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Abstract Tegafur, as a raw material, reacted with chloroalkyl alcohols to give the intermediate N-hydroxyalkyl tegafur, then
which reacted with p-toluenesulfonyl chloride to obtain tegafluoroalkyl sulfonate. A series of novel aryl (N*-tegafluoroalkyl)
thio- and seleno-ether derivatives were efficiently synthesized by the reaction of tegafluoroalkyl sulfonate with diaryl disul-
fides or diselenides under binuclear titanium(IV) salophen perfluorobutanesulfonate/zinc catalytic system. Their structures of
the target products were confirmed by 'H NMR, '3C NMR and HRMS. Their antitumor activities were evaluated by colorectal
carcinoma HCT116 cells and gastric carcinoma SGC-7901 cells. The preliminary bioassay results showed that most target
compounds had more antitumor activities than tegafur. Moreover, HCT116 cells staining experiments (DAPI) and quantitative
determination by flow cytometry indicated that the growth inhibition was associated with the induction of apoptosis. In addi-
tion, organic sulfur (selenium) tegafur derivatives had lower toxicity than tegafur on human embryonic kidney HEK 293 cells.
Keywords tegafur; diaryl disulfides (diselenides); unsymmetrical sulfides (selenides); antitumor activity; apoptosis
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Scheme 2 Synthesis of aryl (N*-tegafluoroalkyl)thio- and seleno-ethers derivatives
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F(2); A 0 R I SR A5 BB o o i i R
Fis(3). FATRT AW TR M, AR 5 T BRI &
/B A A 2R B 0 AR 47t AR AN S T 28 — 5% B — R
(il Bk, 5 s A0t R AR BN il 45 A S Rt (fif ) Bk 20, [
Uk, TEXUZER AT T BRI A YA AR T, @
i B b R R R (3) 5 5 L BRI BE N, ]
13 B 24 1) 05 HE (N3-S o S (G Bk 3 22420 5.
DL & L A PR EE(3b, 1 mmol)Fl — 2R3 iR
fik(4a, 0.5 mmol)/E AT I B, ¥RFTHE NUERES 2 TR 1
WG BRI TR [0 S RLR 2, 45 2R
W 1. W5k 1 Fos, SO ALK A AT B 0E R 1 10 71
FEME R —Fh, R 2R E (Entries 1~2). HT
SR, A HLUEKHES & 9078 0 1k R RE 0% s s i AL IE i
W R A0, PRI, 7R RSN, RN
BERE IR EAT (BEntry 3). ZEREALFIA 5 mol%, BN
1.2 mmol B, N =31A F i (Entry 4); 4kS38 gk
AR 1, 773 L A2 (Entries 5, 6). 24
W AIZERE S 1 h, 72347 IA 94% (Entry 7); {E4kSE45%
% 0.5 h, PEFEK(Entry 8). HE— BT TN SN
JRZIE, AfEH CH3CN CH2Cly\ N,N-— 1 3 F i i (DMF)
FOHZRAE TR, P23 — % (Entries 9~12). KL, &
RN fERARY T, ST 5 mol%, kA
1.2 mmol, PUEMENE(THF) N, iR R M 1 h.
R 1 MEAFIFE. R BTRIFIE N N R R0 ¢

Table 1 Influence of catalyst dosage, temperature, time and
solvent to the reaction

O
F /CHchchgoTS Q
N F AN
| N s

A

N" "0 4 Phssph N/&O
éo 4a é/o
3b 5a
Entry Cat./mol% Zn il;slt/ Solvent  Time/h  Yield®/%

1 5 0 THF 12 0
2 0 1 THF 12 0
3 5 1 THF 4 82
4 5 1.2 THF 4 94
5 7 1.2 THF 4 93
6 5 1.5 THF 4 94
6 5 1.2 THF 1 94
7 5 1.2 THF 0.5 73
8 5 1.2 CH3CN 1 72
9 5 1.2 CH2Cl2 1 47
10 5 1.2 DMF 1 68
11 5 1.2 Toluene 1 26

@ Tegafluoropropyl sulfonate (3b): 1 mmol; diphenyl disulfide (4a): 0.5 mmol;
solvent: 3 mL; r.t.; N; ? isolated yield.
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TERMMFMT, RAFHE T B INHbt AR RE S5 —
D5 R R BRI RN, ALK 2. R 2 g5 R AL
PUAR 4= 960 T SRR 1R 10 700/ M Ak 2R BE B AR U116 5
GIE TR HE R TG 55— 5% B R () ok 2 N 45 3] 55 R (VB-
B0 b R () BERT A=, X F 05 R T
IR BRI OB = R — R IR, R FER
W BT 2L H(F, Cl, NO,) b A ik i 72 ] (CHs, OH,
NH,) () = 55 3 R B v PRI i, A2 5 Bl ode IR I 3
AR R B L AR, DT SO N AR TR R R T,
B RAA R HERP ) Sb~5i. IR BRI A7 B
X 0 TR RS P — 8 B, AL L
A A ANV W 75 (5~ 5F). 25 AT Tk i 32k 141 f) — it ik 0 ¥
7N TARGF NG, PPN 90% (5f). EHE T 2%
) BRI S (=M RE . 2-BREE L 2-mEmy L K 2-Rk g
)5 B N s E Y EERE R ER I SN, FEEN 83%~93%
(5k~5n). A4, BN 3 5467 N R T R bR
HIR LN = = 25 N K, Bl A IR B K, P29
P2 ME A R (5a, So~5r). Ml%E A IE O3 i B n g ik
FREE L AE 6% 5 = b BRI S 2, AR ORI B AR A
W, FREA 91% (5s). &Ja, R T 05 H kS B
INRUE PSR IR G S b, 45 SR BoR, S AR —
ZEFE TRl (CH3, OCHs, CN, CHPIfEms A= st 2 H Antl
EY, MARIR FEA W R 2R R R T
BRI (Su~5x). HAh, N B AR 5 B
D0FAE P9 BT R R S S, PR 260 81% (Sy).

KH CCK-8 £ T & s [ 25 D5 R WV-8m
ST 5 ) ik (R It 3T A= ) 0 S5 e 4 B HCT 116 AT S e 4
il SGC-7901 [ R ARG . 25 SR BH, A LB ()
Bnsm AT A A AN iR B R EH. BEE AT
WEESE N, A fRAt TR T . M T BN AT A YT
3 e A ) AR IR BE 1Cs0, S5 IR 3. WEAUSE
A, BN HCT116 A1 SGC-7901 ZHIfK) ICso 15 %3
14 861.13 pmol/L 1 1000.42 pmol/L. &1L&) Se, Sh
A1 So 1) 1Cso 1B LLE IS B /= oh, 4K 2 Btk &%t
PR A £ L P 4 B s, X A LR B I de
FTEEN &, R b R BRI B B JS o7 B %) P e 4
M A 2. RIS xR (F, CHE AT ED
IR TR L Rk &4 Sa %o 40 B4 & 1 = (Sa~
Sc¢). RIR LA AT A A 2 BRI B n AT AR iz v
T TR0 A 228 EUA R P 7 A A0 55 19 P g 400 PR At 3 1 (Sd ~
5f). & ite T B(CH;, OH, NHy) ) AHR 3 & n s A1
YA B IR T BT A S T (Sg~5i). (BN 3 2R
B A7 44 5hoxt HCT116 NG AR T & mdm. 7%
HE WL B IR ATAEY) 5 FRIRERE RS R UT 3|
P Rh e S IG5, X SGC-7901 4 Jfa (411 FH 56 Jon B
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Table 2 Synthesis of aryl (N-tegafluoroalkyl) thio- and seleno-ethers derivatives®?

