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Copper/Selectfluor Co-catalyzed Ritter-Type Benzylic
C—H Amination
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Abstract A copper/Selectfluor co-catalyzed Ritter-type benzylic C—H amination has been developed. The method has a
wide substrate scope, and it also possesses high regioselectivity and chemoselectivity. It avoids the use of strong oxidants and
complex reaction systems, enabling the amination of benzylic C—H bonds in various substrates under simple and mild reac-
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B A IO L 2, X SR A B (N PR BRI AT RE &
A AR AR E I, IR SR, IR AE 25 i
Th B EEAER, W OB A 1 SR
O I AEMIEE T ROE PE AN 253N 1 2R 1, A
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WED 2R L.

Ritter 7 il 2 A4 e o7 A S RS S0 B e A FH) A 200 SRt

Z B Ishii HEHOHRIE FIE A N-FR3E 40 28 — H R
[l (NHPT)AE A ¥ 0 77 A0 R % 4 £ (C ANDAE R S840 571 1)
Ritter 240 LATE RO i, J i e 2R A 2 U7 ) e 11
Mn(OAc):/DDQ (DDQ=2,3- " 5-5,6- —FU AR i) [
I Z A T DI I 28 s B () S A0V Bl R &R K L ek
1bEW)(Scheme 1a). KT, w7 %I N SFAF BRI 1 =B
NG RS R, BhAah, %07kl A % o B A A T R
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(a) Previous work: oxidative C—H Ritter-type amination

NHCOR?2

H Oxidant/
activator 1
Rl + RN —— R
80 ~90°C

R' = alky, aryl; R? = alky, aryl ketone byproducts
Oxidant = CAN or DDQ; Activator = NHPI or Mn(lll) or NaN3

(b) Previous work: photochemical C—H Ritter-type amination

H NHCOR?
R' '+ R}N — . R
Oxidant/

Acid or LA
R'=H, alky, aryl; R? = alky, aryl
Acids = H,SOy4; LA = BF3; Oxidant = Phl or Selectfluor

(c) Previous work: electrochemical C—H Ritter-type amination

H <§®/7 NHCOR?

R' + RN — . R
Acid or LA

R'= H, alky, aryl; R2 = alky, aryl
Acids = H,SO,4 or TfOH; LA = Cu(OAc),

(d) This work: Cu/Selectfluor catalyzed C—H Ritter-type amination

H @ @ NHCOR?
° R1 + R2CN _— R1
40 °C
R'=H, alky, aryl R?=alky, aryl 28 examples

28% ~ 72% yields
® Electron-rich and electron-deficient alkylarenes were well tolerated

® Works for alky and aryl nitriles
® Operational simplicity, mild condition
® Late-stage introduction of N into biologically active compounds

=1 RIEGRERE Ritter B TTE
Scheme 1 Ritter-type benzylic C—H amination
KA Ritter B 5 fEpLEEA B, R UREHIOE T
N ELR) AT O /Selectfluor AR R, FERRERIE Sy 3L iHE
IR 2614, Al BASEEL Ritter ) M (Scheme  1b);
U], Doyle VREIZH M A H v S8 AL A G HEAL AN BT
RER TR N M RESE IR C—H Y Ritter B
B2 Ak, AT S C—H B Ritter B S X
AN AL. Lambert VR UAE = S I IR B T
(TACO/E NI 26 1F T, B T OLAEML Ritter &Y
RMTFR TR C—H BRI, DA AR, B
g SRS, PV A ) 7] B SIS R A T LA L
T3V R A — A AL, 7R REAL 2R 1R T A I A
HMIMANT BR(BBR =98 TP A TR ) m i 2 J0 2 (T PR )
B w] {4k Sz i (Scheme 1c). {HJ&, LA J7iEnt T e i 3
BOCRN A A VAR B S — I EOR,
SRR T ORBUBLAE 2 5, 22 51 — R A R HE
oIS M AR, O T e IR DR IR, RAYTK
XEETTVERISE IR, XIE A REREEREHITIF R

2182 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

T—RAVEACE B HEE RN T, O N-S R T
[z 58, Selectfluor /EAEAFFATIE RN C—H #ERE
b, 1ZSREE BA R AL SO BRI, SRS Sk A TEAE 2 A,
AFDASEIL 2 B E REHIAG. SATH, X —SREE 2 H T 3 H k&
P IWABIE RN, KT 75 E ik IE S 2 51 Ritter B %
MRS K.

TELE, ARG T —FP4i/Selectfluor FEAEAL 13
REEE Ritter J&FEAL 1%, 1Z 575K Selectfluor 41~ 5:HY
SR FHEBERESHADMEAR B H -
LA, FAERIKIES T RSERRAE Riter BUR M
BIWEfE =4, I T2 0 R A B A (R B 3 B A A ey
A X Jak e B PR RN b 2 e e, Tl O {5 FH o S 7R AR AR
SRR BR, A T BRI ) SO S B ] S B P IS
)R B S i L A (Scheme 1d).

