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Copper-Promoted Trifluoromethylthiolation of Anilines with
CF3SO:2Na

Mumtaz, Yasir’ Liu, Jie®*¢ Huang, Xin®
(¢ School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094)
(* Key Laboratory of the Ministry of Education for Advanced Catalysis Materials, Zhejiang Normal University,
Jinhua, Zhejiang 321004)

Abstract An inexpensive and easily accessible sodium trifluoromethyl sulfinate (CF3SO2Na) was employed as the trifluoro-
methylthio source, while anilines were used as the starting materials in a process for the synthesis of copper-promoted ar-
yl(trifluoromethyl)sulfanes. Trifluoromethylthiolation of aromatic rings in one pot over two steps is made possible by the
presence of a phosphine reducing agent. In the reaction, the copper salt promotes the conversion of trifluoromethylthio anion,
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and the reaction offers an effective and practical way to create derivatives of trifluoromethylthio substituted benzene.
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Figure 1 Several of bioactive trifluoromethylthio compounds
7, SEE LR ) = T A A e 03 A, A SR %
B AR 5 31 C—H B S B B 4 = 3 R B A s B
WG|y BE L. BEEFAMER] CFSCl 8[N]-SCF;
PR AR ST B T 0 BB /A R 0% M = 3 PR A 21k
R4 FHEE T BA B SERS T 2, R BRb Bz AT
FHENEFMEY), i EEN) Sandmeyer [N ST A
T = PR B R SN e — M R H. 5 T R I B AT
7!1";[15]'

2000 4, ZFKINE IR Clark TREZHIHRIE, &
J1) Sandmeyer B Js B A& 2 21 ANTE A T4 FEL T2 A1 10 S
Y, FINAER T & 5t AR E 1) =% F i 2540 (CuSCFs)
PR T M3 . 2013 4, Goossen i 2H 1718151 F A
FURH . B FUER BN BT S T 1 =98 P R4
TMSCF;s J N, BRI 20 e A0 R AH L 1Y) 5 3 = S
FEUREE. B 5 0 FH A FRE 1 MesNSCFs 7E = 36 F fim 2
PR, A2 A R A 7R 1) 2% AR T DOV B T 4 R I SR A
RO RIS Sandmeyer B =5 H R SEAL SR
Wangelin PRAHPITE LA TI(FELL Y)IIAAAE T,
A 7 HAE ASRAS BB (=30 ) R (CFsS), 1
SRR, ST S R E A E#E Sandmeyer £
=IO, fil, AR E BRI R T
A (D 22 1 77 8 B R R M 4 25 b B =3 L &
(WA 375, ZITEH AgSCFs MENHIE, rFoRiEH,
SN ZAHIRAN. R Sandmeyer = G F i 364k I 7 Y
137 e E TR, (HIXLE S N AR RATIRAFAE — 2 ik
Ba. 4N, FEIX L8773 A A ) = R B A0 il A
ot ARG AR E, T H DT B H A SR T R
A&, TE AR fRw H 5 T 8 E al,
Langlois i71)(CF3SONa) i] LATE i J5 7 1 2644 S 1E N
SCF; Wi 2 5 e M3, HAZA ] 5 R IL R G ) B )
=R FR I A S T A SEE I

2015 4, CF3SO:Na fEA=HHMEIES 5 R

680 http://sioc-journal.cn/

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

DA ARE 4, ZE 4R AR F R S W R — LR IE
JER SIEIL A5 PR | gt AR f FRD 53 PR = 960 PR At R A SR
B S5 120 AE = R R I R R A R T, T E
2, SEL T E O C—H B B R
e RiS) 7R Bl FL AR B SRl b, AT RS K
Je — RS S S, E R BN S S A R T, R
JEIRPFNE, [FIR T2 TR PR AR 5 ) 42 it
— MR T R, KN H T —F RS Nk
g ER, RIS, AR =5 R R Ny =
B ALYR, I8 B SRR VR AR R = R R R, &
FH A B AT 6 ) B Al 1 A4 5 N 1Y Sandmeyer M.
B 5 H = R B R BEAT AR A 1 T 772 (Scheme 1).

