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Copper(l)-Catalyzed Non-terminal Enamides Trifluoromethylation:
Flexible Synthesis of N-(3,3,3-Trifluoro-2-arylprop-1-en-1-yl)
Substituted Benzamide

Wang, Qing Gao, Kecheng

Zou, Jianping

Zeng, Runsheng™

(Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry Chemical Engineering and
Materials Science, Soochow University, Suzhou 215123)

Abstract A novel Cul-catalyzed trifluoromethylation of non-terminal enamides was investigated. N-Arylvinyl-substituted
benzamide reacted with Togni reagent in dichloroethylane to afford N-(3,3,3-trifluoro-2-arylprop-1-en-1-yl) substituted ben-
zamide. The reaction proceeded at 90 ‘C in air atmosphere in the presence of base and ligands. Control experiment shows that
the Togni reagent firstly released CF; radical in the presence of copper(l) salts and CF; radical selectively added to the car-

bon-carbon double bond of S-position of enamides.

Keywords trifluoromethylation; Togni reagent; catalyst; enamide
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S 34k [ N (Scheme 1b). 2015 4EA1 1017 4F, fird5 =M
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SN (Scheme 1c¢). [FAI4E, Gillaizeau /N7 iE T kA 1k
PR PN 1) = 98 24k S B (Scheme  1d). 12RO B
Wis 7 A AL T, Togni WFNE N =5 IR,
Ab, Tan Al Liu 20058 — AR3E 1 B A RR B- = T 56
SR I () SN (Scheme  1e). A4F, Wu iR RRZH CRE T
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b I < A D = P S I T IR N A D = 9 P R U,
T SEARUCT AR D SR R B A B A = SRR R AL
(Scheme 1f). F: T AUREZH B I 5T =5 FF HeAL S
W7, ASCRMRN AH 51K Togni 37 A =5
B 2 SRR B S, B8] 7 — R - =5 5
WAL S, RS RTE, BRETTE, PR R

1 HR5R

EAI S ST, FRATEL N-28 20 5 28 H 1k Jie
a) /AR BRI 1), N A Togni iR71(1.5
equiv.), Cul (10 mol%), 1,4- % /S¥ 2 mL), 90 ‘C %3
h. HFRP2) 3a FIICEH 17% (Entry 1). BEJs, BAT
WHIBET T ik, RBLLL 1,2- 8 ZKE(DCE) N J B %
7, HER =) 3a 1T AFRAS 56% I (Entry 7). HRIEC
HRIE SR AT RN, — 4 AT DA 25 (2 4 Togni 1718
G H B2, T2, FRATIEIE T —Oha S e,
%40 CuCl, CuBr (Entries 8~9). £ S:AFE 8] — 4 £ Al L
B AR IR SR EEAT. R T i AR )
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KA P E (Entry 17). 4R BN SRR N T
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mol%), DCE (2 mL), 90 ‘CJz¥ 3 h = M i fE 5%
.
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Scheme 1 Trifluoromethylation reaction of enamide
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Table 1 Optimization of the reaction conditions

CFs o) i

- 2 ( R /\5% 5 i "/ \

N + @O N I i e -

H ! H | N N

1a 2 © i g L H
3a
Entry  Catalyst Additive Solvent ~ Temp. Yield”/% | Entry Catalyst  Additive Solvent Temp.  Yield"/%

1 Cul — 1,4-Dioxane 90 17 12 Cul — DCE 120 56
2 Cul — Toluene 90 Trace 13 Cul Na,HPO, DCE 90 62
3 Cul — MeCN 90 Trace 14 Cul K,CO; DCE 90 47
4 Cul DMF 90 43 15 Cul NaOAc DCE 90 54
5 Cul EtOH 90 22 16 Cul tBuOK DCE 90 47
6 Cul THF 90 50 17 Cul  Na,HPO4,,L1 DCE 90 68
7 Cul — DCE 90 56 18 Cul  Na,HPO4,, L2 DCE 90 41
8 CuCl — DCE 90 52 19 Cul  Na,HPO4,, L3 DCE 90 56
9 CuBr — DCE 90 53 20°¢ Cul  Na,HPO4,,L1 DCE 90 68°
10 Cul — DCE 50 Trace 21 Na,HPO4, L1 DCE 90 13
11 Cul — DCE r.t. Trace

“ Reaction conditions: 1a (0.25 mmol), 2 (0.5 mmol), Cul (10 mol %), Na,HPO, (2 equiv.), DMEDA (20 mol%), 90 °C, 3 h. ® Isolated yields.

