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Visible Light-Catalyzed Synthesis of Difluoroalkylated
Polycyclic Indoles

Zhao, Jinxiao Wei, Tonghui Ke, Sen Li, Yi*
(College of Chemistry, Fuzhou University, Fuzhou 350108)

Abstract Polycyclic indoles are widely found in natural products and pharmaceutical molecules, and have a wide range of
applications in the pharmaceutical, pesticide and dye industries. Although considerable development has been made in the
synthesis of indole polycycles, it is still of great scientific interest and value to explore more efficient and milder experimental
strategies for the synthesis of highly-functionalized polycyclic indoles. Herein, a one-step radical tandem cyclization reaction
to synthesize difluoroalkylindoles with quaternary carbon centers by using difluorobromoesters as the fluorine source and
3-alkenyl indoles as the substrates under visible light-catalyzed conditions was developed. The method is easy-to-operate and
mild in conditions, with a wide range of substrate adaptability and good yields, providing a green and efficient synthetic route
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for fluorine-containing polycyclic indoles.
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un, 7622735 (Cilansetron)Fl & 1} 7] B (Ondansetron) &
TR S I 2 B Er B AEABS) Y S-HT: #5177, LB EF
¢ A (Murrayaquinone A)se — 7 FT597 HIV HIE AT
FIHIFZ(Scheme 1, a). H AT T2 HE 1 2 BRI W25 4k
EWIHI A T B HE Friedel-Crafts B3t Al e MBI,
T U < e TR AL S SR ) R R B 2018 4F,
B R B ORE T 7E Rho(OAc)s FHEALITER R 2-
B ORI 5 FE PR T TR L A A IR P 5 1 P
1] V.(Scheme 1, b). 2019 4F, Das BRARZHITHRIE T 765
Pt ERTR, LA 3-CRENZES)- I C-2-Ma 10 8 JiEd), 18
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a) Representative marked drugs containing polycyclic indole moieties
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(b) Previous work: divergent coupling of 2-carbonyl-anilines and diazocyclopentanones
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c) Previous work: flow photochemical method for indole synthesis
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(d) This work: visible light-catalyzed synthesis of difluoroalkylindole compounds
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Scheme 1 Synthesis of difluoroalkylated indoles
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KA EW(Scheme 1, d). ZNMNAER, B EE
@Eﬁ LG IR AN, A B SR S 1) 22 PRI Wk
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R OIR CBR Q) NBUR Y BEAT 26 A ik, B AR AF

Chin. J. Org. Chem. 2023, 43,1102~1114

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FEEINZE 1 Fios. 6 fac-Ir(ppy)s NMEALT, PUS MR
T, BEERE AN, FEARRY) 1a 5 2a 7TEER
{4 BB ES(3 W blue LEDs) B 12 h, LA 95%[#) >
BSCRARE) B FR 4 3a (Entry 1). B 5% % T 6L
XTSI K SEHEAL T fac-Tr(ppy)s BE #6224 Ir(dtbpy)-
(ppy)2, SIWCREA FrBEAS; 18 [Ru(bpy)s]ClL BUBELL Y
(Bosin Y)ENIaMEAL TN A R A (Entries 2~4), it
A% S I R AR R AR DG R D). B S5 5 %% 1
BN i SR e (DCMPEIE RIS, [ Rir= 2 L D&
IR (THF) B A B 1K(93%, Entry 5); DL A AE &7,
P RIEAK(39%, Entry 6); 1M H = HF & K (DMSO)E
WAIET, JUPA A 2] B AR =) 1515 5 (Entry 7). 1E
SRR AR R AT IR I R T 2 PR L . BRIREN
18- RS — %7%@m»%ﬁ%ﬁﬁﬁﬁ
R AF, A U AR Tl R A BN AR B (1 45
(Entries 8~10). &/, ﬁTﬁ:n}iPE’JJA%%{%&ﬁT
AR B SR 56, R B SR AN 0 e 4k 7 sl R A
By, DA HIER IR ST, RN A Ei
(Entries 11~13). [k, JEfEAFR] L AT AT LG BRGIX =
Tl 52 N AR Z RO R R ) AT S — AN T
12 REEYEER

TEAR B N B 26 PF T, TTURTR T2 R iE A Vs
(F2), FEHELET EHR IR R T H R
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Table 1 Optimization of reaction conditions
O Photocatalyst (0.01 equiv.) Q
" BrCF,COOEt Base (1.2 equiv.)
| 3 W blue LEDs |
HN Me Solvent (0.1 mol/L), 12 h, r.t. H
1a 2a 3a Mé “—CF,COOEt
:' _________________________________________________________________________ l
|
| N A 2+ |
| | | _| |
| f \
: Nig B © O I
| |
i " .||ru“\\ Z N/' - \\N & Br © Br i
P2 NS OO
| HO o OH
I X . I
’ Bu Br Br \
; :
I
: fac-Ir(ppy); [Ru(bpy) 3,]2+ Eosin Y :
b e o e e e e e e e e e e e e e e e e e e e e e e e e e e e )
Entry Photocatalyst Solvent Base Yield®/% of 3a
1 fac-Tr(ppy)3 THF Na;HPO4 99 (95)
2 Ir(dtbpy)(ppy)2 THF NaHPO4 81
3 [Ru(bpy)s]Cl2 THF NaHPO4 N.R.
4 EosinY THF NaHPO4 N.R.
5 fac-Tr(ppy)3 DCM Na2HPO4 93
6 fac-Tr(ppy)3 Toluene Na;HPO4 39
7 fac-Tr(ppy)3 DMSO Na2HPO4 N.R
8 Sfac-Ir(ppy)s THF KoHPO4 95
9 fac-Tr(ppy)3 THF Na2COs3 91
10 Sac-Ir(ppy)s THF DBU 87
11 None THF NaHPO4 N.R.
12 Sfac-Ir(ppy)s THF none N.R.
13¢ Sfac-Ir(ppy)s THF Na;HPO4 N.R.

4Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol, 2.5 equiv.), photocatalyst (0.002 mmol, 0.01 equiv.), base (0.24 mmol, 1.2 equiv.) and solvent (2 mL) in sealed
tube, irradiated by 3 W blue LEDs at room temperature for 12 h. N.R.=no reaction. ® Crude '°F NMR yield, isolated yield in parentheses. ¢ In dark.

AR, FEAIE ., M2 S F RS M R R IR I
NEEYE. SRRE S BRI = e L S 2 R
U ()77 R 3R 15 (3a~3t, 51%~95%). XFM5[MEIA L K EUAR
SEHAT N W 2R 4 67 AR IR T EUR A
= re 2 AT, TR, SRR hRe L &5
FI33)(3b~3e, 77%~93%); WMk 5 7 _F& HAE, &
AR B R S AR B 2, B R BLH B B R A
(3f~3k, 51%~95%); MIEZ E 6 frl 7 fridAg IR
B R SN RO E AN, YRELL RIT AL 7 R 45
B H A= (31~3p, 78%~95%; 3q~3t, 75%~91%).
SORTE B MR I b Al — e g5 M e A Y
Tu (1'O2AN 37 B A 2 AN, REfE DL R IR
B2 BARAFHEF ORI 3u (83%), ‘#ﬁ%ﬁﬁ
TSR E 3u PR RRERILEE] cis @ trans=1.8 :

PR S R R A R R s S A% 2 B AR AR DG man
Mg, AAh, W2 T 3N EATE R EMNEY 1y, X
B BEBS A I bR T, HLLL 50%[ 7> B UsR 45 2 H br
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Y 3v; KA N—H B4R B Boe ZE PRI, 72
W) 3w PR — MR ) R P (63%).

B ER AL T IEY) 1a S5 [RI — 5be 24k X551 A8 19C
WA SR (GR 2). Seie 25 R B Y K BE I — 9
ROt R v S b R S B, DA & R A
B R EAL = 3x; U RIR G R IR
T 2 T g B i PR i 2 S M W YA P D — b
e H T NI, fg DL 2 A A R
FeIEAL =9 3y~ 3aa Fl 3ab; DL 2-7R-2.2- - 5-1-(WRAE-1-
FE) 2L B G T L IS — 2R O R R
B, RS DL RAF IR A5 B b 5 =) 3z 5K
3ac.

