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Abstract  Visible-light-induced denitrification oxygenation reaction of a-diazoesters with N-hydroxyimides to access
o-oxyimido esters has been developed. This reaction provides an efficient approach to synthesize a series of N-hydroxyimides
at room temperature in 1,4-dioxane under irradiation of 3W blue LED lamps without any photocatalyst. Interestingly, when
tetrahydrofuran (THF) was used as the solvent, structurally diverse a-oxyimido esters could be rapidly and efficiently obtained
through a three-component coupling reaction of a-diazoesters, THF, and N-hydroxyimides. The reaction could conduct on a
gram scale without a significant loss of reaction efficiency, indicating that this method could serve as a practical protocol to

synthesize a-oxyimido esters.
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Figure 1 Biologically active a-oxyimido ester derivatives
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A i o- AR %6 (1) 77 ¥5:(Scheme 1c). % J572%
BB LA, n-BuNCIOs fE Y HLRBT, 7£2 10 mA LR

FEASR %A TR QP EERTAED S N-FR 4R
2K F I P % A8 B S . (Scheme 1d). 1% 8805 7k B AR
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1S 5 B0 FAGRAE P 3 SR A A S A T B R ) S B 2
RTERUN. K, RIS, A AR a-%
AR LB A B T AT & 8 U 75 2.
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(a) Du's work: o
, 0o nBugNI (10 mol%)
N OR TBHP (3 equiv.) O—N
R— + N-OH 72D\
= 0] CH;CN, 100 °C e
0 R\— o) (0]
R'O
(b) Terent'ev's work: o o)
OR' t-BuOOt-Bu (2 equiv. —
R + N-OH (2 equiv.) O—N
o) PhH, 145 ~ 150 °C R &
e} O
(c) Hu's work: R'O o
e}
C(+)IPt(-)
OR? . O0—N
R1:_\ . N_OH 2,6-Lutidine (300 mol%) RIZN\
= o n-BuNCIO4 (0.1 mol/L) _ o
(0]
e} 10 mA, r.t., Ny R2G
(d) Jiang's work: e 1\\\7
v
0 0] ﬁo 0
R1)]\"/R2 . HO-N :/’3:‘1 PhI(OAc), (4 equiv.) g N 0—N :/\\\ql
N, e DCE, r.t., air O?& Npes
o R® /=00
R
(e) This work:

. o)
o -
0 o 3W Blue LEDs @)&NORZJ( N SWBleLEDs 0—N
OR2 R1'_ - 1 4-di
N THF, rt., 4 h ' /4-dioxane
i = 0 rt,4h  RI= 00

0]

B 1 oA LB R AL &1 & s

Scheme 1 Strategies for the synthesis of a-oxyimido esters
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B2 NPP X EA ARSI RV -9 -3 ARLINED Gy § BE DAV VARKY
(X=C. O. N. Si%%). Wolff FH Sz B8 K % 40 5 ef Bk
SRS f i, FRATTER AL ROF R T — ] e it
T Eosin Y #4411 o- B 2808 It BB A A B a- BB 1) 7 7%
BT RATUR A AE TT WL e A e A 7 0 B (1) B il |
RG] WEET - BRI ESYIF N-FRFEAL 2K
kW0 % 25 EARE A N A R a- B ARTE T f B 2R AL A
[1)777%(Scheme le). 1% MK H 3W W4 LEDs AT A4 H]
WHEIR, 75 1,4-ZFNHIEFIHE 8GR — R a-AAR
[ R e v/ (R SE =N P I U N RU R (keS|
i, PUERRZ 5 0 = Ha =] RS h E 2 R
LF Y.
1 ZR5TR
1.1 RMNEFHHK

PL o-FE A ER(1a)F1 N-F23E 40 2K — 9% P i (NHPI,
2a) ARERLERA), WAL T ARG AN A R AT o] A
TV SN IR, SEIG g R 1 FoR. HEL
ZEFFLDCMYE N, LL3W #55% LED ST 1E N6 IR
WAL FIREAT i, S8 RIS IE LY (Bosin Y)
NP LT (Rose Bengal) il 2,4,5,6- DY (9-FH I JE) [A] 2 —
EACZIPN)E AL IR, =% 3a 3 5I3R18 T 72%,
39%A1 70%IFIUCZ (3 1, Entries 1~3). #F—B 78 KN,
TEAMASCEAFI R KT, 729 3a Br=Zn] DUAE)
74%(3 1, Entry 4). iR 25 38 0 S A 705 s B I F 3%
AAHRFEW, MATINPLBERL EZ FH= R K, T
SEAE S TH 1) 25 A 0 e B AN F G HEALTR). 24 NLN-—
FH 35 B e (DMIF) AL — 6 ST IR (DMISO)E Ay s I8 15 771
WA P 4E (3 1, Entries 5, 6). 24 25 (CH;CN).
1,2- ~& 4 JE(DCE). &M (CHCL). A (Acetone)Fl 2,
I8 R (AcOEY) I 1E R R FIBT, 724 3a X 3R1F 26%~
48%HIT K (1, Entries 7~11). & NE MR, 4H
1,4- 57N (1, 4-dioxane) (E R BLE I, 3a [R5~ 24
TFHEIT 76%(FE 1, Entry 12). FEFRHE, HJLLTIERE
RVE NI, PLRIE 98% M= 1338 T A2 5
IR =) 4a (3 1, Entry 13). 1,4- "5 NFAE N N
IS, WARME] 1,4-—F A E50FH =Y. #T
K, LA 1,4-ZEONIME R R BIER, 5T AN FEDGIET
SN RCRIIFE. 2 NAE 3W F6.3W SRR 3W 5
J6 LED AT FESF 26040, AHELT 3W % LED 4T B85 A
SRR KRR, FRL9 3a 2 BN RAS 15%, 10%
F1 18%HI 7= (3 1, Entries 14~16). THIEEMET, &
BRI E] =Y 3a Al 4a(FK 1, Entries 17, 18). &%, &1t
IR KA, BT B N B 1,4-T N
IRUER, 3W WEEREIR, RO HAN IR DA A Ak
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Table 1 Optimization of reaction conditions

