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Abstract Fluorine-containing compounds have a wide range of applications in the fields of biomedicine and materials, and
the development of synthetic methodology for fluorine-containing compounds is very important. Using fac-Ir(ppy)s as catalyst,
a wide variety of amides containing fluoroalkyl substituted a-quaternary carbon center were prepared with N-aryl-N-(aryl-
sulfonyl)-2-methyl acrylamides as starting materials by visible light induced cascade fluoroalkyl radical addition, aryl migra-

tion and desulfonylation. The reaction conditions are mild, and possess good functional group compatibility.
Keywords photocatalysis; fluoroalkylation; aryl migration; desulfonylation; a-quaternary carbon center; amide
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W SR BRSO R, 2 RYAKEIERS, DL ISR
PRI B H3E . DAOS SRR OO RS B PR3
US55 TSI ek B H S A4, mT DAAS 21 % Fh dk
B HIWI WEERAL A4, 24 R R F5 R, DUARRIFIR
FRUL, PREEIRIBL, fEmgl 4, BEUS), i S paiel, i,
5 FETE I OSSN 1) E B FEYR B A CF3SOLCIMI,
HCFZSOZNa[ZO] BrCF,COOEt?!!, TMSCF,CONR,[2214%
e HE H I IEYR, 15 3450 2 R 0 B o O IR
%A%(s(:heme la). JEFIRATR LN =5 £ 3610 S vi
(I FE D4R, ARSCERI T N-T5 5 -N-(55 LTk )-2- F
TG IE 5 = S 2 B A — S 2052 1 B 3 e
TR BSOS, M T —RAEA ZHF
Bl R 2 1 B ZE R O IO B % SR A S ) (Scheme

1b).
(a) Previous work — X
X] o
0 R o
Y}\N/w R' = alkyl é1
O=é=0 X = CF3, SO,Ar, benzoyl
Y (0]
re-Z |
N [Y] —{  HN-R!
=/
R'=Ar X/
Y = CF3, CF,CONR,
CF,H, CF,COOR,
(b) This work alkyl, Ph, SO,Ar

/O R CF5CHal or CFoHCH,I o
YJ\ fac-Ir(ppy)s (2 mol%) f

K>,CO3 (2.0 equiv.)

o
R1

DMSO, Na, it 12h &/
22 | blue LED,20 W ~ R%™
X R¢ = CH,CF3, CH,CF,H
B 1 DL N-CF SERHITE)-2- 5 P9 I LN 0 A A S 2 2k

HL I
Scheme 1 Construction of amides containing quaternary carbon
center with N-(arylsulfonyl)-2-methylacrylamides as substrates

1 BREHR
1.1 REFHMIK

DA N-Xof FF 25 25 - N-Onf FE 2R il P9t )-2- Y 5k A 4 T i
(1a) (1.0 equiv.) AR KA, CF3CH.I (2a) (3.0 equiv.) N
= CHE BV EGN (2.0 equiv.) N, fac-Ir(ppy)s (2
mol%) AT, — FIEIEHU(DMSO) AYE T, EiRA
SAE N 12 b, BLA42% 7= A5 R T H FRe4) 3a
(Table 1, Entry 1). i€ NNNN-UYF 3 2 — %
(TMEDA) « 1,8- — ff % 4% X428 ¥F [5.4.0] + — -7- /s
(DBU). BRERH1(Cs:CO5)~ BRIERZ AN (NaHCO5) R ER 44
(K2CO3) 55— R FIAN A A HLBAI TE LR, 45 SRR Y
PL KoCOs Ak, 3a F/=Zn[ g2 83% (Table 1,
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Entries 2~6). JGEA0 T PSS L 250 R B 24K H
= nE ZALAT [Ru(bpy)sCl]. PELL(Eosin Y). (4.4-—
AT F-2, 2" TR I I ) XL [(2-PHE e 25 ) 2 JEE A (L) 7 e TR
Eh[Ir(ppy)2(dtbbpy)PFe]EE = (2,2"- BRI IE ) 5T — (7N SR R
£ [Ru(bpy)s(PFe) ], AL AL T fac-Ir(ppy)s
(Table 1, Entries 7~10). FfiJ575%2 T ZiE(MeCN). PUA,

IR (THF). 5 Z%¢(DCE). A i1 NN-:EF'%EF'@;’E
i (DMF) %55 FH V71, 25 B3R B e S AS REHEAT 5.0 7

T (Table 1, Entries 11~15). &5, KM E] H 12
hifE 2910 h, P2 HEEG; B 14 b, P40 R EH
B A8 {k(Table 1, Entries 16~17). % LRk, #i%E 1%
KB 2 4: 1a (0.5 mmol, 1.0 equiv.), 2a (1.5
mmol, 3.0 equiv.), fac-Ir(ppy)s (2 mol%), K,CO; (1.0
mmol, 2.0 equiv.), DMSO (3.5 mL), r.t., N2, 12 h.

R N-J5E-N-(F5 B EE)-2- F B MG I e = 2 ALt

e
Tablel Optimization of trifluoroethylation of N-aryl-N-(aryl-
sulfonyl)-2-methyl acrylamide

0 /©/
F2CH,C o)
YLN Conditions
0=S=0 4 CFyCH,l —> HN—@—
1a 2a 3a
Entry Catalyst Base  Solvent Time/hYield?/%
1 fac-Ir(ppy)s EtsN DMSO 12 42
2 fac-Ir(ppy)s TMEDA DMSO 12 49
3 fac-Ir(ppy)s DBU DMSO 12 44
4 fac-Ir(ppy)s Cs2COs  DMSO 12 75
5 fac-Ir(ppy)s NaHCO; DMSO 12 42
6 fac-Ir(ppy)s KoCOs  DMSO 12 83
7 Ru(bpy)sCl2 KoCOs  DMSO 12 42
8 EosinY K>COs  DMSO 12 49

9 Ir(ppy)a(dtbbpy)PFK2CO;  DMSO 12 32

10 Ru(bpy)s(PFe)2 KoCOs  DMSO 12 39
11 fac-Ir(ppy)s KoCOs  MeCN 12 NR
12 fac-Ir(ppy)s KoCOs  THF 12 NR
13 fac-Ir(ppy)s KoCOs  DCE 12 15
14 fac-Ir(ppy)s K2CO3  Acetone 12 35
15 fac-Ir(ppy)s KoCOs  DMF 12 20
16  fac-Ir(ppy)s KoCOs  DMSO 10 56
17 fac-Ir(ppy)s K>COs  DMSO 14 81

“Reaction conditions: 1a (0.5 mmol), 2a (1.5 mmol), catalyst (2 mol%), base
(1.0 mmol) in solvent (3.5 mL) were irradiated with a 20 W blue LED at room
temperature under Nj; ? Yields were determined by '"F NMR spectroscopy
using trifluoromethylbenzene as an internal standard.

1.2 [E¥ScERRE

TE PR RN, B8 T ANEE #E BRI
N-75 3:-N-(5 FE 1) -2- F AT A% (1) 5 CFCHl 1Y
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=IO HEEA . T TR OB S S Vi (Table 2). 45
HEMH: N-J5 5 ER BRI R N RN, it
S RE(X)IE 2 L 2 (CH;, OCH; AT ‘Bu) U AE
BT BT LI, OB RE L AR 2 AP P R A5 2 B AR
PP (3a~3n). HECRN RT S IER, Wik, O
SRR SE 05 30 BRSNS LR B A IR, M gh
TR EURE (30~3q, 3t), FE¥Ire R p s, MEURE N
FUR T = T B TR B, 3s, 3u), AR
PR, 24 07 BE i T 66 w11 5 2k Dy 25 BR FE 103 IR IS (3w,
3x), S BRENFIEAT, HF=RMWMAL 74 3m 45
28 X-ray Hah it — D e
#2 RIVRWIGE o

Table 2  Exploration of reaction substrates

2
o \—:R1 fac-Ir(ppy)s (2 mol%)
KoCOj3 (2.0 equiv.
N + CFaCHyl 2CO3 (2.0 equiv.) .
0=5=0 DMSO, N, r.t., 12 h
blue LED, 20 W
=
R |
A 1 2a
7 N
\_/ HN— D
2 \
R 3
F3CH2C O F3CH2C
(3 O
S
R2 X /

3a (R" = 4-CHj), 63% 30 (R?= 4-CH3), 53%
3b (R" = 4-OCHj), 68% 3p (R?=4-H), 52%
3¢ (R"=4-F), 59% 3q (R? = 4-OCH3), 45%
3d (R = 4-Cl), 60% 3r (R?=4-Cl), 37%
3e (R'=4-Br), 61% 3s (R?= 4-CF3), 25%
3f (R'=4-1), 51% 3t (R2=2-CHj), 43%
3g (R' = 4-Bu), 49% 3u (R?=3-Cl ), 38%
3h (R"=2-CHj ) 66% FACH,C
3i (R'=2-OCHj3), 70%
3j (R'=2-F),51%
3k (R = 2-Cl ), 53%
3l (R'=2-Br), 53%

3v 439
3m (R'= 2-1), 51% v 43%

3n (R'= 3-CHj), 45%

F3CH,C

@

3w 40% 3x 38%

4 Reaction conditions: 1 (0.5 mmol), 2a (1.5 mmol), fac-Ir(ppy); (2 mol%),
K,CO; (1.0 mmol), DMSO (3.5 mL) were irradiated with a 20 W blue LED at
room temperature for 12 h under Ny; ® Isolated yields.