(@]
F N/CHZ(CHZ)HOTS
P

0O

F. N/CHZ(CHZ)”ZR
I'&

N~ SO . R77R (1) Ti Lews acid/Zn N~ SO
éo . ) rt, THF, N, éo -
R = Ar, CH,Ar; Z= S, Se
3 5
TSI G BN S SN
FT%WAVAS FT%WAVAS REKW«««S FW%WAVAS
N/go N/go NAO N/go
y y y Cr
5a, 94% NO, 5b, 92% 5¢, 95% 5d, 94%
o] /@ OzN:© /@/ OH
F\KLN/\/\S F\fLN/\/\s fLN/\/\S \6\,\,/\/\3
N’go N o
o Cr . s
5e, 92% 5f, 89% 5g, 88% 5h, 85%
o N-NH o
F\fj\ /©/ \ELN/\/\S N/\/\S/’\/N F\fj\N/\/\s/\\@
N’go N’go o~/
y é y
5i, 84% 5, 90% 5k, 91% 51, 93%
0 R L) g
F NS PN sy N/\MS n=1 50,94%
\fL \fj\,g \ﬁL n=3 5p,91%
N0 N" o n=4 5q,92%
éo o o n=5 5r,91%
5m, 90% 5n, 83%
o o) /@ 0 ©/ 0 /©/0Me
F\fLN/\H},S\ﬁN‘NH F\fLN/\/\Se F\fj\N/\/\Se F | NT"se
N’go =N N’go N/go N’&o
y do do Cr
5s,91% 5t, 90% 5u, 86% 5v, 80%
S aad %NMS %N“%
N o
é/o o o
5w, 95% 5x, 93% Sy, 81%

“ Tegafluoroalkyl sulfonate (3): 1 mmol, diaryl disulfides or diselenides (4): 0.5 mmol, Ti catalyst: 5 mol%, Zn dust: 1.2 mmol, THF: 3 mL, r.t., Ny; ® isolated yield.

LT s N AR NE SN ;[ﬁébuﬁ?ﬁi%ﬁﬂﬁﬂ] (I FE B 2 | 2-M gy 56 J 2-mhbone R 1 5
FEANML RS, SREOR, & MR I AT Y TR I L & (Sk~5Sm), 10 HEATTHG R 2 B0
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BB IR AT A, TR R R AL A e 5
HA — 2 ARE M, 58 nhFREER, A
BT H ARG E % e 4 g v . A
Sa, So~5r 15, K &g b b 65 K R i3 n, xt
HCT116 4HA#nH|/E iz . &+ LiRgE R, &
THE BT B EE A IE O3 i = ML AR B AT A
5s. SR1, MHELTLEY Sk s, KBS S I IE O3
PR R R o AT A A et 7 s T A P 0 sk A FH 48 i
K. ‘G, HETHVIE INRATAEYN R PR
SRR VE . S5 5RSR A, AL B AT A Y5 e
1 6 0 o i A A L WL B I AT AR i 5,
I DN B N AR R T R e e G M 2 N NV T A
%5(CHs, OCHs3, Cl, CN)FIA LA I gs AT A3 s 1
BT MG (Su~5x). BEAb, S AE 2 n AT E
W) Bl 2R AT B N AT AR B B s . 6 ik
B Tk BSR4 N GRUAT A A 1) 2 R S 5 AR P R A
TERE— BT .
R3 BINGEATED PR I

Table 3 Antitumor activities of tegafur derivatives

ICso+ SD/(umol-L 1)

Compd.
HCT-116 SGC-7901
Tegafur 861.13+15.34 1000.42£10.89

5a 518.741+4.38 610.8216.86
5b 223.15£2.09 44523+4.70
Sc 389.53+3.79 398.80+4.52
5d 217.06+1.74 242.16+2.10
Se 994.99+4.57 883.61+1.69
5f 176.72+3.16 265.081£2.68
5g 447.8913.94 458.44£3.15
5h 1058.44+6.91 501.28+7.84
5i 246.49+12.71 238.43+1.53
5j 729.13£3.75 348.14+6.50
5k 142.07£7.77 240.11x4.66
51 2249114.88 274.50+3.32
5m 252.3613.88 290.93+6.12
5n 308.94£5.90 258.75+£2.19
S0 601.26+5.80 1115.76 £4.05
S5p 428.59+3.78 744.04+2.73
5q 352.59+2.62 771.33£5.50
5r 290.06£3.49 604.251+4.03
5s 135341 1.88 226.97+3.86
5t 392.60+2.03 405.85+3.91
Su 239.64+2.40 235.93+4.34
Sv 223.40+2.97 197.35+2.16
Sw 224.85+4.32 230.69£3.62
5x 200.62£2.92 247331343
S5y 198.56+3.30 335.06+5.65

“ Standard deviation, all compounds were dissolved in DMSO (dimethyl sul-
foxide), all experiments were performed independently at least 3 times.
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0 gk e 8, S0 R A AR R AU I RAT AR Sk
XF HCT116 4Hf i/ 2 & 5S4 A ¢,
3 s, BRI S GYE DAPL X4 AT et
M SEI 4L AL &9 5k 4LFE HCT116 4HM9(100 pug/mL),
2 24 hJ5, 5 H DAPI et ab#. SEIGZH A YL 5 K
A IRAR, AN HAZ IO NS SE I [T /MR T G €5
WA AL AR RS AR T 1 — AMRRAE, Wi B B AT 2k
/I "G R 2 R NUTATE: 1) 411 S RSO o w2 Y 7
HA b, R Annexin V-FITC/PI e (f45 4 204 oy
SE BRI E 7358 0, 5 A1 30 pg/mL It &4 5k %5
HCT116 AT &N, Wl 4 Fis, TEREWED
S5k ALFRRITEILR, W E 24 h SR T4 BCEAY G R
M 0.11%. AEAGIKRIE 5 pg/mL Kb &) Sk 1EH
HCT116 41 /g )5, HCT116 40 [t a8 T2 3R 38 # 1.64%.
LAY Sk IR INE] 30 pg/mL B, SR R
TS BB A R, ik 30.3%. AT, (&) Sk
AT B b5 3 HCT116 4HfM T,

MADI

Sk (100 pg/mL)

@0

B3 &Y Sk 4bFE HCT116 4HAEM DAPT Je 55
Figure 3 DAPI staining experiment on HCT116 cells treated
with compound S5k

5, VT BN R AT AR IR NG B 4
293 (HEK 293)1) 8¢, &5 R ILE 5. il 5a firow, i&
FALEW Sk FE e o mIFEAS R EE R EH HEK 293
YifE, AIRILEMRIRE (<100 pg/mL), XFHFLEY)
XF HEK 293 4H i (1 40 7 FH 22 BA K. ol o5 3 P 32 T 1
(=150 pg/mL), P40 0E 2 30 S K. ik
N 200 pg/mL B, BnsEST HEK 293 4 i) Kt i
90%, HhEW Sk M| 2AUR 28%. Ht, WPk EER
FEN 200 pg/mL S MR AN B M AT A% HEK
293 A EEE. WKl Sb AR, BrA ARG 3 L E
FXT HEK 293 20 A ikl /8 B /), 6B A HLER (Al 25
TRGRATAE DL g/ A T HEK 293 41 8 1A, G
HESH=MIEKLEY sk M 5s BoR 7 BARKIEE.
R A EE M TR AR T .
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Figure 4 Effect of compound 5k on HCT116 cell apoptosis by flow cytometry
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Figure 5 (a) Inhibition rate of compounds 5k and tegafur on HEK293 cells at different concentrations, and (b) inhibition rate of organic
sulfur (selenium) tegafur derivative on HEK 293 cells (200 pg/mL)