o

0 [ h o N;\j@
v _
Ph)l\ﬂ/OMe-’.Cl:‘éN_OH Solvent, r.t Ph‘éﬁ *
S Lt 00
1a 2a © MeO  3a
(6]
o
o o0
Ph )\”/OMe
o) 4a
Yield®/%

Entry  Photocatalyst Solvent 3 i
1 Eosin Y CH:Clz 72 0
2 Rose Bengal CH2Cl 39 0
3 4CzIPN CH2Cl2 70 0
4 — CH2Cl2 74 0
5 — DMF 0 0
6 — DMSO 0 0
7 — CH3CN 48 0
8 — DCE 33 0
9 — CHCI: 26 0
10 — Acetone 43 0
11 — AcOEt 38 0
12 — 1,4-Dioxane 76 0
13 — THF 0 98
14 — 1,4-Dioxane 15¢ 0
15 — 1,4-Dioxane 104 0
16 — 1,4-Dioxane 18¢ 0
17 — 1,4-Dioxane o 0
18 — THF 0 o

4Reaction conditions: 1a (0.2 mmol), 2a (0.1 mmol), photocatalyst (2 mol%),
solvent (2 mL), air, 4 h; ®Isolated yield based on 2a; ¢3 W white LEDs; 13 W
green LEDs; ¢ Purple LEDs; / Without light irradiation.

1.2 RERMEHARE

FERALEMT, MR a-BEEERM N-F2
SRR — H B AT TR E R TR 2). B
DA N-$2 R Q08 R L i (2a) NAREM R E L T a-
HEB A LA R 5 R AEHIVE R 451K
BRI A R o- EA B RE BT S
N-FEIEAT IR — LI E SN, P 59%~88% 7™ #1453 £
P 3a~31 MG ()AL B PP AR BRI AR R, 24 F
JETBUREEAEXS GLIN, 74 3d I 204 88%; H F JR1
RS AEAT AL, 74 3e (7 R T F N 59%. (HAATER
MR, MR, BREEMIEYAESE 2R BERIN 1% N 2% 1R
A R AT B 321, fE LA &5 5 R A5 17 R A3 2174,
T IR SRS B, o- PRI S 1 R? BRI R
GURRW], Br T WAL, HE UG Z3k,
TN R YA DR R B e B AT DR Bl Y T % RO,
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Table 2 Substrate scope for the synthesis of product 3

(0}

1 O—N
3W Blue Leds R/\, A ij@
1 ,4-dioxane o 0

rt, 4h .0
R0 3

0 0 0 0

@l::ﬁ"‘_o OMe @EﬁN_O OMe @l:\/ﬁN_o oM
e}
o © o © o
Me MeO

3a (76%) 3b (69%) 3c (85%) Fag (88%) e (71%)

0 O o
N-C  ome
N-O  oMe

o ° ©
o)
F CI
cl

3f (59%) 3g (80%) 3h (58%) " 3i (77%)

iy MeO O,N PH O
3
3j (64%) 72%) 3l (71%) 3m (690/0)
(6]
@Eﬁ . @E/j Crpe o @Eﬁ o)
© Ph (0]
2% 30 79% 3p (72%) 3q (67%)
0]
0 ¢ o
Jﬁ "o i
N_O O N_O O
2 0 OMe Cl H
0 Ph OPH  OM
Ph O o cl e
3r (73%) (85%) 3t (trace) 3u (trace)

@ Reaction conditions: 1 (0.2 mmol), 2 (0.1 mmol), 3W blue LEDs, 1,4-dioxane (2 mL), air, r.t., 4 h. ? Isolated yield based on 2.
PL 67%~82%I A3 21774 3m~3r. 4k, 2 N-FHE 73%~96%I 7 F. T, HERIREEI A 15T kw
RROR R E I 5 6o N-F 21,825 R gk, 7= A% B A PR A
P 3s T LAIRTS 85% MR, (HA2, HNFREE T ZBOERE 13 prasi@soie
=i g A - IV 5 0
134,56 P -N-F230 <% = FBEL R 1R S R RSAIRT, 99T WA RS BRI L, R RBEIAT T HOK