(a) Previous work on trifluoromethylthiolation of aryl diazonium salts
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Scheme 1 Sandmeyer-type trifluoromethylthiolation
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HARRATLL 4K (1a) i ds Ik}, f = 2R
[ NIE S, WA NI, RSN SR, —
BRI OB, JRNEFEFAH 23%(3% 1, Entry 1), At
IR TR NAR R ATATE. BT, 1R R TR R
FUDIE JF BRI, A R A 5k B A K 110 = 5 FF 22 T i
RN, SR EREMER. BERNN — K5 BEE
BRI, G =R, WIRTORIERE. M COIERE. R
FEREEHEAT T %GR 1, Entries 2~5), 45HF KA
e SR I R S ey IR R ). 32 R BATX Cu £
1T T IHi%EGER 1, Entries 6~10), — /82015 — 44 £
0t S AR Z A BT i, 2248 FH B R AR AR W In 7RI
PL 60% ) 1 55 7= 2645 21 B AR =4 4- — 5 IR 2R IR K (2a)
(R 1, Entry 10). SR J5IRATA S NIEFIBEAT Tk 1,
Entries 11~14), ffiH Z& ki, Z& ke, DYERIREL
THOEORSCR AT AR, PTRESE BT = I A R AN
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Table 1 Optimization of reaction conditions

NH (1) CF3SO;,Na (1.2 equiv.), [P] (2.4 equiv.)
2 Solvent (1.0 mL), r.t., 30 min

Br _ 2) )Q N7 | Cusalts Br
1a (1.0 equiv.) (1.5 equiv.) 2a
Solvent (2.0 mL), Temp., 12 h

SCFs

Entry  [P] Cu salt Solvent Temp./C Yield/%?

1 PPhs Cul MeCN 50 23

2  PMes Cul MeCN 50 10

3 PPhoMe Cul MeCN 50 0

4 PCy; Cul MeCN 50 0

5 PPhCl Cul MeCN 50 38

6 PPhCl  CuBr MeCN 50 30

7 PPh2Cl  Cu(MeCN)sPFs  MeCN 50 35

8 PPhCl  CuSCN MeCN 50 30

9 PPhCl  CuCl2 MeCN 50 45
10 PPh2Cl  CuSOs4 MeCN 50 60
11 PPhoCl  CuSO4 DCM 50 32
12 PPhoCl  CuSO4 THF 50 20
13 PPhoCl  CuSOs4 DCE 50 36
14 PPhCl  CuSO4 DMSO 50 15
15 PPhoCl  CuSO4 MeCN 25 5

16 PPhoCl  CuSO4 MeCN 60 68
17 PPh2Cl  CuSOq4 MeCN 70 80 (759
18 PPh2Cl  CuSO4 MeCN 80 78
19 PPh2Cl  CuSO4(10 mol%) MeCN 70 43
20 PPh2Cl  CuSO4(5 mol%) MeCN 70 16
21 PPh2Cl — MeCN 70 0
22 PPhoCl  CuSO4 MeCN 70 43% ¢

@ Reaction conditions: step 1: CF3SO,Na (1.2 equiv.), [P] (2.4 equiv.), solvent
(1.0 mL), r.t., 30 min, Ny; step 2: 4-bromoaniline 1a (1.0 equiv.), fert-butyl
nitrite (1.5 equiv.), Cu salts (20 mol%), temp., 12 h, solvent (2.0 mL), N».
bYields were determined by '’F NMR spectroscopy based on 1a using PhCF3
as an internal standard. ¢Isolated yield. ¢ Yield was obtained at gram scale (10
mmol of 1a).

