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Hypervalent lodine Reagent-Mediated C(5) C—H Nucleophilic
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Abstract The C(5) C—H fluorination of 8-aminoqunolines has attracted much attention recently. However, transition-metal
catalyst and electrophilic fluorination reagents were required in most of these reactions. Transition-metal catalyst free C(5) C—
H nucleophilic fluorination of 8-aminoqunolines was reviewed. This reaction was mediated by a hypervalent iodine reagent
and employed cheap, safe and stable silver fluoride as the nucleophilic fluorination reagent. The reaction proceeded without
inert gas protection. It possess the merits of simple and mild reaction conditions, easy operation, high regioselectivity and wide
substrate scope and provides a novel method for fluorination of quinolines with potential application value.
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B 1 8- KMk C(5) k- EH b

Scheme 1 C(5) C—H fluorination of 8-aminoqunolines

PATVR B Ik — B OGE 8- ML A4
(-2 B RE AL R, 2016 SFEFRATMHE RIRIE T8
SR AT, RN 25 E &R X R
AR, 7 A TR I B R AL B (Oxone) fE R X 8-
SIEMEMR) C(S)N RSB AT 3R A% s A (FURITR) JR.
bt J5 — SRR R IE TR AR SR R R S, K%
il F 3 BRR #: (K,S,05 BX. Oxone) WAEALFIN. HHLEHr
TR ) 2 = A B R A S — R AN HL s B R AL
A, EH A RSP E 2] T Mok 2 e, ik
ARG Z TS Zafee. SRS &M
s, BATEE T S RO BAEH, fFa skt r e
22013 4F Li i@ Em A BLAFI A S R A
FBRMLIE (HFopy) S5 3 1 RIS & W3t fr - B S
VL. 2016 4F, BATREBANE RIRIE T m i Bt
T 8-ZIMEMR C(5)A Ak B NEALFIRR IR AL S L, K
P AN IR R B A O TS A 8- I MR S ICH). ALk
TR T R v e Bt ) 5 A8 FH S A% AR
8-ZA JL MR C(5) At B AL R (Scheme 1).
1 ZER5VE
1.1 REEHMRK

SERZ AR, HE . HE-IEE (30 = 2.1 4 & AN
VU T I B (TBAF) S AR B, (H K2 k5, A
RErEB AR, HXKIERBUR. L& Bl
Yt AgF. CsF. KF fll NaF 258 iz 4 ke, HoRIE
2, AR AR, Ok AgF AL,
TP 23R 1), HRHL 8- FBE R FE Mk (1a) 1 N
MJEY), 1€ 2 equiv. PhI(OAc), fEFI R, £ “A Lkt
(DCE)#H, 100 'C TR 8 h &, HAR=#) 5-%-8-K
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FH R S R (22) 1177 8 20% (3R 1, Entry 1). Bl f5 %%
W7 HAb A E ALK 740 PhI(OCOPh),. PhI(OCOCF;),
A PhI(OPiv),, 41# F PhI(OCOPh), Al PhI(OCOCF;), Hf
JRBLF= 2235 FIT A TTf8EA PhI(OPiv), B, RBIF=2
A 23% (Entries 2~4). 1 HAh 4 4L 77 Oxone-
K,S,05 AL LA T BE(TBHP)AE I [ N A 245 AN A
(Entries 5~7). R & fe 3846574 PhI(OPiv),, )5
£ PhI(OPiv), {2 1 HASEAZ AR, L
#h CsF. KF fil TBAF ¥R e B, HF-= & R A
PTG F= W A B, HF-IERE (0 8CR 47 T HF-= O, BT
At AgF (Entries 8~12). #2 Tk, k& AgF Jom
RTINS RS AT T %, & SAE — F K(DME)
S BIREHEAT AR = 2R R, 78 FH ORI S R
BRI 32%, (HIERIR NI 2. Bk H 28R DCE
IR EEFIAREE N 1:1), PRI EE 41% (Entries
13~16). Fifi J5 % 28040 770 A0 364G R0 i FH 24T 1 k.
& PhI(OPiv), FH &2 1.5 equiv.B PR TEE N 20%,
A 3 equiv.ff] PhI(OPiv), I S S 7= AT 4R T B 2
34%, FEEAMET 5 AIERLRIRITEY, SO R
EALFIF 24 2 equiv. (Entries 17, 18). 4% N RACAL &AL
R &, K AgF FIAHEZR 1.5 equiv.if, REgfF2|
25%7F7 1, TN AgF % 4 equiv.iiF 77 2 T FF 2 30%,
e o I S BRI A A S LA 7 A RURAG B P,
IR b 55 S i 8 AgF [P &8 2 equiv. (Entries 19, 20). 7E
X N FE AT (A AT AR A S, 3% E B A R B AR A
0.2 mmol [ M JEEA, 2 equiv. Ak PhI(OPiv),, 2.0 equiv.
AgF, 7£ 2 mL HIZE/DCE(EFALL N 1 1 DI, 100 °C
S 8 h.