1 HR5R

BRI T 1-27ZE(a) 5% LM Qa) kR
RN 1), ERTIAS I C—H 4 Es L & B BT 72
o 07 & 4k & B [Ir{dF(CF3)ppy}.(dtbbpy)]PFs (0.5
mol%), Cu(OAc), (10 mol%), 2,9-— H1%:-1,10-FE"Z k(10
mol%) LA X Selectfluor (2 equiv.)7E 12 W Blue Leds,
40 CHIZAET, ATRARL 23% MU R 45 B e R0 2 3a
(Entry 1), TGRS0 e Al R BT IR R,
PRS2 R, JEHEALF(Entry 2). SR (Entry 3) LA L
{&(Entries 4~7)XF M FZMAE/N, T RAKKON & &L
A ARV RIS R T T — RAIE . R
SEIRR, S MR ALTRIAN AL TR R PR SR S RE PR 52 M A
R CuCly RIS % FE I HE 4L 35 14 (Entries 8~14),
I HAE 30 mol% M H & T R B (Entry 16). 5 N-
GRS ik 9% i (NFST) AN i it R 4% (APS) ML EL, - Select-
fluor 1) 52 B % 5 ¥ £ (Entries 17, 18 vs Entry 16), H.
Selectfluor 1 & X J¢ B B 52 0 %8 K (Entries 19, 20 vs
Entry 16). $&#i|S256 3t —DAIF B 4 @ 4k 7 R A AR e
SN FE A A EE B (Entries 22, 23). AL, RBIK
JEE X6 B2 8 4 AR AT — 58 FE W (Entry 19). S & HE T e
It N 2% (Entry 21): CuCl, (30 mol%)+ Selectfluor (2.0
equiv.)s Np LRI &M N 40 CRBE 24 h, BL 63%H) 535S
W 33 7 HAsr=4) 3a.

TEB R N 26 A A b, DAV Z G VE N RIR, Xt
F IR SR IIE FH AT T IE R 2, a). R
RERERRY), BFARESIARN 1-45%E0a). 2-23
ZE(1b)F1 2 FE 2K (1) #l AE MR 45 21 FIUA 1) 2.k e 3640 7=
Y. hh, R T XA E A A FRBAREE R 1d~1i
AR A2, A7 3R (1d) S T R A (e~
1O RP5RE RAFE. Be(1g)s BEAZ(1h)FIBE I (1)
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Table 1 Optimization of reaction conditions

12 W Blue Leds
[I{dF (CF3)ppy},(dtbbpy)]PFg (0.5 mol%)
H Cu(OAc), (10 mol%)

2,9-Me,-1,10-phen (10 mol%)

Selectfluor (2 equiv.)
CH3CN (0.1 mol/L)

1a 40 °C, Ny, 24 h 3a
[I{dF(CF3)ppy}2(dtbbpy)IPFg Selectfluor
Entry Photocatalyst Oxidant Metal Ligand Yield?/%
1 [Ir {dF(CF3)ppy }2(dtbbpy)]PFs Selectfluor Cu(OAc) 2,9-Me»-1,10-phen 23
2 — Selectfluor Cu(OAc):2 2,9-Me»-1,10-phen 22
3¢ [Ir{dF(CF3)ppy } 2(dtbbpy)]PFes Selectfluor Cu(OAc): 2,9-Me:-1,10-phen 24
4 [Ir{dF(CF3)ppy }2(dtbbpy)]PFs Selectfluor Cu(OAc) — 23
5¢ — Selectfluor Cu(OAc):2 bpy 20
67 — Selectfluor Cu(OAc)2 PPBO 16
7¢ — Selectfluor Cu(OAc):2 — 23
8¢ — Selectfluor CuClz — 43
9¢ — Selectfluor CuBrn — 29
10¢ — Selectfluor Cu(CF;COO0)2*H20 — 31
11¢ — Selectfluor Cu(OTf):2 — 27
12¢ — Selectfluor CuCl — 37
13¢ — Selectfluor CuBr — 39
14¢ — Selectfluor FeCl3 — n.d.c
15¢ — Selectfluor CuClz — 44
16%¢ — Selectfluor CuClz — 53
1748 — NFSI CuCl2 — 44
18<¢ — APS CuClz — n.d.c
19¢h — Selectfluor CuClz — 35
204 — Selectfluor CuCl — Trace
214 — Selectfluor CuCl2 — 63
2267 — — CuCl2 — n.d.c
23¢/ — Selectfluor — — n.d.c

4 Reaction conditions: 12 W Blue Leds, 1a (0.5 mmol), [Ir{dF(CF;)ppy}.(dtbbpy)]PFs (0.5 mol%), Cu(OAc), (10 mol%), 2,9-Me,-1,10-phen (10 mol%), Selectfluor
(1.0 mmol), CH;CN (2.5 mL); the reaction mixture was degassed via freeze pump thaw (X3 times) and refilled with N,, 40 °C, 24 h, unless otherwise noted. * Iso-
lated yields. ¢In darkness. PPBO: N'-([1,1'-biphenyl]-2-yl)-N>-benzyloxalamide. ¢ Not detected. /CuCl, (20 mol%). € CuCl, (30 mol%). " Selectfluor (1.0 equiv.). /

Selectfluor (3.0 equiv.)./ CH;CN (0.2 mol/L).

