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Abstract The fluorination reactivity of N—F benzenesulfonimides depended on the strength of N—F bond and was easily
affected by substituents on the phenyl of substituted N—F benzenesulfonimides via electronic or steric effect. In this work,
N—TF benzenesulfonimides with different substituents were synthesized and reacted with silylenol ethers, and the results indi-
cated that utilizing N-fluoro-4-fluoro-4'-nitrobenzenesulfonimide and N-fluoro-4-tert-butyl-4'-fluorobenzenesulfonimide could
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improve the reactivity or selectivity of fluorination than using N—F benzenesulfonimide in lots of selected experiments.
Keywords substituted N—F benzenesulfonimide; fluorination; silylenol ether
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n—Se AR, TR E AL IS T PR AR AR K R
R s A M S A= s an =y A - O R VAL G AN (1P
TR %, o FLRE TS 1 e AT e X6 2 S AR AN X Bk AL
SN R SO B T I SR, AR T AR A SR
R HMEHR B H e B i NESI #9244, 78 NFSI 454
o, AN RIS N—F 8AE—F 1 L, 76 NFSI
PIAN IR BN R IR, AT RE & A — S mokbA
B2 IN8E PP TN, Rk, BATER T — &
FIIH A BURIE ) N—F XKL A%, it 4 i
o} e T Ak i 110 575 P A I 2 R B A AT ) S A 35 2
TEREE.

1 &R511R

SERRI) NFST AU R SClR 7 A R0 & ik
4y R 10 mmol 5 ZRAHIHE S 12 mmol 7E 5%[F)
SEAB KV =R IR, B RIS B0 Y e
3GEE DPHRSE, HARPEY 4a R 4b A LS R XCRE
FEEZ 3 5 10% %8OS BRI )y 1:9)
TETSR0 CIEE R B o, BRI 80
mmol ff) NaOH, &2 HIfE—25 =35 'C. A
A7 B i v 2 il (TLO) Wi %, e AR (il ik 47
alifh(3 2 777 A). 1M e Al 4d 258 F 30 mmol 2% (1
NaOH #ig#f: 0.5~1 h, S8 ETRE @A
10%P 3T S B TAEE Y 109), ldEE o
W (TLO)R M e Rk B2, FH il iy S alifb Gk 2 J1i%
B)*203) ] 3e~3g RPN, EAAKIIE]JFR
LR N 5E 4, H R HIX P Al 5 VA 15 B R ).

1 ARFRIARBERENE 3 M6 L
Table 1 The preparation of unsymmetrical sulfonimides
O

o]
W I (1) 30 ~ 40 °C, 5% NaOH
RIC RO g RN
- )3 —J 5 (2)50 ~60°C,12 h, pH =8 ~ 10
1

2

M\ SRe —
R/ 3 VRN %R
(0] (0]
3
Entry R R' Product3  Yield/%
1 4-F 4-NO, 3a 20¢
2 4-F 4'-t-Bu 3b 38¢
3 4-F 4'-CF, 3¢ 37¢
4 4-OCHj 4'-CF, 3d 667¢
5 4-NO, 4'-CF, 3e 43¢
6 2,4-(OMe), 4--Bu 3f 63°
7 2,4-(OMe), 4-F 3g 56

“ Reaction conditions: (1) 5% aq. NaOH, 30~40 °C, 40 min; (2) pH=9~10,
7~14 h. ® Reaction conditions: (1) 5% aq. NaOH, 50 C, 40 min; (2) 10~20
h, pH from 9~10 to 1~2. ¢ Purity above 90% by "H NMR analysis.
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Table 2 The preparation of compounds .

O HO
7 N\ II_I_II —
OHIQ,
3

10% Fy/Ny

-30~-40 °C, CH3;CN

OF O
7\ ||_I_II —
SHHEG,

4
Entry Substrate3  Method”  Product4  Yield"/%
1 3a A 4a 70
2 3b A 4b 40
3 3c B 4c 32

4 3d B 4d 8

5 3e A,B 4e 0°¢
6 3f A, B 4f 0°
7 3g A, B 4g 0°¢

“ Isolated yields. b’ Method A: NaOH, 10% F2/N,, CH3;CN, —30~—40 C;
Method B: (1) 2% NaOH, 0.5~1 h; (2) 10% F»/N,, CH;CN, —30~—40 C.
. “ No target product was separated.