9T Hen 5 't R A e AL g o BE G WAL S )
SEFH M (Scheme 2), 7E AL RMFMET, EBR
RTER BT, UL 69% 1457 BS SR AR T 1.16 ¢
BARr=Y) 3a. B, 7 AHZALE Pt — 0 BB IR R EL
PERMETATI S, ST 7 mA, alE T
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Table 2 Reaction scope

R! 5\4 0O R! — o}
6 \ 2 3 _Me . . \
\ Y/ . fac-Ir(ppy)s (0.01 equiv.), Na,HPO,4 (1.2 equiv.) \ Y/
) | ' +  BrCF,R? |
N~ 2 3 W blue LEDs, THF (0.1 mol/L), 12 h, r.t. N
I'1' 2 Me CF,R?

variations on indole skeleton

M oM B
o ® 0 °o F o "o
I | | I I
M “=CF,CO,Et M “—CF,CO,Et Me “—CF,CO,Et Me “=CF,CO,Et Me \=CF,CO,Et
3a: 95% 3b: 77% 3¢c: 77% 3d: 81% 3e: 93%
Me MeO MeO,C NC R
(0] (0] (0] (0] (0]
I I I I I
Mé “—CF,CO,Et Me “=CF,CO,Et Me “—=CF,CO,Et Me “—=CF,CO,Et Me “—CF,CO,Et
3f. 62% 39: 93% 3h: 88% 3i: 72% 3j: 95%
Cl
(0] O (0] (0] (0]
Me MeO,C F cl
I I I I I
Me CFZCOZEI Me CcmOZEI Me CcmOZEt Me CcmOZEt Me CcmOZEt
3k: 51% 31: 95% 3m: 93% 3n: 83% 30: 78%
O O O o} (0]
Br
I I I I I
N Me N MeO N MeO,C N Cl N
Hmed \—cr.coet ™ md \—crco.et H e \—cr,co,Et Hmed \=crcoet M md \=cr,cokt
3p: 87% 3q: 83% 3r: 75% 3s:81% 3t:91%
alteration of olefin N-protected indole variations of difluoroalkyl radical source
0] (6] (0] (0] O
Me
I I I I I
/
Me CF,CO4Et H “=CF,CO,Et Boc Me ‘“—=CF,CO,Et Me CF,C0O,C15Hps Me CF,CO,Bn
3u: 83%, cis:trans =1.8:1 3v: 50% 3w: 63% 3x: 66% 3y: 62%

O

0 0
I 0 I 0 I 0
N A N A N < H

M —=C” N M —=C” N Mg —=c” N M€ “=CF,PO(OEt),
3z:85% 2 3aa: 63% 2 M 3ab: 78% 2 3ac: 80%

2

9Reaction conditions: 1 (0.2 mmol), 2a (0.5 mmol, 2.5 equiv.), fac-Ir(ppy); (0.002 mmol, 0.01 equiv.), Na,HPO4 (0.24 mmol, 1.2 equiv.), THF (2 mL) in sealed tube
irradiated by 3 W blue LEDs at room temperature for 12 h.

SRR 4a 55 P REELAL 4 Sa, LA 2,2,6,6-P0 LR 1 S (LAI(TEMPO), JI
12 R SESR N =R LA A, 3 BB AR ALl

F NMR #EATR, BT HARTr T 3a 2B, (HA] DA
#| TEMPO-CF,COOEt 155 5 (Scheme 3). '°F NMR £
W25 53R B AT WG BOR 5 5 AR I R e B e R
TEMPO i 3K(%) 94%k B —5IR LR L ERI B HH 5 pk e
3K), SRR B0, B RNARRE T T A

N T VEAE MR S SEBLER, LR SRR UAL TR N SR
1T VAR, SeI A B N S AR, BRI R ILDG
FER NSRS T 2R EERFEMGR 1, Entry 13).
I 73— R TN, AT 1 B L
IRSEL: ARESRAE T, ERBAKRPINA 2.5 equiv.f1H
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N
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3a (1.16 g, 69%)

NaBH, thé
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Scheme 2 Gram-scale synthesis of 3a and its derivatizations
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O
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Scheme 3 Mechanistic study

H AR IR, 746, W SCER[15]1E47 1 Se 5 Al
R TR R ML S A AT R, AR R B
FIEE TN 8.2X 103, /M 1, HHEmZ s v m]
Rea AL I AR

R O I SCERIRE AT FR LB S 45 3, 3R
ATIAEIN 122 2 82 1) J 2 T3 #% 7T B8 R (Scheme 4): 156, 1E
AR, SRR E B R AT, &
JCHOR 25 1 42 )8 B [Ir(ppy)s]* 75 AR 4 LAAE SCHR IR 18
Eip[*I/Ir*1=—1.73 V (vs SCE)'Y), R "5 LR L5
IR AL N Elp=—0.57 V (vs SCE)!', [Ir(ppy)s]> " *

5 b3 B A T R AR SR OB, AR R DU
H) & J@ 8k [Ir(ppy)s]* s RIS, - 3RUJoe 38 Ak W ot B v 1
RS 3 2RO Br; B, *ReIZEBURD)
H C=C XU, KA H B30 B s a4k 1, A
LN eV o e ) 2 g RSy A= REEE- Taal FIR NS | B
)44 T 75 [Tr(ppy)s]* HIFE TR & 2R S8 A A A A R BH 5 1
i I [Ir(ppy)s]* " 48 B HL 38 J& 75 A2 [Ir(ppy )
o B IR E T (RMA T ZERRIVE R i L 55
R A AR B e 24k 22 BRI Wk =)

base %
Me R,
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Scheme 4 Proposed mechanism
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AT HEAL A H HTA ML AR T T8, 17—
IR RGN AR T TT5 1. RADG L
A, LA fac-In(ppy)s AREALH], —IRIR LR L BE IR,
T RSB Z IR ). 2RI G
FEBR 25 YU R A WA RS AN E, [R5 s oA 2 F
ZROIEA . BRAER R BRERIEAIVER) 2 S R A
PLrt, Ja BRI R IR ) 2 PR A S it T
i B

3 LS
3.1 UESHF

ZLANEREAC(SPECTRUM-2000 #Y); K% R LR I i
{X(DPX-400 %!, JEOL-500 %4); I i#EmEHH =0 A AT
(ZF-20D BY); =0 # (X (Exactive Plus Y); JEii: 3H
JEEELED )%, #:30 em (T DhZE A3 W, K400~
700 nm.

FMEE (O TAD) . OR OERGOHTAE) . & k(0
Mraf). CEE(ST B4l DU SRR (24 40) A B 2R (53 B 4E)
S5 SR AT P IR P 24 i 2 AR L SR TE T S, R BB
F. BT W FVER o M al, 4% B bRuE 1L 31T oK1k
AbER . R GRS BT F I35 R AR, TMS AR
5.

3.2 ZLWAHE
32,1 4ubdh 3 asdlE

ERAREY T, 23 EKEY 1 (0.2 mmol), fac-
Ir(ppy)s (0.002 mmol, 0.01 equiv.)Fl Na,HPO, (0.24
mmol, 1.2 equiv.)JIAF Schlenk &+, FIIA ~HERES
2 (0.5 mmol, 2.5 equiv.) B BAA R F, 5 E A TEK MY
AP mL), frEHEE. MEZRMNEE 3 W
LEDs [T, SRBFESMN 12 h, #)Z @R (TLC) Ml
JSLERE . S RO TE RS, IO = AR R 2R (0.2
mmol)E N bR, T8I A% LR 51E (OF NMR)#I 25
TE VG P I ZE TR BRI, DU E TR )
o8, BEIHY 3.

2,2- " Gi-3-(1-F FE-4- 51 T 36 -2,3,4,9- DU & - 1 H- I e
1-35) PR 2.5 (3a): FREKETRIE, 64 mg, =% 95%.
Ry=0.25(f1 M/ ZBR 2.1, V © V=3 : 1); '"H NMR (500
MHz, CDCL3) d: 10.07 (s, 1H), 8.27~8.25 (m, 1H), 7.44~
7.42 (m, 1H), 7.25~7.24 (m, 2H), 4.41~3.69 (m, 2H),
2.91~2.50 (m, 4H), 2.40~2.28 (m, 1H), 2.24~2.11 (m,
1H), 1.67 (s, 3H), 1.16 (t, J=7.1 Hz, 3H); '*C NMR (125
MHz, CDCl;) &: 194.5, 164.0 (d, J=32.6 Hz), 155.6,
136.4, 125.0, 124.2, 123.3, 122.0 , 116.3 (t, J=251.9 Hz),

Chin. J. Org. Chem. 2023, 43,1102~1114
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112.3, 112.0, 63.8, 42.4 (t, J=22.3 Hz), 37.8, 35.2, 34.1,
26.2, 14.0; '9F NMR (471 MHz, CDCls) 6: —99.20 (dt,
J=265.8, 16.7 Hz), —102.37 (dt, J=265.7, 18.3 Hz); IR
(neat) v 3053, 1748, 1576, 1471, 1264, 1063, 895, 731
cm '; HRMS (ESI) caled for CigHaF,NO; [M+H']
336.1402, found 336.1396.