JERAA RE AR 2R A3 B B AR 4. & Wl RS ) 1)
)t aeE A, R EY) (1k~ 1p) 78 b 25 1
SRR BAE R ), KRR (1q A1 1) DLACER
RIEPI(1s A1 1) W R R4 SO, 4 NI Ah
(2, ZNAR ZRBENEREAS 51 (A (Tu) R& 41
R AR (L) FOAR ¥ 25 R (ow) b AT S /s i, it —20
WESE T RAVF R T ER SE . FRE s 1 HAh g 2R
WEDERREIRGE 2, b). 75 IR A 2% 14 1 Fa it
b, RS I RN O LI 38 e A A AR N ) IR i PR A 4b~
4f.

MR SCHRFE R AL ) S 88, AE 3R H A0 AT RE e
M ALEE(Scheme 2): Cu(D)f#E4L7# Selectfluor (A)E A
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Ji% Cu(Il), [P 2E AR A RUE B T B 2k B, B AT LAY
R ST G 1 AR TR T A B A D AL S
W) C. 2k VR R R 50 S AR CHRE 20, Cu(1T) A LA
S E H R RK OE B 1) E B AR PE B (radical-polar
crossover, RPC)iL#2, 7=tk IE S 70 j5 55k R4
Ritter B4 A4 J BB AT 15 21 H bR 724 3.
2 4

25 BTk, FFk T —Fhfi/Selectfluor Hif b )R 5L
TREGE Ritter fIeAb 7. %78 %6i@id Selectfluor
N FRERE TR R = AR E 2, B )
e fs B B R R AR B - B 5SSO Rk R B ik
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R 2 FHEGREE Ritter FEEAN R B RY)TE
Table 2 Substrate scope in the Ritter-type amination of benzylic C—H bonds

1
H CuCl, (15 mol%) HN™ “R?
R . R2CN Selectfluor (2 equiv.) . R
40°C, Ny, 24 h
1a ~ 1w 2a ~ 2f 3a ~ 3w, 4b ~ 4f
(a) Alkylarene substrates 1a~1w
NHAc NHAc
NHAC NHAG NHAG NHAG Y@)\ \H/©)\ NHAc
Ph/©)\
3a, 63% yield 3b, 53% yield 3¢, 72% yield 3d, 46% yield 3e, 57% yield 3f, 68% vyield 39, 45% yield
NHAc NHA
NHAc NHAc A ¢
o Q ¢ NHAc
N N
Ph” °N
H (o}
3h, 43% yield 3i, 70% yield 3], 33% yield 3k, 66% yield 31, 51% yield 3m, 70% yield
NHAC NHAc
NHA
O NHAc NHAC 0 c
N
® O =0 ~0
Br (0]
3n, 63% yield 30, 52% yleld 3p, 41% yield 3q, 55% yield 3r, 66% yield
NHAC
NHAc NHAc NHAC NHAc
ToOE 3
F
0 Cl
) |
3s, 60% yield 3t, 42% vyield 3u, 47% yield 3v, 45% vyield 3w, 70% yield

(b) Nitrile substrates 2b~2f

o5 B T X B

4b, 45% yield © 4c, 33% vyield © 4d, 41% yield ? 4e, 31% yield © 4f, 28% vyield ©

4 Reaction conditions: 1 (0.5 mmol), CuCl, (30 mol%), Selectfluor (1.0 mmol), CH;CN (5 mL); The reaction mixture was degassed via freeze pump thaw (X 3 times)
and refilled with N5, 40 °C, 24 h, unless otherwise noted. ® Reaction conditions: 1 (0.5 mmol), nitriles (5.0 mmol), CuCl, (30 mol%), Selectfluor (1.0 mmol), DCE
(1,2-dichloroethane, 5 mL).

EBT, RESHRRAE Riter WRSAHRLSY. 3 SIS
SRIHER, FOHCEORIERNER S
BRI R P RL S R, B (PR 7
I S R, E B 2RI 0 S 26 TR BT S P SEg 2 i R S Hr 20, gt —
RIS B S S (L. B Ab, 3%y v T S W E G, £ 02~0.3 mm BRI G #iF) Lt
S R VA SR, R OR R AR T — b TOPPTR T, JRAE 254 nm BYSIE FAEAL S,
4 T A M IR g (it — b, R e 200~300 H
TR AZMEILHR e 1 AR AT & 5 400/600 JEAZ L
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) Al cHac A crec
ALY/ LN
+e F

B2 Hil/Selectfluor JEAEALIK R RLAR A Ritter FE AL S B
R IRES TR

Scheme 2 Proposed mechanism for Cu/Selectfluor co-catalyzed
Ritter-type benzylic C—H amination

PRACIAS, AR ("H NMR Al 3C NMR 3% 0 7.26
F177.00) 8 = FEEH('H NMR #1 3C NMR H12
% 5 2.50 F1 40.00) 7. 1543 T i A 1 s K A
% [EHR$Ft LCT Premier XE BRI, A B
YIFINESRN S W) Energy Chemical® 1 Adamas beta®
) K.