I = U 2 B R 2 ke B S B N TR
PERS, FE B AL s S 25 A T (Scheme 2), N-75 2E-N-(h}
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FH R Tt 19t )-2- FF 5 A s 9 Jig 9 ] DR — 3B 2§ (2b)
R SR, 24 1 TR N-5 38 E B IR (R A4
T3 (CH; A1 OCH3)HUACHS (4a~4b), =R R Uf, A%
60%LL by ARA XS A7 A 1% 3 (4e~4f, 4h~4k). FIX:
HUARAE (8] A7 (4g) A = FH L HUAR (4D B 7= 232 R [ 22 45
(40%~53%).

% G

HCF,CHyl (2b), fac-Ir(ppy)s (2 mol%)
K,CO3 (2.0 equiv.)

DMSO, Ny, r.t., 12 h, blue LED, 20 W

HF,CH,C 0
7 N\

4a (R'=4-CH3), 60%  4g (R'=3-CHg), 43%
4b (R'=4-OCH,), 63% 4h (R'= 2-F), 40%

4c (R" = 4-F), 46% 4i (R' = 2-Cl), 49%
4d (R' = 4-Cl), 51% 4j (R"= 2-Br), 51%
4e (R'=4-Br), 53% 4k (R1 2-1), 40%
4f (R' = 4-1), 44% 41 (R"=2,4,6-(CHs);), 41%

B 2 N-Chf B 2R BRI )-2- FH R P A IR M (1) — 9 2 B
Scheme 2  Difluoroethylation of N-aryl-N-(p-methylphenyl
sulfonyl)-2-methylacrylamides
1 (0.5 mmol), 2b (1.5 mmol), fac-Ir(ppy); (2 mol%), K,CO; (1.0 mmol),
DMSO (3.5 mL) were irradiated with a 20 W blue LED at room tempera-
ture for time under N,. Isolated yields

N T RR IR FR N A, 7EAH [ S 2 2% 1
T, SRR E] 5 mmol, AT LA 58%[KIF= 3K 7 5545
FIHFR7Y 3a (1.01 g); ZHCHRIT AR, 72 DY SR
PER R SEBL T K T e (3a) ik 5 B e (5) I 54k, 7= 26
70% (Scheme 3).

F4CH,C o) F3CH,C
HN4< :F

3a

LiAIH,, THF
100°C, 12 h

s

5 (70%)

B3 Fsiss

Scheme 3 Transformation experiment

1.3 HIBRR

RNTRBIRB IR, BT 7365256, W N AR
AN H IR IRF 2,2,6,6- U H - 1- R g S AL )
(TEMPO), HAr=¥)3a A A0k, SIS 5 A3 A6
ME| TEMPO 5= LG =L BIA kD, #
B I AT e 22 H HEE PIAR se . R4 HiRseae grst, 45
A AR SCHERARE R, $2 AT B AL (Scheme 4). T %%,
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BTN T, fac-Ir()(ppy)s A2 B K 2 [fac-
Ir*(II)(ppy)s], K CF3CHLI i J5 il — 9 £, 3% F Fh 3 At
B, [F &8 A A fac-Tr(IV)(ppy)s] B &4,
BE 5 =% 4.3 I N-J5 H-N-(5F LR )-2- 1 3
PRI AU, AR R SRR AR A BE T T
ML S R AR B RS AR B, P d e i S A
SN AR R E R A C; B H R AR C SN T
R, 93 =8 I BRI R ) 3a.

CF3CH2
r(Iv)y* \<

III‘\R/.III ood :

visible light

[CF3CH2I]

CHZCF3
CF3CHal

2 LY
F3CH,C N

3a «=—
hydrogen - SO,
abstraction
C

B4 ATREMI S ML B

Scheme 4 Proposed reaction mechanism
2 &g

A= 6UB 2 J5e 0 — 9B 2 e s ek B el R, A
HeMEALT fac-Tr(ppy)s FIMEAL T SEIL T X6 N-T5 3E-N-(55 3
Tkt )-2- R U LI ) = 234 . A SR M.
BEI BRI 5 T Bk BB BB RN e 5 B TR
JL AR TR, IS S S A1 ] SR IR AN, I ) B R4,
BRI L, PRI R, AEHEN S A =R R
TR CFERNZE R O I S R S AR A T — R
iBpeE
3 KRS
3.1 XEFESHF

14 r i AGILENT1100 24 S50 sl e, A hid
JRA/E Bruker AM 400/600 MHz i’lméﬁ/&)ﬁxiuﬂum,

CDCls 1ERNIEF; 204 61 AR L kA8 6 21 A8 56 15 43
(Nicolet iS10)%E; &5 e m itk Foda 8 F Waters G2-Xs
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QTOF RUFHEACIE. KA 1a~1x HRYESCHR 7 iE00-20
il 2%, Fopt 70 A B A A ali.

3.2 XWHE

321 3348986

FEi N, ERAHIHHET 10 mL HE S, A
1 (0.5 mmol, 1.0 equiv.). JC/KBKERHH (1.0 mmol, 2.0
equiv.)~ fac-Ir(ppy)s (0.01 mmol, 2 mol%), FHEHS=
W, ERE W EIR, mEERmA 2a 30 2b (1.5
mmol, 3.0 equiv.)fl DMSO (3.5 mL), B/ 2B & T 24
VLFH 20 W IR, SN 12 h. N4 R E, H
7J<(10 mL) K, ZE6 mLX3)AEH, G HHHmME

K0 mL)Fedk, Jo/KBERENT%, dyg. Wdi)s, th
AT E AT AR, V(A © (SR CBR)=15 -
1~30: 1].

5,5,5- =5 -2- F -V, 2- — (% R 3 2 3 ) TR B i (3a):
110.1 mg, AGREIE, % 63%. mp. 147.3~1479 C;
'H NMR (400 MHz, CDCL3) 6: 7.18 (d, J=8.5 Hz, 2H),
7.15 (t, J=2.8 Hz, 2H), 7.12 (d, J=2.5 Hz, 2H), 6.98 (d,
J=8.2 Hz, 2H), 6.69 (s, 1H), 2.28 (s, 3H), J: 2.22 (d, J=
5.2 Hz, 1H), 2.19 (s, 3H), 2.17~2.13 (m, 1H), 2.05~1.87
(m, 1H), 1.86~1.70 (m, 1H), 1.56 (s, 3H); '°F NMR (377
MHz, CDCl3) §: —66.34 (t, J=10.7 Hz); 3C NMR (101
MHz, CDCls) 6: 173.3, 137.7, 136.7, 134.1, 133.0, 128.9,
128.3, 126.3 (q, J=277.2 Hz), 125.7, 118.9, 48.9, 30.3 (q,
J=2.9 Hz), 28.6 (q, J=28.7 Hz), 22.4, 19.9, 19.8; IR
(film) v: 3271, 2976, 2366, 1646, 1512, 1441, 1393, 1322,
1262, 1128, 1066, 965, 825, 524, 483 cm™'; HRMS (ESI-
TOF) caled for CyH»NOF; [M+H]" 350.1732, found
350.1732.

5,5,5- = 3 -N-(4- H1 40 2k O R )-2- P BE 2- (O R O
F) K EE R (3b): 124.2 mg, AR A, F=3% 68%. m.p.
140.8~141.9 C; '"H NMR (400 MHz, CDCl;) : 7.33~
6.99 (m, 6H), 6.70 (d, J=8.8 Hz, 3H), 3.66 (s, 3H), 2.28
(s, 3H), 2.19 (dt, J=11.3, 5.4 Hz, 2H), 1.98~1.94 (m,
1H), 1.81~1.75 (m, 1H), 1.55 (s, 3H); F NMR (377
MHz, CDCl3) 6: —66.32 (t, J=10.6 Hz); 3C NMR (101
MHz, CDCly) 6: 173.3, 155.5, 137.8, 136.6, 129.7, 128.9,
1263 (q, J=277.29 Hz), 125.7, 120.8 (d, J=3.2 Hz),
113.0, 54.4, 48.8, 30.3 (d, J=2.7 Hz), 28.6 (q, J=28.7
Hz), 22.4 (q, J=2.1 Hz), 19.9; IR (film) v: 3265, 2973,
1655, 1601, 1512, 1241, 1134, 1024, 962, 831, 765, 614,
575, 551 cm™!; HRMS (ESI-TOF) calcd for CoH23NOF3
[M+H]" 366.1681, found 366.1681.

