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Decarboxylative Amidation of Acrylamides with Oxamic Acids

Gao, Qisheng  Jing, Qi Chen, Yang Sun, Jing* Zhou, Mingdong™
(School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun, Liaoning 113001)

Abstract A silver catalyzed decaroxylative amidation of N-arylacrylamides with oxamic acids has been developed. This
cascade reaction is an effective way to synthesize various 3,3-disubstitued amide functionalized oxindoles through a sequence
of intermolecular carbamoy! radical addition and cyclization in moderate to good yields. This reaction allows a broad range of

substrates as well as good functional group compatibility.

Keywords carbamoylation; oxindoles; radical addition cyclization
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Figure 1 Oxindole natural products and pharmacologically
active molecules

1 ZBR5TR
1.1 REFHRL

T, EE N-HEE-N-RE NI (1a) 5 N-BUR
TR R Qa)E N R PLIFRHERYD, A5 5 TR
T BT B S5 B P Ho 2% S S PRS2, o s N e
e th, SEIRAE R WE 1. NSRS R UG, £k
REiE 2 80 °C, AgNO; ML, KaS0s NEAMF LK
CH;CN fEIAFINS, [N AEGEHEAT LA 28% =R 155
HARP“4) 3a(E 1, Entryl). BiJ5, %% 7 %R 7[H0-
P& (THF) & I 5E(DCM). — Fi 3L 7 A(DMSO).
MeOH. N,N- 3£ H it i (DMF) & CH;CN/H,0 i &%
FIR ZR)RF RN EEI, 25 KB L CH;CN/HO (V-
V=11 D)IRERRZNEFI N~ R4 P B85, &
F T 60%(7 1, Entries 2~10). i ¥  He ;8 44
A, PRFTMEATRINT I AR R I, 418 AgOAc.
A0 5L Ag,COs ML AR RS 15 2 H Ax =9, Hrh
Ag,CO; At LARAT HI 7= 2 (76%) 15 2 H AR =4 3a(F 1,
Entries 11~13), 1244 CuBr 53¢ Cu(OAc), AL
B, I REMEZE RN == YI(ER 1, Entries 14~15). #E R
K5 T EATNT B RE, 23 2 T H B B
TR HLAAT, SRR T KoS,0s AL 1)
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FERYR AR EGR 1, Entries 16~18). {[HERERE,
K2S,05 HI BN 1.5 equiv., AgaCO; I E AR E 5
mol%f, KB[)F2ZIEH] T 85%(FK 1, Entries 19~21).
T v B AR S S B 3 AN B HR =y ] M= 2R, (Rl 80 °C
RGN e S B (SR 1, Entries 22~23). ),
P St 4 MR KB MITIZAN T, RN EE
W REAT, E R RN, 2 B Rk, R AE
SRR E“YI(F 1, Entries 24~26). 25 EFTR, KM
HRAERAT A N-FREE-N-REE PR IZ(1a, 0.2 mmol), N-
B EZ R (2a, 0.3 mmol), AgCOs (5 mol%), K»S:05
(0.3 mmol), 7E CH;CN/H,O (V: V=1 : 1, 2 mL)& 4
80 ‘CFXAM 12 h.
12 EEMHR

TE B R N 26 LAt b, o) s 7 ) JER 4 4 3
TTHRA. LI EE R SR RN T 5 Fh N-2K 3
WG S N-BUR B B & 03 B B A g
PE, KES A REfE LA R 4T 1 7= 2645 BUAH BL H AR =4,
Wik 2 fion: XF N-ZRERUR I E AR ATAEY), fets
PR U (7= 19 3 B b 5 90(3a~3c); X T N-JKidkEL
RELZRWAEY, bl AP Ik, Hpekt, HEE
e SRR J 0 By, R REIRASRLAT 2R g
254k & 0(3d~3h); T N-J5 FEEUR I SR BRI &4
[ REE F T 1% RN R (3i~3K), 4AFA 07 b A I
H, - (AT 77 2R TR TR AIG, 4 2R AR AL Bl Rl A | 3%
AR BRI, O [ BE B8 IR Mgk 4T, JF LA
HHEE R )PP R AR B E P (31~3n); 1T N-ZEEURT
HREBRIGWFFEREE L 64% 7= R L &4 3o.
BEJG %552 T — R N-ZK I 0 T e A4 A A 12 S DAk
RIRBOEPE(E 3). 4iPREY]: 2 N-HE-N-RE I
Bk e 2R e A H . g L AE g 3R 5
G 7 2 B G| B AL B 0 (3p~3r); A i 2 AR,
A 3 B8 BIAH RL A H AR AP, AU ECT 50% 0 5
HE1s, X ATEESE BT A R0 B B LT 2R85B e B
TEVEBRAR, 2R AR 2 F SR BB AT, BB S LA
75% 1153 B 7= A B B H AR S P(3t~3u); 4K
P AL EA BURIE(Me, CHIF, 251758 T —4 3v,
IVIRKIARRT 3w, 3w ST, EARE RN, el
[FRE AR G b T IR 2 R IR AL S N, LA 85% (17 %15
FIHAEY 3%, e)E, HE T N R TR BN Z R
NEFIFEA, 2 N R 7 EEAA GR R, ASRerii ) 5
FRr=4(3y), X0 RESE T AR N-2R 5 4 A Ik A
FALFIAELE N G 4 U2 T4 N R BIEAZREL, A%
B R BT SRR DL R T 7 Ze A5 B AR B AL A )
(3z~3ab); {H&Y N JHT LIER LB R T Skt
B, A BES & H AR H AR & 40(3ac~3ad), 12 #B
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Table 1 Optimization of reaction conditions

©\ f O o catalyst Q
+ N
N~ ~0 \H)J\OH oxidant, solvent [ :[ t
' 0 N,, 80 °C
1a 2a

