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Abstract Fluoroethylation products have a wide range of applications in the fields of biomedicine and materials, and the
synthesis of fluorine-containing ethyl compounds is very important. At present, there are related reports on the synthesis of
trifluoroethyl compounds, but there are few reports on how to synthesize difluoroethylated products. In this paper, through the
reaction of chlorodifluoro iodine reagent and amide, N-chlorodifluoroethylation and O-chlorodifluoroethylation products were
selectively generated. The selectivity of the reaction can be controlled by the choice of solvent, and the reaction is efficient,

convenient and practical.
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Figure 1 Biologically active fluoroethylated molecules
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Scheme 1 Preparation and application of trifluoroethyl hyper-
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Scheme 2 Preparation of chlorodifluoroethyl hypervalent io-
dine reagent
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FEER, o] DAHS S o m k) CDFL it
—BHF TR, W LU CDFL A e it
AT RN, Ik 5 AN [ 145 751 AT DA S Bk i JEC 40 1) N AT
O EHFM —HE L3, LR GRS B A N 1)
N-CH,CF,Cl HLIIBEZZE =41 O-CH.CF,Cl LR
F=H).

1 HR5R

1.1 SR ESNBIKFIFEREZR. K N-CH2CF2CI
{£F0 O-CH2CF2Cl 1L BU#t =4

T e R B (2a) 5 & 8 OB m N BEAF 1

E*%Eﬁﬁﬂﬁfiﬁji‘aﬁffﬁ(&ﬂ%ﬁmgm 1:1.2)

1T, SRR FoR. 2R AT 4 h IR 2%
ﬁ%ﬁ@@(ﬁ(iél Entries 1, 2), RMAES, &E
K 2R e S . K e R (1] 77 6 B R B
Al B3] 67%5 %1 3a (3R 1, Entry 3). MM IEK S
12 h, H GC-MS il & 312 e S g6 %, 3a 1 ) B =
KEZE 52% (3R 1, Entry 4). LL 6 h A& X Ik
BT FIBREAT AR, S0 R I SR FH % R, B G sk
FREN. BREREAN . AU T BEET . BRIRHZE(3E 1, Entries 4~
7), FRMNBIERERAE B RE . AN HEENE, Mi%
SR IEASFTANES NGRS, 3a B = iA F] 85%(FK 1,
Entry 8). $ FRTEHH MR 6 h, ASEIIHRAIH G
TN RN B R AT, 15 2 5 B[R] A ABL ) 45
R.OYRBPEREN 0 CHE, 233 56%7 %1 3a(k 1,
Entry 9); 24/ NI A28 CF, RIBFZEHN 85%(% 1,
Entry 8); 47t E R 45 C, 2 E 3 70%0) 3a (R
1, Entry 10), FJ4k2E Tt i g = Rk — P BRIRGR 1,
Entry 11). H GC-MS £l &3, 1% BLsk A~ &l =P
Z. g LATR, mINA R N-CH.CF,Cl 1&5@%&‘:&#
ZAFN: 0.2 mmol 7 HF L% 2a, 1.2 equiv. & ﬁz,ﬁm
M 1, BN 28 C, RMEFECY 6 h, ZRMATE
AN,

TEZ AT IR AL R IR, 125N = A8 Y R = it 4y
BPRAiff 2 R O-CH,CE,Cl ALtk &, T2 FdT]
FTREE OB S B 4, ATl £k, A 1K IR IE
i A R I i R R AE SR e RN, iR
EI15 2] O-CH.CF,Cl A /=4). 5T DL B e N Ak A 3T
FEANE IR AT 3. 1 28 FH 2R e (22) 5 &
TR CHER MR 1 AR s (R L
1:1.2), 7 28 CHHTZAARAL, BT36 00 5w 8] 2
BN s S EIFEYD, AR 3a BIF23(3R 1, Entries 2~4). &
St S NI [ EAT I . A S0 R I S AE & E(DCM)
R Z, Bl SRR R BT R R m RN 11%1)
4a(k 1, Entry 13). 2 AW EIE, S LB E IR,
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da P2 R ISR KR FH(ER 1, Entries 15~19). ZEARIN
Wl CHEEREFIN AT, 4a s BUE R 87%
(3% 1, Entry 18). J&TXJ S N 28 B AN e S 2 1R K HY
K, TS R O-CHLCF,Cl A A1t s M 2 4
A: 0.2 mmol 7<% 2a, 1.2 equiv. 5 9 45 S i
1, W28 C, RMISIAIN 8 h, [RNEFIN LME BA
T B IR
R1 PR