3.2 ZWHE

B A LAY 100 R N [E4E, 0.5 mmol, 1.0
equiv.)s CuCly (0.15 mmol, 30 mol%)#! Selectfluor (1.0
mmol, 2.0 equiv.)INEIHC & A RE R BRI AL )90 T
(115 mL R, B RBORHEFFET NoS5F, @
1B ARYE ST CHSCN (2.5 mL, 0.2 mol/L). W3Rk HEAL
A 1R NBAE, 0.5 mmol, 1.0 equiv.) A M.
BEB I NIET 40 CF&MN 24 h. RN 5ERJA,
A NaHCOs /KiE MR S IR G Y), LR 1620
mL X 3)ZEHL, GIHA VA, HEAEHKGE0 mL)BkE,
ToKTRBREA T8 L8, R IRAE bR 25 [ SV 7, Bk
V)G HE AL E AT AL T B R SR AE N B 715
FHFMEEY) 3 0 4.

N-(1-(ZE-1-25) 258 SR (3a)2: SRR V(A
i)/ V(218 B =2/1, AEFEE, mp. 98~100 C. 67
mg, 7% 63%. 'H NMR (400 MHz, CDCl3) 6: 8.10 (d,
J=8.1 Hz, 1H), 7.87 (d, J=7.7 Hz, 1H), 7.80 (d, J=7.9
Hz, 1H), 7.60~7.41 (m, 4H), 5.98~5.88 (m, 1H), 5.74
(br, 1H), 1.96 (s, 3H), 1.67 (d, J=8.0 Hz, 3H); 3C NMR
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(100 MHz, CDCls) §: 168.9, 138.2, 133.8, 131.1, 128.7,
128.3, 126.5, 125.8, 125.1, 123.4, 122.5, 44.6, 23.3, 20.6.

N-(1-(F5-2-35) & 58) 1 2 (3b)22: e lisfl: Vh i
k) V(.82 ) =2/1, AfEK, mp. 156~158 C. 56
mg, 7% 53%. '"H NMR (400 MHz, CDCls) J: 7.82 (d,
J=1.5 Hz, 3H), 7.75 (s, 1H), 7.46 (dt, J=14.3, 8.0 Hz,
3H), 5.85 (br, 1H), 5.33~5.24 (m, 1H), 2.01 (s, 3H), 1.58
(d, J=6.7 Hz, 3H); '*C NMR (100 MHz, CDCl;) J: 169.1,
140.4, 133.3, 132.7, 128.5, 127.8, 127.6, 126.2, 125.9,
124.7,124.5, 48.8, 23.5, 21.6.

N-(1-([1,1-BE 2K ]-4-38) 2,38 L e (3e) 3 e it 571l
VOR BV TR B8y =2/1, A, mp. 149~
151 'C. 86 mg, 7= * 72%. 'H NMR (400 MHz,
DMSO-ds) J: 8.33 (d, J=7.6 Hz, 1H), 7.72~7.53 (m, 4H),
7.52~7.42 (m, 2H), 7.36 (dd, J=17.2, 7.3 Hz, 3H),
5.00~4.89 (m, 1H), 1.85 (s, 3H), 1.36 (d, J=6.8 Hz, 3H);
3C NMR (100 MHz, DMSO-ds) d: 168.2, 144.1, 140.0,
138.6, 128.9, 127.3, 126.6, 47.5,22.7, 22.4.

N-(1- K £ 58 ) W e (3d): ok e 57 (i
B/ V(LB L) =2/1, AEEE, mp. 74~76 C. 38
mg, 7% 46%. "H NMR (400 MHz, CDCl;) J: 7.42~7.19
(m, 5H), 5.78 (br, 1H), 5.18~5.08 (m, 1H), 1.97 (s, 3H),
1.48 (d, J=5.6 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
169.2, 143.2, 128.5, 127.2, 126.1,48.7,23.3, 21.7.

N-(1-(4- BRI 52 ) 58 ) 0Tk i (3e)24: 5 it 57 -
VCA B V(B8R 2. B8) =2/1, AfFEA, mp. 89~
91 C.58 mg, =¥ 57%. 'H NMR (400 MHz, DMSO-ds)
o: 8.38 (d, J=7.8 Hz, 1H), 7.90 (d, J=8.3 Hz, 2H), 7.42
(d, J=8.2 Hz, 2H), 4.98~4.88 (m, 1H), 2.55 (s, 3H), 1.84
(s, 3H), 1.33 (d, J=7.1 Hz, 3H); *C NMR (100 MHz,
DMSO-ds) 0: 197.5, 168.4, 150.4, 135.4, 129.2, 128.3,
126.2, 126.1, 47.8, 26.7, 22.6, 22.3.

4-(1- LBz 5 R R I ER (303 el ViR
WED/ V(TR ) =2/1, AR, mp. 94~96 C. 75
mg, 7% 68%. 'H NMR (400 MHz, CDCl3) J: 7.95 (d,
J=17.9 Hz, 2H), 7.33 (d, J=7.8 Hz, 2H), 6.33 (d, J=7.2
Hz, 1H), 5.17~5.04 (m, 1H), 3.87 (s, 3H), 1.95 (s, 3H),
1.43 (d, J=6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
169.4, 166.8, 148.6, 129.8, 128.9, 126.0, 52.0, 48.5, 23.2,
21.7.