Entry Catalyst (mol%) Oxidant (equiv.) Solvent Yield”/%
1 AgNOs (10) K28:205 (2) CH3CN 28
2 AgNOs (10) K28:205 (2) H20 46
3 AgNOs (10) K2S20s (2) THF <5
4 AgNOs (10) K2S20s (2) DCM <5
5 AgNOs (10) K2S20s (2) DMSO <5
6 AgNOs (10) K28:205 (2) CH3O0H 15
7 AgNOs (10) K28:205 (2) DMF 31
8 AgNOs (10) K28:205 (2) CH:CN/H0 (V2 V=3 1) 46
9 AgNOs (10) K28:205 (2) CH3CN/H20 (V2 V=1 :3) 54
10 AgNOs (10) K28:205 (2) CH:CN/H0 (VX V=1:1) 60
11 AgOAc (10) K2S20s (2) CH:CN/H0 (VX V=1:1) 64
12 Ag0 (10) K28:205 (2) CH:CN/H0 (VX V=1:1) 60
13 Ag2COs (10) K28:205 (2) CH:CN/H0 (VX V=1:1) 76
14 CuBr (10) K2S20s (2) CH:CN/H0 (VX V=1:1) Trace
15 Cu(OAc): (10) K28:205 (2) CH:CN/H0 (VX V=1:1) Trace
16 AgxCOs (10) Na2S20s (2) CH:CN/H0 (V' V=1:1) 48
17 Ag2COs (10) (NH4)2S20s (2) CH:CN/H0 (V' V=1:1) 10
18 Ag2COs (10) TBHP (2) CH:CN/H0 (V2 V=1:1) nr
19 Ag2COs (10) K2S20s (1.5) CH:CN/H0 (VX V=1:1) 86
20 Ag2COs (10) K28:205 (1) CH:CN/H0 (VX V=1:1) 72
21 Ag2COs (5) K2S20s (1.5) CH:CN/H0 (V' V=1:1) 85 (82)°
224 Ag2COs (5) K2S20s (1.5) CH:CN/H0 (VX V=1:1) 76
23¢ Ag2COs (5) K2S20s (1.5) CH:CN/H0 (VX V=1:1) 76
24/ Ag2COs (5) K2S20s (1.5) CH:CN/H0 (VX V=1:1) 39
25 — K2820s (1.5) CH:CN/H0 (VX V=1:1) 54
26 AgoCOs (5) — CH:CN/HO (V2 V=1 1) Trace

@ Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), catalyst, oxidant in solvent (2 mL), 80 ‘C, 12 h under N, atmosphere; ® The yields were determined by 'H
NMR with CH,Br; as the internal standard; ¢ Isolated yield; “ 60 “C; €100 °C;/Under air.

BRI ERBEE N R 1 S 3y).
1.3 HIBFAR

NT U R B AT REALEE, 7E 1a F0 2f [F) R
AR A A TN 2 equiv. B IR 2,2,6,6- 70 H &
R IE -~ %~ E ALY (TEMPO) A 1,1- 78 2. Jfi(Scheme 1).
RN RN TEMPO fl 1,1- =K 22 )5, [RS8
B B3, b TEMPO 1A RGN BIHLS =) 3,
ﬁlL:mz%&ﬁ%§A%um%Mﬁ$ﬁﬂ%A%

L SUGTEIE, e o T R o A RN S IRV S
b%mMUmeom9%451&:mzmﬂm%
5, 1X—SEIG 45 B R W% I N AT Be v S F I Rl R )
A

5 LA b1 52 56 45 B AT N (0 0F Fi R iy | (909010131,
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Table 2 Scope of oxamic acids

R2
R2 o Ag>CO3 (5 mol%) lll
y K5S,03g (1.5 equiv.) “R1
+ N OH
N0 R CH3CN/H,0 (V:V = 1:1) NS ©
' 0 80°C, 12 h |
1a 2 3
o 4 ’

N WN\) N~ Qﬁ/:\'f'\l
Dwh: Ot O
ro ot ot ot

|
3a, 82% 3b, 70% 3c, 89% 3d, 85%
H H M H Ph H Ph
e
Oy O OO e Oy
o) o}
Vo Vo N0 Vo
3e, 79% 3f, 80% 39, 89% 3h, 68%
Me
H H H N
oo oo oL oot oo
Ph
N 0© N o N0 CF3 N0
3i, 84% 3j, 95% 3k, 70% 31, 57%
H H
SwhhoalswRu s @iY“
5 @
N" o N 0©° g O
3m, 85% 3n, 49% ! 30, 64%

4@ Reaction conditions: 1a (0.2 mmol), 2 (0.3 mmol), Ag,COs (5 mol%), K»S,05 (1.5 equiv) in CH;CN/H,O (V. V=1 : 1,2 mL), 80 ‘C, 12 h under N, atmosphere,
isolated yield.

I
9 " N o)
@f + Meﬁ/\N)kWoH standard Condlt.lons m M?Me N Me\(\j/\NJ\o’N
T o 4 H 5 TEMPO (2 equiv.) N0 4 H
1a 2

3f, 0 4, detected by HRMS
|
o} O Ph
" N
©\ f + Me\(\a/\N)H(OH standard conditions M:\Me . Me\(v)/\N/U\/I\Ph
4 1,1-Diphenylethylene o 4 H
N”~0 H . N">0
| o (2 equiv.) |
2f 3f, 27% 5, detected by HRMS
1a

B 1 Bl

Scheme 1 Radical trapping experiments

3 LY 3.2 7k
3.1 UFESEHFA ERAAT, B N-ZREENIEBER0.2 mmol). N-HL

*%Eﬁ;}j\:j:}ﬁ,fﬁﬁﬁ Bruker AM—400 (400 MHZ)@*%EIZQ;H\: 4%%‘%@?(03 1’1’11’1’101)\ %M%E(OOI mmol, 5 1’1’101%)\ ﬁ@lﬁb
(U (CDCls A, TMS apti): sesrgeims o (0.3 mmol X 2 mL REHCH,CNELO, V2 /=
(HRMS){#i ] Agilent Technologies 5973N 7 i i {3 il & ; L+ DMAE] 10 mL Schienk B4, SNEHADTHE S
s SRFTR IR I i, SN ks T i MACBOME10 mDAVK(I0 mL), AR
A A SRR T R 200~300 H, 1y ROMROI0 mL)RIREIK, SIRATHLIR KB
T NN T, LU R LR BRI, TR RECRE 4 B 4R
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Table 3 Scope of acrylamides

Ag,CO3 (5 mol%)
O\ f O K,S,05 (1.5 equiv.)
m)LOH

CH4CN:H,0 = 1:1
80°C, 12 h
1

“ iAO,O e n@ C.\: \O \O

3p 67% 3q 78% 3r, 81% 3s, 0 (50%)°
Me l
3t, 75% 3u, 75% 3V 3v+3v'=81%(1.8:1)° 3V
3W 3w +3w' =88% (3.5: 1)c 3w’ 3x, 85%
3z, 88% 3aa, 85% 3ab, 68% 3ac, 0 (23%)¢ 3ad, 0 (22%)¢

4@ Reaction conditions: 1 (0.2 mmol), 2a (0.3 mmol), Ag,CO; (5 mol%), K>S,05 (1.5 equiv.) in CH;CN/H,O (¥ V=1 : 1,2 mL), 80 ‘C, 12 h under N, atmosphere,
isolated yield; ? Recovery yield of 1s; ¢ The regioisomeric ratio was determined by 'H NMR; ¢ The isolated yield of 3y from the substrates 1ac or 1ad.

