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@ F TR L RE B LR B RPE BRI LR AR A BRI S 900% 56/ 250014)
CFE TR RE RSB L2 SHI25 TR0 FFRg 250353)
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Zn/Y Bimetallic Relay Catalysis: One Pot Intramolecular Cyclo-
isomerization/Intermolecular Alder-Ene Reaction toward
Oxazole a-Hydroxy Amide Derivatives

Zhang, Shuo” Lou, Jianfang™*"” Wang, Jiarui Song, Zihe" Peng, Dan” Wang, Feng"”

Yan, Zhiwang” Cui, Shigi” Liu, Yifan® Mu, Qiuhong” Li, Jinhui®
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(¢ School of Chemistry and Pharmaceutical Engineering, Qilu University of Technology
(Shandong Academy of Sciences), Jinan 250353)
(¢ College of Food Science and Engineering, Shandong Agricultural University, Taian 271018)

Abstract A novel tandem metal relay catalytic system of Zn/Y has been successfully developed. By using this unprecedented
Zn(OTY),/Y(OTH); bimetallic relay catalytic system, a variety of oxazole a-hydroxy amides derivatives were obtained from
easily available N-(propargyl)-arylamides and various 1-benzylindoline-2,3-dione derivatives through intramolecular cycloi-
somerization/intermolecular Alder-ene reaction under mild conditions. The first step of the one-pot procedure is that Zn(OTf),
acts as a 7 acid to activate the triple bond of N-(propargyl)-arylamides, and a subsequent intramolecular 5-exo-dig cyclization
forms the oxazoline intermediate. Separately, Y(OTf); acts as Lewis acid, then oxazoline intermediate and 1-benzylindoline-
2,3-dione derivatives are transformed to the oxazole a-hydroxy amide derivatives in good to excellent yields in an intermolec-
ular Alder-ene reaction. Control experiments in the optimization section disclose the fact that Zn(OTf), and Y(OTf); are both
indispensable for this intramolecular cycloisomerization/intermolecular Alder-ene reaction. Generally, the synthetic reactions
run under air atmosphere by heating all the substrates and reagents in one-pot at 100 ‘C. The present method benefits from the
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distinctive features of simple reaction conditions, high atom economy and broad substrate tolerance. It is of great significance

for the synthesis of oxazole derivatives.

Keywords relay catalysis; cycloisomerization; Alder-Ene reaction; oxazole derivatives

WERRAL & W AR 22 RARF= IR 2590 53 F IR A
B FEE YIS RY. ah, T
R R G S P R B ANz B A LS
B, Rk, STREMAL AP A G T EER T
RYE.

WA AR ES, TESREED A, pd,
Cul, Ag®)) Fel! znl" V5 fiit A bk o JE R 11 431 PN 3K
SN 2 ) R R MRATT AR A () B A T 5] I g 2 — . T
FEA RIFHE R AR A 0 R T & 5R .
2012 4, Hashmi BEAHPYRJE T Au(T) M4 H 8 BBk
JHe R 1 R I A VR R o ) 4%, T SRR A
ST A, BRI SR AR S AR B R RE e R A A )
(K177 % 2014 4F, Moran BEREZH % JE T —A Cul fE4L 3R
AT bR PR TR £ VPR IRR [ 5785 2015 4F, FRBUR IR
AL R T Zn(OTH, 1E N n BRAN o BRIE AL FIHEAT 5
B ) 3R S5 M A/ TR i e B A S I 45 T M 2R 77 A 0 )
J7i5. 2016 4E, iZREH VR JE T B Zn(OTH, 1A n R
AL FIEAL R N ENE KA S-exo-dig FERILF A —A
WM o ()4, AR5 5 Sc(OTH)s 1 A s 5 5 il 1
A PRI N, SR T BB PR, R T R
FILEW.

B JR s S N C—C B B, fE
BHLVE R B EE R L. Mikami /NHA' Feng /)
A3 Nakai /NHUAT Evans NIV BIHRGE T 2 BB
T 110 O] 2% o= s S 87, 3K 2 s 3 R T B e v PR I
i), R A SON S B A IE 4 5 IR L. (B2
TR AR L BT R A S N (1 3 4 R R AL FRIATE AR
se— BRIk

W4 i 2 F A SO SR Z2 AT DL S B B — b 5 R
RESERLIN VL, 0 I B IR 8 AR 03 Bl 8 v S B
G HEARRCR, B RT3 s BB 1 K 2
W N AR — A5 SE IR, TBE AR 22 Hh R AR I 3 B Ak,
P8/ s S R R TR S A B A T FE AR IHERL, BRI
P GF R, DRS485 i
AR Z RN T AR A A i T

B HR, KRB TR ZoY W&k
RZR, B Zo() ML HR PG SEBE R 5T 3 SR AL I AL
Membk, BHOY(IDIG AL -7 R0 Wbk -2,3- — Fi 2R 54,
24k T P AR R o [ 5 S A P -7 S ] R -2,3- i
FAABWRAE 5 F BRI R NS T o-FR 5B R
WRE AT A= P ) B K.
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1.1 REFHHITFEEFIL

F N-(2-%k-1-38) 2K F b (1a) 5 -1 05| WEnpk-2,3-
T (2a) ARERRR S, Zn(OTH), 1E A m B AL AL ki 5
B oy T WAL RS, HoAth % 5 BERAE R oAb — Rl
7, A NEDeHIsE, Bk ik o i), thin
In(OTf);. Y(OTf);. Yb(OTf);. La(OTf);. Sc(OTf); Fl
Ni(Cl04)2°6H,0 #{] LA1F 2 H AR =4 3a, H LA
Y (OTH); A0 i1 2 (Y % B = (3R 1, Entries 1~6)
M5 552 1 R ET I SRS s i3 FBE PR 22 80 °C,
SRR KA 75%, RN ETHEE 120 C, VIR

K1 P

Table 1 Optimization of reaction conditions”

0]
O Catalyst A
©)J\H/\ . @E& Catalyst B
N solvent
1a 2a \\Ph

O-r'H
3a

Entry Catalyst A CatalystB  Solvent Temp./'C Yield"/%
1 Zn(OTf), In(OTf), DCE 100 25
2 Zn(OTf), Y(OTf); DCE 100 87
3 Zn(OTf), Yb(OTf); DCE 100 34
4 Zn(OTf), La(OTf); DCE 100 28
5 Zn(OTf), Sc(OTf); DCE 100 62
6  Zn(OTf), Ni(ClO,),*6H,0 DCE 100 56
7 Zn(OTf), Y(OTH);, DCE 80 75
8  Zn(OTf), Y(OTH);, DCE 120 88
9  Zn(OTh), DCE 100 27
10 Y(OTH), DCE 100 0
11 AgOTf Y(OTf), DCE 100 32
12 Cu(OT), Y(OTf), DCE 100 28
13 Zn(OTf), Y(OTf), Toluene 100 38
14 Zn(OTf), Y(OTH), CH;CN 100 23

