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Abstract A novel copper-catalyzed oxidative cross-coupling reaction between N-arylglycine esters and Silyl enol ethers for
the synthesis of g-acyl-a-amino acid esters has been developed. The features of this reaction are high reaction yields, mild
reaction conditions (such as room temperature environments and inexpensive catalysts, etc.) and smooth operation in aqueous

medium.
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BRER 75 3 B -a- 2 SRR AT AW ) A 8 R e 4.
DRI, 3o 3 R A H R IR AT A 5 2R TR R AR A8 X
AR SN A B B-75 5 FR bk -o- B SR AT AR 1) T4,
PRI T K 1) — Tl Bk .

I WAk k2 AR A LA 22 — R EH G I S
WS 324 ik, & R B R R R . A
BRI EZRF S WA o, - AERIRIENAEY)
SR SN RS, 451 1 Mukaiyama 78 s 8714756,
FNHERATEDN a-C—H T RER O 3 B i J5 A A4
RS fi B W i 1 rR (A, SR 5 5 &R iz R
B AR BN N IR FERRAT AN, BT UME A B BEVE N
%R H R AT A R AR R B A B B-75
B -o- BRI A AR ERATTH. 2014 4,
Kobayashi 212t 4% 2 S SeBl T HERATAED
o-C—H HIFHHEE N, [ERERMZ, ZN %M
T H R BRAT AW 5 M B R Rk 1) E AR B B, L
49% IS 245 A5 2 B A5 =4, AE — AR B AROE;
WAk, Z % S RT AR S o, B E oK &M T
H#E47 (Scheme 1, A). L, A& B ENRE. &
B VAR AT B, [F]B A BE XS K [ FEZE.
FEIX HLIATIRIE T Cu(ClO,),*6H,0 1L H &M fiT 4
V)5 I BEAE R 1) A AR B R B, TG il T g5 B H
I -o- 2 FL R AT AE ) (Scheme 1, B).

(A) Previous work :

H (0] OTMS
MeCN)eZn(SbCl,
N og  (MeCN)sZn(SbCly),]
MeCN, O,
MeO o
Ph
EtO
MeO
only 49% yield

(B) This work :

0 OTMS
H
4 Cu(ClOy), 6H,0
1 = N¢LR2 . R3)\/R ( 4)2 2!
R | . DDQ, PhMe/H,0, bpy, Ar
(o] R4 R5 R
R3
RZ

NH O

R1—\ |

up to 92% yield

B 1 IEEERERE ) O

Scheme 1 Reaction of silyl enol ethers
1 HR5T®
11 REFMHMRL
TE S NS UR I B, BT N-(4- S B IR 5 H
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i 2B (La)fl 1-2K 3k -1-— F LRk A 20 (2a) 1 AR J
RIEY). 5%, LL Cu(ClOy,),+6H,0 ik 71 (100 mol%),
1E S HEE(DCM)E I AR 210 = (1 B AR =4 3a(3R
1, Entry 1). & TRTAMIBETE TAEE, AT N R Rk
Z RO R B E AT, SR MAR R Cu(ClOy),e
6H,0 (1) & Bz B2 20 mol%, [FI A DDQ 1E N4
13, DL 45%0 7= 215 2] H b =4 3a(# 1, Entry 2). £
1Y il W O S A 51 i M e 3~ s e 2o S
2R A D RN ¥ 7 B s A0SR B A, IR B PR R R
74%(% 1, Entries 3~8). &1L 7] Cu(ClOy),+6H,0
AR KAR T 25 IR, HE T LA
SIS ak R AT RS 10 mol%, SBir=H
N T6% (3 1, Entry 9); Ak FH 2 % 5 mol%kt, 7=
AN 5T%(E 1, Entry 10). RKi%HE, HE T AFEMLHF
X SR, Sias g R, BL TBHP.IBX. Select F.
T BF, 1 BPO fE NI & Bk F ¢ DDQ 5 2(F
1, Entries 11~15). 5tFEK, DDQ M &AWL
S, PR AR A R PR (3R 1, Entries 16~17). B
Ja, XIAFE R RIREAT T 52, R k7
[FIRLF B Cu(ClO,),+6H,0 #f 7% (Table 1, Entries 18~24).
R, BET AR N R, SEIR 4 BN A
B4 binap. dppe 8% bpy S R # A B s, {HEL bpy
R B, Lh 89%[ = R 432 Hbrr=# 3a(k 1, En-
tries 25~27). HilBIE, R MAR R HPAEE—E EK,
AU} 2 L2 2R BT e, Tt FLE = a5 o>, 5 14l
b, BEEHZ R R K B — i AR MR, R
WRPIKEGEL 2, RN RPEFEMKGEE 1, Entries
28~~30). T HE A2 K A s B ik R Fp A7 7E R 1 o ) A
ol I A5 (U IE B 145 R N — s BRI 2 R R
ROEFIRPER R, BHRT RPN &SRS ET R, M
Bk Ik 2 T RO, AT BRAR R L= 28, 256 bR s 4
RATHE, ZRN IR =R T, Cu(ClO,),+6H,0
(10 mol%) 1 N4k 7, DDQ (1.1 equiv.)fE AEALF, BE
MHERE (11 mol%) E AL, HZRIK(V @ V=T 1 1) A% 7.
1.2 RREERMFE