5,5,5- = 5 -N-(4-F, 25 3k )-2- i FE-2-(h FR 2 368 ) I
Z(3c): 104.2 mg, FEEE, 2% 59%. mp. 147.1~
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148.4 “C; '"H NMR (400 MHz, CDCl3) 6: 7.23~7.11 (m,
6H), 6.88~6.80 (m, 2H), 6.77 (s, 1H), 2.28 (s, 3H), 2.26~
2.11 (m, 2H), 2.04~1.92 (m, 1H), 1.85~1.66 (m, 1H),
1.56 (s, 3H); '°F NMR (377 MHz, CDCly) §: —66.35 (t,
J=10.6 Hz), —117.81~—117.89 (m); '*C NMR (101
MHz, CDCls) 6: 173.5, 158.4 (d, J=243.7 Hz), 137.5,
136.8, 132.6 (d, J=2.9 Hz), 129.0, 126.3 (q, J=277.2 Hz),
125.7, 120.8 (d, J=7.8 Hz), 114.5 (d, J=22.5 Hz), 48.9,
30.3(q, J=2.9 Hz), 28.6 (q, J=28.8 Hz), 22.2, 19.9; IR
(film) v: 3265, 2979, 2908, 2363, 1658, 1509, 1411, 1310,
1212, 1131, 1099, 1051, 843, 614, 521 cm !; HRMS
(ESI-TOF) caled for CioHyNOFs [M+H]" 354.1481,
found 354.1481.

N-(4-FFHE)-5,5,5- = 5 -2- FF FE-2- (e FR R 2% T T
fZ(3d): 110.9 mg, HEEAE, 73 60%. m.p. 166.5~
167.3 “C; '"H NMR (400 MHz, CDCls) 6: 7.25~7.05 (m,
8H), 6.76 (s, 1H), 2.29 (s, 3H), 2.25~2.13 (m, 2H), 1.98~
1.91 (m, 1H), 1.81~1.75 (m, 1H), 1.56 (s, 3H); "9F NMR
(377 MHz, CDCls) 6: —66.35 (t, J=10.7 Hz); *C NMR
(101 MHz, CDCl3) 0: 173.5, 137.3, 136.9, 135.2, 129.1,
128.3, 127.9, 126.2 (q, J=277.2 Hz ), 125.7, 120.1, 49.04,
30.3 (q, J=3.0 Hz), 28.5 (q, J=28.7 Hz), 22.2, 19.9; IR
(film) v: 3271, 3184, 2982, 2905, 2360, 1655, 1596, 1491,
1307, 1134, 1090, 1045, 1018, 837, 765, 661, 566, 507
cm '; HRMS (ESI-TOF) calcd for CioH2oNOF;Cl  [M+
H]" 370.1186, found 370.1186.

N-(4- IR ZHE)-5,5,5- = G -2- FF Jk-2- (%o HR R %) [ Tk
[iZ(3e): 126.4 mg, FEEMAE, 2% 61%. mp. 166.5~
167.8 “C; '"H NMR (400 MHz, CDCls) 6: 7.27 (d, J=8.6
Hz, 2H), 7.15 (d, J=9.2 Hz, 6H), 6.75 (s, 1H), 2.30 (s,
3H), 2.24~2.13 (m, 2H), 2.03~1.87 (m, 1H), 1.85~1.67
(m, 1H), 1.57 (s, 3H); 9F NMR (377 MHz, CDCl;) ¢:
—66.34 (t, J=10.6 Hz); 3C NMR (101 MHz, CDCl;) ¢:
173.5, 137.2, 136.9, 135.7, 130.8, 129.1, 126.2 (q, J=
2772 Hz), 125.7, 120.4, 115.9, 49.1, 30.2 (q, J=3.0 Hz),
28.5 (q, J=28.8 Hz), 22.3, 19.9; IR (film) v: 3271, 2973,
2366, 1646, 1515, 1408, 1274, 1241, 1117, 1051, 911, 852,
646, 527 cm '; HRMS (ESI-TOF) caled for CjoHpoNO-
F3:Br [M+H]" 414.0680, found 414.0675.

5,5,5- = B -N-(4- T2 58 )-2- i JE 2O FR S 8 ) T
& 3f): 117.6 mg, H O, =% 51%. mp. 157.3~
165.8 “C; '"H NMR (400 MHz, CDCl;) 6: 7.49~7.44 (m,
2H), 7.16 (s, 4H), 7.07~7.01 (m, 2H), 6.72 (s, 1H), 2.30
(s, 3H), 2.23~2.14 (m, 2H), 2.03~1.88 (m, 1H), 1.86~
1.69 (m, 1H), 1.57 (s, 3H); '9F NMR (377 MHz, CDCL;) §:

1824 http://sioc-journal.cn/
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—66.35 (t, J=10.7 Hz); 3C NMR (101 MHz, CDCl;) ¢:
173.5, 137.2, 136.9, 136.8, 136.4, 129.1, 1262 (q, J=
277.2 Hz), 125.7, 120.6, 86.5, 49.1, 30.2 (q, J=2.9 Hz),
28.5 (q, J=28.8 Hz), 22.3, 19.9; IR (film) v: 3250, 2964,
2360, 1661, 1590, 1509, 1480, 1396, 1304, 1253, 1158,
1128, 1090, 1051, 1003, 819, 760, 629, 569, 510 cm !;
HRMS (ESI-TOF) caled for CjoHyNOF:I [M + H] "
462.0542, found 462.0545.

N-(4-FUT FE L FE)-5,5,5- = F5-2- I 3k -2- (O T 3L )
IR (3g): 95.9 mg, FIEFEE, 23 49%. mp. 171.5~
174.9.8 ‘C; 'H NMR (400 MHz, CDCly) d: 7.30~7.03
(m, 8H), 6.71 (s, 1H), 2.28 (s, 3H), 2.26~2.12 (m, 2H),
2.07~1.90 (m, 1H), 1.89~1.71 (m, 1H), 1.56 (s, 3H),
1.19 (s, 9H); '°F NMR (377 MHz, CDCly) 6: —66.33 (t,
J=10.7 Hz); 3C NMR (101 MHz, CDCL3) §: 173.2, 146.4,
137.8, 136.7, 134.0, 128.9, 126.3 (q, J=277.2 Hz ), 125.7,
124.7, 118.6, 48.9, 33.3, 30.3, 28.6 (q, J=28.6 Hz), 22.4,
19.9; IR (film) v: 3291, 2958, 2357, 1655, 1599, 1319,
1259, 1155, 1122, 1072, 965, 834, 736, 673, 560, 536
cm '; HRMS (ESI-TOF) caled for Cp3HNOF; [M+H]"
392.2201, found 392.2205.

5,5,5- = 38-2- F - N-(A F R 3k )-2- (Rl R 2 ) T Tk
fZ(3h): 115.3 mg, HEGFEE, 7% 66%. m.p. 702~
70.8 °C; 'H NMR (400 MHz, CDCls) &: 7.73 (dd, J=8.1,
1.2 Hz, 1H), 7.23 (d, J=8.1 Hz, 4H), 7.13 (td, J=7.7, 1.7
Hz, 1H), 7.04 (dd, J=7.6, 1.7 Hz, 1H), 6.98 (td, J=17.5,
1.3 Hz, 1H), 6.78 (s, 1H), 2.36 (s, 3H), 2.33~2.24 (m,
2H), 2.17~1.98 (m, 1H), 1.98~1.82 (m, 1H), 1.81 (s,
3H), 1.65 (s, 3H); '°F NMR (377 MHz, CDCly) 9: —66.26
(t, J=10.7 Hz); C NMR (101 MHz, CDCls) §: 174.6,
138.8, 137.8, 135.7, 130.4, 130.0, 128.8, 127.5 (q, J=
2772 Hz), 126.8, 126.7, 125.0, 122.5, 50.0, 31.0 (q, J=2.9
Hz), 29.6 (q, J=28.7 Hz), 23.2, 20.9, 17.1; IR (film) v:
3271, 2982, 2372, 1658, 1590, 1518, 1453, 1331, 1256,
1128, 1060, 825, 745, 673, 575, 545 cm™'; HRMS (ESI-
TOF) caled for CyH»NOF; [M+H]" 350.1732, found
350.1731.