TERAR RN AT, BAT IR 8 & T T
HE2, dERR 2 P, GEURIRTE S M R AT 1%
IZRIR B, SRR AR AT LAY 2 S iR, i,
&4 Me. OMe. Cl. Br. CF; JJEY# TR 3545 H
FRF=). SRR A L B IS = e i v T U
F(GR 2, 3a~3i). HIUrYHIIE N CF; B, B9
W 57%, JEURE A H B H bR =2 reE N 68%
(3 2, 3b, 3i). 27 R FEMERIE A T AR, 7T 3]
PSR B AR (ER 2, 3j~3K). AL, S
TSV % (R I AR TRV Bt o7 AR 36 TE 18 2 T F
T B R A DAL A L DL B A5 2 H
RPN 2, 31~3w).

— A BT DAL Togni 37718 = %60 3% A i
B, BATRZ R BT T #H 28, MRATE R BAE &R
RO S5 5 1 H 1D R R A ) DY R R IR v AR A
(TEMPO)B, ARATME] Hbr =YK, SRS
%€, TEMPO e =P EBEHIE 4 M7 1%
(Scheme 2a). 74k, Mk FR AN ZED) R &R b2
FIHFR 2,6- U T Ha-4-FEIK Y (BHT) B, [FIFEL 5T
R, HEsr=Pmr=20 8%, BHT filifem =% H
B 5 PR 54%. LI R R R NEA T T B M AT
2.k, WA ZR S T AR B ALEE, 4o
Scheme 3 fT7x. 56, Togni WAL — 447 FOVE SRR
SO R, U AL 1 ph g R b O T
BB B Ar 7~ AE T B AR A; Bl S, A AL e
& A 13 EIH [k B 8¢ C; /5, B 8 C 7EI1EH T
R TR BARF=9.
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¢ Ar atmosphere.
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Scheme 2 Mechanistic investigations: radical trap experiments
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Table 2 Reaction substrates scope on S-trifluoromethyl enamides

7 FFs Cul (10 mol%) j.L
O u mol CF
/\/O —R? N Na,HPO, (1.2 equiv.) g~ N X2
N X S + O H
H DMEDA (20 mol%) N,
1 o 90°C, 3h IR
3
O (0] (0]
CF3 N CF3 N CF3;  MeO N CF3
H H H
MeO OH MeO
OMe
3a, 68% 68% 3c, 61% 3d, 71% 3e, 64%
0] o (0] O (e}
N CF3 N CF3 N7 CF3 N CF3 N CF3
H H H H H
Cl Br F3C
Br
3f, 70% 3g, 63% 3h, 65% 3i, 57% 3j, 70%
o
0O (0]
Ny CFs CF CF
H N 3 N 3
H CH3 H OMe
OMe
3k, 59% 3n, 73% 30, 67%
° 3, 73% 3m, 55% =% 020
(e} (e} (e} (e} o
N CF3 N CF3 N7 CF3 N CF3 N CF3
H H H H H E
CHjz
Cl
3p, 68% 39, 65% 3r, 63% 3s, 66% 3t, 60%
0] 0O 0
N\CF3 N\CF3 N\CF3
H cl : Br .
Cl
3u, 67% 3v, 66% 3w, 60%
“ Reaction conditions: 1a (0.25 mmol), 2 (0.5 mmol), Cul (10 mol %), Na,HPO, (2 equiv.), DMEDA (20 mol%), 90 C, 3 h.
(e}
7?’ oy
H
1a
(0]
base
334—+ Ph)J\ﬁé\(CF:;H Ph)J\N CF3
Ph Ph SET H OF
(o3 B A 3
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Scheme 3 Possible mechanism
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3 X
3.1 X5

BT A 773508 TR A R, K&t —bal
1. Y N-BUCROR 20 B BUCR L2 (1) 38 2 2% Bk
T 1 SC R 4 R 2 R (TLC) B AR BR B = v
(HSGF254 =R, EAMT AP 254, 365 nm. # 2
s F #59F 300~400 HEERR. '"H NMR, “C NMR A1 F
NMR i Bruker advance 400 4% g SR 00 5E .
3.2 LWHE
3.2.1  N-FF A TH B BURR F B (la~1w) 69 & n%,