4-(1- LG B R B R IR BR(3g): YElliif: V(A
)/ V(LR 2.08)=2/1, AfEE, mp. 184~187 C.
64 mg, ;=¥ 45%. 'H NMR (400 MHz, CDCl3) 6: 8.18 (d,
J=17.1 Hz, 2H), 7.62 (d, J=7.4 Hz, 1H), 7.50 (t, J=7.5
Hz, 2H), 7.36 (d, J=8.3 Hz, 2H), 7.16 (d, J=8.4 Hz, 2H),
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6.08 (d, J=6.3 Hz, 1H), 5.22~5.07 (m, 1H), 1.96 (s, 3H),
1.48 (d, J=6.8 Hz, 3H); 3C NMR (100 MHz, CDCL;) ¢:
169.2, 165.2, 149.9, 140.8, 133.6, 130.1, 129.3, 128.5,
127.4, 121.8, 48.2, 23.3, 21.6. HRMS (ESI) caled for
C17H;sNOs; [M+H]" 284.1281, found 284.1287.

N-(4-(1- 2T i 2 55 ) 2R 5k ) 2 R ok ke (3h): - 35 o 771 -
VOH B/ V(2. B = 1/1, AfEREA, mp. 220~
223 C. 61 mg, /*3 43%. '"H NMR (400 MHz, DMSO-
ds) 0: 10.22 (br, 1H), 8.25 (d, J=7.9 Hz, 1H), 7.95 (d, J=
7.3 Hz, 2H), 7.70 (d, J=8.2 Hz, 2H), 7.63~7.56 (m, 1H),
7.53 (t, J=7.4 Hz, 2H), 7.27 (d, J=8.2 Hz, 2H), 4.95~
4.83 (m, 1H), 1.84 (s, 3H), 1.33 (d, J=6.9 Hz, 3H); 1*C
NMR (100 MHz, DMSO-de) d: 168.1, 165.4, 140.0, 137.6,
1349, 131.5, 128.4, 127.6, 126.2, 120.3, 47.3, 22.7, 22.4.
HRMS (ESI) caled for Ci;7H;9N,0, [M+H]" 283.1441,
found 283.1444.

N-(1-(4-(1,3- 5 A 5| W -2- 56 ) SR 3 ) 2, 0% ) 2 Tk i
3O BERLF: VCAMEE)/ V(LR LB =1/1, A
4, m.p. 234~236 °C. 108 mg, 73 70%. 'H NMR (400
MHz, CDCLs) d: 7.95 (dd, J=5.1, 2.9 Hz, 2H), 7.79 (dd,
J=5.2,2.9 Hz, 2H), 7.44 (dd, J=21.1, 8.3 Hz, 4H), 5.79
(d, J=6.9 Hz, 1H), 5.25~5.13 (m, 1H), 1.99 (s, 3H), 1.52
(d, J=6.9 Hz, 3H); 3C NMR (100 MHz, DMSO-ds) &:
168.3, 167.1, 144.9, 134.7, 131.5, 130.2, 127.2, 126.4,
123.4,47.6,22.6,22.4.

N-(1-(1- . Bk 5= -1 H-P5| =538 2,98 ) Z B B (3j):
FEF: VORI 2R B =11, ABREAA, mp.
201~204 C. 40 mg, % 33%. 'H NMR (400 MHz,
DMSO-ds) o: 8.39 (d, J=7.8 Hz, 1H), 8.27 (d, J=8.2 Hz,
1H), 8.17 (d, J=8.0 Hz, 2H), 8.09 (s, 1H), 7.47 (ddd, J=
20.9, 15.3, 7.4 Hz, 3H), 5.14~5.02 (m, 1H), 2.87 (s, 3H),
1.87 (s, 3H), 1.44 (d, J=6.9 Hz, 3H); *C NMR (100 MHz,
DMSO-ds) d: 170.4, 168.3, 140.4, 138.4, 136.9, 127.4,
125.6, 123.6, 120.0, 117.4, 116.3, 116.1, 47.7, 27.5, 22.7.
HRMS (ESI) caled for Ci4H7N,0, [M+H]" 245.1285,
found 245.1290.

N-(ZE-1-FE ) 2B IZ (3K): Vel VR i)/
W(LTIR 4Tg)=2/1, AREA, mp. 127~129 C. 66 mg,
% 66%. '"H NMR (400 MHz, DMSO-ds) 6: 8.39 (br,
1H), 8.07 (d, J=7.6 Hz, 1H), 7.95 (d, J=7.9 Hz, 1H), 7.85
(d, J=7.2 Hz, 1H), 7.64~7.52 (m, 2H), 7.50~7.35 (m,
2H), 4.72 (d, J=5.5 Hz, 2H), 1.90 (s, 3H); *C NMR (100
MHz, DMSO-ds) J: 169.0, 134.7, 133.3, 130.9, 128.5,
127.6, 1262, 125.8, 125.6, 125.4, 123.5, 40.2, 22.6.
HRMS (ESI) caled for Ci3sHi,NO [M+H]" 200.1070,
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found 200.1077.

N-(Z5-2-3E FUIE) ZWERZ (3N Befii ). V(A i)/
(B Cg)=2/1, B, mp. 111~113 C. 51 mg,
P27 51%. 'H NMR (400 MHz, DMSO-ds) &: 8.45 (br,
1H), 7.87 (d, J=7.9 Hz, 3H), 7.74 (s, 1H), 7.54~7.45 (m,
2H), 7.42 (d, J=8.5 Hz, 1H), 4.42 (d, J=5.7 Hz, 2H), 1.91
(s, 3H); 3C NMR (100 MHz, DMSO-ds) d: 169.2, 137.2,
132.9, 132.0, 127.9, 127.5, 126.1, 125.9, 125.6, 125.3,
42.3,22.6.