T IRV o s R ) R BT, BN OR B R T
5 HRLBE X S RiAR RIS (3R 1, Entries 15~18), IR
B, RN EAEAE, FERIE 5%, AR
N HETHEALE N BT, BETHEZE 60, 70, 80 C,
SN FE A JFAT F SR R, IRE A 80 CHY,
FER AR E B A B B 1, Entries 18). Z Ja ik
T AR (3% 1, Entries 19~21), &I = Z 00 1
BORBUR, PARESRHE, PR TR, SfhE
N0 B, RN R, %45 R RS T SR O
AR AR = R S AR R SR B IR = S B
I, EAHE: B0 OREE (2.4 equiv.) . =R
ERERREN(1.2 equiv) E RS T 2R 30 min, B
B —48 P I N ZE B AL A 40(1.0 equiv. ) SRS ER T FR(1.5
equiv.)s CuSO4 (20 mol%), FHEZ 70 C& M 12 h Ay
FER M ZEAFGER 1, Entry 17). 55, N TIRFCZ N 5L
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FAME, ¥ SN ETOR E 7, BN BRI AN HAE,
FERAE 43%, JRFEARERTES — 0 M i, T
SN ) R T B = P 35 IO T R e 5 A
S AR, R REETH S, ST = R
TR ISR, FBUR L2 T R

TEME T B AR R SR CUS, SR S R A 7E
FEIEAT THEFL. Wk 2 FoR, 2@ 1A AN EE
RIEFIZRILATAY), DA a5 2 B AT 177 22(52%~ 80%)
BT G5 R 2 B ) = AR SR BRI S ML S 2.
T BT EURIE AR ek, AR, LB
I, A AT AR IR B S A A B ) = S AR 364k 7= )
(2b~2i, 2j), PAHFEEZ R AT 3R (52%~80%) 1k, 4-F
F-1-ZE (1K) -2 EE-2-RZFAD WG T NAR &R, 7
AILL 67%. 58%I1 =245 =4 2k 21, W] LAE H 21 (1)
FERBAK, AH TSRS, ME%E5% T R% L
HA TR RY, W 4-HK(1a). 4-fiFE oK
i (1m) Al 4-SR FE(In) 73 79 LA R AT 172 23R(75% 70%-
66%)SEIIZ R M. 545 BT EURIEM L, P2 R IR
SO, PRI T 1% RN R E BRI 32 . AN iz B
o 2% (A7 LT 52 i B A RRURK, il 3-VR K (10) 2-
PR (1 p) 1977 2R [R] Sy 252 [ A2 BEL SR A B W HL 7 R T
SEGERPE TR BJEER T B E P ik
(1q)~ MERE(Lr), FIARBERII M.

N R NATLER, sk AR RRIE N S RN E
FH 295 4 711 2,2,6,6- DY HH BEWRIE - 1-J&-N-4 2 (TEMPO) 1)
N, 3RS T B HFENLE]FIEYE (Scheme 2). [N 45
Jei, R g R SRk R A R D ) =R R )
2a Ak, FRH TEMPO [ II4ms] 7 RN R A, [FI
I B T /DR 2, %45 RAEW TR R P AEAE I
HEEE, mTReRA T B TR

N T I IE I SEEGHLEE, #E/T T Scheme 3 s
ML SESG. 15 JeFI A 4-V5 DU S0 R B A 3E B AR 41K
J& SRR A T BeAR &R, TEARME R B T AT IR MY, f%
LB 2 I R, AR R
7 B EERUT Bk R EEE, RS
SRS 20 N1 B B 2477 P (Scheme 3a).
B J5 R 7L 1) CuSCFs 5 4-VR VU 58U 2 B A SR 70 S 56
AN B4R RN (Scheme 3b), [RIAFETFE] 17 A 24 ()
HARFEY) 2a, 325300 %5 A2 p = 40 FF 3L 0 R R A/
Tl 751 /4 £ T e P2 A2 T CuSCFs.

FR A S50 45 JE DL I O SCHRIRGERY, 7E Scheme 4
R T AT BEA SR LB, B o, =g P L T R ER AN A
TR B SRR A AR JFEAE TR, AR T TR IR
(1] CuSCF; HrEfAk 323281 B J gk &5 TP RS R A
TEEIIAAR R, R RN R AN, ARl s 3k
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Table 2 Substrate range of trifluoromethylthio compounds

SCF
N2 (1) cF,50,Na, PPh,CI, rit., 30 min, N, X ¢
RT— RI_/
=
) )<)\N¢o CuSO,, MeCN, 70 °C, 12 h, N,