B> B 3t A 3u EEESZ - —
S, 40 Scheme 3 FraR, AN 1a (10 mmol)
U, A DA A0 S NRPIAIEAIN, HEE (ool 3w i LED AT U 4T BB 12 h 5,

F¢@41&?§Tr%*r%6ﬁfh ﬁu SchemeZFﬁﬂ<, éﬁ% Abu 75%4&@%%%§H‘Hfhm}i% 3a (1 12 g) ﬂqu

RIEIVE. Cl Br UL RS ZINT, MATURE: g o0 110 5750 20 e, 398 5 507 S
A VR, ML dbdf MRS e
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N-OH + 3W Blue LEDs
R~ rt, 4h

H
O)\’O(O‘;RZ

R'=H, R?= Me, 4a (98%)

R' = 4-F, R2= Me, 4b (73%)

R' = 3-F, RZ2= Me, 4c (90%)

R' = 3-Cl, R? = Me, 4d (96%)

R' = 4-Br, R? = Me, 4e (96%)
R' = H, R2= CH,CH,Ph, 4f (93%)

1.4 NIRRT

RN TIRF TR R R N ALER, R T 8 4 $E 5
4%, U Scheme 4 flTz~, Z47E 75 5 o- %G5 N-F2 3L 407K
R R S SR R HIIN 2 equiv. [ E EH 5
VY B IR e SE AL Y(TEMPO) 5, 1% R S A 52 BIR KR
Wi, P AT R 72%. WSS KR o- H AN N-Fodk
AROR L & R - FARE T B 1) s B2 AT B FHEAS
W H HE IR

3W Blue LEDs
TEMPO (2 equiv.)

©)\”/ @lii 1 4-dioxane
rt, 4h

o]

00

B2 SR04
Scheme 2 Synthesis of product 4

o}
\

3a (72%)

3W Blue LEDs
©)\”/ 1 ,4-dioxane R N
rt, 12h B 4 Fil el

(10 mmol) 2a (5 mmol)

@QD

(75%, 1.179)

B3 e o

Scheme 3 Gram-scale reaction
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R2 hv
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1 Oj iO O

e
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Scheme 4 Control experiment

Bt LRSI A RANSRARIE 315190, 3 T —F
FBEI [ RLALEE (Scheme 5). EAALEGY) 1 FEGIE N
BRI RS 1%, HPUE R N, 5205 R 5
AR 5. S7E 1,4- Z S NP I, N-FR R 40K — it
WS R 5 AR BAG 2R 6. AA]
6 T T T RS 3. ¥y DY S RIR I
BEFY) 4 FTRER b1 DU SRS R RE 1 5m T N-
FIEARR T WA, PrLk, REEPEE 5 Sl

5 O 6 O 30
lTHF Q
0
TN % i 12
2 o H transfer o (0]
OR? OR
o R%\[f R1J\If
O 8 o 4
B 5 AIRERIRBALEER

Scheme 5 Possible reaction mechanism
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Mo PR IR AZ ST P AR 7. BlJR, N-FRAE 4ok —
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TR A 8. fm, a8 i U T E A A T
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2 ZLig

M2, BINRET =M WL HES T a-HEEEA
N-F2 AR — FBE U & A7 I B A LA B a8 AR
Bk S0 BB AL S I 7. 1% TR E R 3W
LED ] M [ Rifk R, ToRALMIEHEAT] 4877 F0
TN, E =R kT DA R 5e il — R 81 o- S AREE T
JE B A . A R, 2 DU SRR R 77
Al AR B USRI 2 510 = 40 =4, %8 aT B
B RUBCR BN s AR, T REDRFF R AT R, A a-
SRR W B8 24k & P 1 A RO A T — i i8] B s 2% )
SO A RITE.

3 EES
3.1 UES5HF

SEIRAN RS M RF(-Quip AL, SEEAY), 100 puL H
T8 ] VR RS WA R e 4 A SEER A B (AL D) A PR A R, 16
WK A E(SHZ-S) A, il ) R FBVGAXASBHE A R
ANFED), B A RAC(I S, RE-52AA), 4R 73 B X
(ZF-20A B4, BRI S A PR A AD), I 4%
PERE (I DTS BHMX AR A ], 79-1), RERCKY (WG Friki
TAHMBRAA, 200~300 H), %IR35 1% (L (Bruker
Avance 11 500MHz %), &4 FF AR €0 5 15 156 A
(1290Infinityl1/6564), 21 # 73 M AL (WRX-1S, i
HR).