3-(1,5- - F Sk -4- 5 W 5L -2,3,4,9- DY & - 1L H- e -1 -
$)-2,2- FIA TR LEE(3b): SR, 54 mg, FEER
77%. Re=0.3(Fiihk/ W 288, V@ V=3 :1); '"H NMR
(500 MHz, CDCl3) 6: 8.98 (s, 1H), 7.18 (d, J=8.6 Hz,
1H), 7.16~7.12 (m, 1H), 7.04~6.99 (m, 1H), 4.03~3.87
(m, 2H), 2.92 (s, 3H), 2.84~2.71 (m, 2H), 2.71~2.40 (m,
2H), 2.27~2.19 (m, 1H), 2.16~2.09 (m, 1H), 1.63 (s,
3H), 1.15 (t, J=7.2 Hz, 3H); 3C NMR (125 MHz,
DMSO-ds) 6: 190.9, 163.3 (d, J=32.8 Hz), 136.7, 131.5,
123.7, 123.5, 123.1, 116.2 (t, J=250.7 Hz), 112.0, 109.2,
63.1, 41.4 (t, J=22.7 Hz), 35.4, 34.7, 33.7, 25.9, 23.0,
13.4; F NMR (471 MHz, CDCls) §: —98.06 (dt, J=
273.1, 16.5 Hz), —102.78 (dt, J=267.1, 18.7 Hz); IR
(neat) v 3401, 1740, 1643, 1466, 1264, 1024, 825, 730
cm '; HRMS (ESI) caled for CioHyF,NO; [M+H']
350.1562, found 350.1565.

2,2- 5 -3-(5- H AR Ak - 1- PR R -4- SR 5 -2,3,4,9- 1Y
S-1H-HEWE-1-F5 IR 416 (3e): LEMBRIA, 56 mg,
PR T7%. Re=03(F MK/ R B, Vi V=3:1); 'H
NMR (400 MHz, CDCls) &: 9.38 (s, 1H), 7.17 (t, J=8.5
Hz, 1H), 7.02 (d, J=8.3 Hz, 1H), 6.67 (d, J=8.7 Hz, 1H),
4.02 (dd, J=15.7, 8.2 Hz, 2H), 3.91 (s, 3H), 2.83~2.62
(m, 3H), 2.59~2.52 (m, 1H), 2.49~2.47 (m, 1H), 2.27~
2.10 (m, 1H), 1.63 (s, 3H), 1.18 (t, J=6.7 Hz, 3H); 3C
NMR (100 MHz, CDCl3) 8: 191.6, 163.9 (d, J=32.3 Hz),
154.8, 154.1, 138.1, 125.3, 114.9 (d, J=251.9 Hz), 114.6,
112.9, 104.9, 104.1, 63.6, 56.2, 42.3 (t, J=22.4 Hz), 37.3,
35.8, 34.0, 26.1, 13.9; 9F NMR (376 MHz, CDCl3) §:
—99.23 (dt, J=265.7, 16.8 Hz), —102.45 (dt, J=265.7,
18.4 Hz); IR (neat) vma: 3234, 1764, 1636, 1587, 1441,
1272, 1196, 743 cm '; HRMS (ESI) calcd for CioH-
FNO, [M+H"]366.1511, found 366.1500.

2,2- R -3-(5-F-1-H AR -4- 5 AR -2,3,4,9- U & - 1 H-
M- 1-35) N R £ (3d): kAR, 57 mg, F2%
81%. Ry=0.25(f1 M k/ L 2.8, V : V=2 1); '"H NMR
(500 MHz, CDCls) 8: 9.40 (s, 1H), 7.20~7.18 (m, 2H),
6.92 (ddd, J=10.5, 5.2, 3.5 Hz, 1H), 4.17~3.92 (m, 2H),
2.85~2.73 (m, 2H), 2.73~2.68 (m, 1H), 2.68~2.53 (m,
1H), 2.51~2.46 (m, 1H), 2.35~2.12 (m, 1H), 1.65 (s,

http://sioc-journal.cn/ 1107
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3H), 1.18 (t, J=7.1 Hz, 3H); 3C NMR (125 MHz,
DMSO-ds) d: 189.8, 163.2 (t, J=32.3 Hz), 156.9, 155.6,
154.4, 139.1 (d, J=11.7 Hz), 123.9 (d, J=7.3 Hz), 114.9
(d, J=251.2 Hz), 112.1 (d, J=22.4 Hz), 110.1 (d, J=6.2
Hz), 108.1 (d, J=3.0 Hz), 107.4 (d, J=20.7 Hz), 63.2,
413 (t,J=21.7 Hz), 35.0, 33.6, 25.8, 13.4; 19F NMR (471
MHz, CDCl;) §: —98.98 (d, J=266.8 Hz), —102.58 (dt,
J=266.2, 18.5 Hz), —108.33; IR (neat) vmay: 2922, 1711,
1587, 1464, 1186, 1080, 969, 742 cm '; HRMS (ESI)
caled for CigHioFsNO; [M + H *] 354.1312, found
354.1316.

3-(5- R -1-F 3 4- 50 3£ -2,3,4,9- VO & - 1 H-THE -1 -
5)-2,2- “H AR L5 3e): FHOTIRYY, 77 mg, PR
93%. Re=0.3(f Mk B2 B8, V@ V=3 :1); '"H NMR
(500 MHz, CDCl;) d: 9.39 (s, 1H), 8.37~8.18 (m, 1H),
7.43~7.35 (m, 1H), 7.25 (dd, J=3.6, 2.3 Hz, 1H), 4.03~
3.91 (m, 1H), 3.90~3.76 (m, 1H), 2.86~2.71 (m, 2H),
2.68~2.64 (m, 1H), 2.58~2.44 (m, 1H), 2.34~2.27 (m,
1H), 2.26~2.16 (m, 1H), 1.65 (s, 3H), 1.15 (t, J=7.1 Hz,
3H); 3C NMR (125 MHz, CDCls) §: 193.7, 163.9 (t, J=
32.8 Hz), 154.2, 135.8, 124.7, 124.0, 123.1, 121.9, 116.1(t,
J=252.5 Hz), 112.4, 111.5, 63.6, 42.3 (t, J=22.4 Hz),
38.2, 35.0, 33.7, 26.0, 13.1; '9F NMR (471 MHz, CDCls)
5. —98.49 (dt, J=266.9, 16.3 Hz), —102.72 (dt, J=
267.0, 17.0 Hz); IR (neat) vaa: 2925, 1754, 1617, 1470,
1315, 1264, 1038, 732 cm !'; HRMS (ESI) caled for
C1sH19BrF,NOsNa [M+Na'] 436.0330, found 436.0330.

3-(1,6- — H FE 4- S W 3£ -2,3,4,9- U & - 1 H- T 4 -1 -
5)-2,2- AR LBR3D: FEAHRY, 43 mg, 7R
62%. Re=0.3(fMmEk/ B2 208, Vi V=3 :1); '"H NMR
(400 MHz, CDCls) 6: 8.93 (s, 1H), 8.09 (s, 1H), 7.29 (s,
1H), 7.11 (d, J=7.1 Hz, 1H), 4.28~3.74 (m, 2H), 2.91~
2.72 (m, 2H), 2.71~2.51 (m, 2H), 2.48 (s, 3H), 2.35~
2.15 (m, 2H), 1.66 (s, 3H), 1.19 (s, 3H); 3C NMR (100
MHz, CDCl3) d: 193.7, 163.8 (t, J=32.4 Hz), 154.3,
134.0, 132.7, 125.4, 1249, 121.6, 116.1 (t, J=251.8 Hz),
111.9, 111.0, 63.5, 42.2 (t, J=22.3 Hz), 38.0, 34.9, 33.7,
25.9,21.6, 13.8; F NMR (376 MHz, CDCl3) 6: —98.76
(dt, J=266.4, 16.5 Hz), —102.55 (dt, J=266.4, 18.4 Hz);
IR (neat) vmay: 3003, 1761, 1616, 1471, 1264, 1168, 1066,
734 cm”!'; HRMS (ESI) caled for CioHxFoNOs [M+H']
350.1562, found 350.1563.