1 2
SCF3 SCFs SCF,
oo upve $
i} ® C
Br
2a, 75% 2b, 60% 2¢, 77% 2d, 80% 2e, 73% 2f, 70%
SCFy SCFs SCFs
oo SO oY oo
O O AcHN
F O Ph ¢ SCF,
29, 75% 2h, 78% 2i, 76% 2j, 52% 2k, 67% 21, 58%
SCF SCF
SCF3 SCF3 3 3 SCF SCF
O,N o] N~ NG
Br
2m, 70% 2n, 66% 20, 12% 2p, 5% 2q, nr 2r, nr

9Reaction conditions: step 1: CF3SO,;Na (1.2 equiv.), PPh,Cl (2.4 equiv.), MeCN (1.0 mL), r.t., 30 min, Ny; step 2: anilines 1 (1.0 equiv.), fert-butyl nitrite (1.5
equiv.), CuSOy (20 mol%), 70 “C, 12 h, MeCN (2.0 mL), N,. * Isolated yield.

NH, ) SCF3 O.
/©/ TEMPO (1.2 equiv.) /@/ N
+
Br Standard conditions Br Br
1a 2a, 8% 2a', 20%

B2 Bl

Scheme 2 Radical capture experiments

(@) /©/Nz*BF4' (1) CF3S0,Na, PPh,CI, rt., 30 min, Ny /©/SCF3
Br (2) CuSOy, MeCN, 70 °C, 12 h, N Br

Standard conditions 2a, 82%
b N,*BF 4
(b) 2 BFy4 12 h, Ny, 70 °C SCF3
+ CuSCF3 ——
Br MeCN Br
1.5 euqiv.
2a, 85%

B3 PG

Scheme 3 Mechanism experiment
Ph,PCI/Cu Salt

CF3SO;Na ~ > CuSCF;4
Cu(ll)SCF4

3
Ph,P(O)CI 5 SCF,
- X
" cul) g {j
.
N2 BuoNo XN Ny
R-— ——F R R 2
1 _ _— =
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Scheme 4 Proposed reaction mechanism
HAE L 419, CuSCF; ¥l FHB E I EERE 4 1, AT Cu(I)SCF: (S)FIJ5 5 A i 5 6, Bl Wi EH%ER
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7 A R TR 2.
2 Zhig

RSOV R T — USRS YR ia ok, i
2 3 P = 550 P I 1 e N ) 8 2 R A 1Y) = 9
Ttk 57 B AT NAE ROTE, A E AR E B Rk
(K =9 FR SRR PR, R IE T, RO AFIRAT, — A
PG IR . 2R R B R 321k, R 515,
N5 3 = G AR S S AR B T — RS
SRS, FEA K 25 IAARALIT 70 o B BRI N R ).

3 EES
3.1 UE5HF

R TR PR TERAR, £ 254 nm AEHEAMG
WL, Ak iR (40~60 pm); Fra L& it
'H NMR. '3C NMR 1 F NMR #47%4E, 526074
T () B4R AT L, B /2 /E Finnigan TSQ Quan-
tum-MS X 2% b DL T 55 B B (BSD IR AL 72 500
MHz Bruker DRX 500 Iici5% '"H NMR. F NMR £l 13C
NMR i, FH4d DY F IR RE e (TMS)TE NS %, ARV
FERIENIRSHE: T (&M 6 7.26) BR(F M 6 77.0);
GC 7r#rfE Agilent 7890A X #% LibAT(tai4E: Agilent
19091J-413: 30 mX 320 pmX 0.25 pm, #/<: Hy, FID £
M; GC-MS FHEAE 5975C LM A5 7890A <
FH % 4% (Agilent Technologies) Fic 3%, At FR 7 A
iS4l
3.2 ZWHE

1E N IR T, AR T8 10 mL RS2 2
AN IR PPhoCl (264.76 mg, 1.2 mmol, 2.4
equiv.) I =55 I EL A R 88 CF3SO.Na (93.64 mg, 0.6
mmol, 1.2equiv.), RGN 1.0 mL /K 0. EiBEE
30 min, ZAJETE No R AR Z 1 (0.5 mmol, 1.0
equiv.)~ JEAHERA T BE(77.34 mg, 0.75 mmol, 1.5 equiv.)-
TKER R4 (15.96 mg, 0.1 mmol, 20 mol%)#1 2.0 mL &
KKE, B IM#AE 70 C, HEHPE 12 h B0 RN G
AHEER, RNBGRT GC-MS i, RF4 —AH
FEAKIRGZER 3 k. ANZETOKIREREN T8, B
JE R ZE TR R BV ). M PP AR JZ AT R I N 2R
LA R A W) 7 B 15 2 BT ik =5 2L R =)
2.