2 Zhig

25 TR, TERURZER AT B IR L A R A 1
TR, @B I R SR R RS 5 0 R (A ) ok s
FRINE R T 25 i AL 55 36 (V- B 0 e 355 ) Bt (il Bk 47
G/ R R e Y R AU B TN (NS 2 A =k 73
& nt 4 e 4 HCT116 A 40 SGC-7901 ()
PO e T . 4 G £ S0 AN U A e B
RN SRS T BN EATAE Y vT 5 SR T, AT
Hlgn A, B HUERER) B mHATAEWIER 5 IEW AT
B A0 HEK 293 1851 b & s R A 200
ng/mL). &z, ASCHAE T — Pk AU HLERT () 5 0 5
TR A 7%, FEAT T AR is M 9T,
N BB IR INEN Je 250 MR SR A S
3 XIS
3.1 X5

'H NMR #1 3C NMR | BRUKER AVANCE 11 400
R E [CDCLy NIAF, = FREREIE(TMS)TE A W AR];
JFiit 1 Thermo Scientific Q Exactive B E. i &
COHLCBI R A S5 AR I R A PR A F]), R E 5
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R (Nikon), — %Ak Bk :: 7% 4 (eppendorf), i TIES
(BRI ARG A BR A A, Bng. 2-ROmE
3-E-1- R 41T, S5-I, 6-F-1-CURE.
X FRORTIE G = 2% 05 5k k. 0% 3 A
VUSEIRIR . 20 = QR S5 N WAL TR
PRA TR E RGN A T, AR T 2R £
FRIE SR A B FEIR T B L . PR
Motk A HCT116. BE41i SGC-7901 FIIEH
NS B 4 i HEK 293 35 B+ B R B il WAL S0t
FURT YN $2ft. DMEM (Dulbecco's Modified Eagle
Media) i F 15 77 2 RN R &5 22 P (PBS) BT 38 6 44
B A RA R IEE.
32 ZLWHE
3.2.1  N-(3-FI ) B #6946 &

7] 50 mL [ JEC e H AR I B 36 (2.5 mmol, 0.5
) SEACKEHERE(3 mmol). NaHCOs (0.4 g)F1Z. /5 10 mL,
IR R L 12 h R ZE G [ 2 i (TLC)IB R R
N1, B8, SRR BET, AR BB A
Y/ R g, VL V=1 111331k &4 2127,

N-Q-$32 3% 23 B Ind2a)?: 77 92%, MA@
&, m.p. 93~94 °C; 'H NMR (400 MHz, CDCl3) §: 7.43
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(d, J=5.6 Hz, 1H), 6.00~5.98 (m, 1H), 4.22 (t, J=5.4
Hz, 2H), 4.00 (q, J=5.2 Hz, 1H), 3.88 (q, J=5.6 Hz, 2H),
2.47~2.38 (m, 2H), 2.09~2.03 (m, 2H), 1.97~1.89 (m,
1H), 1.75 (s, 1H); '3C NMR (100 MHz, CDCLy) J: 157.8
(d, J=25.3 Hz), 149.8, 139.9 (d, J=232.4 Hz), 122.0 (d,
J=33.8 Hz), 88.3, 70.4, 61.1, 44.0, 33.0, 23.7; TOF-
HRMS (ESI) caled for CioH13FN,O4 [M+H]" 244.0859,
found 244.0851.

N-(3-FREEIE N B INF(2b)): 7= 2 88%, [ [i]
&, m.p. 67~68 ‘C; 'H NMR (400 MHz, CDCl;) J: 7.43
(d, J=5.6 Hz, 1H), 5.94 (d, J=4.8 Hz, 1H), 4.27~4.18
(m, 1H), 4.07~4.03 (m, 2H), 4.00~3.93 (m, 1H), 3.54~
3.48 (m, 2H), 3.11 (s, 1H), 2.42~2.34 (m, 1H), 2.07~
1.98 (m, 2H), 1.95~1.80 (m, 3H); 3C NMR (100 MHz,
CDCly) d: 156.3 (d, J=25.0 Hz), 149.3, 139.8 (d, J=
232.5 Hz), 122.0 (d, J=33.8 Hz), 88.2, 70.3, 58.8, 38.4,
32.9, 30.4, 23.7; TOF-HRMS (ESI) calcd for C1;H;sFN,O4
[M+H]" 259.1094, found 259.1090.

N-(B-FREEIE T E) BN 2e)®: 7= 80%, [
&, m.p. 65~66 ‘C; 'H NMR (400 MHz, CDCls) §: 7.40
(d, J=6.4 Hz, 1H), 6.02~6.00 (m, 1H), 4.27~4.22 (m,
1H), 4.05~3.98 (m, 3H), 3.72 (d, J=6.6 Hz, 2H), 2.48~
240 (m, 1H), 2.13~2.04 (m, 2H), 1.98~1.90 (m, 1H),
1.82~1.72 (m, 2H), 1.68~1.59 (m, 2H); '*C NMR (100
MHz, CDCls) 6: 157.4 (d, J=25.9 Hz), 149.0, 140.4 (d,
J=234.6 Hz), 123.5 (d, J=33.7 Hz), 87.4, 70.2, 62.5,
45.1, 32.5, 29.2, 25.6, 23.8; TOF-HRMS (ESI) calcd for
CiHisFN,O4 [M+H]" 273.1251, found 273.1247.

N3-(5-F2FEIE I B N (2d): =% 85%, H
&, m.p. 107~108 ‘C; 'H NMR (400 MHz, CDCls) o:
7.39 (d, J=5.6 Hz, 1H), 6.00 (d, J=4.8 Hz, 1H), 4.26~
420 (m, 1H), 3.98~3.92 (m, 2H), 3.65 (q, J=6.0 Hz,
2H), 2.47~2.38 (m, 1H), 2.09~2.03 (m, 2H), 1.96~1.90
(m, 1H), 1.72~1.59 (m, 6H), 1.45~1.39 (m, 2H); 13C
NMR (100 MHz, CDCl3) 6: 157.1 (d, J=25.1 Hz), 149.1,
139.8 (d, J=232.3 Hz), 121.6 (d, J=33.8 Hz), 88.0, 70.3,
62.6, 41.6, 33.0, 32.2, 27.2, 23.8, 23.0; TOF-HRMS (ESI)
caled for C;3HioFN,O; [M + H] © 286.1329, found
286.1323.

N-(6-F25E IE L) B el (2e)24: 722 84%, H
4k, m.p. 77~78 C; '"H NMR (400 MHz, CDCl;) J:
7.39 (d, J=5.6 Hz, 1H), 6.00 (d, J=4.8 Hz, 1H), 426~
420 (m, 1H), 4.03~3.91 (m, 3H), 3.63 (q, J=5.6 Hz,
2H), 2.45~2.38 (m, 1H), 2.10~2.02 (m, 2H), 1.95~1.89
(m, 1H), 1.65~1.55 (m, 5H), 1.42~1.37 (m, 4H); '3C
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NMR (100 MHz, CDCl;) 6: 157.2 (d, J=25.1 Hz), 149.1,
139.9 (d, J=232.5 Hz), 121.5 (d, J=33.8 Hz), 88.0, 70.3,
62.7, 41.6, 33.0, 32.5, 27.4, 26.4, 25.2, 23.8; TOF-HRMS
(ESI) caled for C14H2FN,O4 [M+H]" 300.1458, found
300.1453.

