% 4”) {t % DOI: 10.6023/cjoc201812006

Chinese Journal of Organic Chemistry

ARTICLE

B FiRiA B EN O-REERENSEE =R BKEMLIRL R
FrRREY K HY EmEC F N

(HERE TR ST T M 510640)

20

WE £ TR [Cpmim]Cl 1, FIF O- A E I 518 )y R BRI, LA S mol% PA(TFA), AL, 2 equiv. CuBr, ¥
TRUE, LA SR AR [ 53(68%~90%) & A T F A 4- IR RIEMEAT A4, HAEMHZ 'H NMR, "C NMR & HRMS #fiiE.
ZRMEATRS JRWERGET . R TEF S, thah, AR g — B e S e AT AN
SRR B AEAYE I 0 R R 1

KA BT, AL, O-FF R Ik, 4-VRAR TR

Palladium-Catalyzed Cascade Cyclization/Bromination of
2-Alkynone O-Methyl Oximes in lonic Liquid

Li, Jianxiao™“ Lin, Shao* Huang, Ruikang” Li, Can” Yang, Shaorong™“
(“ School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640)

Abstract An efficient palladium-catalyzed protocol for the synthesis of 4-bromoisoxazoles derivatives in moderate to good
yields from readily available O-methyl oximes in basic ionic liquid has been developed. Their structures were confirmed by 'H
NMR, "*C NMR and HRMS. This cascade cyclization/bromination process provides a novel route for directly accessing
4-bromoisoxazole in good to excellent yields and good functional group tolerance with high atom efficiency. Notably, the cur-
rent methodology could also be conveniently applied to the synthesis of isoxazoles naturally occurring biologically active

frameworks.
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KEIE= s A, BiS, Wada 2802 N-ke4 K1 O-FEIEHEEBE(1a) 1) BB BRI A

BRI AN IR LA NEY), LA NIS/BF3*ERO 1F
etk R M T R 4-BUR ) S RERAT A, H 2 RV
M A RRAE S, EEUEHMNE, 2016 F
Thongsornkleeb PRI RE R T N-mfUT B %5
— R RS L R HE R O- B A JE Bl 5 Bk A S A 4L
B, R T R 4-<ARR R REMATAEY). JE A,
AT B R T AR R HIT ) O-F A
il i Tk R G PR IR Al /P S AL UG S AL S B, ARk T 2 R
RE A1 S E AT A= 4.

DRI, AT A 2 5V i S A% AR AR BB 7
Feh b, 527K LL O-F A FE SR 5 Bk N A, IR
T A-RARE) T REMAT ARV R S A BOsR. ERR
B, 55 E T, BT HAE[Cpmim]Cl H, KB
9100 °C, FIFH O-HV A FE B 5 1Ky S A, BA 5
mol% Pd(TFA), AL, 2 equiv. CuBr, NIRJE, LA
LR R A (70%~90%) W4 = 2 & s R/ 1 4-1R4%
FEBEMEATAE ) (Scheme 1).

PA(TFA), (5 mol%)

_OMe CuBr; (2 equiv.) o )
Nl Na,S,05 (2 equiv.) N: z// R
R’l . o .
; A e [CPpmImICI, 100 °C, air , Br
Ol R? O _R?
. R
N}\ /Z Na;S20g N)\ /Z
—_—
CuBr. 1 Y
1 I 2 Rd'VL
R Pd'L R g~ g‘r

B 1 B 4- AR BT A B R

Scheme 1 Synthesis of 4-bromoisoxazoles in ionic liquid
1 ZR5HE

1.1 BF&REF O-BEEREIFEEA LML, Rk
& RS

NTBBMARIR P, RIEL 3,5- 283 O-F
A FL T 5 Tk (1) 9 5 BRIk L RAK S B AR s
SRR NREAT THRFT, 5T A AT A7)
TR AR 2 LR S5 B3 P S ot s S A e, oAt R
x 1w,

e, 8T AU AL ) (Entries 1 ~6), 24 1#
PA(TFA), ML, OB B A (i (GO) AL
2 (Entry 4). FARFEHEAT, 40 PACL, PdBr,, Pd(OAc),,
Pd(PPh;),Cl, Fil PA(CH;CN),Cl, i 52 37 FRIRE Ak R 5 85
K, Wik PA(TFA), 1E 91264 T BB A AL ).

