Chinese Journal of Organic Chemistry

% 4’L {& % DOI: 10.6023/cjoc202302026

ARTICLE

-(=ZRmEE)H RSV E R

HIR ERE OBEAX
fEE IEH  HATEX

(WEARIHE K A2 T2 R 2200 730070)

5 % R

BB SRR =R IERANE S B BBE R (3 4+ 2R IR B, AR S B AR R (07 R AGH] T — R 51 3-(=H
FRED LM B0, Z 7 R Xk Bt . B AR A SR . AR 6 B R R R 2R AR AN R 1, B 3-(Z R
F) ML AL A R T — b R AR T 1

KGR AL Mk REVERR; =R ERRAREE; [3+ 21N

Synthesis of 3-Trifluoromethylpyrazole Derivatives
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Abstract The [3+2] cycloaddition reactions of trifluoroacetohydrazonoyl bromides with ynones, alkynoates and aynamides
have been developed, and a series of 3-trifluoromethylpyrazole derivatives were obtained in medium to excellent yields. The
noble features of this protocol include excellent regioselectivity, good functional group tolerance, mild reaction conditions and
simple operation. It provides an efficient and practical method for the synthesis of 3-trifluoromethylpyrazoles.
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Figure 1 Some drugs and pesticide molecules containing 3-trifluoromethylpyrazole moiety

W, A TAERE B 2,2,2- =5 E A L KPR 2,2,2- =5
2-HENIREEPWEN 13-k T, FIHEANS SRR
WARII[3+ 2RI BE, PR R PR A 5 T 3-(=
IR L MR AL A . SR, X Fh & TSR B —
SEERRE: (M EE S — L aRRE RN
(1 JEC3E Y e A, e e N 5 A o U 4 (i it
TARTERSE. M2, =P REEWEN 1,3-
T, HEIT A3+ 21N B S AT AT RE N & R
3-( =5 ) ML P A 5 2 ) — o v 25K PR S P v

= 5 R I W T DL R AR E B A5 ) = U 2 AR
FEAE I 261 R IRALF= A, D= 960 3 s AR A N =R
FH IR 0 i R ik, 3 e 5 R U AL A P 1)
B2 I b, AMTERIIH A R T 3-(= 5 3E)
2R &4, Fil4n, Oh Al Jasinski 5220 i = 460 3
GRS & B IEE, WG, MEESER[3+ 2130
BN, A2 T 3-(Z 5 B ILmE, I BB 58 B 1
Celecoxib BI& M TAE. 2017 4, Lee Z5230@ i = & W 5
FARIES 2-F AR IE RN, ST =4 R WL S5
IR I3 2 MR B, 2021 4, B 2R
YRR TE T = G G S SR T IR R, WA s
RGO ) S VM B, o0t — AR R [3 2130
BN, DA S )77 2645 21 1 A B 3-( =96 F AR )itk
MR AL AW, BT, Jasinski 25255 = 5 H L 0 s 5
AR B B [3 + 2130 0 s/ S A0 OB, SEE T 2 B
3-( =R L) Y A . RIS, FRATTAE 7 /0N 21 STRI
3258

http://sioc-journal.cn/

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

R R SRS RS R [3 2 R B, A
BT 4-HUR-3-( =50 F 2R it ek & . R, FRATA
B, =R RN WS & A R SR AE Y [B3+ 2138
TR L IR 7T 520, 1982 4, Tanaka VR R7HRIE T
R SR G S R S R R [3 20 I . H
12 SN ) X ABse R 1 AN FEAR: S L PR 4-EUAR-F
5-HUAR-3-( =8 FH ) I MR TR A . 245K LR N IR B TS
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Scheme 1 [342] cycloaddition reaction of trifluoroacetohydrazonoyl bromide with carbon-carbon triple bond
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Table 1 Optimization of reaction conditions of trifluoroacetohydrazonoyl bromides with alkynones

o F3C
)B\i X + /L —_Base CNN\Ph
F,¢”7 N7 Ph = Ph solent, T
1a 2a Ph 3aO
Entry Molar ratio of 1a : 2a . Base Base Time/h Temp./'C Solvent Isolated yield/%
1 1.0:1.0:1.0 K2COs 2 25 CH;CN 65
2 1.0:1.0:1.2 K2COs 2 25 CH;CN 70
3 1.0:1.0:15 K2COs 2 25 CH;CN 67
4 12:1.0:1.2 K2COs 2 25 CH;CN 79
5 1.3:1.0: 1.3 K2COs 4 25 CH;CN 84
6 1.5:1.0:15 K2COs 4 25 CH;CN 92
7 1.5:1.0:15 Cs2CO3 2 25 CH;CN 46
8 1.5:1.0:15 Na2CO3 9 25 CH;CN 38
9 1.5:1.0:15 EtsN 24 25 CH;CN 15
10 1.5:1.0:15 DBU 24 25 CH;CN N.R.
11 1.5:1.0:15 K2COs 4 25 THF 84
12 1.5:1.0:15 K2COs 4 25 1,4-Dioxane 64
13 1.5:1.0:15 K2COs 5 25 Toluene 76
14 1.5:1.0:15 K2COs 4 25 DCM 53

4 Reaction conditions: all reactions were performed with 2a (0.2 mmol) in solvent (3 mL) at 25 ‘C, N.R.=No reaction.
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Table 2 [3-+2] cycloaddition of trifluoroacetohydrazonoyl bromides with ynones