Table 1 Optimization of reaction conditions

TfO.
I CF,Cl o

©\(0 + —>©)J\NH/\CF2CI +
NH,
2a 1 3a
o)
©)J\O/\CFZCI
4a

) . Yield”/%

Entry Base Time/h Solvent Temp./'C 3a a
1 EtsN 4 DCM 28 7 -
2 Na2COs 4 DCM 28 46 —
3 Na2COs 6 DCM 28 67 -
4 NaxCO; 12 DCM 28 52 -
5 NaHCOs 6 DCM 28 65 4¢
6 t-BuOK 6 DCM 28 45 -
7 CsCO3 6 DCM 28 60 -
8 None 6 DCM 28 85 -
9 None 6 DCM 0 56 —
10 None 6 DCM 45 70 -
11 None 6 DCM 80 64 -
12 None 12 DCM 80 56 -
13 NaHCOs 12 DCM 28 — 11
14 +BuOK 12 DCM 28 — 13
15 None 12 THF 28 — 45
16 None 12 DMF 28 — 61
17 None 6 MeCN 28 — 56
18 None 8 MeCN 28 — 87

“4Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), 6 h. * The yields were
isolated yield. ¢ The yields were determined by 'H NMR with 1,3,5-trimeth-
oxybenzene as the internal standard.

1.2 SMBE R N-CHCF2Cl BUX P4 IR+ R

TERAL SN 264 R il |, X 2R RG22 ARk
N-CH.CF,Cl L= i@ AT TR &, 450wk 2
Fion. W50 R BTG 75 05 W F - 2 A 2 i - 2
P B i s B, 4-H K F 2 2b) 5 8 A &
B AR 1 AT, R 3b 7R AR
48%; 2-HFERHEEIZ2e) K 4E N-—H A LFEBUCY)
3c = Ze et m B 78%. 48 A it A U 1Y) 4- H A 2k
AR QOME R O ENL 1 KBRS, 755 E]
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55%7 = F(1 3d. EAEERE, SZEHR BRI NRD
i, LS BRI T1%00 30 6T s 2 BRI 28 H
HZJEPD, 25N Be 45 B IR (36~ 3h). kATTH
S TR 3,5- ZIRIR R N-SR 9 LA ) 3K,
IR B 55%.

22 Bh AU bR TR L IR R R T AL
B @

Table 2 Reaction of chlorodifluoroethyl hypervalent iodine and
benzamide compounds using dichloromethane as solvent

Tf
O ek,
d X
R o ., DCM, 6 h, 28 °C
_ >
NH,
2a~ 2k 1
0
RIS NH™ > CF,CI
L~
3a~ 3k
0 Q Q
PN PN
©)J\N/\CF20|/©)LH CF,Cl @*H CF,Cl
3a, 85% 3b, 48% 3¢, 78%
e} (0]
P
/@J\N/\CFZCI N™ “CRCl
H
MeO
0,
3d, 55% 3e, 77%
o cl o
P
Br 3f 52% 39, 78%
o) o
[
3h, 65% 3i, 71%
0
N Q
N" > CF,Cl
O H 2 BF\Q)LH/\CFZCI
Br
3j, 67% 3k, 55%
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“?Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), 28 ‘C, 6 h. * The yields
were isolated yields.

