Scheme 2).
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Scheme 2 Acid and base catalyzed hydrolysis mechanism
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2002 4, Kappe R ZH SR G OB SEIL T ok M
KRR, B2 AR R, M), {FH SOk
LK EMW-NCW)ZE A, G (i R R, H21%
SN AR IR B (295 °C) HJRW3E Bl A1), @it
R (e It K e G Ly vk e —, P Bk B A K AR
TR KR 2 FRERZ. 2017 4, Karegoudar B ZH PO
FHLLERBE MTBS SHABE AT /KR, Fo A 28R B A e
PRI RIR. 1% J5 I 7 X T R AN pH kA7 A% FA) 4 i
2020 4F, Garg BRARZHPHRGE T AF 54 R A SC I
Jie B K AR, AR M AL ) L 5 B AN g P (Scheme
3a). 2021 4, Shimizu B CPIFERRAN A T8 H F5
1k Z 4 (NbOs) AL BE A% /K fif (Scheme 3b). 2023 4=, XI5
TR ZH 3RE T ] L RS TT R 0 2 S R B 1)
JKfi#(Scheme 3c). %715 B et BEREEAT N-J5 Ak, BE
J5 57K i (Scheme 3c). 2016 4, Kandasamy $@i2H 24
I FA RS R TR S0 T R R KA. E A% 7 v 7 B
CPRAE N, FLUR SIS e, R Je 47 e e R gk
#(Scheme 3d). KA E, BUA I8 K fif 75 2245
P /0 i A T B v P e I I S R 20 P 2%
fF. PR, AR SCrE R M Bk g &8 44, R TR
PR T W S IR R i R /K A, 1% 7925 RO AR AN, T
BHE B 515, KPVEEE, B b SR8 m75. M

Previous works
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(a) OJ\'}I/ [C))ko’é\)‘nsn\ne3 ] OJKOH
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Good to excellent yields

Mild conditions
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Scheme 3 Hydrolysis method of amide
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TAE Ge A FH SRR SR AR ) J5 7%, Z 5 IR S 4k 6
1 SER5WR
1.1 REEHME

1o, DURHBEZ(1a) AR EY), 3.0 equiv.[fE
THER AU T BE(‘BuONOYX [ W iEAT 1552, sk 1 Fow,
16 40 CZ&AMTFimiE T RMMFER2.0 mL). 4R ER,
TEVEFINEE . NN-Z IR B BT, RSJLPA
ARHBR Y, £ EH b UERRR. 48R 28 H
Ay OB R AT RN, E AR R R
IKAVE RTINS, SONSCRAL 17%. b 2 R
ORI, R TTIA 90%(3R 1, Entries 1~11). FJS{EZL
i o K B AT T I, BN Esk s K i
BIBRAR T SON HIWCR (36 1, Entries 12~14). 2048V 7 H
N N AR R, D IR R, R BTG
(3% 1, Entries 15, 16).

1 IR R
Table 1 Optimization of solvent type and dosage

o ‘BuONO. o
Solvent, air
1a 1b
Entry” Solvent Yield ®/%
1 Acetone n.d.
2 DMF n.d.
3 DMSO Trace
4 DCM 38
5 THF 22
6 CH:3CN 920
7 EA 58
8 CH;0H n.d.
9 Toluene 58
10 Cyclohexane 36
11 H20 17
12¢ CH3CN 76
134 CH3CN 72
14¢ CH3CN 43
15f CH3CN 86
168 CH3;CN 84

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: air atmosphere, 1a (0.2 mmol, 1.0 equiv.), fert-butyl
nitrite (0.6 mmol, 3.0 equiv.), HO (0.2 mmol, 1.0 equiv.), solvent (2.0 mL),
40 °C, 24 h. P Isolated yield. €0.8 mmol of H,O.“1.6 mmol of H,0.°No H,0.

/0.5 mL of acetonitrile. ¢ 1.0 mL of acetonitrile.

UbAh, FRAER 2, 76 L MG P A BRI 1 Foh 2
AT T 5, RUUVE A RSERER, RS R S A R
(‘PrONO). I fi g IE T B ("BuONO) . Vi8R 5 T Be
(‘BuONO) LA Kz VA R 57 X i CAmONO) 4 2 5 35U M UL
FEK(EE 2, Entries 1~5). S430 B TASEE TS
AORHE, AELL 89%EK 78% IR B~ 2a(3K 2, En-
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tries 6, 7). BiJ5, 1/ CHEVE RGN, £ N4

SRS BE IR, 45 SRR ALE IR SR N OB R 4

FFTE 66%(FK 2, Entry 8). AT T N IR

1.0 equiv. KIMAELZ, 3.0 equiv. () I AHER AT BEAT 1.0

equiv.[J/KTE 2.0 mL ZJEIEFIH 40 CF R 24 h.
F2 THERE. BEEANSFMIL

Table 2 Optimization of nitrites, temperature and atmosphere

o RONO o
o CH4CN, air
+ H
NHZ 2 T 24 h OH
1a 1b
Entry® Condition Yield ®/%
1 — 90
2 PrONO instead of ' BUuONO Trace
3 ‘BuONO instead of ' BuONO 72
4 "BuONO instead of ‘BuONO 77
5 ‘AmONO instead of ‘BuONO 85
6 O 89
7 N2 78
8 At room temperate 66

4 Reaction conditions: air atmosphere, 1a (0.2 mmol, 1.0 equiv.), fert-butyl
nitrite (0.6 mmol, 3.0 equiv.), H,O (0.2 mmol, 1.0 equiv.), acetonitrile (2.0
mL), 40 °C, 24 h.? Isolated yield.

12 RNIERYIARE
RIF AR NG, o N RV E AT T
iy B b 5

T, ST &R ERMIRIER A, %
BT ORI R Fh N Z K AR S BRI RE A (R 3). S
s R, MR FiEA W 75 H](COMe. F. CI.
Br. CF;. NO,. NHCOMe §)FI{it T E [#(MeO. Me-
t-Bu. H &), #BReHS LAHPEEZ RT3 3 H br e
YI(1b~28b). Vi Z RN EA BT 0H seHi 2. 4
FRIA AR I MO 238 28 AR A7 sl JR AL I, S AR
A2 EN T, UK B R AT A= W38 REAE %k &R
BUFHh AR, HbRr= Y aeik 29 450w _F(31b~35b).
TR A TR AT ORGPk A, RERETE
AR RGP SRR 0 B AR, A S AL
AT AEPIRENR R A I B, DA R AT 245 21 H AR =4
(29b, 30b). & N = XHI0E, MBI A YR RR IR i Hh
SRR o, SAMEYy . BRI, EME, SREERRAE L
B 22 B A A PR IR B 2 608 IR (3Tb ~42b).