AT FI 207 1% % BH (Entries 4, 7~9), Z2HIH
157, Heln NFSI, O,, Na,S,05 Al PhI(OAc),, 4 2
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Table 1 Optimization for the cascade cyclization/bromination
of O-methyl oximes (1a)

_OMe  [Pd] (5 mol%), CuBr; (2 equiv.)

NI Oxidant (2 equiv.) N:O/Z/Ph
Ph solvent

\\ Ph Br
1a Ph 2a
Entry  Cat. [Pd] Oxidant Solvent Yield®/%
1 PdCl, NFSI DMF 46
2 PdBr, NFSI DMF 31
3 Pd(OAc), NFSI DMF 52
4 PA(TFA), NFSI DMF 60
5 Pd(PPh;),Cl,  NFSI DMF 38
6 Pd(CH3CN),Cl, NFSI DMF 49
7 PA(TFA), 0, DMF 23
8 Pd(TFA), Na,S,0;  DMF 71
9 PdA(TFA), PhI(OAc), DMF 56
10 Pd(TFA), Na,S,0;  DMSO 62
11 Pd(TFA), Na,S,03y  Toluene 37
12 Pd(TFA), Na,S,04 1,4-Dioxane 35
13 Pd(TFA), Na,S,03  NMP 45
14 Pd(TFA), Na,S,0g5  [Cpmim]Cl 93 (87)
15 Pd(TFA), Na,S,0g  [Bmim]Cl 80
16 Pd(TFA), Na,S,05  [CoNH,mim][NTf,] 56
17 PA(TFA), Na,S,05  [Hemim]N(CN), 48
18 Pd(TFA), Na,S,03  [Bmim]Br 83
19° Pd(TFA), Na,S,0g5  [Cpmim]Cl 80
207 PA(TFA), Na,S,0g5  [Cpmim]Cl 85

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reactions were performed with 1a (0.2 mmol), [Pd] (5 mol%), CuBr, (2
equiv.), oxidant (2 equiv.), solvent (1.5 mL) under air atomosphere at 100 ‘C
for 12 h. The value in the parentheses is the yield of the isolated product.
NMP: N-methyl pyrrolidone, NFSI: N-fluorobenzenesulphonimide, [Cpmim]-
Cl: 1-cyanopropyl-3-methyl imidazolium chloride, [Bmim]Cl: 1-butyl-3-me-
thylimidazolium chloride, [CoNH,mim][NTf,]: 1-(2-aminoethyl)-3-methyl-
imidazolium bis(trifluoromethylsulfonyl)imide, [Hemim]N(CN),: 1-hydroxy-
ethyl-3-methyl imidazolium dicyanamide, [Bmim]Br: 1-butyl-3-methylimi-
dazolium bromide. ” GC yield. © At 80 C.“ At 110 C.

equiv. ) NayS,05 {E N EAL T, RANEF 71%1) GC #
b % (Entry 8), FAth 19 5 4k 771 1 51 350K 39K T
Na,S,0s, WUl 7€ NayS,05 N iZ a1 T 1 8 £ 1) A,

R, VA% %23 W] (Entries 10~13), N,N-—
FH 2L F L i (DMIF) A& O 63 ) JOBE 4 71 (Entry 10). 3
T FLIER, LA 2E, 1,4- N LA S N-H L
B (NMP), KNI GC B4k Z 3 HBUAS R FE FE I B¢
ik MRIESCHRIRIE, B TR B A RO e B AL T
28 SRR PRk, FRATT B AR R R T T
HEL. SIS RN, KRB TR R TE — VO N R R R
R L) GC A, 4ff H[Cpmim]Cl 1EIEFIN, f
NA BT GC ALK (Entry 14); HAh S FAE, 0
[Bmim]Br, [Bmim]Cl, [C,NH,mim][NTf,] #1 [Hemim]-
N(CN),, FH] GC HAb It RiE 5, HONAZFKMET,