N-([1,1- Bk 2K 1-4- 25 FF 38 ) 20 8 % (3m) 23 358 e 771 -
VCR MR/ V(TR L Bg)y=2/1, AERE A, mp. 162~
164 C. 79 mg, /*3 70%. '"H NMR (400 MHz, DMSO-
ds) 9: 8.38 (br, 1H), 7.63 (dd, J=11.0, 8.3 Hz, 4H), 7.46 (t,
J=17.6 Hz, 2H), 7.35 (dd, J=11.4, 4.6 Hz, 3H), 4.29 (d,
J=5.8 Hz, 2H), 1.89 (s, 3H); '*C NMR (100 MHz,
DMSO-ds) d: 169.1, 140.0, 138.9, 138.7, 128.9, 127.9,
127.3, 126.6, 126.6, 41.8, 22.6.

N-((4- 18- 1,1- IR 1-4- 58 ) 1 0 Z B fi (3m): 6B
H: VCA MBS/ V(LR CB)=2/1, FEEE, mp. 171~
173 “C. 96 mg, /*% 63%. '"H NMR (400 MHz, DMSO-
de) 6: 8.39 (br, 1H), 7.63 (t, J=7.1 Hz, 5H), 7.34 (d, J=
7.8 Hz, 2H), 4.28 (d, J=5.7 Hz, 2H), 1.89 (s, 3H); 1*C
NMR (100 MHz, DMSO-de) d: 169.1, 139.4, 139.1, 137.3,
131.8, 128.6, 128.0, 126.5, 120.8, 41.8, 22.6. HRMS (ESI)
caled for C;sH;sBrNO [M + H] ©  304.0332, found
304.0337.

N-((2-FEE-[1,1- B ]-4-58) 3 Bk (Bo) 141 3k
A VO B (R TR =2/1, AfBRE K, mp.
129~131 C. 65 mg, /% 52%. 'H NMR (400 MHz,
CDCls) 0: 7.75 (d, J=7.7 Hz, 1H), 7.64 (t, J=7.5 Hz, 1H),
7.50 (d, J=8.3 Hz, 2H), 7.44 (dd, J=14.1, 6.2 Hz, 2H),
7.38 (d, J=7.8 Hz, 2H), 6.18 (br, 1H), 4.46 (d, J=5.4 Hz,
2H), 2.02 (s, 3H); '*C NMR (100 MHz, CDCl3) d: 170.2,
145.0, 138.9, 137.2, 133.7, 132.9, 129.9, 129.0, 128.1,
127.6, 118.7, 111.1, 43.3, 23.2.

4-( LT i PR ) RO R ER IR 3p)! ) e bisfl: V(A
BN/ V(R 2 B8)=2/1, BEEE, mp. 177~178 C.
55 mg, 73 41%. '"H NMR (400 MHz, CDCl;) J: 8.20 (d,
J=17.1 Hz, 2H), 7.65 (t, J=7.4 Hz, 1H), 7.52 (t, J=17.7
Hz, 2H), 7.36 (d, J=8.4 Hz, 2H), 7.19 (d, J=8.5 Hz, 2H),
5.73 (br, 1H), 4.46 (d, J=5.7 Hz, 2H), 2.05 (s, 3H); 1*C
NMR (100 MHz, DMSO-de) d: 169.2, 164.7, 149.4, 137 4,
134.0, 129.8, 129.0, 128.4, 121.7, 41.6, 22.6.

3- Lk RE-3- 2K A 3 LR TR (3q)): PEMEF: VA
Bt/ V(218 Clg)=2/1, AR, mp. 89~91 C. 65
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mg, 7% 55%. "H NMR (400 MHz, CDCl;) d: 7.40~7.20
(m, 5H), 5.93 (br, 1H), 5.13 (dd, J=14.2, 6.8 Hz, 1H),
4.14~3.98 (m, 2H), 2.24~2.10 (m, 2H), 2.00 (d, J=10.0
Hz, 6H); 3C NMR (100 MHz, CDCls) §: 171.0, 169.3,
141.1, 128.8, 127.7, 126.5, 61.4, 50.7, 34.7, 23.4, 20.9.

N-(3-(1,3- 580 2% 5] Wk -2- 3 )-1- 2% FE 74 3 ) 20 1t i
3r): Ve VOa B/ (2R 2B =1/1, O E 1,
m.p. 191~195 ‘C. 106 mg, /=% 66%. 'H NMR (400
MHz, CDCls) 6: 7.72 (d, J=30.8 Hz, 4H), 7.28~7.16 (m,
4H), 7.11 (t, J=6.9 Hz, 1H), 6.17 (d, J=7.8 Hz, 1H),
5.17~5.08 (m, 1H), 3.73 (dt, J=14.0, 7.5 Hz, 2H), 2.25
(d, J=6.6 Hz, 2H), 2.03 (s, 3H); 3C NMR (100 MHz,
CDCly) d: 169.5, 168.2, 140.9, 133.8, 131.9, 128.6, 127.3,
126.3, 123.1, 50.9, 35.0, 33.8, 23.4. HRMS (ESI) calcd for
CioH1oN,O3 [M+H]" 323.1390, found 323.1399.

