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& 1A= (4-FR)PEIRER 1,23 SR E AN - RK AL
AR A B RIS E I

= A T B K M O w R NFEE
FEE wmFFE K &

(PR R R A A SRR TAR e Al 610041)

WE D[ S@-H0R) FAEIRIE R BRAGER S B R, B2 5 mol% ) Cul AT, DMF-H,0 (V © V=1 :
)RR, £ 70 CRBL4 h L 34%~65%HIBCRHTE T 16 MEH 1-[4- Z(4-5) LRI & 1,2,3- =M B e 6%
REHEFIRBATAEY. SR 16 > B S PadE s e FRRE . Z04M6RE . J03 B RAR RS IR S o3 v 4
FIEATIE. SRS v e R R B, 76 20 pg/mL FIREE T, A 14 MEEXT CDC25B BA Bar il i, 3
2R A 97.96%, ICso fiiA 11.55 pg/mL. 7E 40 pmoleL ™" HIIKIE R, 6 > —HiARIE IR ES (b & 9% (I HL-60 41
WA K AR D 1Cso 20 3 AT 035 99.99%F0 12.11 pg/mL, M A-549 JRg 4 i A K A4 R A0 1Cs, 20 3 7l ik
93.91%71 22.45 pg/mL.

R [ (@-FOR) AR 1,2,3-= 1 —HRE T EREE, BNLA R PR iE

Synthesis and Anti-tumor Activity Evaluation of a Novel Series of
Dithiocarbamates Bearing 1,2,3-Triazole and
[1-Bi(4-fluorophenyl)methyl]piperazine Unit

Mo, Song Ding, Yong Zhang, Gang Zhang, Zhen Shao, Xuebei
Li, Qinghan®  Yang, Xuejun  Chen, Feng
(College of Chemistry and Environmental Protection Engineering, Southwest University for Nationalities, Chengdu 610041)

Abstract Sixteen novel dithiocarbamates containing 1,2,3-trizaole and [1-bi(4-fluorophenyl)methyl]piperazine group were
prepared via two steps starting from [1-bi(4-fluorophenyl)methyl]piperazine, propargyl bromide, methanedithione and sodium
azide, using a very simple catalytic system composed of 5 mol% copper(I) iodide and DMF-H,0 (V' : V=1 : 1) as solvent at
70 °C for 4 h with moderate yield (34%~65%). The structures of the new compounds were characterized by IR, MS, 'H
NMR, *C NMR and elemental analysis. The bioactive assay for the newly prepared compounds manifested that fourteen di-
thiocarbamate derivatives exhibited good to excellent inhibitory activity against CDC25B in 20 pg/mL (inhibitiory rate up to
97.96%, ICs, value up to 11.55 pg/mL), and six dithiocarbamate derivatives exhibited excellent inhibitory activity against leu-
kemia HL-60 and lung cancer A-549 cell in 40 pmol-L’1 (inhibitiory rate up to 99.99% and 93.91%, respectively; ICs, value
up to 12.11 and 22.45 pg/mL, respectively).

Keywords 1-[bi(4-fluorophenyl)methyl]piperazine; 1,2,3-trizaole; carbodithioate; organic synthesis; antitumor activity
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. HAETC A T 2R as N A FIRER AT
Y, IR TEAIMZ RSN, 9 TR ARA
R E SR, A BT A RIS 1 R
FER ATV R R NIRRT TR AL

1,2,3- =M R HLATAD 2 — KA W R M RIS
W, EATEA RAFRPTED . Bt BN ek
BRAE T (HIV) L BUR « HUE2E R Bt /s e 2 )
SR BURHE RIS, T2 N T 2 TR
THRIT A R, o U B RN . RN
SERFIRIESR, R TS S AR AN B A T,
A RSP I AL VA 1, A A AR A5 3 2
3, HAnSCRER KT RE 3G OHR I2 I 1 K AE BB AR
PRI RE EANEE DN IREAINTE g -
PR R TT RBORE W BT T ORI A2, &9
WD A 2T TE RN A ML = A 25 L =
() 5 BRI ST AR T 1-[ (4- ) R R R 1R
—RPE AR BRI PR, VB AT R A
Rk A I NS R Il T DA S 7 R A

Bk, 7GR BA SRS TR
R AR FRRERATAEY), 2T RS R A A
Al —p 7 i IR AR RE W ik 8 AL B W I A TR IR —
M, ARSCIE TR TR Gl 15024, R i T 4 4
PHEIAEL, K 1-[(4-T025) LR IGE & 1,2,3- =ML D)) fig
HHGIAR AR E TR G, Gl &5
BRI 1-[(4-F08 3k ) TR L TR IGE e 1,2,3- =M RE AT 1Y
“IAREEE F IR AT A, DUBSCBLE R &, XA
WEA —EAARUME, FIRBRAEERBM TS 1M
X5 T R TR AR WOSCHRIRAE. A R B AR & i it
Ko D R L ZLAMERE . TCR T R R A
IR LA R EATBAE, & U2 L Scheme 1.