5,5,5- =38 -N-(2- FF 4R 2R 56 )-2- FFY 36 -2- (O} R ) I
Pz (3): 127.89 mg, HMGEIE, 7% 70%. m.p. 87.3~
99.1 “C; 'H NMR (400 MHz, CDCl;) &: 8.30 (dd, J=7.8,
1.8 Hz, 1H), 7.63 (s, 1H), 7.28 (d, J=8.3 Hz, 2H), 7.25~
7.19 (m, 2H), 7.00~6.87 (m, 2H), 6.74 (dd, J=8.0, 1.6
Hz, 1H), 3.60 (s, 3H), 2.35 (s, 3H), 2.34~2.25 (m, 2H),
2.18~2.00 (m, 1H), 1.98~1.82 (m, 1H), 1.66 (s, 3H); '°F
NMR (377 MHz, CDCl3) 6: —66.30 (t, J=10.7 Hz); 3C
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NMR (101 MHz, CDCLy) J: 174.2, 148.2, 138.8, 137.5,
129.8, 127.6, 127.5 (q, J=277.2 Hz), 126.7, 123.8, 121.0,
119.63, 110.1, 55.7, 50.3, 31.3 (g, J=2.9 Hz), 29.7 (q, J=
28.7 Hz), 23.3, 20.9; IR (film) v: 3393, 2958, 1688, 1604,
1521, 1488, 1465, 1390, 1319, 1253, 1122, 1051, 956, 825,
748, 623, 545 cm™ '; HRMS (ESI-TOF) calcd for CyoHpsN-
O,F; [M+H]" 366.1681, found 366.1682.

5,5,5- = F-2- FF FE - N-(2- AR 22 )-2- (O H R 22 ) [ T
% (3j): 90.1 mg, H @A, =% 51%. mp. 98.1~
98.6 °C; 'H NMR (400 MHz, CDCL) ¢: 8.15 (td, J=38.0,
1.6 Hz, 1H), 7.21 (d, J=8.4 Hz, 2H), 7.19 (s, 1H), 7.16 (s,
1H), 7.08~7.00 (m, 2H), 6.98~6.88 (m, 2H), 2.30 (s,
3H), 2.27~2.20 (m, 2H), 2.07~1.92 (m, 1H), 1.89~1.72
(m, 1H), 1.61 (s, 3H); °F NMR (377 MHz, CDCl;) &:
—66.40 (t, J=10.5 Hz), —131.39~—131.50 (m); '*C
NMR (101 MHz, CDCl:) 0: 173.5, 151.6 (d, J=243.4 Hz),
136.9 (d, J=31.6 Hz), 129.0, 125.6, 126.3 (q, J=277.2
Hz ), 125.1 (d, J=10.1 Hz), 123.5, 123.5 (d, J=1.4 Hz),
123.4, 120.8, 113.7 (d, J=19.2 Hz), 49.2, 30.2 (q, J=2.9
Hz), 28.5 (q, J=28.8 Hz), 22.2, 19.9; IR (film) v: 3280,
2988, 2363, 1667, 1619, 1539, 1453, 1304, 1265, 1152,
1128, 1090, 1045, 965, 825, 762, 563 cm '; HRMS
(ESI-TOF) calcd for CioH,)NOFs [M+H]" 354.1481,
found 354.1483.

N-Q2-FFHE)-5,5,5- = 5 -2- FF Jk-2- (%o A 2 368 ) [ Tk
% (3k): 97.9 mg, HEE K, 7% 53%. mp. 564~
57.3 “C; '"H NMR (400 MHz, CDCl;) J: 8.18 (dd, J=8.8,
1.4 Hz, 1H), 7.38 (s, 1H), 7.23~7.14 (m, 2H), 7.15~7.03
(m, 4H), 6.82 (td, J=7.7, 1.6 Hz, 1H), 2.30~2.24 (m,
1H), 2.23 (s, 3H), 2.21~2.15 (m, 1H), 2.07~1.85 (m,
1H), 1.86~1.66 (m, 1H), 1.56 (s, 3H); 'F NMR (377
MHz, CDCly) 0: —66.28 (t, J=10.6 Hz); 3C NMR (101
MHz, CDCl:) 6: 173.5, 136.9, 136.8, 133.5, 129.0, 127.9,
126.5, 126.3 (q, J=277.2 Hz), 125.7, 123.6, 122.1, 120.4,
49.3,29.9 (q, J=2.9 Hz), 28.5 (q, J=28.8 Hz), 22.1, 19.7;
IR (film) v: 3303, 2970, 2363, 1667, 1593, 1512, 1441,
1384, 1298, 1256, 1125, 1045, 825, 748, 697, 614, 557
cm '; HRMS (ESI-TOF) caled for C1oHoNOF;Cl  [M—+
H]" 370.1186, found 370.1187.

N-Q2-IRFHE)-5,5,5- — 5 -2- FF JE-2-(xf F 2 368 ) T Tk
fZ@31): 109.8 mg, LA, 7% 53%. 'H NMR (400
MHz, CDCls) 6: 8.21 (dd, J=8.2, 1.5 Hz, 1H), 7.42~7.31
(m, 2H), 7.27~7.14 (m, 5H), 6.84 (td, J=7.7, 1.6 Hz,
1H), 2.41~2.14 (m, 5H), 2.13~1.90 (m, 1H), 1.86~1.74
(m, 1H), 1.62 (s, 3H); °F NMR (377 MHz, CDCl;) ¢:
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—66.36 (td, J=10.6, 2.4 Hz); 3C NMR (101 MHz,
CDCly) d: 173.6, 136.9, 136.8, 134.6, 131.1, 129.1, 127.3,
126.2 (q, J=277.2 Hz), 125.8, 124.1, 120.5, 112.5, 49.3,
29.9 (d, J=3.0 Hz), 28.5 (q, J=28.9 Hz), 22.2, 19.9; IR
(film) v: 3309, 2985, 2363, 1691, 1601, 1509, 1435, 1399,
1262, 1131, 1060, 1027, 965, 819, 757, 560 cm'; HRMS
(ESI-TOF) caled for C19HxNOF;Br [M+H]" 414.0680,
found 414.0679.

5,5,5- = Fl-2- FF JE - N-(2- ML AR 3 )-2- (X R R 2 ) T2
fZ@3m): 117.6 mg, FMEA, F=3% 51%. mp. 74.6~
77.6 ‘C; '"H NMR (400 MHz, CDCls) &: 8.21 (dd, J=8.2,
1.5 Hz, 1H), 7.40 (s, 1H), 7.34 (dd, J=8.0, 1.5 Hz, 1H),
7.26~7.15 (m, 5H), 6.84 (td, J=7.7, 1.6 Hz, 1H), 2.36~
2.28 (m, 1H), 2.28 (s, 3H), 2.27~2.19 (m, 1H). 2.09~
1.92 (m, 1H), 1.89~1.71 (m, 1H), 1.62 (s, 3H); "°F NMR
(377 MHz, CDCls) 6: —66.31 (t, J=10.7 Hz); *C NMR
(101 MHz, CDCLy) 6: 173.7, 137.7, 137.1, 137.0, 136.8,
129.1, 128.1, 126.3 (q, J=277.3 Hz), 125.9, 124.8, 120.5,
88.5,49.2,29.9 (q, J=3.0 Hz), 28.5 (q, J=28.8 Hz), 22.2,
19.9; IR (film) v: 3348, 2979, 2363, 1694, 1587, 1512,
1429, 1393, 1298, 1134, 1048, 1012, 828, 751, 626, 554
cm '; HRMS (ESI-TOF) calcd for C19H2oNOF;I [M+H]"
462.0542, found 462.0542.

5,5,5- = 92~ F k- -] B R R )-2- (0 PR AR K ) T
fZ(3n): 78.6 mg, HEEE, f“3 45%. mp. 1284~
128.9 °C; '"H NMR (400 MHz, CDCl;) 6: 7.29~7.19 (m,
5H), 7.18~7.08 (m, 2H), 6.91~6.86 (m, 1H), 6.77 (s,
1H), 2.37 (s, 3H), 2.32~2.28 (m, 1H), 2.29 (s, 3H), 2.26~
221 (m, 1H)., 2.15~1.97 (m, 1H), 1.98~1.79 (m, 1H),
1.65 (s, 3H); '°F NMR (377 MHz, CDCly) 6: —66.37 (t,
J=10.7 Hz); 3C NMR (101 MHz, CDCls) §: 174.4, 138.9,
138.7, 137.8, 137.6, 130.0, 128.8, 127.3 (q, J=277.2 Hz),
126.7, 125.2, 120.4, 116.9, 50.1, 31.4 (q, J=2.8 Hz), 29.7
(q, J=28.7 Hz), 23.5, 21.4, 20.9; IR (film) v: 3268, 2976,
1655, 1596, 1539, 1429, 1384, 1295, 1253, 1131, 1051,
956, 765, 765, 694, 557 cm”'; HRMS (ESI-TOF) calcd for
C20H2sNOF; [M+H]" 350.1732, found 350.1732.

