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Sc(lfEfL iz xS SR I R E K AR R A 1A e /RN R B2 & A VIR T 49

5oOMRY R T FRAY kRE#S
wEREMA A=W FT—&* = A
T & F kT FEES
CFE T RFOLRERE)  WARERE MBI WARER RSN R E i E 5 250014)
ClLIRB LY F FrE 250001)

WE AT H IR A2 — KA TR A E A (AR, B2 N TR, DL 2[RI CRIL)
HIE R MY AL S A A R, 1,2- 8 2B R, £ St T JEU A AT 0 L 28R, I & AR A% 50 R BN,
SN B UUREBRAT AR, SRR ESE T 90 THEPE 4 h 58K, A 76%~96% 117 R 4531 H ki~ 4.

R AR HIEOR; DURI BRI TR R SR Ak

Scandium(lll)-Catalyzed Aza-Michael Addition of in Situ Generated
ortho-Quinone Methides with Amines: An Efficient Access to
Betti Base Derivatives

Zhang, Shuo™* Zhao, Ning” Li, Qinggang" Zhang, Jiaqi’
Hou, Zitong" Liu, Yifan* Yu, Yitao® Peng, Dan™*
Wang, Feng"” Li, Bing” Li, Jinhui”

(“ Shandong Provincial Key Laboratory for Special Silicone-Containing Materials, Advanced Materials Institute,
Qilu University of Technology (Shandong Academy of Sciences), Jinan 250014)
(® Shandong Experimental High School, Jinan 250001)

Abstract o0-Quinone derivatives are not only a variety of active and important intermediate, but also widely used in the syn-
thesis of natural products and medicinal chemistry. In the present study, the Sc(IIl) catalyzed aza-Michael addition to o-quinone
methides by amines for the synthesis of Betti base derivatives was developed. The reaction was performed in a sealed tube at

90 ‘C for 4 h and the products were obtained in moderate to good yields (76%~96%).
Keywords o-quinone; Betti base; aza-Michael addtion; green chemistry
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Figure 1 General structure of a Betti base

IR R B A 5 W — R AR I TR B Y
)¢, 2 R T RAR = AN 24 S T By
SR SRR SN T, Hefhil % A — E
BIVE G ZERIAGE. I EEGRE ok &
KRG, BT Stz RN BRIEANRRAE 2% 1
AU B R AR AFBONTZ. 6T A0 RS SRR 1
SR By = SRAZINEUR N IR LA 67
FLIR Ak S S (Scheme 1)1, 41537 FH 35 2 ) S M 7
CaAHKMP L, T Py S AN 2T 11 5 /K
TR RE A A AP 330, o, 405 R R 1) 28 2 8
6 IR MNRS S B A 5 A WAL & W I v R T i,
SEARE KA U T SRR IAT T RN 00,
I, 29t 25 A A A 2R R B AR L T
% BA ISR 254 53 1O (BRI 4 (K R L
TIEATY IR T B P BRI EAEAL TR, IR S BT i AN E
FT- ) 4% & A N R B AU B BE I &4, HAE [ B &E
RIFhRTEPMESE, 5B R E

Michael ’
OH addtion o cycloaddtion OLR
e —— B ————
Nu xR R

R oxa-6n-

electrocyclization J R=CH=CH,

o
e
BIR 1 ARY R R 14 S B S 7Y
Scheme 1 Reaction type of o-quinone
B DL B FE 8 SR AR R A 7 A T R
P e /X N AR 7T, FRAT 1A B R 4t (A LR ]
it R FRD o 440 IV PP S I ) SR 300 e R RS e 8 ) 7
R ARTARRL 2-CR R CR3) H2E) R I KL & A iGN
JEURE, 1,2- 8 LB N, AE Sc(ID sk N AL A il
VLR, AR AR I B ZR I RS A il DL AT
HMIEQ. 1), RNAEEERAET 90 CTHEFE 4 h 52K, A
76% ~96% {1 7= FAF B H AR = 4. P& M & 'H
NMR. "C NMR Fl s 35 i Hi F.
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1 HR5i
1.1 RMEFHHMRK

T 6 A 2-CR R R L) HE L) 2K T (1a) FI AR AR G bk (2a)
MR LD 1,2- & LK (DCE) IR IS, 43 5 LA
Ga(OTf)s, In(OTA);, Y(OTL);, Yb(OTH)s, AICI; #1 Cul Fyfi
th7), 76 80 CT &M 6 h JGHEAKE Bz
(Entries 1~6, £ 1). HfELFIA Sc(OTH; B, HI3RTE
T5% BRI F=)(Entry 7, K 1). 2810, LA Sc(OTH; A
EALF, 43l BLFE %5 (Toluene) s N,N- . FF & ik i
(DMF)A 1,4- % 7N3R(1,4-Dioxane) NIE IR, {EFAFE
IR BLEAET, PR #A BT &(Entries 8~10, #&
V). ZJ5, XNRMEEHT T HLE, SHEERM, 4
Thm MR 90 C, W& ETFE 92% (Entry 11, %
). {2 SR EHRT =S 100 CHF, BER F %3] 82%

K1 P&

Table 1 Optimization of reaction conditions

O
N

Catalyst
O oH * [Sj Solvent O N/\
OH 2a OHL\/S
1a 3a
Entry Catalyst Solvent Temperature/C Time/h Yield®/%
1 Ga(OTf); DCE 80 8 0
2 In(OTf); DCE 80 8 0
3 Y(OTf); DCE 80 8 0
4 Yb(OTf); DCE 80 8 0
5 AIClL DCE 80 8 0
6 Cul DCE 80 8 0
7 Sc(OTf); DCE 80 8 75
8 Sc(OTf); Toluene 80 8 65
9 Sc(OTf); DMF 80 8 21
10 Sc(OTf); 1,4-Dioxane 80 8 62
11 Sc(OTf); DCE 90 8 92
12 Sc(OTf); DCE 100 8 82
13 Sc(OTf); DCE 90 4 92
14 Sc(OTf); DCE 90 3 78
15¢ Sc(OTf); DCE 90 2 80
16° Sc(OTf); DCE 90 2 93

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 2-(hydroxy(phenyl)methyl)phenol (1a, 2.0 mmol), thio-
morpholin (2a, 2.4 mmol), solvent (I mL), run with 10 mol% Sc(OTf)s;
® isolated yield; ¢ run with 5 mol% Sc(OTf)s;  run with 20 mol% Sc(OTf)s.
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(Entry 12, £ 1). )5, FE T NEE, £ 90 CRM
i, K & B R 45 45 E) 4 h, PRI A A4k
(92%,Entry 13, £ 1), {H2 Y NE A% 2 3 h, =4
ISR T 4% 78% (Entry 14, 3£ 1). 8355, Sk A
BT T HEL. YEMFIHEREZ S mol%h, =R 1A
80% (Entry 15, 3 1). M#EFHEILFIHE R 20 mol%H,
FERAANK(93%, Entry 16, £ 1). B, 1%
FER N AAF LA 10 mol% Sc(OThH); NHEALF]. 1,2- &
LJE(DCEY A HI. 90 ‘C RV 4 h.