322 Hdm RO A AR B BE 69 A AR

] 100 mL [ =300 AR O R FR 2R Tk Tk 4
(2.3 mmol, 439 mg). DMAP (15.6 mg). = Z}i#%(0.5 mL)
10 mL &k AR5 E T FHiH0.5h fEfEE
TN N-(GFRLE5) B (2 mmol) AT & 4E(10
mL), FHEERE T =8 b, EKKIE NEE
N, 2905 hiEhnseke. B2 SRR 10 h (TLC
BRI, IMSEEESE, M 0.2 mol/L HCI (10 mL), 3.
KEH & H R 15 mLX3), Rig&HEaHM. i
ToKBREREN T4, 108, JEMIRUE T, #ET 0Bk
i 2R B AEE, v v=1 " D&Y 3129,

X} 2R R (V-85 IR0 BB (32)12%): P2 3R 92%, H
&K, m.p. 95~96 ‘C; '"H NMR (400 MHz, CDCls) 6:
8.01 (s, 1H), 7.66 (d, J=7.2 Hz, 1H), 7.81~7.78 (m, 1H),
7.43~7.34 (m, 2H), 5.99~5.98 (m, 1H), 4.47~4.35 (m,
2H), 4.32~4.26 (m, 1H), 4.24~4.22 (m, 2H), 2.45~2.40
(m, 3H), 2.11~1.89 (m, 3H); *C NMR (100 MHz, CDCl;)
8: 157.0 (d, J=25.3 Hz), 148.9, 139.8 (d, J=232.3 Hz),
136.3, 128.2, 127.3, 125.5, 122.0 (d, J=33.7 Hz), 87.7,
69.9, 67.6, 42.6, 32.3, 23.3, 20.8; TOF-HRMS (ESI) calcd
for C17H19FN206S [M+H]" 398.0948, found 398.0954.

X R 2R R (V-5 D) IE TR BR(3b): 723 91%, M
& 44, m.p. 77~78 ‘C; '"H NMR (400 MHz, CDCl;) 6:
7.75 (d, J=8.4 Hz, 2H), 7.41 (d, J=6.0 Hz, 1H), 7.34 (d,
J=8.0 Hz, 2H), 5.98~5.96 (m, 1H), 4.26~4.20 (m, 1H),
4.09 (t, J=6.2 Hz, 2H), 4.02~3.96 (m, 2H), 2.45 (s, 3H),
2.41~2.35 (m, 1H), 2.12~1.88 (m, 5H); '*C NMR (100
MHz, CDCL): § 157.0 (d, J=25.3 Hz), 148.9, 144.8,
139.8 (d, J=232.3 Hz), 132.8, 129.8, 127.9, 122.0 (d, J=
33.7 Hz), 88.1, 70.3, 68.4, 38.5, 32.9, 27.0, 23.7, 21.6;
TOF-HRMS (ESI) caled for CisHyFN2OsS [M+H] ™,
413.1183, found 413.1178.

Xof F 2 i R (V-5 I AR IE T B (3e): 7% 88%, K
G E A, mp. 72~73 C; 'H NMR (400 MHz, CDCl;) 6:
7.80 (d, J=8.4 Hz, 2H), 7.40 (d, J=6.0 Hz, 1H), 7.36 (d,
J=8.0 Hz, 2H), 6.00~5.98 (m, 1H), 4.27~4.22 (m, 1H),
4.08~3.99 (m, 3H), 3.93~3.90 (m, 2H), 2.47 (s, 3H),
2.45~2.41 (m, 1H), 2.12~2.04 (m, 2H), 1.98~1.92 (m,
1H), 1.74~1.69 (m, 1H); 3C NMR (100 MHz, CDCl;) ¢:
157.1 (d, J=25.4 Hz), 148.9, 144.9, 139.8 (d, J=232.3
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Hz), 132.7, 127.9, 122.1 (d, J=33.8 Hz), 88.2, 70.4,
68.5, 38.6, 33.0, 29.7, 26.9, 23.7, 21.6; TOF-HRMS (ESI)
caled for CioHaF- N2O¢S [M+H]" 427.1339, found
427.1334.

X R B (V-8 N80 IE TR (3d): 773 90%, [
AR, m.p. 69~70 “C; 'H NMR (400 MHz, CDCls) o:
7.78 (d, J=8.4 Hz, 2H), 7.42~7.41 (m, 1H), 7.36 (d, J=
8.0 Hz, 2H), 5.98 (t, J=2.4 Hz, 1H), 4.26~4.21 (m, 1H),
4.01 (t, J=6.4 Hz, 2H), 3.91~3.86 (m, 2H), 2.46 (s, 3H),
2.43~2.37 (m, 1H), 2.11~2.02 (m, 3H), 1.99~1.90 (m,
1H), 1.74~1.64 (m, 3H), 1.59~1.57 (m, 2H), 1.40~1.33
(m, 2H); 3C NMR (100 MHz, CDCls) 6: 157.1 (d, J=25.1
Hz), 148.9, 144.8, 139.1 (d, J=232.0 Hz), 133.0, 127.8,
121.8 (d, J=33.8 Hz), 88.0, 70.3, 63.7, 41.2, 33.0, 26.8,
23.8, 22.7, 21.6; TOF-HRMS (ESI) caled for CyHasF-
N2O6S [M+H]" 440.1417, found 440.1425.

Xof FR B R (V-8 I ge0) IE LR (3e): P2 91%, A
AR, m.p. 67~68 “C; 'H NMR (400 MHz, CDCls) o:
7.78 (d, J=8.4 Hz, 2H), 7.41 (d, J=6.0 Hz, 1H), 7.36 (d,
J=8.8 Hz, 2H), 6.00 (t, J=5.2 Hz, 1H), 4.27~4.21 (m,
1H), 4.00 (t, J=6.4 Hz, 2H), 3.91~3.86 (m, 2H), 2.46 (s,
3H), 2.43~2.37 (m, 1H), 2.11~2.02 (m, 3H), 1.99~1.90
(m, 1H), 1.69~1.55 (m, 5H), 1.43~125 (m, 6H); 1*C
NMR (100 MHz, CDCls): 6 157.1 (d, J=25.1 Hz), 148.9,
144.8, 139.9 (d, J=232.0 Hz), 133.0, 129.9, 127.8, 121.7
(d, J=33.8 Hz), 88.0, 70.4, 41.4, 32.9, 28.6, 27.2, 26.1,
25.0, 23.8, 21.6; TOF-HRMS (ESI) caled for CpHyF-
N2O6S [M+H]" 454.1574, found 454.1581.

323 HAUH(AE) A BAT A M 6 A,

BARYF, 7 25 mL OB FRAR O HLER 4=
ST EEEER I S 1(68.7 mg, 5 mol%). TEHALHIEER(80
mg, 1.2 mmol) & I LR EE(1 mmol) Al — 75 3% —
B (1B (0.5 mmol) A1 THF (3 mL). ‘%6 FHE#E 1 h. TLC
PREF IR N FERR. R e TV, HEENT A B eiin:
R e/ ATk, vV v=1:5), S HLES.