Chin. J. Org. Chem. 2019, 39, 1417~1423



Chinese Journal of Organic Chemistry

ARTICLE

[Cpmim]Cl 2B NAEIE MBS T, mTRerI R 2, —
i, BT IR SE RS T I 5N & JE AL SR T OB
(s piag Al s — T, AR I CHRE L, %S T
WAL CUBIE AR TR MeCl &%), it
A R T I = i A il 7,

T6L 7 ()% %25 W (Entries 19, 20), fE— &2 T+
IR, ATLLIR S RN GC Bk, M, 4RSI
AR EIRE] 110 CHY, [RE) GC ¥AbZ I A s,
AN AIEE N 100 CRHNEE I NI FE .

ALk, R4k 5 B & @ I B 26 F o B AR
[Cpmim]Cl &, 5 mol% PA(TFA), NEALF], 2 equiv.
CuBr, NIRJE, 2 equiv. Na,S,0s 1FE AT, NN
100 °C, JMEF[E A 12 h.

1.2 O-HEEMREIFELAY 8 EKIMUIR LR N R E &
MHE

PAL LA, FRATEE— 205 S A AR R IR
(K 2). IR 2 ATA TR 5 I el e 5L B [ )&
ROBIFEAF 2 P25 B K b 2b~2f). #E— b H%
R' R, HIRIRER ST RIBURIE, Hodn B a4
BLmt, = BLRENS SEI AL A (2g~2)). MR,

W FE - EAR R (19 JEC 0 R B v P AR T 45 e 7 B 2 11
JRY. RV SR T R SRR, R R AR AR 3
MR EREY. b, BRI R IR AE S
PR M (20~2r). ERUEIINIZE, 2 R AT HFE
ey BT (1s), SOSMRELL 68% )4 B U453 2 H Fr
&) 2s.
1.3 TFIRERYR RIALIE

MR 1R 56 45 5 DKM S STk Rl 721, % B
HIA] BEALER W Scheme 2 Fias: B G, &Y O-H I
MAfGEE 1 GopA% AR I FE A8 B SEAT Al A 10421,
ISR R R T 252 %A CU i I E R 57
AR GAREIAR f Ak L B4, AERE 77
TE T, NapS,0g A ARSI VUL, 44 )5 30 i 34 53 B
2E H btk &4 207,
1.4 Y8R A

MR O A SCERARIE 77, B 4-12-3,5- 2K
FE SEEEM(2a) AT LU Suzuki-Miyaura 85 W DL 68%
(ISR B AL 4-(4-F S 2K 3E)-3,5- I 7 IEM(3) (Eq.
D).

K2 O-WAIEBRNA R 8 BRI ARAL SR @

Table 2 Cascade cyclization/bromination of O-methyl oximes

N/OMe Pd(TFA), (5 mol%), CuBr, (2 equiv.) 0 )
| Na,S,05 (2 equiv.) NS R
R1 N . o .
X R2 [Cpmim]ClI, 100 °C, air R Br
1 2

Me OMe
N'O Ph .0 .0 N'O N'O N'O
)\_/2/ Ny "\ 4 Me \ W/ )\
PR Br o mMe PH  Br PH Br PR Br

2a, 87% 2b. 76% 2c, 85%

O _Ph O _-Ph
N.O/ Ph "\ \
\
Me, Br Br
Br MeO
Me Me

MeO

2g, 80% 2h, 81% 2i, 84%

Oy _Ph Oy _Ph O« _Ph
N "\ N NONPh O .0 Oy _Ph
W/ \ NT7 N
Br
Br Br Br Br Br Br
I\
F4C O,N

2m, 70% 2n, trace 20, 75%

2p, 77%

Ph Br
2d, 90% 2e, 86% 2f, 77%
Oy _Ph O _Ph N'O Ph
\ Ny /
Br Br Br
F Me
2j, 76% 2k, 78% 21, 81%

S

2q, 70% 2r, 75% 2s, 68%

¢ Reaction conditions: 1 (0.20 mmol), Pd(TFA), (5 mol%), CuBr; (2 equiv.), Na;S,05 (2 equiv.), [Cpmim]Cl (1.5 mL) under air atomosphere at 100 ‘C for 12 h.