[VCAEE) @ MR LR =1 © 11132 H A5/,

H
I Q f e @ IYN\R 1,3- 2 E-3-(2- S AR-2-(WR G - 1- ) £ ) M k-2
III o N~ 0 0 3 e

| (Ba)%l ik, P52 82%. 'H NMR (400 MHz,
A CDCly) 6: 7.26~7.20 (m, 1H), 7.18~7.12 (m, 1H),

\K g(1) l - 7.04~6.94 (m, 1H), 6.85 (d, J=7.6 Hz, 1H), 3.38~3.30
> K2S,05 r'u ! (m, 4H), 3.27 (s, 3H), 3.01 (d, J=16.4 Hz, 1H), 2.96 (d,
O T J=16.4 Hz, 1H), 1.58~1.50 (m, 4H), 1.48~1.36 (m, 2H),

N0 1.35 (s, 3H).
N o ’ 1,3 F -3 (2 SRR (R Wb 1 - 35 ) 2 35 3 2 -
R © @Bb)l%l: i, PE% 70%. 'H NMR (400 MHz,
K >K232°8 CDCL) & 7.26~7.20 (m, 1H), 7.20~7.16 (m, 1H),

7.04~6.96 (m, 1H), 6.85 (d, J=8.0 Hz, 1H), 3.38~3.30
w (m, 3H), 3.27 (s, 3H), 3.24~3.18 (m, 1H), 2.93 (d, J=
16.4 Hz, 1H), 2.86 (d, J=16.4 Hz, 1H), 1.94~1.84 (m,
2H), 1.79~1.69 (m, 2H), 1.38 (s, 3H).
2-(1,3- = FE 2B ARG -3 -3 -V, N- . 2.5 L L%

@)%l LA, F5F 89%. 'H NMR (400 MHz,
CDCly) 6: 7.26~7.20 (m, 1H), 7.17~7.13 (m, 1H),

B2 WRER RS

Scheme 2 Plausible reaction mechanism
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7.03~6.95 (m, 1H), 6.85 (d, J=7.6 Hz, 1H), 3.27 (s, 3H),
3.26~3.10 (m, 4H), 2.98 (d, J=16.0 Hz, 1H), 2.93 (d, J=
16.0 Hz, 1H), 1.37 (s, 3H), 1.16 (t, J=6.8 Hz, 3H), 0.92 (t,
J=6.8 Hz, 3H).

N-3A 23 -2-(1,3- — H 3 -2- S AR W8] Wk -3- 3 ) 2 Bk i
(3d): A, P73 85%. mp. 119~120 C; 'H NMR
(400 MHz, CDCls) 6: 7.30~7.24 (m, 2H), 7.10~7.04 (m,
1H), 6.88~6.82 (m, 1H), 6.31 (d, J=6.8 Hz, 1H), 4.10~
3.98 (m, 1H), 3.24 (s, 3H), 2.75 (d, J=14.4 Hz, 1H), 2.62
(d, J=14.4 Hz, 1H), 1.86~1.76 (m, 2H), 1.68~1.46 (m,
4H), 1.42 (s, 3H), 1.32~1.18 (m, 2H); '*C NMR (101
MHz, CDCl;) 0: 180.6, 168.3, 142.7, 133.2, 128.1, 122.8,
122.7, 108.2, 50.9, 46.3, 44.0, 32.8, 32.7, 26.3, 23.54,
23.52, 23.4; HRMS (ESI) calcd for C17Hy3N,0, [M+H]"
287.1754, found 287.1756.

N-JF B 2 -2-(1,3- = F B 2 B AR M| Rk -3- 358 ) 2, Tk i
(3e): EWAE, P7% 89%. 'H NMR (400 MHz, CDCls)
5: 7.30~7.24 (m, 2H), 7.10~7.04 (m, 1H), 6.85 (d, J=
8.0 Hz, 1H), 6.23 (d, J=7.6 Hz, 1H), 3.84~3.74 (m, 1H),
3.24 (s, 3H), 2.75 (d, J=14.4 Hz, 1H), 2.61 (d, J=14.4
Hz, 1H), 1.82~1.70 (m, 2H), 1.58~1.44 (m, 6H), 1.42 (s,
3H), 1.40~1.20 (m, 4H); 3C NMR (101 MHz, CDCl) ¢:
180.6, 168.5, 142.7, 133.2, 128.1, 122.8, 122.7, 108.2,
50.0, 46.3, 44.1, 34.9, 34.8, 28.0, 27.9, 26.3, 23.8, 23.6;
HRMS (ESI) caled for C1oH27N,0, [M+H]" 315.2067,
found 315.2067.

2-(1,3- = H1 B 2- A AR Mgl Wk -3 R )-N- O 3 2T %
3f): LWL, 772 80%. 'H NMR (400 MHz, CDCls)
5 7.30~7.24 (m, 2H), 7.12~7.04 (m, 1H), 6.88~6.80
(m, 1H), 6.30 (s, 1H), 3.24 (s, 3H), 3.14~3.04 (m, 2H),
2.78 (d, J=14.8 Hz, 1H), 2.64 (d, J=14.8 Hz, 1H), 1.42
(s, 3H), 1.38~1.30 (m, 2H), 1.29~1.19 (m, 6H), 0.86 (t,
J=6.8 Hz, 3H); '3C NMR (101 MHz, CDCls) J: 180.6,
168.8, 142.8, 133.3, 128.1, 122.7, 108.2, 46.2, 43.9, 39.4,
31.4,29.4,26.4,26.3,23.6,22.5, 13.9; HRMS (ESI) calcd
for CisH»N,0, [M+H]" 303.2067, found 303.2068.

2-(1,3- = R 2- S A M| W -3- 3 )-N- 2 2 3k 20T %
(3g): Lk, F=% 89%. 'H NMR (400 MHz, CDCl;)
5: 7.34~7.16 (m, 5H), 7.15~7.03 (m, 3H), 6.84 (d, J=
7.6 Hz, 1H), 6.21 (s, 1H), 3.44~3.28 (m, 2H), 3.22 (s,
3H), 2.76 (d, J=14.8 Hz, 1H), 2.68 (t, J=7.2 Hz, 2H),
2.60 (d, J=14.8 Hz, 1H), 1.38 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 180.5, 168.9, 142.9, 138.8, 133.3, 128.6,
128.5, 128.1, 126.4, 122.7, 122.6, 108.2, 46.1, 43.8, 40.5,
35.5, 26.3, 23.6; HRMS (ESI) caled for Ca0H23N,0, [M+
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H]" 323.1754, found 323.1756.