NAIE % S L () SE P, 3EAT T S ORI 243
(10 mmol), 7ERILHIZFKAT FREBLL 89% MW K13 H
FRP=4) 1b (Scheme 4).

b5, %% T — RINGIIRE AL G YR 4). WEE
P e e AR U M R A7 SORE, - HPRBRS OUSER A % e 2R (43D).
1-ZE OB A-THEOR ARG . 2R T B35 Reqs 31 R 47
U ZE(45b~56b). & HL T — R4 A B Ae i g 17 ik
Bk &P R Tk &, 3K T IR AR
Bl B A e 2 00 IR 07 R Tk i 1k & 0 75 1244 & P e DI

K3 ITEBRMAI IR R

Table 3 Substrate scope of aromatic and heterocyclic amide

i +  H0

BUONO

2.0 mL CH,CN JOL

air, 40 °C R OH

1b, R = H, 90% 8b, R = Me, 93%
9b,R=F, 73%

= 0,
o  ZR=0OMe 9% 40, r=Br 72%

3b,R=Cl,91%  44p R =COMe,85%
OH 4b, R =NO,, 77% 12b, R = NHBoc, 75%
. 5b,R='Bu,85%  13b, R = NHCOMe, 70%

6b, R = COOMe, 77% R
7b, R = CH,CI, 82%
21b, R = OMe, 90%  26b, R = Cl, 86%

9 27b, R =F, 78%

25b, R=Br, 81%

o o
15b, R = CF3, 73% Q)kOH o) dOH
R = 3s ]
OH 16b, R = Me, 90% O‘g; Pr. S
o)
o) o
O+ _OH 0 F O
OH OH
22b, R = CF3, 42% OH OH
OH 23b R=Me 80%  28b, R=COPh, 89% OO |
24b, R = COOH, 40% F NO, O
R

29b, 88%

14b, R = OMe, 90%

17b, R = CI, 92% N0

|
18b, R = Br, 81% "Pr
19b, 54% 20b, 60%

30b, 89% 31b, 65% 32b, 40% 33b, 91%

0 o) Q s
Br. OaN OH Br \
OH OH s 0O o P NO £ s. 0O Y s
)< <X )X 1) 0
Cl O,N Cl OH OH OH OH O OH
OH

NO,

39b, 67% 40b, 49%  41b, 72% 42b, 59%

34b, 71% 35b, 55% 36b, 49% 37b, 89% 38b, 73%

4@ Reaction conditions: air atmosphere, 1a (0.2 mmol, 1.0 equiv.), fert-butyl nitrite (0.6 mmol, 3.0 equiv.), HO (0.2 mmol, 1.0 equiv.), acetonitrile (2.0 mL), 40 C, 4
h.
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o ‘BUONO %
30.0 mL CH,CN
+ HO —m———— OH
©)LNH2 2 ar 400 ©)k

1a 1b

1.2g, 10 mmol 1.09 g, isolated yield: 89%

Reaction conditions: air atmosphere, 1a (10 mmol, 1.0 equiv.), tert-butyl
nitrite (30 mmol, 3.0 equiv.), H,O (10 mmol, 1.0 equiv.), acetonitrile (30.0
mL), 40 C, 24 h.

B4 o QO R 8
Scheme 4 Gram-scale reaction
FIFEAL, PERPEER LA, BhAk, kR P ERREA S
KA IK A S L (49b~51b). — L2590 FHT A IR G AL
AR T4k (52b~55b). & NIHE 2, /R

A o B BIPUROR 1R 97 25, TE1ZR &R LA 50% 11
RSH T HHAF=Y 56b, Ht— SR T %K R KR
VAT .
1.3 REHIBERT
A RIBAR I BE R EAT T 4 7] 56 4+ S 5% (Scheme
5). YRR 4a 5 8a fERHSAET N, 531
P22 03 TN 13%55 60%, Ui A 45 B 7 3 2R
FF B flc L i A O i, 35 A 1 8 R O e it P B v A 0
RS2 R 9 eh Fe 7 A1 AT DARS e S B HR R) A 208, AR
ﬂ:ﬂi*‘iﬁﬁﬁzkﬁ¢(80henu:6)

R4 R EY T
Table 4 Substrate scope of aliphatic amide

P] +  HO

BUONO

2.0 mL CHsCN 0
air, 40 °C R” ~OH

(0]
o) (0]
- OH OH
o oY o
° e o

43b, 66% 44b, 86%

o
oH i o -on
Ts< m O/\Ir 0 o
o o} |
Br [0}

50b, 68%

48b, 83% 49b, 46%
0 J
o}
o} | o}
N
o 5 CJ o
53b, 95% 54b, 45%

45b, 95%

OH
S

46b, 92% 47b, 96%
0 (0]
OH
O\)LOH
(e} (e}
51b, 73% 52b, 89%
F
0
N\M
N-N OH
F
55b, 66% 56b, 50%

4@ Reaction conditions: air atmosphere, 1a (0.2 mmol, 1.0 equiv.), ferz-butyl nitrite (0.6 mmol, 3.0 equiv.), H,O (0.2 mmol, 1.0 equiv.), acetonitrile (2.0 mL), 40 C, 24

h.

Standard condition

@*@*

4a (1.0 equiv.) (1.0 equiv.)

@*@*

b (13% yield) (60% yield)

B 5 TRl

Scheme 5 Intermolecular competition experiment

.
N OJLH,NO

NH,

B 6 MWMRNT IS

0 , 0
\ Oﬂ\Ni\\ \ OH
N>

H,0 N

S K g L AR

Scheme 6 Mechanism pathway of tert-butyl nitrite participating in amide hydrolysis
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R Hf B P 5 2 0 IV A TR T 14 4 1 DA B K 1
T8, WFIZ RN ATRERIALEEBEAT T HED242) [EREAL &)
2ot AN A N-TEAHEE AT A A, 3 — D A3 I
RAEY B. BEED, ACREZHEL B, BIAE MR
H 5 #)(Scheme 6). & N2, BT IR A
A B Joikilid SLI6 T BOW g F).

2 ZLig

gi b, SEBLT AR SRR T A AR AT e s B
AR AR SR, DA 452 RAF RS 2] 7 HARRR
B, AZIRER R 2 515 RN AR
A RPGRNE RAF, R T I8 300K R
WAL SRR RN, BUAN, 27T R I I A
Ak, BT 1R ge R B v i R R K 77 i, AT A o
CALERIEOR, RN T DASEEL e 0, BT —E sk
FITE.

3 SWES

3.1 NESRHF

Heti 3LHR1E ("H NMR, *C NMR, 'F NMR)Hi Bruker
Avance I11 HD-400MHz #%REIEHRESC /2, BT B 5732
%1y CDCls 8 DMSO-ds, W FRIEI AL 7, =5
HE i (HRMS) | Bruker MicroQ-TOF Jfi B84 5E; 40
AMGIE(IR)HT Vertex 70+ Hyperion 20000 {8 B 25 #i 41
AMFETEACIE, BN em Y M5 A H INESA WRR AL H
PG SACI E CRIZ IE). A EHT AT HEER ARy 300~
400 H. Ara ks atrat, Raaifv B M, T
E 2 H A TR A A
32 LWHE

B A 0(0.2 mmol). EAHER AL T FE(‘BuONO:
0.6 mmol). 7K(0.2 mmol). 2.0 mL ZEMAFRIHA W
PLFETF IR NARE H, RETEEAH 40 CHRIZKMF TR
24 h, FERMNEEHRE, TN 100~200 B LR F ek 7%
RACE I, I 28R B AU ik R R A A A AT A 2
HTEP AT 15 H it & 4 1b~56b.

KR @Ab): AEE A&, =% 90%. mp. 119~
120 ‘C; '"H NMR (400 MHz, CDCl:) 6: 11.26 (s, 1H),
8.17~8.12 (m, 2H), 7.66~7.59 (m, 1H), 7.52~7.46 (m,
2H); 3C NMR (100 MHz, CDCl3) d: 172.5, 133.9, 130.2,
129.4, 128.5; IR (neat) v: 3070, 2824, 2550, 1679, 1419,
1323, 1288, 1126, 930, 804, 703, 665 cm”'; HRMS (ESI-
TOF) caled for C;HsO, [M —H]  121.0295, found
121.0284.