Yields refer to the isolated yield.
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Me
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R' m PdVL 1
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Nazszog
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Scheme 2 Proposed reaction mechanism
N=0
o BOH): py0Ac), (5 mol%) G-
‘ Ph Xphos (10 mol%
PH B K3POy (3 equiv.)
2a OMe toluene, 18 h
100 °C, N
2 OMe

o T
{0
O

Xphos

BE— D, FEVEME 2a 52K )R] LUEIT Heck B
SLEL T6% IR IFLAL Y 3,5- R FE-4-2K £ ) 5 7 I

I 4 (Eq. 2).")
PA(PPhs),Cly (10 mol%) N ) Ph
Z>ph \ 2
KiCO3 (2 equiv) o, _
DMF, 90 °C

Ph
Ny, 20 h 4
76%

(o)
B Ph
N\

Ph Br
2a

1.5 BFRAEEIFER

DL 1,3- 2K 5k -O- A S e e Tk (1) 1) R BB/
IRAL SRR, 5 mol% PA(TFA), AL, 2 equiv.
CuBr, N#RJE, 2 equiv. Na,S,05 E NEALF, 1.5 mL
[Cpmim]Cl AEF, WERN 100 CHIZKLET, HEHET
WARTEAA G DL, SEEe 45 RN 3.

BT RAR GG FH 52 R iz R T LA
PRI 7 O AR 8 B B B (Runs 1~7). 44
PSS 8 RIS, SOSITE P I A, R AT g RN 2 IR
SN R B FINA R, SIS PRI K. RO
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Table 3 Reusability of the ionic liquid
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N” Pd(TFA)zN(S mol%), CuB.r2 (2 equiv.) 0 Ph
[ 2,S,05 (2 equiv.) N)\l/
Ph7 O o [Cpmim]Cl, 100 °C, air - -
1a 2a
Run Time/h Yield/%
1 12 93
2 12 93
3 12 93
4 12 93
5 12 88
6 12 84
7 12 80
8 12 60
9 24 47
“ GC HILE.
2 4

I O-F I T 5 1k 5 4 8 TR IR A RN R4,
76 B AR [Cpmim]Cl A3 T &8 B A 3Rk /AL N
AR T R 4-BARTEEEMEAT Y. SRR BL S
mol% PA(TFA), N1k 7, 2 equiv. CuBr, A¥E, 2 equiv.
Na,S,05 TENEAF, REREA 100 C, KMEFEN
12 h, SAHEUR ) O-FF AR FE bl 5 Bk 25 g 5 105 DA 45
ER R RERHERLEY. BAb, %N A P2
s JRVIE VR BT ESA, TN ER
S WE 2 IR BRI RART= ) e IR A5 53 F I A R
HEfRIE IR 12

3 LIRS
31 UE5IRA

f# [E Bruker /A% 400 MHz DRX-400 #%REILIRAN,
57 CDCl;, WAR TMS; £[E LCQ Deca XP MAX il
oo 1 BB 1 (2% 3€ [El FINNIGAN TRACE DSQ Jii it
1%, 70 eV); M E THEAEEHRAR X-5 B BHE S
. BT R ATT Eabral, Radt—Balifh.
32 LWHE

] 25 mL B H I 0.2 mmol O- F 48 3 He i Ji5 ik
(1), 5 mol% Pd(TFA),, 2 equiv.ff] CuBr,, 2 equiv. ]
Na,S,0s, 1.5 mL & F A [Cpmim]Cl, I H 100 T4
R, RM12 h. R RE, WA R L8610
mL X 3)AHL, A N JC KB BRBE T, I8 e T 734
i, AEENEREY 2. BHIMEEYIMSEHZ 'H NMR,
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C NMR 1 HRMS FfilE.