FE T KRB UK NFSI ) SEAUA) 5 475 B ik Tk Sa i2E4T
SR SEABATT ) A TE P Sk (R 3), MR SR
RIG A SLI AP 78 0 CF, # 1.4 mmol f) NFSI
IS B I RE R Sa 0 O IBRARE, JF
HBIA 1 mmol /) DMAP, 2 J5 % 20 C. FA1H %
WS T A SIS R], 245 NFSI E LT (3% 3, En-
try 5), KILAEH 4a, 4¢ F1 4n 1E A FARFII, 5a fHE1L
Fef 1) < LU A% 66 (3 3, Entries 1, 3 and 11), #R1 L4401k
FIHA 4b, 45 I, A ] A543 3, Entries 2 and 7).
RIFXLEZE R, T LAF H DA g5 A R - 2R 4] 1)
NFSI Al nr PUIMPR R B3R T, (H2 243 it
TN, S5 EA R, 2 4k(GR 3, Entry 8), 41 (3% 3,
Entry 9)/EAEALIRFEY 5a KAEF N, BIRE
PR 2R 7, B2 IFRAER BA~, M3
T 1-DYSEEER. RN PR A P AR X P R R 2% A
TAERRE, KA T RN, AFEEREER) NFSI 28
AR T AN FE B RARE 7. 24 A e 7] 5 4 ek
ik S5 2N, 7328 T PR AN PR i 1 SRR 4a A 4b,
BT =255 38 86%A11 92%(3R 3, Entries 1~2),
X EE NFSI A5 15 2172 2 8= (3R 3, Entry 5). 2R1MH
R g H = 2 B, R AR T — AR
AR, BEIR 45 Al 4n 15 217 2 A0 4a £ 4b, H
ATAI 4a F1 4b FEEBMHEE E, XM 6a/7a LLFlml LA
A H(F 3, Entries 1,2, 7 f1 11). FABERI 7 AL —
AR A HUR B EE R 3 A NFSI 25184 (4a, 4b
A de)H, WS AR B AT 3, et
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FasE N—F 8H7EH, B AR B 75 ZE 5 2 1) SRR (],
HIT] A2 B P B RN B A R . T A — R
N AR R, W) B BB TR A AR, PR ARG, i F
Pt BT 4e PP A, AV HTZH T CF 1)
i%ﬁ%%fﬁ)ﬂﬁf b7 N3 N TR G SE 725 i R

BAAT N R T . S ZRIR B A SR T EUR R
FIATLLE H, 4i (R=4-F, R'=4"-F)735If{] 6a/7a LL#I A
100 : 0.72, 773N 63%, i 40 (R=2-F, R'=2"-F)75F
6a/7a L5174 100 : 0, H N 82%(% 3, Entries 6, 12). 24
FRIR A BRI 1 3 ] = 6 (4k) RS SE(A) Al =
4 3 (4m) I (32 3, Entries 8, 9 A1 10), R 7 KI5 B 1
PR KInse, T EER S DAMP @1, J5E1-
PUEZER. Sz, AR T RN A E IR KK
AL

F 3 7E DMAP f£17E N H NFSI U5 4k 5a (b &9

Table 3 Fluorination of Sa with NFSI analogues in the presence
of DMAP

OSlMe3
O DMAP (10 mmol)

5a MeCN, 19 ~ 22 °C 6a
major minor
4 Yield"/%

Entry 4 (R,R) Time/h  Conv.”/% (6a/7a)°

1 4a (4-F, 4-NO,) 1 100 86(100/3.13)
2 4b (4-F, 4-1-Bu) 4 100 92(100/0.65)
3 4c¢ (4-F, 4-CFy) 1.5 100 57(100/6.17)
4 4d (4-OMe, 4-CF;) 8 100 0

5  4h(H, H) 2 100 78 (100/0)

6  4i(4-F, 4-F) 2 100 63(100/0.72)
7 4j (4-t-Bu, 4'--Bu) 4 100 57 (100/0)

8 4k (4-CF3, 4-CF;) 1 100 0°

9 41 (4-NO,, 4-NOy) 1 100 0°

10  4m (4-OCF,,4-OCF;) 4 — 0

11 4n (4-Br, 4-Br) 1 100 45 (100/0)

12 40 (2-F, 2-F) 2 100 82(100/0)

“ Isolated yields. ® Starting material 5a disappeared to end. ¢ Starting material
5a was converted absolutely to 1-tetralone. ¢ “— noted that starting material
5a existed partly. ¢ Relative distribution in % determined from '°F NMR spec-
tra of isolated reaction mixtures.