(4- V8 2R 5 ) (= 30 R ) B ik (22)121): T L VRAR, 96
mg, 7% 75%. 'H NMR (500 MHz, CDCl3) : 7.60~7.54
(m, 2H), 7.52 (d, J=8.4 Hz, 2H); 3C NMR (126 MHz,
CDCls) d: 137.87 (s), 132.93 (s), 129.36 (q, J=308.7 Hz),
126.16 (s), 123.56 (s); '°F NMR (470 MHz, CDCl;) ¢:
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—43.01 (s).

2,4,6- — F B R (=350 A L) Wi Ik (2b) 272 TG B
&, 66 mg, 7°# 60%. "H NMR (500 MHz, CDCls) d: 7.02
(s, 2H), 2.55 (s, 6H), 2.32 (s, 3H); 3C NMR (126 MHz,
CDCl;) o: 145.43 (s), 141.53 (s), 130.33 (q, J=309.96
Hz), 129.73 (s), 120.21 (s), 22.17 (s), 21.25 (s); '9F NMR
(470 MHz, CDCl3) §: —42.19 (s).

(4- AR R -3,5- 2 R B R R ) (=90 1 68 ) Bt Tk (20)127°):
TR, 91 mg, 7% 77%. 'TH NMR (500 MHz, CDCl3)
8: 7.32 (s, 2H), 3.75 (s, 3H), 2.30 (s, 6H); 3C NMR (126
MHz, CDCl3) : 159.59 (s), 137.11 (s), 132.59 (s), 129.85
(q, J=308.7 Hz), 118.55 (s), 16.13 (s); '°F NMR (470
MHz, CDCl3) 9: —43.48 (s).

[1,1-BR 2R ]-4- B (=5 A 5L B Bk (2d) 10 T (v A4,
102 mg, *#% 80%. 'H NMR (500 MHz, CDCl3) 6: 7.79
(d, J=8.2 Hz, 2H), 7.66 (dd, J=15.4, 7.9 Hz, 4H), 7.53 (t,
J=17.6 Hz, 2H), 7.47 (d, J=7.2 Hz, 1H); 3C NMR (126
MHz, CDCls) §: 143.96 (s), 139.75 (s), 136.85 (s), 129.83
(q, J=308.7 Hz), 129.10 (s), 128.29 (s), 128.25 (s), 127.33
(s), 123.19 (d, J=2.0 Hz); '°F NMR (470 MHz, CDCl;) ¢:
—42.80 (s).

(4-FF CURE 2 HE ) (= 40 ) TR TR (2e)(279): G €0 ¥ 1,
95 mg, 773 73%. '"H NMR (500 MHz, CDCl;) §: 7.61 (d,
J=8.1 Hz, 2H), 7.29 (d, J=8.1 Hz, 2H), 2.58 (s, 1H), 1.91
(s, 4H), 1.81 (d, J=12.6 Hz, 1H), 1.46 (dd, J=22.6, 11.2
Hz, 4H), 1.38~1.24 (m, 1H); 3C NMR (126 MHz,
CDCLy) 0: 151.43 (s), 136.60 (s), 129.92 (q, J=308.7 Hz),
128.19 (s), 121.29 (s), 44.56 (s), 34.37 (s), 26.90 (s), 26.19
(s); "F NMR (470 MHz, CDCls) 6: —43.32 (s).