N-(1,2,3,4-V0 8 25-1-35) A B (3s)21: Pelissl: v
HEE)/ V(1R 2.08)=2/1, HEEE, mp. 146~148 C.
57 mg, 7%3% 60%. '"H NMR (400 MHz, CDCl;) 6: 7.33~
7.24 (m, 1H), 7.16 (dd, J=8.7, 5.0 Hz, 2H), 7.14~7.05
(m, 1H), 5.78 (br, 1H), 5.24~5.12 (m, 1H), 2.92~2.68
(m, 2H), 2.01 (s, 3H), 1.81 (d, J=11.6 Hz, 4H); 3C NMR
(100 MHz, CDCl3) d: 169.2, 137.6, 136.6, 129.1, 128.7,
127.2,126.2,47.4,30.1,29.2, 23.5, 19.9.

N-(2,3- & -1H-E-1-3E) 2 B FZ (30121 3 Bt 5510 -
VOH BRI B8 )=2/1, AfEE, mp. 152~
154 °C.37 mg, % 42%. '"H NMR (400 MHz, CDCl;) ¢:
7.34~7.17 (m, 4H), 5.72 (br, 1H), 5.47 (q, J=7.6 Hz,
1H), 3.02~2.93 (m, 1H), 2.91~2.81 (m, 1H), 2.63~2.52
(m, 1H), 2.02 (s, 3H), 1.87~1.74 (m, 1H); '3C NMR (100
MHz, CDCly) 0: 169.8, 143.4, 143.1, 127.9, 126.7, 124.8,
124.0, 54.7, 34.0, 30.2, 23 4.

N-((5-1R-2- K ) (4- LA FE R 58 ) /3L ) 4 Tk B
(Bu): P VA ER)/ (L 2B =2/1, - E A,
m.p. 179~182 C. 90 mg, /=3 47%. 'H NMR (400
MHz, CDCl;) 6: 7.50 (s, 1H), 7.33 (d, J=8.3 Hz, 1H),
7.19 (d, J=8.1 Hz, 1H), 7.05 (d, J=7.8 Hz, 2H), 6.80 (d,
J=17.7 Hz, 2H), 6.66 (d, J=7.0 Hz, 1H), 6.32 (d, J=17.1
Hz, 1H), 3.97 (q, J=6.6 Hz, 2H), 1.95 (s, 3H), 1.38 (t, J=
6.6 Hz, 3H); 3C NMR (100 MHz, CDCL3) &: 169.3, 158.4,
1412, 132.3, 131.5, 131.4, 131.0, 130.8, 128.7, 120.6,
114.5, 63.3, 54.1, 22.9, 14.7. HRMS (ESI) calcd for
C17HsBrCINO, [M+H]" 382.0204, found 382.0211.

N-((5-7R-2- FF R R HE ) (5-(4- S AR Jk ey -2- 3k ) T 3L
LR 3v): Telt ). VA mE)/ V(LR L BR)=2/1, H
O E AR, mp. 183~186 C. 94 mg, /& 45%. 'H NMR
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(400 MHz, CDCLs) 0: 7.54~7.46 (m, 2H), 7.44 (s, 1H),
7.35 (d, J=7.9 Hz, 1H), 7.13~6.94 (m, 4H), 6.67 (s, 1H),
6.50 (d, J=7.5 Hz, 1H), 6.20 (d, J=7.2 Hz, 1H), 2.30 (s,
3H), 2.08 (s, 3H); '*C NMR (100 MHz, CDCl3) d: 169.0,
163.6, 161.1, 143.5, 143.4, 141.3, 135.0, 132.4, 130.8,
130.2, 128.7, 127.3, 127.0, 122.7, 119.9, 115.9, 115.7,
49.7, 23.1, 18.8. HRMS (ESI) calcd for CyH;sBrFNOS
[M+H]" 418.0271, found 418.0277.

2-(4-(1- LTk e -2- F 7R 5 ) 2R 3 ) PR TR Y 6 (Bw) 13
VR VCAIMER)/ V(LR LB8)=2/1, AGREAE, mp.
105~107 °C. 97 mg, ;% 70%. 'H NMR (400 MHz,
CDCls) d: 7.30~7.14 (m, 4H), 6.05 (d, J=8.0 Hz, 1H),
4.73 (t, J=8.2 Hz, 1H), 3.75~3.69 (m, 1H), 3.65 (s, 3H),
2.08~2.00 (m, 1H), 1.98 (s, 3H), 1.48 (d, J=6.6 Hz, 3H),
0.96 (d, J=5.9 Hz, 3H), 0.82 (d, J=6.0 Hz, 3H); *C
NMR (100 MHz, CDCl;) 6: 175.0, 169.4, 140.5, 139.2,
127.5,127.2, 58.8, 52.0, 44.9, 33.2, 23.4, 19.7, 18.8, 18.50.