DA N-ZK I3 28 P (1a) A ). 7E 25 mL R )
N H AR RO N K B % (S mmol), il 4K I £ (20
mol%), FRELREH(10 mol), DMEDA (40 mol%), 7K Z.(6
mmol), PUEMEIE 10 mL. #hk<, FiARAHRA. |’
HEYIET 80 TR 12 h. RMEEH G, FIEA RN
A 50 mL 7K, ZBRZAE(50 mL X 3)ZEHL. & IFA NI,
TR WA LV SR, Fr= &t E o s it alifs
FMLEY 1a, FEHAN 70%.
322 N-Q2-Z & F A 2- B K ) AR R P Bl
(Ba~3w)#9 4k

DL N-(2- =980 P 2 -2- 28 2R A I iz (3a) 8l 7 10
mL (1) R AR IR N-2K ) 3428 B % (1a) (0.25
mmol), Togni i7F] (0.5 mmol), BERE —47(0.5 mmol),
AL E £ (10 mol%), DMEDA (20 mol%), DCE (2 mL).
REPE T n#m 90 CHn#gs N 3 h. TLC
BRER RN, M5 S MTREA NN 10 mL K, g
ZIR(10 mLX3)EHR. A IFANAHE, BUEIRAE 5157145
=9, Fr=ErEENTiRaifg N-2- =5 F 5E-2- 755
KL (3a), AMEA 50 mg, 2% 68%. m.p. 56.1~
57.4 “C; 'H NMR (400 MHz, CDCLy) 8: 7.95 (d, J=11.4
Hz, 1H), 7.80 (d, J=8.7 Hz, 1H), 7.61 (d, J=7.3 Hz, 2H),
7.58~7.47 (m, 4H), 7.47~7.37 (m, 4H); >C NMR (101
MHz, CDCly) 6: 164.28, 132.81, 132.32, 130.01, 129.65,
129.58, 129.42, 128.96, 127.16, 126.59 (q, J=6.06 Hz),
124.07 (q, J=271.69 Hz), 112.73 (q, J=31.31 Hz); "°F
NMR (376 MHz, CDCl;) §: —63.35. HRMS (ESI-TOF)
caled for C;¢H,F;NNaO (M +Na)": 314.0769, found
314.0647.

N-(2- =5 2 -2- TRk )-4- R BL R A BE e (3b): v IR
1 51 mg, 7% 68%. "H NMR (400 MHz, CDCl;) 0: 7.94
(d, J=10.4 Hz, 1H), 7.77 (d, J=10.1 Hz, 1H), 7.55~7.46
(m, 5H), 7.40 (d, J=6.9 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H),
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2.38 (s, 3H); "C NMR (101 MHz, CDCl;) §: 164.24,
143.65, 130.10, 129.62, 129.59, 129.46, 129.37, 128.89,
127.20, 126.73 (q, J=7.07 Hz), 124.19 (q, J=270.7 Hz),
112.51 (q, J=31.6 Hz), 21.52; "F NMR (376 MHz,
CDCl;) 8: —63.27. HRMS (ESI-TOF) calcd for C;7H,4F-
NNaO (M+Na)*: 328.0925, found 328.0920.

N-(2- =5 FH BE 2R 0 )-4- A R U BE i (Be):
O E A 49 mg, *FR 61%. mp. 101.2~102.4 C; 'H
NMR (400 MHz, CDCl) d: 7.96~7.83 (m, 1H), 7.74 (d,
J=11.3 Hz, 1H), 7.56 (t, J=7.9 Hz, 2H), 7.53~7.43 (m,
3H), 7.40 (d, J=7.1 Hz, 2H), 6.89 (d, J=8.7 Hz, 2H), 3.82
(s, 3H); °C NMR (101 MHz, CDCl3) §: 163.68, 163.23,
130.18, 129.62, 129.33, 129.19, 126.83 (q, J=7.0 Hz),
124.39, 12421 (q, J=270.6 Hz), 114.17, 112.18 (q, J=
31.7 Hz), 55.50; "’F NMR (376 MHz, CDCl3) 6: —63.17.
HRMS (ESI-TOF) caled for C;,H4;F;NNaO, (M+Na)':
344.0874, found 344.0871.