5,5,5- -2~ FF B - N- 2R L 2Ot FE R IR BE 2 (30):
88.9 mg, HEEMA, P& 53%. mp. 1454~1475 C;
'H NMR (400 MHz, CDCl3) 6: 7.26 (d, J=7.9 Hz, 2H),
7.21~7.13 (m, 6H), 6.99 (t, J=7.3 Hz, 1H), 6.74 (s, 1H),
2.29 (s, 3H), 2.26~2.12 (m, 2H), 2.07~1.86 (m, 1H),
1.85~1.71 (m, 1H), 1.57 (s, 3H); '°F NMR (377 MHz,
CDCls) 6: —66.33 (t, J=10.6 Hz); *C NMR (101 MHz,
CDCls) 6: 173.4, 137.5, 136.8, 136.6, 128.9, 127.9, 126.3
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(q,J=277.2Hz) 125.7, 123.4, 118.8, 49.0, 30.3 (q, J=3.0
Hz), 28.6 (q, J=28.8 Hz), 22.4, 19.9; IR (film) v: 3280,
2946, 1658, 1601, 1518, 1447, 1399, 1316, 1256, 1140,
1051, 905, 825, 762, 703, 626, 554, 513 cm '; HRMS
(ESI-TOF) calcd for CioHyNOF; [M+H]" 336.1575,
found 336.1576.

5,5,5- =5 -2- F N, 2- ORI Z (3p): 83.5 mg,
HEE A, F2% 52%. mp. 134.6~1353 C; '"H NMR
(600 MHz, CDCl3) d: 7.47 (t, J=7.6 Hz, 2H), 7.44~7.35
(m, 5H), 7.34~7.26 (m, 2H), 7.14~7.08 (m, 1H), 6.81 (s,
1H), 2.41~2.28 (m, 2H), 2.15~2.04 (m, 1H), 1.97~1.87
(m, 1H), 1.72 (s, 3H); F NMR (565 MHz, CDCl) ¢:
—66.37 (t, J=10.7 Hz); 3C NMR (151 MHz, CDCl;) ¢:
174.2, 141.8, 137.6, 129.4, 1289, 128.0, 127.3 (q, J=
276.3 Hz), 126.8, 124.5, 119.9, 50.4, 31.4 (q, J=2.9 Hz),
29.6 (q, J=28.8 Hz), 23.4; IR (film) v: 3256, 2982, 2351,
1658, 1593, 1530, 1444, 1387, 1322, 1250, 1125, 1057,
968, 822, 754, 697, 599, 557, 516 cm " '; HRMS (ESI-TOF)
caled for CigHioNOF; [M + H] © 322.1419, found
322.1417.

5,5,5- =5 -2-(4- H AR 2R R )-2- YRR V- O R R T i
(3q): 79.0 mg, HEE K, F7E 45%. mp. 1257~
126.4 “C; '"H NMR (400 MHz, CDCls) 6: 7.39~7.18 (m,
6H), 7.06 (t, J=7.1 Hz, 1H), 6.98~6.92 (m, 2H), 6.87 (s,
1H), 3.83 (s, 3H), 2.40~2.16 (m, 2H), 2.34~2.21 (m,
1H), 1.92~1.75 (m, 1H), 1.64 (s, 3H); 'F NMR (377
MHz, CDCLy) 6: —66.30 (t, J=10.6 Hz); 3C NMR (101
MHz, CDCly) 0: 174.6, 159.1, 137.7, 133.4, 128.9, 128.1,
1273 (q, J=276.7 Hz), 124.4, 119.9, 114.7, 55.3, 49.7,
31.4 (q, J=2.9 Hz), 29.6 (q, J=28.7 Hz), 23.5; IR (film)
v: 3268, 2970, 1661, 1601, 1518, 1444, 1393, 1253, 1188,
1131, 1053, 965, 834, 751, 700, 614, 557, 516 cm '
HRMS (ESI-TOF) caled for CjoHzNOJF; [M + H]"
352.1524, found 352.1525.

2-(4-F K HE)-5,5,5- = F-2- I JE-N- 2 HE TR B % (Br):
65.8 mg, FAMEA, =F 37%. mp. 140.5~141.3 C;
'H NMR (400 MHz, CDCL3) §: 7.32 (d, J=8.5 Hz, 2H),
7.28~7.24 (m, 3H), 7.23~7.17 (m, 3H), 7.01 (t, J=7.3
Hz, 1H), 6.71 (s, 1H), 2.29~2.10 (m, 2H), 2.07~1.90 (m,
1H), 1.89~1.72 (m, 1H), 1.58 (s, 3H); 'F NMR (377
MHz, CDCLy) 6: —66.36 (t, J=10.5 Hz); 3C NMR (101
MHz, CDCly) 0: 172.4, 139.4, 136.3, 132.9, 128.5, 127.9,
127.1, 126.1 (q, J=277.3 Hz), 123.7, 118.9, 48.9, 30.5 (q,
J=3.0 Hz), 28.6 (q, J=28.9 Hz), 22.3; IR (film) v: 3274,
2940, 1655, 1599, 1536, 1491, 1393, 1259, 1018, 923, 837,
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757, 694, 605, 554 cm '; HRMS (ESI-TOF) calcd for
CisHisNOF;Cl [M+H]" 356.1029, found 356.1027.

5,5,5- = 92 FH - N- IR k-2 (4-( =5 R R OR) 2R k)
K Bt % (3s): 48.7 mg, A @A, 7 F 25%. mp.
157.8.4~159.1 C; '"H NMR (400 MHz, CDCl;) &: 7.70
(d, J=8.2 Hz, 2H), 7.53 (d, J=8.2 Hz, 2H), 7.41~7.34
(m, 2H), 7.30 (dd, J=8.6, 7.2 Hz, 2H), 7.11 (td, J=7.2,
1.3 Hz, 1H), 6.73 (s, 1H), 2.44~2.21 (m, 2H), 2.21~2.04
(m, 1H), 2.01~1.89 (m, 1H), 1.72 (s, 3H); '°F NMR (377
MHz, CDCl3) §: —62.73, —66.45 (t, J=10.5 Hz); '*C
NMR (101 MHz, CDCl:) o: 172.8, 146.3, 137.2, 129.1,
127.1, 127.0 (q, J=277.75 Hz), 126.5 (q, J=275.7 Hz),
126.3 (q, J=3.7 Hz), 124.9, 120.1, 50.4, 31.7 (d, J=3.0
Hz), 29.7 (q, J=29.0 Hz), 23.4; IR (film) v: 3277, 2920,
1655, 1601, 1539, 1441, 1393, 1340, 1310, 1256, 1126,
1099, 1069, 840, 751, 703, 620, 542, 510 cm '; HRMS
(ESI-TOF) calcd for C1oH;sNOFs [M+H]" 390.1293,
found 390.1290.

5,5,5- = -2~ R - N- 2R 5L -2- (410 FE RS R Tt i (3¢):
72.1 mg, AHMEEK, P25 43%. m.p. 108.6~110.8 C;'H
NMR (400 MHz, CDCl3) 0: 7.37~7.29 (m, 1H), 7.28~
7.10 (m, 7H), 7.00 (dt, J=7.4, 3.6 Hz, 1H), 6.77 (d, J=4.6
Hz, 1H), 2.40~2.25 (m, 2H), 2.23 (d, J=2.0 Hz, 3H),
2.07~1.88 (m, 1H), 1.60 (d, J=2.0 Hz, 3H), 1.55~1.46
(m, 1H); 'F NMR (377 MHz, CDCl3) §: —66.34 (t, J=
10.6 Hz); 3C NMR (101 MHz, CDCls) d: 175.2, 139.1,
137.7, 137.4, 1329, 129.2, 128.3, 127.3 (q, J=277.8 Hz),
127.1, 126.7, 124.5, 119.9 (d, J=1.4 Hz), 50.1, 29.6 (q,
J=28.8 Hz), 28.9 (q, J=3.1 Hz), 24.6, 20.5; IR (film) v:
3256, 3128, 3062, 2961, 1661, 1607, 1542, 1500, 1450,
1387, 1313, 1253, 1137, 1030, 757, 697, 599, 563, 474
cm '; HRMS (ESI-TOF) caled for C19H, NOF; [M+H]"
336.1575, found 336.1574.