General conditions: 1a (0.24 mmol), 2a (0.2 mmol), catalyst A (10 mol%),
Catalyst B (10 mol%), solvent (2 mL), in sealed tube, overnight. ” Isolated
yield based on 2a.
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RIELARAAS(F 1, Entries 6~8). EHSLIGEKY, KMTE
%L Zn(OTD), 5 Y(OTH); [FIBT AL BT 33547 (3 1, Entries 9~
10), Sz3i B F Zn(OTH, AL I ISR R 27%, &
N BAE T Y (OTH); AL, 82 il BoRis
K20 7= 3a. BEfEXT n BRIBAFIHAT T H K |1,
Entries 11~12), S25045 RE M AgOTT 1 Cu(OTH), #iA
REAR LF B AL S B R AT, S W AN TR A ML
Y 750 B 2K (toluene) Al 24 i (MeCN) 43 B A i i3k 4T
TRPEE, AR SR 1,2- SR O LEDCEWIR & i &
KA (F 1, Entries 1, 13, 14). i & i &
Zn(OTH), M Y (OTH); AHL FH 1Ak 57, DCE NI, [
TN 100 °C ARSI R A
1.2 SFARRHEN S FRF/RE-HR KR R

TEMfE T MR B AAE G, B e AN Rl e R
Fk (1) 5 1-"F 05| WEibk-2,3- i (2a) 2 18] i S B 3ET T
FE (K 2). MM, HH EEAARKRS BT
BRI (3b, o)A EEQ3d), SR A E BTH
75 ARG IR (3e) s BEWY IR (3D FZEIA(3m), & H AR
AR I 5 (3)) . FEEQGK) X3 (3j~3i) 1 =38
FREE(3D), e AR I e PR 25 5 e (3z) & 20 T DAt A
2a NS FIAR B (IRERAT A 3. PR R K N R RIE
75, AL &, &6 TSR b Y B R LS 4
FH, - 25 [ B PR T 0 R T 2 T fi BT 15 B 0 P ) R
B2, IX ] HEAE RN 7 TR R 25 (A1 1 o R Ik
B A 3 i AR B b (B A M TSRS, BIEAR R M,
5 2a M RBCRER. BE, GRe0A R 3-585E-
2- 2K H B - S k- 1 - D3 Ak B W0 2 5 10 B R S EAT
THEFE. KA 15255 F A R 05| DRIph-2,3- i 1-2-
5= F 5] IR bR-2,3- i\ 1-7 J25-5- i S 05| Rk -2,3-
-3 -5- G| WembR-2,3- . 1-7% 35005  WRpR-2,3- —
Fi . 1-"5HE-6- 505 Wb -2,3- . 1-" L -6- 9815 Ik Ik -
2,3- i, 1R EE-7- A R IR-2,3- S 1a HEAT M,
BICL R 2R T 1= 215 2 H AL &4 3n~3u. HH,
2 AT HUREE B 45 H - BB 75 2 A
JSE (1) P A T v — e, IX AT BB AR B I T AR
FEM 1R 0 k-2, 3- RS A S R s, DR A
IS ) S WS vy 1-(4- ) g Rpk-2,3- i . 4-((2,3-
AR IR 158 ) PR SR RS L 1 R R -2,3-
i 157 P R P bR -2, 3- XS s B [ AR R I T R A
(P2
1.2 BHISSE R R BIEHAR

HEAT T SIS R LB HEAT TR AT AW
1a 7£ Zn(OTD), AT F AT 70 F NI B, B 74%
ISR IR 45 21 7 Mk b ) 4K My, M, 7E Y(OT); f
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TS 2a B, L 73%MUCRAG 3] T U B 24
FEW) 3a. MR P I S2 I A 45 SR DA E A B SCRR IR IED
P TR REI S N DS I R, 1% RS2
Zn(OTH), F1 Y(OTH); 5 J1 A 1) — BRIk o1 IR F b/
43 5 ) BA] 2R 48— 05 S SR B - 2 S T i WE M AT AR ).
Zn(OTh), i &Y 1a B, KAES TR LR
N7 AL MR o (R 4R ML, Y(OTH) itk &4 2a, 4k
FH WP ) 4 ML 59 AL A A 2a AR 43 T RIBT K
T IR S ST W 43 () K.

2 i

BRI T —Fh Zn(OTH), M Y (OTh); 2 J1 1AL,
(1953 F N IR ST R Ay - 18] ] JR A2~ S 9L Ay F W A
Y& 7. %0710 Zn(OTh, itk &4 1a K&
O3 F A AL 2 oy N ek v B 44, Y(OTH)s T4k Ak
G 2a, kT EEEREIR R R A STEL AL &) 2a KA
Oy T IA) B SR A0 S B, S I T M TR A R, ST
RN A T B SR P 2B M O B R AR A b, X
WEE T AR 1 AT B =

3 SRS
3.1 R 5EH

Bruker AV400 Bz HEILIRAY, L CDCI; B DMSO-ds
NHEF, TMS 9 F5; Agilent Q-TOF 6510 &5 43 9% i i
1%, HEME 5 B AL BOR(EST), BLIEEREILHERE. M
i/ 200~300 HEER.
3.2 XWHE

7E 38 mL JEBEIN I H ISR FE RS9 1
(0.24 mmol). 1-"FHEMBRIK-2,3- —FRALE) 2 (0.2
mmol). Zn(OTf), (7.2 mg, 10 mol%). Y(OTf); (11.7 mg,
10 mol%)Fl 1,2- 5 Z%¢(2.0 mL), ZRJG7E 100 “CifJE
THEEMERM SR, RNAFILE, BARRE =R,
M e ) SSER RN 6 mL 7K, 3 &0 586 mL X 3)
L, MUK Na, SO, T4, WuE)E, Frs e
PR LI B . R SRR E TR A4S B H bR
WA 3. Vel R 278 216, 2 % (TLC)
For e AR, A HWCER T T e 75 B 25 e JBE 71045 3 A B2
alimn, tHEUWER. A BAs &Y S S itk
Stk B DL S A R AL

1R 23R -3 -[(2- PR L I W - 5 - ik ) F 105 ek - 2-
fifl(3a): 7% 87%.'H NMR (400 MHz, CDCl5) 6: 7.76 (d,
J=6.3 Hz, 2H), 7.51~7.27 (m, 4H), 7.19 (t, J=7.7 Hz,
1H), 7.16~7.05 (m, 4H), 7.04~6.91 (m, 2H), 6.73 (s,
1H), 6.60 (d, J=7.8 Hz, 1H), 4.94 (d, J=15.7 Hz, 1H),
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Table 2 Application scope of the intramolecular cycloisomerization/intermolecular Alder-ene reaction

o o Zn(0Tf),, 10% RK(
I N Y(OTfH3, 10% /
R! N/\ - 0o —~
H Z~N DCE, 100 °C
\ 3
1 2 R
©\( i ]
o I Q\(O 0
N N
\ \ \
N o N \_/Ho \_/Ho
3a. 87% 3b, 89% 3c, 90%
0
o ] o /o\ \o/ ™ o o
/ N N
N N—/HO s \ /o
\ N
\_//HO
3d, 89% 3e, 92% 3f, 93%
o)
Q\(O i /©\( © Br\©\(o i
N cl \ /) N N
\ N—ZHO \
F \_//Ho \_/Ho
3g, 80% 3h, 82% 3i, 83%
NO
2 0 NG o o) Q\(O o]
\O/ N ) EoC '\ o N
N HO N—/HO 3 N
3j, 78% 3k, 80% 31, 76%
OH
~ © Q Q
\ fo) 0 o
N \ N
D o W,
3n,82% __ , 85%
3m, 91% ° —0 30, 85%
o) 0 0
0
©\«O N ©\(O N Vo N
3p, 92% ON 3q, 89% Cl 3r,91% F
© 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 707
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\ N
/Ho N_/Ho
cl
3s, 88% 3t, 92% 3u, 88%
NC
0
@\(O 9 0} P
v ) N ©\<O N \ N
N—/HO \ [[Ho \_//Ho
3v, 85% 3W,90% 3X, 88%
0 o) S:
Rj /HO N N /HO N
3y, 87% 3z, 83%

“ Reaction conditions: 1 (0.24 mmol), 2 (0.2 mmol), Zn(OT1), (10 mol%), Y(OTf); (10 mol%), DCE (2 mL), in sealed tube, overnight, isolated yield based on 2a.

