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Ammonium Persulfate Promotes Trifluoromethylation of
Quinoxalin-2(1H)-ones
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Abstract A green and efficient method for the synthesis of 3-trifluoromethylquinoxalin-2(1H)-ones via direct trifluorometh-
ylation of quinoxalin-2(1H)-ones with CF3SO2Na promoted by ammonium persulfate ((NH4)2S205) under mild conditions has
been developed. This process is scalable and tolerates a wide spectrum of quinoxalin-2(1/)-one derivatives to deliver corre-
sponding products in good to excellent yields. Comparing to the previous methods, this strategy has the advantages of wide
functional groups tolerance, high yield and simple operation, providing an efficient synthetic approach to 3-trifluoromethyl-

quinoxalin-2(1H)-ones.

Keywords ammonium persulfate; trifluoromethylation; quinoxalin-2(1H)-one derivatives; CF3SO2Na
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Figure 1 Biologically active quinoxalin-2(1H)-ones
fRIE T PhI(OTFA), fieitt T PR IEE-2(1 H)-Bi = 5 2k 1k
SRL. ZITIEXS AN R B B BLEA BT & A, H A
Fl 2~3 equiv.ff] PhI(OTFA), 1 A4 07 B4 A oA s
R, B8R O, LA SRS BRI S
JRITVEAEA L b B B R R 2128, 544 475 7%
ML, Sb. BN EA RN AR, T KRR
R, BIF=P /DA AT, 2019 4F, Bobbs #aR i ma )
HRIE T FEHEA T MR IR-2(1H)- B = 98 B A 3-=
S, PP W R AR -2 (1) ) S L. [R) 4, < il 2042 R A
HBHRIE R AL T IR IR-2(1H)-B C-H =5 H
FA ) B 3- = 5 I PR b -2( 1LH)- B (1) J7 ¥ (B P A
T3P R EAR, BN A SRAG T 34% A0 42% 11
LR BT, B OATHRE RS R 3- =g R v R k-
2(1H)-FRHI T AAAE— B AL, IR BIR. L5
AR SR 5E, A7 a7 VE T AR R & A AU A 7 s
H, Arrat K RER. W, S% AR &
R TR TR R A 46 3- =5 TP AR IR -2 1L - B L &

Y, it — D HERE LR A

R ARG DL BT (NH,)2S,08 1 AEALT, To 7 HAh
IR, ENRMR-2(1H)-B 5 CF3SO,Na =31 Hi 4k
WA ROHAT . 2T IE A B EE F A, 150
B RSB HAR ). B A INEMLEL, K
TIERA & G P A R R AR, N
3- =98 FH S MR K2 (1LH)- B o ) 4R 1t T i R A

1 &R511R

5, FRATT L IR ik -2(1H)- i (1a) A1 CF3SO2Na
(2a) [ =50 AL R BN B 2 B, B8 5% T V5
SNEIRE SR [A]RIAS [F] A8 A 77 B G FH 20 e B (1 5
(R 1).

H 1 AIAL, MRBIRER 80 C, RIIIFEIA 15
h, DL H & SE B (DMSO) A ¥ 7 B, 1 02 bk -2 (1 ) - i
(1)1 CF3SO:Na (2a) X WA RGHAT, 73N 78%. i
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PL N,N-—H1 3L I BE R (DMF) AT, PR BEE 65%;
fFFH 1,2- =& CKEDCE BRI, UE 31%1 B brrs
WA RU(F 1, Entries 1~3). EZ [N DMSO X VKA
HA B e, H DMSO HAT — & s et
I, EHL DMSO SHiZ % B IS EEVE . 24 R S 7N
DMSO, Jg NI [a] &y 15 h, WU ik -2(1H)- B{ (1a) A1
CF3SO;Na (2a)[f] [ RIAEIRE A 80 CHY, KB =% A
78%, Tt B AR R MR, RN R A TR RE(R 1,
Entries 4~7). [N B0 [ R 72 56 B — 8 152,
JEAK S RIS [E] 28 20 h, B #E TR A 82% (3K 5, Entry
9), dkERAEAIT[A], B2 B 2 A (SR 1, Entries
9~10). fJa, FRGHEAFEAT K FH X R T
S, 45 R EOR, LL2.0 equiv. (NH4)2S,0s1F N EALFIIT,
FEER R, WA IR, BRI AR GER 1,
Entry 11~18).
R RPZMHA