4-R-3.5- TR FE IR 22)MY: PRER 87%, (D [E
. mp. 131~132 C (lit.'"™ 133~135 ‘C); '"H NMR
(400 MHz, CDCls) 6: 8.16~7.97 (m, 2H), 7.94~7.77 (m,
2H), 7.62~7.38 (m, 6H); *C NMR (100 MHz, CDCl5) ¢:
165.9, 162.1, 130.7, 130.2, 128.9, 128.7, 128.6, 127.9,
127.1, 126.8, 89.6; HRMS (ESI) caled for C,sH;Br-
NNaO [M+Na]" 321.9838, found 321.9835.

4-R-3-IRF-5- A0 FHOR L R E MR (2b): 23R 76%, B
& 44, m.p. 124~126 °C; '"H NMR (400 MHz, CDCl5)
J9: 8.05~7.94 (m, 2H), 7.58 (dd, J=12.0, 5.8 Hz, 4H),
7.48 (t, J=7.4 Hz, 1H), 7.38 (dd, J=14.0, 7.2 Hz, 2H),
2.47 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 168.9, 161.0,
138.1, 131.0, 130.9, 130.3, 130.1, 128.7, 128.5, 128.0,
126.1, 1259, 92.0, 20.3; HRMS (ESI) caled for
C16H,BrNNaO [M+Na]335.9994, found 335.9990.

4-YR-3- I8 HE-5- ) FEORJE SR (2¢): 723 85%, B
& 44, m.p. 128~129 °C; 'H NMR (400 MHz, CDCl;)
J: 8.00~7.85 (m, 4H), 7.60~7.51 (m, 3H), 7.45 (t, J=7.6
Hz, 1H), 7.36 (d, J=7.6 Hz, 1H), 2.49 (s, 3H); *C NMR
(100 MHz, CDCly) §: 166.1, 162.1, 138.7, 131.5, 130.2,
128.7, 128.7, 128.6, 128.0, 127.6, 126.7, 124.3, 89.4, 21.5;
HRMS (ESI) caled for Ci;sH;;BrNNaO [M + Na] -
335.9994, found 335.9992.

4-P-3- IR TS50 ORI R EME(2d): 723 90%, 3
&4, mp. 137~139 °C; 'H NMR (400 MHz, CDCl5)
5:7.97 (d, J=8.0 Hz, 2H), 7.85 (dd, J=5.2, 2.1 Hz, 2H),
7.58~7.45 (m, 3H), 7.31 (d, J=8.0 Hz, 2H), 2.42 (s, 3H);
C NMR (100 MHz, CDCl;) d: 166.0, 162.1, 141.1, 130.2,
129.6, 128.7, 128.6, 128.0, 127.0, 124.1, 88.9, 21.6;
HRMS (ESI) caled for Ci;sH;;BrNNaO [M + Na] -
335.9994, found 335.9996.

4-J5-5-(4- FAR IR I )-3- S L S Gk (2e)! 1 P
86%, A, BEEA; mp. 145~147 T (it
150~152 C); '"H NMR (400 MHz, CDCl;) 6: 8.08 (dd,
J=4.8, 3.6 Hz, 2H), 7.98~7.78 (m, 2H), 7.69~7.38 (m,
3H), 7.19~6.99 (m, 2H), 3.90 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 165.9, 162.1, 161.4, 130.2, 128.7, 128.6,
128.5, 128.1, 119.5, 114.3, 88.1, 55.5; HRMS (ESI) calcd
for C;¢H;,BrNNaO, [M + Na] ' 351.9944, found
351.9940.

4-YR-5-T FE3ORIE RBEME20): FEER TT%, FEEOH
4. '"H NMR (400 MHz, CDCl;) §: 8.00~7.79 (m, 2H),
7.68~7.39 (m, 3H), 2.87 (t, J=7.6 Hz, 2H), 1.89~1.71
(m, 2H), 1.55~1.36 (m, 2H), 1.00 (t, J=7.2 Hz, 3H); "°C

Chin. J. Org. Chem. 2019, 39, 1417~1423
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NMR (100 MHz, CDCly) o: 171.5, 160.3, 130.1, 128.6,
128.2, 128.1, 90.3, 29.0, 25.8, 22.2, 13.6; HRMS (ESI)
caled for C;3H;4BrNNaO [M+Na]" 302.0151, found
302.0145.