1.2 RYSEET R’

Wi T LR N A6, o 12 S5 F) JE 47 FH 9
BT THHA, R R 2 s, &7 — 25175 kLA
SR 8- FEWEMRAT A=, 25 SN[ Ik B AR ) A
M BB L. g5 FEoR, VEZ AR D57 H BRI 8-k
G2 A IR S I 8 R 15 B S ISR 1 SR PR A (2 ~
2n). AEIRHBEIRIR B AR R IS R A T
M, ORI [RG R BT RS, RN
BIgh R EARZ =5, A R RS R, B iR
;5% 1) 2% FE P 35 L7 00N (R B A /S 2 R R A7
(2b~2f)FH[EAL(2g~20) & A AR, HHAT43 3]
HHERISCR I PR AR AR R 2K R B 8- R )
Q2j~2m)H, B THRBEB/NIRARY (2Kk) 2 4, HAb
FERIE AT R, ALBHEIKN 2,4,6-— FFAEIR HE-8-
FEWEMR2n) A g5 26%01) 77 5, W IEEL K & A7 7 [F] A7
BH R0 S5 S S5 A ). 17 5 R L 11 o 3 R I
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Table 1 Optimization of the Reaction Conditions
F
j\ + F oxidant Q
Ph H solvent, 100 °C Ph u |
N N
1a 2a

Entry F (equiv.) Oxidant (equiv.) Solvent Yield®/% |Entry F (equiv.)  Oxidant (equiv.) Solvent (V' © V) Yield®/%

1 AgF (2) PhI(OAc), (2) DCE 20 11 3HF*Et;N (2) PhI(OPiv), (2) DCE 3

2 AgF (2) PhI(OCOPh), (2) DCE 18 12 HFepy (2) PhI(OPiv), (2) DCE 17

3 AgF (2) PhI(OCOCF;), (2) DCE 17 13 AgF (2) PhI(OPiv), (2) DME 11

4 AgF (2) PhI(OPiv);, (2) DCE 23 14 AgF (2) PhI(OPiv), (2) CH;CN 15

5 AgF (2) Oxone (2) DCE 0 15 AgF (2) PhI(OPiv), (2) Toluene 32

6 AgF (2) K,;S,05(2) DCE 0 16 AgF (2) PhI(OPiv), (2) Toluene/DCE (1 : 1) 41

7 AgF (2) TBHP(2) DCE 0 17 AgF (2) PhI(OPiv), (1.5) Toluene/DCE (1 : 1) 25

8 CsF (2) PhI(OPiv), (2) DCE 0 18 AgF (2) PhI(OPiv), (3) Toluene/DCE (1 : 1) 34

9 KF (2) PhI(OPiv), (2) DCE 0 19 AgF (1.5) PhI(OPiv), (2) Toluene/DCE (1 : 1) 25

10  TBAF (2) PhI(OPiv), (2) DCE 0 20 AgF (4) PhI(OPiv), (2) Toluene/DCE (1 : 1) 30

“Reaction conditions: 1a (0.2 mmol), F~ (0.4 mmol), oxidant (0.4 mmol) in solvent (2.0 mL) stirring under air for 8 h. ® Isolated yields.