2,2- R -3-(6- F AR S -1- L 4- SR T 3 -2,3,4,9- 1
H-1H-HEME-1- 30 TR .15 (3g): T ERFAL, 68 mg,
FRE 93%. Re=0.25(F MK 2R 2.8, V' V=4 1); 'H
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NMR (500 MHz, CDCls) 8: 8.81 (s, 1H), 7.73 (d, J=2.5
Hz, 1H), 7.27 (d, J=8.9 Hz, 1H), 6.89 (dd, /=8.8, 2.5 Hz,
1H), 4.04~3.87 (m, 2H), 3.86 (s, 3H), 2.84~2.70 (m,
2H), 2.68~2.54 (m, 1H), 2.52~2.40 (m, 1H), 2.28~2.12
(m, 2H), 1.62 (s, 3H), 1.15 (t, J=7.2 Hz, 3H); '*C NMR
(125 MHz, CDCL3) 6: 193.5, 164.8 (t, J=32.3 Hz), 156.7,
154.0, 130.3, 125.5, 113.1 (t, J=252.5 Hz), 114.2, 112.3,
112.2, 63.6, 56.0, 42.3 (t, J=22.5 Hz), 38.3, 34.9, 33.6,
25.9, 13.8; '°F NMR (471 MHz, CDCls) §: —98.20 (dt,
J=267.3, 16.1 Hz), —102.84 (dt, J=266.9, 16.1 Hz); IR
(neat) vmax: 2966, 1761, 1621, 1469, 1264, 1167, 1038, 732
cm '; HRMS (ESI) caled for Ci9H»nF:NOy [M+H ']
366.1511, found 366.1513.

8-(3- LA HE-2,2- T -3- A I L T 0k )-8 - R JE-5- 480 .
5£-6,7,8,9- VU5 -5 H-IHE W3- F g RS (3h): 35 (8 K5 A ViR
K, 69 mg, 773 88%. Ry=0.3(fiMlk/ LR L Hg, Vi V=
3:1); '"H NMR (500 MHz, CDCls) &: 9.24 (s, 1H), 8.94
(d, J=1.6 Hz, 1H), 7.98 (dd, J=8.6, 1.7 Hz, 1H), 7.44~
7.39 (m, 1H), 4.07~3.98 (m, 1H), 3.97~3.93 (m, 1H),
3.92 (s, 3H), 2.86~2.71 (m, 2H), 2.70~2.62 (m, 1H),
2.60~2.45 (m, 1H), 2.32~2.24 (m, 1H), 2.22~2.15 (m,
1H), 1.65 (s, 3H), 1.16 (t, J=7.2 Hz, 3H); '*C NMR (125
MHz, CDCLy) d: 193.9, 168.1, 163.8 (t, J=32.4 Hz),
156.4, 138.8, 125.4, 124.7, 124.3, 124.1, 115.9 (t, J=252.1
Hz), 112.7, 111.5, 63.5, 52.2, 42.1, 37.4, 35.0, 33.9, 25.9,
13.8; F NMR (471 MHz, CDCly) §: —99.57 (dt, J=
266.4, 16.5 Hz), —102.08 (dt, J=263.2, 18.58 Hz); IR
(neat) vmay: 2922, 1710, 1577, 1421, 1264, 1187, 895, 731
cm '; HRMS (ESI) caled for CyHxnF,NOs [M+H']
394.1461, found 394.1464.

3-(6- - 1-F A4S 0 52, 3,4,9- DU S - L - - 1
$6)-2,2- 5N R LFRQ30): B EREBAE, 52 mg, PR
72%. Re=0.3(FiihEk/ M 2 B8, Vi V=3 :1); '"H NMR
(500 MHz, CDCls) d: 9.77 (s, 1H), 8.58 (s, 1H), 7.50~
7.48 (m, 2H), 4.28~3.86 (m, 2H), 2.85~2.73 (m, 2H),
2.71~2.58 (m, 1H), 2.55~2.49 (m, 1H), 2.35~2.26 (m,
1H), 2.24~2.17 (m, 1H), 1.67 (s, 3H), 1.20 (t, J=7.2 Hz,
3H); 3C NMR (125 MHz, CDCls) §: 193.4, 163.9 (t, J=
32.5Hz), 156.3, 137.8, 127.1, 124.6, 120.2, 115.9 (t, J=
253.5 Hz), 112.6, 112.4, 106.0, 63.7, 42.2 (t, J=22.5 Hz),
38.0, 34.9, 33.8, 29.9, 26.0, 13.9; 9F NMR (471 MHz,
CDCls) §: —99.58 (dt, J=266.6, 16.8 Hz), —102.54 (dt,
J=266.4, 18.0 Hz); IR (neat) vmax: 3022, 1765, 1578,
1468, 1263, 1190, 1064, 734 cm™'; HRMS (ESI) calcd for
C19H1oF2N,O3 [M+H '] 361.1358, found 361.1357.
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2,2- 5 -3-(6- 9 - 1-F JE -4 0 5K -2,3,4,9- T & - 1 H-
e 13 R .6 (3j): LR BAR, 67 mg, P&
95%. Re=0.3(CF it/ LR LHG, Vi V=4 1); 'H NMR
(400 MHz, CDCl3) §: 8.97 (s, 1H), 7.91 (d, J=8.0 Hz,
1H), 7.47~7.13 (m, 1H), 7.00 (t, J=8.0 Hz, 1H), 3.98 (dt,
J=41.7, 8.6 Hz, 2H), 2.96~2.36 (m, 4H), 2.32~2.09 (m,
2H), 1.63 (s, 3H), 1.16 (t, J=6.9 Hz, 3H); '*C NMR (100
MHz, CDCl;) §: 193.9, 163.8 (t, J=32.8 Hz), 159.8 (d,
J=238.3 Hz), 156.3, 132.4, 125.4 (d, J=11.0 Hz), 116.0
(t, J=252.2 Hz), 112.4 (d, J=9.7 Hz), 112.3~112.1 (m),
111.9, 107.1 (d, J=24.8 Hz), 63.6, 42.1 (t, J=22.3 Hz),
37.5, 34.9, 33.9, 25.9, 13.7; '9F NMR (376 MHz, CDCl;)
5: —98.30 (dt, J=267.4, 162 Hz), —102.91 (dt, J=
267.7, 18.4 Hz), —120.29; IR (neat) vma: 3054, 1750,
1621, 1459, 1264, 1161, 895, 731 cm !; HRMS (ESI)
caled for Ci;sHioFsNO; [M + H "] 354.1132, found
354.1130.

3-(6-5-1- 1 -4- S W 3 -2,3,4,9- T & - 1 H-THE -1 -
5)-2,2- AR 4B (3k): LEIMIRY), 38 mg, FEFR
51%. Ry=0.3(f1 Bk B2 s, V@ V=3 ":1); '"H NMR
(500 MHz, DMSO-dq) d: 11.79 (s, 1H), 7.48 (d, J=2.5 Hz,
1H), 7.32 (d, J=8.8 Hz, 1H), 6.81 (dd, J=8.8, 2.6 Hz,
1H), 3.99 (d, J=7.5 Hz, 2H), 2.73 (t, J=18.4 Hz, 2H),
2.58~2.41 (m, 2H), 2.30~2.24 (m, 1H), 2.23~1.95 (m,
1H), 1.50 (s, 3H), 1.13 (t, J=7.1 Hz, 3H); '*C NMR (125
MHz, DMSO-ds) 0: 192.1, 163.1 (t, J=32.5 Hz), 155.4,
155.3, 130.7, 125.0, 116.2 (t, J=250.9 Hz), 112.5, 112.3,
110.5, 102.5, 63.1, 41.3 (t, J=22.0 Hz), 35.6, 34.5, 33.5,
25.7, 13.4; 'F NMR (471 MHz, DMSO-ds) J: —98.95
(dt, J=259.9, 17.9 Hz), —100.35 (dt, J=259.7, 18.9 Hz);
IR (neat) vamax: 2959, 1754, 1621, 1471, 1279, 1187, 970,
745 cm '; HRMS (ESI) caled for CisHi9CIF,NO; [M—+
H"]370.1016, found 370.1013.