BT UL RR, WAOERAERE T X RMERY) 1 i&
FIVGHIEAT 7358, Rk 2 PR, Bk, HETA
) B R X6 S D7 () 5. SEae et B R BRI A H S
SRR BUTER. FEE AR ERR, AS[RER X & R R
M AR, PARGT = 245 2060 B H br =4 3b, 3c, 3d, 3e I
3f, Hh LR ABR SR, FRREIE 92%, 1M L FfR
IR 2, FERAUN 66%. & BE LI & e, W%
e 39 LR (R FRSE B I B AR, UL 79%
FERIGE) 30, B, W IFREEUCIE RV T T A, Sk
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Table 1 Optimization of the reaction conditions
OTMS i
o) ™
/@/H\)koa . @2\ [Cu], oxidant, ligand EtO T o
solvent, atmosphere /©/
MeO
1a 2a MeO 3a

Entry [Cu] Dosage/mol% Ligand® Solvent/mL H,O/mL Oxidant® Yield/%
1 Cu(ClO,),*6H,0 100 — DCM — — Trace
2 Cu(ClOy),*6H,0 20 — DCM — DDQ 45
3 Cu(ClOy),*6H,0 20 — DME — DDQ 32
4 Cu(ClOy),*6H,0 20 — DCE — DDQ 69
5 Cu(ClO,),*6H,0 20 — 1,4-Dioxane — DDQ 65
6 Cu(ClOy),*6H,0 20 — PhMe — DDQ 74
7 Cu(ClO,),*6H,0 20 — DMF — DDQ 55
8 Cu(ClOy),*6H,0 20 — MeCN — DDQ 49
9 Cu(ClOy),*6H,0 10 — PhMe — DDQ 76
10 Cu(ClO,),*6H,0 5 — PhMe — DDQ 57
11 Cu(ClO,),*6H,0 10 — PhMe — TBHP 26
12 Cu(ClOy),*6H,0 10 — PhMe — IBX 28
13 Cu(ClQy),*6H,0 10 — PhMe — Select F 28
14 Cu(ClO,),*6H,0 10 — PhMe — T'BF, 29
15 Cu(ClO,),*6H,0 10 — PhMe — BPO 19
16 Cu(ClO,),*6H,0 10 — PhMe — DDQ 57°
17 Cu(ClO,),*6H,0 10 — PhMe — DDQ 56
18 CuCl, 10 — PhMe — DDQ 58
19 Cu(MeCN),PFg 10 — PhMe — DDQ 63
20 CuBF4+6H,0 10 — PhMe — DDQ 71
21 CuBr, 10 — PhMe — DDQ 65
22 CuCl 10 — PhMe — DDQ 71
23 CuBr 10 — PhMe — DDQ 66
24 CuOoTf 10 — PhMe — DDQ 62
25 Cu(Cl0,),*6H,0 10 bpy PhMe — DDQ 89
26 Cu(Cl0,),*6H,0 10 binap PhMe — DDQ 85
27 Cu(Cl0,),*6H,0 10 dppe PhMe — DDQ 80
28 Cu(Cl0,),*6H,0 10 bpy PhMe 0.20 DDQ 89
29 Cu(Cl0,),*6H,0 10 bpy PhMe 0.25 DDQ 89
30 Cu(ClO,),*6H,0 10 bpy PhMe 0.30 DDQ 73

2 Reaction conditions: 0.20 mmol of 1a, 0.40 mmol of 2a, 1.2 equiv. oxidant, 2.0 mL of solvent under Ar for 48 h. " Isolated yield. ©bpy=2,2"-bipyridine, binap=
2,2"-bis(diphenylphosphino)-1,1-binaphthyl, dppe = 1,2-bis(diphenylphosphino)ethane. ¢ DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoguinone, TBHP = tert-butyl
hydroperoxide, IBX=2-iodoxybenzoic acid, Select F=1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate), T* BF, =4-acetamido-
2,2,6,6-tetramethyl-1-oxopiperidinium tetrafluoroborate, BPO=benzoyl peroxide. ¢ 1.1 equiv. DDQ. 1.3 equiv. DDQ.