R2 BEEEMR R
Table 2 Substrate scope of 8-aminoqunolines

0 PhI(OPiv), o F
il Q Re L (eauy) 1 R2
1 + T ——
R H /| (2.0 egquiv.) toluene/DCE R N /|
N 10 X

T

0°C,8h N
1 2
Entry R R? 2 Yield/%
1 CeHs H 2a 41
2 4-CF;CeH, H 2b 38
3 4-BrC¢Hy H 2¢ 24
4 4-FCeH, H 2d 30
5 4-CIC¢H, H 2e 50
6 4-CH;CH, H 2f 33
7 3-CH;CeH, H 2g 38
8 3-CIC¢H, H 2h 33
9 3-FC¢H,4 H 2i 40
10 2-CH;C4H, H 2 30
11 2-FCeH, H 2k 45
12 2-BrC¢Hy H 21 26
13 2-CIC¢H,4 H 2m 27
14 2,4,6-(CH;);CeH, H 2n 26
15 CeFs H 20 35
16 CH;CH, H 2p 34
17 (CH;);C H 2q 26
18 Cyclohexyl H 2r 29
19 CeHs 2-CH, 2s 32
20 CH;CH, 6-OCHj; 2t 24

“Reaction conditions: 1 (0.2 mmol), AgF (0.4 mmol), PhI(OPiv), (0.4 mmol) in
toluene/DCE (¥ : V=1 : 1,2.0 mL) stirring at 100 “C for 8 h. * Isolated yields.

8- i W IR X} 1% S AT L AN Al )30 S 1 (20), R B
A LA B SRR I R = . [R5 88T R I I EAR
[ -2 R B[ 2 TR Pk -8- 2 S E KR (2p)~ 5 I Ik - 8- 2
EEMR(2q). FF 2 H BE-8- 3 M Bk (2r) | RN R EA _ AN [R) 5
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1.3 REHEBRR

BT RTEAMIBE A, S S R R AT RE 2 T
HH R, AT T B 0 ) 5256 ok 56 10 Ik A 48
(Scheme 2). 7EMAARHEIRY) 1a PR, 300N 2
equiv. F) 1 L 0 77 2,2,6,6- DU YRR R 0 R AL
(TEMPO)AI 2,6- U T J&-4-H R (BHT), B AR
B H AR A, A1 5L RN e A KA. T4
DU T 2855 4-— F & LML e (DMAP) I InFRles, U
REAS 2 30%ISCR I H AR =4, b a] DAHERTZ 1L R B
HHBETFE. N T PR IR BRI S5 FITE R B
WA, BRTT T UM S RS EY). KL 8-
GAFEMEM L 2-MHEE - 1-25 e . N-FH JE-N-(8- PR IRk ) 2R
FRBE A A N-(8-(5-50-Was bk 355 ) 2 R B e DU A b 5 0 7E
[FRE 24 R AR 2R =P 1).

F
0O 0O
Ph)J\ N standard conditions ph)J\ N
H . H |
N&~ TEMPO or BHT (2 equiv.) Nx
1a 2a
0%
F
0O 0]
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Nx DMAP (2 equiv.) Ny
1a 2a
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Scheme 2 Control experiments
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B DA bR R LA AR G HRaE T, T T R
S NHLEE(Scheme 3): TG 8-Z HEMEMR(1) 5 v iR
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Scheme 3 Possible reaction mechanism
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PRI E '"H NMR (400 MHz), °C NMR (100 MHz)f1 "°F
NMR (376 MHz)Hi Bruker DPX-400 8 5 A% B 3L IR it
AXM5E, LATMS NFR. 18 5 H SGW X-4A B0 2.1
Y& SACE. B HEE B Q Exactive LC/HRMS Jii i
ACIE . )38 J2 JE B AR JZ 4T BT FH GF254 3 21 i
B S EEAL T 2B 72, BT A VA AN S0 24 i 38 o i
SR A s AR, RE—Pab M. TE
) 1 393 SCHR[1 7] 5 6 B

3.2 XWHE

TER R R N T, NIRRT, 32585 T I
8-Mi fiE FE bk (1, 0.2 mmol). AgF (0.4 mmol). PhI(OPiv),
(0.4 mmol). FZ# (1 mL)A 12- ~& ¥ mL), 1E
100 'C R 8 h. RMEEWE, A 2 mL 7K, KM
2.8 2.B5(15 mL X 3)F17K(20 mL X 3)%%. WA LA,
F TG /K B BR AN T 42 o 1 8. W B R T e B 28 AN b e
T, AR EN 2 B8R B/ A B, Vi v=1:20)
RIRT 15 2174 2.