2-(1,3- = -2 AR M -3 J5 ) - N-(1- 2K 2,38 ) 2 T
f3h)!4: To A, 72% 68%. 'H NMR (400 MHz,
CDCly) d: 7.31~721 (m, 5H), 7.19~7.13 (m, 2H),
7.10~7.02 (m, 1H), 6.79 (d, J=8.0 Hz, 1H), 6.50 (d, J=
8.0 Hz, 1H), 5.17~4.83 (m, 1H), 3.06 (s, 3H), 2.80 (d, J=
14.4 Hz, 1H), 2.64 (d, J=14.4 Hz, 1H), 1.43 (s, 3H), 1.36
(d, J=6.8 Hz, 3H).

2-(1,3- = H R -2~ S AR Mg IR -3 R )-N- 2R O 2 T 1%
(3i): AMEE, =% 84%. mp. 97~98 C; 'H NMR
(400 MHz, CDCl3) 6: 8.90 (s, 1H), 7.47 (d, J=7.8 Hz,
2H), 7.36~7.22 (m, 4H), 7.14~7.02 (m, 2H), 6.90~6.82
(m, 1H), 3.25 (s, 3H), 2.91 (d, J=14.8 Hz, 1H), 2.84 (d,
J=14.8 Hz, 1H), 1.49 (s, 3H); *C NMR (101 MHz,
CDCls) &: 181.0, 167.4, 142.5, 138.0, 133.4, 128.8, 128.3,
124.0, 123.2, 122.7, 119.9, 108.5, 46.1, 44.9, 26.4, 23.2;
HRMS (ESI) caled for CisHioN,0, [M+H]" 295.1441,
found 295.1442.

2-(1,3- = F -2 S A RIS W -3- 35 )-N-(4- R 2K k) 2 Tk
Fe3j): FEOEE, 723 95%. mp. 109~110 C (lit.['%
111~113 “C); 'H NMR (400 MHz, CDCls) &: 8.90 (s,
1H), 7.47 (d, J=8.0 Hz, 2H), 7.32~7.24 (m, 2H), 7.13~
7.03 (m, 3H), 6.88~6.83 (m, 1H), 3.25 (s, 3H), 2.89 (d,
J=15.2 Hz, 1H), 2.82 (d, J=15.2 Hz, 1H), 2.28 (s, 3H),
1.49 (s, 3H).

2-(1,3- = BE-2- S AR G| W -3- K )-N-(4- = 35 F S R
) O (3k): E O, 73 70%. mp. 70~71 C
(lit.%1 72~73 “C); 'H NMR (400 MHz, CDCl3) §: 9.54
(s, 1H), 7.63 (d, J=8.4 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H),
7.34~7.27 (m, 2H), 7.14~7.10 (m, 1H), 6.90 (d, J=7.6
Hz, 1H), 3.28 (s, 3H), 2.95 (d, J=15.2 Hz, 1H), 2.89 (d,
J=15.2 Hz, 1H), 1.50 (s, 3H).

2-(1,3- = F 2 S AR 5] e -3- 31 ) -N-(2- F 2K 32 ) 2L T
FE@31): BEEEE, 2F 57%. mp. 167~168 C (lit.[1%
168~169 ‘C); 'H NMR (400 MHz, CDCls) : 8.14 (brs,
1H), 7.58 (d, J=8.0 Hz, 1H), 7.33~7.27 (m, 2H), 7.15~
7.07 (m, 3H), 7.05~6.99 (m, 1H), 6.85 (d, J=8.0 Hz,
1H), 3.24 (s, 3H), 2.98 (d, J=14.8 Hz, 1H), 2.86 (d, J=
14.8 Hz, 1H), 2.17 (s, 3H), 1.51 (s, 3H).

2-(1,3- = F -2 AR M ik -3- K ) - N-(3- R R L ) 2, T
fZ(3m): B EA, =% 85%. mp. 111~112 C; 'H
NMR (400 MHz, CDCls) J: 8.83 (s, 1H), 7.32~7.25 (m,
4H), 7.14 (t, J=7.6 Hz, 1H), 7.11~7.05 (m, 1H), 6.89~
6.84 (m, 2H), 3.25 (s, 3H), 2.89 (d, J=15.2 Hz, 1H), 2.83
(d, J=15.2 Hz, 1H), 2.29 (s, 3H), 1.48 (s, 3H); '3C NMR
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(101 MHz, CDCl3) 8: 181.0, 167.3, 142.5, 138.7, 137.9,
133.4, 128.6, 128.2, 124.8, 123.1, 122.7, 120.5, 117.0,
108.5, 46.1, 44.9, 26.4, 23.2, 21.4; HRMS (ESI) calcd for
C19H20N,0,Na [M+Na]* 331.1417, found 331.1420.

2-(1,3- = I B2 AR W -3- 3k )-N-(3- SR Ik ) £ T
f#(3n): O FEAAE, 7FF 49%. mp. 111~112 C; 'H
NMR (400 MHz, CDCls) d: 9.26 (s, 1H), 7.62~7.60 (m,
1H), 7.35~7.26 (m, 3H), 7.16 (t, J=8.0 Hz, 1H), 7.12~
7.08 (m, 1H), 7.03~7.01 (m, 1H), 6.88 (d, J=8.0 Hz,
1H), 3.26 (s, 3H), 2.92 (d, J=15.2 Hz, 1H), 2.86 (d, J=
15.2 Hz, 1H), 1.48 (s, 3H); *C NMR (101 MHz, CDCL) §:
181.1, 167.6, 142.4, 139.2, 134.4, 133.3, 129.8, 128.3,
124.0, 123.3, 122.6, 119.8, 117.7, 108.6, 46.0, 44.7, 26.5,
23.2; HRMS (ESI) calcd for CsH;7CIN,O;Na [M+Na]®
351.0871, found 351.0878.

2-(1,3- -2 S AR M Wk -3- 3K ) - N-(1- 25 55 £ B i
(30): EMOMEMEK, 7F 64%. mp. 154~155 C (lit.loc]
157~158 C); 'H NMR (400 MHz, CDCl;) o: 8.89 (s,
1H), 7.88 (d, J=7.2 Hz, 1H), 7.84~7.78 (m, 2H), 7.64 (d,
J=8.0 Hz, 1H), 7.52~7.42 (m, 2H), 7.40 (t, J=8.0 Hz,
1H), 7.34 (d, J=7.6 Hz, 1H), 7.30 (t, J=8.0 Hz, 1H), 7.12
(t, J=7.6 Hz, 1H), 6.86 (d, J=8.0 Hz, 1H), 3.25 (s, 3H),
3.10 (d, J=14.8 Hz, 1H), 2.97 (d, J=14.8 Hz, 1H), 1.57
(s, 3H).