BT RIKATH 4a A1 4b 5 55 41 LR S 1) 475 1 ik Pk
Sb~5e BATRALSN, FF5 4h (ENXTEL, BRATEATN
BAEMESIEBEER 4). WTFRATUEH, 4afldb 5
W I SR B 77 AN T 4h, SR, BT R )
5 ah R TR, X L2502 TIPS NFSI 244
YIRS R P, 2R3 By A AN A B RS, NFSI
FAU R T I R TR R AN, A (AN e AN
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[, JXRR 2 5 RO RN AN 2 [ R i)
B N—F SA0ENE, H&FERNYCRAEFEAR.

# 4 [ 4a, 4b 1 4h ALY 5
Table 4 Fluorination of substrates 5 with 4a, 4b or 4h

OSIR'R?R*4a, 4b, 4h

@f\g (14 mmol) @ﬁg* ©\/€L

X DMAP, MeCN (X)n (X),,
5 19~22°C
uk

OSiEt; S OSiEty

sojesyee

Entry 5 4  Time%h 6°(Yield/%) 6/7°
1 5b 4a 36 6a(97)  99/1.04
2 5b 4b 36 6a(97)  100/0.17
3 5b 4h 36 6a(97)  100/2.55
4 5c 4a 48 6a(73)  100/0.20
5 5c 4b 120 6a(89)  100/1.62
6 5c 4h 72 6a(61)  100/0.58
7 5d 4a 36 6b (93) 100/0
8 5d 4b 36 6b (98) 100/0
9 5d 4h 36 6b (89) 100/0
10 Se 4a 8 6¢(80)  100/1.95
11 Se 4b 18 6c (92) 100/0
12 Se 4h 18 6¢ (60) 100/0

© 2015 Chinese Chemical Society & SIOC, CAS

“ Isolated yields. ” Relative distribution in % determined from '’F NMR spectra
of isolated reaction mixtures. ¢ Starting material 5 disappeared to end.

2 i

BATE R T ARBURIER) N—F XCEREEE W2, I
Huf5e 7edils 1-DYE 250 1-Eif A 2, 3- &R FEt
MR -4~ ) s e Tk ) S 2. &5 SRR B, AN RIR AN
[ BUARIE ST N—F XUCRREBE I i R e v . Ak e An
EBEHEA R KIS, 755 6] 7, B A AR
RILM) N—F XUEAE R 4a A1 4b 2o T EL NFSI B
U A 5 T B R 1

3 SIS

3.1 X5
i A AR 1-DUEZERR . 1-E 2, 3- 50K
FEME IR -4-F . = H &L (TMSCL) . = Lt S
(TESCI) RT3 H I S(RE S (TBDMSCI) . AL
T HZENENE(DMAP). MEABRERE N 1A K
2M ﬂ\gﬁz Ol AR AT KRN =4l%E. 1E

[N SR WY s e
I AN T SR (Bruker AVANCE-
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400 MHz) HZR(THRAERA R T A A ML, TiE
A RAN(THRAEA R DA ).
32 EWHE
3.2.1 Iz B SOR AL B (3a~3g) 49 #) &

£ 30~40 ‘CF, ¥ 2 (10 mmol)i&f#fE 5% NaOH
EWA5 mL) B, KM 0.5~1h, IIAALEY 1 (12 mmol)
5 5% NaOH ##i(4~6 mL)J5, FHEZE 55~60 C, &
N 7~14 h, {REFAER pH=9. ¥ EIZE 25~30 C, ik
OKBE), T, BME1E) 3.

4B -4'- i 2 DU T T W0 % (3a): [ (0 [k, 7R
20%. m.p.>275 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
8.24 (d, J=8.8 Hz, 2H), 7.89 (d, J=8.8 Hz, 2H), 7.69~
7.71 (m, 2H), 7.20~7.22 (m, 2H); >C NMR (100 MHz,
DMSO-ds) 6: 162.93 (d, J=246.0 Hz), 151.84, 148.11,
142.16 (d, J=2.9 Hz), 128.89 (d, J=9.0 Hz), 127.69,
123.37, 114.83 (d, J=22.2 Hz); IR (KBr) v: 3495, 3103,
1602, 1578, 1500, 1529, 1460, 1348, 1293, 1266, 1146,
1089, 836 cmfl; HRMS (ESI) caled for C,HoFN,O6S,
359.9886, found 359.9876.