1.3 EMBIRFIE M O-CH.CF.Cl B =480 R 4I4R
&

TEHT IR TAERA b, MR HBEZ 2 A B OCH:-
CF.Cl W= @A T TIRER, 4R %k 3 Fion.
MEREGEE A W, Toie 05 R b W I I L 3
EASANE PR e SR RSN v ya /M b S NS DA
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FL(FRAREE, 2B DL s ORI HARF=Y)(4b, 4c). Xf
F A E BRI F R A 2d) ANz — 3 S8R (e R 1
SREALR NI T, 2B 2] 65% 1 H AR~ 4d.
B 2% A0 28 R e g JEC 4D, 2 A S L At R i R -
FIBT, 1% SR IH B8 DA SIS 15 21 H B8 7= 4 (4g ~4K).
2- 2% FA I i R A, — B £ 35 v A BBTE 12 e B 45 R TR B
PL77%HICRAZ ) H b= 4. (1 E R A2 4-AHFEEL
AR e & P ek &, JEARER 2] N-CH,-
CF.Cl B>, (HRAE R R ] L3 3 84%) 2 1)
41.

R Umemoto A5 T [PhICH,CF;][OTf]=
W OIEAPIHLER W FT, MATTIESE T [PhIR([OTS] (Re=
1-Cop Py )T I B8 25 07 FE ORI 24 P S A% R 235 FELUR
N FE. FEAZS N, FRAT TR 2% S5 N = 42 1) e AL
AP RIERI(EWRAE N 1.6 D, ArHEH N 9.08
C?/(N*M?))H N-CH,CF,CLEU AR &R, & 9 L5 m il
RAMBEENR R OEIEE T, SN E B E it
Y, fEMEAS TME L, BXBWK™Y. £ O-
CH,CF.Cl U A R, BT BB EE N 3.92 D,
IR 36.6 CH(N-MA)WE REBKIRE, RBRY)
Iy FIRAGKE BB vy, F SRR A K 0 A0 B v M ik 7 A
HHME R AR IEE T, AR R R W

AR, SR AE KR 26 A T AR G 9 4 SR U iR 26
(a=x7}

2 i

FATHIFH — 5 S 2 i GRS vz, SR
T X BERE ) N-CHLCF,Cl 46 F1 O-CH.CF,Cl AL T4 41k
PEVEG R ARG i VAR b, 1% B AT BATE TG s
A ER A A I 5 % R B RV A Rt e A
F|N-CH,CF,Cl14LF1 O-CHLCF.CHL =, X5 F-i% [ B0
FIRTAE 2B R, HTFiZ&MNEI N CHCF.Cl 3[4,
M BEBSFE 51 AN — S SE ] (1 R it — 2B AR Ak, sk

3 LIRS
31 B 5IE

T S ¥ 456 FH T4 F Schilenk 5 7E U
BEAT. FEEMEH 200~300 HERGE Sl eth T
J 7). 'TH NMR #1 3C NMR ¢ i JEOL AL-400MHz #% 3t
PRAAE F IR FI%E, LL CDCls 88 DMSO-ds N7, TMS
PR, AR A T A R R 7 B AR R R R
T Bl 22 7 T K.

R3 LALIE AR IR S e I TR B A & M R S @0

Table 3 Reaction of chlorodifluoroethyl hypervalent iodine and benzamide compounds using acetonitrile as solvent

TfO

~p N 1)
N 17" CF,Cl N
R _o . MeCN, 6h,28°C o Sy~ "O7 “CF,Cl
MeLN,oh, 20 % R
=
NH, H,0
2a~2l 1 4a~4l
o 0 o 0
N
O/\CFQCI /@)J\OACFZQ ©)LOACF20| /@AO CF,CI
MeO
4a, 81% 4b, 91% 4c, 94% 4d, 65%
o o]
o B
PN PR ’ O/\CFZCI
0~ “CF.CI 0~ “CF,Cl
F Br
0,
de, 7% 4, 68% 49, 71% 4h, 78%
5
o] 0 N
Q A~ o7+
~ O~ "CFCl 0" >CFRCl o
0~ “CF.Cl
Br (@)
Br
4i, 77% 4j, 88% 4k, 98% 41, 84% CFCl

@Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), 28 °C,6 h. » The yield were isolated yield.
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Scheme 3 A plausible mechanism for the N-difluorochloro-
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32 EWHE
32.1 Z AR K SN 69 H &