RFE (V- 90 1E TN L K (Sa): 7238 94%,
HPIRI A, 'H NMR (400 MHz, CDCl3) 0: 7.41 (d, J=6.0
Hz, 1H), 7.38 (d, J=8.0 Hz, 2H), 7.31 (t, J=7.6 Hz, 2H),
721 (d, J=7.2Hz, 1H), 6.01~6.00 (m, 1H), 4.27~4.21
(m, 1H), 4.13 (t, J=7.0 Hz, 2H), 4.05~3.99 (m, 1H), 2.98
(t, J=7.4 Hz, 2H), 2.46~2.39 (m, 1H), 2.13~1.92 (m,
5H); '3C NMR (100 MHz, CDCls) &: 157.0 (d, J=25.3
Hz), 149.0, 139.9 (d, J=232.5 Hz), 136.0, 129.7, 128.9,
126.2, 122.0 (d, J=33.8 Hz), 88.0, 70.3, 40.8, 33.0, 31.5,
27.2, 23.8; TOF-HRMS (ESI) calcd for C;7H20FN,03S
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[M+H]" 351.1179, found 351.1183.

AR (V- B I 960) IE P 2L B BE (Sb): =3 92%,
Y ORA. 'TH NMR (400 MHz, CDCls) 0: 7.42~
7.38 (m, 2H), 7.24~7.19 (m, 1H), 7.11~7.02 (m, 2H),
5.99~5.97 (m, 1H), 423~4.21 (m, 1H), 4.08 (t, J=6.8
Hz, 2H), 4.03~3.97 (m, 1H), 2.94 (t, J=7.4 Hz, 2H),
2.45~2.37 (m, 1H), 2.11~2.01 (m, 2H), 1.99~1.88 (m,
3H); '3C NMR (100 MHz, CDCl3) d: 160.4, 157.1 (d, J=
25.3 Hz), 149.0, 139.9 (d, J=232.4 Hz), 132.7, 128.7,
121.6 (d, J=33.8 Hz), 115.7 (d, J=22.3 Hz), 88.1, 70.4,
40.7, 33.0, 31.1, 31.0, 27.2, 23.8; TOF-HRMS (ESI) calcd
for C17H1sFaN203S [M+H]" 368.1006, found 368.1010.

X EUR FE (V-5 N 960) 1 T8 B Bt ik (Se): 72 95%,
HEE A, mp. 112~114 C; 'H NMR (400 MHz,
CDCls) d: 7.42 (d, J=4.6 Hz, 1H), 7.33~7.27 (m, 4H),
6.02~5.99 (m, 1H), 4.28~4.23 (m, 1H), 4.12~4.08 (m,
2H), 4.05~3.99 (m, 1H), 2.95 (t, J=7.2 Hz, 2H), 2.47~
2.40 (m, 1H), 2.10~1.91 (m, 5H); '3C NMR (100 MHz,
CDCls) 6: 157.1 (d, J=25.3 Hz), 149.0, 139.9 (d, J=232.7
Hz), 134.4, 132.3, 131.2, 129.0, 128.9, 126.2, 122.1 (d, J=
33.7 Hz), 88.0, 70.3, 40.7, 33.0. 31.8, 27.0, 23.8; TOF-
HRMS (ESI) caled for C;7HjoCIFN,OsS [M + H]*
385.0789, found 385.0785.

XA AT (N3- 5 I 480 IE T 2R R R (5d): 77K 94%,
FOGHRA. '"H NMR (400 MHz, CDCL3) §: 8.15 (d,
J=8.8 Hz, 2H), 7.44 (d, J=6.0 Hz, 1H), 7.36 (d, J=6.8
Hz, 2H), 6.03~6.01 (m, 1H), 4.29~4.24 (m, 1H), 4.18~
4.11 (m, 2H), 4.08~4.00 (m, 1H), 3.11 (t, J=7.4 Hz, 2H),
2.50~2.41 (m, 1H), 2.13~1.92 (m, 5H); '*C NMR (100
MHz, CDCly) 6: 157.1 (d, J=24.3 Hz), 149.0, 147.0,
145.2, 139.9 (d, J=233.0 Hz), 126.4, 124.0, 122.1 (d, J=
33.7 Hz), 88.1, 70.3, 40.6, 33.0, 29.7, 26.7, 23.8; TOF-
HRMS (ESI) caled for C17H19FN30sS [M+H]" 396.1029,
found 396.1023.

()i 22 TR (V3- B N 9R0) IE TR B Tk (Se): =% 92%,
ORI, "TH NMR (400 MHz, CDCL3) §: 8.11 (s,
1H), 8.00 (d, J=8.0 Hz, 1H), 7.62 (d, J=8.0 Hz, 1H),
7.47~7.42 (m, 2H), 5.98 (s, 1H), 4.27~3.97 (m, 4H),
3.05 (t, J=7.4 Hz, 1H), 2.46~2.38 (m, 1H), 2.07~1.89
(m, 5H); BCNMR (100MHz, CDCl;) 6: 157.2 (d, J=25.3
Hz), 149.0, 148.5, 139.9 (d, J=232.6 Hz), 139.3, 134.4,
129.6, 122.8, 121.9 (d, J=33.8 Hz), 120.6, 88.1, 70.4,
40.6, 33.0, 30.8, 29.7, 26.8, 23.8; TOF-HRMS (ESI) calcd
for C17H1oFN30sS [M+H]" 396.1029, found 396.1020.

LI 3 A (V- I 9R0) 1E A SRR BE(SD): 722K 89%,
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FOMPIRIEAA. '"H NMR (400 MHz, CDCL3) o: 8.18 (d,
J=8.4 Hz, 1H), 7.42~7.19 (m, 4H), 5.99 (s, 1H), 4.25~
3.97 (m, 4H), 3.02 (t, J=7.2 Hz, 2H), 2.22~1.88 (m, 6H);
3C NMR (100 MHz, CDCl3) 6: 157.2 (d, J=25.2 Hz),
149.0, 146.0, 139.4 (d, J=232.4 Hz), 137.3, 133.6, 126.7,
126.1, 124.6, 122.0 (d, J=33.7 Hz), 88.2, 70.4, 40.9, 36.5,
31.4, 29.7, 26.0, 23.8; TOF-HRMS (ESI) calcd for
Ci7H1oF- N3OsS [M+H]" 396.1029, found 396.1022.

Xof ORI (V- N30 1E T B ik (Sg): 7% 88%,
TR, "H NMR (400 MHz, CDCl3) J: 7.40 (d,
J=6.0 Hz, 1H), 7.28 (d, J=8.4 Hz, 2H), 7.10 (d, J=8.4
Hz, 2H), 6.00~5.98 (m, 1H), 426~4.21 (m, 1H), 4.10~
3.97 (m, 3H), 2.97 (s, 3H), 2.91 (t, J=7.4 Hz, 2H), 2.46~
2.37 (m, 1H), 2.08~1.92 (m, 5H); 3C NMR (100 MHz,
CDCl;) 6: 157.1 (d, J=25.4 Hz), 149.0, 139.9 (d, J=232.5
Hz), 136.4, 132.1, 130.7, 129.7, 122.1 (d, J=33.7 Hz),
88.0, 70.2, 40.8, 32.9, 32.3, 27.2, 23.7, 21.0; TOF-HRMS
(ESI) caled for C1gH2FN,05S [M+H]" 365.1335, found
365.1332.