5-9.-8- 7% P L A I - i iR (22): (3 B 4K mup.
133~135 C (lit.”™: 133~134 °C); '"H NMR (400 MHz,
CDCly) d: 7.26~7.30 (m, 1H), 7.54~7.62 (m, 4H),
8.07~8.09 (m, 2H), 8.46 (d, J/=8.44 Hz, 1H), 8.89~8.92
(m, 2H), 10.55 (s, 1H); *C NMR (100 MHz, CDCl;) ¢:
110.4 (d, J=19.70 Hz), 116.00 (d, J=7.20 Hz), 118.73 (d,
J=18.20 Hz), 121.77 (d, J=18.20 Hz), 127.24, 128.83,
129.87 (d, J=3.64 Hz), 131.07 (d, J=4.13 Hz), 131.91,
134.97, 138.94 (d, J=3.00 Hz), 149.14, 151.76 (d, J=
25221 Hz), 165.38; F NMR (376 MHz, CDCl;) o:
—128.92.

5-98-8-(4-— 3 F JE 2% R ) S - e bk (2b): | (R[]
. mp. 141~143 C (lit.”": 140~141 ‘C); 'H NMR
(400 MHz, CDCl5) 6: 7.28~7.33 (m, 1H), 7.56~7.58 (m,
1H), 8.16~8.18 (m, 2H), 7.81~7.83 (m, 2H), 8.47~8.49
(m, 1H), 8.86~8.90 (m, 2H), 10.57 (s, 1H); *C NMR
(100 MHz, CDCl3) 0: 110.42 (d, J=20.57 Hz), 116.32 (d,
J=118.8 Hz), 121.89 (d, J=2.5 Hz), 125.89 (d, J=3.75
Hz), 127.72, 129.27, 129.96 (d, J=1.75 Hz), 130.68 (d,
J=4.1 Hz), 135.06, 138.28 (d, /=0.98 Hz), 138.96 (d, J=
3.22 Hz), 149.30, 152.07 (d, J=252.5 Hz), 163.94; "F
NMR (376 MHz, CDCl3) §: —62.95, —128.12.

5- 98- 8-(4- TR PV ) S 3 Ik (20) ) P 8 ] 4
m.p. 193~195 C (1it.”™: 193~194 °C); "H NMR (400
MHz, CDCly) d: 7.24~7.28 (m, 1H), 7.54~7.57 (m, 1H),
7.67~7.69 (m, 2H), 7.92~7.94 (m, 2H), 8.45 (dd, J=
8.44 Hz, 1H), 8.83~8.90 (m, 2H), 10.49 (s, 1H); *C NMR
(100 MHz, CDCl5) §: 110.43 (d, J=18.40 Hz), 116.15 (d,

http://sioc-journal.cn/ 457
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J=17.76 Hz), 118.77 (d, J=2.5 Hz), 126.68, 128.84,
129.92 (d, J=3.75 Hz), 130.85 (d, J=4.12 Hz), 132.08,
133.85, 138.93 (d, J=3.15 Hz), 149.21, 15191 (d, J=
252.65 Hz), 164.31; "F NMR (376 MHz, CDCl;) o:
—128.53.

5-9.-8-(4- S 2K PP G ) A 2 - bk (2d)*: P9 4
m.p. 116~118 “C; '"H NMR (400 MHz, CDCl;) 6: 7.21~
7.27 (m, 3H), 7.55~7.58 (m, 1H), 8.06~8.10 (m, 2H),
8.45 (d, J=8.44 Hz, 1H), 8.84~8.91 (m, 2H), 10.48 (s,
1H); *C NMR (100 MHz, CDCLy) ¢: 110.43 (d, J=19.77
Hz), 115.79 (d, J=22.06 Hz), 116.06 (d, J=7.60 Hz),
121.79 (d, J=2.59 Hz), 129.58 (d, J=9.04 Hz), 129.92 (d,
J=3.68 Hz), 130.97 (d, J=4.10 Hz), 131.19 (d, J=3.19
Hz), 138.95 (d, J=3.21 Hz) 149.17, 151.85 (d, J=252.61
Hz), 163.79, 164.25, 166.29; '°F NMR (376 MHz, CDCl,)
5: —107.54, —128.80.