Table 1 Optimization of reaction conditions

N\ Oxidant N\ CF3
CL) ~ersom —omm (7Y

N o) Solvent, Time, Temp. N 0O

H H

1a 3a

2a

Entry Oxidant (equiv.) Solvent Temp./’C Time/h Yield®/%

1 (NH4)2S20s (2.0) DMSO 80 15 78
2 (NHa4)2S205 (2.0) DMF 80 15 65
3 (NH4)2S205 (2.0) DCE 80 15 31
4 (NH4)28:05 (2.0) DMSO 90 15 76
5 (NH4)2S:0s (2.0) DMSO 100 15 72
6 (NH4)2S205 (2.0) DMSO 70 15 68
7  (NH4)2S205 (2.0) DMSO 60 15 59
8  (NH4)2S:0s (2.0) DMSO 80 10 65
9 (NH4)28:0s (2.0) DMSO 80 20 82
10 (NH4)2S20s (2.0) DMSO 80 25 82
11 K2$:05(2.0) DMSO 80 20 79
12 PhI(OAc)(2.0) DMSO 80 20 72
13 TBHP (2.0) DMSO 80 20 52
14 Oxone (2.0) DMSO 80 20 75
15 None DMSO 80 20 Trace
16 0O DMSO 80 20 35
17 (NH4)2S20s (1.0) DMSO 80 20 70
18 (NH4)2S205 (3.0) DMSO 80 20 82

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: quinoxalin-2(1A)-one (1a, 0.5 mmol), sodium trifluo-
romethanesulfinate (2a, 0.6 mmol), solvent (2 mL). ?Isolated yields.

1E EIR AR R BZ6AT TR, RGESA R R 1
WEMR-2(1H)-BAfiT A9 5 CF3SO.Na [ AL, 455 I
x2.

R 2 AN, 125 A AN [ B B (1 A g k-2 (1 ) -
Fr LA B S P, IROBEY A RGEAT, AR R I
RAIRGAIRL B AR =9, ik — 25 Ml fn, 22 v g k-
2(1H)-Bi 238 b BRI 26 l T JERT, RS2 ik
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Table 2 Reactions scope of substrates

2‘7\ N\ (NH4)28208 ZOeqUIv)
R + CF3SO,Na
I DMSO, 80 °C, 20 h
|
1
1 R

2a

@ENICF3 eo\C[ N ICF3
N0 N0
H H

F< : :NICF3
N~ O
H

Br\@[ NICF3 F3C NICF:’,
N (6]
N - :u 0

3a, 82% 3b, 84% 3¢, 77% 3d, 72% 3e, 74%
N._CF3 N._CF;
cl N. _CFs N _CF; N. _CFs @ I @[ I
~ N N
o ol Clx o o
cl N0 N” 0o N” 70 K/\
3f, 67% 39, 77% 3h, 76% 3i, 72% 3j, 81%

e
N~ ~O
: Me

3k, 76% 3, 77%

o oL
o0

3p, 71% 3q, 83%

o
N~ ~O
K@/MG’

N

3r, 73%

sealioed
0 0,

3n, 84% 30, 86%
N\ CF3
©: I N -CF3
Loy
RSANNS & we
Ts
Br
3s, 81% 3t, Trace

4 Reaction conditions: quinoxalin-2(1H)-ones (1, 0.5 mmol), sodium trifluoromethanesulfinate (2a, 0.6 mmol), (NH4),S,05 (1.0 mmol), DMSO (2 mL), 80 C, 20 h.

’ Isolated yields.