Ho )N~ Ph
o} 0 o}
N Y(OTf);
Zn(OTf > B ., o
©)LH\ Sl ©/LN 2a )
N
1a M, M, 3a
Yield 74% Yield 73%
(0]
Zn(OTf), N
N
©)LH/\ " HO N Ph
1a 1
Alder-ene reaction (0] I\
o) O Y(OTf); -
Y(OTf)3 -Y(OTH); N
(e} —_— 3a
N
\ph \\Ph
2a M,

B 2

PR S8 J s LRI 5L

Scheme 2 Control experiments and proposed reaction mechanism

4.62 (d, J=15.8 Hz, 1H), 4.32 (s, 1H), 3.51 (dd, J=31.7,
14.6 Hz, 2H); *C NMR (CDCls, 100 MHz) 0: 177.28,
142.54, 134.93, 130.16, 130.04, 129.24, 128.78, 128.67,
127.63, 127.20, 126.84, 126.10, 124.34, 123.32, 109.75,
75.67, 43.91, 34.87; HRMS (ESI) calcd for C,sHy N,O5
[M+H]" 397.1547, found 397.1548.

1= FE-3-F8 k-3 [ (2-(1R) FH 23 25k g e - 5.- 35 ) F e g
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WEIH-2-FF(3b): 723 89%. 'H NMR (400 MHz, CDCl5) J:
7.62~7.52 (m, 2H), 7.40 (d, J=7.2 Hz, 1H), 7.32~6.95
(m, 9H), 6.74 (s, 1H), 6.61 (d, J=7.7 Hz, 1H), 4.94 (d, J=
15.7 Hz, 1H), 4.64 (d, J=15.7 Hz, 1H), 4.03 (s, 1H), 3.50
(dd, J=34.4, 14.6 Hz, 2H), 234 (s, 3H); “C NMR
(CDCl, 100 MHz) §: 177.19, 161.52, 145.88, 142.58,
138.39, 134.94, 130.97, 130.06, 129.21, 128.79, 128.58,

Chin. J. Org. Chem. 2020, 40, 704~713



Chinese Journal of Organic Chemistry

ARTICLE

127.63, 127.10, 126.85, 126.83, 126.71, 124.37, 123.29,
123.26, 109.75, 75.64, 43.92, 34.91, 21.29; HRMS (ESI)
caled for CyH»N,O; [M + H] " 411.1703, found
411.1703.

1= -3 FR FE-3-((2- (R HHY 2 I ) W e -5 5k ) Y ey g
WEMR-2-BA(3¢): 725 90%. 'H NMR (400 MHz, CDCl;) 6:
7.63 (d, J=17.6 Hz, 1H), 7.39 (d, J=7.0 Hz, 1H), 7.25 (t,
J=7.0 Hz, 1H), 7.20~7.04 (m, 7H), 7.00 (dd, J=6.0, 2.3
Hz, 2H), 6.78 (s, 1H), 6.59 (d, J=7.8 Hz, 1H), 4.94 (d, J=
15.8 Hz, 1H), 4.60 (d, J=15.8 Hz, 2H), 3.52 (q, J=14.6
Hz, 2H), 2.42 (s, 3H); *C NMR (CDCl;, 100 MHz) o:
177.45, 161.83, 145.64, 142.52, 137.18, 134.94, 131.47,
130.00, 129.78, 129.33, 128.77, 128.75, 128.72, 127.63,
126.86, 126.67, 126.24, 126.24, 125.84, 124.37, 123.42,
109.79, 75.79, 43.90, 34.77, 21.79; HRMS (ESI) calcd for
CaHpsN,O5 [M+H]" 411.1703, found 411.1704.

1-7F% JE -3 52 -3 ((2-(4- H AR R R ik Y Mg e -5 5 )
F) W eIk -2-BH (3d): P2 F 89%. 'H NMR (400 MHz,
CDCl;) 6: 7.68 (d, J=8.8 Hz, 2H), 7.39 (d, J=7.2 Hz,
1H), 7.17 (t, J=7.7 Hz, 1H), 7.09 (dt, J=9.8, 4.4 Hz, 4H),
7.02~6.95 (m, 2H), 6.85 (d, J=8.8 Hz, 2H), 6.64 (s, 1H),
6.58 (d, J=7.8 Hz, 1H), 4.93 (d, J=15.8 Hz, 1H), 4.60 (d,
J=15.8 Hz, 2H), 3.81 (s, 3H), 3.48 (dd, J=31.8, 14.6 Hz,
2H); “C NMR (CDCl;, 100 MHz) §: 177.38, 161.40,
161.19, 145.43, 142.54, 134.96, 129.95, 129.39, 128.77,
127.77, 127.60, 126.81, 126.56, 124.35, 123.26, 120.05,
114.08, 109.71, 75.70, 55.35, 43.87, 34.84; HRMS (ESI)
caled for CyHyN,O4 [M + HJ T 427.1652, found
427.1650.

1= 23 ((2-( PR g -2- 28 )W A -5 - 56 ) F 3 ) -3 - g
WEIbE-2-F (3e): 773 92%. 'H NMR (400 MHz, CDCl5) o:
7.47 (d, J=0.8 Hz, 1H), 7.34 (d, J=7.3 Hz, 1H), 7.21~
7.11 (m, 4H), 7.06 (dd, J=8.4, 4.8 Hz, 3H), 6.74 (d, J=
3.2 Hz, 1H), 6.71 (s, 1H), 6.63 (d, J=7.8 Hz, 1H), 6.44
(dd, J=3.4, 1.7 Hz, 1H), 4.94 (d, J=15.7 Hz, 1H), 4.66
(d, J=15.7 Hz, 1H), 4.28 (dd, J=23.8, 17.0 Hz, 1H), 3.46
(dd, J=42.4, 14.8 Hz, 2H); °C NMR (CDCls;, 100 MHz)
5: 177.20, 154.12, 145.75, 144.20, 142.71, 142.47, 135.00,
130.06, 129.05, 128.80, 127.69, 126.95, 126.66, 124.32,
12332, 111.72, 111.21, 109.72, 75.48, 43.93, 34.68;
HRMS (ESI) caled for Cy3H;oN,O, [M+H]" 387.1339,
found 387.1340.