1.2 RYIRYT R

FERAF I N 265, A AR AR R N
B 2-(FRIECRE) P E) KRS 1 5L 2 MR
i, KRB EZAER RIRMIE R TE(R 2). WK 2 AT
A, 6T 2-(FR R CGRIE) FEE) R KL &1, BV
LT BE R | ot S B MR HL ) T B S S T A
A A A SR B R I S N2 A AR L (740, 1%
XA RIBARIE AR R PR B 5730 AN R or B A AR,
P RONEXT S 7 AT — S A A ERA

x2

P& R, BT 3. HEEM RS M T HURE
I, AR TR T=P0(90%~96%, K 2). HHUAR
FR TS, WOR TR, AT LAS B SR )
(84% ~ 88%), 1M1 24 HUAX 25k Sy W F, - R0 B 58 P IR
PRS2 3 — 20 1) T BEAEAT) BE DA R 45 (R WA 2R 15 21 AH
NLIT =40 (78% ~ 84%). %f T-AS[A] i A i, Eb fn g A€ 1
MR PEBIRR . 3-(4- FH AR 2 2R 2 ) I bR L 4-(4-PR Mg 25 ) A I
N-FJE- 1R FE % . N-FRIE-1- T /%, #Bv] DUR I b 5 R
S A RSP AR 7 HR R SR R R AR R AT S R IR g, YA
MBI TS AN (78%~92%, 3K 2).

N T L Sc(OTh); AR R AL TR N
FRSNE A A, K i A ik 2R B B 2 Fh e i 4
FIA R (R 3). T 2-[FRIE (R AL PR R 59,
LRI AN B S I RUT R A LA
At R BE R, RTERAS AR TSR I (90% ~
95%, #3). MEUREE B &I, R T, nTels
B PR SR I P2 (82% ~88%); T 24 HX AR HE W HE 1
NN BE R SR, PR R — PR R, B RE LA

AT R

Table 2 Exploration of substrate scope

Fococcn on g

3a, 92% 3b, 94% 3¢, 92%

J%nsﬁﬁﬁ
on > ) OH O OHNK?S O OH@ O QHN/H

3h, 95% 3i, 90%

; HscO\J
OH O OH 0 o o)

3n, 88% 30 90% 3p, 92%

OH@ o\’ﬁ@ o\?“

3t, 82% 3u 80% 3v, 78%

3d, 95%

88%

H3CO
OH s

3f, 93% 39, 96%
F

3e, 94%

84% 31, 82% 3m, 78%

f ” O Nﬂ
OCH3 0
3q, 87% 3r, 92% 3s 90%
OH O OH \;
3w, 82% F 3x, 84% 3y, 80%

“Reaction conditions: o-hydroxybenzyl alcohols 1 (2.0 mmol), secondary amines 2 (2.4 mmol), DCE (1 mL), performed in a sealed tube at 90 °C, 4 h. Isolated yield.
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Table 3 Reaction of 1 with various benzylamine

N N N N N
v D) OO OOV Cov e
OH OH OH OH OH

5a, 90% 5b, 92%

5c, 93%

5d, 92% 5e, 94%

N N N
O H/\@/ O H/\© /\@ O H/\@ O H/\©
OH
OH OH OH OH

5f, 90% 5g, 90%

5h, 95%

5, 92% ~© 5, 89%

H o ] C
& Seasloaacieasciieaast

5k, 88% 51, 84%

5p, 80% 50, 76%

5m, 82%

5r, 82%

5n, 82% 50, 82%

N/\©\ O N/\©\ s cl

|O H H N N

OH Br OH F CENI/\Q O OHH/\E) O OHH/\©/
OH

5s, 93% 5t, 88%

F
N
N
Crnry CUp O
OH H
F

5u, 81%

5v, 82%

“ Reaction conditions: o-hydroxybenzyl alcohols 1 (2.0 mmol), benzylamines 2 (2.4 mmol), DCE (1 mL), performed in a sealed tube at 90 °C, 4 h. Isolated yield.

H S ISR AT B A LB =0 (6%~ 82%). X T AN [FI [
W, et 2,6- L. ARFIERRE . AIAEE. TH
HHEEA TG . PR IE X9 T . XTI i X FERE
Jie 1 2-TE Wy FR i, BT DAAR G-db R AR A0 5 R I A
P 3), MR AR T RR, i, S5HE0)
HFHURIEF. CL. Br M DIFREARLE, W& (&
3). SEEGFR B, AR LA AT DAR 47 b 55 A A= B 1)
RINIASE SN Ty 3 S S V) 1) A
1.3 RNHIEHR

BT UL st at B, AT T — AN Re ) M
HLHE(Scheme 2): T 45CH Sc(OTH); fiifh 2-(FRFECEIL) H
FRB LAY 1 AR AR F IR R ()44, 1T S A
Jie B 5 fre xof A0 M HR 3 2R R H () 4 AT U4 3 v 2R
B N B 3 T B 447 3 58X S.
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Scheme 2 Proposed reaction mechanism
2 Hig

RIE T LA 2-(FRFECREL) H 3 KBy b S W A N
JERL, 1,2- =& OB R, 18 Sc(UDERE T 57 A2 B4R
ORI, R A S A T AR N R A B DL B AT

Chin. J. Org. Chem. 2019, 39, 709~719



Chinese Journal of Organic Chemistry

ARTICLE

AW AEZMERRT, AFR 2-GREECRAE) H2E) # By
AN 5 Fob i MR J 0 T BRI S 2, WAL s v T
15 96%. 1z REAMEUTIRN 15 KV KFEOVIER
A R IE R RS AR

3 SEES

3.1 UES5HF

Bruker AV400 B! % i £ 4% {X, CDCl; 3k DMSO-ds A
%7, TMS AWHR; Agilent Q-TOF 6510 =43 ¥ i it
1%, HEMEE 5% B TALEOR(ESY), BELEEEREEHERE. HEEMT
4§ FH 200~300 HEER.

3.2 ZWHE

E 38 mL JEEEMT AN 2-[FR AR 5L F AR R
MRAAEY) 1 (0.2 mmol). FEZE4(0.24 mmol). 1,2-
A ZKE(2.0 mL)AT Sc(OTH); (9.8 mg, 10 mol%), SR/5
£ 90 CHFEE FEERERP 4 h. REAFIEE, BARK
AR, mE RSB FMA 6 mL K, FH&H
Fi(6 mLX3)ZEH, AN IEK NaySO, T4, i85,
FIT A UEVRUE 725 R 2 VA A 2R = b R s AL E T R
a3 2 B RS, YelRA A R 28R SRV
V=40 :1). HZEEETLOMM VLI, &HIER
FFIEZERR Z VAR BIA R 2l 5, THE R, A H
B VIR 50 A LR « il DK & 4 FE s
RAE.

2-[ R FE(BRAC D IR FF L 2K T (3a): Ll 44, F=
92%. m.p. 85.2~87.4 “C; '"H NMR (400 MHz, CDCl;) ¢:
11.72 (s, 1H), 7.36 (d, J=7.1 Hz, 2H), 7.33~7.22 (m,
3H), 7.12~7.08 (m, 1H), 6.86 (dd, J=10.9, 4.2 Hz, 2H),
6.68 (td, J=7.5, 0.9 Hz, 1H), 4.56 (s, 1H), 2.82~2.73 (m,
2H), 2.70~2.64 (m, 6H); *C NMR (CDCl;, 100 MHz) ¢:
156.69, 138.37, 129.49, 128.95, 128.93, 128.75, 128.21,
124.72, 119.45, 117.05, 76.34, 53.23, 28.13; HRMS (ESI)
caled for C;;H,NOS [M—|—H]+ 286.1260, found
286.1261.

2- [ AR P b () FR 2R ) R R 1 2K Ty (3b): - 1 8 [ A
FEE 94%. mp. 65.5~68.2 C'H NMR (400 MHz,
CDCly) 8: 11.75 (s, 1H), 7.24~7.16 (m, 3H), 7.13~7.07
(m, 2H), 6.89~6.84 (m, 2H), 6.71~6.67 (m, 1H), 4.52
(s, 1H), 2.83~2.67 (m, 8H), 2.32 (s, 3H); “C NMR
(CDCl;, 100 MHz) &: 156.67, 138.57, 138.30, 129.48,
129.43, 128.96, 128.80, 128.64, 125.94, 124.78, 119.39,
116.99, 76.40, 53.24, 28.13, 21.58; HRMS (ESI) calcd for
C,sH,,NOS [M+H]" 300.1417, found 300.1417.