CS,, BrCH,C=CH

K2C03, CH3CN, r.t.
RCH,Br, NaN,

F E N N E SCH,C=CH
) \_/ Gl 5 mol% Cul, 70 °C

2 DMF-H,0 (V:V = 1:1)

S N=N
H /7 \ 1 Ha .

F—< :%C—N N—C—S—C —&._N—CH.R
< . \__/ J\/

3a~3p

3a:R= C6H5, 3b:R = m-CH3CGH4, 3c:R= p-CH3C6H4,
3d:R= p-CH3OC6H4, 3e:R= p-FC6H4, 3f. R= p-N02C6H4,
39: R= p'CF3OCGH4, 3h:R= O'FCGH4, 3iiR= m-FC6H4,
3] R = m-CICsH4, 3k:R= m-CF306H5, 3LR= O,p-F206H3,
3m: R = m,p-Cl,CgH3, 3n: R = n-Bu, 30: R = n-Hex,

3p: R= CH2CO0C2H5

B1 &Y 3a~3p HE R

Scheme 1 Synthetic route of compounds 3a~3p
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1 ZR5ie
1.1 BURFIR B Z s

1-[4-( - (4-F08%) B 328 TR 1B AR 22 YRR - 1- TAT b
s 5 BRI &% NaN; (1R B2 — R ML A [3 4+ 2]3 0k
SN, B Click e, sat e BRI BRI I
B EFREBN NO,y KER), 2t 75 [
CH;, CH;O)i}, RMINZE G AT, FTEL 42%~65%[1)
LW RSB B AY 3b~3m (£ 1, Entries 2~13).
2 IR 218 LR BORAEEAT IS, R BA 34%~
43% U528 B 34 3n~3p (% 1, Entries 14~16).
1.2 B#reEd 3 HiLE S

WA 3 1 IR i, 7E 2900~3300 cm ™' 5 58 1)
W, HZRIR vocn MRZEIRZN; 76 1200~1300
cm ' ARSI voomg BOMR I, [FIRETE 1160~1170
em AR IR R ve - TR I, TH NMR 3% B, 76 6
7.35~7.62 AT LI EL(EE) N BARME S 1,2,3-
— MR EHY C=C—H i+ 1R, 1E 5 6.80~7.34
YO N I 2 I N IR BRI TR g, TR 6 418~
4.22 A LR HIE S B &9 Ar,CH _EER)
Ri¥, 786 2.30~2.52 1 3.82~4.29 A7 H B A 55 0
[ 1§ IR B2 34 | NCH,CH,NCH,CH, & 155, o
5.42~5.48 Jo A7 LK 0y H Rk &4 NCH,Ar H
A MIHL %, ArCH,-trizaole AN FE1E 6 3.63~3.67. 1k
AV MS SEEH, BT R E SIS T E T
WA TR e, S5ARRL 8L B, LAY
3 NHERHED.

1.3 BFrt SRR

PO IR v R Ak A ek i R B s R A
25B (CDC25B) 4| R BEAT W20 VAN, S8 )5 Bk 1b
E IR E MK HL-60 MM A-549 e 20 A g 4 i 2.
1.3.1 e B R & G 25B e93p4] E M

o2& RF PR O6 IR Y48 F 5L 5% Ok o R e
(OMFP), 4 CDC25B £ IG1S B =440 F ko
H R (OMP)TER: 485 nm PR EHUR fa T R ST K R
535 nm FRTRSI A58 615 5, NI WL S 1) v PE AR 1k
CLE AL B Pxet FL 4G . S2a6H CDC25B FT K H 1)
FHES ALY Na;VO,, FIEZSIEY8 DMSO. il
MG R UK 2 Frw, BILEY 3g, 3k 4h, L&Y 3a~3f,
3h~3j VLK 31~3p ¥ BN H 20500
CDC25B 13, HAMHIE N 57.20%~97.96%, Frib&
) 3m Xf CDC25B 41 2N 57.20%458, Heth s
Ykt CDC25B B4 Z2#T R LE 94% LA |, ICso AT IA 11.52
ug/mL. [FBS AT CAE H 2SR AT i i RN 7
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F1 Cul ALY 2 55 NaN; 18 ¢

Table 1 Cul-catalyzed the reaction of compounds 2 with benzyl bromide and NaNj,

H /N % NaNs, 5 mol% Cul o S h, N=N
F C—N  N-C-SCH,C=CH + RCH,Br F C—N_ N—C-s-C—4_N-R
2 / DMF-H,0 (1:1), 70°C, 4 h ) /
2 3a~3p
Entry Benzyl bromide Product 3 Yield®/%
S N=N
H / \ 1l \
- —C-s— N—C
1 ©ABI' <F—C>>;C N N—C—S Cz—x/ H;@ 55
3a
H — ﬁ N:N
2 Br F C—N  N—C—8—C— N-¢ 53
) __/ 2 Ha
3b
F dN W 'Scl s—C NzNN—c
2
3c
B F d_N NESESCN:NN COOM
r — —C—Q— —
4 /©/\ ‘N H, 0 H © 65
2
MeO 3d
B F HN W ESI: s—C N:NN—C F
s J@A r N M) 52
F 2
3e
Br F HN W ﬁ s—C :NN—C—@NO
6 N 0N, 2 50
N 2
02 3f
Br F BN\ ﬁ s—C N:NN—COOCF
7 N H, > H, 3 42
F4CO 2
3g
F
F _
F HN o\ 'Sé s—C N_NN C—@
N N—C—s—c—4 N—
8 Br ) -/ 5 H2 50
3h
F
] Br F 2\ leéscN:NNc—@
N N—l-s—c- N-
9 i H, Hj 61
3i
cl
10 “ Br F N W ('Sﬂ s—cC N:NN C—@ 59
N N—C—s—c— N—
) _/ Hy Hy
3j
CF3
Fac Br F HN W &S': s—C N=NN C—@
11 - —C—8—C— K N— 54
\©/\ ) / Ha Ha
3k