5-9.-8-(4- T2 I BE ) & JE - e b (2e)®7): 1 8 ] 44
m.p. 145~147 C (lit.*®: 145~146 C); '"H NMR (400
MHz, CDCly) 8: 7.23~7.26 (m, 1H), 7.50~7.57 (m, 3H),
7.99~8.01 (m, 2H), 8.44~8.47 (m, 1H), 8.83~8.90 (m,
2H), 10.48 (s, 1H); *C NMR (100 MHz, CDCl;) §: 110.42
(d, J=19.79 Hz), 116.12 (d, J=7.74 Hz), 118.76 (d, J=
18.30 Hz), 121.81 (d, J=2.59 Hz), 128.67, 129.09, 129.91
(d, J=3.66 Hz), 130.86 (d, J=4.10 Hz), 133.38, 138.20,
138.93 (d, J=3.14 Hz), 149.20, 151.90 (d, J=252.5 Hz),
164.19; "F NMR (376 MHz, CDCl3) §: —128.57.

5- -8 -(4- FF I 2% F ) S J - R (21170 € [ 4.
m.p. 134~136 C (lit.*™: 135~137 “C); '"H NMR (400
MHz, CDCly) d: 2.45 (s, 3H), 7.24~7.26 (m, 1H), 7.33~
7.35 (m, 2H), 7.52~7.56 (m, 1H), 7.95~7.97 (m, 2H),
8.44~8.46 (m, 1H), 8.67~8.90 (m, 2H), 10.50 (s, 1H);
C NMR (100 MHz, CDCLy) d: 21.54, 110.44 (d, J=19.66
Hz), 115.94 (d, J=7.69 Hz), 118.75 (d, J=18.25 Hz),
121.70 (d, J=2.62 Hz), 127.26, 129.49, 129.82 (d, =3.68
Hz), 131.24 (d, J=4.07 Hz), 132.22, 138.99 (d, J=3.10
Hz), 142.41, 151.70 (d, J=252.07 Hz), 165.35; '’F NMR
(376 MHz, CDCly) 6: —129.27.

5-98-8-(3- F 242 T ) e ik -k 2 *°: 19 £ L 44
m.p. 78~80 ‘C; 'H NMR (400 MHz, CDCl;) 6: 2.48 (s,
3H), 7.24~7.26 (m, 1H), 7.38~7.43 (m, 2H), 7.52~7.55
(m, 1H), 7.83~7.86 (m, 2H), 8.43~8.46 (m, 1H), 8.87~
8.91 (m, 2H), 10.49 (s, 1H); *C NMR (100 MHz, CDCl;)
d:21.49, 110.42 (d, J=19.70 Hz), 116.03 (d, /=7.69 Hz),
118.74 (d, J=18.26 Hz), 121.71 (d, J=2.59 Hz), 124.17,
128.02, 128.68, 129.82 (d, J=3.67 Hz), 131.19 (d, J=9.84
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Hz), 132.66, 135.03, 138.99 (d, J=3.09 Hz), 149.13,
151.75 (d, J=252.08 Hz), 165.59; '’F NMR (376 MHz,
CDClLy) §: —129.09.

5-9.-8-(3- LK P bE ) 2 - Ik (2h)*): P ] 4
m.p. 82~84 ‘C; 'H NMR (400 MHz, CDCLy) 0: 7.24~
7.28 (m, 1H), 7.46~7.50 (m, 1H), 7.54~7.57 (m, 2H),
7.91~7.94 (m, 1H), 8.03~8.04 (m, 1H), 8.45~8.47 (m,
1H), 8.84~8.87 (m, 1H), 8.90~8.92 (m, 1H), 10.47 (s,
1H); *C NMR (100 MHz, CDCl5) §: 110.40 (d, J=19.80
Hz), 116.24 (d, J=7.76 Hz), 118.76 (d, J=18.32 Hz),
121.84 (d, J=2.58 Hz), 125.22, 127.67, 129.91 (d, J=3.68
Hz), 130.11, 130.78 (d, J=4.07 Hz), 131.93, 135.08,
136.80, 138.94 (d, J=3.22 Hz), 149.26, 151.97 (d, J=
252.71 Hz), 163.89; F NMR (376 MHz, CDCly) o:
—128.38.