N 1
(0] F,C “nv-R

Br KoCOs TN

)\\ P + /’kRI% _——> —

F.¢~ °N”R! = CH4CN, 25 °C R? o

R? R3

1 2 3
3a,R=H, 92% FAC
FsC 3b,R=2-Me, 86% +C

3c,R=3-Me, 83%
3d, R=4-Me, 91%
3e, R = 4-OMe, 88%
3f R=4-Et, 87%
3g,R=4-Bu, 82%
3h, R=4-F  75%
3i, R=4-Br, 63%
3j, R=4-CF3 39%

EE

N~

AW
R

Ph O

FiC FsC

=N =N
A N\© S N-
o} (¢}
3r, 86% 3s, 79% 3t, 77% 3u, 62%

3k, 79%

3 NR. R’

F1C F =N
=N =N - N~Ph
B G

N/ "o

Ph S0 Ph” Y0

S

3x, RZ=Me, N.R.

3w, 72% 3y, R?=Ph, N.R.

3v, 88%

4 Unless otherwise noted, all reactions were performed with 1 (0.3 mmol), 2 (0.2 mmol), K,CO; (0.3 mmol) in CH3CN (3 mL) at 25 °C for 4 h; isolated yields.
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Table 3 [3+2] cycloaddition of trifluoroacetohydrazonoyl bromide with alkynates

FaC
O 3
)B\r H /k KoCO =
Xy - N< + = OR® 23 44 _N~p1
FoC” "NTTR! R CHACN, 25 °C : :
0~ "OR®
1 4 5
F3C F3C F3C F3C
=N =N =N =N
@\ NN~Ph \@\ N N~pPh C|\©\ NN~Ph - N~ph
o o 0 Yo 0 o CO Me
5a, 82%, 4 h 5b, 78%, 4 h 5¢, 57%, 4 h 5d, 70%, 4 h
FiC FiC FiC FiC
=N =N =N =N
MeO,c— X N~ph FaC— X\ N~Ph X N~ph Ph—XyN~ph
CO,Me CO,Et CO,Me CO,Me
5e,63%, 4 h 5f, 39%, 4 h 59, N.R, 12 h 5h,N.R. 12 h

@Unless otherwise noted, all reactions were performed with 1 (0.3 mmol), 4 (0.2 mmol), K,COs (0.3 mmol) in CH;CN (3 mL) at 25 C; isolated yields.

57%~82% [A]. M NMRER HEE(R*=H, R’=Me, 4d)
B, RSABREINFIRAE, 158 T BARF=Y) 5d, 732N
70%. M AEAR R T R IR — HER(R*=CO0.Me, R=
Me, de)fE NN, HEEIHF1E 2= Se, r=% N
63%. HHAEKRN 4,4,4-=5-2- T R LB (R*=CF;,
R=Et, 4D/ENIRPINT, R, 56 FP=R 00N
39%. BRI, 4 FEAR K 2- T FRER F (R =Me, 4g) 1
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IR B Z(RO=H)Z 5 NI, TRBIE S T2 5 R
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Table 4 [3-+2] cycloaddition of trifluoroacetohydrazonoyl bromide with ynamides

FsC
0 =N
Br K,CO4 Re-S N1
B T
Fs:C~ "N” R RS = CHiCN,25°C 7
R® \’T‘ 0
R8
1 6 7
FiC
NI N FiC .
N- N~ —
X N~Ph (j Ph XN N~ph
H,N™ 0 NO (j\N o
H
7a, 4 h, 34% 7b, 6 h, 47% 7¢c, 6 h, 56%
F1C F3C FsC
—N =N
ado. B e
Ph.
N0 SN0 r\‘J o)
\
7d, 11 h, 43% 7e, 11 h, 35% 7f, 12 h, NR.

“Unless otherwise noted, all reactions were performed with 1 (0.3 mmol), 6 (0.2 mmol), K,COs (0.3 mmol) in CH;CN (3 mL) at 25 C; isolated yields.
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3 SIERSY
3.1 R 5EH
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W, WK, @ P hiiehnER e b 8, & A, e
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32 ZWHE

FE RN, AR VINN N'-2K 3 = 5 3R R (1a)
(0.30 mmol, 1.5 equiv.). 1-ZKF-2-PJ%k-1-F(2a) (0.20
mmol, 1.0 equiv.). BRER#H(0.3 mmol, 1.5 equiv.)Fl1 ZfE(2
mL). KHIREWIAE 25 C iR, BEZREEAIR(TLC)
I RE5E ARk, SRS, 1A OB A A I N R4
BN IETR(10 mL), I ZFR 4BE(5 mLX3) AR, &7
AN, FEHTOKER RN T, J i 2T RR £ 5, ok
B il kAR JE AT B [VCA ) V(LR L TR) =40 -
1~10 = 1], 13 BIP= PRS- (1- 2K e -3-(= R0 35)-1H-1E
M- 5-B) HE(3a), H MK, 58 mg, F7E 92%. m.p.
99~101 “C; 'H NMR (400 MHz, CDCly) 6: 7.91 (d, J=
8.0 Hz, 2H), 7.65 (t, J=7.6 Hz, 1H), 7.51 (t, J=7.6 Hz,
2H), 7.43 (s, 5H), 7.02 (s, 1H); C NMR (150 MHz,
CDCl3) 6: 184.64, 142.57 (q, Jo r=39.0 Hz), 140.43,
139.22, 136.40, 134.16, 129.75, 129.11, 129.09, 128.83,
124.95, 120.76 (q, Je-s=267.0 Hz), 110.67 (q, Jo-r=1.5
Hz); '°F NMR (376 MHz, CDCls) §: —62.45 (s). HRMS
(ESI) caled for Ci7H;F3NaNaO [M+Na]' 339.0716,
found 339.0701.