(4-TR-[ 1,12 ]-4- 38 ) (= 3 I ) B Tk (26)124): B th
AR, 116 mg, 7% 70%. 'H NMR (500 MHz, CDCl;) 6:
7.72 (d, J=8.0 Hz, 2H), 7.59 (d, J=8.1 Hz, 4H), 7.46 (d,
J=8.2 Hz, 2H); '3C NMR (126 MHz, CDCls) §: 142.75
(s), 138.71 (s), 136.95 (s), 132.27 (s), 129.68 (q, J=310.80
Hz), 128.92 (s), 128.08 (s), 123.73 (s), 122.72 (s); "F
NMR (470 MHz, CDCl3) §: —42.88 (s).

(4-F-[1,1- TR |-4- 28 ) (= 380 H 225 ) Bt ik (2g) 1279 T
BIRAK, 102 mg, =% 75%. 'H NMR (500 MHz, CDCl;)
8: 7.72 (d, J=8.0 Hz, 2H), 7.62~7.52 (m, 4H), 7.16 (t,
J=8.5 Hz, 2H); *C NMR (126 MHz, CDCl) J: 163.08 (d,
J=249.48 Hz), 142.98 (s), 136.92 (s), 135.93 (s), 129.84
(q, J=308.7 Hz), 129.01 (d, J=8.2 Hz), 128.14 (s),
116.16 (s), 115.99 (s); YF NMR (470 MHz, CDCl3) o:
—42.96 (s), —114.39 ().

(4- 2R S L R (= 3 R ) B ik (2h)2Y: T B VAR,

http://sioc-journal.cn/ 683
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105 mg, =¥ 78%. 'H NMR (500 MHz, CDCl;) ¢: 7.63
(d, J=8.7 Hz, 2H), 7.43 (t, J=8.0 Hz, 2H), 7.27~7.20
(m, 1H), 7.11 (d, J=7.8 Hz, 2H), 7.07~7.00 (m, 2H); 13C
NMR (126 MHz, CDCl3) 6: 160.56 (s), 155.73 (s), 138.49
(s), 130.21 (s), 129.74 (q. J=308.7 Hz), 124.71 (s), 120.23
(s), 118.74 (s), 117.34 (s); '9F NMR (470 MHz, CDCL3) ¢:
—43.77 (s).

[1,1:4'1"- =K -4-FE (= 3 B 38 R )2 Bt
WAk, 125 mg, 2% 76%. 'H NMR (500 MHz, CDCl;) o:
7.81~7.62 (m, 10H), 7.49 (t, J=6.9 Hz, 2H), 7.41 (d, J=
6.8 Hz, 1H); *C NMR (126 MHz, CDCl3) J: 143.46 (s),
141.18 (s), 140.52 (s), 138.61 (s), 136.90 (s), 129.78 (q,
J=310.8 Hz), 129.03 (s), 128.13 (s), 127.82 (s), 127.72
(s), 127.20 (s), 123.27 (s), 100.08 (s); '°F NMR (470 MHz,
CDCl3) 5: —42.96 (s).

N-(3- FF B -4 (=900 R 28 WA 2R 35 ) 4 Tk e (2)127¢):
1A, 64 mg, 723 52%. '"H NMR (500 MHz, CDCl3)
5: 7.83 (s, 1H), 7.60~7.52 (m, 2H), 7.39 (d, J=7.5 Hz,
1H), 2.48 (s, 3H), 2.18 (s, 3H); *C NMR (126 MHz,
CDCls) d: 169.00 (s), 145.45 (s), 140.87 (s), 139.35 (s),
129.84 (q, J=309.12 Hz), 121.73 (s), 118.85 (s), 117.99
(s), 24.75 (s), 21.46 (s); F NMR (470 MHz, CDCls) ¢:
—44.23 (s).

(4-FF B 2510 (= T B Bk (2k) 4 T B Ak,
81 mg, =% 67%. 'H NMR (500 MHz, CDCl;) 6: 8.59 (d,
J=8.0 Hz, 1H), 8.06 (d, J=8.0 Hz, 1H), 7.88 (d, J=6.8
Hz, 1H), 7.64 (dd, J=17.3, 7.4 Hz, 2H), 7.37 (d, J=6.8
Hz, 1H), 2.75 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
139.64 (s), 137.84 (s), 135.39 (s), 133.64 (s), 129.86 (q,
J=309.96 Hz), 127.39 (s), 126.70 (s), 126.68 (s), 126.65
(s), 124.85 (s), 119.62 (s), 19.94 (s); '°F NMR (470 MHz,
CDCl3) 5: —42.81 (s).