1,3,5- = B 3 -3-(2- AR 2-(WR g - 1- 3% ) 2, 3 ) g g -2-
il 3p): LW E, 7% 67%. 'H NMR (400 MHz,
CDCls) 6: 7.03 (d, J=8.0 Hz, 1H), 6.97 (s, 1H), 6.74 (d,
J=8.0 Hz, 1H), 3.42~3.28 (m, 4H), 3.25 (s, 3H), 2.98 (d,
J=16.4 Hz, 1H), 2.92 (d, J=16.4 Hz, 1H), 2.32 (s, 3H),
1.59~1.47 (m, 4H), 1.45~1.37 (m, 2H), 1.34 (s, 3H); 13C
NMR (101 MHz, CDCLy) d: 180.9, 167.1, 141.4, 134.4,
1312, 127.8, 122.5, 107.7, 46.6, 45.8, 42.5, 40.4, 26.4,
26.3, 25.4, 25.1, 24.4, 21.2; HRMS (ESI) caled for
CisH2sN,0, [M+H]" 301.1911, found 301.1911.

5-9-1,3- = F -3 (2- S AR-2- (R g - 1 - Fik ) £ 2 ) g k-
2-fli(3q): LR, 73 78%. 'H NMR (400 MHz,
CDCly) 0: 6.98~6.86 (m, 2H), 6.78~6.72 (m, 1H),
3.41~3.31 (m, 4H), 3.26 (s, 3H), 3.03 (d, J=16.4 Hz,
1H), 2.93 (d, J=16.4 Hz, 1H), 1.59~1.51 (m, 4H), 1.45~
1.37 (m, 2H), 1.34 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
180.6, 166.8, 159.0 (d, J=237.7 Hz), 139.7 (d, J=1.4 Hz),
136.1 (d, J=7.8 Hz), 113.5 (d, J=23.2 Hz), 109.8 (d, J=
24.6 Hz), 108.3 (d, J=8.1 Hz), 46.5, 46.1, 42.5, 40.6, 26.6,
26.3,25.3,24.9, 24.3; HRMS (ESI) calcd for Ci7H»FN,0,
[M+H]" 305.1660, found 305.1660.
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5-5-1,3- = FE-3-(2- S AR-2-(WR WE - 1 - 3k ) £ 3 ) g k-
2-F(3r): AEEE, 7% 81%. mp. 131~132 C; 'H
NMR (400 MHz, CDCls) d: 7.22~7.18 (m, 1H), 7.10~
7.08 (m, 1H), 6.77 (d, J=8.4 Hz, 1H), 3.39~3.29 (m,
4H), 3.25 (s, 3H), 3.04 (d, J=16.4 Hz, 1H), 2.93 (d, J=
16.4 Hz, 1H), 1.62~1.48 (m, 4H), 1.44~1.38 (m, 2H),
1.33 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 180.5, 166.7,
142.5, 136.2, 127.4, 127.1, 122.0, 108.9, 46.5, 45.9, 42.5,
40.6, 26.5, 26.2, 25.3, 25.0, 24.3; HRMS (ESI) calcd for
C17H2CIN,O, [M+H]" 321.1364, found 321.1366.

1,3,7- = B 3E-3-(2- AR 2-(WR g - 1- 36 ) 2, 3 ) g e -2-
il (3t): LB, 7% 75%. 'H NMR (400 MHz,
CDCls) 0: 6.97~6.92 (m, 2H), 6.90~6.84 (m, 1H), 3.55
(s, 3H), 3.38~3.30 (m, 4H), 3.01 (d, J=16.4 Hz, 1H),
2.93 (d, J=16.4 Hz, 1H), 2.59 (s, 3H), 1.60~1.50 (m,
4H), 1.48~1.32 (m, 2H), 1.31 (s, 3H); 3C NMR (101
MHz, CDCLy) 8: 181.7, 167.1, 141.6, 135.0, 131.4, 121.8,
119.5, 119.2, 46.5, 45.0, 42.5, 40.8, 29.7, 26.3, 25.6, 25.3,
24.3, 19.1; HRMS (ESI) caled for CisHasN,O, [M+H]"
301.1911, found 301.1912.

7-F-1,3- -3 (2- S AR-2-(WR E - 1 -3k ) £ 3 ) g k-
2-fH(3u): TLEWAE, 75% 75%. 'H NMR (400 MHz,
CDCl;) d: 7.16~7.12 (m, 1H), 7.00~6.96 (m, 1H),
6.93~6.85 (m, 1H), 3.64 (s, 3H), 3.40~3.28 (m, 4H),
3.01 (d, J=16.4 Hz, 1H), 2.94 (d, J=16.4 Hz, 1H), 1.61~
1.49 (m, 4H), 1.48~1.34 (m, 2H), 1.32 (s, 3H); *C NMR
(101 MHz, CDCLy) ¢: 181.3, 166.8, 139.8, 137.4, 129.9,
122.7, 119.7, 115.5, 46.6, 45.5, 42.6, 40.9, 29.7, 26.3, 25.5,
25.3,24.3; HRMS (ESI) calcd for C7H5,CIN,O, [M+H]"
321.1364, found 321.1365.

1,3,4- = H FE-3-(2-FAR-2-(WR W2 -1- 3% ) £, 35 ) 5] e -2-
Fi (3v) + 1,3,6- = I 2:-3-(2- AR -2-(WR g -1- 2 ) £, 32 ) Mg
We-2-l(3v'"): LAk, F=% 81%,3v 1 3v'=1.8: 1. 'H
NMR (400 MHz, CDCL3) 6: 7.13 (t, J=8.0 Hz, 0.64H),
7.03 (d, J=7.2 Hz, 0.36H), 6.81 (d, J=7.6 Hz, 0.37H),
6.75 (d, J=8.0 Hz, 0.62H), 6.73~6.67 (m, 1H), 3.45~
3.29 (m, 4H), 3.26~3.24 (m, 3H), 3.23 (d, J=16.4 Hz,
0.63H), 3.07 (d, J=16.4 Hz, 0.63H), 2.98 (d, /=16.4 Hz,
0.63H), 2.93 (d, J=16.4 Hz, 0.63H), 2.36~2.32 (m, 3H),
1.68~1.50 (m, 6H), 1.39~1.33 (m, 3H); '*C NMR (101
MHz, CDCly) 6: 180.8 (181.2), 167.0 (167.1), 144.0
(143.8), 132.2 (137.5), 131.1 (131.4), 124.5 (127.4), 121.2
(122.4), 105.9 (109.1), 46.5 (46.4), 45.4, 42.5 (42.4), 39.3
(40.5), 26.4 (26.3), 26.3 (26.2), 25.3 (25.0), 24.4 (24.3),
22.9, 18.1 (21.8); HRMS (ESI) caled for CisHasN,0, [M+
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H]" 301.1911, found 301.1912.