&% 3b~3w. Sa~5f fll 7a~7e il %% /7% A 3a.

-+
F2C—C=N=N—Ph

A B

B2 =R RIS AR A 1A (3 + 2050 I A e B2 AT i £ Jse AL 2

Scheme 2 Proposed mechanism of [3+2] cycloaddition of trifluoroacetohydrazonoyl bromide with ynone
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2RI -(1-(4B R 2R 38 )-3-( = 9 FF 368 )- L - e -5 ) F
fi(3b): AR, 57 mg, % 86%. 'H NMR (400
MHz, CDCL3) d: 7.89 (d, J=7.2 Hz, 2H), 7.65 (t, J=7.6
Hz, 1H), 7.51 (t, J=7.6 Hz, 2H), 7.40~7.36 (m, 1H),
7.32~7.26 (m, 3H), 7.04 (s, 1H), 2.10 (s, 3H); '3C NMR
(150 MHz, CDCl3) J: 183.92, 142.29 (q, Jc-r=39.0 Hz),
141.15, 138.81, 136.52, 134.95, 133.91, 130.90, 129.83,
129.57, 128.79, 127.01, 126.52, 120.81 (q, Jer=267.5
Hz), 109.90 (q, Jcr=1.5 Hz), 17.42; '°F NMR (376 MHz,
CDCl;) §: —62.42 (s). HRMS (ESI) calcd for CigH,sFs-
N,NaO [M-+Na]" 353.0872, found 353.0875.

IR (1- (18] 2R3 )-3-( =4 Y 2 )- 1 - k-5 - 356 ) FR
fd(3c): BEEIHARIBAE, 55 mg, 7% 83%. 'H NMR (400
MHz, CDCl;) 6: 7.91 (d, J=8.0 Hz, 2H), 7.65, (t, J=8.0
Hz, 1H), 7.51 (t, J=8.0 Hz, 1H), 7.30~7.25 (m, 2H),
7.23~7.15 (m, 2H), 7.00 (s, 1H), 2.37 (s, 3H); *C NMR
(150 MHz, CDCl3) §: 184.66, 142.44 (q, Jc-r=39.0 Hz),
140.46, 139.38, 139.17, 136.45, 134.11, 129.90, 129.72,
128.83, 128.81, 125.50, 122.04, 120.83 (q, Je-r=267.0
Hz), 110.59 (q, Je—r=1.5 Hz), 21.21; '°F NMR (376 MHz,
CDCl;) §: —62.48 (s). HRMS (ESI) calcd for CigH)3Fs-
N2NaO [M+Na]" 353.0872, found 353.0868.

ZR I -(1-Off R 2R 38 )-3-( = 9 FFY 368 )- L - e -5 )
fil(3d): 60 mg, HEFEA, F% 91%. mp. 103~105 C;
'H NMR (400 MHz, CDCl3) J: 7.91 (d, J=8.0 Hz, 2H),
7.65 (t, J=8.0 Hz, 1H), 7.51(t, J=8.0 Hz, 2H), 7.30 (d,
J=8.0 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.99 (s, 1H), 2.38
(s, 3H); *C NMR (150 MHz, CDCls) 6: 184.67, 142.34 (q,
Jer=39.0 Hz), 140.31, 139.23, 136.85, 136.47, 134.10,
129.76, 129.67, 128.81, 124.74, 120.81 (q, Jc-r=267.0
Hz), 110.53 (q, Jo-r=1.5 Hz), 21.14; 'F NMR (376 MHz,
CDCl;) §: —67.22 (s). HRMS (ESI) calcd for CigH,4Fs-
N,O [M+H]" 331.10527, found 331.10523.

(1-(4- F AR JE R 3 )-3-( =30 FF 380 )- L =ML e -5 - 366 (K
F)H M 3e): 61 mg, FEEMA, 7% 88%. mp. 99~
101 “C; '"H NMR (400 MHz, CDCl;) d: 7.90 (d, J=8.0
Hz, 2H), 7.65 (t, J=8.0 Hz, 1H), 7.51 (t, J=8.0 Hz, 2H),
7.35 (d, J=8.0 Hz, 2H), 6.99 (s, 1H), 6.92 (d, J=8.0 Hz,
2H), 3.82 (s, 3H); 3C NMR (150 MHz, CDCl;) J: 184.69,
159.97, 142.18 (q, Jc-r=39.0 Hz), 140.30, 136.51, 134.09,
132.37, 129.73, 128.80, 126.33, 120.82 (q, Je-r=267.0
Hz), 114.19, 110.44 (q, Je-r=1.5 Hz), 55.50; '9F NMR
(376 MHz, CDCls) §: —62.46 (s). HRMS (ESI) calcd for
C1sH14F3N>0, [M+H]" 347.10019, found 347.10010.