1002
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s

Entry Benzyl bromide

Product 3 Yield®/%

F
12 /©/\Br
F
cl
13 j@/\Br
Cl

14 BFCHQCHchch:;

15 BrCH(CHz)«CH <FC>>'
2

16 BI’CH2COOCZH5

S N=N
/ \ I \
C—N —C—S—C—\ N—COF
NI HzJ\/ H, 37
N ésl; s—¢C N:NN C—GCI 49
[ N—b—s—c—4h N—
_/ H, Ha

3m
S N=N
/~\ \
- —C—s— N—C—Bu-
N c-s ﬁz—g/ GBun "
3n
e N=N

_/ Fi, Hy 40
3o
S N=N
/ \ n \ Il
—t—s— N—C—CH,COCH
N N—C-s ﬁz—% G CHaCOCH, 34
3p

“ 1 mmol 2,1 mmol RCH,Br, 1.1 mmoL NaNs, 2 mL DMF-H,0 (V : V=1 : 1);* %= %,

®2 At 3a~3p X CDC25B (IS
Table 2  Inhibition of compounds 3a~3p for CDC25B in vitro

Compd. Inhibition/% ICso/(ugemL ")
3a 96.86 12.23
3b 96.82 16.91
3¢ 96.62 12.68
3d 97.67 11.98
3e 96.92 11.52
3f 97.94 12.68
3g 46.92 —
3h 94.89 13.32
3i 96.79 11.55
3j 96.05 12.23
3k 27.19 —
3l 97.41 11.89
3m 57.20 15.67
3n 97.75 13.12
30 96.05 11.68
3p 97.96 12.34

Na;VO,’ 100 0.55

¢ CDC25B: cell division cycle 25 homolog B (S. pombe), 20 pg/mL. * Refer-
ence compound. ¢ Inhibition (%)>50%, 75 il 1 H

S, HARMEEYIHRER DL R AFIIX CDC25B [
Wk NMAZIEERE, SRR F IR 2 A7 L%
ML e B i (R 54 3n~3p), 2R AR R 5T
R E, XU M AERRA R AL IR R Y 2 7 B 5] AU
77 R A B s e 2k mT DASE SR A0 S W0 (K R i
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1.3.2 3t & o HL-60 BAFIE A-549 I 95 m i & K 49
I E e

TERI L VR AL & P g i o 3 A 25B
(CDC25B) 4| 3 Fehih b, FRATTR FH[3-(4,5- - FH B0t
WE -2- J& )-5-(3- 2 JE F 4R 2k O Ok )-2-(4- Tl R 2 )-2H- U
IEI(MTS)EMER 1 A &% 1 If5 HL-60 A2 i A-549
i 20 B 4 2R SEEG H TR A I B S L S
NI FT A2 T, B2 JR A O — F B I (DMSO). 1
S 3a~3f, 3h~3j, 31~3p 14 Fifk &WHCH] K 2 X PPC
HIZIIREE, &0\ 100 pL A 96 FL T JEE 40 i 3% 724
(ZADIR N 1 X PPC), AL FIA 100 pL fiyR 2 i
BIFMCELI R 1X10Y4L), fF 2oL,
CO, H57:FAM 37 CHFEFHE 48 h Jahh:a%, A
MTS/PMS ¥ 40 pL, F4REE0EE 4 h 5, HEGEL G ers
DALAE 490 nm P K R E47 OD Hefa, AR4E A 0]
(%) =[OD(X} &) — OD(In 245))/OD(K} fi) X 100%, 15
BRGS0 iR At e ) 4 22 AR PR S 7
BIKHOCR, @i T A Graphpad Prism X — 35 i
AT AE LR M AU AS 2 MR BE (ICso)(H, S5 WK 3 Fr
7N, TEWRFER 20 pg/mL B, LAY 3b, 3¢, 3e, 3i, 3j, 3n
X A 955 HL-60 iR 40 i A= K3 FfE A, b e
) 3e, 3i, 3j, 3n MHIHIZE AT EE 99.99%, 1Cs ik 12.11
ug/mL, Aik¥E5 X DI A EAZRE. & N m%
K52, a0 3¢, 3e, 3i, 3j, 3n XF e A-549 R 4n A

http://sioc-journal.cn/ 1003
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KABEHHIEH, HAH 2Rk 93.91%, 1Cs ik
22.45 pg/mL, I H M ICsy KIME R LAE H, &) 3¢, 3i
Je 3n XFE A-549 R 20 A AR K A4 2 38 b ) R 2
YIIAR BT, T BRI R YIS E H, MR
(B A7 B A by A A FL (0 CH) B FLF-(W Fy CI)
B, AR TG g 40 B ik A 7R . T 05 F6
R R RS T A R B R U AR BN, (R
WA PAE H, 24 =R R BUR i A KR b e i A
AT st SR B R S . BRI IX S S E AR
—BHEA.