N-(2- =% F 3 2- 2K 30 2- B R WL L 3d): A fn
[E1A 54 mg, 773 71%. m.p. 157.7~158.9 ‘C; '"H NMR
(400 MHz, CDCls) 6: 11.42 (s, 1H), 7.99 (d, J=11.0 Hz,
1H), 7.90 (d, J=11.4 Hz, 1H), 7.57~7.46 (m, 3H), 7.41 (t,
J=17.0 Hz, 3H), 6.96 (dd, J=17.3, 8.2 Hz, 2H), 6.79 (t,
J=17.6 Hz, 1H); >C NMR (101 MHz, CDCl;) J: 166.56,
161.50, 135.12, 129.27, 129.18, 129.06, 124.92, 124.92 (q,
J=7.1 Hz), 123.42 (q, J=270.8 Hz), 118.83, 118.52,
113.58 (q, J=31.8 Hz), 112.49; "F NMR (376 MHz,
CDCl;) §: —63.54. HRMS (ESI-TOF) calcd for CiH ,F-
NNaO, (M+Na)": 330.0718, found 330.0723.

N-(2- = 5 B ik -2- 75 36 )-3,4,5- = HH 480 3k 2 Yk i
(3e): ALEIA 61 mg, =% 64%. m.p. 120.1~122.3 C;
'H NMR (400 MHz, CDCl3) d: 7.91 (d, J=11.6 Hz, 1H),
7.76 (d, J=11.3 Hz, 1H), 7.49 (ddd, J=27.7, 13.3, 7.0 Hz,
5H), 6.81 (s, 2H), 3.88 (s, 3H), 3.83 (s, 6H); °C NMR
(101 MHz, CDCl;) &: 163.29, 152.86, 141.57, 129.67,
129.18, 129.06, 128.93, 127.01, 126.19 (q, J=6.9 Hz),
123.57 (q, J=270.6 Hz), 112.38 (q, J=31.9 Hz), 104.02,
60.45, 55.70; "F NMR (376 MHz, CDCl;) : —63.30.
HRMS (ESI-TOF) caled for CioH sF;NNaO4 (M+Na)':
404.1086, found 404.1075.

N-(2- =5 FF L -2- 25 356 ) -2- G0 2K H e (36): 1 €[]
& 57 mg, F*F 70%. m.p. 56.1~58.3 ‘C; '"H NMR (400
MHz, CDCl3) 6: 8.18 (d, J=10.9 Hz, 1H), 7.93 (dd, J=
11.5, 1.5 Hz, 1H), 7.86~7.79 (m, 1H), 7.51~7.43 (m,
3H), 7.43~7.32 (m, 5H); *C NMR (101 MHz, CDCL3) ¢:
162.87, 132.34, 131.51, 131.31, 130.20, 130.15, 129.41,
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129.32, 128.94, 128.92, 127.02, 125.82 (q, J=6.9 Hz),
123.56 (q, J=270.8 Hz), 113.34 (q, J=31.9 Hz); "’F NMR
(376 MHz, CDCl;) 6: —63.61. HRMS (ESI-TOF) calcd
for C;¢H;CIF;NNaO (M + Na) *. 348.0379, found
348.0372.

N-(2- =& FH 3L 2- 2K 55)-3- 90 2K Wt e 3g): A (o[l
14 58 mg, 773 63%. m.p. 60.1~62.3 C; '"H NMR (400
MHz, CDCls) §: 7.90 (d, J=12.2 Hz, 1H), 7.81 (t, J=1.7
Hz, 1H), 7.74 (d, J=10.8 Hz, 1H), 7.68~7.61 (m, 1H),
7.57~7.47 (m, 3H), 7.41 (dd, J=15.8, 7.4 Hz, 3H),
7.31~7.23 (m, 1H); “C NMR (101 MHz, CDCl;) o:
162.48, 135.27, 133.77, 130.28, 129.92, 129.30, 129.23,
129.11, 129.05, 125.83 (q, J=6.8 Hz), 124.81, 123.62 (q,
J=270.5 Hz), 122.76 (s), 113.17 (q, J=31.6 Hz); "°F
NMR (376 MHz, CDCl;) §: —63.46. HRMS (ESI-TOF)
calcd for C;¢H;BrF;NNaO (M+Na)+: 391.9874, found
391.9889.