ZERFW]: 2 RUNHE, HIEZERAPEAC, LL67%H=
HAFE) 3i; RS, R A B 2-Me 1 4-OMe, 3j
(7= 2[5 28 52%, A] BRI R A2 2-Me 1 2 () o7 AR R
FAUAREE R W T AL 4-F BR 4-Cl I, OSSR I
B, 2 mlLL 39%A 44%[F =R 435 3k AT 31 HUR
% RUA 4-Me. 4-Et. 4-'Pr 8 4-NO, I, WA 7 8515
FI%F R H AR P4 3m, 3n, 30 Fl 3p A REHI T A g
BT 4h I A B Y ], BT RS T A
- TR AE R TN 7 i e 3 1 b sl E R T
YIEE AR

1072 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

XN 2 3E PG R AT T 5%, g5k 3 fr
TN W, HET I RREERE R IR IR R R U X
SN FRIREM, S 45 R Ron: SBURE T IR A BT
] (FF 2 0 35 ) 30 2 T P 1 366 [ (RURIR), #T f LAR
U 77 AR BN R H bR~ 3q, 3r, 3s Al 3t; Hsh e
TP = R I T 38, B DL RO A,
PR AR TEIA 94%. T RE 1) JE DR XU LT 25 % B T i A A
FIRMBEIHEAT. 25 RONZEIERS, NILL 849%™ 155 3u.
Hok, SHEIEHHT T 8%, LR REY: 5 RN Me
H RN HE, LLo3%i =433 3v; #5 R*AIR® [ A
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Table 2 Scope of substrates 1

o)
o) OTMS
H Ph
N Cu(ClO,),* 6H,0, b R2
N \)J\Rz . (ClO4),- 6H,0, bpy
| DDQ, PhMe/H,0, Ar _~_NH O
N R‘l_ |
1 2a A 3
COOEt COOMe COOiPr COOBu-t
T% IW T%’ MeO TW
3a 89% 3b 66%° 3¢ 9290 3d 84%°
Hof 0
COOBn N CONHMe ¥
IS¢ IN IS¢
Ph
MeO MeO Ph
3e 90%° 3f 70%o 3g 0% © 3h 79% 0O
H H H H
©/N COOEt N.__COOEt N__COOEt N.__COOEt
Ph O Ph /© Ph
3i 67% O 3j 52% O 3k 39% O 3l 44% O
H H H H
/©/N COOEt N.__COOEt N.__COOEt N__COOEt
. oy e
Me \Kﬂ/ Et Ph i-Pr \(H/ O,N
3m 0% O 3n 0% o 30 0% O 3p 0% O

 Reaction condition: 0.20 mmol of 1, 0.40 mmol of 2a, 10 mol% Cu(ClQ4),*6H,0, 11 mol% bpy, 1.1 equiv. DDQ, PhMe and H,O (2.0 mL, V : V=7 : 1). ® Isolated

yield.

Me I, DL 899%™ K155 3w. BT, J43Ms i it ikt
177 %52, SRInsh B 2 REAMKIEEREE, L 91%f1)
FREAGR 3x; (HAE, X RONILIEIAN, SRR D&
(1) 3y. e, BATFIHARF EEERERME VKD, 53
Ak D1 3z

1.3 RMHIEBRE

RN T R 225 B T R AR (LR BOAST pg
la 5 2,3- "% J%-5,6- —5(-1,4- KR (DDQ)1E FI 15 2] i [A]
Nl BV SR GV s 2 KN sl K N | M =R A
F G BAT R A e, 1-FR5E-1-= IR 20wt
HEAT N EAS 20 H #7574 3a (Scheme 2).

NERFOAS S0 S S HLEE, 38 3o 4 i) S 36 6 s 7 AL EE
AT THIRERE AL, B, A la /£ DDQ TFEAT /M,
PL 57%[MICR AR BIAH M AL A 1 (Bg. 1), B
5, FZ AR EARTE R HE R N 2R OE DDQ H#EAT, LA
87% = K53 Hbr4) 3a (Eq. 2). LA L45RUH, %k
N R R R P AR AR R S, TERRIE R N AR HE R
1 A 2,2,6,6-PU FAEDR IE A ALY (TEMPO)
(0.20 mmol, 32 mg)ak 2,6- LT X HZKEy(BHT) (0.20
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mmol, 44 mg) I E Bk R, S SFIEAT, 539
L 78%FI1 74% (1= R A3 2 HAR7=9) 38, M= HRAR A
AR K(Egs. 3~4); FLATREM 5 K& S AEA T 1 #4672
REFEH R, B S DA A B B R )
K. Begh, AR R T 5T, TEMPO T Xt i%
SN () R B R et R B AN K
2 “#ig