4-JR-5-IR B -3-4 F B R B S E M (20): 7R EE 80%,
F (O [E A, mp. 88~90 ‘C; 'H NMR (400 MHz, CDCly)
0: 8.17 (d, J=6.4 Hz, 2H), 7.63~7.51 (m, 3H), 7.50~
7.30 (m, 4H), 2.40 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
165.0, 163.9, 137.7, 130.7, 130.5, 130.1, 130.1, 128.9,
127.3, 126.9, 126.8, 125.8, 91.3, 20.0; HRMS (ESI) calcd
for C1¢H,BrNNaO [M+Na]™ 335.9994, found 335.9993.

4-P5-5-ZRBL-3- (i) B L DR L R E W (2h): 22 81%,
FOEA. mp. 93~94 ‘C; 'H NMR (400 MHz, CDCl;)
: 8.00 (d, J=6.6 Hz, 2H), 7.62~7.54 (m, 3H), 7.44 (d,
J=5.4 Hz, 3H), 7.32 (t, J=7.6 Hz, 1H), 7.24 (d, J=7.6
Hz, 1H), 2.36 (s, 3H); °C NMR (100 MHz, CDCl;) §:
165.7, 162.3, 138.5, 131.0, 130.7, 129.2, 128.9, 128.6,
127.7, 127.1, 126.9, 125.7, 89.6, 21.5; HRMS (ESI) calcd
for C1¢H,BrNNaO [M+Na]™ 335.9994, found 335.9992.

4-JR-5- TR FE 30 BB DR AL R (2): FEE 81%,
B E AR, mp. 111~112 C; 'H NMR (400 MHz,
CDCly) &: 8.08 (d, J=6.4 Hz, 2H), 7.75 (d, J=7.6 Hz,
2H), 7.51 (d, J=5.6 Hz, 3H), 7.32 (d, J=7.6 Hz, 2H), 2.43
(s, 3H); “C NMR (100 MHz, CDCly) §: 165.7, 162.1,
140.4, 130.6, 129.4, 128.8, 128.5, 127.1, 126.9, 124.9,
89.6, 21.5; HRMS (ESI) caled for C;sH;;BrNNaO [M-+
Na]" 335.9994, found 335.9989.

4-7R-3,4-( A FE IR IE)-5- IR 3 S E ML (2f): PR
76%, EAE K. mp. 144~146 C; 'H NMR (400 MHz,
CDCly) 6: 7.83 (d, J=6.6 Hz, 2H), 7.58~7.43 (m, 4H),
7.36 (dd, J=8.4, 1.8 Hz, 1H), 6.94 (d, J=8.4 Hz, 1H),
3.97 (s, 3H), 3.93 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
170.3, 162.7, 150.7, 149.4, 130.2, 129.0, 127.6, 125.8,
121.9, 119.9, 111.2, 109.4, 97.3, 56.1, 56.0; HRMS (ESI)
caled for C;H;4BrNNaO; [M-l-Na]+ 382.0049, found
382.0048.

4-1R-3-(4-F AR B )-5- DRk R EE (2K): PR E T8%,
{0 [H A, m.p. 143~145 C; 'H NMR (400 MHz,
CDCLy) 6: 8.12~7.92 (m, 2H), 7.78 (dd, J=7.8, 5.8 Hz,
2H), 7.44 (d, J=5.0 Hz, 3H), 7.12 (t, J=8.4 Hz, 2H); °C
NMR (100 MHz, CDCl;) 6: 166.0, 163.9 (d, J=250.5 Hz),
161.3, 130.8, 130.6 (d, J=8.5 Hz), 128.9, 127.1, 126.7,
124.0 (d, J=3.3 Hz), 115.9 (d, J=21.9 Hz), 89.4; HRMS
(ESI) caled for C;sHoBrFNNaO [M-+Na]' 339.9744,
found 339.9740.