N-(1-(ZE-1-35) L BL ) B i (4b) 20 B V(A
BN/ V(IR CB8)=2/1, EEEE, mp. 143~145 C.
57 mg, 773 45%. '"H NMR (400 MHz, CDCl;) d: 8.05 (d,
J=8.0 Hz, 1H), 7.86 (d, J=7.5 Hz, 1H), 7.80 (d, J=8.0
Hz, 1H), 7.57~7.39 (m, 4H), 5.94~5.86 (m, 1H), 5.84 (s,
1H), 1.66 (d, J=6.4 Hz, 3H), 1.17 (s, 9H); 3C NMR (100
MHz, CDCLy) 0: 177.2, 138.5, 131.2, 128.7, 128.3, 126.4,
125.8, 125.1, 123.5, 122.4, 44.5, 38.6, 27.5, 20.5.

3- R -N-(1-(25-1-38) 258 T W % (4e): R M 57
VCR MR/ V(TR L Bg)y=2/1, AGRE A, mp. 151~
153 C. 42 mg, /% 33%. 'H NMR (400 MHz, CDCl;) ¢:
8.10 (d, J/=8.0 Hz, 1H), 7.86 (d, J=7.4 Hz, 1H), 7.79 (d,
J=8.0 Hz, 1H), 7.56~7.41 (m, 4H), 6.01~5.88 (m, 1H),
5.77 (d, J=6.7 Hz, 1H), 2.18~2.06 (m, 1H), 2.00 (d, J=
6.7 Hz, 2H), 1.66 (d, J=6.6 Hz, 3H), 0.92 (dd, J=15.3,
6.5 Hz, 7H); '3C NMR (100 MHz, CDCl;) §: 171.3, 138.2,
133.9, 131.1, 128.7, 1283, 126.5, 125.8, 125.1, 123.5,
122.5, 46.1, 44.3, 26.1, 22.42, 22.36, 20.5. HRMS (ESI)
calcd for C17H;,NO [M+H]" 256.1696, found 256.1701.

N-(1-(25-1-3%) 2. 38 BF 0 F G e (4d)0): 35 it 771 -
VOR BV TR 218y =2/1, A K, mp. 159~
161 ‘C.58 mg, /% 41%. '"H NMR (400 MHz, CDCL) §:
8.06 (d, J=8.2 Hz, 1H), 7.86 (d, J=7.5 Hz, 1H), 7.79 (d,
J=8.0 Hz, 1H), 7.56~7.47 (m, 3H), 7.44 (t, J=7.6 Hz,
1H), 5.96~5.86 (m, 1H), 5.75 (d, J=7.5 Hz, 1H), 2.08~
1.98 (m, 1H), 1.89~1.69 (m, 5H), 1.65 (d, J=6.7 Hz,
4H), 1.51~1.36 (m, 2H), 1.27~1.13 (m, 3H); *C NMR
(100 MHz, CDCls) §: 174.9, 138.4, 133.9, 131.2, 128.7,
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128.3, 126.4, 125.8, 125.1, 123.5, 122.4, 45.6, 44.2, 29.7,
29.5,25.64,25.61,20.5.

N-(1-(Z5-1-35) 2 1) 2 FR B e (de)27): TEBEA: V(A
B/ V(LR 2.08)=2/1, AfEE, mp. 183~185 C.
43 mg, 753 31%. '"H NMR (400 MHz, CDCl3) 6: 8.17 (d,
J=8.2 Hz, 1H), 7.88 (d, J=7.7 Hz, 1H), 7.82 (d, J=8.2
Hz, 1H), 7.73 (d, J=17.9 Hz, 2H), 7.60 (d, J=7.1 Hz, 1H),
7.56~7.42 (m, 4H), 7.37 (t, J=7.4 Hz, 2H), 6.46 (d, J=
7.1 Hz, 1H), 6.18~6.07 (m, 1H), 1.78 (d, J=6.9 Hz, 3H);
3C NMR (100 MHz, CDCls) d: 166.4, 138.1, 134.4, 133.9,
131.4, 131.2, 128.7, 128.5, 126.9, 126.6, 125.9, 125.2,
123.4,122.6,45.2, 20.6.

4- £ -N-(1-(Z5-1-2) £ 58) 7K F B Jie (4f): e It 550
VOR BT B8y =2/1, AEEAE, mp. 187~
189 °C. 42 mg, /% 28%. 'H NMR (400 MHz, CDCl;) ¢:
8.17 (d, J=8.3 Hz, 1H), 7.88 (d, J=7.5 Hz, 1H), 7.82 (d,
J=8.2 Hz, 1H), 7.66 (d, J=8.2 Hz, 2H), 7.60 (d, J=17.1
Hz, 1H), 7.56~7.43 (m, 3H), 7.21 (d, J=8.1 Hz, 2H),
6.31 (d, J=7.6 Hz, 1H), 6.17~6.08 (m, 1H), 2.66 (q, J=
7.6 Hz, 2H), 1.78 (d, J=6.7 Hz, 3H), 1.21 (t, J=7.6 Hz,
3H); 3C NMR (100 MHz, CDCl3) §: 166.4, 148.1, 138.2,
133.9, 131.7, 131.2, 128.7, 128.4, 128.0, 127.0, 126.6,
125.8, 125.2, 123.5, 122.6, 45.1, 28.7, 20.6, 15.3. HRMS
(ESI) caled for CyHNO [M+H]" 304.1696, found
304.1699.

B A RL(Supporting Information) L&Y 3, 4 HIKERE
B, I bRl T DL 4 2 MAAS T I 355 (http:/sioc- jour-
nal.cn/) & T #,
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