B, BATRIE T —Fhgr i aE e N-J5 5 H =i
i 5 0 T ek Tk S A AR T S B B e BT - T TR 25 4k
EMRITTE, SRPILT B-75 5 B -a- R R RR AT AR
MG R, 52 8& ROTEM L, 207k B A AT R
W13, P2, R A S5, N kR A,
DA KT CAAE 5 KA 5 R IR 3R AT 255 . oAb, 12 B
HE R BTk F-o- BRI A DR T Hrid 12

3 SKEERS

3.1 UFE5
Bruker Advance I #% i 3E4RM S (M2 E Bruker 2
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Table 3  Scope of substrates 2

(@] R4 RS
o OTMS R
H\)l\ ¢ Cu(ClO,),"6H;0, bpy EtO
OEt + R3T NH O
. DDQ, PhMe/H,0, Ar /©/
MeO R
1a 2 MeO 3
H N__cooet N_ cookt COOEt COOEt
o)
o
MeO MeO MeO
3t 80%
3 o, 3s 76% 3u 84%
3q 94% r 91% o
OMe F

H

N._COOEt
/©/ COOEt COOEt COOEt
Weioules O s E

3v 93% e
3w 89% 3x 91% \— 3y trace | ‘ 3z trace

Reaction condition: 0.20 mmol of 1a, 0.40 mmol 2, 10 mol% Cu(ClO4);*6H,0, 11 mol% bpy, 1.1 equiv. DDQ, PhMe and H,0 (2.0 mL, V : V=7 : 1). " Isolated
yield.

0 OH
0
i CN

H H Cl
N c ON et N
OEt + E—— 7 OEt + T’
Cl CN Cl CN
MeO MeO

1a S | & DDQH,

OTMS
/©/N\JJ\OB _[Cu /©/N: oFt Ph \ O/ ¢
MeO MeO [Cu] [Cu]

B2 wRem ML

Scheme 2 Proposed mechanism

o] OTMS
H
M PhMe/HZO TEMPO DDQ Ar
eO 1a bpy, PhMe/H,0O

o}
Iohse Q ﬁ
MeO 1) 3)

3a, 78% y|e|d

OTMS
N\)OJ\ gre N\)J\OEt Cu(CIOgy 610 _
/©/ S oEt X Cu(ClO,),6H,0 /©/ ST oo A
MeO bpy, Ar, PhMe/H,0 bpy, PhMe/H,0
I 2a
ho0
N Ot
MeO (2)
Ph
3a, 87% yield 3a, 74% yleld
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), Bruker Esquire 6000 &5 B )it i (% (45 H Bruker 2
Fl). SN AT ARG R AR B AR
A B TRTR TR it S AbatE REGARA
A BRI A R () A IR AR S BT TGk
7V 48) 38 3 A v 5 vE HEAT JE K AL B A . A i (PE,
60~90 C). LR LBREA)VATE S Hral. M@t ZHT
TEZ (200~300 H).

32 ZLWHE

Zi&F, T Schlenk & /43 I 1 (0.20 mmol).
DDQ (0.22 mmol, 50 mg). Cu(ClO,4),*6H,0 (0.020 mmol,
7.4 mg) AL IE(0.022 mmol, 4.2 mg), A5 FH &/ B #ie
=k, BEJEIIONE2E(L.75 mL)#I/K(0.25 mL), /5 1E
0 CZME TN 2 (0.40 mmol, 82 pL)HEAT S B0, 43 i
nsebe G B R =R AR SR L. R R (TLC) PR ER
L, Ff R BLSEA G, INKEK, R LR AEE(30
mLX3), &AM, M bkl BHMEETK
TREREN TR ST I I8 . Bk YE, SR EN 7 B85
FIXF LT H bR =4 3.

N-(4- FF 480 %6 22 56 )-B- 2 1 i -o- TR R IR 2 T (32) 12
HEEORBAE, 772 89%. 'H NMR (400 MHz, CDCls) 6:
7.93 (d, J=7.8 Hz, 2H), 7.59~7.52 (m, 1H), 7.48~7.41
(m, 2H), 6.77 (d, J=8.5 Hz, 2H), 6.68 (d, J=8.6 Hz, 2H),
453 (t, J=5.2 Hz, 1H), 4.22 (s, 1H), 4.17 (q, J=7.0 Hz,
2H), 3.72 (s, 3H), 3.52 (d, J=5.2 Hz, 2H), 1.19 (t, J=7.0
Hz, 3H); *C NMR (100 MHz, CDCl;) §: 197.3, 173.1,
152.9, 140.6, 136.5, 133.4, 128.6, 128.1, 115.7, 114.8,
61.3, 55.6, 54.4, 41.0, 14.0; MS (ESI) m/z: 328.1 [M+
H]".