3-(1,7- = W FE4- S W 3£ -2,3,4,9- U & - 1 H-HE -1 -
5)-2,2- AR LEQD: LaHARY, 66 mg, 75
95%. Re=0.3(f ik B2 B8, V@ V=3 :1); '"H NMR
(500 MHz, CDCl3) 8: 9.66 (s, 1H), 8.10 (d, J=8.0 Hz,
1H), 7.22~7.17 (m, 1H), 7.09~7.02 (m, 1H), 4.05~3.96
(m, 1H), 3.95~3.83 (m, 1H), 2.89~2.69 (m, 2H), 2.69~
2.56 (m, 1H), 2.55~2.46 (m, 1H), 2.41 (s, 3H), 2.32~
2.24 (m, 1H), 2.20~2.09 (m, 1H), 1.62 (s, 3H), 1.14 (t,
J=7.2 Hz, 3H); 3C NMR (125 MHz, CDCls) J: 192.9,
158.8 (t, J=32.2 Hz), 153.3, 137.2, 135.1, 128.0, 123.6,
121.6, 116.6, 115.8, 115.5~109.2 (m), 44.2 (t, J=21.1
Hz), 37.9, 34.7, 31.1, 31.0~30.9 (m), 29.8, 24.3 (d, J=5.3
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Hz), 22.0; "9F NMR (471 MHz, CDCl;) 6: —92.50 (ddd,
J=298.1, 33.6, 14.9 Hz), —97.35 (dd, J=298.2, 8.6 Hz);
IR (neat) vmax: 3054, 1761, 1597, 1421, 1264, 1085, 895,
731 cm™'; HRMS (ESI) caled for CjoH»,FNO; [M+H ']
350.1562, found 350.1563.

8-(3- LA HE-2,2- T -3-4AL I R T Ak )-8 - R JE-5- 480 .
#£-6,7,8,9- VU S-S H- M -2 R F G (3m): 35 (Rl B
K, 73 mg, 723 93%. Re=0.3(f Mt/ 2R L8, Vi V=
3:1); 'H NMR (500 MHz, DMSO-ds) J: 12.24 (s, 1H),
8.07 (d, J=8.3 Hz, 1H), 8.04 (dd, J=1.5, 0.7 Hz, 1H),
7.79 (dd, J=8.3, 1.5 Hz, 1H), 4.07~3.92 (m, 2H), 3.86 (s,
3H), 2.79 (t, J=19.7 Hz, 2H), 2.65~2.51 (m, 2H), 2.32~
2.26 (m, 1H), 2.18~2.01 (m, 1H), 1.55 (s, 3H), 1.13 (t,
J=17.1 Hz, 3H); *C NMR (125 MHz, DMSO-ds) 5: 192.4,
166.70, 163.6~162.6 (m), 158.0, 135.4, 127.9, 123.9,
122., 120.2, 118.9~113.6 (m), 113.3, 110.8, 63.1, 52.0,
41.3 (d, J=21.7 Hz), 35.5, 34.5, 33.7, 25.6, 13.4; 'F NMR
(471 MHz, DMSO-ds) d: —99.05 (dt, J=260.1, 18.2 Hz),
—100.49 (dt, J=260.1, 19.4 Hz); IR (neat) vmax: 3416,
1759, 1589, 1469, 1277, 1195, 1056, 762 cm !; HRMS
(ESI) caled for CaHnFaNOs [M+H'] 394.1461, found
394.1462.

2,2- R -3-(7-9-1-H A4S 5 -2,3,4,9- U & - 1 H-
-3 N R 4. B8 3n): C R, 59 me, =%
83%. Ry=0.25(f1 MM/ L 2.8, V : V=4 : 1); '"H NMR
(500 MHz, CDCl3) §: 10.00 (s, 1H), 8.15 (dd, J=8.7, 5.4
Hz, 1H), 7.09 (dd, J=9.1, 2.2 Hz, 1H), 6.99 (td, J=9.2,
2.2 Hz, 1H), 4.01 (ddd, J=37.8, 10.8, 7.2 Hz, 2H), 2.88~
2.70 (m, 2H), 2.72~2.64 (m, 1H), 2.62~2.49 (m, 1H),
2.36~2.24 (m, 1H), 2.22~2.14 (m, 1H), 1.65 (s, 3H),
1.17 (t, J=7.2 Hz, 3H); 3C NMR (125 MHz, CDCl;) ¢:
194.1, 163.9 (t, J=32.4 Hz), 160.6 (d, J=240.3 Hz),
155.6, 136.3 (d, J=12.3 Hz), 122.7 (d, J=9.8 Hz), 121.2,
116.1 (t, J=252.0 Hz), 112.1, 111.4 (d, J=23.8 Hz), 98.5
(d, J=26.3 Hz), 63.6, 42.2 (t, J=22.4 Hz), 37.7, 35.0,
33.9, 26.0, 13.8; YF NMR (471 MHz, CDCLy) 6: —99.18
(dt, J=266.3, 16.8 Hz), —102.42 (dt, J=266.3, 18.3 Hz),
—118.05; IR (neat) vma: 3203, 1763, 1626, 1471, 1264,
1136, 1135, 731 cm !; HRMS (ESI) caled for CisHio-
F3:NO; [M+H"] 354.1312, found 354.1315.

3-(7-F-1-H 3 -4- 5 W 3 -2,3,4,9- DY & - 1 H-THs - 1 -
$)-2.2- " HINFR 4B (30): MRS, 58 mg, FEFR
78%. Re=0.3(FfiihEk/ W2 2 W8, V@ V=4 :1); '"H NMR
(500 MHz, CDCls) 6: 9.12 (s, 1H), 8.15 (d, J=8.4 Hz,
1H), 7.39 (dd, J=1.7, 0.4 Hz, 1H), 7.23 (dd, J=8.4, 1.8
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Hz, 1H), 4.23~4.03 (m, 1H), 3.95~3.76 (m, 1H), 2.85~
2.69 (m, 2H), 2.69~2.54 (m, 1H), 2.52~2.41 (m, 1H),
2.33~2.23 (m, 1H), 2.20~2.11 (m, 1H), 1.63 (s, 3H),
1.17 (t, J=7.2 Hz, 3H); 3C NMR (125 MHz, CDCl;) ¢:
193.4, 164.19~163.36 (m), 154.5, 136.2, 129.8, 123.7,
123.2,122.7, 118.2~113.6 (m), 112.3, 111.5, 63.7, 42.2 (t,
J=22.4 Hz), 38.3, 34.9, 33.6, 25.9 (d, J=2.1 Hz), 13.8;
F NMR (471 MHz, CDCl3) 6: —98.62 (ddd, J=266.9,
18.5, 14.7 Hz), —102.66 (dt, J=267.2, 18.5 Hz); IR
(neat) vmax: 2924, 2149, 1746, 1633, 1469, 1314, 1186,
1039, 821, 739 cm!; HRMS (ESI) caled for CigH;oCl-
FNO; [M+H"]370.1016, found 370.1014.

3-(7-1R-1-F FE4- 5 FE-2,3.4,9- DY & - 1L H-THE M- 1-
H)-2,2- " HENER e (3p): LWRY), 72 mg, 7P
87%. Re=0.3(f1 1Ml LR LB, Vi V=3 :1); '"H NMR
(400 MHz, CDCl;) 6: 9.95 (s, 1H), 8.09 (d, J=7.0 Hz,
1H), 7.56 (s, 1H), 7.35 (d, J=7.5 Hz, 1H), 4.01 (d, J=
29.2 Hz, 2H), 2.88~2.46 (m, 4H), 2.32~2.30 (m, 1H),
2.19~2.16 (m, 1H), 1.64 (s, 3H), 1.27~1.11 (m, 3H); 13C
NMR (100 MHz, CDCls) 6: 194.0, 163.8 (t, J=32.3 Hz),
155.4,136.9, 126.2, 123.6, 122.9, 117.3, 116.0 (t, J=252.3
Hz), 114.7, 112.1, 63.6, 42.1 (t, J=22.4 Hz), 37.7, 34.9,
33.8, 25.9, 13.8; "F NMR (376 MHz, CDCl3) 9: —99.30
(dt, J=266.2, 16.7 Hz), —102.46 (dt, J=266.4, 18.4 Hz);
IR (neat) vmax: 2924, 1758, 1627, 1468, 1264, 1195, 1005,
732 cm !'; HRMS (ESI) caled for CisHoBrFoNO; [M—+
H']414.0511, found 414.0511.

3-(1,8- - H FE4- S W 3£ -2,3,4,9- U & - 1 H- T 4 -1 -
$)-2,2-“H N LBE8(3q): LEIIRY), 58 mg, F2FK
83%. Ry=0.3(f1 MK B2 s, V1 V=3 ":1); '"H NMR
(500 MHz, CDCl;) J: 8.90 (s, 1H), 6: 8.07 (d, J=7.7 Hz,
1H), 7.17 (t, J=7.6 Hz, 1H), 7.06 (d, J=7.1 Hz, 1H),
4.09~3.80 (m, 2H), 2.87~2.69 (m, 2H), 2.69~2.55 (m,
2H), 2.52 (s, 3H), 2.3~2.12 (m, 2H), 1.65 (s, 3H), 1.13 (t,
J=7.1 Hz, 3H); BC NMR (125 MHz, CDCl;) é: 193.8,
1642 (d, J=31.9 Hz), 153.8, 135.2, 124.8, 124.3, 123.3,
120.7, 119.6, 117.4 (d, J=252.2 Hz), 112.8, 63.6, 42.5 (t,
J=22.4 Hz), 38.3, 35.0, 33.7, 26.0, 16.8, 13.8; '9F NMR
(471 MHz, CDCls) 0: —98.39 (dt, J=266.8, 16.6 Hz),
—102.29 (dt, J=266.8, 18.2 Hz); IR (neat) vma: 2924,
1766, 1616, 1473, 1264, 1053, 895, 731 ¢cm™!; HRMS
(ESI) caled for CioH2FoNOs [M+H'] 350.1562, found
350.1562.