5-5-8-(3- 7K F R &0 -k (2i): A &4, mup.
88~92 ‘C; 'H NMR (400 MHz, CDCly) 6: 7.27~7.33
(m, 2H), 7.52~7.58 (m, 2H), 7.76~7.85 (m, 2H), 8.45~
8.48 (m, 1H), 8.55~8.92 (m, 2H), 10.51 (s, 1H); *C NMR
(100 MHz, CDCl5) §: 110.42 (d, J=19.80 Hz), 114.55 (d,
J=23.05 Hz), 116.21 (d, J=7.09 Hz), 118.81 (d, J=21.44
Hz), 121.84 (d, J=2.62 Hz), 122.68 (d, J=3.08 Hz),
129.25, 129.92 (d, J=3.16 Hz), 130.46 (d, J=7.93 Hz),
130.81 (d, J=4.19 Hz), 138.96 (d, J=3.17 Hz), 149.25 (d,
J=3.16 Hz), 151.96 (d, J=252.7 Hz), 161.75, 163.94 (d,
J=2.52 Hz), 164.21; F NMR (376 MHz, CDCl;) 6
—111.47, —128.49. HRMS-ESI caled for Ci¢H;F,N,O
(M-+H") 285.0834, found 285.0839.

5-9A-8-(2- I B2 F o s B - e mpf (24)*: P el .
m.p. 119~121 °C; "H NMR (400 MHz, CDCl;) : 2.60 (s,
3H), 7.24~7.27 (m, 1H), 7.29~7.34 (m, 2H), 7.39~7.41
(m, 1H), 7.51~7.54 (m, 1H), 7.66~7.68 (m, 1H), 8.82~
8.83 (m, 1H), 8.88~8.91 (m, 1H), 10.00 (s, 1H); *C NMR
(100 MHz, CDCLy) ¢: 20.19, 110.37 (d, J=19.67 Hz),
116.01 (d, J=7.73 Hz), 118.75 (d, J=18.14 Hz), 121.7 (d,
J=2.62 Hz), 126.04, 127.23, 129.79 (d, J=3.70 Hz),
130.38, 131.28 (d, J=4.04 Hz), 131.41, 136.52, 136.71,
138.87 (d, J=3.08 Hz), 149.12, 151.83 (d, J=252.30 Hz),
168.06; '’F NMR (376 MHz, CDCl;) 6: —129.27.

5-9-8-(2- A F L & S bk (2k): I E Sl . mup.
121~123 °C; '"H NMR (400 MHz, CDCl3) d: 7.23~7.29
(m, 2H), 7.32~7.36 (m, 1H), 7.53~7.58 (m, 2H), 8.20~
8.25 (m, 1H), 8.45~8.27 (m, 1H), 8.92~8.96 (m, 2H),
10.99~11.02 (m, 1H); *C NMR (100 MHz, CDCl;) ¢:
110.34 (d, J=19.68 Hz), 116.23 (d, J=24.62 Hz), 116.77
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(d, J=7.61 Hz), 118.72 (d, J=18.25 Hz), 121.75 (d, J=
2.57 Hz), 121.87 (d, J=11.60 Hz), 124.90 (d, J=3.36 Hz),
129.71 (d, J=3.73 Hz), 131.38 (d, J=3.90 Hz), 132.04 (d,
J=1.99 Hz), 133.60 (d, J=9.13 Hz), 149.35, 152.01 (d,
J=252.59 Hz), 159.36, 161.49 (d, J=3.16 Hz), 161.83;
YF NMR (376 MHz, CDCly) : —112.20, — 128.65;
HRMS-ESI caled for C,¢H; FaN,O (M+H') 285.0834,
found 285.0837.

5- 5. -8-(2- R % F B ) = B -k (2D R [ A
m.p. 129~131 °C; '"H NMR (400 MHz, CDCl3) 6: 7.24~
7.29 (m, 1H), 7.40~7.45 (m, 2H), 7.49~7.54 (m, 2H),
7.81~7.82 (m, 1H), 8.43~8.45 (m, 1H), 8.83~8.92 (m,
2H), 10.32 (s, 1H); *C NMR (100 MHz, CDCl;) §: 110.35
(d, J=19.80 Hz), 116.46 (d, J=7.79 Hz), 118.72 (d, J=
18.16 Hz), 121.77 (d, J=2.57 Hz), 127.19, 129.76 (d, J=
3.68 Hz), 130.15, 130.55, 130.97 (d, J=4.10 Hz), 131.16,
131.60, 135.64, 138.93 (d, J=3.14 Hz), 149.24, 152.03 (d,
J=252.80 Hz), 164.72; ’F NMR (376 MHz, CDCl;)
—128.32.