N-(4- FF 480 366 2 56 )-6- 2 T P -o- T R0 BR PP 18 (3)(°H:
BEEOHRBAK, 772 66%. 'H NMR (400 MHz, CDCly) 6:
8.00~7.88 (m, 2H), 7.57 (t, J=7.4 Hz, 1H), 7.50~7.42
(m, 2H), 6.83~6.73 (m, 2H), 6.73~6.59 (m, 2H), 4.55 (t,
J=5.3 Hz, 2H), 4.22 (s, 1H), 3.73 (s, 3H), 3.72 (s, 3H),
3.54 (d, J=5.3 Hz, 2H); *C NMR (100 MHz, CDCls) &:
197.3, 173.7, 153.0, 140.5, 136.4, 133.5, 128.7, 128.1,
115.7, 114.9, 55.7, 54.3, 52.4, 41.1; MS (ESI) m/z: 314.1
[M+H]".

N-(4- H1 40 2k O 0k )-B- 2K Ik -o- T 20 12 57 TN B
(3c)!2%%: M LIRAA, 723 92%. 'H NMR (400 MHz,
CDCly) 6: 8.10~7.95 (m, 2H), 7.70~7.61 (m, 1H),
7.60~7.45 (t, J=7.6 Hz, 2H), 6.90~6.81 (m, 2H), 6.80~
6.71 (m, 2H), 5.11 (hept, J=6.3 Hz, 1H), 4.58 (t, J=5.5
Hz, 1H), 4.33 (s, 1H), 3.80 (s, 3H), 3.58 (d, J=5.5 Hz,
2H), 1.27 (d, J=6.3 Hz, 3H), 1.22 (d, J=6.3 Hz, 3H); °C
NMR (100 MHz, CDCly) 6: 197.3, 172.6, 152.926, 140.6,
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136.6, 133.4, 128.6, 128.1, 115.7, 114.8, 69.0, 55.6, 54.6,
41.0, 21.6, 21.5; MS (ESI) m/z: 342.2 [M+H]".

N-(4- 4 J5 2 3K ) -B- 2K HH 5k -o- TR 20 R BT T (3dl):
FOHRIBAE, 2% 84%. 'H NMR (400 MHz, CDCls) 6:
7.98~7.89 (m, 2H), 7.58~7.52 (m, 1H), 7.49~7.41 (m,
2H), 6.80~6.72 (m, 2H), 6.71~6.64 (m, 2H), 4.44 (t, J=
5.4 Hz, 1H), 4.23 (s, 1H), 3.73 (s, 3H), 3.46 (dd, J=5.5,
1.3 Hz, 2H), 1.38 (s, 9H); **C NMR (100 MHz, CDCls)
197.4, 172.1, 152.8, 140.8, 136.7, 133.3, 128.6, 128.1,
115.5, 114.8, 81.9, 55.6, 55.0, 41.0, 27.8; MS (ESI) m/z:
356.2 [M+H]".

N-(4- 40 2k IR Ik )-B- 2 A bk -o- T 2 R R T (3e): 2
HRRBAE, 722 90%. 'H NMR (400 MHz, CDCI,) ¢:
7.94~7.86 (m, 2H), 7.60~7.51 (m, 1H), 7.48~7.41 (m,
2H), 7.30~7.22 (m, 3H), 7.22~7.10 (m, 2H), 6.80~6.72
(m, 2H), 6.70~6.63 (m, 2H), 5.14 (s, 2H), 4.60 (t, J=5.4
Hz, 1H), 4.23 (s, 1H), 3.73 (s, 3H), 3.53 (d, J=5.4 Hz,
2H); *C NMR (100 MHz, CDCl,) §: 197.2, 173.1, 153.1,
140.5, 136.4, 135.4, 133.5, 128.6, 128.4, 128.2, 128.1,
115.8, 114.8, 67.1, 55.7, 54.5, 41.1; MS (ESI) m/z: 390.2
[M-+H]".