2- [ A Wk (400 FF R 5 ) YRR 1R (Be): 1 R £k,

PR 92%. mp. 70.3~71.4°C; '"H NMR (400 MHz,

Chin. J. Org. Chem. 2019, 39, 709~719
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CDCly) &: 11.84 (s, 1H), 7.51 (dd, J=5.6, 3.2 Hz, 1H),
7.23~7.08 (m, 4H), 6.86~6.82 (m, 2H), 6.68 (td, J=7.5,
1.0 Hz, 1H), 4.98 (s, 1H), 2.90~2.70 (m, 8H), 2.47 (s,
3H); “C NMR (CDCl;, 100 MHz) J: 156.76, 137.43,
135.89, 130.94, 129.16, 128.57, 128.53, 127.75, 127.10,
125.37, 119.47, 117.17, 70.08, 52.95, 28.33, 20.84; HRMS
(ESI) caled for C;sH,,NOS [M~+H]" 300.1417, found
300.1415.

2-[ B AR IR O FR 2 6 ) F B 1 2K 8y (3d): - 1 (R ]
FEE 95%. mp. 72.6~74.5 C; 'H NMR (400 MHz,
CDCly) 8: 11.76 (s, 1H), 7.24 (d, J=7.9 Hz, 2H), 7.12~
7.07 (m, 3H), 6.85 (dd, J=11.0, 4.4 Hz, 2H), 6.67 (td,
J=17.5, 1.0 Hz, 1H), 4.53 (s, 1H), 2.81~2.63 (m, 8H),
229 (s, 3H); *C NMR (CDCl;, 100 MHz) : 156.75,
137.94, 135.29, 129.62, 129.46, 128.88, 128.66, 124.90,
119.42, 117.00, 76.01, 53.17, 28.15, 21.16; HRMS (ESI)
caled for C;gH,,NOS [M—l—H]+ 300.1417, found
300.1416.

4-H R 2[R FE (FRAR N pk) FE R 1 2K T (Be): 1 0[]
&, 773 94%. m.p. 54.3~56.1 ‘C; '"H NMR (400 MHz,
CDCly) 6: 11.43 (s, 1H), 7.37 (d, J=7.2 Hz, 2H), 7.26
(ddd, J=10.8, 9.7, 5.4 Hz, 3H), 6.90 (dd, J=8.2, 1.6 Hz,
1H), 6.75 (d, J=8.2 Hz, 1H), 6.69 (s, 1H), 4.46 (s, 1H),
2.82~2.63 (m, 8H), 2.12 (s, 3H); *C NMR (CDCl;, 100
MHz) 6: 154.11, 138.92, 129.91, 129.26, 128.99, 128.83,
128.49, 128.15, 124.53, 116.86, 76.54, 53.40, 28.14, 20.56;
HRMS (ESI) caled for C,sH,,NOS [M+H]" 300.1417,
found 300.1417.

20T JE-6-[ R FE(BRAR N bk ) FE 83 (36): T i
IRVBAE, 772 93%. 'TH NMR (400 MHz, CDCl;) 6: 12.14
(s, 1H), 7.39 (d, J=6.9 Hz, 2H), 7.34~7.25 (m, 3H), 7.15
(dd, J=7.7, 1.4 Hz, 1H), 6.75 (d, J=7.1 Hz, 1H), 6.64 (t,
J=7.6 Hz, 1H), 4.59 (s, 1H), 2.80 (d, J=53.0 Hz, 8H),
1.44 (s, 9H); *C NMR (CDCl;, 100 MHz) d: 155.86,
138.39, 137.27, 129.00, 128.85, 128.07, 127.50, 125.84,
124.56, 118.44, 76.72, 52.95, 34.84, 29.47, 27.97; HRMS
(ESI) caled for CyH,sNOS [M+H]" 342.1886, found
342.1885.

4- FAR -2 [ R B (B AR M ) 6 2K T3 (3g): 1 £ ft]
&, 7&K 96%. mp. 113.2~115.5 ‘C; '"H NMR (400
MHz, CDCl;) 6: 11.21 (s, 1H), 7.38 (d, J=7.1 Hz, 2H),
7.32~7.24 (m, 3H), 6.79 (d, J=8.8 Hz, 1H), 6.68 (dd, J=
8.8, 3.0 Hz, 1H), 6.47 (d, J=2.9 Hz, 1H), 4.49 (s, 1H),
3.63 (s, 3H), 2.83~2.65 (m, 8H); *C NMR (CDCl;, 100
MHz) 6: 152.60, 150.28, 138.41, 128.96, 128.86, 128.22,

http://sioc-journal.cn/ 713
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125.39, 117.42, 115.23, 113.65, 76.43, 55.64, 53.30, 28.10;
HRMS (ESI) caled for CsH,,NO,S [M+H]" 316.1366,
found 316.1366.

2- AR HE-6-[ R HL (AR S k) B L 2R T 3h): H A
AR, 7% 95%. m.p. 117.1~119.2 ‘C; 'H NMR (400
MHz, CDCls) 6: 11.75 (s, 1H), 7.39 (d, J=7.1 Hz, 2H),
7.28 (dt, J=6.9, 4.5 Hz, 3H), 6.75 (dd, J=8.0, 1.0 Hz,
1H), 6.64 (t, J=7.9 Hz, 1H), 6.53 (d, J=7.6 Hz, 1H), 4.57
(s, 1H), 4.08 (q, J=7.0 Hz, 2H), 2.86~2.68 (m, 8H), 1.49
(t, J=7.0 Hz, 3H); *C NMR (CDCls, 100 MHz) 6: 147.64,
146.17, 138.64, 128.86, 128.84, 128.08, 125.17, 121.21,
118.94, 111.96, 75.99, 64.28, 53.33, 28.10, 15.00; HRMS
(ESI) caled for C,oH,,NO,S [M—+H]" 330.1522, found
330.1520.

2-([1,1'- R F ]-4- B (B AR bk ) FH G ) 2K 18 (3i):
E AR, 723 90%. m.p. 112.5~114.2 ‘C; "H NMR (400
MHz, CDCl3) 6: 11.74 (s, 1H), 7.54 (dd, J=8.1, 2.3 Hz,
4H), 7.52~7.40 (m, 4H), 7.33 (t, J=7.3 Hz, 1H), 7.16~
7.11 (m, 1H), 6.93~6.92 (m, 1H), 6.88 (d, J=8.1 Hz, 1H),
6.74~6.70 (m, 1H), 4.61 (s, 1H), 2.88~2.69 (m, 8H); "*C
NMR (CDCl;, 100 MHz) &: 156.67, 141.07, 140.43,
137.35, 129.45, 129.29, 128.84, 128.80, 127.62, 127.50,
127.04, 124.67, 119.51, 117.10, 76.04, 53.27, 28.14;
HRMS (ESI) caled for Co3H,NOS [M+H]" 362.1573,
found 362.1575.

4- G -2-[ R B (AR NG k) B BS 2R M (3f): 1 € T A,
FEE 88%. 95.3~96.1 ‘C; 'H NMR (400 MHz, CDCls)
5: 11.84 (s, 1H), 7.36~7.29 (m, 5H), 7.06 (dd, J=8.7,
2.5 Hz, 1H), 6.86 (d, J=2.5 Hz, 1H), 6.79 (d, J=8.7 Hz,
1H), 4.52 (s, 1H), 3.05~2.55 (m, 8H); *C NMR (CDCls,
100 MHz) §: 155.41, 137.56, 129.09, 128.84, 128.60,
128.52, 126.19, 123.87, 118.43, 118.40, 75.94, 53.18,
28.04; HRMS (ESI) caled for C;H;sCINOS [M+H]"
320.0870, found 320.0872.