40T -4 T HE SRR 0 2 (3b): [, 7=
# 38%. m.p.>275 “C; '"H NMR (400 MHz, DMSO-d;) o:
8.24 (d, J=8.8 Hz, 2H), 7.89 (d, J=8.8 Hz, 2H), 7.69~
7.71 (m, 2H), 7.20~7.22 (m, 2H); *C NMR (100 MHz,
DMSO-ds) 6: 162.93 (d, J=246.0 Hz), 151.84, 148.11,
142.16 (d, J=2.9 Hz), 128.89 (d, J=9.0 Hz), 127.69,
123.37, 114.83 (d, J=22.2 Hz); IR (KBr) v: 3461, 3071,
2967, 1660, 1597, 1493, 1461, 1397, 1364, 1311, 1284,
1173, 1153, 1089, 834 cm '; HRMS (ESI) C,H;sFNO,S,
calcd for 371.0661, found 371.0651.

A-F -4 - =5 T BRI 2 (3e): Ak, 7=
# 37%. m.p.>275 “C; '"H NMR (400 MHz, DMSO-d;) o:
7.83 (d, J=8.0 Hz, 2H), 7.40 (d, J=8.0 Hz, 2H), 7.69~
7.65 (m, 2H), 7.19~7.14 (m, 2H); >C NMR (100 MHz,
DMSO-d) J: 162.86 (d, J=246.1 Hz), 149.67, 142.09 (d,
J=2.9 Hz), 130.13 (d, J=31.8 Hz), 128.84 (d, /=8.9 Hz),
127.05, 125.06 (d, J=3.8 Hz), 114.72 (d, J=22.3 Hz); IR
(KBr) v: 3454, 3108, 2921, 1657, 1595, 1496, 1404, 1327,
1173, 1143, 1087, 1042, 834 cm '; HRMS (ESI):
C13HoFsNO,S, (M+H) ", found 382.9900, calcd 382.9909.

4-F A k-4 - = 0 R S OO T I 0 e (3d): 1 £ ]
K, 2% 66%. m.p.>275 ‘C; 'H NMR (400 MHz,
DMSO-dy) d: 7.80 (d, J=8.0 Hz, 2H), 7.20 (d, J=8.4 Hz,
2H), 7.54~7.51 (m, 2H), 6.87~6.83 (m, 2H); *C NMR
(100 MHz, DMSO-d) 0: 160.47, 150.02, 137.98, 129.90
(d, J=31.6 Hz), 127.98, 127.03, 126.32, 124.96 (d, J=3.7
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Hz), 112.88, 55.24; IR (KBr) v: 3489, 3099, 2920, 1659,
1600, 1500, 1403, 1330, 1290, 1275, 1168, 1136, 1090,
833 cm'; HRMS (ESI) caled for C;H,F5NOsS, (M+
H)" 395.0109, found 395.0105.

A== G B -4 - R DU T TG E i (3e): 1 £ i 44,
PR 43%. mp.>>275 ‘C; 'H NMR (400 MHz, DMSO-ds)
5: 8.23~8.19 (m, 2H), 7.88~7.83 (m, 4H), 7.75 (d, J=
8.4 Hz, 2H); *C NMR (100 MHz, DMSO-d;) J: 151.36,
149.29, 148.14, 130.32 (d, J=31.9 Hz), 127.71, 127.11,
125.18 (d, J=3.7 Hz), 123.38; IR (KBr) v: 3578, 3490,
3108, 1638, 1608, 1534, 1475, 1403, 1351, 1289, 1165,
1138, 1091, 767 cm™'; HRMS (ESI) caled for Ci3HoF3N,-
06S, (M+H)" 409.9854, found 409.9867

2,4- " F AR L -4 RUT HE SR A I Y i (3): [ AT
&, PE 63%. mp.>275 ‘C; 'H NMR (400 MHz,
DMSO-d) 6: 7.51 (d, J=8.8 Hz, 1H), 7.37 (d, J=8.4 Hz,
2H), 7.25 (d, J=8.4 Hz, 2H), 6.38 (dd, J=2.4, 8.8 Hz,
1H), 6.26 (d, J=2.0 Hz, 1H), 3.75 (s, 3H), 3.58 (s, 3H),
1.26 (s, 9H); °C NMR (100 MHz, DMSO-d;) o: 162.20,
157.23, 152.07, 143.03, 130.85, 125.75, 125.58, 124.06,
102.85, 98.47, 55.27, 55.18, 34.35, 30.94; HRMS (ESI)
caled for C;gH»;NOgS, (M + H) *~ 413.0967, found
413.0962.