(1-(4- L FHEFFE)-3-( =5 T L) -1 H-ME -5 - J ) (R 3 )
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FHE3H: 60 mg, ToEMARBIA, % 87%. 'H NMR
(400 MHz, CDCl3) 6: 7.91 (d, J=8.0 Hz, 2H), 7.65 (t, J=
8.0 Hz, 1H), 7.51 (t, J=8.0 Hz, 2H), 7.33 (d, J=8.0 Hz,
2H), 7.24 (d, J=8.0 Hz, 2H), 7.00 (s, 1H), 2.68 (q, J=8.0
Hz, 2H), 1.23 (t, J=8.0 Hz, 3H); '*C NMR (150 MHz,
CDCl;) 0: 184.69, 145.45, 14233 (q, Jor=39.0 Hz),
140.32, 136.99, 136.49, 134.08, 129.75, 128.80, 128.49,
124.84, 120.82 (q, Je-r=267.0 Hz), 110.54 (q, Jcr=1.5
Hz), 28.48, 15.28; F NMR (376 MHz, CDCls) 6: —62.47
(s). HRMS (ESI) caled for CjoH;sF;N,ONa [M+Na]*
367.1029, found 367.1013.

(1-(4-(BU T 25 ) 2K JE)-3-( = 5 58 )-1H- 1k e -5-
)R HER(3g): 61 mg, AMEMA, F 82%. m.p.
113~115 “C; '"H NMR (400 MHz, CDCl;) d: 7.92 (d, J=
8.0 Hz, 2H), 7.65 (t, J=8.0 Hz, 1H), 7.51 (t, J=8.0 Hz,
2H), 7.43 (d, J=8.0 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H) 7.00
(s, 1H), 1.32 (s, 9H); '*C NMR (150 MHz, CDCls) o:
184.73, 152.30, 142.34 (q, Jo-r=39.0 Hz), 140.31, 136.73,
136.52, 134.07, 129.76, 128.79, 126.04, 124.50, 120.81 (q,
Jer=267.0 Hz), 110.58 (q, Jcr=1.5 Hz), 34.74, 31.20;
9F NMR (376 MHz, CDCl3) 0: —62.47 (s). HRMS (ESI)
caled for CyHoF3N;NaO [M+ Na]™ 395.1342, found
395.1342.

(1-(4- SR HE)-3-( = I 3 )- 1 H-MHE P -5 35 ) (356
fid(3h): 50 mg, FIAEAEK, 2 75%. mp. 123~125 C;
'H NMR (400 MHz, CDCL3) 6: 7.91 (d, J=8.0 Hz, 2H),
7.67 (t, J=8.0 Hz, 1H), 7.53 (t, J=8.0 Hz, 2H), 7.41 (dd,
J=8.8, 4.4 Hz, 2H), 7.12 (t, J=8.0 Hz, 2H), 7.02 (s, 1H);
13C NMR (150 MHz, CDCl3) 6: 184.45, 162.61 (d, Jc r=
249.0 Hz), 142.63 (q, Jo-r=39.0 Hz), 140.44, 136.35,
135.38 (d, Jer=3.0 Hz), 134.25, 129.71, 128.89, 127.00
(d, Je-s=9.0 Hz), 120.67 (q, Je-r=267.0 Hz), 116.07 (d,
Jer=22.5 Hz), 110.83 (q, Jo r=1.5 Hz); '°F NMR (376
MHz, CDCls) §: —62.57 (s), —111.86 (m). HRMS (ESI)
caled for Ci7HjoFsNoNaO [M+Na]' 357.0621, found
357.0606.

(1-(4-VR KT )-3-( = 960 H 3k )- 1 H- L -5 ) (2R 3 )
fi(3i): 50 mg, A, 22 63%. mp. 108~110 C;
'H NMR (400 MHz, CDCls) §: 7.92 (d, J=8.0 Hz, 2H),
7.68 (t, J=8.0 Hz, 1H), 7.58~7.52 (m, 4H), 7.32 (d, J=
8.0 Hz, 2H), 7.02 (s, 1H); '*C NMR (150 MHz, CDCls) ¢:
184.38, 142.85 (q, Jc-r=39.0 Hz), 140.36, 138.22, 136.25,
134.35, 132.26, 129.75, 128.93, 126.50, 123.08, 120.62 (q,
Jer=267.0 Hz), 111.06 (q, Jo-r=1.5 Hz); '°F NMR (376
MHz, CDCl;) 6: —62.60 (s). HRMS (ESI) caled for
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C17H0BrF3N,O [M] 393.99341, found 393.99360.

HE - G-( =5 HL)-1-(4-( = 0 ) 2R 22 )-1H- it
M5 J8) FE R (3)): 30 mg, HEEE, F5F 39%. m.p.
99~101 C; 'H NMR (400 MHz, CDCL3) 6: 7.95 (d, J=
8.0 Hz, 2H), 7.72~7.68 (m, 3H), 7.59~7.53 (m, 4H), 7.06
(s, IH); 3C NMR (150 MHz, CDCls) 6: 184.31, 143.25 (q,
Je-r=39.0 Hz), 141.86, 140.53, 136.13, 134.47, 131.08 (q,
Je-r=33.0 Hz), 129.77, 128.99, 126.33 (q, Jc-r=4.5 Hz),
125.30, 123.51 (q, Jer=270.0 Hz), 120.54 (q, Jor=
267.0 Hz), 111.41 (q, Je-r=1.5 Hz); "9F NMR (376 MHz,
CDCly) 0: —62.69 (s), —63.11 (s). HRMS (ESI) calcd
for C1sH 0FeN2O [M] 384.07028, found 384.07027.