F-1,3- 2 3E-3-(2- AR 2- (IR e - 1- 3 £, 32 g W -2-
il (3w) + 6-5(-1,3- I FE-3-(2- AR -2-(WR g - 1-3E) 2.5
M5l Wk-2-BH (3w"): Totailfk, 722 88%, 3w : 3w'=3.5 !
1. '"H NMR (400 MHz, CDCly) d: 7.16 (t, J=8.0 Hz,
0.78H), 7.05 (d, J=8.0 Hz, 0.22H), 6.98~6.92 (m,
0.22H), 6.91~6.87 (m, 0.78H), 6.85~6.83 (m, 0.22H),
6.78~6.72 (m, 0.78H), 3.63 (d, J=16.8 Hz, 0.78H),
3.48~3.26 (m, 4H), 3.26~3.20 (m, 3H), 3.00 (d, J=16.4
Hz, 0.78H), 3.03 (d, J=16.4 Hz, 0.22H), 2.95 (d, J=16.4
Hz, 0.22H), 1.62~1.48 (m, 4H), 1.46~1.30 (m, 5H); 1*C
NMR (101 MHz, CDCls) d: 180.9 (180.4), 167.1 (166.8),
145.8 (145.1), 133.3 (132.9), 130.4 (128.9), 128.8 (122.8),
122.3 (121.7), 106.6 (108.9), 47.1 (46.5), 46.6 (45.4), 42.6
(42.5), 38.9 (40.6), 26.6 (26.5), 26.3 (25.3), 25.4 (24.9),
24.4 (24.3), 22.0; HRMS (ESI) calcd for C17HxnCIN,O,
[M-+H]" 321.1364, found 321.1368.

1,3- = F 3 -3-(2- AR 2-(WR g - 1- 3 ) 2, 2%)- 1 -k g
[2,3-b]HHL e -2(3H)- i (3x): Tt il i, 7% 85%. 'H
NMR (400 MHz, CDCls) 6: 8.15 (dd, J=5.6, 1.6 Hz, 1H),
7.43 (dd, J=7.2, 1.6 Hz, 1H), 6.89 (dd, J=7.2, 5.2 Hz,
1H), 3.41~3.31 (m, 7H), 3.01 (d, J=16.4 Hz, 1H), 2.95
(d, J=16.4 Hz, 1H), 1.62~1.52 (m, 4H), 1.44~1.38 (m,
2H), 1.38 (s, 3H); '3C NMR (101 MHz, CDCls) §: 180.6,
166.8, 157.3, 146.3, 129.1, 128.9, 117.6, 46.6, 45.5, 42.6,
40.2, 26.3, 25.5, 25.4, 24.3, 24.2; HRMS (ESI) calcd for
C16H2oN;0, [M+H]" 288.1707, found 288.1708.

3- F A 3-(2- AR -2-(WIR B -1- 5 ) & 8 ) 03] W -2- T
(3y): ALK, mp. 154~155 C; '"H NMR (400 MHz,
CDCl) o: 8.11 (s, 1H), 7.19~7.12 (m, 1H), 7.12 (d, J=
7.2 Hz, 1H), 7.00~6.94 (m, 1H), 6.88 (d, J=7.6Hz, 1H),
3.42~3.32 (m, 4H), 3.03 (d, J=16.4 Hz, 1H), 2.97 (d, J=
16.4 Hz, 1H), 1.60~1.52 (m, 4H), 1.48~1.42 (m, 2H),
1.38 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 182.7, 167.1,
141.0, 134.9, 127.5, 121.8, 121.7, 109.8, 46.6, 46.1, 42.6,
40.5, 26.3, 25.3, 25.1, 24.3; HRMS (ESI) caled for
C16H20N,0,Na [M+Na]" 295.1417, found 295.1420.

1-28 JE-3- F 3 -3-(2- AR -2- (MR P - 1- 32 ) £, 3 ) M| k-
2-l (3z): H O E AR, 7% 88%. mp. 88~89 C; 'H
NMR (400 MHz, CDCl;) d: 7.56~7.46 (m, 4H), 7.41~
7.33 (m, 1H), 7.20~7.10 (m, 2H), 7.06~6.98 (m, 1H),
6.80 (d, J=7.6 Hz, 1H), 3.44~3.30 (m, 4H), 3.11 (d, J=
16.4 Hz, 1H), 3.04 (d, J=16.4 Hz, 1H), 1.64~1.50 (m,
4H), 1.47 (s, 3H), 1.43~1.25 (m, 2H); '3C NMR (101
MHz, CDCL) 6: 180.5, 167.0, 144.0, 135.2, 134.2, 129.3,
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127.6, 127.4, 126.9, 122.2, 121.6, 109.2, 46.5, 45.8, 42.5,
412, 263, 253, 252, 24.3; HRMS (ESI) caled for
C2HasN,03 [M+H]™ 349.1911, found 349.1912.

1-7F% JE-3- 3 -3-(2- S AR -2- (MR P - 1- 2 ) 2, 35 ) Mg k-
2-fi(3aa): FEMEAE, 2% 85%. mp. 132~133 C; 'H
NMR (400 MHz, CDCly) 6: 7.37 (d, J=7.6 Hz, 2H),
7.33~7.27 (m, 2H), 7.25~7.20 (m, 1H), 7.17~7.13 (m,
1H), 7.13~7.05 (m, 1H), 6.99~6.91 (m, 1H), 6.68 (d, J=
7.6Hz, 1H), 5.13 (d, J=16.0 Hz, 1H), 4.85 (d, J=16.0 Hz,
1H), 3.45~3.31 (m, 4H), 3.07 (d, J=16.4 Hz, 1H), 3.00
(d, J=16.4 Hz, 1H), 1.62~1.48 (m, 4H), 1.46~1.32 (m,
5H); 3C NMR (101 MHz, CDCl3) J: 181.0, 167.0, 142.8,
136.5, 134.4, 128.6, 127.5, 127.2, 127.1, 122.0, 121.5,
109.2, 46.6, 45.9, 43.8, 42.5, 40.4, 26.3, 25.5, 25.4, 24.4;
HRMS (ESI) caled for C3HysN20, [M+H]"™ 363.2067,
found 363.2067.