84% (3b, OMe). 1 4 EUARIE JhL L1 JE 1), e W7 = 2
B Be~3f, 67%~T77%). Z4WENZI-2(1H)-fi N' BRI
NFRSEIS, ZON L T7%0 77 ARG H B I E AR
(3g). BEAETILEEIGK, P2 B N E(3g~3i, 72%~
77%). J4WENRIE-2(LH)-B N A7 B IE A A B e 3
B, F=RARAK, BILA . SR SR AR AR B 1 H AR
Yy, [RIE R IRER b B I o7 B 0T I 25 i 9, AN B\
(3j~3s, 71%~89%). T4 Nz BUREE A Ts B, AR
H I H bR A (3E).

B J5 DA W IbK-2(1LH)- B A1 CF3SO,Na =i FF 34k
IS ~ RT3 FINAN)) ONSANAT T S e = S
2 Iz BRI ZE 10 mmol I, B2 7= 20 A B S A
(Scheme 1, a). [AJHT, e i 42 il a6 %o = 95 R B4 Jse 7
() F] BEHLERBEAT BF 92 (Scheme 1, b), BIFEHRALALEIET,
PL 2 equiv.f¥] 2,2,6,6-VY H FEHRE-1-4 H HH5E(TEMPO)EL
2,6- U T FE-4-H R (BHT)/E A H B JE 43R5, 5K
W R BN, AR MNAMET, RN ARG D ERHR™
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a) Larger-scale reaction

©: L + CF3SO,Na

1a, 10 mmol, 1469

(NH,),S,05 (2.0 equiv.) Q:NICFS
DMSO, 80 °C, 30 h N0
H
3a, 1.71 g, 80% yield

(b) Control experiments for mechanism study

N (NH4)28203 (20 equw.) ~
L + CF3SO,Na
N0 DMSO, 80 °C, 30 h N0
H H

Additive Yield/%
- 82
TEMPO (2.0 equiv.) 24
BHT (2.0 equiv.) 1

B 1 JBOR SIS AL 4% 1] S 56
Scheme 1 Larger-scale reaction and control experiment for
mechanism study
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(NHy)>S,05 {2 3R k-2 (1 H)-BiA A1 CF3SO,Na = % i &
AN AT BEALERL: (NH4)2820s TE IR 20 il AR R AR
HHEMEF(S047), %H HEHEF5 CFSO.Na il
AR TR (HAT) A R — 8 5 S T (e AL 2R
Jii, CF3* (A) S5 MENRIR-2(1LH)-BiH(1a) S N A5 2 E 3 A ]
B, JE#E SRR M B T R (SET) 8l &
TR B AT B 1< 215 2] H #5774 3a (Scheme 2).

CF3SOQN3
112 [S,062] SOy —\ . CF + SO,
A
j/ 1a
2- -
H o SO4 +SO4 8208
CLX —> @E T
N7 CF, / CF,
3a HSO, so;

Bk 2 =5 AL BT REALER

Scheme 2 Proposal mechanism of trifluoromethylation
2 &g

DA W Wbk -2(1 H)- Bl A1 CF3SO,Na — 3 H B4k s A E
RN, R T RN S ]l
ANTFV A7) B L Bt S B 25 SR e, 3RAS T sefhiib
R, TR BRI T, RAEEANFTR
R ENEIR-2(1H)-Bi 5 CF3SO2Na PR ML, LA =
PR T — R 3- =5 IR -2(1H)-Bi ik & 4.
Feim ARG xS N ALEEHEAT T HIB AT, SR TR
REm N HLER. 5 EF kA, AR T7 i B R
i, BB 519 JRE R S, S 3-=
S R R IR 2 (1 D) - 1) ) 2 AL T v AR B A