(1-(Z8-2-25)-3-( =0 28)- 1 H- L M -5 - ) (2 2 ) Y
fii(3k): 58 mg, BRI, =2 79%. 'H NMR (400
MHz, CDCls) d: 7.95~7.93 (m, 3H), 7.89~7.82 (m, 3H),
7.64 (t, J=8.0 Hz, 1H), 7.54~7.49 (m, 5H), 7.06 (s, 1H);
3C NMR (150 MHz, CDCl3) 6: 184.65, 142.70 (q, Jor=
39.0 Hz), 140.63, 136.68, 136.43, 134.19, 133.03, 132.93,
129.76, 129.16, 128.87, 128.33, 127.84, 127.13, 127.08,
123.66, 122.74, 120.86 (q, Jo-r=268.5 Hz), 110.86 (q,
Jer=3.0 Hz); F NMR (376 MHz, CDCl3) 6: —62.51
(s). HRMS (ESI) caled for CyH;3N,F;0Na [M+Na]®
389.0872, found 389.0867.

(1- 2 3= 00 P )- LH- Pk A -5 5 ) (4 FPY 258 k) FY
fid(3m): 53 mg, ¥ AHCRIA, 772 80%. 'H NMR (600
MHz, CDCl3) 0: 7.57 (d, J=4.0 Hz, 1H), 7.45~7.42 (m,
6H), 7.29~7.25 (m, 2H), 6.87 (s, 1H), 2.44 (s, 3H); 1*C
NMR (150 MHz, CDCls) 6: 186.10, 14.52 (q, Je-r=39.0
Hz), 141.77, 139.37, 139.00, 136.34, 132.32, 131.86,
130.11, 129.16, 129.04, 125.52, 125.13, 120.72 (q, Je-r=
268.5 Hz), 111.51 (d, Je-r=1.5 Hz), 20.38; '°F NMR (376
MHz, CDClL) o: —62.55 (s). HRMS (ESI) caled for
C1sH13F3NoNaO [M+Na]™ 353.0872, found 353.0867.

(1-ZE -3 (= F 3 )- 1 H-AE -5 358 ) (i) B 2 3 ) FY
fil(3n): 60 mg, HEFEAE, =2 91%. mp. 97~99 C;
'H NMR (400 MHz, CDCl;) 6: 7.72 (s, 1H), 7.70 (s, 1H),
7.47~7.37 (m, 7H), 7.01 (s, 1H), 2.42 (s, 3H); 3C NMR
(150 MHz, CDCls) J: 184.85, 142.54 (q, Jc-r=39.0 Hz),
140.62, 139.25, 138.85, 136.40, 135.00, 130.11, 129.09,
129.03, 128.68, 127.13, 124.89, 120.80 (q, Jo-r=268.5
Hz), 110.54 (q, Jo-r=1.5 Hz), 21.27; '°F NMR (376 MHz,
CDCl;) §: —62.47 (s). HRMS (ESI) calcd for CigHjsFs-
N;NaO [M-+Na]" 353.0872, found 353.0869.

(1- 28 523 (= 00 P )- LH- P I -5 5 ) Ot Y 238 5 ) FY
fifl(30): 60 mg, H A, 722 90%. m.p. 101~103 C;
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'H NMR (400 MHz, CDCls) §: 7.82 (d, J=8.0 Hz, 2H),
7.81~7.39 (m, 5H), 7.30 (d, J=8.0 Hz, 2H), 6.98 (s, 1H),
2.44 (s, 3H); BC NMR (150 MHz, CDCls) J: 184.38,
145.47, 142.51 (q, Jc-r=39.0 Hz), 140.67, 139.25, 133.85,
129.95, 129.56, 129.10, 129.00, 124.85, 120.84 (q, Jer=
268.5 Hz), 110.31 (q, Jo-r=3.0 Hz), 21.75; '9F NMR (376
MHz, CDCls) 6: —62.56 (s). HRMS (ESI) caled for
CisH14F3N,O [M+H]" 331.10527, found 331.10491.

(4- TR AR I ) (1- 2R 3-( = 50 FF 36 )- L - e -5 3 ) F
Bi(3p): 53 mg, FEMLRIBA, 7% 79%. 'H NMR (600
MHz, CDCl;) d: 7.96~7.93 (m, 2H), 7.43~7.41 (m, 5H),
7.20~7.16 (m, 2H), 7.00 (s 1H); *C NMR (150 MHz,
CDCls) 6: 183.14, 166.33 (d, Jc r=256.5 Hz), 142.65 (q,
Je-r=39.0 Hz), 140.20, 139.12, 132.75 (d, Jc-r=3.0 Hz),
132.46 (d, Jcr=10.5 Hz), 129.17, 129.15, 124.89, 120.71
(q, Je-r=267.0 Hz), 116.15 (d, Jo-r=21.0 Hz), 110.43 (q,
Jer=1.5 Hz); "F NMR (376 MHz, CDCl;) 6: —62.53
(s), —102.85 (m). HRMS (ESI) caled for Ci7HoF4sN,NaO
[M+Na]" 357.0621, found 357.0617.

(4- TR IR HE)(1- 2R B -3-( =3 Y R )- 1 -tk e -5- 35 ) F
fid(3q): 61 mg, AGMEIA, % 77%. mp. 110~112 C;
'H NMR (400 MHz, CDCl3) é: 7.77 (d, J=8.0 Hz, 2H),
7.66 (d, J=8.0 Hz, 2H), 7.43 (s, 5H), 7.01 (s, 1H); 13C
NMR (150 MHz, CDCl;) J: 183.56, 142.68 (q, Je-r=239.0
Hz), 139.99, 139.09, 135.12, 132.22, 131.09, 129.60,
129.23, 129.16, 124.94, 120.68 (q, Jo-r =268.5 Hz),
110.63 (q, Je-r=1.5 Hz); '°F NMR (376 MHz, CDCl;) J:
—62.52 (s). HRMS (ESI) calcd for C;7H;oBrFsN;NaO
[M+Na]" 416.9821, found 416.9820.