SEIGARF: ATmEE (BT, REE T VAR
(rhTal, ). AR ER(TEL, SRR, 1,4-2
EONFR(OMFTAl, TR, 4 T HER(Pral, K
B). SEE(OTal, REET). 1,2- 2R k(o irat,
F) CIEGTAE, REE T NI ra, Kid
T AR LR (97%, 7 AK). Eosin
Y(FTHET )~ o- B GBS A HE STRiR ) 45210,

3.2 LWHE

AR, 10 mL 6 M E I o- &
(0.2 mmol). N-F2FEELNR — HIME W %(0.1 mmol), H 1,4-
TN mL)JEE R BE N EE. AR SR RS BT
3W LR T, A HAE 4 h, HEZE G
(TLC)A I S 87 1) 56 Bt ot 24 ok B 5 s, R
LA 3 50 mL [RGB+, INEERR J5 0k 25 T
WA B VOB - MR ZER)=10 1 1 FEHS
B399 3 o- A AT VL .
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2-((1,3- AR 5 W5 P ik -2- 356 ) R 3 ) -2- 5K 2 TR R g
(3a): FAJEA, 23.6 mg, =% 76%. m.p. 118~119 C;
'H NMR (500 MHz, CDCl;) &: 7.80~7.78 (m, 2H),
7.74~7.71 (m, 2H), 7.62~7.60 (m, 2H), 7.40~7.39 (m,
3H), 5.88 (s, 1H), 3.80 (s, 3H); 3C NMR (125 MHz,
CDCls) J: 168.3, 163.1, 134.6, 132.6, 130.1, 128.7, 128.7,
123.7, 85.6, 52.8; HRMS (ESI-TOP) calcd for C;7H;4NOs
[M+H]" 312.0872, found 312.0877.

2-((1,3- AR S5 P el -2~ ) S )-2- (1) R ) 24
R FEE(3b): A E A, 26.9 mg, P& 69%. m.p. 110~
111 ‘C; '"H NMR (500 MHz, CDCls) &: 7.80~7.78 (m,
2H), 7.73~7.71 (m, 2H), 7.49 (d, J=8.0 Hz, 2H), 7.19 (d,
J=17.9 Hz, 2H), 5.85 (s, 1H), 3.79 (s, 3H), 2.34 (s, 3H);
13C NMR (125 MHz, CDCL3) J: 168.4, 163.1, 140.2, 134.5,
129.6, 129.4, 128.8, 128.7, 123.6, 85.5, 52.7, 21.4; HRMS
(ESI-TOP) caled for CisH;NOs [M+H] " 326.1028,
found 326.1029.

2-((1,3- AR 7 M5 Wbk -2- 36 ) S L ) -2- (TRl A R 3 &4
FRHHE(3e): AMIE, 29.1 mg, 7% 85%. mp. 121~
122 “C; '"H NMR (500 MHz, CDCls) 6: 7.80~7.78 (m,
2H), 7.73~7.71 (m, 2H), 7.30~7.27 (m, 1H), 7.21~7.20
(m, 1H), 7.15~7.14 (m, 1H), 6.94~6.92 (m, 1H), 5.87 (s,
1H), 3.84 (s, 3H), 3.80 (s, 3H); 3C NMR (125 MHz,
CDCls) d: 168.2, 163.1, 159.7, 134.6, 133.9, 129.7, 128.8,
123.7, 121.0, 116.3, 113.4, 85.5, 55.4, 52.8; HRMS (ESI-
TOP) caled for Ci;sHisNOs [M+H] " 342.0978, found
342.0982.

2-((1,3- AR I | b -2- 3 ) S 0 ) -2-(4- T A ) &
R FFE(3d): A EFEE, 29.0 mg, 773 88%. m.p. 130~
131 “C; 'H NMR (500 MHz, CDCl3) 6: 7.81~7.79 (m,
2H), 7.74~7.73 (m, 2H), 7.62~7.59 (m, 2H), 7.08 (t, J=
5.7 Hz, 2H), 5.85 (s, 1H), 3.80 (s, 3H); 3C NMR (125
MHz, CDCls) 0: 168.1, 163.8 (d, J=248.3 Hz), 163.1,
134.6, 130.8 (d, J=8.7 Hz), 128.7, 128.5 (d, J=3.3 Hz),
123.7, 115.9, 115.8, 84.9, 52.8; HRMS (ESI-TOP) calcd
for C,7H;;FNOs [M~+H]" 330.0778, found 330.0779.

2-((1,3- SRR S 18] bk -2- 3 ) S JiE )-2-(2- T K 3k ) 2
R FE(3e): AR, 19.4 mg, 723 59%. mp. 141~
142 “C; '"H NMR (500 MHz, CDCls) 6: 7.81~7.78 (m,
2H), 7.75~7.70 (m, 3H), 7.42~7.37 (m, 1H), 7.22 (t, J=
7.6 Hz, 1H), 7.07 (t, J=9.1 Hz, 1H), 6.17 (s, 1H), 3.82 (s,
3H); 3C NMR (126 MHz, CDCLs) d: 167.6, 162.9, 161.0
(d, J=249.1 Hz), 134.6, 132.0 (d, J=8.4 Hz), 130.3 (d,
J=2.5 Hz), 128.7, 124.6 (d, J=3.7 Hz), 123.7, 120.5 (d,
J=13.6 Hz), 115.7 (d, J=21.2 Hz), 78.8 (d, J=3.3 Hz),

http://sioc-journal.cn/ 2467
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52.9; HRMS (ESI-TOP) caled for Ci-H;sFNOs [M+H]"
330.0778, found 330.0781.