X} FR LRI (V- 40 1E A LR (Sh): 7= 85%,
TP 4R, "TH NMR (400 MHz, CDCl;) o: 7.42 (d,
J=6.0 Hz, 1H), 7.29 (d, J=8.8 Hz, 1H), 6.81 (d, J=8.8
Hz, 2H), 5.98 (d, J=4.8 Hz, 1H), 4.25~4.20 (m, 1H),
4.05 (t, J=7.2 Hz, 2H), 4.02~3.95 (m, 1H), 2.80 (t, J=
7.2 Hz, 2H), 2.61 (s, 1H), 2.44~2.35 (m, 1H), 2.05~1.73
(m, 5H); 3C NMR (100 MHz, CDCls) 6: 157.2 (d, J=25.2
Hz), 149.0, 139.9 (d, J=232.0 Hz), 134.3, 124.3, 121.9 (d,
J=33.8 Hz), 116.2, 88.1, 70.3, 40.8, 36.7, 31.6, 27.1, 23.7;
TOF- HRMS (ESI) caled for Ci7H19FN,04S [M+H]"
366.1050, found 366.1046.

SRR (V- N5 IE R BREE(ST): 722 84%,
ORI, "H NMR (400 MHz, CDCls) §: 7.38 (d,
J=6.0 Hz, 1H), 7.27 (t, J=8.4 Hz, 2H), 6.61 (d, J=8.8
Hz, 2H), 5.98 (d, J=4.8 Hz, 1H), 4.25~4.20 (m, 1H),
4.09~3.96 (m, 3H), 2.79 (t, J=6.4 Hz, 2H), 2.06~1.78
(m, 5H), 1.63 (s, 2H); 3C NMR (100 MHz, CDCl;) ¢:
157.2 (d, J=25.4 Hz), 149.0, 146.1, 139.7 (d, J=232.2
Hz), 134.6, 122.8, 121.5 (d, J=33.8 Hz), 115.6, 88.1, 70.3,
40.8, 34.2, 33.0, 27.2, 23.8; TOF-HRMS (ESI) calcd for
Ci7H0FN;0sS  [M+H]" 365.1209, found 365.1214.

AP PR I 2 5 DR R (VA= 35 m 9k ) 1 TR R B K () 77
£ 90%, AMEA; mp. 96~97 C; 'H NMR (400 MHz,
CDCl;) 6: 9.44 (s, 1H), 8.56 (d, J=7.6 Hz, 1H), 7.95 (d,
J=8.4 Hz, 1H), 7.61~7.50 (m, 4H), 7.37 (d, J=7.6 Hz,
2H), 7.09 (t, J=7.6 Hz, 1H), 5.93~5.91 (m, 1H), 421~
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4.17 (m, 1H), 4.06~3.99 (m, 3H), 2.82 (t, J=7.2 Hz, 2H),
2.40~2.30 (m, 1H), 2.06~1.82 (m, 5H); *C NMR (100
MHz, CDCL): 6 157.0 (d, J=25.2 Hz), 149.0, 139.9 (d,
J=232.6 Hz), 139.6, 135.6, 134.8, 132.0, 129.9, 128.9,
127.1, 124.3, 122.8, 121.8 (d, J=33.7 Hz), 120.4, 88.0,
70.3, 40.5, 33.7, 33.0, 27.4, 23.8; TOF-HRMS (ESI) calcd
for C24H24FN304S [M+H]" 469.1472, found 469.1476.

1,2,3- = M B (VA= 35 0 o) IF P 28 A Tk (Sk): 7= 36
91%, TR, 'TH NMR (400 MHz, CDCl3) o: 8.02
(s, 1H), 7.42 (d, J=5.6 Hz, 1H), 6.02~5.97 (m, 1H),
4.27~3.97 (m, 4H), 2.47~2.38 (m, 1H), 2.10~1.87 (m,
5H); C NMR (100 MHz, CDCl3) J: 157.2 (d, J=25.2
Hz), 149.0, 139.5 (d, J=232.4 Hz), 136.6, 121.9 (d, J=
33.7 Hz), 88.1, 70.3, 40.7, 40.4, 36.6, 31.2, 27.1, 23.8;
TOF-HRMS (ESI) caled for Ci3H;sFNsO;S [M+H]"
341.0958, found 341.0963.

2-FRIE (V-5 N IE T A (S): 7% 93%, Tofh
MHPIRAA. 'H NMR (400 MHz, CDCl3) 6: 7.77 (d, J=8.0
Hz, 2H), 7.40 (d, J=8.0 Hz, 1H), 7.34 (d, J=8.0 Hz, 2H),
5.97~5.95 (m, 1H), 4.25~4.20 (m, 1H), 4.09 (t, J=6.2
Hz, 2H),4.03~3.97 (m, 3H), 2.45~2.36 (m, 3H), 2.10~
1.89 (m, 5H); 3C NMR (100 MHz, CDCl;) &: 157.1 (d,
J=25.4 Hz), 148.9, 144.9, 139.8 (d, J=232.2 Hz), 132.8,
129.9, 127.9, 121.9 (d, J=33.8 Hz), 88.2, 70.4, 68.5, 38.5,
33.0, 27.0, 23.7, 21.6; TOF-HRMS (ESI) calcd for CsHao-
FN,O,S [M+H]" 355.1128, found 355.1122.

2-E Wy He (V-5 D0 960) 1E A ZE AR R (Sm): 7238 90%,
Tt PR, '"H NMR (400 MHz, CDCLs) o: 7.39 (d,
J=5.6 Hz, 1H), 7.33 (d, J=5.2 Hz, 1H), 7.17 (d, J=3.6
Hz, 1H), 6.98~6.96 (m, 1H), 5.99 (d, J=4.8 Hz, 1H),
4.25~4.20 (m, 1H), 4.08~3.96 (m, 3H), 2.81 (t, J=7.2
Hz, 2H), 2.44-2.37 (m, 1H), 2.10~1.88 (m, 5H); 3C NMR
(100 MHz, CDCls) §: 157.0 (d, J=25.3 Hz), 149.0, 139.9
(d, J=232.5 Hz), 134.4, 133.7, 129.6, 127.6, 121.7 (d, J=
33.8 Hz), 88.1, 70.3, 40.5, 36.4, 33.0, 27.1, 23.8; TOF-
HRMS (ESI) caled for C;sHisFN2OsS, [M + H] ©
357.0743, found 357.0749.

2- ML W 6 (V-5 I 9R0) IE 1R S i 6 (Sm): 7= % 83%,
TEARIAA. '"H NMR (400 MHz, CDCL3) §: 8.39 (d,
J=3.2 Hz, 1H), 7.48~7.43 (m, 1H), 7.40 (d, J=6.0 Hz,
1H), 7.15 (d, J=8.4 Hz, 1H), 6.00~5.98 (m, 1H), 4.26~
420 (m, 1H), 4.13~4.08 (m, 2H), 4.02~3.97 (m, 1H),
321 (t, J=7.2 Hz, 2H), 2.44~2.35 (m, 1H), 2.11~2.01
(m, 4H), 1.96~1.86 (m, 1H); '3C NMR (100 MHz,
CDCL): 6 158.6, 157.0 (d, J=25.1 Hz), 149.4, 149.0,
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139.9 (d, J=232.4 Hz), 135.9, 122.3, 121.6 (d, J=33.7
Hz), 88.1, 70.3, 40.9, 33.0, 27.6, 27.3, 23.8; TOF-HRMS
(ESI) calcd for C16H oF- N30sS [M+H]" 352.1131, found
352.1127.