2-(3-F K H)-5,5,5- = F-2- F FL-N- K 2 TR Bk % (3u):
67.6 mg, FEE, 723 38%. m.p. 118.4~119.7 C;'H
NMR (400 MHz, CDCl3) 0: 7.38~7.31 (m, 5H), 7.32~
7.23 (m, 3H), 7.09 (td, J=7.3, 1.5 Hz, 1H), 6.81 (d, J=5.1
Hz, 1H), 2.38~2.17 (m, 2H), 2.13~2.03 (m, 1H), 1.99~
1.82 (m, 1H), 1.66 (d, J=1.6 Hz, 3H); '°F NMR (377
MHz, CDCl;) 6: —66.36 (td, J=10.6, 3.0 Hz); '*C NMR
(101 MHz, CDCls) §: 173.2, 144.2, 137.4, 135.3, 130.6,
129.0, 128.2, 127.1 (q, J=277.8 Hz), 126.8, 125.1, 124.8,
120.1 (d, J=2.0 Hz), 50.3, 31.5 (q, J=2.9 Hz), 29.6 (q,
J=28.8 Hz), 23.2; IR (film) v: 3303, 2976, 1661, 1599,
1548, 1497, 1453, 1390, 1319, 1256, 1131, 1105, 1054,
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959, 917, 837, 760, 709, 694, 611, 462 cm '; HRMS
(ESI-TOF) calcd for CsH;sNOF;Cl [M+H]" 356.1029,
found 356.1028.

5,5,5- = 3-N-1,3,5- = FI B 2R -2 A B2 () R R )
IR (3v): 81.2 mg, HEER, =% 43%. m.p. 136.7~
137.7 “C; '"H NMR (400 MHz, CDCl;) : 7.25 (d, J=8.3
Hz, 2H), 7.14 (d, J=8.0 Hz, 2H), 6.70 (s, 2H), 6.32~6.22
(m, 1H), 2.27 (s, 3H), 2.23 (dd, J=6.3, 4.8 Hz, 1H), 2.17
(dd, J=13.7, 43 Hz, 1H), 2.12 (s, 3H), 2.07~1.91 (m,
1H), 1.89 (s, 6H), 1.82~1.63 (m, 1H), 1.59 (s, 3H); '°F
NMR (377 MHz, CDCls) 6: —66.24 (t, J=10.7 Hz); 13C
NMR (101 MHz, CDCl) d: 173.5, 137.9, 136.6, 135.7,
133.9 (d, J=1.4 Hz), 130.0 (d, J=1.8 Hz), 128.8, 127.8,
126.4 (q, J=277.3 Hz), 125.8, 48.3, 29.9 (q, J=2.9 Hz),
28.5 (q, J=28.7 Hz), 21.9 (d, J=2.0 Hz), 19.9, 19.8, 17.2;
IR (film) v: 3277, 2970, 2363, 1652, 1509, 1447, 1247,
1128, 1057, 914, 848, 739, 602, 533 cm '; HRMS
(ESI-TOF) caled for CypHyyNOF; [M~+H]" 378.2045,
found 378.2043.

5,5,5- = -2 R L -2-(1- 25 55 )-N- 25 L T 19K i (Bw):
743 mg, HEFEE, F2% 40%. mp. 125.6~126.9 C;
'H NMR (400 MHz, CDCl3) &: 7.80 (tt, J=8.6, 2.2 Hz,
4H), 7.54~7.41 (m, 2H), 7.35 (dt, J=8.7, 2.2 Hz, 1H),
7.23 (dd, J=8.0, 2.2 Hz, 2H), 7.17 (dt, J=8.8, 4.4 Hz,
2H), 7.03~6.92 (m, 1H), 6.74 (s, 1H), 2.39~2.28 (m,
2H), 2.12~1.96 (m, 1H), 1.85~1.72 (m, 1H), 1.70 (d, J=
2.3 Hz, 3H); F NMR (377 MHz, CDCl;) §: —66.32 (t,
J=10.8 Hz); 3C NMR (101 MHz, CDCls) 6: 174.1, 139.1,
137.6, 133.3, 132.7, 129.4, 128.9, 128.1, 127.7, 127.3 (q,
J=271.3 Hz), 126.9, 126.8, 125.5, 124.9, 124.5, 119. 9,
50.6, 31.1 (q, J=3.0 Hz), 29.7 (q, J=28.8 Hz), 23.3; IR
(film) v: 3241, 2967, 1661, 1601, 1542, 1491, 1444, 1393,
1259, 1131, 1039, 968, 745, 700, 599, 557 cm™'; HRMS
(ESI-TOF) caled for CypHyNOF; [M+H]" 372.1575,
found 372.1572.

5,5,5- = Fl-2- F FE - N- 2 3 -2-(2- My 58 ) LI, 19 e (3x):
62.2 mg, FMEA, F=% 38%. mp. 96.7~982 C; 'H
NMR (400 MHz, CDCls) d: 7.29~7.22 (m, 3H), 7.20~
7.11 (m, 3H), 7.04~6.93 (m, 3H), 2.31~2.17 (m, 2H),
2.12~1.98 (m, 1H), 1.99~1.87 (m, 1H), 1.63 (s, 3H); '°F
NMR (377 MHz, CDCl3) 6: —66.21 (td, J=10.5, 3.3 Hz);
3C NMR (101 MHz, CDCly) d: 172.8, 146.5, 137.4, 128.9,
127.6, 127.2 (q, J=277.3 Hz), 126.1, 125.9, 124.7, 120.1
(d, J=1.6 Hz), 48.8, 32.3 (q, J=3.1 Hz), 29.7 (q, J=28.8
Hz), 24.7; IR (film) v: 3297, 2985, 1670, 1596, 1545,
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1438, 1390, 1319, 1259, 1206, 1120, 1072, 971, 762, 694,
504, 493 cm™ !'; HRMS (ESI-TOF) calcd for Ci6H7NOF;S
[M-+H]" 328.0983, found 328.0984.

5,5- f-2- FOBE N 2- (O RS R ) TR B i (da):
99.42 mg, AR, % 60%. mp. 121.9~122.4 C;
'H NMR (400 MHz, CDCl3) §: 7.19~7.16 (m, 2H), 7.13
(tt, J=4.9, 2.4 Hz, 4H), 7.01~6.90 (m, 2H), 6.72 (s, 1H),
5.66 (tt, J=56.9, 4.4 Hz, 1H), 2.27 (s, 3H), 2.18 (s, 3H),
2.19~2.01 (m, 2H), 1.80~1.60 (m, 1H), 1.58~1.44 (m,
1H), 1.54 (s, 3H); 9F NMR (377 MHz, CDCl) o
—115.74 (ddt, J=56.9, 17.4, 2.6 Hz); 3C NMR (101
MHz, CDCLy) 0: 173.6, 138.2, 136.4, 134.2, 132.9, 128.8,
128.3, 125.7, 118.9, 116.3 (t, J=239.3 Hz), 49.2, 30.3 (t,
J=5.3 Hz), 28.6 (t, J=21.1 Hz), 22.5, 19.9, 19.8; IR
(film) v: 3312, 2976, 2922, 1661, 1601, 1512, 1408, 1316,
1235, 1054, 1012, 905, 819, 736, 703, 521, 477 cm !;
HRMS (ESI-TOF) caled for CyHx.NOF, [M + H] '
332.1826, found 332.1827.

5,5- - 9-N-(4- FH AR R R R )-2- FH -2 - (O R R R T
[ (4b): 109.4 mg, FEA[FEE, % 63%. mp. 116.3~
123.4 °“C; '"H NMR (400 MHz, CDCls) 6: 7.21~7.17 (m,
3H), 7.16~7.11 (m, 3H), 6.72 (d, J=8.7 Hz, 2H), 6.68 (s,
1H), 5.69 (tt, J=56.9, 4.4 Hz, 1H), 3.68 (s, 3H), 2.29 (s,
3H), 2.18~2.02 (m, 2H), 1.73~1.47 (m, J=27.3, 13.9,
8.9 Hz, 1H), 1.59~1.47 (m, 1H), 1.56 (s, 3H); '°F NMR
(377 MHz, CDCl3) §: —115.8 (ddt, J=56.1, 17.7, 56.5
Hz); *C NMR (101 MHz, CDCls) 8: 173.6, 155.4, 138.3,
136.4, 129.8, 128.8, 125.7, 120.7, 116.3 (t, J=239.2 Hz),
113.4, 54.4,49.1, 30.3 (t, J=5.4 Hz), 28.7 (t, J=21.1 Hz),
22.5, 19.9; IR (film) v: 3277, 2967, 2357, 1655, 1599,
1506, 1408, 1301, 1236, 1030, 947, 819, 765, 688, 554,
513 cm™!; HRMS (ESI-TOF) calcd for Ca0H24NO,F, [M+
H]" 348.1775, found 348.1776.