2-(4-((1,3- A S M| ek -2- 21 ) S B ) T 4R B )-2-(3-
ORI OB EREGH: AMEE, 234 mg, 7F 71%.
m.p. 108~109 °C; '"H NMR (500 MHz, CDCL) J: 7.84~
7.82 (m, 2H), 7.76~7.74 (m, 2H), 7.34~7.30 (m, 1H),
7.24~7.22 (m, 1H), 7.20~7.17 (m, 1H), 7.03~6.99 (m,
1H), 4.89 (s, 1H), 4.26~4.25 (m, 2H), 3.72 (s, 3H), 3.68~
3.64 (m, 1H), 3.58~3.55 (m, 1H), 1.92~1.91 (m, 4H);
3C NMR (125 MHz, CDCls) d: 167.8, 162.6 (d, J=246.1
Hz), 163.0, 134.8 (d, J=7.5 Hz), 134.7, 130.3 (d, J=38.1
Hz), 128.7, 124.3 (d, J=3.0 Hz), 123.8, 117.1 (d, J=20.9
Hz), 115.7 (d, J=22.7 Hz), 85.0, 52.9; HRMS (ESI-TOP)
caled for C;sH;3sFNOs [M + H] ©  330.0778, found
330.0779.

2-(3-FIRAE)-2-((1,3- AR S | Wik -2- 3 ) S ) &
TR HHE(3g): FEAK, 27.5 mg, 773 80%. m.p. 113~
114 ‘C; 'H NMR (500 MHz, CDCL) J: 7.82~7.81 (m,
2H), 7.75~7.74 (m, 2H), 7.62 (s, 1H), 7.53 (d, J=7.5 Hz,
1H), 7.39~7.33 (m, 3H), 5.82 (s, 1H), 3.81 (s, 3H); 1*C
NMR (125 MHz, CDCL) d: 167.8, 163.1, 134.7, 134.6,
134.5, 130.3, 130.0, 128.7, 128.7, 126.6, 123.8, 84.9, 53.0;
HRMS (ESI-TOP) caled for C;7H;3CINOs [M+ H]*
346.0482, found 346.0485.

2-(2- SR HE)-2-((1,3- SR 7 1 R - 2- 35 ) S ) 24
2 FE(3h): AMGEE, 19.9 mg, 7% 58%. mp. 113~
114 °C; 'H NMR (500 MHz, CDCl;) J: 7.83~7.78 (m,
3H), 7.75~7.72 (m, 2H), 7.38~7.33 (m, 3H), 6.36 (s,
1H), 3.81~3.80 (m, 3H); '*C NMR (125 MHz, CDCl;) §:
167.6, 162.9, 134.6, 134.5, 131.1, 131.1, 130.2, 129.6,
128.7, 127.3, 123.7, 81.6, 52.9; HRMS (ESI-TOP) calcd
for C17H13CINOs [M+H]" 346.0482, found 346.0486.

2-(4-TELIRHE)-2-((1,3- SR 7 1 R - 2- 356 ) S ) 24
R F G (31): A EE AR, 29.9 mg, F2E 77%. mp. 121~
122 C; 'H NMR (500 MHz, CDCl;) d: 7.81~7.79 (m,
2H), 7.75~7.73 (m, 2H), 7.52~7.51 (m, 4H), 5.83 (s,
1H), 3.79 (s, 3H); '*C NMR (125 MHz, CDCL) 6: 167.9,
163.1, 134.7, 132.0, 131.6, 130.3, 128.7, 124.5, 123.8,
84.9, 52.9; HRMS (ESI-TOP) caled for Ci-H;sBrNOs
[M+H]" 389.9977, found 389.9979.

2-((1,3- A AR 57 1] e b -2- 35 ) B 35 )-2-(4-( = 6L
BB TR CFEGBj): AAFEE, 25.1 mg, 723 64%.
m.p. 108~109 °C; '"H NMR (500 MHz, CDCL) d: 7.82~
7.81 (m, 2H), 7.78~7.74 (m, 4H), 7.67~7.66 (m, 2H),
5.90 (s, 1H), 4.28~4.25 (m, 2H), 1.28~1.25 (t, J=7.1
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Hz, 3H); 3C NMR (126 MHz, CDCl;) 6: 167.2, 163.1,
136.7, 134.8, 132.0 (d, J=32.5 Hz), 128.8, 128.7, 125.7
(q, J=3.6 Hz), 123.8, 85.0, 62.3, 14.0; HRMS (ESI-TOP)
caled for CioHisFsNOs [M + H] © 394.0902, found
394.0905.