TERSAUHE N =5 QB 122 mmol =5 £.12
2 mmol I 100 mL £, 0 CHIPEE A 24 mmol

JRE S HON 30%(1 Ho02 2.8 mL, 4k8:4H: 30 min J5,
T 00 20 mmol & — R 468 4.237 g ST E R IEHHE
24 h, AIHIE. THR515 2] CF.CICHI(OCOCF;),. Z
JE I 24 mmol ) 2,2,2- =& =& 4 %A1 20 mmol )=
K, IRBEYERFAE 0 CINF, W b =90 H IR 24
mmol, RFNARRLRBLE, RGN 24 h JaFRE0E
A, FH Tk v B T 45 2 S 9 £ 2 m iR 10
8.60 g, F7H 87%. HEE, mp. 134~135 C (dec.,
1it.'>: m.p. 134~135 C); 'H NMR (400 MHz, CDCI;) ¢:
7.07 (s, 2H), 4.71 (t, J/=13.5 Hz, 2H), 2.63 (s, 6H), 2.34 (s,
3H); 3C NMR (101 MHz, CDCls) J: 144.7, 143.0, 130.3,
117.3,37.8 (t, J=29.2 Hz), 27.1, 21.2.

322 EHErAl KT B N-CH.CF.Cl &R 7 ik

¥ 25 mL 3 AT =K, FREL0.2 mmol 2K H

% 0.024 g WEEAE —FFHE 2 mL 1 HFE S min, FIMA
0.24 mmol —F A L E i 0.1185 g, S RAE F iR 21
NIRRE 6 h, FERE AR AR I SR, N 2588 K

MeCN. r.t.

DCM, rt.

o} -H 0o
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BRIRN, O GHERER(20 mL X 3), &AL,
T T IEEINE R TR 15 279, 5/ VA
fit) : M(GBR B8 =10 © 1 NP, RER AP I st ah
BN

N-2,22- 7 5 5 £ 5 — 2% H Bt ik (3a): TG B8
0.037 g, % 85%. 'H NMR (400 MHz, CDCl;) J: 8.14
(s, 1H), 7.64 (d, J=8.0 Hz, 2H), 7.52~7.45 (m, 3H), 4.34
(t, J=12.0 Hz, 2H); 3C NMR (101 MHz, CDCls) §: 166.6,
131.6, 130.9, 128.8, 126.8 (t, J=207.9 Hz), 126.2, 67.7 (t,
J=30.2 Hz); F NMR (283 MHz, CDCl;) §: —60.95;
ESI-HRMS caled for CoHoCIF;NO [M+H]™ 220.0335,
found 220.0321.

4-HEE-N-222- 5 LB K W (3b): TR
K, 0.022 g, =% 48%. 'H NMR (400 MHz, CDCl;) o:
8.04 (s, 1H), 7.71 (d, J=8.0 Hz, 1H), 7.64 (d, J=8.0 Hz,
2H), 7.23 (d, J=8.0 Hz, 1H), 4.79 (t, J=12.0 Hz, 2H),
2.39 (s, 3H); *C NMR (101 MHz, CDCl3) 6: 167.4, 129.4,
129.4, 127.4, 126.8 (t, J=208.9 Hz), 119.6, 67.7 (t, J=
30.2 Hz), 21.3; 'F NMR (283 MHz, CDCls) 6: —60.95;
ESI-HRMS calcd for CioH; CIF,NO [M+H]™ 234.0492,
found 234.0476.

2-FBE-N-2,22- “H S 47K (3e): IR,
0.036 g, 7% 78%. 'H NMR (400 MHz, CDCl;) ¢: 7.68
(s, 1H), 7.40 (d, J=8.0 Hz, 1H), 7.33 (t, J=8.0 Hz, 1H),
7.23 (t, J=8.0 Hz, 2H), 4.79 (t, J=12.0 Hz, 2H), 2.41
(s,3H); *C NMR (101 MHz, CDCl3) d: 169.1, 135.6,
133.6, 131.1, 130.4, 127.9, 126.1 (t, J=208.2 Hz), 67.7 (t,
J=30.2 Hz), 31.1, 20.3; 9F NMR (283 MHz, CDCl;)
—60.79; ESI-HRMS calcd for CjoH;CIF;2NO [M+H]'
234.0492, found 234.0477.