-7 232 -3 ((2-(ME Wy -2- 22k )W s - 55 ) R 5t y g
WEIR-2-BA(3f): 2% 93%. 'H NMR (400 MHz, CDCl;) 6:
7.36 (ddd, J=13.0, 12.4, 6.1 Hz, 3H), 7.22~7.05 (m, 5H),
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7.05~6.97 (m, 3H), 6.66 (s, 1H), 6.61 (d, J=7.8 Hz, 1H),
4.95 (d, J=15.7 Hz, 1H), 4.63 (d, J=15.7 Hz, 1H), 4.43
(s, 1H), 3.47 (dd, J=342, 147 Hz, 2H); "C NMR
(CDCl;, 100 MHz) &: 177.29, 157.52, 145.66, 142.50,
134.96, 130.06, 129.75, 129.20, 128.79, 128.06, 127.85,
127.66, 127.54, 126.88, 126.76, 124.37, 123.33, 109.74,
75.61, 43.93, 34.75; HRMS (ESI) calcd for Cp3H;oN,O5S
[M+H]" 403.1111, found 403.1112.

-9 B -3-((2-(3- AR J W I - 5- i ) HHY 6 )-3- 4 ik |
WEIH-2-F (3g): 7% 80%. 'H NMR (400 MHz, CDCl;) 6:
7.54 (d, J=7.7 Hz, 1H), 7.35 (ddd, J=21.6, 14.5, 7.5 Hz,
3H), 7.21 (t, J=7.6 Hz, 1H), 7.17~6.92 (m, 7H), 6.76 (s,
1H), 6.63 (d, J=7.7 Hz, 1H), 4.96 (d, J=15.7 Hz, 1H),
4.62 (d, J=15.7 Hz, 1H), 4.26 (s, 1H), 3.51 (q, J=14.6
Hz, 2H); *C NMR (CDCl;, 100 MHz) d: 177.18, 162.80
(d, J=244.8 Hz), 160.16 (d, J=3.2Hz), 146.51, 142.53,
13491, 130.36 (d, J=8 Hz), 130.15, 129.19, 129.10,
128.78, 127.66, 127.12, 126.84, 124.33, 123.39, 121.77 (d,
J=2.9 Hz), 117.10 (d, J=21.2 Hz), 113.04 (d, J=23.8
Hz), 109.78, 75.63, 43.92, 34.88; ""F NMR (376 MHz,
CDCly) 0: —112.27; HRMS (ESI) caled for C,sH,0FN,O;
[M+H]" 415.1452, found 415.1453.

-9 B -3-((2-(3- AR J W I -5 5 ) HHY 6 )-3- 4 k|
WEIH-2-FF(3h): 723 82%. 'H NMR (400 MHz, CDCl5) J:
7.64 (d, J=7.4 Hz, 2H), 7.42 (d, J=7.2 Hz, 1H), 7.35~
721 (m, 3H), 7.17~7.05 (m, 4H), 7.05~6.97 (m, 2H),
6.78 (s, 1H), 6.64 (d, J=7.8 Hz, 1H), 4.96 (d, J=15.7 Hz,
1H), 4.62 (d, J=15.7 Hz, 1H), 4.19~3.77 (m, 1H), 3.50
(q, J=14.6 Hz, 2H); “C NMR (CDCl;, 100 MHz) o:
177.09, 159.97, 146.53, 142.55, 134.91, 134.74, 130.22,
130.11, 129.97, 129.16, 128.79, 127.67, 127.12, 126.86,
126.11, 124.34, 124.09, 123.40, 109.78, 75.61, 43.93,
34.92; HRMS (ESI) caled for C,sHoCIN,O3 [M+H]"
430.1084, found 430.1085.

-9 B -3-((2-(4- TR IR J W e - 5- i ) FHY 6 )-3- 4 Rk |
Wb -2 (31): 7* 3 83%. 'H NMR (400 MHz, CDCl;) J:
7.57 (d, J=8.5 Hz, 2H), 7.45 (d, J=8.5 Hz, 2H), 7.39 (d,
J=7.2 Hz, 1H), 7.19 (t, J=7.7 Hz, 1H), 7.09 (dd, J=7.4,
4.2 Hz, 4H), 7.02~6.91 (m, 2H), 6.72 (s, 1H), 6.60 (d, J=
7.8 Hz, 1H), 4.94 (d, J=15.7 Hz, 1H), 4.59 (d, J=15.7
Hz, 2H), 3.49 (q, J=14.6 Hz, 2H); *C NMR (CDCl,, 100
MHz) 6: 177.30, 160.45, 146.42, 142.51, 134.89, 131.92,
130.06, 129.31, 128.78, 127.68, 127.52, 127.04, 126.81,
126.06, 124.61, 12433, 123.35, 109.75, 75.65, 43.90,
34.85; HRMS (ESI) caled for C,sH,0BrN,O; [M+H]"
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475.0652, found 475.0652.

17 2 3-8 L 3-((2-(2- i 22 4% 22t W A -5 -k ) R L)
| e IbR-2-F (3j): 772 78%. '"H NMR (400 MHz, CDCls)
8: 7.75~7.67 (m, 1H), 7.66~7.59 (m, 1H), 7.53 (p, J=
6.6 Hz, 2H), 7.32 (d, J=7.2 Hz, 1H), 7.25~7.05 (m, 7H),
6.84 (s, 1H), 6.67 (d, J=7.8 Hz, 1H), 4.92 (d, J=15.7 Hz,
1H), 4.74 (d, J=15.7 Hz, 1H), 3.91 (s, 1H), 3.44 (dd, J=
50.8, 14.9 Hz, 2H); “C NMR (CDCl;, 100 MHz) o:
177.00, 156.67, 148.40, 147.73, 142.41, 135.08, 131.89,
130.76, 130.11, 130.09, 128.88, 128.83, 127.72, 127.46,
127.06, 124.35, 123.74, 123.46, 120.83, 109.79, 75.34,
43.93, 34.61; HRMS (ESI) calcd for CysHyN3Os [M+H]"
442.1397, found 442.1397.

4-(5-[(1-F FE-3- 35 B -2- S AR 1 WA mpk -3- 5 ) FRY G e
Me-2-36) 2K S (3k): 7% 80%. '"H NMR (400 MHz,
CDCly) 6: 7.79 (d, J=8.5 Hz, 2H), 7.60 (d, J=8.5 Hz,
2H), 7.41 (d, J=7.2 Hz, 1H), 7.23 (dd, J=11.2, 4.3 Hz,
1H), 7.17~7.02 (m, 4H), 7.02~6.94 (m, 2H), 6.83 (s,
1H), 6.64 (d, J=7.8 Hz, 1H), 4.97 (d, J=15.7 Hz, 1H),
4.60 (d, J=15.7 Hz, 1H), 4.43 (s, 1H), 3.52 (q, J=14.7
Hz, 2H); *C NMR (CDCl;, 100 MHz) §: 177.16, 159.43,
147.50, 142.50, 134.87, 132.49, 130.85, 130.17, 129.20,
128.79, 127.69, 127.68, 126.82, 126.37, 124.30, 123.44,
118.30, 113.35, 109.80, 75.59, 43.92, 34.88; HRMS (ESI)
caled for CyHyN;O; [M + H] ©  422.1499, found
422.1499.