1-(1- % 3 3 (= G FF 3 )- LH- ML -5 3 ) 2, - 1- i
(3r): 44 mg, TEAMRBAE, 7“3 86%. 'H NMR (400
MHz, CDCls) 0: 7.48~7.46 (m, 3H), 7.38~7.36 (m, 2H),
7.21 (s, 1H), 2.50 (s, 3H); *C NMR (150 MHz, CDCls) ¢:
186.92, 142.49 (q, Jc-r=39.0 Hz), 140.78, 139.73, 129.43,
128.86, 125.88, 120.67 (q, Jcr=268.5 Hz), 110.25 (q,
Jer=1.5 Hz), 28.69; '9F NMR (376 MHz, CDCl;) o:
—62.27 (s). HRMS (ESI) caled for Ci,H,0FsN,O [M+H]"
255.0740, found 255.0740.

1-(1- 2 FE 3-( = 5 B 55 )- 1L H- i g -5- 3% ) 2 3 - 1 -
(3s): 49 mg, TLEMPIRIEIE, 7% 79%. 'H NMR (400
MHz, CDCl;) d: 7.49~7.47 (m, 3H), 7.38~7.35 (m, 2H),
7.20 (s, 1H), 2.83 (t, J=8.0 Hz, 2H), 1.70~1.63 (m, 2H),
1.33~1.29 (m, 4H), 0.89 (t, J=4.0 Hz, 3H); 3C NMR
(150 MHz, CDCL3) J: 190.04, 142.49 (q, Jc-r=39.0 Hz),
140.74, 139.84, 129.38, 128.85, 125.88, 120.68 (q, Jer=
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268.5 Hz), 109.47 (q, Jer=1.5 Hz), 40.95, 31.18, 23.44,
22.37, 13.81; YF NMR (376 MHz, CDCl3) §: —62.66 (s).
HRMS (ESI) caled for Ci16HisFsN,O [M+H]" 311.1366,
found 311.1368.

(1- 8 FE 3= (= 50 368 )- 1 H- Nk -5 358 ) (2- I )y 356 ) P
fiil(3¢): 50 mg, FEAA, =% 77%. m.p. 132~134 C,
'H NMR (400 MHz, CDCl;) 6: 7.82~7.81 (m, 2H), 7.44
(s, 5H), 7.21 (t, J=4.0 Hz, 1H), 7.15 (s, 1H); '3C NMR
(150 MHz, CDCls) d: 176.14, 142.89, 142.61 (q, Jor=
39.0 Hz), 140.16, 139.10, 136.25, 135.25, 129.15, 129.13,
128.58, 124.94, 120.74 (q, Jcr=268.5 Hz), 109.78 (q,
Jer=1.5 Hz); YF NMR (376 MHz, CDCl3) §: —62.51
(s). HRMS (ESI) caled for C;sHoF3sN>NaOS [M-+Na]*
345.0280, found 345.0269.

(1-ZF HE-3-( = 450 25 ))- 1 H-HE -5 28 ) (2- Ik i 66 ) FR
fil(3u): 38 mg, HEMFE, F=% 62%. mp. 140~142 C;
'H NMR (400 MHz, CDCl3) 6: 7.71 (s, 1H), 7.46~7.43
(m, 5H), 7.39 (s, 1H), 7.36 (d, J=4.0 Hz, 1H), 6.63 (dd,
J=4.0 Hz, 1.2 Hz, 1H); 3C NMR (150 MHz, CDCl;) o:
170.36, 151.75, 147.97, 142.74 (q, Je-r=39.0 Hz), 139.52,
139.19, 129.17, 129.00, 125.27, 121.10, 120.77 (q, Je-r=
267.0 Hz), 113.00, 110.44 (q, Jer=1.5 Hz); '°F NMR
(376 MHz, CDCl3) §: —62.12 (s). HRMS (ESI) calcd for
C1sHoF3N>NaO, [M+Na]™ 329.0508, found 3329.0505.

(4- G AR FE ) (1-Onf 2R 38 )-3-( = 9, Y 328 )- 1 - e -5-
F)HE3v): 64 mg, HEEOHPRIE, 772 88%. 'H NMR
(400 MHz, CDCls) d: 7.85 (d, J=8.0 Hz, 2H), 7.48 (d,
J=8.0 Hz, 2H), 7.27 (d, J=8.4 Hz, 2H), 7.22 (d, J=8.4
Hz, 2H), 6.98 (s, 1H), 2.38 (s, 3H); 3C NMR (150 MHz,
CDCly) 6: 183.44, 142.45 (q, Jer=239.0 Hz), 140.77,
139.92, 139.39, 136.71, 134.76, 131.05, 129.72, 129.20,
124.71, 120.72 (q, Je-r=267.0 Hz), 110.44 (q, Jor=1.5
Hz), 21.14; F NMR (376 MHz, CDCl3) 6: —62.49 (s).
HRMS (ESI) caled for C;sH;2CIFsN,NaO [M + Na]*
387.0482, found 387.0503

IR MR -2 JE - (1-(Xf R 2 356 )-3-( = 98 HF 228 )- 1 - ML -5
F)HEHGw): 46 mg, HERA, =% 72%. mp. 138~
140 ‘C; '"H NMR (400 MHz, CDCl) 6: 7.71~7.70 (m,
1H), 7.38 (1H), 7.36~7.35 (m, 1H), 7.31~7.29 (m, 2H),
7.25~7.23 (m, 2H), 6.63~6.62 (m, 1H), 2.40 (s, 3H); 1*C
NMR (150 MHz, CDCly) &: 170.40, 151.83, 147.91,
142.52 (q, Je-r=39.0 Hz), 139.30, 139.09, 137.11, 129.57,
125.06, 121.04, 120.81 (q, Jor=268.5 Hz), 112.96,
110.30 (q, Je-r=1.5 Hz), 21.17; YF NMR (376 MHz,
CDCly) §: —62.50 (s). HRMS (ESI) caled for Ci¢HyiFs-
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NoNaO [M+Na]™ 343.0665, found 343.0672.