5,5- 9 -N-(4- 5K Jk )-2- Bk -2- (O FR 0 3 ) L T A
(4c): 77.1 mg, H@GFE K, =%H 46%. mp. 1414~
141.9 °C; '"H NMR (400 MHz, CDCl;) 6: 7.23~7.16 (m,
4H), 7.14 (d, J=8.3 Hz, 2H), 6.85 (t, J=8.6 Hz, 2H),
6.80~6.73 (m, 1H), 5.67 (tt, J=56.8, 4.3 Hz, 1H), 2.28 (s,
3H), 2.17~2.03 (m, 2H), 1.81~1.62 (m, 1H), 1.64~1.50
(m, 1H), 1.55 (s, 3H); '9F NMR (377 MHz, CDCl;) ¢:
—115.82 (ddt, J=56.8, 17.4, 3.4 Hz), —117.99 (tt, J=
8.7, 4.8 Hz); *C NMR (101 MHz, CDCl;) d: 173.8, 158.3
(d, J=243.6 Hz), 137.9, 136.6, 132.7 (d, J=2.8 Hz),
128.9, 125.7, 120.7 (dd, J=7.9, 1.6 Hz), 1162 (t, J=
240.16 Hz), 114.6, 114.4, 49.2, 30.2 (t, J=5.4 Hz), 28.6 (t,
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J=21.1 Hz), 22.4, 19.9; IR (film) v: 3277, 2961, 1658,
1613, 1509, 1468, 1402, 1310, 1215, 1125, 1054, 950, 837,
771, 685, 521, 471 cm™'; HRMS (ESI-TOF) calcd for
C19H2 NOF; [M+H]" 336.1575, found 336.1578.

N-(4-FA K IE)-5,5- 5 -2- I 3E-2- (Ol 28 368 ) I 1k A
(4d): 89.7 mg, HEFE K, % 51%. mp. 149.6~
150.1 “C; '"H NMR (400 MHz, CDCls) 6: 7.44~7.04 (m,
8H), 6.83 (s, 1H), 5.76 (tt, J=56.8, 4.3 Hz, 1H), 2.37 (s,
3H), 2.27~2.10 (m, 2H), 1.91~1.68 (m, 1H), 1.69~1.59
(m, 1H), 1.63 (s, 3H); YF NMR (377 MHz, CDCL) ¢:
—115.86 (dt, J=56.8, 17.4 Hz); '3C NMR (101 MHz,
CDCls) 6: 173.8, 137.8, 136.7, 135.3, 128.9, 128.2, 127.8,
125.7, 120.0, 116.2 (t, J=239.3 Hz), 49.3, 30.2 (t, J=5.4
Hz), 28.6 (t, J=21.2 Hz), 22.4, 19.9; IR (film) v: 3277,
2978, 1695, 1596, 1512, 1432, 1411, 1381, 1304, 1131,
1055, 951, 825, 753, 681, 552, 501 cm '; HRMS
(ESI-TOF) calcd for C19H,NOF,Cl [M+H]" 352.1280,
found 352.1277.

N-(4-1R IR 3E)-5,5- — 5-2- 1 36-2-(Chl H 28 368 ) P 1k A
(4e): 105.1 mg, MA[E M, 723 53%. mp. 149.7~
151.6 ‘C; '"H NMR (400 MHz, CDCls) 6: 7.34~7.24 (m,
2H), 7.22~7.10 (m, 6H), 6.74 (s, 1H), 5.68 (it, J=56.8,
4.3 Hz, 1H), 2.29 (s, 3H), 2.09 (td, J=13.6, 12.3, 7.0 Hz,
2H), 1.83~1.61 (m, 1H), 1.61~1.51 (m, 1H), 1.56 (s,
3H); F NMR (377 MHz, CDCly) §: —115.87 (dt, J=
56.8, 17.4 Hz); 3C NMR (101 MHz, CDCls) §: 173.8,
137.8, 136.7, 135.8, 130.8, 128.9, 125.7, 120.2, 116.2 (t,
J=240.2 Hz), 115.8, 49.4, 30.2 (t, J=5.3 Hz), 28.6 (t, J=
21.2 Hz), 22.4, 19.9; IR (film) v: 3277, 2970, 2925, 2360,
1643, 1512, 1405, 1277, 1241, 1128, 1057, 914, 825, 643,
602, 557 cm”'; HRMS (ESI-TOF) caled for CjoHaiN-
OF,Br [M-+H]" 396.0775, found 396.0775.

5,5- G- N-(4- T % FE )-2- HF L -2 (Ohf P 2 58 ) T T e
(4f): 97.5 mg, HEEMA, 7% 44%. mp. 1354~
136.7 “C; 'H NMR (400 MHz, CDCL) d: 7.44 (dd, J=38.7,
1.7 Hz, 2H), 7.22~7.08 (m, 4H), 7.06~6.99 (m, 2H), 6.77
(d, J=7.7 Hz, 1H), 6.25~5.40 (m, 1H), 2.28 (s, 3H),
2.16~2.00 (m, 2H), 1.81~1.58 (m, 1H), 1.59~1.49 (m,
1H), 1.54 (s, 3H); '9F NMR (377 MHz, CDCLy) o
—115.79 (dt, J=56.9, 17.7 Hz); 3C NMR (101 MHz,
CDCl3) 8: 173.8, 137.8, 136.7, 136.6, 136.5, 128.9, 125.7,
120.6 (d, J=2.4 Hz), 116.2 (t, J=239.4 Hz), 86.4, 49.4,
30.2 (t, J=5.3 Hz), 28.6 (t, J=21.1 Hz), 22.3, 19.9; IR
(film) v: 3274, 2967, 1661, 1590, 1521, 1482, 1396, 1244,
1125, 1057, 1012, 947, 816, 709, 556, 516 cm”'; HRMS
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(ESI-TOF) caled for CioHNOF,I [M+H]" 444.0636,
found 444.0633.

5,5- L 9R-2- H Bk - V- (TR] R R 2R )-2- (O FA 25 35k ) T Pt fic
(4g): 71.3 mg, AAEE, 7% 43%. m.p. 89.0~90.4 C;
'H NMR (400 MHz, CDCly) &: 7.31~7.24 (m, 2H),
7.24~7.19 (m, 3H), 7.17~7.08 (m, 2H), 6.88 (d, J=7.2
Hz, 1H), 6.78 (s, 1H), 6.18~5.41 (m, 1H), 2.37 (s, 3H),
2.29 (s, 3H), 2.27~2.11 (m, 2H), 1.91~1.82 (m, 1H),
1.69 (dd, J=16.9, 4.3 Hz, 1H), 1.64 (s, 3H); °F NMR
(377 MHz, CDCly) §: —115.63 (dt, J=56.7, 17.2, 2.4
Hz); *C NMR (101 MHz, CDCl) 8: 174.7, 139.2, 138.9,
137.7, 137.5, 129.9, 128.7, 126.8, 125.1, 120.4, 119.6,
117.3 (t, J=239.3 Hz), 116.8, 114.9, 50.4, 31.3, 29.7 (t,
J=21.1 Hz), 23.6, 21.4, 21.0; IR (film) v: 3274, 2973,
1658, 1610, 1533, 1488, 1402, 1307, 1247, 1131, 1042,
941, 876, 777, 697, 557 cm” '; HRMS (ESI-TOF) calcd for
C20H24NOF, [M+H]" 332.1826, found 332.1823.

5,5- 9 -N-(2- 5 IR Ak )-2- i Bk -2- (O FR 0 3 ) L T A
(4h): 67.1 mg, AAGEIA, 725 40%. m.p. 79.1~80.4 C;
'H NMR (400 MHz, CDCl3) 6: 8.11 (t, J=8.0 Hz, 1H),
7.22~7.08 (m, 4H), 7.08~7.03 (m, 1H), 7.02~6.95 (m,
1H), 6.92~6.82 (m, 2H), 5.66 (tt, J=56.8, 4.4 Hz, 1H),
2.25 (s, 3H), 2.11 (dt, J=11.3, 5.4 Hz, 2H), 1.82~1.61
(m, 1H), 1.55 (s, 3H), 1.62~1,50 (m, 1H); '°F NMR (377
MHz, CDCly) §: —115.77 (ddt, J=56.6, 17.3, 3.8 Hz),
—131.18~—131.25 (m); '*C NMR (101 MHz, CDCl;) §:
174.8, 152.7 (d, J=243.4 Hz), 138.8, 137.6, 129.9, 126.7,
126.3 (d, J=10.1 Hz), 124.5, 124.4 (d, J=3.6 Hz), 121.9,
117.3 (t, J=239.3 Hz), 114.8 (d, J=19.2 Hz), 50.6, 31.2
(t, J=5.4 Hz), 29.7 (t, J=21.1 Hz), 23.4, 20.9; IR (film) v:
3223, 3036, 2970, 1664, 1503, 1456, 1417, 1384, 1304,
1265, 1221, 1120, 1051, 917, 816, 757, 676, 551, 465
cm '; HRMS (ESI-TOF) calcd for C19Hy NOF; [M+H]"
336.1575, found 336.1575.