3 EES
3.1 UES5HF

K R REDEY: RY-T 48 AU E; 'TH NMR
(TMS A FR)FT13C NMR (TMS A #5)H Bruke Avance
Neo 400 #REFLIRACIE; ik B HPS989A M, =)
#¢ 5 it% FH Thermo Q Exactive Plus M5E. #£ZE 1 300~
400 H R~FHIRER K, ZH&ZEE%HE?E%VE?'TE‘&HE?‘J
AT IR IR (NH4)2S205) I AR R (K2S208)~ LT
i A E(TBHP). HLik A% R &4 (Oxone), [k} R
WBR-2(1LH)-f 1 CF3SO,Na, #71 — H WH(DMSO). PIE
I (THF)  N,N- . F 5 F Bt e (DMIF) &4k R340 6 1 A7
IR A R A ], AR IR-2(1LH)- B A7 A= Py 5 45 5
Hik 77 1 i) 4%, 132-361,
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32 ZLWHE

R bR -2(1H)-BHATAEA(1, 0.5 mmol). CF3SO,Na
(2a, 0.6 mmol)F1 2.0 equiv.'J(NH4),S,05 A1 2 mL DMSO
E T 10 mL Schlenk [N, £ 80 CIa/E T4t 20

h. @}:é%ﬁ(no)*"@ RMNAERE, 18 SIRA 0
A 10 mL 7K, 43 %1H 10 mL 2R ZFERW =k, &IFH
BUAH, 2 NaxSOs T 15, WUEHYE, SPudh: ZHm1g 3
3- =5 F A IR IR-2(1 H)- il 3a~3t.

3-( =5 T L) IR K -2(1 H)-Hd (3a): 87.9 mg, FPFK
82%. WML, mp. 147~149 C (litB" 148 ~
150 “C); '"H NMR (DMSO-ds, 500 MHz) &: 13.05 (s, 1H),
7.93 (d, J=8.0 Hz, 1H), 7.72 (t, J=8.0 Hz, 1H), 7.41 (d,
J=8.0 Hz, 2H); 3C NMR (DMSO-ds, 125 MHz) o:
152.28, 146.42 (q, J=33.0 Hz), 134.37, 133.92, 130.41,
130.33, 124.58, 120.56 (q, J=276.4 Hz), 116.44; '°F NMR
(DMSO-ds, 471 MHz) 6: —68.52. MS (EI) m/z: 214.1.

6- 48 k-3 - (= 3 R ) P R k-2 (1. H)- P (3b): 102.56
mg, FEE 84%. VR (L[ K, mp. 144~145 C; 'H
NMR (DMSO-ds, 400 MHz) §: 12.02 (s, 1H), 7.39 (t, J=
3.2 Hz, 1H), 7.36 (d, J=3.2 Hz, 1H), 7.33 (s, 1H), 3.84 (s,
3H); 3C NMR (101 MHz, DMSO-ds) 6: 156.30, 151.87,
144.33 (q, J=33.3 Hz), 131.08, 128.78, 124.03, 120.69 (q,
J=277.8 Hz), 117.38, 110.79, 56.22; "9F NMR (DMSO-d,
376 MHz) §: —68.45; MS (EI) m/z: 244.1; HRMS (ESI)
caled for CjoHgFsN,NaO [M + Na]™ 268.0436, found
268.0431.

6- 91 -3-( = 8L T L ) M RS bk -2(1.H)- T (3¢): 89.4 mg,
FEER TT%. WE AR, mp. 141~143 C; '"H NMR
(DMSO-ds, 400 MHz) d: 12.36 (s, 1H), 7.94~7.90 (m,
1H), 7.24~7.19 (m, 1H), 7.06~7.03 (m, 1H); '*C NMR
(101 MHz, DMSO-ds) : 164.64 (d, J=253.5 Hz), 152.04,
143.43 (q, J=32.3 Hz), 136.07 (d, J=13.1 Hz), 133.03 (d,
J=11.1 Hz), 127.49, 120.44 (q, J=276.7 Hz), 112.93 (d,
J=25.3 Hz), 102.11 (d, J=27.3 Hz); '°F NMR (DMSO-
ds, 376 MHz) 0: —68.66, —104.22; MS (EI) m/z: 232.0;
HRMS (ESI) caled for CoHsFsN;NaO [M + Na] *
256.0236, found 256.0238.