5-90-8-(2- U FH I ) A - e bk 2m) B s [ £k
m.p. 146~148 °C; "H NMR (400 MHz, CDCl3) 6: 7.25~
7.37 (m, 3H), 7.43~7.46 (m, 1H), 7.51~7.54 (m, 1H),
7.68~7.72 (m, 2H), 8.44~8.46 (m, 1H), 8.83~8.92 (m,
2H), 10.11(s, 1H); *C NMR (100 MHz, CDCl) 6: 110.37
(d, J=19.78 Hz), 116.44 (d, J=7.82 Hz), 118.75 (d, J=
18.25 Hz), 121.79 (d, J=2.59 Hz), 127.69, 129.61, 129.80
(d, J=3.69 Hz), 129.97, 130.86 (d, J=4.13 Hz), 131.57,
133.72, 138.19, 138.89 (d, J=3.12 Hz), 149.23, 152.05 (d,
J=253.16 Hz), 165.77; '°’F NMR (376 MHz, CDCl;) ¢:
—128.27.

5-98-8-(2,4,6- = M B K FI ) 2 B - bk (2n): E1 (B
[k, mp. 133~135 C (1lit®": 82~83 C); 'H NMR
(400 MHz, CDCl3) d: 2.33 (s, 3H), 2.39 (s, 6H), 6.93 (m,
2H), 7.25~7.27 (m, 1H), 7.49~7.52 (m, 1H), 8.43 (d, J=
8.44 Hz, 1H), 8.77 (d, J=4.24 Hz, 1H), 8.92~8.95 (m,
1H), 9.72 (s, 1H); *C NMR (100 MHz, CDCl;) §: 19.40,
21.15, 110.35 (d, J=19.75 Hz), 116.20 (d, J=7.76 Hz),
118.74 (d, J=18.17 Hz), 121.67 (d, J=2.60 Hz), 128.46,
129.25, 129.75 (d, J=3.75 Hz), 131.03 (d, J=4.10 Hz),
134.56, 135.25, 13586, 149.10, 151.87 (d, J=252.38 Hz),
168.98; "F NMR (376 MHz, CDCly) 6: — 128.86;
HRMS-ESI caled for C;oH;gFN,O (M+H") 309.1403,
found 309.1402.

5- 98-8~ AR A I ) S 3~ bk (20)(°): {9 £ ] 44
m.p. 134~136 °C; '"H NMR (400 MHz, CDCl3) 6: 7.26~
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729 (m, 1H), 7.57~7.59 (m, 1H), 8.28~8.49 (m, 1H),
8.81~8.84 (m, 1H), 8.86~8.87 (m, 1H), 10.18 (s, 1H);
C NMR (100 MHz, CDCl3) d: 110.33 (d, J=20.06 Hz),
110.65 (m), 116.94 (d, J=8.02 Hz), 118.75 (d, J=18.40
Hz), 122.05 (m), 129.99 (m), 136.53 (m), 138.64 (m),
141.35 (m), 143.18 (m), 145.73 (m), 149.49, 152.53 (d,
J=254.10 Hz), 155.23; F NMR (376 MHz, CDCl;) §:
—126.81, —139.87 (d, J=19.20 Hz), —149.98 (d, J=
20.90 Hz), —159.64 (d, J=2.60 Hz).

5% -8-TH Bk s FE - mbk (2p): A E K. mp. 71~
73 °‘C; '"H NMR (400 MHz, CDCl;) §: 1.32~1.36 (m,
3H), 2.56~2.63 (m, 2H), 7.12~7.27 (m, 1H), 7.49~7.53
(m, 1H), 8.41 (dd, J=8.44, 1.64 Hz, 1H), 8.71~8.85 (m,
2H), 9.62 (s, 1H); *C NMR (100 MHz, CDCl;) §: 9.75,
31.16, 110.43 (d, J=19.41 Hz), 115.85 (d, J=7.56 Hz),
118.71 (d, J=17.98 Hz), 127.44, 129.78 (d, J=3.68 Hz),
131.09 (d, J=3.96 Hz), 136.37, 148.94, 152.74 (d, J=
249.10 Hz), 172.35; F NMR (376 MHz, CDCl;) o:
—129.57; HRMS-ESI caled for C,H,FN,O (M+H™)
219.0934, found 219.0935.