2-(4-F AR (BRAR S 0RO K 3K): [ B [ A, p= e
84%. m.p. 102.5~104.1 “C; "H NMR (400 MHz, CDCl;)
5: 11.57 (s, 1H), 7.30 (q, J=8.7 Hz, 4H), 7.14~7.10 (m,
1H), 6.85 (d, J=8.1 Hz, 2H), 6.70 (td, J=7.6, 1.0 Hz,
1H), 4.54 (s, 1H), 2.82~2.69 (m, 8H); °C NMR (CDCl,
100 MHz) 6: 156.47, 137.02, 134.05, 130.17, 129.29,
129.16, 128.96, 124.28, 119.61, 117.21, 75.61, 53.24,
28.07; HRMS (ESI) caled for Cy;H;oCINOS [M+H]"
320.0870, found 320.0870.

2-[(3-FUAR I ) (BRAR Dbk ) F IE 1R Wy (31): 1 £ 1 4,
FEE 82%. mup. 115.3~117.5 C; 'H NMR (400 MHz,

714 http://sioc-journal.cn/
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CDCly) 6: 11.52 (s, 1H), 7.26 (dt, J=7.8, 4.8 Hz, 1H),
7.13 (ddd, J=8.0, 7.4, 4.7 Hz, 3H), 6.98~6.94 (m, 1H),
6.87 (dd, J=9.5, 4.0 Hz, 2H), 6.71 (td, J=7.6, 0.8 Hz,
1H), 4.54 (s, 1H), 2.83~2.67 (m, 8H); *C NMR (CDCl;,
100 MHz) d: 162.98 (d, J=245.6 Hz), 156.48, 141.08 (d,
J=6.7 Hz), 130.50 (d, J=8.2 Hz), 129.34, 128.99,
124.46, 124.18, 119.59, 117.22, 115.63 (d, J=21.6 Hz),
115.19 (d, J=20.9 Hz), 75.87, 53.28, 28.07; HRMS (ESI)
caled for C;;H;)FNOS [M + H] " 304.1166, found
304.1166.

2-[(4- TR BL ) (B AR i) 6 28 1 (3m): [ A [ 44,
P 78%. m.p. 119.6~121.3 ‘C; 'H NMR (400 MHz,
CDCly) §: 11.66 (s, 1H), 7.35 (dd, J=8.2, 5.5 Hz, 2H),
7.15~7.11 (m, 1H), 7.01 (t, J=8.7 Hz, 2H), 6.86 (d, J=
8.0 Hz, 2H), 6.71 (dd, J=11.6, 4.2 Hz, 1H), 4.57 (s, 1H),
2.84~2.73 (m, 8H); *C NMR (CDCls, 100 MHz) 6:
162.48 (d, J=245.9 Hz), 156.48, 134.22 (d, J=3.2 Hz),
130.54 (d, J=7.9 Hz), 129.32, 128.87, 124.53, 119.59,
117.15, 115.86, 75.49, 53.19, 28.07; HRMS (ESI) calcd
for C,7H;,FNOS [M+H]" 304.1166, found 304.1167.

2- [N BRI ) FE 3R KBy 3m): (L EE, 77 88%.
m.p. 115.2~116.3 C(it* m.p. 112~114 C); '"H NMR
(400 MHz, CDCl3) 6: 11.71 (s, 1H), 7.41 (d, J=7.1 Hz,
2H), 7.30~7.21 (m, 3H), 7.13~7.09 (m, 1H), 6.94~6.92
(m, 1H), 6.86 (d, J=8.1 Hz, 1H), 6.71 (td, J=7.5, 0.9 Hz,
1H), 4.39 (s, 1H), 3.77~3.72 (m, 4H), 2.58~2.42 (m,
4H); *C NMR (CDCl;, 100 MHz) §: 156.15, 139.33,
129.43, 128.97, 128.73, 128.57, 128.14, 124.84, 119.64,
117.08, 76.87, 66.92, 52.28; HRMS (ESI) calcd for
C7H,0NO, [M+H]" 270.1489, found 270.1490.

2-[ MG IRR OGS RS ) FH L 12K (30): L4, 77
90%. m.p. 110.3~111.2 C(lit.*” m.p. 110~111 C); 'H
NMR (400 MHz, CDCl;) 8: 11.74 (s, 1H), 7.29 (d, J=7.6
Hz, 2H), 7.11~7.07 (m, 3H), 6.92 (dd, J=7.6, 1.2 Hz,
1H), 6.85 (dd, J=8.1, 0.8 Hz, 1H), 6.70 (td, J=7.5, 1.0
Hz, 1H), 4.36 (s, 1H), 3.76~3.71 (m, 4H), 2.56~2.41 (m,
4H), 2.27 (s, 3H); °C NMR (CDCl;, 100 MHz) J: 156.19,
137.88, 136.31, 129.63, 129.40, 128.64, 128.50, 125.04,
119.62, 117.03, 76.52, 66.95, 52.23, 21.11; HRMS (ESI)
caled for CgH»NO, [M+H]" 284.1645, found 284.1647.

4- FAE -2 [N IR (R ik ) FR B 1 T (3p): 1 8 [T Ak
P23 92%. m.p. 87.4~89.2 C(lit."" m.p. 87~89 C);'H
NMR (400 MHz, CDCly) 6: 11.21 (s, 1H), 7.42 (d, J=7.1
Hz, 2H), 7.26 (dtd, J=10.0, 7.5, 2.8 Hz, 3H), 6.79 (d, J=
8.8 Hz, 1H), 6.68 (dd, J=8.8, 3.0 Hz, 1H), 6.51 (d, J=2.9
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Hz, 1H), 4.32 (s, 1H), 3.78~3.73 (m, 4H), 3.65 (s, 3H),
2.58~2.41 (m, 4H); “C NMR (CDCl;, 100 MHz) ¢:
152.72, 149.80, 139.27, 128.96, 128.56, 128.17, 125.41,
117.50, 114.95, 113.80, 76.97, 66.91, 55.61, 52.32; HRMS
(ESI) caled for C;sH,,NO; [M+H]" 300.1594, found
300.1595.

2-[(3-FR AR5 ) (M k) R 2K By (3q): B A4, 77
£ 87%. m.p. 135.2~137.1 C; 'H NMR (400 MHz,
CDCly) 6: 11.52 (s, 1H), 7.29~7.11 (m, 4H), 6.97~6.93
(m, 2H), 6.89~6.86 (m, 1H), 6.74 (td, J=7.5, 0.9 Hz,
1H), 4.38 (s, 1H), 3.80~3.76 (m, 4H), 2.60~2.43 (m,
4H); *C NMR (CDCls, 100 MHz) §: 163.00 (d, J=245.5
Hz), 155.97, 141.92 (d, J=6.4 Hz), 130.50 (d, J=8.2 Hz),
129.31, 129.00, 124.27, 124.13, 119.76, 117.25, 115.42,
115.13 (d, J = 20.9 Hz); HRMS (ESI) calcd for
CisHsFNO, [M+H]" 288.1394, found 288.1394.