2,4- A -4 B DR I R U (3g): 1 ([ 44k
FEE 56%. m.p.>275 ‘C; 'H NMR (400 MHz, DMSO-d;)
8: 7.55~7.50 (s, 3H), 7.10 (t, J=8.8 Hz, 2H), 6.41 (dd,
J=2.0, 8.4 Hz, 1H), 6.36 (d, J=2.0 Hz, 1H), 3.77 (s, 3H);
3.63 (s, 3H); >C NMR (100 MHz, DMSO-dj) 6: 162.62 (d,
J=248.8 Hz), 162.41, 157.34, 142.44, 130.81, 128.66 (d,
J=8.9 Hz), 125.48, 114.18 (d, J=22.0 Hz), 103.17, 98.52,
55.36; IR (KBr) v: 3449, 3107, 2919, 1597, 1494, 1464,
1414, 1280, 1151, 1127, 1076, 835 cm '. HRMS (ESI)
caled for CH4,FNOS, (M + H) " 375.0247, found
375.0241.

322 TR E N-#SOR A B XS4 4a~4d
9 ) &

773 A: I 3 (2 mmol), NaOH (16 mmol), 20 mL
LHET 100 mL =R, HE 40 min. FFiE 2
—30 C, SRJ5i8 10%Fy/N,, TLC IREE, BRI MR
N pH=6, JFUENH JRRECE BIF=4r=E). g, Bt
ITHEZE, 19HLA, WAEVCAmER) | (LR LHE)=98 -
2143 e E 4.

N-B-4-F-4' - R ROR T e (4a): VR 38 L] 44, 7=
F 70%. m.p. 138.7~138.9 ‘C; 'H NMR (400 MHz,
CDCly) &: 8.47 (d, J=8.8 Hz, 2H), 8.26 (d, J/=8.8 Hz,
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R

2H), 8.07 (q, J=4.0, 2.0 Hz, 2H), 7.35~7.31 (m, 2H); "*C
NMR (100 MHz, CDCl3) o: 167.43 (d, J=259.8 Hz),
151.92, 140.00, 133.12 (d, J=10.2 Hz), 131.37, 130.22 (d,
J=3.0 Hz), 124.65, 127.33 (d, J=22.9 Hz); “F NMR
(367 MHz, CDCl;) 0: —35.60 (s, 1F), —97.52 (s, 3F); IR
(KBr) v: 3110, 2924, 1587, 1535, 1409, 1187, 1080, 845,
789 cm™'. HRMS (EI) calcd for Ci,HgF,N,06S, 377.9792,
found 377.9794.

N-S-4-FU T B4 ORI BE i (4b): [ (i 4, 7=
Z 40%. m.p. 97.2~98.7 ‘C; '"H NMR (400 MHz, CDCl5)
J5: 8.07~8.04 (m, 2H), 7.90 (d, J=8.4 Hz, 2H), 7.60 (d,
J=8.4 Hz, 2H), 7.31~7.24 (m, 2H); *C NMR (100 MHz,
CDCly) d: 166.06 (d, J=258.6 Hz), 159.48, 131.99 (d, J=
10.2 Hz), 130.20, 129.43 (d, J=3.2 Hz), 128.70, 125.58,
115.93 (d, J=22.8 Hz); '’F NMR (367 MHz, CDCl;) ¢:
—37.27 (s, 1F), —98.86 (s, 1F); IR (KBr) v: 3108, 2967,
1591, 1490, 1386, 1198, 840, 754 cm™'; HRMS (EI) calcd
for C¢H,,F,NO4S, 389.0567, found 389.0562.

77 B: B A 3 (1.50 mmol), 2T 100 mL #
UGN, BEFE. %0 2% NaOH (9.5 mL), #it#E 30 min,
WEzs, g, 5k, T, 4 ERBEEHRENT
— ML I 15 mL ), [E{k NaOH (6 mmol), F&
B%E—25~—30 C, #R)51H 10% Fy/N,, TLC iREE, H
BRGSO N pH=6, JRENE K8 BIF= 7).
e, JEMOHATIEZS, fHHLE, SAEVCAEE) @ (LR
Z.Ti8)=98 : 2453 3t [FH 4.