2 ZEig

ARSCUL 1-[ Z(4-308) R IR . HUARRIR . B &L

A BB N JECRL, DL DMF-H,0 (DMF: N,N-—Hi3&
FR G Jl) VR 71, WAL A L7, £E 70 C4 Click
AR T 16 AFIE 1-[4-(Z(4-500) B 58 IR g A2
1,2,3- =M B Be A ) B AR 2k FH R IR 25 AT 424 3a~3p.
SARSMEYIEYENAR I, 76 20 pg/mL FKET, f
14 MEEYXF CDC25B BAHIHIMER, HANH| 2 ATk
94%, 1Cso ATIA 11.52 pg/mL; 7E 40 pmolsL™" [RIKE T,
b4 3b, 3¢, 3e, 3i, 3j, 3n XF A %K HL-60 &4k &4 3c,
3e, 3i, 3j, 3n Xl A-549 [ 4 i A K 2 B A1
IR, A 2550 m] &IA 99.99% 4 93.91%, ICs
Iy EIA 1211 J 22.45 pg/mL. i TR ARG R,
v 5 7E 4 5 BRI 70 0t — 20 (9 R B2 3 47 e e g i
PEWRFL, IRANER I H A5 5 PiE 2 MG &R, R,
B 1-[A-(CG-FI)H IR & 1,2,3- =M B REFIH —
T AR 2 2k R R 2R AT AR vT DU e s 250 (1) e =
%3

o FIHT B IR
3 S
5
'H NMR H Varian 400 MHz # BRI (Me,Si NP
¥, CDCly AT RE; 53 7347 B Finnigan-MAT4510
R R4S (B TR~ BSD); Je&E 4 #TH PE-2400 ZY
TCR TGN E; A AM6IEH FT-IR169 B4 EEAX
(A KBr Ffr, AR E). 2 ZEiTrE
R(TLC)fE FH GF-254 fEfi; A ZHrEERAEH 200-400 H
P FRMERER. ARl 1 FeBRSCRR[6] A K e Bt R
B SR A s A all, BRI A, REd—0
LN
3.2 rhjEfk 2 &R

FREUTC/KBEBRET 0.21 g (10 mmol). 3-IRAHL 0.86
mL (10 mmol) A1 —#ifb#%(0.91 mL, 15 mmol)fIA 150
mL [FERH, I 20 mL 2.8, VKPR T 22180
050 mL ¥4 3.24 g (11.3 mmol)HH al4& 1 ) £ FE A,
Wnse s, 0 °C /M 30 min Ji&, VKE E SRS RN
2h. IR, BEPE, A HUER, k20 mL, HZ
R ZBEREH(30 mLX3), & IF LR LHEE, ToKBREREN
TAE, Uk, W4, MG EN B VCE
BK) © V(LR CTR)=38 & 1143 IR R AR A, Wi
83%. 'H NMR (CDCl;, 400 MHz) 6: 7.32 (q, J=6.8 Hz,
4H, ArH), 6.95 (t, J=6.4 Hz, 4H, ArH), 4.64 (s, 2H,
S-CH,), 4.28 (s, 2H, pip), 3.87 (s, 2H, pip), 2.40 (s, 4H,
pip), 2.33 (s, IH, C=C—H); IR (KBr) v: 3001 (=C—H,

3.1

&) 3a~3f. 3h~3j 1 31~3p Xt H ML HL-60 K i A-549 8 40 i f 0 vE 14 ¢

Table 3 Inhibition and ICs, of compounds 3a~3f, 3h~3j and 31~3p for leukemia cell HL-60 and lung cancer cell A-549

Leukemia cell HL-60

Lung cancer cell A-549

Compd. - -
e Inhibition/% 1Cs/(ugemlL ) Inhibition/% ICs/(ugemL )
3a 24.43 — 21.17 —
3b 54.22 19.23 10.39 —
3¢ 52.83 20.54 56.86 24.32
3d 36.51 — 24.92 —
3e 99.99 15.32 57.79 26.43
3f 45.78 — — —
3h 22.65 — 14.53 —
3i 99.99 17.51 86.32 22.45
3 99.99 18.65 93.91 26.38
3l 30.55 — 12.35 —
3m 24.81 — 24.68 —
3n 99.99 12.11 55.54 23.23
30 26.29 — 21.64 —
3p 30.73 — 21.01 —
ity 3.16 26.15
EX4 <0.008 <0.008

“ Inhibition(%)>50%, 4 1 {FH; * Standard drug.