4-HFEHEKFREb): AMEAE, 77F 96%. m.p.
183~185 “C; 'H NMR (400 MHz, DMSO-ds) 6: 12.61 (s,

554 http://sioc-journal.cn/
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1H), 7.89 (d, J/=8.8 Hz, 2H), 7.01 (d, J=8.9 Hz, 2H), 3.81
(s, 3H); '*C NMR (100 MHz, DMSO-ds) 6: 167.0, 162.9,
131.4, 123.0, 113.8, 55.4; IR (neat) v: 2922, 2539, 1676,
1600, 1425, 1258, 1165, 1023, 923, 843, 771, 613 cm ;
HRMS (ESI-TOF) calcd for CsH;,03 [M—H] 151.0401,
found 151.0402.

4-FRHR3b): A, % 91%. mp. 231~
233 °C; '"H NMR (400 MHz, DMSO-ds) J: 7.93 (d, J/=8.6
Hz, 2H), 7.55 (d, J=8.6 Hz, 2H); 3C NMR (100 MHz,
DMSO-de) d: 166.5, 137.8, 131.1, 129.7, 128.7; IR (neat)
v: 2922, 2852, 1671, 1420, 1280, 1127, 993, 759, 681
cm '; HRMS (ESI-TOF) calcd for C;H¢*ClO, [M+H]"
157.0051, found 157.0052; HRMS (ESI-TOF) calcd for
C7HeC10, [M+H]" 159.0022, found 159.0021.

4- T FE R IR (4b): 3 (0 [E AR, 77 F 77%. mup.
237~238 “C; 'H NMR (400 MHz, DMSO-ds) J: 13.66 (s,
1H), 8.31 (d, J=8.8 Hz, 2H), 8.16 (d, J=8.8 Hz, 2H); 1*C
NMR (100 MHz, DMSO-ds) o: 165.8, 150.1, 136.4, 130.7,
123.8; IR (neat) v: 2921, 2547, 1686, 1538, 1349, 1278,
1109, 877, 800, 714 ¢cm '; HRMS (ESI-TOF) caled for
C/HsNO4 [M—H] ™ 166.0145, found 166.0132.

4- T FEIEHER(Bb): AMBEE, P2F 85%. m.p.
162~164 °C; 'H NMR (400 MHz, CDCl;) ¢: 8.06 (d, J=
8.5 Hz, 2H), 7.50 (d, J=8.6 Hz, 2H), 1.36 (s, 9H); '*C
NMR (100 MHz, CDCls) o: 172.3, 157.6, 130.1, 126.6,
125.5, 35.2, 31.1; IR (neat) v: 2922, 2853, 1679, 1419,
1286, 1186, 1014, 934, 855, 778, 706 cm '; HRMS (ESI-
TOF) caled for C;H;s0; [M+H]" 179.1067, found
179.1069.

A-(FFEFRFL) KR (6b): A B EA, FF 77%.
m.p. 215~217 ‘C; 'H NMR (400 MHz, DMSO-d;) :
8.08~8.02 (m, 4H), 3.88 (s, 3H); '*C NMR (100 MHz,
DMSO-dg) J: 166.6, 165.6, 134.8, 133.2, 129.6, 129.4,
52.5; IR (neat) v: 2923, 2548, 1685, 1426, 1274, 1103, 939,
875, 727 cm™'; HRMS (ESI-TOF) caled for CoHyO4 [M+
H]" 181.0495, found 181.0498.

4-SFILIEHER(Th): It A, ™4 82%. m.p.
197~198 °C; 'H NMR (400 MHz, DMSO-ds) 6: 13.02 (s,
1H), 7.95 (d, J=28.3 Hz, 2H), 7.55 (d, J=8.2 Hz, 2H), 4.82
(s, 2H); '*C NMR (100 MHz, DMSO-ds) 6: 166.9, 142.4,
130.6, 129.7, 128.9, 45.3; IR (neat) v: 2921, 2851, 2540,
1676, 1577, 1421, 1286, 1174, 1020, 859, 708 cm !;
HRMS (ESI-TOF) caled for CsHe®ClO, [M — H] ™~
169.0061, found 169.0056; HRMS (ESI-TOF) calcd for
CsHe’Cl0, [M—H]™ 171.0032, found 171.0029.

Chin. J. Org. Chem. 2024, 44, 550~560
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4- LK HUER (8b): [ B [ 44, 7% 93%. mup.
179~180 “C; 'H NMR (400 MHz, DMSO-ds) 6: 12.79 (s,
1H), 7.84 (d, J=8.1 Hz, 2H), 7.30 (d, J=8.1 Hz, 2H), 2.37
(s, 3H); *C NMR (100 MHz, DMSO-ds) J: 167.3, 143.1,
129.3, 129.1, 128.0, 21.1; IR (neat) v: 2919, 2851, 2545,
1668, 1610, 1575, 1416, 1281, 1116, 944, 836, 751 cm
HRMS (ESI-TOF) caled for CsH70, [M—H]™ 135.0452,
found 135.0442.

4- AR (9b): H ALK, F2Z 77%. m.p. 180~
181 °C; 'H NMR (400 MHz, DMSO-ds) 6: 13.05 (s, 1H),
8.00 (dd, J=8.8, 5.6 Hz, 2H), 7.31 (t, J=8.9 Hz, 2H); 1*C
NMR (100 MHz, DMSO-ds) J: 166.4, 164.9 (d, J=250.6
Hz), 132.1 (d, J=9.5 Hz), 127.4 (d, J=2.8 Hz), 115.6 (d,
J =220 Hz); “F NMR (376 MHz, DMSO-ds) o:
—108.85; IR (neat) v: 3081, 2849, 2553, 1672, 1602,
1508, 1424, 1312, 1156, 995, 766, 608 cm '; HRMS
(ESI-TOF) calcd for C;H4FO, [M—H]™ 139.0201, found
139.0190.

4-FOEHER(10b): H AR, 722 72%. m.p. 250~
251 °C; 'H NMR (400 MHz, DMSO-ds) 6: 13.14 (s, 1H),
7.86 (d, J=8.6 Hz, 2H), 7.70 (d, J=8.6 Hz, 2H); 3C
NMR (100 MHz, DMSO-de) d: 166.6, 131.7, 131.3, 130.0,
126.9; IR (neat) v: 3081, 2849, 2553, 1672, 1602, 1508,
1424, 1312, 1156, 995, 766, 608 cm ™ '; HRMS (ESI-TOF)
caled for C;Hy°BrO, [M — H] ~ 198.9392, found
198.9400; HRMS (ESI-TOF) caled for C;H4'BrO, [M—
H]~ 200.9379, found 200.9372.

4- LR FBR(11b): AR, P23 85%. m.p.
207~208 ‘C; 'H NMR (400 MHz, DMSO-ds) J: 8.08~
7.61 (m, 4H), 2.62 (s, 3H); *C NMR (100 MHz,
DMSO-ds) d: 197.7, 166.7, 139.8, 134.5, 129.6, 128.3,
27.0; IR (neat) v: 3057, 2917, 2559, 1678, 1505, 1361,
1259, 1014, 868, 770, 691 cm™'; HRMS (ESI-TOF) calcd
for CoHoO3 [M+H]" 165.0346, found 165.0347.