2-{[3-(4- H 480 5 2 ) M R (4% 5 ) Y 25 ) 2R 13 (3rr):
HEE A, P2 92%. mp. 146.3~147.1 ‘C; '"H NMR
(400 MHz, CDCl3) &: 12.79 (s, 1H), 7.38~7.30 (m, 5H),
7.12~6.94 (m, 5H), 6.87~6.85 (m, 1H), 6.58 (dd, J=
11.0, 4.0 Hz, 1H), 6.47 (d, J=7.8 Hz, 1H), 5.47 (s, 1H),
3.81 (s, 3H), 3.59 (dd, J=9.7, 3.2 Hz, 1H), 3.43 (dd, J=
10.7, 2.2 Hz, 1H), 3.08~3.00 (m, 2H), 2.86~2.83 (m,
1H), 2.58~2.55 (m, 1H), 2.50~2.48 (m, 1H); °C NMR
(CDCls, 100 MHz) J: 159.35, 158.65, 133.26, 133.00,
131.46, 129.95, 129.52, 128.75, 128.39, 128.11, 122.71,
118.56, 116.58, 114.61, 67.43, 66.11, 55.35, 49.97, 36.86,
28.05; HRMS (ESI) caled for C,4Hy6NOs [M—|—H]+
376.1907, found 376.1908.

2-[ LB (1 PR OR R ) B ORI (3s): 1 B [l A, Fe R
90%. m.p. 46.2~48.5 °‘C; '"H NMR (400 MHz, CDCL) ¢:
11.87 (s, 1H), 7.60~7.58 (m, 1H), 7.14~7.09 (m, 4H),
6.91~6.84 (m, 2H), 6.69 (td, J=7.5, 1.0 Hz, 1H), 4.87 (s,
1H), 3.76~3.71 (m, 4H), 2.64~2.62 (m, 2H), 2.49 (s,
3H), 2.46~2.45 (m, 2H); *C NMR (CDCl;, 100 MHz) ¢:
156.40, 137.97, 135.61, 130.91, 129.09, 128.60, 128.32,
127.71, 127.18, 125.32, 119.58, 117.25, 70.30, 67.03,
51.87, 20.91; HRMS (ESI) calcd for C,sH,,NO, [M+H]"
284.1645, found 284.1648.

2-[(4-VS IR IR BE - 1- 268 ) (R 25k ) FR RS 1 2R 8y (3t): 1 [l
K, 722 82%. m.p. 83.5~85.1 ‘C; '"H NMR (400 MHz,
CDCly) &: 12.11 (s, 1H), 7.39~7.25 (m, 5H), 7.13~7.08
(m, 1H), 6.90~6.84 (m, 2H), 6.69 (td, J=7.5, 0.9 Hz,
1H), 4.46 (s, 1H), 3.71~3.69 (m, 4H), 3.23 (d, J=10.5
Hz, 1H), 2.84~2.81 (m, 1H), 2.55~2.50 (m, 4H), 2.20 (it,
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J=11.2, 3.7 Hz, 1H), 2.11~2.10 (m, 1H), 1.97 (t, J=11.3
Hz, 1H), 1.90~1.81 (m, 2H), 1.66 (ddd, J=24.4, 12.2, 3.8
Hz, 1H), 1.53 (ddd, J=15.5, 12.2, 3.7 Hz, 1H); °*C NMR
(CDCl;, 100 MHz) &: 156.85, 139.60, 129.26, 129.13,
128.80, 128.59, 128.45, 127.95, 125.43, 119.21, 116.95,
75.98, 67.24, 61.59, 52.37, 49.81, 49.73, 28.38, 28.33;
HRMS (ESI) caled for CyHyN,O, [M+H]" 353.2224,
found 353.2224.

2-[(CREE(FF ) ) (R 3 ) H BE 1 2K 1 (Bu): - 1 [T £,
=% 80%. m.p. 80.2~81.4 C(lit.* m.p. 80~81 C);'H
NMR (400 MHz, CDCly) d: 12.34 (s, 1H), 7.47 (d, J=17.3
Hz, 2H), 7.36~7.24 (m, 8H), 7.15~7.11 (m, 1H), 6.91 (t,
J=17.4 Hz, 2H), 6.71 (dd, J=11.6, 4.2 Hz, 1H), 4.70 (s,
1H), 3.55 (s, 2H), 2.16 (s, 3H); *C NMR (CDCls, 100
MHz) J: 156.99, 137.23, 129.34, 129.19, 129.03, 128.86,
128.71, 128.68, 128.65, 128.12, 127.61, 125.42, 119.24,
117.01, 75.55, 59.65, 39.19; HRMS (ESI) caled for
CH,,NO [M+H]" 304.1696, found 304.1695.

2-[(CT ZE (PR i) (R ) F R 128 8y (Bv): e (iR
AR, FZ 78%. '"H NMR (400 MHz, CDCl5) d: 12.53 (s,
1H), 7.40 (d, J=7.1 Hz, 2H), 7.34~7.26 (m, 3H), 7.13~
7.09 (m, 1H), 6.87~6.84 (m, 2H), 6.70~6.66 (m, 1H),
4.60 (s, 1H), 2.44~2.38 (m, 2H), 2.26 (s, 3H), 1.53~1.52
(m, 2H), 1.29 (dd, J=14.4, 7.3 Hz, 2H), 0.87 (t, J=17.3
Hz, 3H); *C NMR (CDCl;, 100 MHz) J: 157.33, 139.00,
129.03, 128.96, 128.65, 128.45, 127.89, 125.57, 118.90,
116.84, 75.63, 54.49, 38.94, 29.10, 20.38, 13.92; HRMS
(ESI) caled for CigHuNO [M—|—H]+ 270.1852, found
270.1855.

2- 5 -6-[ IR (R ) FF IE PR By Bw): I Al ik, 773
82%. m.p. 135.3~137.2 “C; "H NMR (400 MHz, CDCl;)
8: 12,19 (s, 1H), 7.31 (ddd, J=27.4, 18.3, 7.0 Hz, 5H),
7.05~6.78 (m, 1H), 6.65 (ddd, J=17.7, 12.6, 6.3 Hz, 2H),
4.47 (s, 1H), 3.76~3.73 (m, 4H), 2.58~2.43 (m, 4H); "*C
NMR (CDCl;, 100 MHz) 0: 151.64 (d, J=241.9 Hz),
144.66 (d, J=12.6 Hz), 138.63, 129.07, 128.56, 128.41,
127.11 (d, J=2.3 Hz), 124.34 (d, J=3.1 Hz), 119.15 (d,
J=7.1 Hz), 115.19 (d, J=18 Hz), 76.51, 66.82, 52.19;
HRMS (ESI) caled for C;;H;,FNO, [M+H]" 288.1394,
found 288.1395.

2- 8 -6-[ R FE (Bt A N k) HE RS 1 2 Ty (3x): 1 £ [
FEE 84%. m.p. 121.3~122.1 C; 'H NMR (400 MHz,
CDCly) d: 12.26 (s, 1H), 7.59~7.16 (m, 5H), 6.93 (t, J=
9.1 Hz, 1H), 6.62 (dt, J=7.6, 6.0 Hz, 2H), 4.63 (s, 1H),
3.26~2.33 (m, 8H); C NMR (CDCl;, 100 MHz) ¢:
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151.63 (d, J=241.9 Hz), 145.18 (d, J=12.7 Hz), 137.60,
129.03, 128.94, 128.48, 126.91 (d, J=2.3 Hz), 124.40 (d,
J=2.9 Hz), 118.83 (d, J=7.1 Hz), 115.22 (d, J=18 Hz),
76.09, 53.20, 28.06; HRMS (ESI) calcd for C;,H;,FNOS
[M+H]" 304.1166, found 304.1168.