A-(1-((1,3- AR S M| e b - 2- 35 ) S 3 ) -2 P 4 k-2
FACZ ) K R s (3k): [ BEAK, 264 mg, PER
72%. m.p. 160~161 ‘C; '"H NMR (500 MHz, CDCl;) o:
8.06 (d, J=8.2 Hz, 2H), 7.81~7.79 (m, 2H), 7.75~7.73
(m, 2H), 7.70 (d, J=8.3 Hz, 2H), 5.92 (s, 1H), 3.92 (s,
3H), 3.80 (s, 3H); 3C NMR (125 MHz, CDCls) 6: 167.8,
166.5, 163.1, 137.3, 134.7, 131.6, 129.9, 128.7, 128.5,
123.8, 85.1, 53.0, 52.3; HRMS (ESI-TOP) calcd for
C19HNO; [M+H]" 370.0927, found 370.0931.

2-((1,3- AR AR 7 M| e b -2 - 35 ) B 3k ) - 2-(4- il 3 25 )
ZEEHEEQY): AME A, 26.3 mg, 7EF 71%. mp. 122~
123 °C; 'H NMR (500 MHz, CDCl3) J: 8.26 (d, J=8.7
Hz, 2H), 7.86~7.81 (m, 4H), 7.78~7.75 (m, 2H), 5.93 (s,
1H), 4.31~4.24 (m, 2H), 1.27 (t, J=7.1 Hz, 3H); 13C
NMR (125 MHz, CDCl3) d: 166.7, 163.0, 148.8, 139.7,
134.9, 129.4, 128.6, 123.9, 123.8, 84.7, 62.6, 14.0; HRMS
(ESI-TOP) caled for CisHisN,O; [M+H]"™ 371.0879,
found 371.0881.

2-((1,3- 5 AR S W] Rk -2- 358 ) A 3 ) -2- 2K L TR I 1A
fig(3m): AHEMEA, 23.3 mg, F“F N 69%. mp. 84~
85 ‘C; '"H NMR (500 MHz, CDCl3) d:: 7.80~7.77 (m,
2H), 7.74~7.71 (m, 2H), 7.63~7.61 (m, 2H), 7.40~7.38
(m, 3H), 5.90 (s, 1H), 5.90~5.83 (m, 1H), 5.26~5.18 (m,
2H), 4.69 (d, J=5.7 Hz, 2H); 3C NMR (125 MHz, CDCl5)
5: 167.5, 163.1, 134.6, 132.6, 131.2, 130.1, 128.8, 128.7,
128.7, 123.7, 119.0, 85.6, 66.3; HRMS (ESI-TOP) calcd
for C19H;NOs [M+H]" 338.1028, found 338.10232.

2-((1,3- AR AR 7 I ek -2- 5 ) S 0L )-2- R B 4R 4
fis(3n): A EFE A, 285 mg, =% 82%. mp. 107~
108 C; 'H NMR (500 MHz, CDCl;) 6: 7.80~7.78 (m,
2H), 7.73~7.71 (m, 2H), 7.63~7.61 (m, 2H), 7.40~7.38
(m, 3H), 5.87 (s, 1H), 4.30~4.22 (m, 2H), 1.26 (t, J=7.2
Hz, 3H); 3C NMR (125 MHz, CDCL) J: 167.8, 163.1,
134.6, 132.7, 130.0, 128.8, 128.7, 128.7, 123.6, 85.7, 61.9,
14.0; HRMS (ESI-TOP) caled for CisHisNOs [M+H]"
326.1028, found 326.1031.

2-((1,3- 5 AR S W] Wk -2- 358 ) B8 3 ) -2- 9K 2R - i
(30): HA[EAA, 30.4 mg, % 79%. m.p. 114~115 C;
'H NMR (500 MHz, CDCl;) 6: 7.78~7.76 (m, 2H),
7.72~7.70 (m, 2H), 7.60~7.58 (m, 2H), 7.39~7.36 (m,
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3H), 7.28~7.24 (m, 5H), 5.93 (s, 1H), 5.25~5.18 (m,
2H); *C NMR (125 MHz, CDCl3) d: 167.7, 163.1, 135.0,
134.5, 132.5, 130.1, 128.8, 128.7, 128.5, 128.4, 128.2,
123.6, 85.6, 67.4; HRMS (ESI-TOP) calcd for C3H sNOs
[M+H]" 388.1185, found 388.1187.