1004
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Ph), 1610, 1517, 1451, 1425 (C=C, Ph), 1221 (C=S),
1157 (C—F) cm™'; MS (ESI) m/z: 403 (M" +1).
3.3 BiHEYIHER

WA TR RPOAE, B2 30 min R =R,
BB 0.05 mmol Cul, 0.0715 g (1.1 mmol) NaN3, 0.326 g
(1 mmol) 1 [A]44 2, ZEHHME S, B =K, ERSRY
THIN 2 mL DMF &% 2 mL H,0, i i3 5 2893 1) e S
B I NBUR (1 mmol), INEET 70 'CRM 4 h.
MisEEe SR, WHIE =R, /K 10 mL, A 28R ZEEREEL
(15 mLX3). &AM, MWAEIHRKEMIXQ2S5 mLX
2), AHLER KRBT, 28200, M= ek
ENTERBA: 48R )R B RN B AR &Y 3, UK
K 34%~65%.

1- R HE -4 {[4-( T (4- 8 T 8 TR P R £ Pt
FEHIE - 1H-1,2,3-=M3a): AEBEA, IR 55%. mp.
149~152 °C; "H NMR (CDCls, 400 MHz) J: 7.62 (s, 1H,
triazole), 7.41 (d, J=8.4 Hz, 2H, ArH), 7.32~7.30 (m,
5H, ArH), 7.06 (d, J=8.4 Hz, 2H, ArH), 6.97 (t, J=7.2
Hz, 4H, ArH), 5.44 (s, 2H, N-CH,), 4.66 (s, 2H, Ar-CH,),
4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,C-H), 3.87 (s, 2H, pip),
2.42 (s, 4H, pip); "C NMR (CDCls;, 100 MHz) d: 196.0,
163.0 (d, J=244 Hz), 144.8, 138.1 (d, J=3 Hz), 134.6,
131.04, 129.8 (g, J=9.5 Hz), 128.7, 128.0 (d, J=8.3 Hz),
122.9 (d, J=24 Hz), 115.8 (d, J=21 Hz), 74.0, 54.1, 52.8,
51.2, 48.8; IR (KBr) v: 2936 (=C—H, Ar), 2817 (C—H,
CH,), 1608, 1511, 1475, 1430, 1334 (C=C, Ar), 1224
(C=S), 1134 (C—F) cm'; ESI-MS m/z: 536 (M"+1).
Anal. caled for CygH,7F2NsS,: C 62.78, H 5.08, N 13.07;
found C 62.75, H 5.05, N 13.04.

1-(3- A IR L) -4 {[4-( . (4-F0 %) 48 R IR 2L At X
PG 0 3 P 6 -1 H-1,2,3- = (3b): vk 35 (0 [l 44, ISt
53%. m.p. 145~148 ‘C; '"H NMR (CDCl;, 400 MHz) ¢:
7.55 (s, 1H, triazole), 7.33 (t, J=7.2 Hz, 4H, Ar-H), 7.21
(d, J=7.6 Hz, 1H, Ar-H), 7.13 (d, J=7.6 Hz, 1H, Ar-H),
7.03 (d, J=8.4 Hz, 2H, Ar-H), 6.96 (t, J=6.4 Hz, 4H,
Ar-H), 5.41 (s, 2H, N-CH,), 4.64 (s, 2H, S-CH,), 4.29 (s,
2H, pip), 4.22(s, 1H, Ar,C-H), 3.87 (s, 2H, pip), 2.42 (s,
4H, pip), 2.31(s, 3H, CH;); *C NMR (CDCls, 100 MHz)
5:195.7,163.2 (d, J=244 Hz), 144.9, 138.9, 137. 3, 134.5,
129.4, 129.1(d, J=8.0 Hz), 128.8(d, J=20 Hz), 125.1,
122.8, 115.8, 115.6, 74.0, 54.1, 51.2, 48.8, 31.8, 21.4; IR
(KBr) v: 3132, 2933 (=C—H, Ar), 2824 (C—H, CH,),
1608, 1511, 1464, 1425, 1367 (C=C, Ar), 1230 (C=S),
1149 (C—F) cm'; ESI-MS m/z (%): 549.53 (M, 100).
Anal. caled for CooHaoFoNsS,: C 63.36, H 5.32, N 12.74;
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found C 63.38, H 5.34, N 12.71.

1-(4-FH IR L) -4 {[4-( . (4-F0) FH ) JUR IR 1 £
PR A 3 PP 3R -1 H-1,2,3- =M Be): TR B (0 [E4A, Ui
43%. m.p. 77~79 ‘C; 'H NMR (CDCl;, 400 MHz) §:
7.54 (s, 1H, triazole), 7.32 (q, J=6.8 Hz, 4H, ArH), 7.15~
7.12 (m, 4H, ArH), 6.95 (t, J=6.4 Hz, 4H, ArH), 5.38 (s,
2H, NCH,), 4.64 (s, 2H, SCH,), 4.28 (s, 2H, pip), 4.22 (s,
1H, Ar,CH), 3.85 (s, 2H, pip), 2.40 (s, 4H, pip), 2.30 (s,
3H, CH;); *C NMR (CDCl;, 100 MHz) §: 195.7, 162.0 (d,
J=245 Hz), 144.1, 138.6, 137.3, 129.7, 129.2 (d, J=8.0
Hz), 128.1, 122.7, 115.6 (d, J=21 Hz), 74.0, 53.9, 51.2,
48.8, 31.8, 21.2; IR (KBr) v: 3147, 2933 (=C—H, Ar),
2825 (C—H, CH,), 1609, 1512, 1473, 1439, 1340 (C=C,
Ar), 1230 (C=S), 1155 (C—F) cm™'; ESI-MS m/z (%):
549.55 (M+, 100). Anal. caled for Cy9H,9F,N5S,: C 63.36,
H 5.32, N 12.74; found C 63.34, H 5.35, N 12.72.