(2-VRZ5-1-5) (= D IR BED>Y: ok, 88
mg, & 58%. 'H NMR (500 MHz, CDCl;) o: 8.70 (s,
1H), 7.99 (t, J=7.4 Hz, 2H), 7.76 (d, J=8.7 Hz, 1H), 7.65
(d, J=8.7 Hz, 1H), 7.53 (t, J=7.7 Hz, 1H); 3C NMR (126
MHz, CDCls) §: 138.83 (s), 136.64 (s), 132.82 (s), 132.38
(s), 130.51 (s), 130.29 (s), 129.53 (q, J=310.38 Hz),
128.26 (s), 126.14 (s), 122.59 (s), 120.93 (s); 'F NMR
(470 MHz, CDCl3) §: —42.42 (s).

(4- TR FE R T ) (=9 ) B Bk (2m) 21 3 B L TR,
78 mg, 7“3 70%. 'H NMR (500 MHz, CDCL3) d: 8.27 (d,
J=8.8 Hz, 2H), 7.83 (d, J=8.7 Hz, 2H); 3C NMR (126
MHz, CDCls) §: 149.30 (s), 136.22 (s), 132.71 (s), 129.10
(q, J=1309.54 Hz), 124.49 (s); 'F NMR (470 MHz,
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CDCl3) §: —41.65 (s).

(4- SR B ) (=0 B B Bk (2m) 270 TR B AA, 70
mg, 7% 66%. '"H NMR (500 MHz, CDCl3) J: 7.59 (d,
J=8.4 Hz, 2H), 7.40 (d, J=8.5 Hz, 2H); 3C NMR (126
MHz, CDCL) d: 137.85 (s),137.73 (s), 129.96 (s), 129.46
(q, J=309.12 Hz), 122.93 (s); '9F NMR (470 MHz,
CDCl3) 5: —43.07 (s).

(3-TR IR L) (= 9 T AL ) B Bk (20)12°): o LM AA, 15
mg, 7% 12%. 'H NMR (500 MHz, CDCls) &: 7.82 (s,
1H), 7.61 (dd, J=13.7, 8.0 Hz, 2H), 7.30 (t, J=7.9 Hz,
1H); '3C NMR (126 MHz, CDCls) d: 138.82 (s), 134.91
(s), 134.17 (s), 130.88 (s), 129.47 (q, J=309.12 Hz),
126.39 (s), 123.08 (s); '°F NMR (470 MHz, CDCly) §:
—42.86 (s).

(Q-TRIR L) (=3 H L) Bk (2p)BY: LA, 6 mg,
P23 5%. 'TH NMR (500 MHz, CDCL) d: 7.75 (dd, J=
25.0, 7.8 Hz, 2H), 7.35 (dt, J=24.9, 7.5 Hz, 2H). 13C
NMR (126 MHz, CDCl3) 6: 138.22 (s), 134.18 (s), 132.32
(s), 130.78 (s), 129.45 (q, J=309.12 Hz), 128.42 (s),
126.43 (s); "F NMR (470 MHz, CDCl3) 6: —42.10 (s).

1-(4-JR 256 35)-2,2,6,6- VU F ZE DR IE (22N> £ []
f&. "TH NMR (500 MHz, CDCl3) 6: 7.29 (d, J=9.1 Hz,
2H), 7.08 (d, J=8.2 Hz, 2H), 1.64~1.53 (m, 5H), 1.45~
1.38 (m, 1H), 1.22 (s, 6H), 0.99 (s, 6H); 3C NMR (126
MHz, CDCl3) 6: 162.86 (s), 131.63 (s), 115.90 (s), 111.75
(s), 60.60 (s), 39.85 (s), 32.62 (s), 20.55 (s), 17.11 (s).

$#H B#1 KL (Supporting Information) L&) 2a~2p [
'H NMR. 3C NMR % '°F NMR i A1 2a'f] 'TH NMR,
BC NMR #f . ax £k} a] BL 4 3 AR T1] 3k (http:/
sioc-journal.cn/) & N #.
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