KIE(N-BINTR) LB EE(S0): 77K 94%, ot
R, 'TH NMR (400 MHz, CDCls) o: 7.78 (d, J=8.4
Hz, 2H), 7.43 (d, J=7.2 Hz, 2H), 7.34~7.27 (m, 3H),
7.18 (t, J=7.4Hz, 1H), 5.97~5.95 (m, 1H), 4.23~4.19
(m, 3H), 4.00~3.96 (m, 1H), 3.21~3.18 (m, 2H), 2.46~
2.35 (m, 1H), 2.07~2.00 (m, 2H), 1.96~1.87 (m, 1H);
3C NMR (100 MHz, CDCl3) d: 157.0 (d, J=25.4 Hz),
148.9, 139.8 (d, J=232.9 Hz), 135.3, 129.0, 128.7, 126.1,
121.8 (d, J=33.7 Hz), 88.1, 70.4, 41.2, 33.0, 29.8, 23.8;
TOF-HRMS (ESI) caled for C;6H;7FN,O:S [M+H]"
336.0944, found 336.0950.

RE(N-B ) IE T 2L (Sp): =% 91%, Lth
THPIRWK. TH NMR (400 MHz, CDCl3) 6: 7.65~7.62 (m,
1H), 7.55~7.52 (m, 1H), 7.41~7.38 (m, 1H), 7.35~7.30
(m, 2H), 7.21~7.16 (m, 1H), 6.01~5.99 (m, 1H), 427~
421 (m, 1H), 4.04~3.93 (m, 3H), 2.97 (t, J=7.2 Hz, 2H),
2.48~2.35 (m, 1H), 2.11~2.02 (m, 2H) , 1.82~1.77 (m,
3H), 1.73~1.65 (m, 2H); 3C NMR (100 MHz, CDCl;) ¢:
157.5 (d, J=25.1 Hz), 149.5, 139.3 (d, J=232.5 Hz),
137.2, 129.4, 129.3, 126.2, 121.2 (d, J=33.8 Hz), 88.5,
70.8, 42.0, 33.5, 29.2, 27.5, 26.5, 24.3; TOF-HRMS (ESI)
caled for CigH»FN,OsS [M + H] ' 365.1335, found
365.1340.

RE(N- BN IR LR (Sq): =% 92%, Joth
THPIRK. TH NMR (400 MHz, CDCl) o: 7.38 (d, J=6.0
Hz, 1H), 7.32~7.25 (m, 4H), 7.17~7.13 (m, 1H), 6.00~
5.98 (m, 1H), 4.22~4.20 (m,1H), 4.02~3.89 (m, 3H),
291 (t, J=7.4 Hz, 2H), 2.45~2.36 (m, 1H), 2.09~2.00
(m, 2H), 1.95~1.88 (m, 1H) , 1.72~1.63 (m, 4H), 1.52~
1.44 (m, 2H); C NMR (100 MHz, CDCl3) §: 157.1 (d,
J=25.1 Hz), 149.0, 139.9 (d, J=232.2 Hz), 136.7, 128.9,
128.8, 125.7, 121.5 (d, J=33.8 Hz), 88.0, 70.3, 41.5, 33.3,
33.0, 28.7, 27.0, 26.0, 23.8; TOF-HRMS (ESI) calcd for
C1oH;FN,03S [M+H]" 378.1413, found 378.1418.

RIE(V-B ) IE AR (Sr): 723 91%, L
HPIRI . 'H NMR (400 MHz, CDCl3) 0: 7.30 (d, J=6.0
Hz, 1H), 7.25~7.17 (m, 4H), 7.10~7.06 (m, 1H), 5.92~
5.90 (m, 1H), 4.17~4.11 (m, 1H), 3.94~3.81 (m, 3H),
2.83 (t, J=7.2 Hz, 2H), 2.37~2.29 (m, 1H), 2.00~1.93
(m, 2H), 1.85~1.78 (m, 1H) , 1.61~1.51 (m, 4H), 1.43~
1.35 (m, 2H), 1.31~1.25 (m, 2H); *CNMR (100 MHz,
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CDCls) 6: 157.1 (d, J=25.1 Hz), 149.0, 139.9 (d, J=232.2
Hz), 136.9, 129.1, 128.9, 128.8, 127.5, 127.2, 125.7, 121.6
(d, J=33.8 Hz), 88.0, 70.3, 41.6, 33.4, 33.0, 29.0, 28.4,
27.4, 26.4, 23.8; TOF-HRMS (ESI) caled for CaHasF-
N>OsS [M+H]" 392.1570, found 392.1576.

1,2,3- =MV BN gR0) 1E CLAE AR EE(Ss): 723 91%,
T HeIR K. "H NMR (400 MHz, CDCl3) J: 7.57 (4,
J=28.6 Hz, 1H), 7.43~7.39 (m, 1H), 6.04~6.00 (m,
1H), 4.28~4.21 (m, 1H), 4.05~3.90 (m, 3H), 2.97~
2.86 (m, 2H), 2.49~2.39 (m, 1H), 2.11~2.03 (m, 2H),
2.00~1.90 (m, 2H), 1.70~1.60 (m, 4H), 1.53~1.40
(m, 2H), 1.39~1.33 (m, 2H); *CNMR (100 MHz,
CDCl3) 6: 157.0 (d, J=24.7 Hz), 149.0, 140.4 (d, J=
232.9 Hz), 136.2, 121.5 (d, J=33.5 Hz), 88.1, 70.2,
41.6, 36.5, 34.6, 33.0, 292, 27.6, 25.8, 23.8;
TOF-HRMS (ESI) caled for C1sHx;FNsO3S [M+H]"
384.1506, found 384.1512.

HFE(N-F5 I3 IE A B AR BE(SE): 72 90%, HRiE
EIARAK. "H NMR (400 MHz, CDCLs) 6: 7.55 (d, J=
8.0 Hz, 2H), 7.42 (d, J=5.6 Hz, 1H), 7.31~7.28 (m, 3H),
6.03~5.97 (m, 1H), 4.28~4.23 (m, 1H), 4.10 (t, J=7.0
Hz, 2H), 4.06~4.00 (m, 1H), 2.95 (t, J=7.4 Hz, 2H),
2.48~2.40 (m, 1H), 2.12~1.92 (m, 5H); '*C NMR (100
MHz, CDCl3) d: 157.1 (d, J=25.3 Hz), 149.0, 139.9 (d,
J=232.5 Hz), 133.0, 129.1, 127.0, 122.0 (d, J=33.8 Hz),
88.1, 70.3, 41.6, 33.0, 28.1, 24.9 23.8; TOF-HRMS (ESI)
caled for Ci7H20FN,OsSe [M+H]"' 399.0623, found
399.0627.

Xof B 2R L (VP35 1 9R0) 1E A Rl BF (Sa): 723 86%,
T EHPRAA. TH NMR (400 MHz, CDCl3) d: 7.45~7.39
(m, 3H), 7.08 (d, J=8.0 Hz, 2H), 6.00~5.98 (m, 1H),
427~421 (m, 1H), 4.09~3.98 (m, 3H), 2.87 (t, J=7.4
Hz, 3H), 2.45~2.38 (m, 1H), 2.33 (s, 3H), 2.05~1.87 (m,
5H); '3C NMR (100 MHz, CDCly) 6: 157.1 (d, J=23.1
Hz), 149.0, 139.9 (d, J=234.4 Hz), 137.2, 133.6, 129.9,
125.9, 121.6 (d, J=34.1 Hz), 88.1, 70.3, 41.6, 33.0, 28.0,
25.2, 23.8, 21.1; TOF-HRMS (ESI) caled for CigHxF-
N,O3Se [M+H]" 413.0780, found 413.0784.