N-(4- H1 4 22k 2R 58 )-B- 2R Y I8t -o- T 20 IR 34 1R (3F):
FOHRIBE, 72% 70%. 'H NMR (400 MHz, CDCls) 6:
7.96~7.91 (m, 2H), 7.60~7.53 (m, 1H), 7.49~7.42 (m,
2H), 6.79~6.73 (m, 2H), 6.72~6.65 (m, 2H), 4.80 (td,
J=8.6, 4.2 Hz, 1H), 4.52 (t, J=5.5 Hz, 1H), 3.72 (s, 3H),
3.51 (d, J=5.5 Hz, 2H), 1.80~1.70 (m, 2H), 1.69~1.57
(m, 2H), 1.50~1.18 (m, 6H); *C NMR (100 MHz,
CDCly) §: 197.3, 172.5, 152.9, 140.7, 136.6, 133.4, 128.6,
128.1, 115.6, 114.8, 73.7, 55.7, 54.6, 41.1, 31.3, 31.2, 25.2,
23.4; MS (ESI) m/z: 382.3 [M+H]".

N-(2- FF 3 -4- FR AR 2 31K )-1,2- — 2 H G 2 1% (3h) Y
HEOHLIRIBAE, 772 79%. 'H NMR (400 MHz, CDCls) o:
8.10~7.98 (m, 2H), 7.98~7.86 (m, 2H), 7.60~7.49 (m,
2H), 7.49~7.37 (m, 4H), 6.76 (s, 4H), 5.64 (t, J=5.9 Hz,
2H), 4.22 (s, 1H), 3.71 (s, 3H), 3.48 (qd, J=17.3, 5.9 Hz,
1H); *C NMR (100 MHz, CDCly) §: 199.4, 197.8, 153.1,
140.4, 136.5, 135.0, 133.5, 128.7, 128.6, 128.1, 116.0,
114.9, 55.8, 55.6, 41.0; MS (ESI) m/z: 360.2 [M+H]".

N- 2 J-4- 2K B i -a- P U L BR (31)%: 9% 2 iR
Wik, 77% 67%. 'H NMR (400 MHz, CDCly) 6: 7.98~
7.89 (m, 2H), 7.58 (t, J=7.4 Hz, 1H), 7.50~7.42 (m, 2H),
7.22~7.14 (m, 2H), 6.75 (t, J=7.3 Hz, 1H), 6.69 (d, J=
7.8 Hz, 2H), 4.62 (t, J=5.2 Hz, 1H), 4.19 (q, J=7.1 Hz,
2H), 3.56 (dd, J=5.2, 2.2 Hz, 2H), 1.20 (t, J=7.1 Hz,
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3H); *C NMR (100 MHz, CDCly) §: 197.3, 172.8, 146.4,
136.5, 133.5, 129.3, 128.7, 128.1, 118.6, 113.7, 61.5, 53.1,
40.9, 14.1; MS (ESI) m/z: 298.1 [M+H]".

N-(2- F J&-4- F A R k) -B- 2% FH - TRV ZUR T8 (3]):
B EHRRBUE, 722 52%. *H NMR (400 MHz, CDCly) 6:
7.98~7.91 (m, 2H), 7.61~7.52 (m, 1H), 7.50~7.42 (m,
2H), 6.70~6.62 (m, 3H), 4.57 (t, J=5.4 Hz, 1H), 4.18 (q,
J=7.1 Hz, 2H), 3.73 (s, 1H), 3.55 (dd, J=5.4, 1.2 Hz,
1H), 2.19 (s, 3H), 1.20 (t, J=7.1 Hz, 1H); *C NMR (100
MHz, CDCl;) d: 197.4, 173.3, 152.5, 138.7, 136.6, 133.4,
128.7, 128.1, 125.4, 117.0, 112.8, 111.6, 61.4, 55.6, 54.3,
41.2,17.7, 14.0; MS (ESI) m/z: 342.2 [M+H]".

N-(4- 58 K FE)-B- 2K I B -a- P R 2186 (3K): & P (1
WORWAR, 2% 39%. 'H NMR (400 MHz, CDCls) o:
7.97~7.90 (m, 2H), 7.62~7.53 (m, 1H), 7.51~7.41 (m,
2H),, 6.93~6.83 (m, 2H), 6.69~6.60 (m, 2H), 4.54 (t, J=
5.4 Hz, 1H), 4.42 (s, 1H), 4.18 (g, J=7.1 Hz, 2H), 3.54 (d,
J=5.4 Hz, 1H), 1.20 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl) §: 197.2, 172.9, 157.6, 155.3, 142.9, 136.4,
133.5, 128.7, 128.1, 115.8, 115.6, 115.1, 115.0, 61.5, 54.0,
40.9, 14.0; MS (ESI) m/z: 316.1 [M+H]".