N-(2- =4 F 3 -2- IR JE)-4- IR K IR (3h): A (ol
% 59 mg, F“F 65%. mp. 115.2~116.7 C; 'H NMR
(400 MHz, CDCls) 6: 7.90 (d, J=11.5 Hz, 1H), 7.79~
7.71 (m, 1H), 7.59~7.43 (m, 7H), 7.39 (d, J=6.9 Hz,
2H); "*C NMR (101 MHz, CDCly) d: 163.42, 138.21,
132.24, 131.12, 129.85, 129.70, 129.54, 128.69, 127.77,
126.39 (q, J=6.1 Hz), 124.01 (q, J=271.7 Hz), 113.39 (q,
J=31.9 Hz); “F NMR (376 MHz, CDCly) 6: —63.44.
HRMS (ESI-TOF) caled for C;sH;;BrF;NNaO (M—|—Na)+:
391.9874, found 391.9867.

N-(2- = 46 Y 3L -2- 2K 36 )-4- = G5 FF 36 2% F ik i (3i):
WHPIRY 51 mg, 723 57%. '"H NMR (400 MHz, CDCL) o:
791 (d, J=11.3 Hz, 1H), 7.86~7.77 (m, 1H), 7.69 (q,
J=8.6 Hz, 4H), 7.59~7.44 (m, 3H), 7.40 (d, J=6.7 Hz,
2H); "*C NMR (101 MHz, CDCly) d: 162.62, 135.10,
133.88 (q, J=33.3 Hz), 129.26, 129.16, 129.03, 127.17,
125.75 (q, J=7.1), 125.54 (q, J=4.0 Hz), 123.43 (q, J=
270.9 Hz), 122.87 (q, J=272.7 Hz), 113.51 (q, J=31.3
Hz); 'F NMR (376 MHz, CDCly) 6: —63.24, —63.62.
HRMS (ESI- TOF) caled for C,;H;;FsNNaO (M+Na)+:
382.0643, found 382.0629.

N-(2- =50 H 2 -2-JR 58 B O W e i (3)): - 1 £ [
52 mg, & 70%. m.p. 110.4~111.6 ‘C; '"H NMR (400
MHz, CDCl3) d: 7.77~7.69 (m, 1H), 7.55~7.41 (m, 3H),
7.37~7.27 (m, 2H), 7.06 (d, J=11.0 Hz, 1H), 2.02 (ddd,
J=11.8, 7.5, 3.1 Hz, 1H), 1.76 (d, J=10.1 Hz, 4H), 1.64
(d, J=4.7 Hz, 1H), 1.37 (dd, J=21.8, 10.6 Hz, 2H),
127~1.16 (m, 3H); "C NMR (101 MHz, CDCls) J:
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173.00, 129.68, 129.15, 129.03, 128.72, 125.90 (q, J=7.1
Hz), 123.68 (q, J=270.7 Hz), 111.23 (q, J=31.8 Hz),
44.62, 28.60, 24.96, 24.84; '°’F NMR (376 MHz, CDCl;) ¢:
—63.34 (s). HRMS (ESI-TOF) calcd for Ci¢H;sF;NNaO
(M~+Na)": 320.1238, found 320.1236.

N-(2- =%, F 3 -2- 2R 35 )-2-WE Wy Y 9 i (3K ): YRR 40
44 mg, 7% 59%. 'H NMR (400 MHz, CDCl;) o: 7.87
(dd, J=11.6, 1.4 Hz, 1H), 7.68~7.62 (m, 1H), 7.51 (ddd,
J=12.9,9.3, 3.7 Hz, 4H), 7.40 (d, J=7.1 Hz, 2H), 7.29 (d,
J=3.7 Hz, 1H), 7.09~7.01 (m, 1H); *C NMR (101 MHz,
CDCly) d: 158.21, 136.24, 131.80, 129.45, 129.16, 129.11,
128.97, 128.14, 127.58, 125.72 (q, J=7.1 Hz), 123.56 (q,
J=271.7 H ), 112.25 (q, J=32.3 Hz); ’F NMR (376
MHz, CDCl;) 0: —69.42. HRMS (ESI-TOF) calcd for
C14H,oF;NNaOS (M+Na)*: 320.0333, found 320.0331.