IR LRI 3= U 2 )- 1 H-TH e -5-FR TR I (Sa):
55 mg, EEAJMIRIBAE, 7% 82%. 'H NMR (600 MHz,
CDCl;) d: 7.50~7.48 (m, 6H), 7.39~7.36 (m, 2H),
7.26~7.24 (m, 1H), 7.11~7.09 (m, 2H); *C NMR (150
MHz, CDCls) 6: 156.42, 149.72, 142.88 (q, Jc-r=39.0
Hz), 139.25, 134.04, 129.68, 129.57, 128.85, 126.46,
126.08, 121.17, 120.64 (q, Je-r=268.5 Hz), 111.29 (q,
Jer=1.5 Hz); F NMR (376 MHz, CDCl3) 6: —62.70
(s). HRMS (ESI) caled for C;7H;2F3N,0; [M + H]*
333.0845, found 333.0838.

o R -1 20 R -3 (= HY 2 )- LH- I e -5 R R T
(5b): 54 mg, FEE, 773 78%. m.p. 87~89 C; 'H
NMR (600 MHz, CDCls) 0: 7.48~7.46 (m, 6H), 7.16 (d,
J=8.4 Hz, 2H), 6.98 (d, J=8.4 Hz, 2H), 2.33 (s, 3H); 1*C
NMR (150 MHz, CDCls) J: 156.62, 147.52, 142.84 (q,
Jer=39.0 Hz), 139.25, 136.22, 134.12, 130.03, 129.63,
128.82, 126.07, 120.82, 120.65 (q, Jo-r =265.5 Hz),
111.23 (q, Jer=1.5 Hz), 20.83; '9F NMR (376 MHz,
CDCl;) §: —62.70 (s). HRMS (ESI) calcd for CigH)3Fs-
N,NaO, [M+Na]™ 369.0821, found 369.0813.

4- G R F - 1- IR L 3-( =90 Y R )- LH- Pk M -5- 3R TR T
(5¢): 42 mg, AR, 725 57%. m.p. 103~105 C; 'H
NMR (400 MHz, CDCl;) 6: 7.49~7.48 (m, 6H), 7.35 (d,
J=8.8 Hz, 2H), 7.06 (d, J=8.8 Hz, 2H); 3C NMR (150
MHz, CDCls) 6: 156.11, 148.14, 142.93 (q, Je-r=39.0
Hz), 139.14, 133.63, 131.92, 129.78, 129.62, 128.88,
126.05, 122.54, 120.55 (q, Jc-r=268.5 Hz), 111.41 (q,
Jer=1.5 Hz); "F NMR (376 MHz, CDCly) 6: —62.74
(s). HRMS (ESI) caled for C;7H;CIFsN,0, [M+H]"
367.0456, found 367.0462.

1- 2 3 (= 50 8 )- LH- P MR- 5- 32 1 H TS (5d): 38
mg, FEEE, 72% 70%. mp. 65~67 ‘C; 'H NMR
(400 MHz, CDCl;) d: 7.50~7.48 (m, 3H), 7.45~7.42 (m,
2H), 7.25 (s, 1H), 3.81 (s, 3H); *C NMR (150 MHz,
CDCl;) 6: 158.50, 142.66 (q, Jo—r=239.0 Hz), 139.33,
134.45, 129.53, 128.76, 125.98, 120.65 (q, Jo-r=268.5
Hz), 110.38 (q, Je_r=1.5 Hz), 52.40; '9F NMR (376 MHz,
CDCl;) 0: —62.37 (s). HRMS (ESI) calcd for Ci2HjoF3-
N0, [M+H]" 271.0689, found 271.0689.

1-ZE B3 (=P - LML e -4, 5- — ¥R 1% — W fig
(Se): 41 mg, FEJIPIRIEIE, =% 63%. 'H NMR (600
MHz, CDCls) 6: 7.49 (s, 5H), 3.91 (s, 3H), 3.86 (s, 3H);
13C NMR (150 MHz, CDCl;) d: 160.62, 159.60, 141.49 (q,
Jer=38.9 Hz), 138.40, 138.10, 129.88, 129.42, 124.35,
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120.00 (q, Jor=267.0 Hz), 114.01, 53.53, 52.55; "F
NMR (376 MHz, CDCls) 6: —62.09 (s). HRMS (ESI)
caled for C14H;2FsN>,O4 [M+H] " 329.07437, found
329.07364.