6~V -3-( =55 H J%) R IR WR-2(1 H)- il (3d): 105.5 mg,
FEER 2%, AR, mp. 157~158 C; 'H NMR
(DMSO-ds, 400 MHz) 6: 13.21 (s, 1H), 7.13 (d, J=2.4 Hz,
1H), 7.88~7.85 (m, 1H), 7.35 (d, J=2.4 Hz, 1H); 13C
NMR (DMSO-ds, 101 MHz) d: 151.95, 145.66 (q, J=30.3
Hz), 136.37, 133.58, 132.16, 131.25, 120.34 (q, J=272.7
Hz), 118.26, 115.82; '9F NMR (DMSO-ds, 376 MHz) o:
—68.67; MS (EI) m/z: 292.0; HRMS (ESI) calcd for
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CoHsBrFsN,;NaO [M+Na]" 315.9435, found 315.9428.

6-( = 9 H 5 )-3-( = 96 Y 2 ) ng 1R Wbk -2(1 D) - T (3e):
104.3 mg, F7& 74%. WiEOFEE, mp. 152~154 C,
'H NMR (DMSO-ds, 400 MHz) 6: 13.18 (s, 1H), 8.12 (d,
J=8.4 Hz, 1H), 7.70~7.65 (m, 2H); '*C NMR (DMSO-
ds, 101 MHz) d: 151.99, 147.05 (q, J=33.3 Hz), 134.43,
132.64 (q, J=32.3 Hz), 131.71, 125.14, 120.57 (q, J=
125.2 Hz), 120.28 (q, J=4.0 Hz), 118.71, 113.51 (q, J=
5.0 Hz); '°F NMR (DMSO-ds, 376 MHz) §: —61.83,
—69.04; MS (EI) m/z: 282.0; HRMS (ESI) calcd for
C10HsF6N,NaO [M+Na]" 306.0204, found 306.0208.

6,7~ G- 1- F k-3 (=5 FF ik ) e W mbR-2 (1 ) - il (31):
94.7 mg, FE#E 67%. KHE A E, mp. 158~160 C
(1it.B%) 159~161 °C); 'H NMR (DMSO-ds, 500 MHz) o:
13.16 (s, 1H), 8.21 (s, 1H), 7.50 (s, 1H); '*C NMR
(DMSO-ds, 125 MHz) §: 151.79, 146.00 (q, J=33.1 Hz),
136.04, 134.01, 131.25, 129.78, 126.48, 120.20 (q, J=
277.5 Hz), 117.36; °F NMR (DMSO-ds, 471 MHz) o:
—68.74; MS (EI) m/z: 282.0.

1-FHE-3-(= 0 FH ) P IR -2 (1 H) -l (3g): 87.9 mg,
FER T7%. WEAREE, mp. 135~136 C (1it.>) 135~
137 “C); 'H NMR (DMSO-ds, 500 MHz) J: 7.98 (d, J=
8.0 Hz, 1H), 7.84 (t, J=8.5 Hz, 1H), 7.70 (d, J=8.5 Hz,
1H), 7.50 (t, J=8.5 Hz, 1H), 3.67 (s, 3H); 3C NMR
(DMSO-ds, 125 MHz) d: 156.42, 147.49 (q, J=32.5 Hz),
139.03, 135.99, 135.47, 129.53, 125.32 (q, J=276.4 Hz),
120.60, 34.42; 'F NMR (DMSO-ds, 471 MHz) o
—69.37; MS (EI) m/z: 228.1.

1- 2 3-3-( =5 F 3k e R R -2 (1 H)-fiF(3h): 91.7 mg,
AR T6%. WA, mp. 108~109 T (1it.2) 107~
109 ‘C); '"H NMR (DMSO-ds, 500 MHz) d: 7.99 (d, J=
8.0 Hz, 1H), 7.84 (t, J=8.5 Hz, 1H), 7.77 (d, J=8.0 Hz,
1H), 7.50 (t, J=8.0 Hz, 1H), 4.34~4.30 (m, 2H) , 1.27 (t,
J=7.5 Hz, 3H); BC NMR (DMSO-ds, 125 MHz) o:
155.96, 147.82 (q, J=33.5 Hz), 139.12, 138.96, 136.30,
135.76, 129.47, 126.42, 125.32 (q, J=276.7 Hz), 42.48,
17.42; F NMR (DMSO-ds, 471 MHz) 5: —69.28; MS
(EI) m/z: 242.1.