1-(4- B AR L ZR I )-4- {[4-( - (4-F00A) Y 28 ) IR 1R L g
AR B A 3 -1 H-1,2,3- =M (3d): RR B [EA, Uik
65%. m.p. 75~76 “C; '"HNMR (CDCl;, 400 MHz) §: 7.52
(s, 1H, triazole), 7.32 (t, J=7.2 Hz, 4H, ArH), 7.19 (d, J=
6.8 Hz, 2H, ArH), 6.96 (t, J=6.4 Hz, 4H, ArH), 6.86 (d,
J=6.8 Hz, 2H, ArH), 5.38 (s, 2H, NCH,), 4.62 (s, 2H,
SCH,), 4.28 (s, 2H, pip), 4.21 (s, 1H, Ar,CH), 3.85 (s, 2H,
pip), 3.18(s, 3H, OCH3), 2.41 (s, 4H, pip); C NMR
(CDCls, 100 MHz) §: 195.7, 162.0 (d, J=245 Hz), 159.8,
137.3, 129.6, 129.1 (d, J=8.0 Hz), 126.6, 122.5, 115.6 (d,
J=21 Hz), 114.4, 74.0, 55.3, 53.7, 51.2, 49.1, 31.8; IR
(KBr) v: 3155, 2918 (=C—H, Ar), 2813 (C—H, CH,),
1613, 1516, 1425, 1367 (C=C, Ar), 1227 (C=S), 1159
(C—F) cm™'; ESI-MS m/z (%): 565.42 (M", 100). Anal.
caled for CooH,9F,NsOS,: C 61.57, H 5.17, N 12.38; found
C 61.55, H5.16, N 12.37.

1-(4- TR )-4- {[4-( - (4- 50 4%) H ) Wi g L A AR R
A I B 6 -1 H-1,2,3- = (3e): Bk, iR 52%.
m.p. 137~140 °C; 'H NMR (CDCls, 400 MHz) J: 7.56 (s,
1H, triazole), 7.32 (t, J=7.2 Hz, 4H, ArH), 7.22 (t, J=6.8
Hz, 2H, ArH), 7.03 (t, J=8.4 Hz, 2H, ArH), 6.96 (t, J=6.4
Hz, 4H, ArH), 5.42 (s, 2H, NCH,), 4.64 (s, 2H, SCH,),
4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,CH), 3.86 (s, 2H, pip),
241 (s, 4H, pip); >C NMR (CDCl;, 100 MHz) §: 195.6,
164.9 (d, J=246 Hz), 163.15 (d, J=245 Hz), 144.4, 137.3,
129.9 (d, J=8.0 Hz), 129.1 (d, J=8.0 Hz), 122.7, 116.2,
116.0, 115.8 (d, J=24 Hz), 74.0, 53.3, 51.2, 48.7, 31.7; IR
(KBr) v: 3137, 2936 (=C—H, Ar), 2820 (C—H, CH,),
1610, 1513, 1466, 1424, 1337 (C=C, Ar), 1230 (C=S),
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1155 (C—F) ecm™'; ESI-MS m/z (%): 553.33 (M, 100).
Anal. caled for CygHy6F3NsS,: C 60.74, H 4.73, N 12.65;
found C 60.72, H 4.75, N 12.63.

1-(4-FF FE AR I )-4- {[4-(—(4-F0A%) 11 320 ) | IR PR R i 1 X
BT A 5 HR R -1 H-1,2,3- = M (3f): KR B [l 1A, Ui %
56%. m.p. 68~73 ‘C; 'H NMR (CDCls, 400 MHz) ¢:
8.20 (d, J=6.4 Hz, 2H, ArH), 7.68 (s, 1H, triazole), 7.35
(t, J=7.2 Hz, 6H, ArH), 6.97 (t, J =6.4 Hz, 4H, ArH), 5.58
(s, 2H, NCH,), 4.66 (s, 2H, SCH>), 4.29 (s, 2H, pip), 4.22
(s, 1H, Ar,CH), 3.86 (s, 2H, pip), 2.42 (s, 4H, pip); "°C
NMR (CDCLs, 100 MHz) d: 195.7, 161.5 (d, J=235 Hz),
148.0, 145.1, 141.7, 137.1, 129.1 (d, J=7.0 Hz), 128.5,
124.5, 123.2, 115.6 (d, J=21 Hz), 74.0, 53.0, 51.2, 50.0,
31.5; IR (KBr) v: 3145, 2934 (=C—H, Ar), 2825 (C—H,
CH,), 1608, 1511, 1475, 1430, 1342 (C=C, Ar), 1230
(C=S), 1137 (C—F) cm"'; ESI-MS m/z (%): 580.46 (M",
100). Anal. calcd for CygHysFaNgO,S,: C 57.92, H 4.51, N
14.47; found C 57.93, H 4.53, N 14.48.