2,2- R -3-(8- FH A B -1- R 4 SR T 2 -2,3,4,9- P
S-1H-HEMe- 138 IR R 3r): kAW, 55 mg,
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PR 75%. Re=03(F MK/ R B, Vi V=3 :1); 'H
NMR (500 MHz, CDCls) §: 8.76 (s, 1H), 7.82 (d, J=7.9
Hz, 1H), 7.18 (t, J=7.9 Hz, 1H), 6.73 (d, J=7.9 Hz, 1H),
4.08~3.99 (m, 2H), 3.96 (s, 3H), 2.85~2.68 (m, 2H),
2.68~2.41 (m, 2H), 2.34~2.13 (m, 2H), 1.63 (s, 3H),
1.18 (t, J=7.1 Hz, 3H); 3C NMR (125 MHz, DMSO-ds)
5:192.5, 163.4 (t, J=32.6 Hz), 155.0, 146.0, 125.8, 122.6,
117.5 (d, J=251.1 Hz), 113.2, 111.2, 103.8, 63.1, 55.2,
41.2 (d, J=21.4 Hz), 34.7,33.8, 31.2, 29.9, 26.1, 13.5; '°F
NMR (471 MHz, CDCl;) 9: —98.90 (ddd, J=266.8, 19.2,
14.2 Hz), —102.92 (dt, J=266.6, 18.5 Hz); IR (neat) vinax:
2973, 1766, 1616, 1470, 1265, 1187, 1060, 732 cm !;
HRMS (ESI) caled for C1oHnFoNO, [M+H'] 366.1511,
found 366.1498.

8-(3- LA 2,2 AR -3- AR I Rk A R )-8 - HE Ok -5-5H IE
$£-6,7,8,9- WU & -5 H-F e - 1- F IR FR i (3s): 3 €80 K5 A VR
&, 64 mg, 773 81%. Re=0.3(f Mt/ 2R ZHg, V@ V=
3:1); 'H NMR (500 MHz, DMSO-ds) : 12.23 (s, 1H),
8.07 (d, J=8.3 Hz, 1H), 8.05~8.03 (m, 1H), 7.79 (dd, J=
8.3, 1.5 Hz, 1H), 4.08~3.93 (m, 2H), 3.87 (s, 3H), 2.79 (t,
J=19.5 Hz, 2H), 2.66~2.62 (m, 1H), 2.60~2.52 (m, 1H),
2.33~2.24 (m, 1H), 2.18~2.02 (m, 1H), 1.56 (s, 3H),
1.13 (t, J=7.1 Hz, 3H); 3C NMR (125 MHz, DMSO-ds)
5:193.0, 167.2, 163.6 (t, J=32.2 Hz), 158.6, 135.9, 128.5,
124.4, 123.2, 120.8, 116.7 (t, J=252.0 Hz), 113.9, 111.3,
63.7, 52.6, 41.7(t, J=22.2 Hz), 36.0, 35.1, 34.2, 26.1,
14.0; '°F NMR (471 MHz, DMSO-ds) 6: —99.05 (dt, J=
259.9, 18.3 Hz), —100.47 (dt, J=260.0, 19.3 Hz); IR
(neat) vmax: 2924, 1715, 1621, 1473, 1264, 1082, 895, 731
cm '; HRMS (ESI) caled for CyH»F:NOs [M+H']
394.1461, found 394.1457.

3-(8-F-1-H 3 4- 51 W % -2,3,4,9- VU & - 1 H-THE -1
F)-2,2- 5N R ZBE(3t): TLERFAA, 67 mg, F=&
91%. Re=0.3(fi MK/ B2 Zl8, V@ V=4 1); '"H NMR
(400 MHz, CDCls) d: 9.15 (s, 1H), 8.18 (d, J=7.5 Hz,
1H), 7.28 (d, J=7.8 Hz, 1H), 7.21 (t, J=7.4 Hz, 1H),
4.16~4.02 (m, 2H), 2.90~2.51 (m, 4H), 2.34 (d, J=14.0
Hz, 1H), 2.22 (t, J=10.8 Hz, 1H), 1.70 (s, 3H), 1.23 (t,
J=6.7 Hz, 3H); '3C NMR (100 MHz, CDCls) J: 193.8,
163.9 (t, J=32.4 Hz), 154.7, 133.1, 126.1, 123.9, 123.4,
120.5, 116.8, 118.8~113.3 (m), 113.1, 63.6, 42.2 (t, J=
22.4 Hz), 37.8, 34.9, 33.8, 25.8, 13.8; 9F NMR (376 MHz,
CDCl3) 0: —99.51 (ddd, J=266.4, 20.0, 14.5 Hz), —
102.26 (dt, J=266.1, 18.2 Hz); IR (neat) vmax: 3054, 1763,
1633, 1469, 1264, 1188, 1053, 731 cm !; HRMS (ESI)
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caled for CisH9oCIF2NO; [M+H ] 370.1016, found
370.1014.

3-[(1R,3R)-1,3- - F 3k -4-5 WV 3E-2,3,4,9- U - 1 H-If
Meo1-3E1-2,2- “HAR LB (3u): FHIE A HIZS RS54
& H HMQC #i5€ ). '"H NMR (400 MHz, CDCls) J: 8.88
(s, 1H), 8.26 (s, 1H), 7.37 (s, 1H), 7.26~7.20 (m, 2H),
3.93 (dq, J=37.5, 9.0, 8.6 Hz, 2H), 2.83 (t, J=17.2 Hz,
2H), 2.48 (q, J=15.2 Hz, 1H), 2.26~2.14 (m, 1H), 2.08~
1.92 (m, 1H), 1.64 (s, 3H), 1.31 (d, J=6.4 Hz, 3H), 1.12 (t,
J=7.0 Hz, 3H); '3C NMR (100 MHz, CDCls) J: 196.0,
165.1 ~163.0 (m), 153.4, 1359, 124.8, 123.9, 123.0,
121.9, 119.2~113.8 (m), 112.1, 111.3, 63.6, 47.6, 42.1 (t,
J=22.4 Hz), 38.3, 33.8, 26.3, 15.3, 13.7; '9F NMR (376
MHz, CDCL3) §: —97.41 (dt, J=268.5, 15.6 Hz), —103.94
(dt, J=268.3, 19.0 Hz).

3-[(1R,35)-1,3- = Fi Bk -4- 5 W %:-2,3,4,9- VU & -1 H-H
Meo1-JE1-2,2- AR AB53u): iR B 1S &504
#& H HMQC #i52#). 'TH NMR (500 MHz, CDCl;) 6: 9.20
(s, 1H), 8.26 (dd, J=6.4, 2.8 Hz, 1H), 7.39~7.33 (m, 1H),
7.26~7.22 (m, 2H), 4.16 (ddq, J=38.0, 10.7, 7.1 Hz, 2H),
2.91~2.78 (m, 1H), 2.77~2.64 (m, 2H), 2.35~2.24 (m,
1H), 2.11~2.07 (m, 1H), 1.61 (s, 3H), 1.32 (d, J=6.8 Hz,
3H), 1.26 (t, J=7.2 Hz, 3H); *C NMR (125 MHz, CDCl5)
9: 196.1, 164.3 (t, J=32.3 Hz), 154.5, 136.0, 124.9, 123.7,
122.8, 121.8, 118.2~113.6 (m), 111.8, 111.3, 63.6, 45.1,
43.9 (t, J=22.4 Hz, 1H), 38.2, 34.8, 25.7, 15.3, 13.8; 'F
NMR (471 MHz, CDCls) §: —98.58 (dt, J=264.3, 17.3
Hz), —100.48 (dt, J=264.4, 19.6 Hz).

3u: HEOKEFIRAA, 58 mg, 77K 83%, FHIE A/
IR B, dr=1.8 1, Re=0.3(f M/ LER LB, V@ V=
41 1); IR (neat) vamax: 2978, 1752, 1616, 1467, 1265, 1192,
1063, 704 cm '; HRMS (ESI) caled for CioHxF.NO;
[M+H"]350.1562, found 350.1550.