N-BUT S B 2 -4- 20 o8 H R (12b): 1 0 [ 44k,
FEE 75%. mp. 201~202 ‘C; 'H NMR (400 MHz,
DMSO-ds) 6: 9.72 (s, 1H), 7.84 (d, J=8.8 Hz, 2H), 7.56
(d, J=8.8 Hz, 2H), 1.48 (s, 9H); *C NMR (100 MHz,
DMSO-ds) d: 167.0, 152.5, 143.8, 130.4, 124.0, 117.2,
79.7, 28.0; IR (neat) v: 2924, 1677, 1505, 1409, 1233,
1157, 940, 773, 643 cm '; HRMS (ESI-TOF) calcd for
C1aH1NO4 [M+H]" 238.1074, found 238.1075.

4- 2B LR R (13b): A B EAE, P F 70%.
m.p. 265~266 ‘C; 'H NMR (400 MHz, DMSO-ds) 9
12.67 (s, 1H), 10.22 (s, 1H), 7.88 (d, J=8.8 Hz, 2H), 7.68

Chin. J. Org. Chem. 2024, 44, 550~560
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(d, J=8.8 Hz, 2H), 2.08 (s, 3H); 3C NMR (100 MHz,
DMSO-ds) d: 168.8, 166.9, 143.3, 130.4, 124.9, 118.1,
24.1; IR (neat) v: 2964, 1667, 1521, 1314, 1264, 1017,
867, 767, 608 cm™'; HRMS (ESI-TOF) caled for CoHjo-
NO; [M+H]" 180.6955, found 180.6954.

3-FE AR FRR(14b): AAEFEE, 3% 90%. m.p.
101~103 °C; 'H NMR (400 MHz, CDCLy) &: 7.73 (d, J=
7.7 Hz, 1H), 7.63 (s, 1H), 7.39 (t, J=7.9 Hz, 1H), 7.16 (d,
J=8.2Hz, 1H), 3.87 (s, 3H); 3C NMR (100 MHz, CDCl;)
5:172.1, 159.6, 130.6, 129.5, 122.7, 120.5, 114.4, 55.4; IR
(neat) v: 2960, 2830, 2568, 1686, 1582, 1465, 1289, 1041,
933, 753 cm™ !; HRMS (ESI-TOF) calcd for CsHoO3; [M—+
H]" 153.0546, found 153.0548.

=R P ERERASb): AMEK, PPE 73%.
m.p. 98~100 ‘C; 'H NMR (400 MHz, CDCls) d: 10.49 (s,
1H), 8.39 (s, 1H), 8.31 (d, J=7.9 Hz, 1H), 7.88 (d, J=7.8
Hz, 1H), 7.64 (t, J=7.8 Hz, 1H); *C NMR (100 MHz,
CDCly) &: 171.1, 133.4, 131.3(q, J=33.2 Hz), 130.4 (q,
J=3.7 Hz), 130.1, 129.2, 127.1 (g, J=3.7 Hz), 123.6 (d,
J=272.5 Hz); YF NMR (376 MHz, CDCl;) 6: —62.92;
IR (neat) v: 3051, 2918, 2360, 1686, 1617, 1418, 1330,
1265, 1120, 1071, 919, 758, 683 cm™!; HRMS (ESI-TOF)
caled for CsHgF30, [M+H]" 191.0314, found 191.0315.

-FHAEKHER6b): H A&, 2% 90%. m.p.
100~102 °C; 'H NMR (400 MHz, DMSO-dj) 6: 12.85 (s,
1H), 7.81~7.65 (m, 2H), 7.48~7.24 (m, 2H), 2.35 (s,
3H); *C NMR (100 MHz, DMSO-ds) d: 167.4, 137.9,
133.4, 130.7, 129.7, 128.4, 126.4, 20.8; IR (neat) v: 2923,
2574, 1681, 1588, 1415, 1280, 1083, 922, 746, 664 cm ';
HRMS (ESI-TOF) calcd for CsHoO, [M+H]" 137.0597,
found 137.0598; HRMS (ESI-TOF) caled for CsH,NO,
[M+NH,]" 154.0863, found 154.0862.

3-FRHER(T): B, 773 92%. mp. 152~
154 °C; 'H NMR (400 MHz, DMSO-ds) 6: 13.28 (s, 1H),
7.92~7.87 (m, 2H), 7.74~7.66 (m, 1H), 7.55 (t, J=8.1
Hz, 1H); *C NMR (100 MHz, DMSO-ds) 6: 166.1, 133.3,
132.9, 132.7, 130.6, 128.8, 127.9; IR (neat) v: 3073, 2970,
2545, 1677, 1415, 1299, 1138, 896, 746, 666 cm '; HRMS
(ESI-TOF) caled for C;He*ClO, [M+H]" 157.0051,
found 157.0051; HRMS (ESI-TOF) calcd for C;He*’ClO,
[M+H]" 159.0022, found 159.0021.

3-IRRHER(18b): FEEER, 7% 81%. m.p. 158~
160 “C; '"H NMR (400 MHz, DMSO-dq) 6: 13.31 (s, 1H),
8.03 (s, 1H), 7.93 (d, J=7.8 Hz, 1H), 7.82 (d, J=8.1 Hz,
1H), 7.46 (t, J=7.9 Hz, 1H); 3C NMR (100 MHz,
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DMSO-ds) d: 166.0, 135.6, 133.1, 131.8, 130.9, 130.9,
128.3, 121.7; IR (neat) v: 2972, 2545, 1681, 1565, 1300,
1066, 939, 815, 748, 668 cm '; HRMS (ESI-TOF) calcd
for C;H¢®BrO, [M+H]™ 200.9546, found 200.9547;
HRMS (ESI-TOF) caled for C:H¢8'BrO, [M + H] "
202.9526, found 202.9527.

A-FRFERTNER AN TR EEBE(19b): A L E A, 7= 54%.
m.p. 225~226 ‘C; 'H NMR (400 MHz, DMSO-ds) 6
13.07 (s, 1H), 7.95 (d, J=7.9 Hz, 2H), 7.79 (d, J=7.8 Hz,
2H), 1.30 (s, 12H); *C NMR (100 MHz, DMSO-ds) -
167.2, 134.5, 133.2, 128.5, 84.0, 24.7; IR (neat) v: 2923,
1683, 1509, 1397, 1358, 1268, 1142, 1086, 855, 775, 648
cm !; HRMS (ESI-TOF) caled for C;3H2BNO4 [M+
NH4]" 265.1594, found 265.1595.

4-[( TR KR ) B TG 2K R (20b): (A [l 4, 7
£ 60%. m.p. 192~194 ‘C; 'H NMR (400 MHz, DMSO-
de) 6: 8.12 (d, J=8.4 Hz, 2H), 7.90 (d, J=8.5 Hz, 2H),
3.09~2.97 (m, 4H), 1.45 (q, J=7.4 Hz, 4H), 0.79 (t, J=
7.4 Hz, 6H); 3C NMR (100 MHz, DMSO-ds) J: 166.2,
143.2, 134.3, 130.2, 127.1, 49.6, 21.6, 11.0; IR (neat) v:
3094, 2964, 2873, 2546, 1688, 1573, 1423, 1343, 1285,
1155, 1083, 993, 864, 734, 687, 603 cm '; HRMS (ESI-
TOF) caled for Ci3sHyNO4S [M+H]" 286.1108, found
286.1108.