1-"FRFE-3-FR B -3-((2-(3-( =3 FH 38 ) 2R 05 g e -5 - 31 )
FH 3 I3[ bk -2- R (31): 7“3 76%. 'H NMR (400 MHz,
CDCly) 6: 7.90 (d, J=7.8 Hz, 1H), 7.80 (s, 1H), 7.59 (d,
J=7.8 Hz, 1H), 7.45 (t, J=7.3 Hz, 2H), 7.22 (t, J=1.7
Hz, 1H), 7.13 (t, J=7.4 Hz, 1H), 7.06 (dd, J=4.9, 1.3 Hz,
3H), 6.99~6.92 (m, 2H), 6.81 (s, 1H), 6.63 (d, J=7.8 Hz,
1H), 4.95 (d, J=15.7 Hz, 1H), 4.72 (s, 1H), 4.57 (d, J=
15.7 Hz, 1H), 3.68~3.41 (m, 2H); *C NMR (CDCl;, 100
MHz) 6: 177.30, 159.86, 146.83, 142.49, 134.89, 131.18
(q, J=32.5 Hz), 130.16, 129.41, 129.22, 129.09, 128.75,
127.88, 127.60, 127.15, 126.84, 126.53 (q, J=3.6 Hz),
125.07, 124.37, 123.42, 122.91 (q, J=3.8 Hz), 109.73,
75.73, 43.9, 34.9; "F NMR (376 MHz, CDCl;) o:
—62.82; HRMS (ESI) caled for CaHaF3N,O3 [M+H]"
465.1421, found 465.1422.

1-"RFE-3- PR L 3-((2-(F5-1- 3% ) me -5k ) L ) g e
k-2-F(3m): 77% 91%. '"H NMR (400 MHz, CDCl;) o:
8.99 (d, J=8.4 Hz, 1H), 7.84 (t, J=8.2 Hz, 2H), 7.76 (d,
J=17.3 Hz, 1H), 7.58~7.41 (m, 3H), 7.37 (t, J=7.8 Hz,
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1H), 7.19 (t, J=7.7 Hz, 1H), 7.10 (t, J=7.5 Hz, 1H),
7.07~6.93 (m, 5H), 6.89 (s, 1H), 6.59 (d, J=7.8 Hz, 1H),
4.92 (d, J=15.8 Hz, 1H), 4.75 (s, 1H), 4.61 (d, J=15.8
Hz, 1H), 3.58 (q, J=14.6 Hz, 2H); *C NMR (CDCl, 100
MHz) d: 177.57, 161.37, 145.88, 142.54, 134.90, 133.84,
130.99, 130.02, 129.96, 129.39, 128.78, 128.73, 128.46,
127.75, 127.60, 127.49, 126.96, 126.86, 126.82, 126.19,
126.15, 124.90, 124.44, 123.70, 123.45, 109.84, 75.89,
43.93, 34.86; HRMS (ESI) calcd for C,0H»3N,O5 [M+H]*
447.1703, found 447.1705.

-5 23R -5 AR -3- [ (2- R L M -5 35 ) R L ]
H5| W IpR-2-FR (3m): 723 82%. 'H NMR (400 MHz, CDCl)
8:7.76 (dd, J=17.6, 1.6 Hz, 2H), 7.45~7.29 (m, 3H), 7.08
(dd, J=5.0, 1.7 Hz, 3H), 7.05~6.95 (m, 3H), 6.74 (s, 1H),
6.68 (dd, J=8.5, 2.5 Hz, 1H), 6.47 (d, J=8.5 Hz, 1H),
5.17~4.79 (m, 2H), 4.57 (d, J=15.7 Hz, 1H), 3.70 (s,
3H), 3.58~3.39 (m, 2H); *C NMR (CDCl;, 100 MHz) ¢:
177.28, 161.30, 156.51, 146.15, 135.70, 135.02, 130.66,
130.17, 128.75, 128.66, 127.58, 127.18, 126.85, 126.12,
114.63, 111.33, 110.31, 76.07, 55.82, 43.98, 34.92; HRMS
(ESI) caled for CaoHpN,O4 [M+H]" 427.1652, found
427.1652.

- 23 FR - 5 3 ((2- AR JE e 5358 ) F 3 ) g
WEIH-2-F(30): 72 85%. 'H NMR (400 MHz, CDCl;) :
7.83~7.69 (m, 2H), 7.42~7.30 (m, 3H), 7.07 (dd, J=
10.1, 5.1 Hz, 3H), 7.04~6.90 (m, 3H), 6.75 (s, 1H), 6.68
(dd, J=8.5, 2.5 Hz, 1H), 6.47 (d, J=8.5 Hz, 1H), 4.90 (d,
J=15.8 Hz, 2H), 4.58 (d, J=15.7 Hz, 1H), 3.71 (s, 3H),
3.51 (q, J=14.7 Hz, 2H); *C NMR (CDCls, 100 MHz) ¢:
177.26, 161.31, 156.52, 146.13, 135.71, 135.01, 130.63,
130.17, 128.75, 128.66, 127.59, 127.19, 126.89, 126.85,
126.12, 114.64, 111.33, 110.31, 76.07, 55.82, 43.99, 34.93;
HRMS (ESI) caled for CoeHy3N,03 [M+H]™ 411.1703,
found 411.1704.

-2 3-SR JE - S - 3- [ (2- A% JE e 55 ) F 3 g
WEIH-2-F(3p): 723 92%. 'H NMR (400 MHz, CDCl,)
8.35 (d, J=2.1 Hz, 1H), 8.10 (dd, J=8.7, 2.1 Hz, 1H),
7.68 (d, J=6.9 Hz, 2H), 7.36 (it, J=14.2, 7.1 Hz, 3H),
7.17~7.03 (m, 3H), 6.96 (d, J=6.6 Hz, 2H), 6.82 (s, 1H),
6.64 (d, J=8.7 Hz, 1H), 5.13 (d, J=13.9 Hz, 1H), 4.95 (d,
J=15.8 Hz, 1H), 4.64 (d, J=15.8 Hz, 1H), 3.64~3.45 (m,
2H); *C NMR (CDCl,, 100 MHz) §: 177.47, 161.73,
148.06, 145.13, 143.87, 133.79, 130.58, 130.49, 129.06,
128.81, 128.14, 127.24, 126.86, 126.77, 126.63, 126.03,
120.35, 109.48, 75.22, 44.26, 34.68; HRMS (ESI) calcd for
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C,sH,0N;05 [M+H]" 442.1397, found 442.1398.