2,2- ZHR-3-(4-E HE-2,3,4,9- DU A - L H-PHE M- 1 -358) 7
IR ZER@v): B ORI, 32 mg, 7% 50%. Ri=
0.3(f1 M Ek/ 282 2.1, V2 V=3 : 1); '"H NMR (500 MHz,
CDCl3) d: 9.39 (s, 1H), 8.24~8.22 (m, 1H), 7.41~7.38
(m, 1H), 7.28~7.24 (m, 2H), 4.35~4.29 (m, 2H), 3.49~
3.44 (m, 1H), 2.79~2.67 (m, 2H), 2.63~2.57 (m, 1H),
2.53~2.42 (m, 2H), 2.18~2.11 (m, 1H), 1.34 (t, J=7.1
Hz, 3H); *C NMR (125 MHz, CDCI3) 0: 193.8, 164.1 (t,
J=32.6 Hz), 151.6, 135.8, 124.6, 123.9, 122.9, 121.8,
115.8 (t, J=251.5 Hz), 113.1, 111.4, 63.8, 38.0 (t, J=22.9
Hz), 35.8, 30.8, 28.2 (t, J=3.5 Hz), 14.0; '°F NMR (471
MHz, CDCls) 6: —102.83 (ddd, J=265.3, 20.7, 14.9 Hz),
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—104.06 (ddd, J=265.2, 21.3, 13.8 Hz); IR (neat) v
3192, 1760, 1614, 1465, 1313, 1092, 909, 731 cm !;
HRMS (ESI) caled for Ci7H;sFaNOs [M+H'] 322.1249,
found 322.1251.

1-(3- LA FE-2,2- -3 W 2 T 2 )-1- FE k-4 T
$-1,2,3,4- VU S e -9- F R -2- FE L P -2-FE R (3w): 38
HERY, 55 mg, 3% 63%. Re=0.3(f Mk 1 LFE,
Vi ¥V=5:1); '"H NMR (500 MHz, CDCls) &: 8.45~8.26
(m, 1H), 7.80~7.77 (m, 1H), 7.41~7.27 (m, 2H), 4.26 (q,
J=17.1 Hz, 2H), 3.18~2.85 (m, 2H), 2.78~2.64 (m, 2H),
2.64~2.52 (m, 1H), 2.12~2.00 (m, 1H), 1.74 (s, 9H),
1.71 (s, 3H), 1.32 (t, J=7.2 Hz, 3H); 3C NMR (125 MHz,
CDCls) 6: 195.5, 164.4 (t, J=32.6 Hz), 155.0, 150.4, 136.0,
125.3, 125.0, 124.4, 122.3, 116.5, 116.3 (t, J=253.3 Hz),
113.9, 86.3, 63.2, 39.3 (t, J=22.0 Hz), 38.2, 36.6, 35.1,
28.1,24.7, 14.0; '9F NMR (471 MHz, CDCl3) §: —101.23
(ddd, J=258.9, 26.6, 12.2 Hz), —102.76 (ddd, J=258.9,
25.7, 12.1 Hz); IR (neat) vma: 2923, 1748, 1671, 1461,
1264, 1186, 967, 759 cm '; HRMS (ESI) caled for
Ca3HasFaNOs [M+H'] 436.1930, found 436.1925.

2,2- T HR-3-(1-F R -4- A T 3 -2,3,4,9- DU & - 1 H-THR e
-3 AR+ e 2 fE(3x): LRy, 63 mg, 77%
66%. Re=0.3(fiihEk/ M 288, Vi V=5 :1); '"H NMR
(400 MHz, CDCls) &: 9.75 (s, 1H), 8.30 (s, 1H), 7.43 (s,
1H), 7.33~7.23 (m, 2H), 4.00~3.98 (m, 1H), 3.90~3.88
(m, 1H), 2.91~2.51 (m, 4H), 2.40~2.32 (m, 1H), 2.25~
2.17 (m, 1H), 1.68 (s, 3H), 1.32~1.26 (m, 23H); '*C NMR
(100 MHz, CDCL) 6: 193.8, 164.0 (t, J=32.5 Hz), 154.7,
135.9, 124.7, 123.9, 123.0, 121.8, 116.1 (t, J=252.0 Hz),
112.1, 111.5, 67.6, 63.2, 53.5, 42.3 (t, J=22.4 Hz), 37.8,
35.0, 33.8, 32.9, 32.0, 29.7, 29.62, 29.5, 29.4, 29.2, 28.1,
25.9, 25.6, 22.8, 14.2; °F NMR (376 MHz, CDCl;) §: —
98.92 (dt, J=266.3, 16.7 Hz), —102.13 (dt, J=266.2,
18.3 Hz); IR (neat) vma: 3219, 2924, 1760, 1621, 1583,
1464, 1312, 1248, 1195, 1054, 868, 750 cm '; HRMS
(ESI) caled for CagHyoFoNOs [M+H'] 476.2971, found
476.2962.

2,2- " 9-3-(1-F -4 5 W 3 -2,3,4,9- DU & - 1 H-PHE M-
138 NIRRT BEy): L EHIRY, 49 mg, F2&R 62%.
Re=03(F1 Bk 2B 2 Hg, V. V=5 :1); '"H NMR (500
MHz, CDCl3) §: 10.03 (s, 1H), 8.33~8.22 (m, 1H), 7.45~
7.40 (m, 1H), 7.33~7.31 (m, 3H), 7.27~7.25 (m, 2H),
7.24~7.21 (m, 2H), 5.09~4.83 (m, 2H), 2.88~2.68 (m,
2H), 2.68~2.56 (m, 2H), 2.32~2.28 (m, 1H), 2.18~2.09
(m, 1H), 1.63 (s, 3H); *C NMR (125 MHz, CDCls) §:
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194.0, 163.7 (t, J=32.7 Hz), 155.2, 136.0, 133.8, 129.1,
128.8, 128.7, 124.7, 123.9, 123.0, 121.7, 118.3~113.8
(m), 112.0, 111.7, 68.9, 42.1 (t, J=22.2 Hz), 37.4, 34.9,
33.8, 25.8; '°F NMR (471 MHz, CDCl3) §: —99.33 (ddd,
J=265.6, 19.7, 14.6 Hz), —101.59 (dt, J=265.6, 19.2
Hz); IR (neat) vima: 3212, 2969, 1764, 1616, 1469, 1292,
1163, 1063, 753, 698 cm ™ '; HRMS (ESI) calcd for CasHas-
F,NO; [M+H "] 398.1562, found 398.1550;

1-[2,2- 4R -3-(N AL e -1-95)-3- 4 FE P 2 )-1-
$£-2,3,4,9- V0 & -1 H-H ME-4- T (3z): 35 (ORE AR WRLAA, 64
mg, /7H 85%. Re=0.3(F MK/ LR LB, Vi V=5 1),
'H NMR (500 MHz, CDCl3) 6: 9.71 (s, 1H), 8.38~8.16
(m, 1H), 7.41~7.34 (m, 1H), 7.25~7.20 (m, 1H), 3.60~
3.37 (m, 4H), 2.88~2.62 (m, 4H), 2.40~2.28 (m, 1H),
2.26~2.12 (m, 1H), 1.63~1.59 (m, 5H), 1.58~1.42 (m,
4H); '*C NMR (125 MHz, CDCl3) J: 193.8, 162.2 (t, J=
28.5 Hz), 156.0, 136.0, 124.9, 123.6, 122.7, 121.8, 119.4
(t, J=255.7 Hz), 111.8, 111.5, 47.3 (t, J=6.2 Hz), 45.0,
423 (t, J=22.2 Hz), 38.2, 35.2, 34.1, 26.6, 26.0, 25.7,
24.4; F NMR (471 MHz, CDCl3) §: —93.81 (dt, J=
2774, 19.5 Hz), —94.83 (dt, J=276.5, 19.4 Hz); IR
(neat) vma: 3224, 2943, 2006, 1652, 1466, 1254, 1194,
1022, 862, 731 cm™!; HRMS (ESI) caled for Cy1H,sFaN,0,
[M+H"]375.1879, found 375.1867.