2-HE AR HIRQ21b): AMEAE, F3% 90%. m.p.
95~96 ‘C; '"H NMR (400 MHz, DMSO-ds) &: 12.58(s,
1H), 7.66~7.63 (m, 1H), 7.52~7.46 (m, 1H), 7.10 (d, J=
8.4 Hz, 1H), 6.99 (t, J=7.4 Hz, 1H), 3.81 (s, 3H); 1*C
NMR (100 MHz, DMSO-ds) J: 167.4, 158.1, 133.1, 130.7,
121.3, 120.1, 112.4, 55.7; IR (neat) v: 2950, 1665, 1577,
1460, 1247, 1166, 1018, 915, 756, 651 cm !; HRMS
(ESI-TOF) calcd for CsHoO; [M+H]" 153.0546, found
153.0547; HRMS (ESI-TOF) calcd for CsHo2NOs [M+
NH,]" 170.0812, found 170.0812.

- A K H R (22b): A BLEAK, PR 42%.
m.p. 99~101 C; 'H NMR (400 MHz, DMSO-ds) 9
7.92~7.64 (m, 4H); '3C NMR (100 MHz, DMSO-de)
168.0, 132.6 (d, J=14.5 Hz), 131.2, 129.8, 127.0(d, J=
32.0 Hz), 126.5 (d, J=5.1 Hz), 125.0, 122.3; '°F NMR
(376 MHz, DMSO-de) 6: -58.17; IR (neat) v: 3063, 2649,
1704, 1585, 1452, 1414, 1309, 1275, 1167, 1053, 891, 764
cm” !'; HRMS (ESI-TOF) caled for CsHoFsNO, [M +
NH,]" 208.0580, found 208.0582.

2-FHAE KR (23b): H Bl A&, 7% 89%. m.p.
102~104 “C; 'H NMR (400 MHz, CDCl;) 6: 8.11 (d, J=
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7.1 Hz, 1H), 7.47 (t, J=8.3 Hz, 1H), 7.30 (t, J=7.4 Hz,
2H), 2.69 (s, 3H); '*C NMR (100 MHz, CDCl3) d: 173.6,
141.3, 132.9, 131.9, 131.6, 128.3, 125.8, 22.1; IR (neat) v:
3051, 2918, 2849, 2360, 1686, 1594, 1418, 1330, 1265,
1120, 1017, 919, 758, 683 cm”'; HRMS (ESI-TOF) calcd
for CsHoO, [M+H]" 137.0597, found 137.0597.

1,2- 28 — H g (24b): A A [E AR, 72% 40%. m.p.
205~207 ‘C; 'H NMR (400 MHz, CDCL3) ¢: 8.03 (dd,
J=5.6, 3.0 Hz, 2H), 7.92 (dd, J=5.6, 3.1 Hz, 2H); 1*C
NMR (100 MHz, CDCls) 6: 162.8, 136.1, 131.3, 125.7; IR
(neat) v: 2923, 2853, 1849, 1756, 1469, 1359, 1255, 1107,
900, 798, 706, 676 cm™'; HRMS (ESI-TOF) calcd for
CgHsO4 [M—H]™ 165.0193, found 165.0187.

2-IROEHR(25b): HEREER, 722 81%. m.p. 142~
144 “C; '"H NMR (400 MHz, DMSO-dq) 6: 13.28 (s, 1H),
7.77~7.65 (m, 2H), 7.50~7.37 (m, 2H); '*C NMR (100
MHz, DMSO-ds) &: 167.4, 133.8, 132.5, 130.6, 127.7,
120.0; IR (neat) v: 2785, 1698, 1431, 1249, 1023, 991,
898, 792, 680 cm !'; HRMS (ESI-TOF) calcd for
C7Hs°BrO,; [M+H]" 200.9546, found 200.9547; HRMS
(ESI-TOF) caled for C/H¥'BrO, [M+H]"™ 202.9526,
found 202.9529.

2-FORHIR(26b): HEE, 773 86%. m.p. 141~
142 “C; '"H NMR (400 MHz, DMSO-de) : 13.36 (s, 1H),
7.83~7.71 (m, 1H), 7.57~7.49 (m, 2H), 7.47~7.37 (m,
1H); '*C NMR (100 MHz, DMSO-ds) J: 166.7, 132.6,
131.6, 131.5, 130.8, 130.6, 127.2; IR (neat) v: 2970, 2819,
1682, 1474, 1312, 1051, 911, 743, 684 cm !; HRMS
(ESI-TOF) caled for C;H&*ClO, [M+H]" 157.0051,
found 157.0053; HRMS (ESI-TOF) calcd for C;He*’ClO,
[M-+H]" 159.0022, found 159.0022.

2-5 K R (27b): HEREER, 722 78%. m.p. 128~
129 ‘C; '"H NMR (400 MHz, DMSO-dq) 6: 13.16 (s, 1H),
7.89~7.84 (m, 1H), 7.65~7.60 (m, 1H), 7.33~7.23 (m,
2H); 3C NMR (100 MHz, DMSO-ds) J: 165.1 (d, J=2.9
Hz), 161.1 (d, J=256.5 Hz), 134.7 (d, J=9.1 Hz), 131.9,
124.5 (d, J=4.0 Hz), 119.3 (d, J=10.2 Hz), 116.9 (d, J=
22.2 Hz); F NMR (376 MHz, DMSO-dg) 6: —110.62; IR
(neat) v: 2972, 2655, 1687, 1465, 1307, 1231, 1088, 914,
844, 750 cm '; HRMS (ESI-TOF) caled for C;HFO,
[M+H]" 141.0346, found 141.0347; HRMS (ESI-TOF)
caled for C;HoFNO, [M + NH4] ~ 158.0612, found
158.0614.

2-7K F R F R (28b): (LA, F=% 89%. m.p.
129~131 ‘C; '"H NMR (400 MHz, CDCls) &: 10.94 (s,
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1H), 8.05 (d, J=7.9 Hz, 1H), 7.71~7.50 (m, 3H), 7.58~
7.47 (m, 2H), 7.43~7.30 (m, 3H); 3C NMR (100 MHz,
CDCls) 6: 197.1, 170.8, 142.4, 136.8, 133.1, 133.1, 130.7,
129.5, 129.3, 128.3, 127.8, 127.5; IR (neat) v: 2847, 2554,
1672, 1425, 1255, 1147, 928, 767, 701, 634 cm™'; HRMS
(ESI-TOF) caled for C14H; 03 [M+H]" 227.0703, found
227.0703.

1-ZEHR(29b): HEAFEE, =% 88%. mp. 156~
157 “C; '"H NMR (400 MHz, DMSO-de) 6: 13.15 (s, 1H),
8.87 (d, J=8.5 Hz, 1H), 8.18~8.12 (m, 2H), 8.01 (d, J=
8.7 Hz, 1H), 7.67~7.54 (m, 3H); *C NMR (100 MHz,
DMSO-ds) d: 168.7, 133.5, 133.0, 130.8, 129.9, 128.6,
127.8, 127.6, 126.2, 125.6, 124.9; IR (neat) v: 3046, 2853,
2619, 1668, 1591, 1509, 1202, 1147, 997, 769, 649 cm !
HRMS (ESI-TOF) caled for C;;H,0, [M—H]~ 171.0452,
found 171.0443.