N-(2- =3 FF ik -2-(4- PR R B ) R FRBE AR (31): I e
[E& 56 mg, F“F 73%. m.p. 90.4~91.5 C; 'H NMR
(400 MHz, CDCl3) 6: 7.92 (d, J=11.6 Hz, 1H), 7.82 (d,
J=7.1 Hz, 1H), 7.62 (dd, J=5.2, 3.3 Hz, 2H), 7.57 — 7.51
(m, 1H), 7.42 (dd, J=10.5, 4.7 Hz, 2H), 7.30 (q, J=8.1
Hz, 4H), 2.42 (s, 3H); >C NMR (101 MHz, CDCl) ¢:
164.30, 139.42, 132.75, 132.40, 130.34, 129.37, 128.93,
127.17, 126.91, 126.39 (q, J=13.8, 6.9 Hz), 124.15 (q, J=
270.8 Hz), 112.92 (q, J=31.8 Hz), 21.35 (s); "F NMR
(376 MHz, CDCl3) 9: —63.46. HRMS (ESI-TOF) calcd
for C,7H,,FsNNaO (M+Na)": 328.0925, found 328.0932.

N-(2- =5 F e -2-(4- AU R R R ) A T BE(3m):
ik 44 mg, PFF 55%. mp. 101.3~102.1 C; 'H
NMR (400 MHz, CDCly) d: 7.91 (d, J=11.4 Hz, 1H), 7.79
(d, J=11.0 Hz, 1H), 7.66~7.60 (m, 2H), 7.54 (t, J=7.4
Hz, 1H), 7.43 (t, J=7.7 Hz, 2H), 7.32 (d, J=8.6 Hz, 2H),
7.04 (dd, J=6.7, 4.8 Hz, 2H), 3.87 (s, 3H); *C NMR (101
MHz, CDCly) 6: 164.28, 160.24, 132.76, 132.38, 130.92,
128.95, 127.16, 126.46 (q, J=7.0 Hz), 124.16 (q, J=270.6
Hz), 121.80, 115.06, 112.65 (q, J=31.8 Hz), 55.36 (s); "°F
NMR (376 MHz, CDCl;) §: —63.70. HRMS (ESI-TOF)
caled for C;;H,F;NNaO, (M+Na)': 344.0874, found
344.0876.

N-(2- =5 FH L -2-(2- B R ) K Bk 2 (3n): I B
B 56 mg, 723 73%. m.p. 110.4~112.9 C; '"H NMR
(400 MHz, CDCl3) d: 7.95 (d, J=11.5 Hz, 1H), 7.60~
7.51 (m, 3H), 7.45~7.37 (m, 4H), 7.33 (ddd, J=8.6, 7.9,
3.6 Hz, 2H), 7.26 (d, J=6.4 Hz, 1H), 2.31 (s, 3H); "°C
NMR (101 MHz, CDCly) &: 163.81, 137.59, 132.33,
131.84, 130.54, 130.42, 129.39, 128.47, 127.96, 126.64,
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126.40 (q, J=6.8 Hz), 123.69 (q, J=270.6 Hz), 111.64 (q,
J=32.3 Hz), 18.88; '’F NMR (376 MHz, CDCly) o: —
63.99. HRMS (ESI-TOF) calcd for Cj;H;4F;NNaO (M+
Na)": 328.0925, found 328.0937.

N-(2- =90 JE-2-(2- FH AR B DR 38 ) R H 1 (30): (R
G4k 54 mg, 723 67%. m.p. 102.5~103.6 ‘C; '"H NMR
(400 MHz, CDCl;) d: 7.93 (d, J=11.0 Hz, 1H), 7.71 (dd,
J=5.6, 4.2 Hz, 1H), 7.62 (dd, J=5.2, 3.3 Hz, 2H), 7.56~
7.51 (m, 1H), 7.47~7.40 (m, 3H), 7.34 (d, J=7.2 Hz,
1H), 7.09 (dd, J=7.7, 6.2 Hz, 2H), 3.87 (s, 3H); *C NMR
(101 MHz, CDCly) 6: 164.35, 157.09, 132.67, 131.50,
131.13, 128.91, 127.52 (q, J=7.1 Hz), 127.12, 124.30 (q,
J=271.7 Hz), 121.58, 118.24, 112.19, 108.99 (q, J=32.1
Hz), 56.15; "F NMR (376 MHz, CDCly) J: —62.53.
HRMS (ESI-TOF) caled for Cy;H;4F3sNNaO, (M+Na)+:
344.0874, found 344.0878.