1-T J-3- (=360 ) P DR IR -2( 1 H) - (31): 97.4 mg,
FER 72%. AR, mp. 112~114 C (it 111~
113 “C); 'H NMR (DMSO-ds, 500 MHz) 8: 7.99 (d, J=
9.0 Hz, 1H), 7.84 (t, J=8.5 Hz, 1H), 7.76 (d, J=8.5 Hz,
1H), 7.50 (t, J=8.0 Hz, 1H), 427 (t, J=8.0 Hz, 2H),
1.68~1.62 (m, 2H) , 1.46~1.38 (m, 2H), 0.94 (t, J=7.5
Hz, 3H); '*C NMR (DMSO-ds, 125 MHz) &: 151.43,

Chin. J. Org. Chem. 2021, 41, 3285~3291
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142.75 (q, J=31.8 Hz), 134.43, 134.34, 131.54, 130.97,
124.74, 120.56 (q, J=277.1 Hz), 115.70, 42.23, 29.35,
20.03, 14.13; '9F NMR (DMSO-ds, 471 MHz) §: —69.26;
MS (EI) m/z: 270.1.

1- 76 -3 (= 4 Y 68 M W k-2 (1H) - (3j): 122.8 mg,
PR 81%. W AE A, mp. 111~112 C (it 110~
112 ‘C); '"H NMR (DMSO-ds, 500 MHz) d: 8.17 (d, J=
8.0 Hz, 2H), 8.06 (d, J=8.0 Hz, 1H), 7.80~7.60 (m, 2H),
7.68~7.63 (m, 3H), 7.53 (t, J=8.0 Hz, 1H), 6.02 (s, 2H);
13C NMR (DMSO-ds, 125 MHz) 6: 156.15, 147.55 (q, J=
32.9 Hz), 139.75, 139.63, 139.47, 139.33, 136.26, 135.53,
134.21, 133.64, 129.90, 125.21 (q, J=276.8 Hz), 120.74,
54.52; 9F NMR (DMSO-ds, 471 MHz) : —69.48; MS
(ET) m/z: 304.1.

1-(4- L0 28 )-3-( = 3 FFY 05 ) e TR k-2 (1. ) - Tl (3K):
113.1 mg, /=% 76%. KEAFEE, mp. 140~142 C
(1it.57 141~142 °C); 'H NMR (DMSO-ds, 500 MHz) &:
8.00~7.98 (m, 1H), 7.75~7.71 (m, 1H), 7.56~7.54 (m,
1H), 7.48~7.45 (m, 1H), 7.22 (d, J=8.0 Hz, 2H) , 7.14 (d,
J=8.0 Hz, 2H), 5.49 (s, 2H), 2.25 (s, 3H); 3C NMR
(DMSO-ds, 125 MHz) 6: 156.65, 147.39 (q, J=32.1 Hz),
141.96, 139.20, 138.95, 137.42, 136.25, 135.82, 134.51,
132.13, 129.68, 125.29 (q, J=276.6 Hz), 120.88, 50.14,
25.86; 9F NMR (DMSO-ds, 471 MHz) §: —68.51; MS
(EI) m/z: 318.1.