2-ZEHR(30b): A, 7% 89%. m.p. 182~
183 °C; 'H NMR (400 MHz, DMSO-ds) 6: 13.08 (s, 1H),
8.62 (s, 1H), 8.10 (d, J=8.0 Hz, 2H), 8.02~7.95 (m, 3H),
7.68~7.52 (m, 2H); *C NMR (100 MHz, DMSO-dc)
167.5, 134.9, 132.2, 130.5, 129.3, 128.3, 128.2, 128.1,
127.6, 126.8, 125.2; IR (neat) v: 3052, 2826, 1683, 1576,
1422, 1302, 1238, 1199, 933, 867, 777, 759 cm”'; HRMS
(ESI-TOF) caled for C;;HyO, [M+H]" 173.0597, found
173.0599.

2,6- AR 31b): HAEREME, 2% 65%. mp.
156~157 “C; '"H NMR (400 MHz, DMSO-d) 6: 7.61~
7.50 (m, 1H), 7.21~7.12 (m, 2H); 3C NMR (100 MHz,
DMSO-ds) 6: 162.4, 160.7 (d, J=6.9 Hz), 158.2 (d, J=7.3
Hz), 133.0 (t, J=10.4 Hz), 112.64~112.06 (m); °F NMR
(376 MHz, DMSO-ds) 6: —112.37; IR (neat) v: 2873,
2667, 2538, 1684, 1469, 1290, 1129, 1012, 802, 692 cm !;
HRMS (ESI-TOF) caled for Ce¢H;O.F, [M — H] ~
157.0107, found 157.0089.

4-T-3-Fl 36 K H R (32b): A B E K, P2 F 40%.
m.p. 81~82 C; 'H NMR (400 MHz, DMSO-ds) 6
8.35~8.29 (m, 1H), 8.29~8.15 (m, 1H), 7.93~7.69 (m,
1H); 3C NMR (100 MHz, DMSO-d¢) &: 165.3, 153.4,
142.0, 133.4, 132.1, 125.1, 94.1; IR (neat) v: 3088, 2922,
2259, 1866, 1686, 1596, 1527, 1333, 1243, 1120, 1022,
975, 833, 766, 704 cm '; HRMS (ESI-TOF) calcd for
C7H;0,NI [M—H]™ 291.9112, found 291.9113.

3- H A R -4- HRROR WG (33b): 1 (R ] A4, pE R
91%. m.p. 155~156 ‘C; 'H NMR (400 MHz, DMSO-ds)
5: 7.48~7.43 (m, 2H), 7.26~7.22 (m, 1H), 3.83 (s, 3H),
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2.20 (s, 3H); *C NMR (100 MHz, DMSO-d¢) 6: 167.4,
157.2, 131.3, 130.4, 129.8, 121.6, 110.3, 55.3, 16.2; IR
(neat) v: 2922, 2853, 1682, 1577, 1460, 1397, 1301, 1241,
1107, 1036, 916, 871, 758, 636 cm™!; HRMS (ESI-TOF)
caled for CoH;103 [M+H]" 167.0703, found 167.0704.

5-1R-2-FORHR(34b): FAE R, =% 71%. m.p.
146~147 °C; '"H NMR (400 MHz, DMSO-ds) J: 7.89 (d,
J=3.3 Hz, 1H), 7.71~7.68 (m, 1H), 7.48 (d, J=8.7 Hz,
1H); '*C NMR (100 MHz, DMSO-ds) d: 165.8, 135.5,
133.6, 133.3, 132.9, 131.2, 120.1; IR (neat) v: 3091, 2852,
1694, 1579, 1461, 1373, 1091, 1049, 820, 729, 657 cm !;
HRMS (ESI-TOF) caled for C;H;0,”Br**Cl [M—H]~
232.9010, found 232.9008; HRMS (ESI-TOF) calcd for
CH;0,8'Br3SCl [M —H]~ 234.8990, found 234.8987;
HRMS (ESI-TOF) caled for C;H;0,*'Bri’Cl [M—H]~
236.8960, found 236.8960.

2- 5 -4- 3 7K R (35b): At [E K, M=% 55%.
m.p. 147~148 C; 'H NMR (400 MHz, DMSO-ds) J:
8.32 (d, J=2.2 Hz, 1H), 8.22 (dd, J=8.5, 2.3 Hz, 1H),
7.98 (d, J=8.6 Hz, 1H); *C NMR (100 MHz, DMSO-ds)
5. 165.7, 1489, 137.6, 132.1, 131.5, 125.3, 122.3; IR
(neat) v: 3102, 2815, 2549, 1699, 1520, 1351, 1148, 1045,
892, 802, 666 cm '; HRMS (ESI-TOF) caled for C;/Hs-
35CINOs [M+H]" 201.9902, found 201.9902; HRMS
(ESI-TOF) caled for C/Hs*’CINO; [M—+H]" 203.9873,
found 203.9875.

3,5- R -2- R IR R (36b): L AR, ;AR
49%. m.p. 203~205 °C; '"H NMR (400 MHz, DMSO-ds)
5: 8.81 (d, J=3.1 Hz, 1H), 8.66 (d, J=2.7 Hz, 1H), 2.60
(s, 3H); 3C NMR (100 MHz, DMSO-ds) J: 166.0, 151.4,
145.3, 138.5, 135.5, 127.1, 121.2, 16.1; IR (neat) v: 3086,
2900, 2528, 1692, 1526, 1347, 1168, 1085, 919, 810, 737
cm '; HRMS (ESI-TOF) caled for CsHsN,Os [M—H]™
225.0153, found 225.0142.

2-EWY IR (37b): H A, 772 89%. m.p.122~
124 °C; '"H NMR (400 MHz, CDCls) 6: 10.42 (s, 1H), 7.91
(dd, J=3.8, 1.4 Hz, 1H), 7.65 (dd, J=4.9, 1.4 Hz, 1H),
7.15 (dd, J=4.9, 3.7 Hz, 1H); 3C NMR (100 MHz,
CDCls) d: 167.9, 135.0, 134.0, 132.9, 128.1; IR (neat) v:
3096, 2821, 2361, 1664, 1527, 1430, 1352, 1280, 1106,
1042, 908, 856, 721, 647 cm”'; HRMS (ESI-TOF) calcd
for CsHs0,S [M-+H]" 129.0005, found 129.0005.

2RI R (38b): T [EA, 773 73%. m.p. 124~
126 ‘C; 'HNMR (400 MHz, CDCls) 6: 10.82 (s, 1H), 7.64
(dd, J=1.9, 0.9 Hz, 1H), 7.33 (dd, J=3.6, 0.9 Hz, 1H),
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6.56 (dd, J=3.5, 1.8 Hz, 1H); '*C NMR (100 MHz,
CDCL3) 6: 163.7, 147.4, 143.8, 120.1, 112.3; IR (neat) v:
2917, 1673, 1580, 1471, 1422, 1291, 1182, 1076, 1015,
884, 753, 604 cm '; HRMS (ESI-TOF) caled for CsHsO3
[M-+H]" 113.0233, found 113.0233.

WS- 3R TR (39b): B FE AR, PR E 67%. mup.
140~142 °C; '"H NMR (400 MHz, DMSO-ds) J: 8.77 (d,
J=2.0 Hz, 1H), 7.16 (d, J=1.8 Hz, 1H); *C NMR (100
MHz, DMSO-de) J: 160.4, 157.7, 152.0, 109.0; IR (neat) v:
3134, 2922, 2606, 1743, 1588, 1346, 1249, 1142, 979, 862,
736 cm '; HRMS (ESI-TOF) calcd for C;H,NO; [M+H]"
114.0186, found 114.0188.