N-"F5E-2,2- 5-3-(1- F B -4- 5 W % -2,3,4,9- DU & -
| H-Heme-1 -3 R Bk 1% (3aa): To RS FRAA, 50 mg, 7=
63%. Re=0.3(CF it/ LR LHG, Vi V=3 :1); 'H NMR
(400 MHz, DMSO-ds) J: 11.86 (s, 1H), 9.28 (s, 1H), 7.96
(d, J=7.3 Hz, 1H), 7.40 (d, J=7.9 Hz, 1H), 7.31~7.25
(m, 2H), 7.21 (d, J=7.5 Hz, 3H), 7.17~7.08 (m, 2H),
4.23 (t, J=5.3 Hz, 2H), 2.69 (t, J=18.7 Hz, 2H), 2.46 (s,
2H), 2.26~2.12 (m, 1H), 2.08~1.92 (m, 1H), 1.47 (s,
3H); 3C NMR (100 MHz, DMSO-ds) J: 192.3, 163.7,
156.4, 138.2, 136.0, 128.3, 127.4, 127.1, 124.3, 122.7,
121.7, 120.5, 116.7 (d, J=253.2 Hz), 111.8, 110.3, 42.4,
41.0 (t, J=22.1 Hz), 35.2, 34.7, 33.7, 25.6; "UF NMR (376
MHz, DMSO-ds) d: —100.01 (dt, J=253.6, 18.3 Hz),
—101.17 (dt, J=253.6, 19.2 Hz); IR (neat) vma: 3401,
2256, 1651, 1264, 1023, 996, 824, 762, 731 cm™'; HRMS
(ESI) caled for C23H23F2N202 [M+H+] 397.1722, found
397.1710.

1-[2-CR I [d][ 1,318 A 2% 30 108 -2- 55 )-2,2- 3
L FET-1-H 322,34, 9- VU S -1 H-IE e -4- il (3ab): 5 (L k)
AR, 59 mg, F=F 78%. Re=0.3(f1 Mk R .18,
V' V=5 ":1); '"HNMR (500 MHz, CDCl;) J: 9.38 (s, 1H),
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8.26~8.07 (m, 1H), 7.74~7.59 (m, 1H), 7.44 (dd, J=7.7,
1.7 Hz, 1H), 7.39~7.31 (m, 2H), 7.28~7.23 (m, 1H),
7.19~7.14 (m, 2H), 3.25~3.07 (m, 1H), 2.98~2.87 (m,
1H), 2.86~2.77 (m, 1H), 2.74~2.63 (m, 1H), 2.41~2.30
(m, 1H), 2.23~2.16 (m, 1H), 1.66 (s, 3H); '3C NMR (125
MHz, CDCLy) d: 194.0, 157.7 (t, J=33.5 Hz), 155.4,
150.5, 139.6, 136.0, 127.1, 125.5, 124.6, 123.7, 122.8,
121.6, 121.1, 116.8 (t, J=244.4 Hz), 112.0, 111.4, 111.4,
43.6 (t, J=22.8 Hz), 37.4, 35.0, 34.2, 25.9; %F NMR (471
MHz, CDCl3) §: —91.84 (ddd, J=277.3, 21.2, 12.7 Hz),
—95.10~96.21 (m); IR (neat) vma: 2989, 2133, 1733,
1374, 1264, 1045, 732, 603 ¢cm™!; HRMS (ESI) calcd for
CaoH19FaN,0, [M+H ] 381.1409, found 381.1397.

[1,1- Z9R-2-(1- F 2 4- S 0 %6 -2,3,4,9- I S -1H-If
Me-1-38) Z IR — Z.TE (3ac): S EREFERIAK, 64 mg,
PR 80%. Re=03(f1 B/ 2R LEs, V:Vv=2:1); 'H
NMR (500 MHz, CDCls) 6: 10.54 (s, 1H), 8.43~8.17 (m,
1H), 7.37 (dd, J=6.5, 1.8 Hz, 1H), 7.25~7.18 (m, 2H),
429 (p, J=7.1 Hz, 2H), 4.24~4.15 (m, 2H), 2.75~2.60
(m, 4H), 2.49~2.35 (m, 1H), 2.28~2.13 (m, 1H), 1.67 (s,
3H), 1.38 (t, J=7.1 Hz, 3H), 1.30 (t, J=7.1 Hz, 3H); 13C
NMR (125 MHz, CDCls) d: 193.8, 156.1, 136.2, 124.8,
123.5, 122.6, 121.7, 111.6, 111.5, 65.3, 41.6~39.8 (m),
37.1, 35.1, 34.7, 34.6, 26.1 (d, J=1.8 Hz), 16.4 (dd, J=
9.7, 5.4 Hz); 'F NMR (471 MHz, CDClL;) §: —107.92
(dddd, J=298.1, 108.2, 32.5, 11.7 Hz), —110.00 (dddd,
J=297.2, 107.2, 31.8, 11.4 Hz); *'P NMR (202 MHz,
CDCLs) 6: 6.94 (t, J=107.4 Hz); IR (neat) vima: 3054,
1626, 1470, 1264, 1163, 1029, 731, 704 cm '; HRMS
(ESI) caled for CioHysPF,NO4 [M+H '] 400.1484, found
400.1470.

322 i

EERT, B2 3a (0.2 mmol) IR [ 3 & v,
TN 2 mL HESEFR, AWmEfroE AR, =RT
SR 3 h, 7 RSLGE FRORE 28 TR LA, A BT
RPT13 21540 =) 4a.

2,2- T -3-(1- F AR -4- S W 3 -2,3,4,9- U & -1 H-TH:
e 12 N BE R (4a): TEEREBRMAR, 52 mg, 723 85%.
Re=02(F1 Bk 2B 2. l&, V> V=1 :2); '"H NMR (500
MHz, DMSO-ds) &: 11.84 (s, 1H), 8.10 (s, 1H), 7.95 (d,
J=17.2 Hz, 1H), 7.89 (s, 1H), 7.39 (d, J=7.9 Hz, 1H), &
7.15 (td, J=7.6, 1.4 Hz, 1H), 7.11 (td, J=7.5, 1.2 Hz, 1H),
2.63 (t, J=18.8 Hz, 2H), 2.56~2.44 (m, 2H), 2.34~2.25
(m, 2H), 2.05~1.90 (m, 2H), 1.49 (s, 3H); '3C NMR (125
MHz, DMSO-ds) 6: 192.4, 165.8 (t, J=28.8 Hz), 156.6,
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136.1, 124.4, 122.7, 121.7, 120.5, 117.8 (t, J=253.1 Hz),
111.8, 110.2, 40.8 (t, J=22.4 Hz), 35.2, 34.7, 33.7, 25.5;
F NMR (471 MHz, DMSO-ds) : —100.46 (dt, J=
2522, 18.6 Hz), —101.27 (dt, J=252.3, 19.5 Hz); IR
(neat) vmax: 3385, 2923, 2854, 2255, 1648, 1463, 1188,
992, 761, 564 cm '; HRMS (ESI) calcd for Ci6H;7F2N20O2
[M+H"]307.1253, found 307.1244.

IR, K77 3a (0.2 mmol) N B K M,
I 2 mL B EEEFIATI S AL B3 equiv.), ZEHE TR 3
h, RS R 2 TR R LR, A E AT B R R 1S
FIFAL =) Sa.

1-(2,2- —3-3-F FE P 3E)-1- 1 96-2,3,4,9- TU & - L H-FH
e-4-fiFl(5a): FEIHCRYY, 48 mg, P5FK 82%. Ry=0.3(f1
Wlk/ 2R Mg, Vi v=1:1); 'H NMR (500 MHz,
DMSO-ds) o: 11.84 (s, 1H), 8.17~7.78 (m, 1H), 7.52~
7.35 (m, 1H), 7.18 (td, J=7.6, 1.5 Hz, 1H), 7.14 (td, J=
7.4, 1.3 Hz, 1H), 5.54 (t, J=6.3 Hz, 1H), 3.62~3.43 (m,
2H), 2.63~2.41 (m, 4H), 2.39~2.24 (m, 1H), 2.08~1.98
(m, 1H), 1.55 (s, 3H); 3C NMR (125 MHz, DMSO-ds) 9
192.5, 157.2, 136.0, 124.4, 124.3 (t, J=244.6 Hz), 122.6,
121.7, 120.5, 111.8, 110.2, 63.8 (t, J=30.8 Hz), 35.8, 34.8,
33.8, 25.8; 9F NMR (471 MHz, DMSO-ds) 6: —102.49
(ddq, J=242.5,27.9, 14.5, 13.8 Hz), —104.25~—105.35
(m); IR (neat) vma: 3353, 1642, 1265, 1164, 1024, 987,
729 cm”'; HRMS (ESI) caled for Ci¢H sFaNO, [M+H']
294.1300, found 294.1290.

4 BBl (Supporting Information) J&4) 1a~1v
HAE R JRY) 1a~1v F1724) 3a~3ac KL=
V) 4a. Sa PISEHRAEE B e E TR0, X Lept
RER] PL G 2% AT B3 (http://sioc-journal.cn/) & T %K.
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