1-(3- F R 3 )-3-( = 3 1Y 68 ) P R Wk -2 (1 H)- B (31):
122.1 mg, F=# 77%. ¥EOHEAE, mp. 153~155 C
(1it.B 154~155 °C); 'H NMR (DMSO-ds, 500 MHz) o:
8.02~8.00 (m, 1H), 7.76~7.34 (m, 1H), 7.55 (d, J=8.5
Hz, 1H), 7.49~7.46 (m, 1H), 7.23~7.19 (m, 1H), 7.16 (s,
1H), 7.08 (t, J=5.5 Hz, 2H), 5.50 (s, 2H), 2.26 (s, 3H); 1*C
NMR (DMSO-ds, 125 MHz) d: 151.91, 143.43 (q, J=32.4
Hz), 138.46, 135.61, 134.54, 13424, 131.49, 129.12,
128.65, 127.82, 124.94, 124.31, 121.66, 120.56 (q, J=
276.6 Hz), 116.10, 45.65, 21.46; '°F NMR (DMSO-ds, 471
MHz) §: —68.48; MS (EI) m/z: 318.1.

1-(4- 5 58 )-3-( = 50 H 26 ) e U8 Wk -2( L)~ P (3m):
143.0 mg, /=% 89%. KE (&, mp. 137~139 C
(1it.3” 138~139 °C); '"H NMR (DMSO-ds, 500 MHz) §:
8.02 (d, J=9.0 Hz, 1H), 7.75 (t, J=8.5 Hz, 1H), 7.78 (d,
J=8.5 Hz, 1H), 7.48 (t, J=7.5 Hz, 1H), 7.42~7.40 (m,
2H), 7.17 (t, J=9.0 Hz, 2H), 5.53 (s, 2H); 3C NMR
(DMSO-ds, 125 MHz) d: 162.92, 160.98, 151.93, 143.35
(q, J=31.9 Hz), 134.41, 134.22, 131.87 (d, J=3.2 Hz),
131.54, 131.12, 129.65 (d, J=8.2 Hz), 124.97, 120.54 (q,
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J=276.8 Hz), 115.98 (t, J=11.0 Hz), 44.99; F NMR
(DMSO-ds, 471 MHz) §: —68.47, —116.58; MS (EI)
m/z: 322.1.

1-(2- 3 3 )-3-( = %80 Y 225 ) 1 12 Bk -2(1HD) - B (3m):
134.9 mg, /=% 84%. WE K, mp. 131~133 C
(1it.B% 132~133 °C); '"H NMR (DMSO-ds, 500 MHz)
8.04~8.02 (m, 1H), 7.78~7.75 (m, 1H), 7.52~7.48 (m,
2H), 7.37~7.33 (m, 1H), 7.30~7.27 (m, 1H), 7.11~7.09
(m, 2H), 5.56(s, 2H); '*C NMR (DMSO-ds, 125 MHz) §:
161.34, 159.39, 151.82, 147.37 (q, J=32.8 Hz), 134.54,
134.38, 131.59, 131.10, 130.08 (d, J=8.3 Hz), 128.75 (d,
J=3.7 Hz), 125.22 (d, J=3.7 Hz), 125.06, 122.40 (d, J=
12.9 Hz), 120.51 (q, J=276.8 Hz), 115.90 (t, J=20.7 Hz),
54.73; F NMR (DMSO-ds, 471 MHz) 6: — 68.51,
—117.64; MS (EI) m/z: 322.1.

1-(4- 507 J8)-3-( = % FF 0% ) 1 1R Tk -2(1FD)- i (30):
1454 mg, /=% 86%. W E K, mp. 130~132 C
(1it.?7 132~133 °C); '"H NMR (DMSO-ds, 500 MHz)
7.98~7.96 (m, 1H), 7.68~7.64 (m, 1H), 7.51~7.49 (m,
1H), 7.44~7.40 (m, 1H), 7.28~7.24 (m, 2H), 7.14~7.11
(m, 1H), 6.89~6.87 (m, 1H), 5.44 (s, 2H); '3C NMR (125
MHz, DMSO-de) d: 151.92, 143.48 (q, J=34.0 Hz),
134.75, 134.40, 134.25, 132.61, 131.54, 131.12, 129.41,
129.14, 125.00, 120.53 (q, J=276.6 Hz), 115.97, 45.07;
1F NMR (DMSO-ds, 471 MHz) 6: —68.48; MS (EI) m/z:
338.1.