2-JRIMEME-SFRIR(40b): FIE R, 223 49%. m.p.
179~181 °C; '"H NMR (400 MHz, DMSO-d;) 6: 8.21 (s,
1H); 3C NMR (100 MHz, DMSO-ds) J: 160.9, 147.7,
141.5, 134.4; IR (neat) v: 3101, 2920, 2782, 2463, 1698,
1516, 1362, 1288, 1142, 1080, 1026, 891, 774, 666 cm ';
HRMS (ESI-TOF) caled for C4H;”BrNO,S [M+H]"
207.9072, found 207.9072.

3-WEWy TR (41b): B EE, % 72%. m.p. 68~
69 C; 'H NMR (400 MHz, CDCl;) 6: 7.30 (dd, J=4.9,
3.0 Hz, 1H), 7.18 (dd, J=3.0, 1.1 Hz, 1H), 7.05 (dd, J=
49, 1.3 Hz, 1H), 3.70 (s, 2H); '*C NMR (100 MHz,
CDCly) d: 177.1, 132.8, 128.5, 125.9, 123.3, 35.5; IR
(neat) v: 3097, 2922, 2618, 2573, 1683, 1423, 1336, 1153,
953, 897, 789, 734, 694, 611 cm '; HRMS (ESI-TOF)
caled for CsHs0,S [M—H]™ 141.0016, found 141.0002.

2-ZK IR FR R (42b): 3R [EAR, P2 59%. mup.
194~195 °C; 'H NMR (400 MHz, DMSO-ds) J: 13.49 (s,
1H), 7.78 (d, J=7.8 Hz, 1H), 7.71~7.64 (m, 2H), 7.48 (t,
J=17.8 Hz, 1H), 7.34 (t, J=7.5 Hz, 1H); 3C NMR (100
MHz, DMSO-ds) 6: 160.1, 155.0, 146.2, 127.6, 126.9,
123.8, 123.1, 113.5, 112.1; IR (neat) v: 2921, 2361, 1680,
1563, 1296, 1142, 939, 815, 740 cm '; HRMS (ESI-TOF)
caled for CoH;0; [M+H]" 163.0390, found 163.0390;
HRMS (ESI-TOF) caled for CoH;oNO; [M + NH,] *
180.0655, found 180.0656.

f- 7K F I R (43b): A K, P2 66%. m.p.
121~122 °C; 'H NMR (400 MHz, DMSO-ds) J: 12.40 (s,
1H), 7.70~7.66 (m, 2H), 7.59 (d, J=16.1 Hz, 1H), 7.43~
7.38 (m, 3H), 6.53 (d, J=16.0 Hz, 1H); 3C NMR (100
MHz, DMSO-ds) 6: 167.5, 143.9, 1342, 130.2, 128.9,
128.2, 119.2; IR (neat) v: 2923, 2851, 2592, 1678, 1449,
1286, 1175, 1067, 932, 871, 764, 674 cm '; HRMS
(ESI-TOF) caled for CoHoO, [M+H]" 149.0597, found
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149.0598.

S -2- R B IR T b - R R (44b): A (] 4, 77 %
86%. m.p. 120~122 °C;'H NMR (400 MHz, DMSO-ds)
0:12.29 (s, 1H), 7.30~7.23 (m, 2H), 7.21~7.12 (m, 3H),
2.40~2.35 (m, 1H), 1.82~1.76 (m, 1H), 1.45~1.39 (m,
1H), 1.35~1.30 (m, 1H); *C NMR (100 MHz, DMSO-ds)
0: 173.9, 140.2, 128.3, 126.2, 125.9, 25.3, 24.1, 16.6; IR
(neat) v: 3031, 2647, 1687, 1446, 1235, 1023, 935, 753,
697 cm™'; HRMS (ESI-TOF) calcd for C1oH;,0, [M+H]"
163.0754, found 163.0754.

1-Z5 Z12(45b): B BEfE, 723 95%. mp. 139~
141 °C;'H NMR (400 MHz, DMSO-de) J: 12.38 (s, 1H),
7.98 (d, J=7.9 Hz, 1H), 7.95 (d, J=7.8 Hz, 1H), 7.86 (d,
J=17.6 Hz, 1H), 7.59~7.50 (m, 2H), 7.49~7.42 (m, 2H),
4.05 (s, 2H); *C NMR (100 MHz, DMSO-ds) o: 172.8,
133.4, 131.9, 131.7, 128.5, 128.0, 127.4, 126.2, 125.7,
125.6, 124.0, 38.5; IR (neat) v: 3045, 2634, 1686, 1511,
1397, 1212, 935, 776, 688 cm '; HRMS (ESI-TOF) calcd
for C1,H1sNO, [M+NH4]" 204.1019, found 204.1024.

3-(4-fiF 3L F IE) IR (46b): B (0 [EAE, 77 92%.
m.p. 164~165 C; 'H NMR (400 MHz, DMSO-ds) o:
12.23 (s, 1H), 8.14 (d, J=8.8 Hz, 2H), 7.52 (d, J=8.8 Hz,
2H), 2.95 (t, J=7.5 Hz, 2H), 2.61 (t, J=7.5 Hz, 2H); 13C
NMR (100 MHz, DMSO-ds) J: 173.4, 149.4, 146.0, 129.6,
123.4, 34.3, 30.1; IR (neat) v: 2916, 2567, 1696, 1596,
1513, 1434, 1341, 1219, 1110, 853, 728, 628 cm !; HRMS
(ESI-TOF) calcd for CoH;QNO4 [M+H]" 196.0604, found
196.0607; HRMS (ESI-TOF) calcd for CoHoNNaO4 [M—+
Na]' 218.0424, found 218.0423.

KT B (47b): A AR, 72 96%. mp. 41~
42 “C; 'H NMR (400 MHz, CDCl3) 0: 10.64 (s, 1H),
7.26~7.21 (m, 2H), 7.18~7.10 (m, 3H), 2.63 (t, J=7.6
Hz, 2H), 2.33 (t, J=7.5 Hz, 2H), 1.97~1.89 (m, 2H); 1*C
NMR (100 MHz, DMSO) ¢: 180.2, 141.1, 128.4, 128.4,
126.0, 34.9, 33.3, 26.1; IR (neat) v: 3022, 2925, 1686,
1556, 1407, 1271, 1062, 907, 747, 698 cm '; HRMS
(ESI-TOF) calced for CioH;30, [M+H]" 165.0910, found
165.0912; HRMS (ESI-TOF) caled for CioH;sNO, [M+
NH,]" 182.1176, found 182.1175.