4- WA FE-N-2,2,2- " A LR L (3d): ot
WAk, 0.027 g, 77% 55%. 'H NMR (400 MHz, CDCl;) 6:
7.95 (s, 1H), 7.69 (d, J=8.0 Hz, 2H), 6.93 (d, J=8.0 Hz,
2H), 4.79 (t, J=12.0 Hz, 2H), 2.17 (s, 3H); *C NMR (101
MHz, CDCl;) 6: 162.3, 129.5, 128.6, 126.7 (t, J=208.5
Hz), 114.1, 67.6 (t, J=30.2 Hz), 55.5, 31.0; '°F NMR (283
MHz, CDCl) 6: —60.95; ESI-HRMS calcd for CioH,;CI-
F,NO, [M+H]" 250.0441, found 250.0421.

4T He-N-2,2,2- " A L EE-R L% (3e): oth
WAk, 0.042 g, 773 77%. 'H NMR (400 MHz, CDCl;) 6:
8.07 (s, 1H), 7.69 (d, J=12.0 Hz, 2H), 7.45 (d, J=8.0 Hz,
2H), 4.80 (t, J=12.0 Hz, 2H), 1.33 (s, 9H); *C NMR (101
MHz, CDCl3) d: 156.2, 130.0, 128.1, 126.7, 126.3 (t, J=
208.3 Hz), 125.8, 67.7 (t, J=30.2 Hz), 35.0, 31.2; F
NMR (283 MHz, CDCls) 6: —60.91; ESI-HRMS calcd

Chin. J. Org. Chem. 2021, 41, 3660~3667
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for C13H17CIFaNO [M+H]™ 276.0961, found 276.0948.

3-R-N-2,2.2- "5 A LK F L Z (30): oA,
0.0308 g, =3 52%. '"H NMR (400 MHz, CDCl;) 6: 8.16z
(s, 1H), 7.86 (s, 1H), 7.64 (t, J=8.0 Hz, 2H), 7.32 (d, J=
8.0 Hz, 1H), 4.79 (t, J=12.0 Hz, 2H); 3C NMR (101
MHz, CDCl;) 0: 166.1, 134.7, 132.8, 130.4, 130.0, 128.9,
125.5 (t, J=207.9 Hz), 122.9, 67.8 (t, J=30.2 Hz); '°F
NMR (283 MHz, CDCl3) 6: —61.02; ESI-HRMS calcd
for CoHgCIFaNOBr [M+H]" 297.9441, found 297.9427.

2-5-N-2,22- A LR R B (3g): ot ik,
0.039 g, 7% 78%. 'H NMR (400 MHz, CDCl;) ¢: 8.13
(s, 1H),7.78 (d, J=8.0 Hz, 1H), 7.44 (d, J=8.0 Hz, 1H),
7.40 (t, J=8.0 Hz, 1H), 7.40 (t, J=8.0 Hz, 1H), 4.79 (t,
J=12.0 Hz, 2H); '3C NMR (101 MHz, CDCls) 6: 164.3,
131.9,131.9, 131.0, 130.7, 129.7, 128.8, 127.1 (t, J=208.9
Hz), 67.5 (t, J=30.2 Hz); '9F NMR (283 MHz, CDCl;) ¢:
—60.90; ESI-HRMS caled for CoHsCLF.NO [M+H]'
253.9946, found 253.9932.

4-f-N-2,2,2- 5 A LHE R Z (3h): ot iRk,
0.047 g, % 68%. 'H NMR (400 MHz, CDCl;) J: 8.13
(s, 1H), 7.78 (d, J=8.0, 2H), 7.74 (d, J=8.0, 2H), 4.78 (t,
J=12.0 Hz, 2H); '3C NMR (101 MHz, CDCls) 6: 165.7,
138.1, 131.4, 130.3, 128.4 (t, J=208.6 Hz), 98.7, 67.7 (t,
J=30.2 Hz); YF NMR (283 MHz, CDCl;) J: —61.00;
ESI-HRMS caled for CoHgCIF,NOI [M+H]" 345.9302,
found 345.9389.