1-(3- 5 F5)-3-( = 9 H % ) W R Wbk -2( 1 D) - il (3p):
119.7 mg, F=% 71%. KEAFEE, mp. 161~162 C
(1it.B7 162~163 C); 'H NMR (DMSO-ds, 500 MHz) &:
8.02~8.00 (m, 1H), 7.77~7.34 (m, 1H), 7.53~7.47 (m,
3H), 7.38~7.34 (m, 2H), 7.29~7.27 (m, 1H), 5.34 (s,
2H); 13C NMR (125 MHz, DMSO-ds) 6: 152.01, 143.58 (q,
J=133.3 Hz), 138.27, 134.48, 134.22, 133.87, 131.52,
131.17, 131.05, 128.02, 127.37, 126.02, 124.98, 120.53 (q,
J=276.8 Hz), 115.92, 45.22; YF NMR (DMSO-ds, 471
MHz) 6: —68.44; MS (EI) m/z: 338.1.

1-(2- G0 7R 28)-3-( =4 Y 28 ) 1 R Ik -2(1 ) - i (3q):
140.0 mg, f=% 83%. K E 1K, mp. 164~166 C
(1it.BY 166~167 C); 'H NMR (DMSO-ds, 500 MHz) &:
7.98~7.96 (m, 1H), 7.68~7.64 (m, 1H), 7.51~7.49 (m,
1H), 7.44~7.40 (m, 1H), 7.28~7.24 (m, 2H), 7.14~7.11
(m, 1H), 6.89~6.87 (m, 1H), 5.44 (s, 2H); 3C NMR (125
MHz, DMSO-ds) d: 151.82, 14347 (q, J=33.0 Hz),
134.56, 134.41, 132.39, 132.23, 131.57, 131.16, 130.06,
129.66, 128.10, 127.59, 125.08, 120.48 (q, J=276.7 Hz),
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115.70, 44.19; '9F NMR (DMSO-ds, 471 MHz) §: —
68.51; MS (EI) m/z: 338.1.

1-(3- Y8R 7R 2 )-3-( = 80 H 2 ) e 1 Wbk -2( 1LAD)- B (3rr):
139.0 mg, /=% 73%. KEOE K, mp. 144~146 C
(lit.) 145~146 °C); '"H NMR (DMSO-ds, 500 MHz) §:
8.01~7.99 (m, 1H), 7.76~7.73 (m, 1H), 7.64 (t, J=1.5
Hz, 1H), 7.54~7.52 (m, 1H), 7.49~7.46 (m, 2H), 7.33~
7.27 (m, 2H), 5.54 (s, 2H); *C NMR (125 MHz, DMSO-
ds) 6: 151.76, 143.54 (q, J=33.3 Hz), 138.02, 134.23,
134.06, 131.54, 131.11, 130.97, 130.90, 130.21, 126.14,
124.83, 122.58, 120.28 (q, J=277.2 Hz), 115.63, 45.19;
19F NMR (DMSO-de, 471 MHz) §: —68.48; MS (EI) m/z:
382.0.

1-(2- YR 7 2 )-3-( = 960 FF 5 ) M 1 ik -2 (1HD) - i (3s):
154.3 mg, /=% 81%. WE K, mp. 137~139 C
(lit.) 138~140 °C); 'H NMR (DMSO-ds, 500 MHz) o:
8.10~8.08 (m, 1H), 7.80~7.77 (m, 2H), 7.56~7.53 (m,
1H), 7.34~7.28 (m, 3H), 6.96~6.94 (m, 1H), 5.49 (s,
2H); *C NMR (DMSO-ds, 125 MHz) §: 156.57, 148.09 (q,
J=33.5 Hz), 139.34, 139.19, 138.58, 138.07, 136.34,
135.92, 134.72, 133.39, 132.40, 129.85, 127.12, 123.84 (q,
J=277.6 Hz), 120.49, 51.50; 'F NMR (DMSO-ds, 471
MHz) §: —68.45; MS (EI) m/z: 382.0.
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