[4-(FF R -4- T I AL R ) - 2R JE - 4R (48b): 1 B [,
723 83%. m.p. 115~116 ‘C;'H NMR (400 MHz, CDCl;)
d: 7.70 (d, J=8.4 Hz, 2H), 7.30 (d, J=8.1 Hz, 2H), 7.20
(d, J=8.6 Hz, 2H), 6.94 (d, J=8.6 Hz, 2H), 3.60 (s, 2H),
2.44 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 177.1, 148.8,
145.4,132.3, 132.2, 130.6, 129.8, 128.4, 122.5, 40.2, 21.7,
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IR (neat) v: 2921, 2662, 1695, 1503, 1376, 1299, 1152,
853, 729, 685, 655, 619 cm™'; HRMS (ESI-TOF) calcd for
C1sH14sNaOsS [M+Na]™ 329.0454, found 329.0431.
2-((4-VLE ) SR 3E) 2 R (49b): i, 7
46%. m.p. 104~106 °C; 'H NMR (400 MHz, DMSO-ds)
8: 7.92 (d, J=8.5 Hz, 2H), 7.77 (d, J=8.5 Hz, 2H), 4.82
(s, 2H); 3C NMR (100 MHz, DMSO-ds) &: 169.0, 164.7,
132.1, 131.3, 128.2, 127.8, 61.4; IR (neat) v: 3091, 2924,
1713, 1589, 1418, 1398, 1276, 1222, 1118, 1068, 895, 755,
686 cm '; HRMS (ESI-TOF) caled for CoHgO4""Br [M—
H]™ 256.9455, found 256.9449; HRMS (ESI-TOF) caled
for CoHsO48'Br [M—H] ™ 258.9434, found 258.9429.
2-((WRIR-2-FRIE) S HE) R (50b): [ ] 44, 7=
68%. m.p. 97~98 ‘C; '"H NMR (400 MHz, DMSO-ds) J:
13.13 (s, 1H), 8.01 (d, J=2.1 Hz, 1H), 7.38 (d, J=3.5 Hz,
1H), 6.73~6.70 (m, 1H), 4.78 (s, 2H); 3C NMR (100
MHz, DMSO-ds) d: 169.0, 157.4, 148.1, 1433, 119.2,
112.5, 60.9; IR (neat) v: 3143, 2555, 1713, 1469, 1299,
1174, 1006, 883, 757, 683 cm !; HRMS (ESI-TOF) calcd
for C;HsNaOs [M+Na]™ 193.0107, found 193.0108.
2-((L-ZR IR - 1- e 45 ) S 25 ) SR (51b): 1 (7 [
1, P25 73%. mp. 100~101 ‘C; '"H NMR (400 MHz,
CDCLy) d: 9.84 (s, 1H), 7.45~7.40 (m, 2H), 7.38~7.33
(m, 2H), 7.31~7.25 (m, 1H), 4.59 (s, 2H), 2.82~2.69 (m,
2H), 2.05~1.96 (m, 2H), 1.85~1.77 (m, 4H); 3C NMR
(100 MHz, CDCLy) &: 175.5, 173.7, 142.6, 128.2, 126.9,
126.9, 60.5, 58.8, 36.2, 23.5; IR (neat) v: 2923, 2875,
1719, 1556, 1445, 1257, 1126, 924, 733, 696 cm '; HRMS
(ESI-TOF) caled for C14HaNOs [M+NH4]™ 266.1387,
found 266.1386.
2-(3-ZK A L) - A HR(52b): (Ll 1A, 7= 89%.
m.p. 83~85 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.81~
7.76 (m, 3H), 7.70~7.65 (m, 1H), 7.61~7.53 (m, 2H),
7.51~7.39 (m, 3H), 3.81 (q, J=7.2 Hz, 1H), 1.55 (d, J=
7.2 Hz, 3H); 3C NMR (100 MHz, CDCLs) &: 196.5, 179.1,
140.3, 137.8, 137.3, 132.5, 131.6, 130.0, 129.3, 129.1,
128.5, 128.2, 45.2, 18.1; IR (neat) v: 2977, 2935, 1693,
1597, 1442, 1280, 1194, 964, 714, 689, 612 cm ™ '; HRMS
(ESI-TOF) caled for Ci6Hi305 [M—H]™ 253.0868, found
253.0870.
11-5848-6,11- 5 2K I [b,e] A % 5-2- £, TR (53b):
HOER, 2% 95%. m.p. 129~130 °C; 'H NMR (400
MHz, CDCL) ¢: 8.12 (d, J=2.4 Hz, 1H), 7.89~7.84 (m,
1H), 7.57~7.52 (m, 1H), 7.49~7.40 (m, 2H), 7.37~7.32
(m, 1H), 7.02 (d, J=8.4 Hz, 1H), 5.17 (s, 2H), 3.67 (s,
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2H); *C NMR (100 MHz, CDCls) d: 190.9, 177.2, 160.5,
140.3, 136.4, 135.5, 132.8, 132.6, 129.4, 129.2, 127.8,
127.1, 125.1, 121.1, 73.5, 39.9; IR (neat) v: 3038, 2920,
1710, 1643, 1491, 1302, 1225, 1017, 911, 825, 757, 676
cm '; HRMS (ESI-TOF) caled for CiH1304 [M+H]"
269.0808, found 269.0807.

4,5- T IRFED-BEM AR (54b): I ELK, 725K 45%.
m.p. 151~153 ‘C; '"H NMR (400 MHz, DMSO-ds) o:
12.32 (s, 1H), 7.59~7.50 (m, 4H), 7.46~7.32 (m, 6H),
3.07 (t, J=7.1 Hz, 2H), 2.80 (t, J=7.1 Hz, 2H); '*C NMR
(100 MHz, DMSO-de) J: 173.2, 162.4, 144.6, 134.4, 132.0,
129.3, 128.9, 128.8, 128.7, 128.6, 128.5, 128.2, 127.4,
126.3, 30.3, 23.0; IR (neat) v: 3096, 1707, 1471, 1225,
1147, 1023, 831, 750, 678 cm '; HRMS (ESI-TOF) calcd
for CsHisNO3 [M+H]™ 294.1125, found 294.1126.

4-(4- F A L 25 -1- 0K )-4- S AR T R (55b): B 8 [ 44,
FEE 66%. mp. 179~181 C; 'H NMR (400 MHz,
DMSO-ds) 0: 12.17 (s, 1H), 8.81~8.73 (m, 1H), 8.27~
8.15 (m, 2H), 7.68~7.50 (m, 2H), 7.04 (d, J=8.3 Hz,
1H), 4.05 (s, 3H), 3.30 (t, J=6.3, 5.9 Hz, 2H), 2.64 (t, J=
6.6, 5.7 Hz, 2H); C NMR (100 MHz, DMSO-ds) o:
200.6, 174.0, 158.2, 131.3, 131.2, 128.3, 126.7, 125.8,
125.7, 124.9, 121.7, 103.2, 56.1, 35.4, 28.5; IR (neat) v:
3031, 1707, 1569, 1413, 1284, 1162, 991, 806, 620 cm ';
HRMS (ESI-TOF) calcd for CisH;s04 [M+H]™ 259.0965,
found 259.0964.

1-[(2,6- - F A HE) FH 3L ]-1H-1,2,3- = I:-4- 3R FR (56b):
HE Ak, 72 % 50%. mp. 79~81 ‘C; 'H NMR (400
MHz, DMSO-ds) J: 8.73 (s, 1H), 7.57~7.41 (m, 1H), 7.16
(t, J=8.1 Hz, 2H), 5.73 (s, 2H); *C NMR (100 MHz,
DMSO-ds) 6: 162.1 (d, J=7.3 Hz), 161.6, 159.6 (d, J=7.3
Hz), 139.7, 131.9 (t, J=10.5 Hz), 129.3, 112.0 (dd, J=5.8,
18.8 Hz), 111.0 (t, J=18.9 Hz), 41.3 (t, J=3.9 Hz); "F
NMR (376 MHz, DMSO-d¢) 0: —114.54; IR (neat) v:
3096, 1707, 1624, 1350, 1225, 1147, 1023, 891, 791 cm ™ !;
HRMS (ESI-TOF) caled for CjoHgFoN3O, [M + H]*
240.0579, found 240.0581.

4 Bh A1 %) (Supporting Information) 1L4&4%) 1b~56b
(¥ TH NMR A1 3C NMR 1% . X 28 kba] DL 2 AT
i (http://sioc-journal.cn/) I T %K.
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