N-2,22-Z A LH-ZE Wil (3i): ToliiE, 0.042 g,
P23 71%. '"H NMR (400 MHz, CDCls) J: 8.28 (s, 2H),
7.95 (d, J=8.0 Hz, 3H), 7.91 (d, J=12.0 Hz, 1H) 7.86 (d,
J=8.0, 2H), 4.87 (t, J=12.0 Hz, 2H); '3C NMR (101
MHz, CDCl:) 0: 166.6, 134.6, 132.7, 132.0, 129.1, 128.7,
128.0, 127.9, 127.8, 127.6, 127.0 (t, J=208.7 Hz), 67.8 (t,
J=30.2 Hz); YF NMR (283 MHz, CDCl;) §: —60.99;
ESI-HRMS calcd for C;3H; CIF,NO [M+H]™ 270.0492,
found 270.0477.

2-RFHE-N-222- A LRI 3)): LBk
1%, 0.039 g, P& 67%. 'H NMR (400 MHz, CDCl;) o:
7.64 (d, J=8.0 Hz,1H), 7.50 (t, J=4.0 Hz, 2H), 7.41~
7.38 (m, 4H), 7.35 (q, J=12 Hz, 2H), 7.33 (t, J=1.6 Hz,
1H), 4.49 (t, J=12.0 Hz, 2H); 3C NMR (101 MHz,
CDCl;) d: 167.8, 140.2, 132.0, 130.5, 128.7, 128.5, 128.3,
127.9, 127.5, 126.1 (t, J=207.7 Hz), 125.9, 123.0, 67.4 (t,
J=30.2 Hz); YF NMR (283 MHz, CDCl;) §: —60.99;
ESI-HRMS calcd for CisH3CIF,NO [M+H]™ 296.0648,
found 296.0631
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3,5-R-N-2,22- T O - R B (3k): ot
Wik, 0.039 g, F7% 53%. 'H NMR (400 MHz, CDCl;) 6:
8.20 (s, 1H), 7.79 (s, 1H), 7.77 (s, 2H), 4.79 (t, J=12.0 Hz,
2H); *C NMR (101 MHz, CDCl3) J: 163.6, 137.8, 137.0,
134.1, 128.8 (t, J=208.9 Hz), 123.5, 67.9 (t, J=30.2 Hz);
YF NMR (283 MHz, CDCl3) 6: —61.0; ESI-HRMS calcd
for CoH7CIF,NOBr, [M+H]" 375.8546, found 375.8533.
323 HfatA L KT B 69 O-CHLCF.Cl AR ik

H 25 mL BHE IR =K, JEFREL0.2 mmol % H
iz 0.024 g IEARAE 2 mL Z B R 24 EE 5 min, 0
A 0.24 mmol A LML 0.1185 g, RMNAEER
AT IR 8 h, FHUERE AR SR I SR, N 2 B
FREKRRPL, R CEEARN(20 mLX3), &HAN
i, IONTCKBREREA T8, 1985 I AR IE T 515 21
PR, AE R e 7, A AT e I B A4S B B ¢
T

K R-2,2,2- S LB (4a): ToEMAE, 0.038
g, 7% 87%. 'H NMR (400 MHz, DMSO-ds) J: 7.79 (d,
J=8.0 Hz, 2 H), 7.68 (t, J=8.0 Hz, 1H), 7.55 (t, J=8.0
Hz, 2H), 5.03 (t, J=12.0 Hz, 2H); '3C NMR (101 MHz,
DMSO-ds) 6: 164.7, 134.7, 130.0, 129.6, 128.6, 126.6 (t,
J=209.2 Hz), 65.8 (t, J=29.2 Hz); "9F NMR (283 MHz,
DMSO-ds) 6: —59.99; ESI-HRMS caled for CoHsCl-
F,0, [M+H]" 221.0176, found 221.0154.