N-(2- =90 1 J-2-(3- F AR08 R I B i (3p): L £
B4k 52 mg, P2 68%. m.p. 86.6~87.6 C; 'H NMR
(400 MHz, CDCl;) 6: 7.93 (d, J=11.2 Hz, 1H), 7.81 (d,
J=10.7 Hz, 1H), 7.62 (t, J=7.3 Hz, 2H), 7.54 (t, J=7.4
Hz, 1H), 7.42 (dd, J=15.1, 7.6 Hz, 3H), 7.28 (d, J=7.7
Hz, 1H), 7.19 (d, J=11.1 Hz, 2H), 2.42 (s, 3H); *C NMR
(101 MHz, CDCl;) 6: 163.78, 139.06, 132.29, 131.91,
129.71, 129.62, 129.42, 128.99, 128.47, 126.69, 126.06,
125.97 (q, J=7.1 Hz), 123.64 (q, J=270.8 Hz), 112.59 (q,
J=32.3 Hz), 20.99; F NMR (376 MHz, CDCly) o: —
63.35. HRMS (ESI-TOF) calcd for Cj;H,4F;NNaO (M+
Na)": 328.0925, found 328.0912.

N-(2- =550 H -2 (4- TR 8 2K B % (3 q): 1 ]
14 50 mg, 7*3 65%. m.p. 56.3~57.7 C; '"H NMR (400
MHz, CDCl;) d: 7.94 (d, J=10.8 Hz, 1H), 7.72 (d, J=
10.5 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.55 (t, J=7.4 Hz, 1H),
7.44 (d, J=7.8 Hz, 2H), 7.42~7.36 (m, 2H), 7.25~7.14
(m, 2H); C NMR (101 MHz, CDCl;) d: 163.81, 162.70
(d, J=250.0 Hz), 132.45, 131.71, 131.23 (d, J=8.3 Hz),
128.53, 126.68, 126.54 (q, J=7.0 Hz), 125.34 (d, J=3.3
Hz), 123.49 (q, J=270.5 Hz), 116.37 (d, J=21.7 Hz),
111.32 (q, J=31.9 Hz); '’F NMR (376 MHz, CDCl;) ¢:
—63.63, —110.99. HRMS (ESI-TOF) calcd for Ci¢H,;-
F,NNaO (M+Na)": 332.0674, found 332.0676.

N-(2- = F 2 -2-(4-FUR F0) R B iZ Br): Bt [
14 51 mg, 7*3 63%. m.p. 89.6~91.4 C; '"H NMR (400
MHz, CDCLy) d: 7.94 (d, J=11.6 Hz, 1H), 7.76 (d, J=11.5
Hz, 1H), 7.65~7.59 (m, 2H), 7.56 (dd, J=10.6, 4.3 Hz,
1H), 7.52 — 7.47 (m, 2H), 7.44 (t, J=7.6 Hz, 2H), 7.34 (d,
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J=8.3 Hz, 2H); *C NMR (101 MHz, CDCl;) J: 163.83,
135.15, 132.49, 131.64, 130.57, 129.50, 128.54, 127.92,
126.72, 126.59 (q, J=6.9 Hz), 123.44 (q, J=270.8 Hz),
111.10 (q, J=31.9 Hz); '’F NMR (376 MHz, CDCl;) §:
—63.33. HRMS (ESI-TOF) caled for C¢H;;CIFsNNaO
(M~+Na)": 348.0379, found 348.0371.

N-(2- =5 H 2 -2-(4- TR 2R 3k ) 2K I iz (3s): 1 £ [
& 61 mg, 7% 66%. m.p. 98.8~99.7 ‘C; '"H NMR (400
MHz, CDCly) 8: 7.94 (d, J=11.6 Hz, 1H), 7.74 (d, J=11.2
Hz, 1H), 7.64 (dd, J=12.1, 7.9 Hz, 4H), 7.56 (t, J=7.4
Hz, 1H), 7.44 (t, J=7.7 Hz, 2H), 7.35~7.23 (m, 2H); "°C
NMR (101 MHz, CDCly) &: 163.82, 132.51, 132.47,
131.63, 130.81, 128.56, 128.42, 126.72, 126.59 (q, J=1.1
Hz), 123.38, 123.37 (q, J=270.8 Hz), 111.11 (q, J=31.9
Hz); "F NMR (376 MHz, CDCl;) §: —63.29. HRMS
(ESI-TOF) caled for Ci¢H;;BrFsNNaO (M + Na) ' :
391.9874, found 391.9861.