1- £ FE-3- H -3 (2- S AR -2-(WR W - 1- 58 ) £, 38 ) Mg k-
2-fii(3ab): Tk, 5% 68%. 'H NMR (400 MHz,
CDCLy) 6: 7.26~7.21 (m, 1H), 7.18~7.15 (m, 1H),
7.02~6.98 (m, 1H), 6.87 (d, J=7.6Hz, 1H), 3.91~3.72
(m, 2H), 3.37~3.30 (m, 4H), 2.99 (d, J=16.4 Hz, 1H),
2.94 (d, J=16.4 Hz, 1H), 1.59~1.48 (m, 4H), 1.46~1.32
(m, 2H), 1.35 (s, 3H), 1.29 (t, J=7.2 Hz, 3H); 3C NMR
(101 MHz, CDCls) J: 180.4, 167.0, 142.8, 134.6, 127.5,
121.8, 121.7, 108.2, 46.6, 45.8, 42.4, 40.3, 34.6, 26.3, 25.3,
25.0, 24.3, 12.4; HRMS (ESI) caled for C;sH24N>O;Na
[M+Na]™ 323.1730, found 323.1737.

4 Bh A4l (Supporting Information) FT & ik H hnfb &
YT TH NMR 1 3C NMR 35 8. 3X S8} A] DL G 2% A
F1J Wi (http://si‘C -journal.cn/)_ R %K.

References

[1] (a) Galliford, C. V.; Scheidt, K. A. Angew. Chem. Int. Ed. 2007, 46,
8748.

(b) Zhao, J.-F.; Duan, X.-H.; Peng, L.-N. Chin. J. Org. Chem. 2017,
37,2498 (in Chinese).

(R s0g, BOErtE, FRNNGR, A AL, 2017, 37, 2498.)

(c) Mai, W.-P.; Wang, J.-T.; Yang, L.-R.; Yuan, J.-W.; Mao, P.; Xiao,
Y.-P.;; Qu, L.-B. Chin. J. Org. Chem. 2014, 34, 1958 (in Chinese).
CGESCMS, Ea4k¥, M, Refd, BB, Huki, BrE, A
MALF, 2014, 34, 1958.)

[2] (a) Millemaggi, A.; Taylor, R. J. K. Eur. J. Org. Chem. 2010, 4527.
(b) Leptosin, D.; Takahashi, C.; Numata, A.; Ito, Y.; Matsumura, E.;
Araki, H.; Iwaki, H.; Kushida, K. J. Chem. Soc., Perkin Trans. 1
1994, 1859.

(c) Ma, J.; Hecht, S. M. Chem. Commun. 2004, 1190.

[3]1 (a) Wong, H.; Yu, P; Yick, C. Pure Appl. Chem. 1999, 71, 1041.

(b) Rassu, G.; Zanardi, F.; Battistini, L.; Casriaghi, G. Chem. Soc.
Rev. 2000, 29, 109.

(c) Xiao, F.; Luo, Y.; Lii, W.; Tang, J. Chin. J. Org. Chem. 2009, 29,
459 (in Chinese).

Chin. J. Org. Chem. 2022, 42, 257~265



Chinese Journal of Organic Chemistry

(4]

(3]

(6]

(7]
(8]

9]

Chin. J. Org. Chem. 2022, 42, 257~265

(H#, D5, Bff, A, AHRE, 2009, 29,459.)

(d) Tian, K.; Meng, J.; Gan, Y.-Y; Li, X.-Q.; Wu, S.-Q.; Chen, J.;
Li, W; Qi, Y.-Y.; Hu, W.-N.; Wang, Z.-C.; Ouyang, G.-P. Chin. J.
Org. Chem. 2018, 38, 2657 (in Chinese).

(M, ik, HEiE, 205, R, Bl 23, Bz,
AR TS, Ui, BRFHEF, 2018, 38, 2657.)

(e) Boddy, A.; Bull, J. Org. Chem. Front. 2021, 8, 1026.

(f) Nakao, Y. Chem. Rev. 2021, 121, 327.

(a) Jossang, A.; Jossang, P.; Hadi, H.; Sévenet, T.; Bodo, B. J. Org.
Chem. 1991, 56, 6527.

(b) Stratmann, K.; Moore, R.; Bonjouklian, R.; Deeter, J.; Patter-
son, G.; Stacey, S.; Smith, C.; Smitka, T. J. Am. Chem. Soc. 1994,
116, 9935.

(c) Anderton, N.; Cockrum, P.; Colegate, S.; Edgar, J.; Flower, K.;
Vit, 1.; Willing, R. Phytochemistry 1998, 48, 437.

(d) Shi, J.; Yu, J.; Chen, X.; Xu, R. Acta Pharmacol. Sin. 2003, 24,
97.

(a) Zhou, E.; Liu, Y.; Zhou, J. Adv. Synth. Catal. 2010, 352, 1381.
(b) Klein, J.; Taylor, R. Eur. J. Org. Chem. 2011, 6821.

(¢) Xiao, Y.-L.; Zhou, Y.; Wang, J.; Wang, J.-X.; Liu, H. Chin. J.
Org. Chem. 2015, 35,2035 (in Chinese).

(MM, F, FIL, EBER, WL, A Hies, 2015, 35, 2035.)
(a) Cui, C. B.; Kakeya, H.; Osada, H. Tetrahedron 1996, 52, 12651.
(b) Cui, C. B.; Kakeya, H.; Osada, H. J. Antibiot. 1996, 49, 832.

(c) Ding, K.; Lu, Y.; Nikolovska-Coleska, Z.; Qiu, S.; Ding Y.; Gao,
W.; Stuckey, J.; Krajewski, K.; Roller, P.; Tomita, Y.; Parrish, D.;
Deschamps, J.; Wang, S. J. Am. Chem. Soc. 2005, 127, 10130.

(d) Yu, Q.; Guo, P.; Jian, J.; Chen, Y.; Xu, J. Chem. Commun. 2018,
54, 1125.

Kitamura, H.; Kato, A.; Esaki, T. Eur. J. Pharmacol. 2001, 418,
225.

(a) Abdukader; A.; Zhang, Y.-H.; Zhang, Z.-P.; Liu, C.-J. Chin. J.
Org. Chem. 2016, 36, 875 (in Chinese).

(B[ AT JIoKH « B AT #-RAE/R, TRk, SRIEME, XIRIL, A 4uie
#2016, 36, 875.)

(b) Liu, Y.-J.; Lin, L.-Q.; Han, Y.-H.; Zhang, X. Chin. J. Org.
Chem. 2019, 39, 2705 (in Chinese).

(B, WAL, s, sk, A b, 2019, 39, 2705.)