N-(4- S K 5 )75 H Bk -o- TH AR R (3)): i fa
WORUE, 7% 44%. 'H NMR (400 MHz, CDCly) o:
7.97~7.89 (m, 2H), 7.63~7.53 (m, 1H), 7.51~7.41 (m,
2H), 7.17~7.07 (m, 2H), 6.66~6.56 (m, 2H), 4.56 (t, J=
5.2 Hz, 1H), 4.19 (g, J=7.1 Hz, 2H), 3.55 (d, J=5.2 Hz,
2H), 1.20 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl,)
0. 197.1, 172.6, 145.1, 136.3, 133.6, 129.2, 128.7, 128.1,
123.2, 114.9, 61.6, 53.1, 40.7, 14.1; MS (ESI) m/z: 332.1,
334.1 [M+H]".

N-(4- F S8k S 5E)-p-(4- F JE 2K FH I )-a- TR 20 BR TR
(3q): #EAMARBAE, PF 89%. 'H NMR (400 MHz,
CDCly) 6: 7.84 (d, J=8.4 Hz, 2H), 7.25 (d, J=7.6 Hz,
2H), 6.80~6.74 (m, 2H), 6.70~6.66 (m, 2H), 4.52 (t, J=
5.2 Hz, 1H), 4.24 (s, 1H), 4.17 (q, J=7.2 Hz, 2H), 3.73 (s,
3H), 3.50 (d, J=5.2 Hz, 2H), 2.40 (s, 3H), 1.20 (t, J=7.2
Hz, 1H); *C NMR (100 MHz, CDCl;) §: 196.9, 173.2,
152.9, 144.3, 140.6, 134.0, 129.3, 128.2, 115.7, 114.8,
61.4, 55.6, 54.5, 40.9, 21.6, 14.0; MS (ESI) m/z: 364.2
[M+Na]".

N-(4- F A 2 2R ) - 8- (4- F AR R 2K T ) -o- N LR &
FE(3r): AR RpiE, 775 89%. '"H NMR (400 MHz,
CDCly) 6: 7.92 (d, J=8.4 Hz, 2H), 6.93 (d, J=8.4 Hz,
2H), 6.77 (d, J=8.4 Hz, 2H), 6.68 (d, J=8.4 Hz, 2H), 4.51
(t, J=5.2 Hz, 1H), 4.34 (s, 1H), 4.17 (q, J=7.2 Hz, 2H),
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3.87 (s, 3H), 3.73 (s, 3H), 3.48 (d, J=5.6 Hz, 2H), 1.20 (t,
J=7.2 Hz, 1H). ®*C NMR (100 MHz, CDCl;) J: 195.8,
173.3, 163.8, 152.9, 140.6, 130.4, 129.6, 115.7, 114.8,
113.8, 61.4, 55.7, 55.5, 54.5, 40.7, 14.1; MS (ESI) m/z:
380.2 [M+Na]".

N-(4- H 4 22 2 58 )-B-(4- L 2K W Bk )-o- TR IR 2 T
(3s): FIRIBAE, 77 89%. '"H NMR (400 MHz,
CDCl) &: 7.96 (dd, J=8.8, 5.6 Hz, 2H), 7.12 (t, J=8.8
Hz, 2H), 6.77 (d, J=8.8 Hz, 2H), 6.68 (t, J=8.8 Hz, 2H),
452 (t, J=5.2 Hz, 1H), 4.18 (t, J=7.2 Hz, 1H), 3.73 (s,
3H), 3.49 (d, J=5.6 Hz, 2H), 1.20 (t, J=7.2 Hz, 1H); °C
NMR (100 MHz, CDCls) §: 195.8, 173.1, 165.9 (d, J=274
Hz), 153.0, 140.4, 132.9, 132.8, 130.8, 130.7, 115.9, 115.7,
115.6, 114.8, 61.4, 55.6, 54.4, 41.0, 21.6, 14.0; MS (ESI)
m/z: 368.2 [M+Na] .

N-(4- H 4 22 2 56 )-B-(4- 1R 2K W Bk )-o- TR IR 2 T
(3t): FEEWARBAE, = 89%. 'H NMR (400 MHz,
CDCly) 6: 7.79 (d, J=8.4 Hz, 2H), 7.59 (d, J=8.4 Hz,
2H), 6.80~6.75 (m, 2H), 6.70~6.65 (m, 2H), 4.52 (t, J=
5.2 Hz, 1H), 4.23 (s, 1H), 4.18 (q, J=7.2 Hz, 2H), 3.73 (s,
3H), 3.47 (d, J=5.2 Hz, 2H), 1.20 (t, J=7.2 Hz, 1H); °C
NMR (100 MHz, CDCly) §: 196.4, 173.0, 153.0, 140.4,
135.2, 131.9, 129.6, 128.7, 115.7, 114.8, 61.5, 55.6, 54.4,
41.0, 21.6, 14.0; MS (ESI) m/z: 428.1, 430.1 [M+Na] .