4-FAF IR R-2,2,2- — A L FEBE(4b): To Bk,
0.043 g, 7% 91%. '"H NMR (400 MHz, CDCl;) 6: 7.96
(d, J=8.0 Hz, 2H), 7.28 (d, J=12.0 Hz, 2H), 4.77 (t, J=
8.0 Hz, 2H), 2.42 (s, 3H); '*C NMR (101 MHz, CDCL) ¢:
165.0, 144.8, 130.1, 129.4, 128.6, 125.7 (t, J=209.2 Hz),
65.8 (t, J=29.2 Hz), 21.8; 9F NMR (283 MHz, CDCl;) ¢:
—61.25; ESI-HRMS calcd for CioH;oCIF,0, [M+H]"
235.0332, found 235.0319.

2-FE-IKHITR-2,2,2- A L (4e): TotOMAR,
0.043 g, 7% 94%. '"H NMR (400 MHz, CDCl;) 6: 8.00
(d, J=8.0 Hz, 1H), 7.45 (t, J=8.0 Hz, 1H), 7.28 (t, J=8.0
Hz, 2H), 4.77 (t, J=12.0 Hz, 2H), 2.62 (s, 3H); '3C NMR
(101 MHz, CDCls) J: 165.6, 141.2, 133.0, 132.0, 131.2,
127.7, 126.1 (t, J=209.1 Hz), 125.7, 65.7 (t, J=29.3 Hz),
21.9; '9F NMR (283 MHz, CDCly) 0: — 61.44; ESI-
HRMS calcd for CioH;CIF,0; [M+H]" 235.0332, found
235.0319.

4-FE - K HIR-2,2,2- A ZFE R (4d): LR
£, 0.033 g, F“& 65%. 'H NMR (400 MHz, CDCl;) o:
8.02 (d, J=8.0 Hz, 2H), 6.95 (d, J=8.0 Hz, 2H), 4.76 (t,
J=12.0 Hz, 2H), 3.86 (s, 3H); *C NMR (101 MHz,
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CDCly) d: 164.7, 164.1, 132.3, 125.7 (t, J=209.1 Hz),
120.8, 113.9, 65.7 (t, J=29.2 Hz), 55.6; '°F NMR (283
MHz, CDCls) : —61.25; ESI-HRMS calcd for CioH0Cl-
F,0; [M+H]" 251.0203, found 251.0182.

4-fUT R HER-2,2.2- A LI B (de): T
&, 0.043 g, 753 77%. '"H NMR (400 MHz, CDCl;) ¢:
8.03 (d, J=12.0 Hz, 2H), 7.50 (d, J=8.0 Hz, 2H), 4.78 (t,
J=12.0 Hz, 2H), 1.34 (s, 9H); 3C NMR (101 MHz,
CDCl) J: 164.9, 157.8, 130.0, 128.4, 125.7 (t, J=209.1
Hz), 124.8, 65.7 (t, J=29.3 Hz), 35.3, 31.1; '°F NMR (283
MHz, CDCls) : —61.25; ESI-HRMS calcd for Ci3H;6Cl-
F,0, [M-++H]" 277.0801, found 277.0788

2-FRFE-RHIR-2,2,2- " L HE R (4f): LA,
0.040 g, % 68%. 'H NMR (400 MHz, CDCl;) d: 7.93
(d, J=8.0 Hz, 1H), 7.60 (d, J=8.0 Hz, 2H), 7.46~7.36
(m, 4H), 7.35 (d, J=8.0 Hz, 2H), 4.52 (t, J=12.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) d: 166.5, 143.6, 141.0, 132.3,
131.2, 120.4, 128.8, 128.4, 128.3, 127.6 (t, J=209.3 Hz),
127.4, 152.3, 65.8 (t, J=29.3 Hz); '°F NMR (283 MHz,
CDCl3) 0: —61.23.; ESI-HRMS caled for C;sH;2CIF,0;
[M+H]" 297.0489, found 297.0471.

4-F - K R-2,2,2- “ A LR (4g): LAk,
0.034 g, % 71%. '"H NMR (400 MHz, CDCL;) ¢: 8.12
(d, J=8.0 Hz, 2H), 7.16 (d, J=8.0 Hz, 2H), 4.78 (t, J=
12.0 Hz, 2H); '*C NMR (101 MHz, CDCly) 6: 167.6,
160.9, 132.8, 125.5 (t, J=209.3 Hz), 116.1, 115.9, 65.9 (t,
J=29.2 Hz); F NMR (283 MHz, CDCL) §: —61.36,
—103.63; ESI-HRMS caled for CoH,CIF;0, [M+H]"
239.0081, found 239.0065.