1-(4- =G A I AR I )-4- {[4-( (450K B 9L ) IR 1=
SRR AC F IR AR P -1 H-1,2,3- = I (3g): 978 3 (0 [ 44K,
WE 42%. mp. 163~165 C; 'H NMR (CDCls, 400
MHz) ¢: 7.61 (s, 1H, triazole), 7.34~7.32 (m, 4H, ArH),
7.26 (d, J=7.6 Hz , 2H, ArH), 7.19 (d, J=8.4 Hz, 2H,
ArH), 6.96 (t, J=6.4 Hz, 4H, ArH), 5.46 (s, 2H, NCH,),
4.65 (s, 2H, SCH,), 4.29 (s, 2H, pip), 4.22 (s, 1H, CH),
3.87 (s, 2H, pip), 2.42 (s, 4H, pip); °*C NMR (CDCl;, 100
MHz) 6: 195.6, 162.0 (d, J=245 Hz), 149.3, 137.4,
133.33, 129.4, 129.1 (d, J=6.0 Hz), 121.5, 115.6 (d, J=21
Hz), 110.0, 74.0, 53.2, 51.2, 49.9, 31.69; IR (KBr) v: 3146,
2928 (=C—H, Ar), 2826 (C—H, CH,), 1610, 1514, 1474,
1431, 1340 (C=C, Ar), 1230 (C=S), 1164 (C—F) cm ';
ESI-MS m/z (%): 619.22 (M", 100). Anal. calcd for
CaoHysFsN5OS,: C 56.21, H 4.23, N 11.30; found C 56.23,
H 4.23,N 11.28.

1-Q2- T AT ) -4 {[4-( - (4-F %) 32k ) Wik P i i A
A 3 F 3 ) -1 H-1,2,3- = 3h): KA, R 50%.
m.p. 159~162 °C; 'H NMR (CDCls, 400 MHz) d: 7.60 (s,
1H, triazole), 7.31 (s, SH, ArH), 6.98~6.93 (m, 7H, ArH),
5.46 (s, 2H, NCH,), 4.65 (s, 2H, SCH,), 4.29 (s, 2H, pip),
4.22 (s, 1H, Ar,CH), 3.87 (s, 2H, pip), 2.42 (s, 4H, pip);
C NMR (CDCls, 100 MHz) §: 195.7, 162.6 (d, J=245
Hz), 162.2 (d, J=245 Hz), 144.3, 137.3, 133.2, 129.8 (d,
J=8.0 Hz, 129.1 (d, J=8.0 Hz), 122.70, 116.2, 116.0,
115.8, 115.6, 74.0, 53.4, 51.2, 48.6, 31.6; IR (KBr) v:
3141, 2934 (=C—H, Ar), 2817 (C—H, CH,), 1609, 1508,
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1460, 1425, 1369 (C=C, Ar), 1231 (C=S), 1145 (C—F)
cm '; ESI-MS m/z (%): 553.35 (M", 100). Anal. calcd for
CysHy6F3N;sS,: C 60.74, H 4.73, N 12.65; found C 60.72, H
4.72,N 12.64.

1-(3-FAARIE )-4- {[4-( - (4-F0A) T 2k ) IR IR L A A G
ok i R ) -1H-1,2,3- = M (3i): R B A, 0K
61%. m.p. 79~81 ‘C; 'H NMR (CDCl;, 400 MHz) o:
7.57 (s, 1H, triazole), 7.32 (t, J=7.2 Hz, 4H, ArH), 7.23 (t,
J=6.8 Hz, 2H, ArH), 7.03 (t, J=8.4 Hz, 2H, ArH), 6.96 (t,
J=6.4 Hz, 4H, ArH), 5.42 (s, 2H, NCH,), 4.65 (s, 2H,
SCH,), 4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,CH), 3.86 (s, 2H,
pip), 2.41 (s, 4H, pip); *C NMR (CDCl;, 100 MHz) ¢:
195.6, 162.6 (d, J=245 Hz), 162.2 (d, J=245 Hz), 160.7,
144.4,137.2, 130.5, 129.8 (d, /=8.0 Hz), 129.1 (d, J=8.0
Hz), 122.7, 116.2, 116.0, 115.6 (d, J=21 Hz), 80.6, 74.0,
53.3, 51.2, 31.6; IR (KBr) v: 3141, 2936 (=C—H, Ar),
2826 (C—H, CH,), 1610, 1512, 1476, 1427, 1367 (C=C,
Ar), 1230 (C=S), 1159 (C—F) cm '; ESI-MS m/z (%):
553.37 (M, 100). Anal. calcd for C,5H,6F3N5S,: C 60.74,
H 4.73, N 12.65; found C 60.76, H 4.71, N 12.63.