4-F-2-[ R (AR D k) F R 2K By By): 1 [ 44
FF 80%. m.p. 140.3~142.1 ‘C; 'H NMR (400 MHz,
CDCly) 0: 11.57 (s, 1H), 7.42~7.25 (m, 5H), 6.89~6.72
(m, 2H), 6.60 (dd, J=9.1, 2.6 Hz, 1H), 4.54 (s, 1H),
3.12~2.48 (m, 8H); *C NMR (CDCl;, 100 MHz) ¢:
156.05 (d, J=235.3 Hz), 152.66, 137.50, 129.04, 128.91,
128.48, 125.44 (d, J=6.7 Hz), 117.74 (d, J=7.7 Hz),
115.74 (d, J=23.8 Hz), 115.17 (d, J=22.5 Hz), 75.95,
53.13, 28.07; HRMS (ESI) calced for C;;H;sFNOS [M+
H]" 304.1166, found 304.1165.

2-[(F ) (A 3L ) R L 1A 3 (Sa): TC RGBT HLIR VA4,
% 90%. 'H NMR (400 MHz, DMSO-dy) 6: 11.19 (s,
1H), 7.42 (d, J=7.4 Hz, 2H), 7.35~7.30 (m, 6H), 7.27~
7.21 (m, 2H), 7.08~7.04 (m, 2H), 6.73 (dd, J=13.5, 7.4
Hz, 2H), 5.01 (s, 1H), 3.66 (s, 2H); *C NMR (DMSO-d,
100 MHz) 6: 156.85, 143.24, 140.07, 128.78, 128.71,
128.69, 128.34, 128.23, 127.97, 127.92, 127.41, 127.34,
119.29, 116.28, 62.83, 51.15; HRMS (ESI) caled for
CaoHoNO [M+H]" 290.1539, found 290.1540.

2-{[(2- WA HE) i ] AR 3 ) F L ) SR 3 (Sb): o kG
FAMIRAE, 772 92%. "H NMR (400 MHz, DMSO-d;)
5: 11.13 (s, 1H), 7.46 (d, J=7.3 Hz, 2H), 7.34~7.31 (m,
3H), 7.23 (t, J=7.3 Hz, 1H), 7.17~7.12 (m, 3H), 7.07~
7.04 (m, 2H), 6.76 (dd, J=6.3, 2.3 Hz, 1H), 6.71 (t, J=7.4
Hz, 1H), 5.09 (s, 1H), 3.64 (s, 2H), 2.20 (s, 3H); *C NMR
(DMSO-d,, 100 MHz) d: 156.80, 143.24, 138.11, 136.52,
130.44, 129.09, 128.78, 128.67, 128.61, 128.34, 128.03,
127.43, 127.34, 126.23, 119.25, 116.24, 63.15, 48.85,
19.05; HRMS (ESI) caled for C,;Hy,NO [M—|—H]+
304.1696, found 304.1698.

2-[(F ) (1) FA 36 ) PR ) 2593 (Se): TG Ee o AR TR IR VR
&, 7722 93%. '"H NMR (400 MHz, DMSO-dy) d: 11.26
(s, 1H), 7.33~7.30 (m, 4H), 7.27~7.19 (m, 4H), 7.05 (t,
J=7.5 Hz, 3H), 6.72 (t, J=8.3 Hz, 2H), 4.96 (s, 1H), 3.65
(s, 2H), 2.27 (s, 3H); *C NMR (DMSO-d;, 100 MHz) ¢:
156.84, 143.16, 140.02, 137.78, 129.14, 128.74, 128.69,
128.44,. 128.29, 128.18, 128.07, 127.33, 124.97, 119.26,
116.25, 62.86, 51.12, 21.62; HRMS (ESI) calcd for
CH,NO [M+H]" 304.1696, found 304.1696.

2-[(F M) (408 F 35 ) R 1R By (Sd): - TG Bkl A Jeh PR
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&, 722 92%. '"H NMR (400 MHz, DMSO-dj) 6:11.28 (s,
1H), 7.42 (d, J=7.2 Hz, 1H), 7.35~7.24 (m, 5H), 7.21~
7.11 (m, 3H), 7.11~7.02 (m, 1H), 6.91~6.82 (m, 1H),
6.77 (d, J=17.5 Hz, 1H), 6.70 (t, J=7.4 Hz, 1H), 5.20 (s,
1H), 3.66 (s, 2H), 2.16 (s, 3H); *C NMR (DMSO-d;, 100
MHz) d: 157.29, 140.63, 140.01, 136.45, 130.67, 128.82,
128.77, 128.67, 128.36, 127.68, 127.61, 127.38, 127.24,
126.51, 119.19, 116.19, 58.07, 51.20, 19.26; HRMS (ESI)
caled for C,;H»,NO [M+H]" 304.1696, found 304.1698.

2-{[(4-F BE N I ) Fe | R 3k ) L ) 2R3 (Se): TGtk
FEWHCIRIBAA, 722 94%. 'TH NMR (400 MHz, DMSO-d)
8: 11.29 (s, 1H), 7.40 (d, J=7.3 Hz, 2H), 7.31 (t, J=7.5
Hz, 2H), 7.21 (dd, J=16.2, 7.6 Hz, 3H), 7.13 (d, J=7.9
Hz, 2H), 7.05 (dd, J=7.0, 5.5 Hz, 2H), 6.72 (dd, J=13.6,
7.4 Hz, 2H), 4.99 (s, 1H), 3.61 (s, 2H), 2.28 (s, 3H); "°C
NMR (DMSO-ds, 100 MHz) 6: 156.90, 143.16, 136.87,
136.38, 129.29, 128.78, 128.73, 128.67, 128.33, 128.10,
127.91, 127.42, 119.25, 116.28, 62.78, 50.77, 21.18;
HRMS (ESI) caled for CyH,,NO [M+H]" 304.1696,
found 304.1696.

2- {[(4- Y RE ) )R ) 0 ) 0 (50): otk
FAMERIBAE, 722 90%. "H NMR (400 MHz, DMSO-d;)
8: 11.27 (s, 1H), 7.43 (d, J=7.4 Hz, 2H), 7.31 (t, J=7.5
Hz, 2H), 7.21 (dd, J=14.3, 7.2 Hz, 2H), 7.13~7.04 (m,
5H), 6.77~6.70 (m, 2H), 5.02 (s, 1H), 3.63 (s, 2H), 2.28
(s, 3H); "*C NMR (DMSO-d, 100 MHz) 6: 156.9, 143.22,
139.93, 137.75, 129.35, 128.79, 128.74, 128.62, 128.35,
128.20, 127.98, 127.94, 127.42, 125.77, 119.28, 116.30,
63.01, 51.19, 21.53; HRMS (ESI) caled for CoH»,NO [M
+H]" 304.1696, found 304.1695.

2-[(F M) (R I ) F -4 F R 2Ky (Sg): o Bt A
PRIBAE, 7% 90%. '"H NMR (400 MHz, DMSO-dy) 6:
10.97 (s, 1H), 7.42 (d, J=7.4 Hz, 2H), 7.31 (dd, J=8.8,
6.1 Hz, 6H), 7.26~7.21 (m, 2H), 6.90 (s, 1H), 6.90~6.84
(m, 1H), 6.65 (d, J=8.1 Hz, 1H), 4.98 (s, 1H), 3.66 (s,
2H), 2.13 (s, 3H); *C NMR (DMSO-ds;, 100 MHz) §:
154.47, 143.42, 140.10, 129.13, 128.77, 128.71, 128.68,
128.61, 127.88, 127.81, 127.64, 127.37, 127.32, 116.16,
63.03, 51.22, 20.76; HRMS (ESI) calcd for C,H,,NO
[M-+H]" 304.1696, found 304.1698.