N-F8-4- T -4'- =5 FF B OUR T It i (4e): A BTl A,
32%. m.p. no for its instablity; 'H NMR (400 MHz,
CDCLy) ¢: 8.17 (d, J=8.4 Hz, 2H), 8.09~8.04 (m, 2H),
7.90 (d, J=8.4 Hz, 2H), 7.34~7.28 (m, 2H); "F NMR
(367 MHz, CDCLy) §: —36.27 (s, 1F), —63.45 (s, 3F),
—97.95 (s, 1F); *C NMR (100 MHz, CDCl3) §: 168.63,
166.03, 138.08, 137.32 (d, J=33.5 Hz), 133.08 (d, /=10.3
Hz), 126.69 (q, J=3.6 Hz, 7.6 Hz), 117.24 (d, J=22.8
Hz); IR (KBr) v: 3109, 3059, 1592, 1496, 1200, 1200, 840,
804 cm™'; HRMS (EI) calcd for C3HgFsNO,S, 400.9815,
found 400.9813.

N-F-4- — 55 2k -4- F S R SUR TS B e (4d): A
[E4A, 722 8%. m.p. no for its instablity; '"H NMR (400
MHz, CDCl;) ¢: 8.15 (d, J=8.0 Hz, 2H), 7.92 (d, J=9.2
Hz, 2H), 7.87 (d, J=8.4 Hz, 2H), 7.04 (d, J=9.2 Hz, 2H);
F NMR (367 MHz, CDCl;) 6: —37.01 (s, 1F), —63.40
(s, 3F); >C NMR (100 MHz, CDCl3) 0: 165.85, 138.15,
137.03 (q, J=33.2, 66.3 Hz), 132.46, 130.46, 126.55 (q,
J=3.5, 7.2 Hz), 125.10, 122.85 (d, J=271.6 Hz); IR
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(KBr) v: 3110, 2924, 1587, 1489, 1387, 1099, 845, 789
cm '. HRMS (EI) caled for C4H; F,NOsS, 413.0015,
found 413.0014.
3.2.3 MhBEAEEE R R B R ALK 4 69 A AL RS

FENL AR, #2851 mL) 546445 (0.15 mmol)
BEYHPE 10 min, FFIEZE 0 C, ¥ DMAP (0.15
mmol), fi#E 20 min. SX/570 =IIA 4 (0.21 mmol.),
WAL 20 min J5, FFE 20 C, HiEEE T/ EJEE 5
M 5EER(TLC BREF). IMAE] H,0 (3 mL), H LR LB8(15
mL X 2)¥kik, AIFANUE, dk2EH 15 mL 5% HCl K¥%
7, 15 mL A1 NaHCOs, 15 mL ¥8A1 NaCl K Ik B, &
/K Na,SO, T4, hez%, A, Z=ih 8 h, 15774 6.

2-%-3,4- A -2H-Z5E i (6a)": LAWK, '"H NMR
(400 MHz, CDCl5) ¢: 8.06 (d, J=8.0 Hz, 1H), 7.52 (t, J=
7.6 Hz, 1H), 7.37~7.28 (m, 2H), 5.15 (ddd, J=4.2, 12.8,
47.6 Hz, 1H), 3.13 (dd, J=4.0, 5.2 Hz, 2H), 2.62~2.53
(m, 1H), 2.41~2.29 (m, 1H); "’F NMR (367 MHz, CDCl5)
d: —190.23 (s, 1F).

2-F-1-Efif(6b)*): JHIRA. "H NMR (400 MHz,
CDCly) 6: 7.81 (d, J=7.6 Hz, 1H), 7.67 (t, J=7.2 Hz, 1H),
7.48~7.42 (m, 2H), 5.28 (ddd, J=4.4, 12.4, 51.2 Hz, 1H),
3.67~3.59 (m, 1H), 3.30~3.18 (m, 1H); "’F NMR (367
MHz, CDCl3) d: —194.06 (s, 1F).

3-98-2,3- AT I R -4- i (6¢)20: T8t i R
f&. 'TH NMR (400 MHz, CDCl;) ¢: 8.07 (d, J=7.8 Hz,
1H), 7.57~7.52 (m, 1H), 7.33~7.29 (m, 1H), 7.12~7.08
(m, 1H), 5.18 (ddd, J=4.8, 8.0, 48.0 Hz, 1H ), 4.68~4.51
(m, 2H); "’F NMR (367 MHz, CDCl;) : —204.20 (s, 1F).

# B #f %} (Supporting Information) 1L &% 'H
NMR, “C NMR FI "F NMR {3 &, 384kl mf L6 2%
AT 354 (http://sioc-journal.cn/)_E %,
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