1R 2 -5-G-3- P2 2 -3-[ (2- PR S WM - 55 ) FY L g I
Wk-2-Ff(3q): 7% 89%. 'H NMR (400 MHz, CDCl3) 6
7.84~7.61 (m, 2H), 7.44 (d, J=1.4 Hz, 1H), 7.37 (d, J=
6.2 Hz, 3H), 7.19~7.03 (m, 4H), 6.97 (d, J=5.1 Hz, 2H),
6.80 (s, 1H), 6.49 (d, J=8.3 Hz, 1H), 4.91 (d, J=15.8 Hz,
1H), 4.61 (d, J=15.8 Hz, 1H), 4.43 (s, 1H), 3.64~3.38
(m, 2H); *C NMR (CDCls, 100 MHz) d: 176.90, 161.55,
145.52, 141.00, 134.43, 130.96, 130.32, 129.91, 128.89,
128.73, 127.82, 127.10, 127.02, 126.78, 126.12, 125.02,
110.80, 75.70, 44.03, 34.87; HRMS (ESI) calcd for
CasHy0CIN,O; [M+H]" 431.1157, found 431.1158.

- JE- 535 -3-FR JE-3- [ (2- R L I - 55k ) F ke g e
Wk-2-Ff(3r): 2% 91%. '"H NMR (400 MHz, CDCl3) 6:
7.74 (dd, J=7.7, 1.5 Hz, 2H), 7.40~7.30 (m, 3H), 7.18
(dd, J=7.5, 2.4 Hz, 1H), 7.12~7.01 (m, 3H), 6.95 (d, J=
6.2 Hz, 2H), 6.86 (td, J=8.9, 2.5 Hz, 1H), 6.75 (s, 1H),
6.47 (dd, J=8.6, 4.0 Hz, 1H), 5.24 (s, 1H), 491 (d, J=
15.8 Hz, 1H), 4.56 (d, J=15.8 Hz, 1H), 3.51 (s, 2H); "*C
NMR (CDCls, 100 MHz) 6: 177.37, 161.48, 159.58 (d, J=
241.3 Hz), 145.76, 138.30, 134.57, 131.25 (d, J=7.7 Hz),
130.32, 128.84, 128.73, 127.75, 126.99, 126.92, 126.77,
126.09, 116.19 (d, J=23.3 Hz), 112.54 (d, J=24.7 Hz),
110.48 (d, J=7.8 Hz), 75.96, 44.05, 34.83; '’F NMR (376
MHz, CDCly) §: — 119.09; HRMS (ESI) caled for
CasHy)FN,O5 [M+H]" 415.1452, found 415.1453.

- JE-6- G -3-FR HE-3-[(2- AR S MM - 55k ) F kg e
Wk-2-f(3s): 723 88%. 'H NMR (400 MHz, CDCls) o:
7.84~7.68 (m, 2H), 7.44~7.33 (m, 3H), 7.30 (d, J=7.9
Hz, 1H), 7.10 (ddd, J=9.6, 6.5, 1.6 Hz, 4H), 7.04~6.92
(m, 2H), 6.78 (s, 1H), 6.60 (d, J=1.4 Hz, 1H), 4.90 (d, J=
15.8 Hz, 1H), 4.58 (d, J=15.8 Hz, 1H), 421 (t, J=54.4
Hz, 1H), 3.47 (dd, J=32.9, 14.7 Hz, 2H); “C NMR
(CDCl;, 100 MHz) 6: 177.23, 161.49, 145.66, 143.79,
135.91, 134.35, 130.33, 128.93, 128.75, 127.88, 127.65,
127.03, 126.77, 126.08, 125.34, 123.25, 110.37, 75.29,
44.03, 34.86; HRMS (ESI) calced for C,sHyCIN,O5 [M+
H]" 431.1157, found 431.1157.

-7 JE-6-90-3-FR JE-3- [ (2- AR S I - 55k ) F ke g e
Wk-2-Ff(3t): F“Z 92%. '"H NMR (400 MHz, CDCL3) 6:
7.76 (dd, J=7.6, 1.7 Hz, 2H), 7.42~7.28 (m, 4H), 7.16~
7.03 (m, 3H), 7.03~6.89 (m, 2H), 6.84~6.64 (m, 2H),
6.32 (dd, J=8.8, 2.0 Hz, 1H), 4.90 (d, J=15.8 Hz, 1H),
4.69~4.32 (m, 2H), 3.48 (q, J=14.7 Hz, 2H); *C NMR
(CDCls;, 100 MHz) 6: 177.59, 163.93 (d, J=246.4 Hz),
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161.45, 145.88, 144.28 (d, J=11.7 Hz), 134.39, 130.31,
128.92, 128.74, 127.87, 127.07, 126.94, 126.82, 126.07,
125.72, 125.62, 124.73 (d, J=3.0 Hz), 109.48 (d, J=22.3
Hz), 98.66 (d, J=27.6 Hz), 75.27, 44.06, 34.84; '’F NMR
(376 MHz, CDCl;) §: —108.85; HRMS (ESI) calced for
CasHyoFN,O5 [M+H]" 415.1452, found 415.1453.

- JE-7- G -3-FR AR -3- [ (2- R L Mg - 5 5k ) F kg I
Wk-2-Ff(3u): 7=Z 88%. 'H NMR (400 MHz, CDCl3) J:
7.79 (d, J=7.1 Hz, 2H), 7.37 (d, J=6.7 Hz, 3H), 7.29 (d,
J=7.2Hz, 1H), 7.19 (d, J=8.1 Hz, 1H), 7.11 (s, 3H), 7.04
(t, J=7.8 Hz, 1H), 6.98 (d, J=4.2 Hz, 2H), 6.76 (s, 1H),
5.22 (s, 2H), 4.32 (s, 1H), 3.46 (q, J=14.7 Hz, 2H); *C
NMR (CDCl;, 100 MHz) J: 177.95, 161.53, 145.60,
138.65, 136.70, 132.60, 132.17, 130.30, 128.73, 128.58,
127.19, 127.12, 126.13, 126.07, 124.29, 123.03, 116.02,
74.87, 45.02, 35.02; HRMS (ESI) caled for CpsH,0CIN,O5
[M+H]" 431.1157, found 431.1158.

3-FRFE-1-(4-F AR FE)-3-[(2-FR FE N Mk 5 ) L)
5| bR -2 (3v): 7% 85%. '"H NMR (400 MHz, CDCls)
5: 7.82~7.63 (m, 2H), 7.43~7.28 (m, 4H), 7.18 (t, J=7.7
Hz, 1H), 7.08 (t, J=7.4 Hz, 1H), 6.95~6.81 (m, 4H), 6.71
(s, 1H), 6.61 (d, J=7.8 Hz, 1H), 4.90 (d, J=15.6 Hz, 1H),
4.55 (d, J=15.6 Hz, 2H), 3.50 (q, J=14.6 Hz, 2H), 2.16
(s, 3H); °C NMR (CDCls, 100 MHz) §: 177.29, 161.29,
146.11, 142.60, 137.28, 131.90, 130.12, 129.98, 129.45,
129.34, 128.62, 127.23, 126.84, 126.10, 124.29, 123.26,
109.77, 75.69, 43.68, 34.85, 20.99; HRMS (ESI) calcd for
CaHp3N,O5 [M+H]" 411.1703, found 411.1704.