http://sioc-journal.cn/ 1421
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4- TR -3-(4- 9 % Bk -3- F IR O R )-5- O O S W M (21):
FEE 81%, BB K. mp. 125~127 C; 'H NMR (400
MHz, CDCLy) 6: 8.07 (d, J=6.2 Hz, 2H), 7.69 (d, J=7.2
Hz, 2H), 7.52 (d, J=5.0 Hz, 3H), 7.13 (t, J=8.8 Hz, 1H),
2.36 (s, 3H); *C NMR (100 MHz, CDCl;) §: 165.9, 162.6
(d, J=249.2 Hz), 161.4, 131.9 (d, J=5.7 Hz), 130.7,
128.9, 127.9 (d, J=8.6 Hz), 127.1, 126.8, 125.6 (d, J=
17.7 Hz), 123.6 (d, J=3.6 Hz), 115.4 (d, J=22.9 Hz),
89.4, 14.6; HRMS (ESI) calcd for C;sH;;BrFNNaO [M—+
Na]™ 353.9900, found 353.9903.

4-YR-5-FKFE-3-(4- =G H B 2RO R ERE (2m): PR
70%, AR, S AR A mp. 136~137 C; 'H NMR
(400 MHz, CDCl;) ¢: 8.08 (d, J=4.0 Hz, 2H), 8.00 (d,
J=7.8 Hz, 2H), 7.78 (d, J=8.0 Hz, 2H), 7.63~7.44 (m,
3H); *C NMR (100 MHz, CDCl3) §: 166.4, 161.0, 132.8,
131.4, 130.9, 129.0, 128.9, 127.1, 126.5, 125.7 (q, J=3.5
Hz), 124.8 (q, J=248.6 Hz), 89.2; HRMS (ESI) calcd for
C1¢HoBrF;NNaO [M+Na]" 389.9712, found 389.9708.

4-P-3-I8 [ -5 R B 7 REME (20): FEE T5%, T
#ifA. "H NMR (400 MHz, CDCl;) ¢: 8.05 (d, J=6.8 Hz,
2H), 7.74~7.44 (m, 3H), 3.42~3.09 (m, 1H), 2.17 (dd,
J=11.2, 7.8 Hz, 2H), 2.03~1.83 (m, 4H), 1.75 (dd, J=
12.2, 6.8 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 166.8,
164.4, 130.4, 128.8, 127.0, 126.8, 90.5, 36.8, 30.8, 25.5;
HRMS (ESI) caled for C;H;BrNNaO [M + Na] *
314.0151, found 314.0148.

4-1R-3-FF O L5 IR B IR (2p): RE T7%,
[fil4K. mp. 81~82 ‘C; 'H NMR (400 MHz, CDCl;) o:
8.04 (d, J=6.0 Hz, 2H), 7.59~7.45 (m, 3H), 2.80 (t, J=
11.8 Hz, 1H), 2.09 (d, J=12.8 Hz, 2H), 1.91 (d, J=12.0
Hz, 2H), 1.79 (d, J=11.8 Hz, 1H), 1.67 (q, J=12.6 Hz,
2H), 1.41 (td, J=24.8, 12.4 Hz, 3H); *C NMR (100 MHz,
CDCly) 6: 167.1, 164.2, 130.4, 128.8, 127.0, 126.8, 90.0,
36.0, 30.7, 262, 259; HRMS (ESI) caled for
CysH,BrNNaO [M+Na]" 328.0307, found 328.0304.