(c) Wang, L.-L.; Zhang, Z.-Y.; Han, H.-B.; Liu, X.-L.; Bu, Z.-W;
Wang, Q.-L. Chin. J. Org. Chem. 2021, 41, 12 (in Chinese).
(ESRIR, K75, ShEMW, XIHER, M, FBBk, A s,
2021, 41,12.)

(a) Xu, S.-M.; Chen, J.-Q.; Liu, D.; Bao, Y.; Liang, Y.-M.; Xu, P.-F.
Org. Chem. Front. 2017, 4, 1331.

(b) Zheng, L.-W.; Huang, H.-L.; Yang, C.; Xia, W.-J. Org. Lett.
2015, 717, 1034.

(c) Li, X.; Xu, X.-S.; Hu, P-Z.; Xiao, X.-Q.; Zhou, C. J. Org.
Chem. 2013, 78, 7343.

(d) Shen, T.; Yuan, Y.-Z.; Song, S.; Jiao, N. Chem. Commun. 2014,
50,4115.

(e) Li, Y.-M.; Sun, M.; Wang, H.-L.; Tian, Q.-P.; Yang, S.-D. An-
gew. Chem., Int. Ed. 2013, 52, 3972.

() Li, Y.-M.; Shen, Y.; Chang, K.-J.; Yang, S.-D. Tetrahedron 2014,
70, 1991.

(g) Xie, J.; Xu, P; Li, H.-M.; Xue, Q.-C.; Jin, H.-G,; Cheng, Y.-X.;
Zhu, C.-J. Chem. Commun. 2013, 49, 5672.

(h) Li, Z.; Zhang, Y.; Zhang, L.; Liu, Z.-Q. Org. Lett. 2014, 16, 382.
(1) Li, Y.-H.; Wang, J.-J.; Wei, X.-H.; Yang, S.-D. Chin. J. Org.

[10]

[11]

[12]

[13]

[14]

© 2022 Chinese Chemical Society & SIOC, CAS

ARTICLE
Chem. 2015, 35, 638 (in Chinese).

(FAREL, ERE, BN, MR, AL, 2015, 35, 638.)

(j) Zhang, J.; Liu, P;; Sun, P.-P. Chin. J. Org. Chem. 2021, 41, 185
(in Chinese).

GRS, XIF, INERES, A AL, 2021, 41, 185.)

(k) Li, L.; Deng, M.; Zheng, S.-C.; Xiong, Y.-P.; Tan, B.; Liu, X.-Y.
Org. Lett. 2014, 16, 504.

(1) Xu, P; Xie, J.; Xue, Q.-C.; Pan, C.-D.; Cheng, Y.-X.; Zhu, C.-J.
Chem.-Eur. J. 2013, 19, 14039.

(m) Tang, X.-J.; Thomoson, C.; Dolbier, W. Org. Lett. 2014, 16,
4594,

(n) Wang, J.-Y.; Su, Y.-M.; Yin, F.,; Bao, Y.; Zhang, X.; Xu, Y.-M.;
Wang, X.-S. Chem. Commun. 2014, 50, 4108.

(o) Yang, F.; Klumphu, P.; Liang, Y.-M.; Lipshutz, B. H. Chem.
Commun. 2014, 50, 936.

(p) Yin, F.; Wang, X.-S. Org. Lett. 2014, 16, 1128.

(q) Matcha, K.; Narayan, R.; Antonchick, A. P. Angew. Chem., Int.
Ed. 2013, 52, 7985.

(r) Shen, T.; Yuan, Y.-Z.; Jiao, N. Chem. Commun. 2014, 50, 554.
(s) Chen, J.-R.; Yu, X.-Y.; Xiao, W.-J. Synthesis 2015, 47, 604.

(a) Zhou, M.-B.; Song, R.-J.; Ouyang, X.-H.; Liu, Y.; Wei, W.-T;
Deng, G.-B.; Li, J.-H. Chem. Sci. 2013, 4, 2690.

(b) Correia, V. G;; Abreu, J. C.; Barata, C. A. E.; Andrade, L. H.
Org. Lett. 2017, 19, 1060.

(c) He, Z.-Y.; Guo, J.-Y.; Tian, S.-K. Adv. Synth. Catal. 2018, 360,
1544.

(a) Jatoi, A. H.; Pawar, G. G,; Robert, F.; Landais, Y. Chem. Com-
mun. 2019, 55, 466.

(b) Jing, K.; Cui, P--C.; Wang, G-W. Chem. Commun. 2019, 15,
12551.

(c) Jouffroy, M.; Kong, J. Chem.-Eur. J. 2019, 25, 2217.

(d) Pawar, G. G;; Robert, F.; Grau, E.; Cramail, H.; Landais, Y.
Chem. Commun. 2018, 54, 9337.

(e) Bai, Q.-F.; Jin, C.-G;; He, J.-Y.; Feng, G-F. Org. Lett. 2018, 20,
2172.

(f) Fan, H.-Q.; Pan, P.;; Zhang, Y.-Q.; Wang, W. Org. Lett. 2018, 20,
7929.

(g) Petersen, W. F.; Taylor, R. J. K.; Donald, J. R. Org. Lett. 2017,
19, 874.

(h) Petersen, W. F.; Taylor, R. J. K.; Donald, J. R. Org. Biomol.
Chem. 2017, 15, 5831.

(i) Cheng, W.-M.; Shang, R.; Yu, H.-Z.; Fu, Y. Chem.-Eur. J. 2015,
21, 13191.

() Yuan, M.; Chen, L.; Wang, J.-W.; Chen, S.-J.; Wang, K.-C.; Xue,
Y.-B.; Yao, G-M.; Luo, Z.-W.; Zhang, Y.-G. Org. Lett. 2015, 17,
346.

Beck, E.; Grimster, N.; Hatley, R.; Gaunt, M. J. Am. Chem. Soc.
20006, /28, 2528.

(a) Mi, X.; Wang, C.; Huang, M.; Zhang, J.; Wu, Y.; Wu, Y. Org.
Lett. 2014, 16, 3356.

(b) Yan, K.; Yang, D.; Wei, W.; Wang, F.; Shuai, Y.; Li, Q.; Wang,
H. J. Org. Chem. 2015, 80, 1550.

(¢) Liu, T.; Ding Q.; Zong, Q.; Qiu, G. Org. Chem. Front. 2015, 2,
670.

Suarez-Castillo, O. R.; Meléndez-Rodriguez, M.; Castelan-Duarte,
L. E.; Sanchez-Zavala, M.; Rivera-Becerril, E.; Morales-Rios, M.
S.; Joseph-Nathan, P. Tetrahedron: Asymmetry 2009, 20, 2374.

(Fan, Y.)

265

http://sioc-journal.cn/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