A-((3-F2 FE-2- AR -3-((2- R FE M -5 FL ) HH 35 ) | e
MR- 1-36 ) B L) 2 F IS (Bw): 723 90%. 'H NMR (400
MHz, CDCl3) J: 7.66 (d, J=6.9 Hz, 2H), 7.49 (t, J=8.7
Hz, 1H), 7.42~7.15 (m, 7H), 7.01 (d, J=8.1 Hz, 2H),
6.70 (s, 1H), 6.52 (d, J=7.6 Hz, 1H), 5.03 (d, J=16.3 Hz,
1H), 4.57 (d, J=16.3 Hz, 1H), 4.55~4.17 (m, 1H), 3.62~
3.44 (m, 2H); C NMR (CDCl;, 100 MHz) J: 177.24,
161.34, 145.81, 142.06, 140.33, 132.62, 130.46, 130.21,
129.30, 128.79, 127.38, 126.90, 126.87, 125.94, 124.59,
123.84, 118.28, 111.65, 109.24, 75.78, 43.48, 34.90;
HRMS (ESI) caled for CyqHyoN3O5 [M+H]™ 422.1499,
found 422.1498.

3-FRHk-1- H k-3 [(2- % I ML - 5 ) FEY R 105 IRk k- 2-
f(3x): /%% 88%. 'H NMR (400 MHz, CDCl;) d: 7.81
(dd, J=6.5, 3.0 Hz, 2H), 7.41~7.36 (m, 3H), 7.34~7.26
(m, 2H), 7.09 (t, J=7.5 Hz, 1H), 6.75 (s, 1H), 6.73 (d, J=
8.0 Hz, 1H), 4.37 (s, 1H), 3.42 (dd, J=50.2, 14.7 Hz, 2H),
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3.10 (s, 3H); C NMR (CDCl;, 100 MHz) §: 177.32,
161.27, 146.29, 143.18, 130.18, 130.09, 129.13, 128.70,
127.22, 126.63, 126.07, 124.30, 123.26, 108.58, 75.57,
34.85,26.23; HRMS (ESI) calcd for C,sH»3N,04 [M+H]"
427.1652, found 427.1650.

-7 5 -3- 52 0 -3-((2-(4- HH AU R O ) g e -5 5 )
FE) 5| WE B -2-H (3y): 72 % 87%. 'H NMR (400 MHz,
CDCly) d: 7.77 (dd, J=6.6, 2.9 Hz, 2H), 7.46~7.33 (m,
4H), 7.27 (dd, J=5.3, 2.3 Hz, 1H), 7.11 (t, J=7.4 Hz, 1H),
6.87 (d, J=7.9 Hz, 1H), 6.69 (s, 1H), 4.42 (dd, J=14.0,
7.0 Hz, 1H), 4.30~3.78 (m, 1H), 3.43 (q, J=14.5 Hz,
2H), 1.35 (d, J=7.1 Hz, 3H), 1.25 (d, J=6.9 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) &: 176.88, 161.22, 146.24,
141.98, 130.14, 129.84, 129.66, 128.64, 127.22, 126.59,
126.09, 124.48, 122.76, 110.19, 75.47, 44.14, 35.33, 19.20,
19.06; HRMS (ESI) caled for C;oH;gN,O; [M+ H]"®
320.1161, found 320.1162.

1= 3 -3-((2-(GRU T 2 )W nde -5 35 ) A 5k )-3- #0366 i e
Wk-2-f(3z): 2% 83%. '"H NMR (400 MHz, CDCl3) o:
7.35 (d, J=7.3 Hz, 1H), 7.29~7.11 (m, 4H), 7.06 (dd, J=
10.8, 7.6 Hz, 3H), 6.58 (d, J=8.7 Hz, 2H), 4.94 (d, J=
15.7 Hz, 1H), 4.63 (d, J=15.7 Hz, 1H), 4.30 (s, 1H), 3.40
(q, J=14.5 Hz, 2H), 1.07 (s, 9H); *C NMR (CDCl;, 100
MHz) 6: 177.33, 170.85, 145.18, 142.37, 135.05, 129.84,
129.29, 128.88, 127.66, 127.00, 124.83, 124.51, 123.21,
109.56, 75.80, 43.89, 34.68, 33.42, 28.16; HRMS (ESI)
caled for Co3H4N,05 [M+H]"376.1787, found 376.1788.

i Bh#1 B (Supporting Information) H b5t &1 4A
AN AZ LR B, 1K LEPRE AT DL G 2 AR T 1 s
(http://sioc-journal.cn/) .~ K.

References

[1] (a) Wipf, P.; Venkatraman, S. J. Org. Chem. 1996, 61, 6517.

(b) David, N.; Pasceri, R.; Kitson, R. R. A.; Pradal, A.; Moody, C.
Chem.-Eur. J. 2016, 22, 10867.
(c) Turchi, I. J.; Dewar, M. J. S. Chem. Rev. 1975, 75, 389.
(d) Meyers, A. L.; Mihelich, E. D. Angew. Chem., Int. Ed. 1976, 15,
270.
(e) Desimoni, G.; Quadrelli, G. F. P. Chem. Rev. 2003, 103, 3119.
(f) Onishi, H. R.; Pelak, B. A.; Gerckens, L. S.; Silver, L. L.; Ka-
han, F. M.; Chen, M.-H.; Patchett, A. A.; Galloway, S. M.; Hyland,
S. A.; Anderson, M. S.; Raetz, C. R. H. Science 1996, 274, 980.
(g) Bergeron, R. J.; Xin, M. G.; Weimar, W. R.; Smith, R. E.; Wie-
gand, J. J. Med. Chem. 2001, 44, 2469.
(h) Genet, J. P.; Thorimbert, S.; Touzin, A. M. Tetrahedron Lett.
1993, 34, 1159.
(1) Zhou, Q.; Zheng, D. D.; Shi, Y. J.; Yao, W.; Qian, H. W.; Ding,
Y.; Wei, Z. H.; Shen, A. B.; Feng, X.; Shi, J.; Dai, H. Chin. J. Org.
Chem. 2018, 38, 3318 (in Chinese).
(R, #FHY, AEZE, B, RER, TH, PR, hEZ=,
B, A, W, AmieE, 2018, 38, 3318.)

712

http://sioc-journal.cn/

(2]

(31

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

© 2020 Chinese Chemical Society & SIOC, CAS

(j) Zhou, J. H.; Dai, H.; Qian, H. W.; Du, X. C.; Mao, X. Y.; Shi, Y.
J.; Feng, H.; Shi, J.; Yao, Y. Chin. J. Org. Chem. 2018, 38, 2122 (in
Chinese).

(AZ4E, W, 84, R, FOoF, AKE, i A,
e, A ML, 2018, 38,2122))

(k) Dai, H.; Ding, Y.; Du, X. C.; Yao, W.; Chen, Q. W.; Wang, X.
L.; Zhong, S. L.; Cao, X. F.; Shi, Y. J. Chin. J. Org. Chem. 2018,
38, 1755 (in Chinese).

(B2, T, MR, B, BRIKSC, TR, Mok, SR,
AEZE, HHLE, 2018, 38, 1755.)

(1) Shi, Y. J; Du, X. C.; Wang, X. L.; Chen, Q. W.; Li, L.; Dai, H.;
Xu, C. Q.; Zhang, J. Y.; Ling, Y. Chin. J. Org. Chem. 2018, 38,
1772 (in Chinese).