N-(2-FA K E)-5,5- 55 -2- FF L -2l B 2 368 ) [ ik i
(4i): 86.2 mg, ToAIRIK, 7% 49%. 'H NMR (400 MHz,
CDCl3) d: 8.20 (dd, J=8.4, 1.6 Hz, 1H), 7.39 (s, 1H),
7.24~7.16 (m, 2H), 7.14~7.04 (m, 4H), 6.82 (td, J=7.7,
1.6 Hz, 1H), 5.65 (tt, J=56.8, 4.3 Hz, 1H), 2.23 (s, 3H),
2.20~2.05 (m, 2H), 1.81~1.62 (m, 1H), 1.55 (s, 3H),
1.60~1.52 (m, 1H); "F NMR (377 MHz, CDCl) §:
—115.68 (ddt, J=56.8, 17.4, 6.4 Hz); *C NMR (101
MHz, CDCL3) d: 174.9, 138.6, 137.6, 134.6, 129.9, 128.9,
127.6, 126.8, 124.6, 123.1, 121.4, 117.3 (t, J=239.3 Hz),
50.7, 31.0 (t, J=5.3 Hz), 29.6 (t, J=21.2 Hz), 23.3, 20.9;
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IR (film) v: 3303, 2970, 2920, 2360, 1667, 1593, 1512,
1441, 1384, 1298, 1256, 1125, 1045, 989, 825, 748, 697,
614, 557 cm !'; HRMS (ESI-TOF) caled for CioHyN-
OF,Cl [M+H]" 352.1280, found 352.1282.

N-(Q2-JRHHE)-5,5- " F-2- H FE 2Ot F 4368 ) LR B e
(4j): 101.1 mg, HEFEMAE, % 51%. mp. 81.5~
82.3 °C; 'H NMR (400 MHz, CDCL) &: 8.32~8.00 (m,
1H), 7.39 (s, 1H), 7.26 (dd, J=8.1, 1.4 Hz, 1H), 7.22~
7.06 (m, 5H), 6.75 (td, J=7.7, 1.5 Hz, 1H), 5.65 (tt, J=
56.8, 4.4 Hz, 1H), 2.22 (s, 3H), 2.17~2.09 (m, 2H),
1.76~1.68 (m, 1H), 1.55 (s, 3H), 1.58~1.50 (m, 1H); '°F
NMR (377 MHz, CDCl3) 6: —115.63 (ddt, J=56.9, 17.3,
7.5 Hz); 3C NMR (101 MHz, CDCL) J: 174.9, 138.6,
137.6, 135.8, 132.2, 130.0, 128.3, 126.9, 125.1, 121.6,
117.3 (t, J=239.3 Hz), 113.6, 50.7, 30.9 (t, J=5.3 Hz),
29.6 (t, J=21.2 Hz), 23.3, 21.0; IR (film) v: 3309, 2985,
2922, 2363, 1691, 1601, 1509, 1435, 1399, 1319, 1262,
1131, 1060, 1021, 965, 819, 757, 560 cm '; HRMS
(ESI-TOF) caled for C1oHyNOF,Br [M+H]" 396.0775,
found 396.0772.

5,5- G- N-(2- Tl % FE )-2- HF L -2 (hf P 2 58 ) I T e
(4k): 88.7 mg, FAMEMK, 7% 40%. m.p. 622~62.8 C;
'H NMR (400 MHz, CDCLs) 8: 8.09 (dd, J=8.2, 1.5 Hz,
1H), 7.52 (dd, J=8.0, 1.5 Hz, 1H), 7.30~7.02 (m, 6H),
6.63 (td, J=7.7, 1.6 Hz, 1H), 5.67 (tt, J=56.7, 4.3 Hz,
1H), 2.24 (s, 3H), 2.22~2.06 (m, 2H), 1.78~1.68 (m,
1H), 1.57 (s, 3H), 1.60~1.54 (m, 1H); 'F NMR (377
MHz, CDCls) 6: —115.41~—115.68 (m); 3C NMR (101
MHz, CDCl3) 6: 173.9, 137.7, 137.6, 137.2, 136.5, 128.9,
128.0, 125.9, 124.7, 120.4, 116.2 (t, J=239.3 Hz), 88.5,
49.5,29.9 (t, J=5.3 Hz), 28.5 (t, J=21.1 Hz), 22.2, 19.9;
IR (film) v: 3351, 2967, 1691, 1581, 1512, 1295, 1131,
1054, 1012, 947, 908, 819, 762, 554 cm !; HRMS
(ESI-TOF) caled for CioHyNOF,I [M—+H]" 444.0636,
found 444.0632.

5,5- " 3-N-1,3,5- = L 2K 2 FE BL 2 2R ) &,
BEAE4D): 73.7 mg, AGEE, 7% 41%. mp. 1192~
121.1 °C; 'H NMR (400 MHz, CDCl3) 6: 7.31 (d, J=8.0
Hz, 2H), 7.20 (d, J=8.0 Hz, 2H), 6.78 (s, 2H), 6.43 (s,
1H), 5.70 (it, J=56.9, 4.4 Hz, 1H), 2.35 (s, 3H), 2.20 (s,
3H), 2.19~2.09 (m, 2H), 1.96 (s, 6H), 1.88~1.68 (m,
1H), 1.64 (s, 3H), 1.60~1.44 (m, 1H); '°F NMR (377
MHz, CDCly) 6: —115.44 (ddt, J=56.6, 21.7, 17.5 Hz);
13C NMR (101 MHz, CDCLy) 8: 174.9, 139.5, 137.4, 136.6,
135.0, 131.3, 129.7, 128.9, 126.9, 117.5 (t, J=239.2 Hz),
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49.7,31.1 (t, J=5.4 Hz), 29.7 (t, J=21.1 Hz), 22.9, 20.9,
20.9, 18.3; IR (film) v: 3277, 2973, 2369, 1646, 1509,
1405, 1271, 1233, 1122, 1054, 914, 816, 635, 521 cm !;
HRMS (ESI-TOF) caled for CpnHxNOF, [M + H]©
360.2139, found 360.2137.
322 #HAER

R RESI AT 10 mL EHE A 3a (0.2
mmol, 1.0 equiv.), LiAlHs (0.4 mmol, 2.0 equiv.), THF
(1.5mL), BT 100 'CF, KM 12h. fERMEERE, H
MR /K (S mL)A K, 1R CEEAEEL(4 mL X 3), &9F
AHUAHE, AR KG mL)Besk, ToKBERN
Tl YR RGE S, PUEAE E AR R S (R, V(R
) - V(LR ZB8)=20 : 1].

4-HJE-N=(5,5,5- = -2 F JE - 2-Ch F R0 ) TG 8 ) 2
fZ(5): 47.0 mg, EREBAE, 773 70%. 'H NMR (400
MHz, CDCL3) d: 7.32~7.07 (m, 4H), 6.94 (d, J=8.2 Hz,
2H), 6.57~6.32 (m, 2H), 3.37~3.08 (m, 2H), 2.34 (s,
3H), 2.21 (s, 3H), 2.10 (td, J=12.2, 2.9 Hz, 1H), 2.04~
1.90 (m, 1H), 1.90~1.74 (m, 2H), 1.41 (s, 3H); '°F NMR
(377 MHz, CDCl;) 6: —66.40 (t, J=10.4 Hz); 3C NMR
(101 MHz, CDCls) J: 146.2, 140.2, 136.4, 129.7, 129.6,
127.4 (q, J=276.7 Hz), 126.3, 113.2, 55.7, 41.1, 32.5 (d,
J=2.7 Hz), 29.2 (d, J=28.6 Hz), 22.7, 20.9, 20.4; IR
(film) v: 3320, 2970, 2925, 2869, 2360,1625, 1527, 1381,
1313, 1259, 1131, 1075, 980, 813, 727, 602, 507 cm ';
HRMS (ESI-TOF) caled for CaHxNF; [M + H] *
336.1939, found 336.1936.

#H B#1 KL (Supporting Information) L&Y lu~1v [
B BT SGRAEEHE, LA ) 3a~3x. 4a~4l. 5 (1)
'H NMR. ""F NMR. "C NMR K, #5561 GC-MS
B, 3mo ()5 A, X e AR AT DL S B A AS T )
(http://sioc-journal.cn/) I N #k.
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