Xof HE Ak 2R R (V3- 5 0 9R0) 1 TR A i (Sv): 7R R
80%, JCEIHEIRIBAA. 'TH NMR (400 MHz, CDCls) 6: 7.50
(d, J=8.8 Hz, 2H), 7.39 (d, J=5.6 Hz, 1H), 6.82 (d, J=
8.8 Hz, 2H), 6.00~5.97 (m, 1H), 4.26~4.20 (m, 1H),
4.09~3.97 (m, 3H), 3.80 (s, 3H), 2.85~2.79 (m, 2H),
2.47~2.37 (m, 1H), 2.10~1.88 (m, 5H); *C NMR (100
MHz, CDCly) 6: 159.4, 157.1 (d, J=25.1 Hz), 149.0,
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139.9 (d, J=232.4 Hz), 136.1, 121.6 (d, J=33.8 Hz),
119.5, 114.8, 88.0, 70.3, 55.3, 41.6, 33.0, 27.9, 26.0, 23.8;
TOF-HRMS (ESI) caled for CisHnFN,O4Se [M+H]"
429.0729, found 429.0735.

Xof S O (V- B N AR ) I TR A T (Sw): R R
95%, JCEIHARTA. 'TH NMR (400 MHz, CDCls) d: 7.51
(s, 3H), 7.41 (d, J=5.6 Hz, 1H), 6.00~5.97 (m, 1H),
4.27~4.21 (m, 1H), 4.11~3.97 (m, 3H), 3.02~2.96 (m,
2H), 2.45~2.39 (m, 1H), 2.12~2.02 (m, 4H), 1.96~1.91
(m, 1H); 3C NMR (100 MHz, CDCl3) d: 157.1 (d, J=25.1
Hz), 149.0, 139.9 (d, J=232.9 Hz), 138.4, 132.3, 131.2,
129.9, 127.9, 121.9 (d, J=33.8 Hz), 118.8, 109.7, 88.1,
70.4, 41.4, 33.0. 27.7, 24.1, 23.8; TOF-HRMS (ESI) calcd
for C1sH1oFN303Se [M+H]" 424.0576, found 424.0571.

X G FE (V-5 ) 1E A ZE Al ik (Sx): 72 3% 93%,
ToEHARB A, "H NMR (400 MHz, CDCl3) J: 7.44 (d,
J=8.4 Hz, 2H), 7.40 (d, J=5.6 Hz, 1H), 7.22 (d, J=8.4
Hz, 2H), 5.99~5.96 (m, 1H), 4.25~4.20 (m, 1H), 4.08~
3.96 (m, 3H), 2.88 (t, J=7.4 Hz, 3H), 2.44~2.36 (m, 1H),
2.10~1.99 (m, 4H), 1.97~1.87 (m, 1H); 3C NMR (100
MHz, CDCls) d: 157.1 (d, J=25.2 Hz), 149.0, 139.9 (d,
J=232.5 Hz), 134.5, 133.3, 129.2, 127.9, 122.1 (d, J=
33.7 Hz), 118.7, 88.0, 70.3, 41.5, 33.0. 27.9, 25.3, 23.8;
TOF-HRMS (ESI) caled for C;7H;oCIFN,03Se [M+H]"
433.0233, found 433.0238.

RHE(N- B NG IE T AL A R (Sy): FRE 81%, B
WHPIRAK. TH NMR (400 MHz, CDCly) 6: 7.77 (d, J=8.0
Hz, 1H), 7.45~7.20 (m, 5H), 5.98 (t, J=7.2Hz, 1H),
4.27~420 (m, 1H), 4.15~4.08 (m, 2H), 4.04~3.97 (m,
2H), 2.72 (t, J=3.6 Hz, 1H), 2.45 (s, 2H), 2.12~1.86 (m,
5H); '3C NMR (100MHz, CDCly) 6: 157.1 (d, J=25.3
Hz), 149.0, 139.9 (d, J=232.3 Hz), 129.9, 129.1, 128.5,
121.9 (d, J=33.8 Hz), 88.2, 70.4, 68.5, 35.3, 33.1, 33.0,
27.0, 23.7, 21.7, TOF-HRMS (ESI) calcd for C;sHyF-
N,03Se [M+H]" 412.0701, found 412.0706.

3.3 BMHERLTEDEIMREEMER
3.3.1 CCK-8 % il|iX J& m it 38 74

TZA AL 5000 A, RAfusE A 96 LR, W&
2 A (TEYNM) X L (A28 A ) AT S 56 4 (25 P Ab HE)
IR E 3 DMEAL, IR 55 LR R R, o
FHZH AR HRZH N 100 pL 15372, 4% 20~700 pg/mL # &
WEERRRE, BAF 2 5872 R G JE AN 96 FLAR Sk
AL, RN 100 pL, #9524 h E R LA LT
JRAE WK, BFLI0 10 pL CCK-8 ifFFIA1 90 pL 15973,
7R 2~4 h JG ARG RE, 5% A ok B 2.
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A PEINH 2 (%) =1—[(4 swn—A zan)/(A wwa—
A 1) X 100%
3.3.2 DAPI # &R A —

BOIRZS R AP II4n i o i dL: ()5 IR, B f5 5%
FEFARIFE 24 h. (2) Sk 41, ZHAEIGAE S Sk (100 pg/mL)
LEFE 24 h, YHHOAETFE 35 mm 5 IR, WGEE 5 ¥4 4 4L Ak
H 24 h JEFE 2 9R%, PBS i =i, 41N 0.5 mL
) 4%% R, =I5 [E %€ 15 min. PBS ¥E=1X, HEIX 10
min. %00 0.5%f#) Triton X-100 (5 uL Triton X-100 Ji
W +995 uL PBS %), =iRi#i%E 10 min. PBS ¥t =X,
£X 10 min. DAPI 447 0.5 mL #4585 E 10 min. %6
BIBEMEE, .

333 AX@iiE

¥ HCT116 4Hif 7 AR, BAFEMRE 3 ANE
FL, (DXTHRZH, WEEE 24 h 5T~ —2; (2) 5k (5 pg/mL,
30 pg/mL)AbFRZH, NEEE S5 H1L &9 Sk 4P 24 h 5T
T2, HpisE: 1.5 mL BRESTE o iE AL g, BE
Ja AR A R B AL W Ak, AR 1700 B
20 7 min, FF L3E. 1 mL HiA K PBS EENM, FX
1700 %850 7 min, 37 L35, FHE R BN Ak Gk,
M. pufEE: 1 mL PBS EE4IM, 3 mL FiAHIT/KL
A B UK EE N 75%, 4 CIESE 4 h. $edeth g phs/Pl
(Propidium Iodide)/RNaea A (Ribonuclease A) (V: V.
V=100 : 5 : 2)FCHI Gt TAEM, BEFEMIMA 500 pL
TAEW, FoorEE, 37 CEJEIRM 30 min, 24 h N
A TE k. BRI 2~3 K.

4#H B A4 Bl (Supporting Information) FrH L&Y 'H
NMR A1 3C NMR [FGE s, X Eepprln] DL 4 2% A
F1 X 3 (http://sioc-journal.cn/)_F %K.
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