5- 98- G IR AL - R 2 (1 A mup.
71~72 C (1itP): 71~72 C); '"H NMR (400 MHz,
CDCLy) 0: 1.42 (s, 9H), 7.17~7.21 (m, 1H), 7.48~7.52
(m, 1H), 8.40 (dd, J=8.42, 1.38 Hz, 1H), 8.73~8.86 (m,
2H), 10.06 (s, 1H); *C NMR (100 MHz, CDCl;) d: 27.71,
40.26, 110.39 (d, J=19.37 Hz), 115.63 (d, J=7.51 Hz),
118.70 (d, J=18.05 Hz), 121.58 (d, J=2.56 Hz), 129.71
(d, J=3.62 Hz), 131.23 (d, J=4.02 Hz), 136.29, 149.04,
152.71 (d, J=249.04 Hz), 177.10; "’F NMR (376 MHz,
CDCly) 0: —129.75.

5-50-8-3F O R s -1k 2r) Y (A A4, mup.
113~115 C (1it.”®: 112~114 C); '"H NMR (400 MHz,
CDCLy) 6: 125~1.41 (m, 3H), 1.61~1.67 (m, 3H),
1.86~1.90 (m, 2H), 2.06~2.09 (m, 2H), 2.42~2.50 (m,
1H), 7.18~7.22 (m, 1H), 7.50~7.53 (m, 1H), 8.41~8.44
(m, 1H), 8.72~8.76 (m, 1H), 8.85~8.69 (m, 1H), 9.69 (s,
1H); *C NMR (100 MHz, CDCly) : 25.76, 25.78, 29.96,
46.84, 110.35 (d, J=19.58 Hz), 115.85 (d, J=7.62 Hz),
118.65 (d, J=18.13 Hz) 121.85 (d, J=2.55 Hz), 129.77
(d, J=3.79 Hz), 131.19 (d, J=4.01 Hz), 138.70 (d, J=
3.01 Hz), 148.94, 152.48 (d, J=251.60 Hz), 174.72; "°F
NMR (376 MHz, CDCl;) §: —128.73.

2- F -5 9R-8- 7 IR A ik e b (29)™): L] 44k
m.p. 115~117 C (1it®: 115~116 “C); 'H NMR (400
MHz, CDCly) §: 2.79 (s, 3H), 7.16~7.20 (m, 1H), 7.40~
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7.42 (m, 1H), 7.56~7.57 (m, 3H), 8.05~8.07 (m, 2H),
8.31~8.33 (m, 1H), 10.58 (s, 1H); *C NMR (100 MHz,
CDCly) §: 25.50, 109.45 (d, J=19.79 Hz), 116.03 (d, J=
7.81 Hz), 116.80 (d, J=18.30 Hz), 122.55 (d, J=2.49 Hz),
127.21, 128.84, 129.89 (d, J=3.34 Hz), 130.46 (d, J=3.98
Hz), 131.80, 135.22, 138.56 (d, J=3.20 Hz), 152.06 (d,
J=251.70 Hz), 158.34, 165.21; F NMR (376 MHz,
CDCly) §: —129.20.

5-98-6- 4 k- 8- 2K FH R 22 k- e bk (2¢): 8 £ ] 4.
m.p. 87~89 C; 'H NMR (400 MHz, CDCl3) ¢: 1.34 (t,
J=17.56 Hz, 3H), 2.57~2.63 (m, 2H), 4.06 (s, 3H), 7.44~
7.47 (m, 1H), 8.34 (dd, J=8.48, 1.48 Hz, 1H), 8.68 (dd,
J=4.14, 1.54 Hz, 1H), 8.83 (d, J=8.56 Hz, 1H), 9.87 (s,
1H); “C NMR (100 MHz, CDCls) §: 9.59, 31.12, 57.16,
105.88, 119.27 (d, J=14.82 Hz), 122.01 (d, J=2.98 Hz),
128.51 (d, J=4.32 Hz), 131.55 (d, J=3.95 Hz), 132.89 (d,
J=1.79 Hz), 140.26 (d, J=245.12 Hz), 143.43 (d, J=9.25
Hz), 146.51, 172.55; "F NMR (376 MHz, CDCl;) o:
—154.22; HRMS-ESI caled for C3H4FN,0, (M+H")
249.1039, found 249.1036.

%% B #1 ¥} (Supporting Information)  V:4H [f) 2% 1 i i
SLEGEE R H B4 "H NMR, °C NMR & "F NMR
L I e RPRL AT DL B AT X 3k (hitp://sioc-journal.
cn/) bR ER.
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