2-[(F ) COhf F R 38 FH S 12K I (Sh): e Ukt AR R
WA, 7% 95%. "H NMR (400 MHz, DMSO-dq) d: 11.30
(s, 1H), 7.35~7.25 (m, 7H), 7.12 (d, J=7.9 Hz, 2H),
7.14~7.12 (m, 2H), 6.73~6.68 (m, 2H), 4.96 (s, 1H),
3.64 (s, 2H), 2.26 (s, 3H); *C NMR (DMSO-d;, 100 MHz)
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J: 156.90, 140.07, 140.01, 136.51, 129.35, 128.81, 128.71,
128.64, 128.62, 12827, 127.84, 127.34, 119.20, 116.24,
62.67, 51.05, 21.12; HRMS (ESI) caled for C,H,NO
[M-+H]" 304.1696, found 304.1693.

2-[(F ) (A ) H R 1-6-(RU T 28) K By (Si): TG Ak
FAMPIRIBAE, 772 92%. "H NMR (400 MHz, DMSO-d;)
d: 13.05 (s, 1H), 7.45 (d, J=7.3 Hz, 2H), 7.37~7.31 (m,
6H), 7.29~7.26 (m, 2H), 7.07 (dd, J=6.0, 3.4 Hz, 1H),
6.60~6.58 (m, 2H), 4.95 (s, 1H), 4.23 (s, 1H), 3.68 (d, J=
4.3 Hz, 2H), 1.39 (s, 9H); "*C NMR (DMSO-d;, 100 MHz)
5: 157.19, 141.86, 139.13, 136.37, 129.00, 128.88, 128.81,
128.18, 127.85, 127.61, 127.35, 126.26, 125.65, 118.30,
66.04, 50.98, 34.88, 29.93; HRMS (ESI) caled for
Co4HosNO [M+H]" 346.2165, found 346.2165.

2-[(EHO)CERE) L -6- 2B LK (5)): TR
MERIBAR, 722 89%. "H NMR (400 MHz, DMSO-dy) o:
10.86 (s, 1H), 7.41 (d, J=7.3 Hz, 2H), 7.31 (dd, J=10.4,
5.7 Hz, 6H), 7.24 (dd, J=11.1, 5.8 Hz, 2H), 6.78 (dd, J=
7.4,1.9 Hz, 1H), 6.70~6.63 (m, 2H), 5.02 (s, 1H), 3.98 (q,
J=6.9 Hz, 2H), 3.66 (d, J=5.3 Hz, 2H), 3.37 (s, 1H), 1.32
(t, J=6.9 Hz, 3H); “C NMR (DMSO-d;, 100 MHz) o:
147.28, 146.44, 143.21, 139.99, 128.75, 128.71, 128.67,
128.36, 127.86, 127.41, 127.34, 120.65, 118.88, 112.48,
6431, 62.94, 51.11, 15.30; HRMS (ESI) caled for
C2»H5NO, [M+H]" 334.1802, found 334.1805.

2-{[1,1- - 4-FE (5 ) FR L L SRy (SK): e kil
PR, 722 88%. 'H NMR (400 MHz, DMSO-dj)
8: 11.15 (s, 1H), 7.62 (t, J=8.2 Hz, 4H), 7.50 (d, J=8.2
Hz, 2H), 7.44 (t, J=17.6 Hz, 2H), 7.36~7.32 (m, 5H), 7.26
(dd, J=8.6, 4.2 Hz, 1H), 7.16 (d, J=6.9 Hz, 1H), 7.19~
7.05 (m, 1H), 6.75 (t, J=8.0 Hz, 2H), 5.07 (s, 1H), 3.69 (s,
2H); °C NMR (DMSO-d;, 100 MHz) 6: 156.72, 142.59,
140.46, 140.13, 139.33, 129.37, 128.72, 128.67, 128.46,
128.35, 128.27, 127.78, 127.33, 127.12, 127.07, 119.36,
116.27, 62.30, 51.15; HRMS (ESI) caled for CagHoyNO
[M-+H]" 366.1852, found 366.1855.

2-[(CF M) (4- U2 3k ) FH L 1 28 W3 (S): T Uk Ayl IR
AR, 7% 84%. "H NMR (400 MHz, DMSO-d;) J: 10.84
(s, 1H), 7.44 (d, J=8.5 Hz, 2H), 7.37 (d, J=8.5 Hz, 2H),
7.32 (d, J=4.3 Hz, 4H), 7.25 (dd, J=8.8, 4.5 Hz, 1H),
7.14 (d, J=17.6 Hz, 1H), 7.06 (dd, J=11.2, 4.1 Hz, 1H),
6.77~6.73 (m, 2H), 5.04 (s, 1H), 3.64 (s, 2H); '*C NMR
(DMSO-ds, 100 MHz) J: 156.41, 142.52, 140.19, 131.83,
129.77, 128.69, 128.67, 128.63, 128.44, 128.42, 128.30,
127.30, 119.43, 116.21, 61.42, 51.14; HRMS (ESI) caled
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for CyHsCINO [M~+H]" 324.1150, found 324.1152.

2-[(R ) (3- AR HE ) H AL R (Sm): TG R AR PR
AR, 7% 82%. "H NMR (400 MHz, DMSO-dg) d: 10.83
(s, 1H), 7.38~7.30 (m, 5H), 7.28~7.22 (m, 3H), 7.16 (d,
J=17.5 Hz, 1H), 7.06 (dt, J=12.0, 5.5 Hz, 2H), 6.77 (dd,
J=14.6, 7.6 Hz, 2H), 5.08 (s, 1H), 3.66 (s, 2H); °C NMR
(DMSO-d, 100 MHz) 6: 162.73 (d, J=241.6 Hz), 156.41,
146.59 (d, J=6.6 Hz), 140.19, 130.59 (d, J=8.1 Hz),
128.71 (d, J=2.4 Hz), 128.66, 128.63, 128.47, 128.29,
127.30, 124.02 (d, J=2.5 Hz), 119.46, 116.24, 114.42 (d,
J=21.5 Hz), 114.04 (d, J=20.9 Hz), 61.57, 51.16; HRMS
(ESI) caled for CyH;oFNO [M+H]" 308.1445, found
308.1446.

2-{[(2,6- ZE I FE R L) 2L L KB (Sm): o th
FEF R, 772 82%. "H NMR (400 MHz, DMSO-
dg) 6: 10.50 (s, 1H), 7.47 (d, J=7.3 Hz, 2H), 7.43 (d, J=
8.1 Hz, 2H), 7.35~7.22 (m, 4H), 7.07~7.01 (m, 2H), 6.78
(d, J=7.9 Hz, 1H), 6.71 (t, J=7.4 Hz, 1H), 5.15 (s, 1H),
3.90 (s, 2H), 3.06 (s, 1H); *C NMR (DMSO-d;, 100 MHz)
5: 156.41, 142.85, 135.93, 135.44, 130.33, 128.96, 128.84,
128.68, 128.47, 128.36, 128.15, 127.45, 119.17, 116.05,
62.72, 47.10; HRMS (ESI) caled for CoH,sC1L,NO [M+H]
358.0760, found 358.0762.

2-{[(4-T 58 g ] (R 58 ) Y 2K ) 2K 3 (S0): I B Kl A
HPIRVBAA, 7% 82%. "H NMR (400 MHz, DMSO-dj) o:
10.92 (s, 1H), 7.68 (d, J=8.2 Hz, 2H), 7.41 (d, J=7.3 Hz,
2H), 7.30 (t, J=7.5 Hz, 2H), 7.21 (t, J=7.3 Hz, 1H),
7.14~7.11 (m, 3H), 7.07~7.03 (m, 1H), 6.76~6.71 (m,
2H), 5.00 (s, 1H), 3.60 (s, 2H); *C NMR (DMSO-d;, 100
MHz) d: 156.56, 143.33, 140.07, 137.43, 131.06, 128.75,
128.61, 128.39, 128.30, 127.88, 127.36, 119.36, 116.21,
93.06, 62.23, 50.52; HRMS (ESI) calcd for CyH;oINO
[M+H]" 416.0506, found 416.0505.