2-((1,3- AR S 5] Wi -2- 36 ) S8 3L )-2- 4 TR % A
fic3p): AMEE, 245 mg, P7FE N 72%. mp. 107~
108 “C; 'H NMR (500 MHz, CDCls) J: 7.80~7.77 (m,
2H), 7.74~7.70 (m, 2H), 7.62~7.60 (m, 2H), 7.40~7.38
(m, 3H), 5.84 (s, 1H), 5.15~5.10 (m, 1H), 1.27 (d, J=6.3
Hz, 3H), 1.18 (d, J=6.3 Hz, 3H); *C NMR (125 MHz,
CDCls) d: 167.9, 163.1, 134.5, 132.9, 130.0, 128.8, 128.6,
123.6, 85.6, 71.7, 27.6, 18.8; HRMS (ESI-TOP) calcd for
Ci9HisNOs [M+H]" 340.1185, found 340.1188.

2-((1,3- AR M| bk -2- 3 S ) -2- K 2R 7 T
lE(3q): # AR, 23.6 mg, % 67%. 'H NMR (500
MHz, CDCls) d: 7.80~7.78 (m, 2H), 7.73~7.71 (m, 2H),
7.63~7.61 (m, 2H), 7.39~7.38 (m, 3H), 5.89 (s, 1H),
4.02~3.98 (m, 1H), 3.96~3.92 (m, 1H), 1.94~1.88 (m,
1H), 0.83 (d, J=6.8 Hz, 6H); 3C NMR (125 MHz, CDCL)
5: 167.4, 163.1, 134.5, 132.9, 129.9, 128.8, 128.7, 128.6,
123.6, 85.7 69.8, 21.6, 21.4; HRMS (ESI-TOP) calcd for
CaoH20NOs [M+H]" 354.1341, found 354.1344.

2-((1,3- AR S 5] Wb -2- 3 ) 80 98 )-2- 2K LR 7 TR
BE(3r): FEAHCR, 26.7 mg, % 73%. 'H NMR (500
MHz, CDCls) d: 7.80~7.77 (m, 2H), 7.74~7.71 (m, 2H),
7.63~7.60 (m, 2H), 7.40~7.38 (m, 3H), 5.87 (s, 1H),
422 (t, J=6.8 Hz, 2H), 1.58~1.53 (m, 1H), 1.52~1.48
(m, 2H), 0.84~0.83 (m, 6H); '*C NMR (125 MHz,
CDCL) d: 167.9, 163.1, 134.5, 132.7, 130.0, 128.8, 128.7,
128.7, 123.6, 85.6, 64.6, 37.0, 24.9, 22.3; HRMS (ESI-
TOP) caled for Cy;H;NOs [M+H]" 368.1498, found
368.1499.

2-((1,3- ZAR-1H-ZR IR [ ] 3 W Wk -2(3H)- 5% ) %
F)-2- KO HEE3s): #H AR, 30.7 mg, 77 85%.
'H NMR (500 MHz, CDCl;) 6: 8.59~8.57 (m, 2H),
8.23~8.21 (m, 2H), 7.75 (t, J=7.8 Hz 2H), 7.69~7.67
(m, 2H), 7.38~7.37 (m, 3H), 5.92 (s, 1H), 3.81 (s, 3H);
13C NMR (125 MHz, CDCl5) d: 168.9, 160.9, 134.6, 133.2,
131.8, 129.7, 128.7, 128.6, 127.4, 127.1, 122.6, 85.5, 52.7;
HRMS (ESI-TOP) caled for CyHisNOs [M + H] "
362.1028, found 362.1031.

2-(4-((1,3- AU 57 M Wbk - 2- ) S0 ) T 40k )-2- K
LR FiG(4a): FOR, 37.5 mg, 7% 98%. 'H NMR
(500 MHz, CDCls) &: 7.76~7.74 (m, 2H), 7.67~7.65 (m,
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2H), 7.37~7.36 (m, 2H), 7.29~7.23 (m, 3H), 4.81 (s,
1H), 4.18~4.14 (m, 2H), 3.62 (s, 3H), 3.58~3.54 (m,
1H), 3.45~3.45 (m, 1H), 1.85~1.80 (m, 4H); '*C NMR
(125 MHz, CDCls) § 170.4, 162.6, 135.6, 133.4, 127.9,
127.6, 127.6, 126.1, 122.4, 80.0, 77.1, 68.1, 51.2, 24.7,
23.9; HRMS (ESI-TOP) caled for CpH2NOs [M+H]"
384.1447, found 384.1449.

2-(4-((1,3- AR S e mpf-2- 35 45 3 ) T 409 -2- (4-
AL O TR TS (4b): FEEAIHIR, 29.3 mg, FEE 73%.
'H NMR (500 MHz, CDCl;) 6: 7.85~7.82 (m, 2H),
7.76~7.74 (m, 2H), 7.44~7.41 (m, 2H), 7.27 (s, 7.27),
7.04 (t, J=10.0 Hz, 2H), 4.87 (s, 1H), 4.27~4.21 (m, 2H),
3.71 (s, 3H), 3.66~3.62 (m, 1H), 3.56~3.51 (m, 1H),
1.94~1.87 (m, 4H); *C NMR (125 MHz, CDCly) ¢
171.3, 163.6, 162.9 (d, J=245.7 Hz), 134.5, 132.5 (d, J=
3.1 Hz), 128.9 (d, J=13.4 Hz), 128.9, 123.5, 115.5 (d, J=
21.5 Hz), 80.3, 78.1, 69.2, 52.3, 25.7, 25.0; HRMS (ESI-
TOP) caled for CyHyFNOs [M+H]" 402.1353, found
402.1355.