N-(2- =5 F JE-2-(2- 9 R 2 ) 2K FH I i (3): - 1 ]
& 46 mg, 7*F 60%. m.p. 62.3~65.1 ‘C; '"H NMR (400
MHz, CDCl;) d: 8.59~8.41 (m, 1H), 8.12 (td, J=7.9, 1.7
Hz, 1H), 8.01~7.92 (m, 1H), 7.57~7.45 (m, 4H), 7.39 (d,
J=6.8 Hz, 2H), 7.27 (dd, J=10.6, 4.3 Hz, 1H), 7.03 (dd,
J=12.4, 8.4 Hz, 1H); C NMR (101 MHz, CDCl;) §:
160.33 (d, J=3.3 Hz), 160.27 (d, J=248.3 Hz), 134.30 (d,
J=9.7 Hz), 131.98 (d, J=1.3 Hz), 129.47, 129.06, 128.96,
128.86, 125.94 (q, J=7.0 Hz), 124.74 (d, J=3.2 Hz),
123.65 (q, J=270.7 Hz), 118.62 (d, J=10.4 Hz), 115.74
(d, J=24.7 Hz), 113.07 (q, J=31.6 Hz); ’F NMR (376
MHz, CDCl;) §: —63.34, —113.37. HRMS (ESI-TOF)
caled for C;¢H;FsNNaO (M +Na) : 332.0674, found
332.0669.

N-(2- =58 P 2-2-(2- 50U 58 R 2 (Bu): 7226 54
mg, & 67%. m.p. 93.4~95.1 ‘C; '"H NMR (400 MHz,
CDCly) 6: 7.99 (d, J=10.8 Hz, 1H), 7.64~7.58 (m, 3H),
7.54 (t, J=7.4 Hz, 1H), 7.43 (dt, J=16.5, 4.5 Hz, 6H); "°C
NMR (101 MHz, CDCly) &: 164.03, 134.28, 132.40,
131.96, 131.91, 130.70, 129.98, 128.48, 128.30, 127.62 (q,
J=6.6 Hz), 127.28, 126.77, 123.44 (q, J=271.9 Hz),
108.95 (q, J=32.7 Hz); F NMR (376 MHz, CDCl;) ¢:
—63.48. HRMS (ESI-TOF) calcd for C;sH;;CIF;NNaO
(M+Na)": 348.0379, found 348.0375.

N-(2- =5 FF - 2-(2-VR 2K 38 )) KX Bk % (Bv): A (L[]
& 61 mg, & 67%. m.p. 68.1~69.5 ‘C; '"H NMR (400
MHz, CDCly) d: 7.97 (d, J=11.5 Hz, 1H), 7.78 (d, J=8.1
Hz, 1H), 7.63 (d, J=7.4 Hz, 2H), 7.53 (d, J=7.5 Hz, 1H),
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7.41 (ddd, J=13.5, 6.8, 2.5 Hz, 6H); >°C NMR (101 MHz,
CDCly) d: 164.06, 133.28, 132.41, 132.07, 131.92, 130.84,
129.85, 128.49, 127.89, 127.43 (q, J=6.5 Hz), 126.79,
124.32, 123.36 (q, J=270.9 Hz), 110.65 (q, J=32.6 Hz);
YF NMR (376 MHz, CDCl;) 0: —63.56. HRMS (ESI-
TOF) caled for Ci¢H;;BrF;NNaO (M+Na)': 391.9874,
found 391.9870.

N-(2- =3 P B -2-(3- R 3 ) % F It i Bw): 1 B
4K 49 mg, % 60%. m.p. 85.5~86.7 C; 'H NMR
(400 MHz, CDCl3) 6: 7.94 (d, J=10.5 Hz, 1H), 7.81 (d,
J=9.2 Hz, 1H), 7.73~7.34 (m, 8H), 7.28 (t, J=6.5 Hz,
1H); C NMR (101 MHz, CDCl;) §: 163.89, 135.12,
132.52, 131.62, 131.30, 130.44, 129.27, 129.21, 128.54,
127.36, 126.83 (q, J=7.1 Hz), 126.75, 123.41 (q, J=270.8
Hz), 110.93 (q, J=32.3 Hz); "°F NMR (376 MHz, CDCl;)
0. —63.17 (d, J=3.6 Hz). HRMS (ESI-TOF) calcd for
C16H,CIFsNNaO (M—+Na): 348.0379, found 348.0365.

% B A #l(Supporting Information) L&) 3 1 'H
NMR, “C NMR il °F NMR i, LLK 3r (L0406
IXLEAA LA DL A 2 MASTI 35 (http:/sioc-journal.cn/)
Tk
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