2-{[(4- L) M) (K3 P 3 ) K3 (Sp): o B kG
HPIRVBAK, 2% 80%. "H NMR (400 MHz, DMSO-dj) o:
10.94 (s, 1H), 7.50 (d, J=8.3 Hz, 2H), 7.42 (d, J=7.3 Hz,
2H), 7.29 (dd, J=15.3, 7.8 Hz, 4H), 7.21 (t, J=7.3 Hz,
1H), 7.14~7.12 (m, 1H), 7.18~7.03 (m, 1H), 6.78~6.71
(m, 2H), 5.02 (s, 1H), 3.63 (s, 2H); *C NMR (DMSO-d,
100 MHz) 6: 156.61, 143.34, 139.68, 131.56, 130.87,
128.76, 128.64, 128.38, 128.33, 127.89, 127.37, 120.38,
119.37, 116.25, 62.33, 50.45; HRMS (ESI) calcd for
C20HoINO [M+H]" 416.0506, found 416.0505.

2-{[(4- 9 L) B (R 2 ) FH R L R 8y (Sq): o (kG A
HPIRVBAK, 72% 76%. "H NMR (400 MHz, DMSO-dj) o:
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11.07 (s, 1H), 7.42 (d, J=7.3 Hz, 2H), 7.37~7.20 (m,
6H), 7.16~7.04 (m, 5H), 6.74 (dd, J=15.4, 7.8 Hz, 2H),
5.02 (s, 1H), 3.65 (s, 2H); *C NMR (DMSO-d;, 100 MHz)
5: 161.73 (d, J=240.8 Hz), 156.70, 143.31, 136.30 (d, J=
2.9 Hz), 130.57 (d, J=8.0 Hz), 128.763, 128.714, 128.67,
128.31, 127.89, 127.38, 119.33, 116.25, 115.49, 115.28,
62.51, 50.36; HRMS (ESI) caled for CyH oFNO [M+H]"
308.1445, found 308.1445.

2-[(CF ) (PR L) H 2R (Sr): o R A T PR VR
1, 772 82%. 'H NMR (400 MHz, DMSO-dg) J: 11.73 (s,
1H), 7.34~7.23 (m, 5H), 7.07 (td, J=8.0, 1.5 Hz, 1H),
6.91~6.89 (m, 1H), 6.74~6.69 (m, 2H), 3.68 (d, J=13.5
Hz, 1H), 3.50~3.37 (m, 4H), 1.86 (d, J=12.5 Hz, 1H),
1.6~1.56 (m, 4H), 1.43 (d, J=12.5 Hz, 1H), 1.11~0.88
(m, 5H); “C NMR (DMSO-ds, 100 MHz) o6: 158.03,
139.74, 130.23, 128.70, 128.66, 128.14, 127.35, 125.01,
118.59, 116.16, 66.42, 51.08, 43.17, 29.87, 29.50, 26.42,
26.33, 26.25; HRMS (ESI) caled for C,0H,;FNO [M+H]"
296.2009, found 296.2010.

2- {25 F i R 3 R (Ss): otk
FEMPIRAR, 722 93%. "TH NMR (400 MHz, DMSO-dj)
d: 10.65 (s, 1H), 7.40 (t, J=5.5 Hz, 3H), 7.31 (t, J=7.5
Hz, 2H), 7.21 (t, J=7.3 Hz, 1H), 7.14~7.12 (m, 1H),
7.07~7.03 (m, 1H), 6.96 (dd, J=4.9, 3.5 Hz, 1H), 6.92 (d,
J=3.0 Hz, 1H), 6.75 (dd, J=14.2, 7.4 Hz, 2H), 5.09 (s,
1H), 3.83 (s, 2H); *C NMR (DMSO-d,, 100 MHz) 6
156.45, 143.90, 143.26, 128.72, 128.57, 128.50, 128.31,
127.95, 127.33, 127.23, 125.70, 125.26, 119.37, 116.17,
61.66, 45.75; HRMS (ESI) caled for CisH;sNOS [M+H]"
296.1104, found 296.1105.

2-{[(3-FUF I i )R ) 3k ) SRy (5t): e Uk AR
MERIBAR, 722 88%. '"H NMR (400 MHz, DMSO-dj) o:
10.85 (s, 1H), 7.43 (d, J=7.4 Hz, 3H), 7.32 (dt, J=10.8,
7.6 Hz, 4H), 7.26~7.20 (m, 2H), 7.16~7.14 (m, 1H),
7.08~7.04 (m, 1H), 6.75 (dd, J=15.5, 7.8 Hz, 2H), 5.04
(s, 1H), 3.66 (s, 2H); °C NMR (DMSO-ds, 100 MHz)
156.50, 143.39, 142.95, 133.47, 130.48, 128.75, 128.58,
128.39, 128.30, 127.87, 127.87, 127.35, 127.28, 127.21,
119.39, 116.21, 62.20, 50.58; HRMS (ESI) caled for
CaoHsCINO [M+H]" 324.1150, found 324.1150.

2-[(F M) (R HE ) FH R ]-3-HUK B (Su): o EORG HR Y R
AR, 7% 81%. 'H NMR (400 MHz, DMSO-d;) J: 10.73
(s, 1H), 7.44 (d, J=7.4 Hz, 2H), 7.33 (t, J=6.0 Hz, 6H),
7.29~7.18 (m, 2H), 7.06 (dd, J=9.8, 3.0 Hz, 1H), 6.98~
6.83 (m, 1H), 6.75 (dd, J=8.8, 4.9 Hz, 1H), 5.05 (s, 1H),

718 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

3.66 (s, 2H); >C NMR (DMSO-d,, 100 MHz) : 156.00 (d,
J=232.1 Hz), 152.57, 143.07, 140.26, 130.53 (d, J=6.3
Hz), 128.79, 128.65 (d, J=5.0 Hz), 127.87, 127.37 (d, J=
17.7 Hz), 116.85, 114.71, 114.45 (d, J=4.4 Hz), 114.20;
HRMS (ESI) caled for CyH;oFNO [M~+H]" 308.1445,
found 308.1447.

2-[(R ) (R FE) FF R -6- 90 By (Sv): o R AR R
AR, 772 82%. '"H NMR (400 MHz, DMSO-d,) J: 7.44
(d, J=7.4 Hz, 2H), 7.41~7.29 (m, 6H), 7.30~7.16 (m,
2H), 7.09~6.93 (m, 1H), 6.84 (d, J=7.7 Hz, 1H), 6.69
(td, J=7.9, 5.1 Hz, 1H), 5.09 (s, 1H), 3.69 (d, J=0.8 Hz,
2H); *C NMR (DMSO-d,, 100 MHz) 6: 151.58 (d, J=
238.5 Hz), 145.19 (d, J=12.9 Hz), 142.36, 139.52, 130.62
(d, J=2.3 Hz), 128.97, 128.79, 128.74, 127.96, 127.79,
127.50, 124.07 (d, J=2.5 Hz), 118.84 (d, J=7.0 Hz),
114.89 (d, J=18.0 Hz), 63.42 (d, J=1.8 Hz), 51.05;
HRMS (ESI) caled for CyHoFNO [M+H]" 308.1445,
found 308.1447.

$#H B#1 K (Supporting Information) L&) 3a~3y
5a~5v ff] '"H NMR 1 °C NMR &, XLkl a) L%
B WA T WA 3t (http://sioc-journal.cn/) | R K.
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