2-(4-((1,3- AR S g e mpf-2- 35 423 ) T 480 9)-2-(3-
ORI LR B (4e): FEIIAR, 36.1 mg, F# 90%. 'H
NMR (500 MHz, CDCls) o: 7.84~7.82 (m, 2H), 7.76~
7.74 (m, 2H), 7.34~7.30 (m, 1H), 7.24~7.22 (m, 1H),
7.20~7.17 (m, 1H), 7.03~6.99 (m, 1H), 4.89 (s, 1H),
426~4.25 (m, 2H), 3.72 (s, 3H), 3.68~3.64 (m, 1H),
3.58~3.55 (m, 1H), 1.92~1.91 (m, 4H); *C NMR (125
MHz, CDCL) 6: 167.8, 163.6 (d, J=246.1 Hz), 162.8,
139.0 (J=7.3 Hz), 134.5, 130.2 (d, J=8.1 Hz), 128.9,
123.5, 122.7 (d, J=3.0 Hz), 115.5 (d, J=21.0 Hz), 114.1
(d, J=22.4 Hz), 80.3 (J=1.7 Hz), 78.1, 69.4, 52.4, 25.7,
24.9; HRMS (ESI-TOP) caled for CoiHyFNOs [M+H]"
402.1353, found 402.1357.

2-(3- G IE)-2-(4-((1,3- B AR 7 1| R bk -2- 8 ) AL 0 )
THEE) R TRE@4d): FEEHIR, 40.0 mg, 7R N 96%.
'H NMR (500 MHz, CDCl;) §: 7.84~7.82 (m, 2H),
7.76~7.74 (m, 2H), 7.46 (s, 1H), 7.35~7.33 (m, 1H),
7.30~7.27 (m, 2H), 4.87 (s, 1H), 427~4.23 (m, 2H),
3.72 (s, 3H), 3.66~3.64 (m, 1H), 3.57~3.55 (m, 1H),
1.94~1.92 (m, 4H); 3C NMR (125 MHz, CDCl) &
170.9, 163.6, 138.6, 134.5, 134.4, 129.9, 129.0, 128.8,
1272, 125.2, 123.5, 80.3, 78.1, 69.4, 52.4, 25.7, 24.9;
HRMS (ESI-TOP) caled for CyH,CINOs [M+ H]*
418.1057, found 418.1061.

2-(4-1R IR HL)-2-(4-((1,3- =5 7 Mg b2 - 55 ) S )
TR LR T ER(de): FE AR, 44.2 mg, 773 96%. 'H
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NMR (500 MHz, CDCls) 0: 7.84~7.82 (m, 2H), 7.76~
7.74 (m, 2H), 7.49~7.47 (m, 2H), 7.34~7.32 (m, 2H),
4.85 (s, 1H), 4.24~4.23 (m, 2H), 3.71~3.70 (m, 3H),
3.66~3.62 (m, 1H), 3.55~3.53 (m, 1H), 1.90~1.89 (m,
4H); *C NMR (125 MHz, CDCls) §: 171.0, 163.6, 135.7,
134.5, 131.7, 129.0, 128.8, 123.5, 122.7, 80.3, 78.1, 69.3,
52.4,25.7,24.9; HRMS (ESI-TOP) calcd for C,;H»BrNOg
[M+H]" 462.0552, found 462.0555.

2-(4-((1,3- A S e ph-2- 28 ) S 2 ) T 418 ) -2- 2K 4R
KL BE4D): EOMIR, 44.1 mg, FFF 93%. 'H NMR
(500 MHz, CDCl3) 0: 7.83~7.80 (m, 2H), 7.75~7.72 (m,
2H), 7.41~7.39 (m, 2H), 7.34~7.30 (m, 3H), 7.25~7.19
(m, 3H), 7.09~7.07 (m, 2H), 4.84 (s, 1H), 4.35~4.30 (m,
2H), 4.25~4.20 (m, 2H), 3.60~3.56 (m, 1H), 3.52~3.48
(m, 1H), 2.89~2.86 (m, 2H), 1.92~1.84 (m, 4H); '3C
NMR (125 MHz, CDCl:) d: 170.9, 163.7, 137.5, 136.6,
134.4, 129.0, 128.9, 128.6, 128.5, 128.5, 127.2, 126.5,
123.5,81.1, 78.1, 69.1, 65.5, 34.9, 25.7, 25.0; HRMS (ESI-
TOP) calcd for CysHysNOg [M+H]" 474.1917, found
474.1919.

4B KL(Supporting Information) L&) 3a~4f [
'H NMR H1 3C NMR I3, i 8eppaba] L4 2 AAS T
¥ (http://sioc-journal.cn/) .~ %k,
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