N-(4- F 48 3 25 0L ) - B-(25-2- Ik -o- TH &R £ R (3ui):
FOHIRIBAE, 722 89%. 'H NMR (400 MHz, CDCls) 6:
8.44 (s, 1H), 8.00 (dd, J=8.8, 1.6 Hz, 1H), 7.94 (d, J=8.0
Hz, 1H), 7.90~7.85 (m, 2H), 7.65~7.52(m, 2H), 6.80~
6.75 (m, 2H), 6.74~6.69 (m, 2H), 4.60 (t, J=5.6 Hz, 1H),
4.19 (q, J=7.2 Hz, 2H), 3.73 (s, 3H), 3.66 (d, J=5.6 Hz,
2H), 1.20 (t, J=7.2 Hz, 1H); *C NMR (100 MHz, CDCl,)
. 197.3, 173.2, 153.0, 140.5, 135.7, 133.8, 130.0, 129.6,
128.7, 128.5, 127.8, 126.9, 123.6, 115.7, 114.8, 61.4, 55.6,
54.6,41.1, 14.1; MS (ESI) m/z: 400.2 [M+Na]".

N-(4- F A 2 58 ) --(4- FR LK ) -0- T R £ R
(3v): BEEHLRBAE, 7% 89%. 'H NMR (400 MHz,
CDCly) 8: 7.78 (d, J=7.2 Hz, 2H), 7.20~7.17 (m, 2H),
6.70~6.63 (m, 2H), 6.60~6.56 (m, 1H), 6.52~6.47 (m,
1H), 4.27 (dd, J=7.2, 3.6 Hz,1H), 4.10~3.95 (m, 2H),
3.94~3.85 (m, 1H), 3.63 (s, 3H), 2.33 (s, 3H), 1.26 (d, J=
7.2 Hz, 1.5H), 1.20 (d, J=7.2 Hz, 1.5H), 1.07(t, J=7.2
Hz, 3H); *C NMR (100 MHz, CDCIls) §: 201.3, 200.9,
173.2, 172.9, 152.9, 152.8, 144.1, 144.0, 141.0, 140.8,
133.9, 133.4, 129.4, 128.5, 128.4, 1159, 115.6, 114.6,
61.2, 61.0, 60.3, 55.6, 43.6, 43.0, 21.6, 14.7, 14.0, 13.7;
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MS (ESI) m/z: 378.2 [M+Na] .

N-(4- FF 4 B 2R 0k )-B- H B -B- 2K H ik -o- T IR T
(3w): FEEOIPIRBAA, 7% 89%. 'H NMR (400 MHz,
CDCl,) & 7.60~7.56 (m, 2H), 7.50~7.42 (m, 1H), 7.41~
7.36 (m, 2H), 6.73~6.69 (m, 2H), 6.58~6.54 (m, 2H),
4,52 (s, 3H), 4.20~4.08 (m, 2H), 3.72 (s, 3H), 1.43(s, 3H),
1.39 (s, 3H), 1.19 (t, J=7.2 Hz, 3H); **C NMR (100 MHz,
CDCl,) §: 207.8, 200.9, 172.1, 153.3, 141.0, 139.2, 130.4,
128.1, 127.1, 116.3, 114.6, 64.5, 61.2, 55.6, 50.9, 23.6,
21.7,14.2; MS (ESI) m/z: 378.2 [M+Na] "

N-(4- FH 480 Jik 2 3 )-B- (1K g -2- FFY 5 )-0- TR 220 R 2 T
(3x): W AMHIRIBAE, 775 89%. 'H NMR (400 MHz,
CDCly) &: 7.60~7.58 (m, 1H), 7.21 (d, J=3.6 Hz, 1H),
6.80~6.75 (m, 2H), 6.70~6.65 (m, 2H), 6.54 (dd, J=3.6,
1.6 Hz, 1H), 4.53 (t, J=5.6 Hz, 1H), 4.17 (q, J=7.2 Hz,
2H), 3.83 (s, 1H), 3.73 (s, 3H), 3.36 (qd, J=16, 6.0 Hz,
2H), 1.20 (t, J=7.2 Hz, 1H); **C NMR (100 MHz, CDCl5)
J: 186.1, 173.0, 153.0, 152.4, 146.7, 140.4, 117.6, 115.7,
114.8, 112.5, 61.5, 55.6, 54.5, 40.8, 14.0; MS (ESI) m/z:
340.2 [M+Na] .

A} (Supporting Information)  {L&%7 3a~3x [
'H NMR H1 3C NMR &, X sebppl ) DL 4 2 WA
I3k (hittp://sioc-journal.cn/) - %K.
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