A EZE, fRH, Tk, BRI, 2%, W, HREr, K
I, W, AALE, 2018, 38, 1772)

(a) Haidukewych, D.; Meyers, A. 1. Tetrahedron Lett. 1972, 13,
3031.

(b) Meyers, A. 1.; Temple, D. L. J. Am. Chem. Soc. 1970, 92, 6644.
(¢) Nelson, T. D.; Meyers, A. L. J. Org. Chem. 1994, 59, 2577.
Lahm, G.; Opatz, T. Org. Lett. 2014, 16, 4201.

(b) Wang, H. L.; Shang, M.; Sun, S. Z.; Zhou, Z. L.; Laforteza, N.;
Dai, H. X.; Yu, J. Q. Org. Lett. 2015, 17, 1228.

(c) Ling, P. X.; Fang, S. L.; Yin, X. S.; Chen, K.; Sun, B. Z.; Shi, B.
F. Chem.-Eur. J. 2015, 21, 17503;

(a) Desimoni, G.; Faita, G,; Jorgensen, K. A. Chem. Rev. 2006, 106,
3561.

(b) McManus, H. A.; Guiry, P. J. Chem. Rev. 2004, 104, 4151.

(c) Hargaden, G. C.; Guiry, P. J. Chem. Rev. 2009, 109, 2505.

(d) Gade, L. H.; Bellemin-Laponnaz, S. Coord. Chem. Rev. 2007,
251,718.

(a) Peng, H.; Akhmedov, N. G,; Liang, Y. F.; Jiao, N.; Shi, X. J. Am.
Chem. Soc. 2015, 137, 8912.

(b) Hashmi, A. S. K.; Weyrauch, J. P.; Frey, W.; Bats, J. W. Org.
Lett. 2004, 6, 4391.

(c) Doherty, S.; Knight, J. G; Hashmi, A. S. K.; Smyth, C. H;
Ward, N. A. B.; Robson, K. J.; Tweedley, S.; Harrington R. W.;
Clegg, W. Organometallics 2010, 29, 4139.

(d) Hashmi, A. S. K.; Schuster, A. M.; Rominger, F. J. Org. Chem.
2012, 77, 6394.

(e) Hashmi, A. S. K.; Schuster, A. M.; Schmuck, M.; Rominger, F.
Eur. J. Org. Chem. 2011, 2011, 4595.

(a) Saito, A.; limura, K.; Hanzawa, Y. Tetrahedron Lett. 2010, 51,
1471.

(b) Beccalli, E. M.; Borsini, E.; Broggini, G;; Palmisano, G.; Sot-
tocornola, S. J. Org. Chem. 2008, 73, 4746.

(c) Arcadi, A.; Cacchi, S.; Cascia, L.; Fabrizi, G.; Marinelli, F. Org.
Lett., 2001, 3, 2501

(a) Jin, C.; Burgess, J. P.; Kepler, J. A.; Cook, C. E. Org. Lett. 2007,
9, 1887.

(b) Alhalib, A.; Moran, W. J. Org. Biomol. Chem., 2014, 12, 795.
(c) Zhang, S.; Chen, Y.; Wang, J.; Pan, Y.; Xu, Z.; Tung, C.-H. Org.
Chem. Front. 2015, 2, 578

(a) Harmata, M.; Huang, C. Synlett 2008, 1399.

(b) Wong, V. H. L.; White, A. J. P.; Hor, T. S.; Hii, K. K. 4dv. Synth.
Catal. 2015, 357, 3943.

(c) Hu, Y.; Yi, R.; Wu, F.; Wan, B. J. Org. Chem. 2013, 78, 7714.
(a) Gao, X. H.; Qian, P. C.; Zhang, X. G.; Deng, C. L. Synlett, 2016,
27, 1110;

(a) Wang, B.; Chen, Y.; Zhou, L.; Wang, J.; Tung, C.-H.; Xu, Z. J.
Org. Chem. 2015, 80, 12718.

(b) Wang, B.; Chen, Y.; Zhou, L.; Wang, J.; Xu, Z. Org. Biomol.
Chem. 2016, 14, 826.

(a) Mikami, K.; Shimizu, M. Chem. Rev. 1992, 92, 1021.

(b) Maruoka, K.; Hoshino, Y.; Shirasaka, T.; Yamamoto, H. Tetra-
hedron Lett. 1988, 29, 3967.

(c) Whitesell, J. K.; Bhattacharya, A.; Buchanan, C. M.; Chen, H.
H.; Deyo, D.; James, D.; Liu, C. L.; Minto, M. A. Tetrahedron
1986, 42, 2993.

Chin. J. Org. Chem. 2020, 40, 704~713



Chinese Journal of Organic Chemistry

ARTICLE

[14]
[15]

[16]

[17]

Chin. J. Org. Chem. 2020, 40, 704~713

(d) Okachi, T.; Onaka, M. J. Am. Chem. Soc. 2004, 126, 2306.

(e) Hutson, G. E.; Dave, A. H.; Rawal, V. H. Org. Lett. 2007, 9,
3869.

Mikami, K. Pure Appl. Chem. 1996, 68, 639;

Zheng, K.; Shi, J.; Liu, X.; Feng, X. J. Am. Chem. Soc. 2008, 130,
15770.

Mikami, K.; Terada, M.; Nakai, T. J. Am. Chem. Soc. 1990, 112,
3949.

Evans, D. A.; Burgey, C. S.; Paras, N. A.; Vojkovsky, T.; Tregay, S.
W. J. Am. Chem. Soc. 1998, 120, 5824.

(a) Trost, B. M.; Lee, D. C.; Rise, F. Tetrahedron Lett. 1989, 30,
651.

(b) Trost, B. M.; Czeskis, B. A. Tetrahedron Lett. 1994, 35, 211.

(a) Zhang, S.; Wei, F.; Song, C. L.; Jia, J.; Xu, Z. H. Chin. J. Chem.
2014, 32, 937.

© 2020 Chinese Chemical Society & SIOC, CAS

(b) Liang, M.; Zhang, S.; Jia, J.; Tung, C-H.; Wang, J. W.; Xu, Z. H.
Org. Lett. 2017, 19, 2526.

(c) Zhang, S.; Xu, Z. L.; Jia, J.; Tung, C-H.; Xu, Z. H. Chem.
Commun. 2014, 50, 12084.

(d) Wang, X. H.; Dong, S. L.; Yao, Z. L.; Feng, L.; Daka, P.; Wang,
H.; Xu, Z. H. Org. Lett. 2014, 16, 22.

(e) Thirupathi, N.; Wei, F.; Tung, C.-H., Xu, Z. Nat. Commun.
2019, /0, 3158.

(f) Kong, L.; Thirupathi, N.; Jia, J., Xu, Z. Sci. China Chem. 2019,
62, 80.

(f) Gupta, G. R.; Shah, J.; Vadagaonkar, K. S.; Lavekar, A. G;
Kapdi, A. R. Org. Biomol. Chem. 2019, 17, 7596.

(g) Liang, Q. J.; Xu, Y. H.; Loh, T. P. Org. Chem. Front. 2018, 5,
2765.

(Li, L.; Fan, Y.)

http://sioc-journal.cn/ 713