1-2R8FE-3,4- (=90 FH JR)- 1L H-IE -5 - 3R 1R <L 16 (51):
41 mg, EOHPRTAE, 7% 39%. 'H NMR (400 MHz,
CDCl3) 6: 7.52~7.50 (m, 3H), 7.47~7.44 (m, 2H), 4.29
(q, J=8.0 Hz, 2H), 1.21 (t, J=8.0 Hz, 3H); 3C NMR (150
MHz, CDCly) J: 157.89, 139.89 (q, Jer=40.5 Hz),
138.16, 136.29 (q, Je-r=3.0 Hz), 130.12, 129.37, 124.90,
120.44 (q, Je-r=267.0 Hz), 119.70 (q, Jc-r=268.5 Hz),
112.43 (q, Jer=40.5 Hz), 63.30, 13.45; 9F NMR (376
MHz, CDCls) §: —55.66 (q, J=7.5 Hz), —61.67 (q, J=
7.5 Hz). HRMS (ESI) calcd for Ci4H0FsN2O2Na [M—+
Na]" 375.0539, found 375.0542.

1- 2R3 (= 4 F L) - 1 H-PHE MR- 5- FR Bk i (Ta): 17 mg,
@ E AR, 723 34%. mp. 135~137 C; 'H NMR (400
MHz, CDCl3) 6: 7.49 (s, SH), 7.04 (s, 1H), 5.96 (br, 1H),
5.84 (br, 1H); *C NMR (150 MHz, CDCl3) J: 159.68,
142.57 (q, J-r=239.0 Hz), 138.87, 137.51, 129.62, 129.24,
125.40, 120.63 (q, Je-r=267.0 Hz), 107.69 (q, Jcr=1.5
Hz); 9F NMR (376 MHz, CDCls) 6: —62.73 (s). HRMS
(ESI) caled for C;HgFsNsNaO [M+ Na] ™ 278.0512,
found 278.0504.

N, 1- 2R 3 3-( = 5 38 )- 1 H- T P -5 - 1 8 i (7b):
31 mg, AW, P#E 47%. mp. 144~146 C; 'H
NMR (400 MHz, CDCls) 6: 7.66 (s, 1H), 7.49 (s, 5H), 7.39
(d, J=8.0 Hz, 2H), 7.30 (t, J=8.0 Hz, 2H), 7.15 (t, J=8.0
Hz, 1H), 7.07 (s, 1H); *C NMR (150 MHz, CDCl;) o:
156.55, 142.62 (q, Jc-r=39.0 Hz), 138.86, 138.23, 136.54,
129.46, 129.18, 129.08, 125.48, 125.08, 120.69 (q, Jer=
267.0 Hz), 120.42, 107.09; YF NMR (376 MHz, CDCl;) ¢:
—67.40 (s). HRMS (ESI) calcd for Cy7H2F3N3NaO [M—+
Na]" 354.0825, found 354.0837.

1= - N=O} R 28 35 )-3-( = 40 P 38 )- 1 H-PEE M- 5- T
Wi (7e): 39 mg, FAEEA, =3 56%. m.p. 149~151 C;
'H NMR (400 MHz, CDCl3) 0: 7.74 (br, 1H), 7.46 (s, 5H),
7.26 (d, J=8.0 Hz, 2H), 7.08 (d, J=8.0 Hz, 2H), 7.01 (s,
1H), 2.29 (s, 3H); *C NMR (150 MHz, CDCl;) d: 156.33,
142.64 (q, J-r=239.0 Hz), 138.88, 138.43, 135.25, 133.98,
129.59, 129.46, 129.20, 125.13, 120.70 (q, Jcr=268.5
Hz), 120.32, 107.01, 20.86; "°F NMR (376 MHz, CDCl;)
0. —62.62 (s). HRMS (ESI) caled for C;sHi4F3N3NaO
[M+Na]" 368.0981, found 368.0980.

N-H1JE-N- 8 5 - 1O H R 58 )-3-( = 380 HH 22 )- 1 H-TiiE
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WS- R (7d): 31 mg, A EEAK, F2F 43%. mp.
140~142 °C; '"H NMR (400 MHz, CDCls) §: 7.21~7.13
(m, 7H), 6.63~6.56 (m, 3H), 3.36 (s, 3H), 2.42 (s, 3H);
13C NMR (150 MHz, CDCl3) d: 160.63, 142.48 (q, Jor=
39.0 Hz), 141.82, 138.83, 138.28, 136.60, 129.58, 129.11,
127.42, 125.84, 123.49, 120.76 (q, Jor =267.0 Hz),
107.34, 37.40, 21.10; "F NMR (376 MHz, CDCL) ¢:
—67.41 (s). HRMS (ESI) calcd for Ci9H;6F3N3NaO [M—+
Na]" 382.1138, found 382.1153.

N,N- 2 H - 1- 2R -3 (= 5 R )- 1 - itk e - 5 R i
J¥%(7e): 20 mg, EHEMEE, 73 35%. m.p. 139~141 C;
'H NMR (400 MHz, CDCl;) §: 7.55~7.52 (m, 2H),
7.49~7.41 (m, 3H), 6.79 (s, 1H), 3.01 (s, 3H), 2.72 (s,
3H); 3C NMR (150 MHz, CDCl;) §: 161.25, 143.21 (q,
Jer=39.0 Hz), 138.84, 138.12, 129.43, 128.90, 123.20,
120.81 (q, Je-r=267.0 Hz), 105.69 (q, Jer=1.5 Hz),
38.01, 34.95; 9F NMR (376 MHz, CDCl) §: —62.22 (s).
HRMS (ESI) caled for Cj3HpFsN;NaO [M + Na] *
306.0825, found 306.0814.

4 Bh#1 Bl (Supporting Information) =% 3a~3w.
Sa~5f Al 7Ta~7e [f] "H NMR. *C NMR. F NMR b\
e T PR L X e PR RT DL A B AR T I 3k (http:/
sioc-journal.cn/) N #.
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