3,5- ZIR-FEHR-2,2.2- A L HEFE(4h): O
14, 0.058 g, % 78%. 'H NMR (400 MHz, CDCl;) o:
8.12 (s, 2H), 7.90 (s, 1H), 4.79 (t, J=12.0 Hz, 2H); 1*C
NMR (101 MHz, CDCls) 6: 166.3, 139.3, 131.7, 125.7 (t,
J=209.2 Hz), 123.3, 114.9, 66.3 (t, J=29.2 Hz); '9F NMR
(283 MHz, CDCl3) ¢: —61.43; ESI-HRMS caled for
CoHeCIBI,F,0, [M+H]" 376.8386, found 376.8364

ZEHR-2,2,2- A LT (4i): LR, 0.042 g,
P23 77%. "H NMR (400 MHz, CDCls) d: 8.66 (s, 1H),
7.06 (d, J=8.0 Hz, 1H), 7.99 (d, J=12.0 Hz, 1H), 7.90 (t,
J=8.0, 2H), 7.8~7.5 (m, 2H) 4.86 (t, J=12.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) d: 165.1, 135.9, 132.0, 132.0,
129.6, 128.6, 127.9, 127.0, 125.7 (t, J=209.2 Hz), 125.3,
122.7, 66.0 (t, J=29.2 Hz); '°F NMR (283 MHz, CDCl)
d: —61.19; ESI-HRMS caled for Ci3HoCIF,0, [M+H]"
271.0332, found 271.0313.
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3-R-RHER-2,2,2- “ A L H MR (4)): To (A,
0.052 g, % 88%. 'H NMR (400 MHz, CDCl;) J: 8.21
(s, 1H), 8.03 (d, J=8.0 Hz, 1H), 7.76 (d, J=8.0 Hz, 1H),
7.37 (t, J=8.0 Hz, 1H) 4.80 (t, J=12.0 Hz, 2H); '3*C NMR
(101 MHz, CDCls) §: 163.7, 136.9, 133.0, 130.4, 130.3,
128.7, 126.3 (t, J=209.2 Hz), 122.8, 66.1 (t, J=29.2 Hz);
F NMR (283 MHz, CDCl3) 6: —61.36; ESI-HRMS
caled for CoH;CIBrF,0, [M + H] " 298.9281, found
298.9269.

4- - R-2,2,2- A LR AK): o Ok,
0.055 g, 7% 98%. 'H NMR (400 MHz, CDCl;) 6: 7.95
(d, J=8.0 Hz, 2H), 7.63 (d, J=8.0 Hz, 2H), 4.78 (t, J=
12.0 Hz, 2H); '*C NMR (101 MHz, CDCl3) J: 165.3,
132.1, 131.6, 129.3, 127.4, 125.4 (t, J=209.1 Hz), 66.0 (t,
J=29.2 Hz); “F NMR (283 MHz, CDCl;) §: —61.35;
ESI-HRMS calcd for CoH;CIBrF,0, [M+H]" 298.9281,
found 298.9269.

4-FHFHE DR R -2,2,2- RS LR Al A,
0.044 g, 723 84%. m.p. 79~80 ‘C; 'H NMR (400 MHz,
CDCls) J: 8.34 (d, J=12 Hz, 2H), 8.27 (d, J=8.0 Hz, 2H),
4.84 (t, J=12.0 Hz, 2H); *C NMR (101 MHz, CDCL) ¢:
163.2, 140.9, 133.8, 131.3, 125.2 (t, J=209.7 Hz), 123.8,
66.4 (t, J=29.2 Hz); 9F NMR (283 MHz, CDCl;) o:
—61.44; ESI-HRMS caled for CoH;CIBrNF,0, [M+H]"
266.0026, found 266.0009.

4 BI#1 K (Supporting Information) L&) 3a~3k
HA) 4a~41 £ '"H NMR. °C NMR #1 '°F NMR i 4.
X e R} ] PA 4 B AAAS T I 35 (http://sioc-journal.cn/) -
T
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