4-R-5-T He-3- IR R L T IEME(2q): FRE 70%, M
#ifA. '"H NMR (400 MHz, CDCls) d: 3.13~2.97 (m, 1H),
2.76 (t, J=7.6 Hz, 2H), 2.08 (dd, J=15.2, 8.4 Hz, 2H),
1.89~1.78 (m, 4H),, 1.76~1.62 (m, 4H), 1.38 (dq, J=
14.4, 7.2 Hz, 2H), 0.94 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCly) d: 173.4, 167.3, 58.8, 37.9, 31.0, 29.3, 26.4,
25.5,22.2, 13.7; HRMS (ESI) calcd for C,H;oBrNO [M+
H]" 272.0645, found 272.0642.

4-1R-5-T BL-3- IR O R M 2r): FREE 75%, B
Wif&. '"H NMR (400 MHz, CDCl3) &: 2.68 (t, J=7.6 Hz,
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2H), 2.51 (t, J=11.6 Hz, 1H), 1.90 (d, J=12.8 Hz, 2H),
1.77 (d, J=12.4 Hz, 2H), 1.71~1.57 (m, 3H), 1.49 (dd,
J=24.4, 12.4 Hz, 2H), 1.38~1.27 (m, 3H), 1.27~1.15
(m, 2H), 0.86 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDClLy) d: 173.1, 167.4, 58.2, 37.1, 30.8, 29.3, 26.4, 26.2,
25.9, 22.2, 13.7; HRMS (ESI) calcd for C;3H,BrNO [M+
H]" 286.0801, found 286.0796.

4-IR-5-FRHL-3-(3-MEy JE) S I (25): 728 68%, B
E R, mp. 122~123 °C; 'H NMR (400 MHz, CDCl;)
8: 7.97 (s, 1H), 7.78 (d, J=2.2 Hz, 2H), 7.55 (d, J=3.6
Hz, 1H), 7.53~7.42 (m, 3H), 7.20 (s, 1H); *C NMR (100
MHz, CDCLy) 0: 165.4, 164.6, 130.2, 129.1, 129.0, 128.9,
128.6, 128.5, 128.3, 127.8, 55.4; HRMS (ESI) calcd for
CsHoBrNOS [M+H]" 305.9583, found 305.9582.

4-(4- F AR BE R 3E)-3,5- IR AL R (3)P) e R
68%, T o[, mp. 136 ~138 C (litY 138 ~
140 C); '"H NMR (400 MHz, CDCl;) d: 7.60 (d, J=6.8
Hz, 2H), 7.49 (d, J=7.2 Hz, 2H), 7.43~7.30 (m, 6H),
7.20 (d, J=8.4 Hz, 2H), 6.95 (d, J=8.4 Hz, 2H), 3.88 (s,
3H); *C NMR (100 MHz, CDCls) 6: 165.4, 162.3, 159.5,
131.7, 129.7, 129.3, 129.2, 128.6, 128.4, 128.3, 128.0,
128.0, 126.9, 122.6, 114.9, 114.6, 55.2; HRMS (ESI) calcd
for C,,H;7NNaO, [M+Na]" 350.1151, found 350.1148.

3,5- TIRFEA4 K LRI REM 4P FER 76%,
@ E A, mp. 163~164 C (lit?" 162~164 C); 'H
NMR (400 MHz, CDCl;) 6: 7.83 (dd, J=7.6, 1.6 Hz, 2H),
7.70 (dd, J=6.4, 2.4 Hz, 2H), 7.57~7.45 (m, 6H), 7.35~
7.28 (m, 4H), 7.25 (dd, J=10.8, 6.4 Hz, 1H), 6.97 (d,
J=16.8 Hz, 1H), 6.65 (d, J=16.8 Hz, 1H); "C NMR
(100 MHz, CDCLy) 0: 166.1, 162.3, 136.9, 134.4, 130.1,
129.6, 129.5, 129.0, 128.9, 128.8, 128.7, 128.3, 128.1,
127.7, 1263, 1159, 112.4; HRMS (ESI) caled for
Cp3H;NNaO [M+Na]" 346.1202, found 346.1200.

4 Bh#1 B (Supporting Information) {L&4%) 2a~2m,
20~2s, 3, 4 1] 'TH NMR fil °C NMR &, X eeptp)ay
LG 3% AR 1) R 3% (http://sioc-journal.cn/)_L. F %%,
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