1-(3- SR IE )-4- {[4-( - (4-F0) T 2k ) IR IR L A A G
B R -1 H-1,2,3- =M 3j): AR, IR 59%.
m.p. 141~144 °C; '"H NMR (CDCls, 400 MHz) J: 7.64 (s,
1H, triazole), 7.32~7.31 (m, 5H, ArH), 7.22 (t, J=7.6
Hz, 1H, ArH), 7.10 (q, /=6.4 Hz , 2H, ArH), 6.96 (t, J=
6.4 Hz, 4H, ArH), 5.52 (s, 2H, NCHy,), 4.64 (s, 2H, SCH,),
4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,CH), 3.87 (s, 2H, pip),
2.42 (s, 4H, pip); *C NMR (CDCls, 100 MHz) o: 195.6,
161.9 (d, /=245 Hz), 160.4 (d, /=246 Hz), 144.2, 137.3,
130.6 (d, /=42 Hz), 129.1 (d, /=38.0 Hz), 124.8 (d, J=
2.0 Hz), 123.6, 122.5, 115.8 (d, J=12 Hz), 115.6 (d, /=21
Hz), 74.0, 51.2, 47.62, 47.58, 31.7; IR (KBr) v: 3137, 2979
(=C—H, Ar), 2818 (C—H, CH,), 1608, 1509, 1465,
1426, 1337 (C=C, Ar), 1288, 1230 (C=Y), 1151 (C—F)
cm'; ESI-MS m/z (%): 570.12 (M", 100). Anal. calced for
CsHy6CIF,N;5S,: C 58.99, H 4.60, N 12.28; found C 58.97,
H 4.58, N 12.30.

1-(3- = 9 L L) -4 {[4-( - (4- 0K ) F 368 ) IR 1 ik
B A P G A 5 PP -1 H-1,2,3- = I (3K): VR B (0 [ 4,
R 54%. m.p. 69~72 ‘C; '"H NMR (CDCl;, 400 MHz)
0: 7.60 (s, 1H, triazole), 7.32~7.27 (m, 6H, ArH), 7.21 (s,
1H, ArH), 7.10 (d, J/=6.8 Hz, 1H, ArH), 6.96 (t, J=6.4
Hz, 4H, ArH), 5.46 (s, 2H, NCH,), 4.65 (s, 2H, SCHy,),
4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,CH), 3.87 (s, 2H, pip),
2.42 (s, 4H, pip); C NMR (CDCls;, 100 MHz) J: 195.5,
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161.9 (d, J=245 Hz), 144.7, 137.3, 135.7, 131.2, 129.7,
129.2, 129.1, 125.6, 124.6, 123.0, 115.8, 115.6, 74.0, 53.4,
51.2, 31.6, 26.9; IR (KBr) v: 3144, 2937 (=C—H, Ar),
2825 (C—H, CH,), 1610, 1512, 1471, 1430, 1335 (C=C,
Ar), 1232 (C=S), 1168 (C—F) cm'; ESI-MS m/z (%):
603.17 (M ", 100). Anal. calcd for C,oH,sFsNsS,: C 57.70,
H 4.34, N 11.60; found C 57.72, H 4.36, N 11.62.

1-(2,4- 3R IE)-4- {[4-( . (4-9K) 26 ) Wik 1ok ik ot
AR PR B B R -1 H-1,2,3- = IR 3D): KR A [ A4, Ui
57%. m.p. 116~168 “C; 'H NMR (CDCls, 400 MHz) o:
7.60 (s, 1H, triazole), 7.30 (t, J=7.2 Hz, 6H, ArH), 7.23 (t,
J=8.4 Hz, 1H, ArH), 7.22 (t, J=8.4 Hz, 2H, ArH), 6.96 (t,
J=6.4 Hz, 4H, ArH), 5.42 (s, 2H, NCH,), 4.64 (s, 2H,
SCH,), 4.29 (s, 2H, pip), 4.22 (s, 1H, Ar,CH), 3.86 (s, 2H,
pip), 2.41 (s, 4H, pip); °C NMR (CDCl;, 100 MHz) J:
195.53, 161.9 (d, J=245 Hz), 144.6, 137.3, 136.6, 134.9,
130.4, 129.1(d, J=8.0 Hz), 128.9, 128.0, 126.0, 122.9,
115.6 (d, J=21 Hz), 74.0, 53.4, 51.2, 49.9, 31.6; IR (KBr)
v: 3137, 2936 (=C—H, Ar), 2817 (C—H, CH,), 1608,
1511, 1472, 1424, 1341 (C=C, Ar), 1230 (C=S), 1153
(C—F) cm™"; ESI-MS m/z (%): 571.35 (M", 100). Anal.
calcd for C,gH,sF4N5sS,: C 58.83, H4.41, N 12.25; found C
58.86, H 4.43, N 12.22.

1-(2,4- SR IE)-4- {[4-(Z(4-3K) 25 ) Wik ik ik ot
AR R AR 3 P 6 -1 H-1,2,3- =M (3m): KR (o [E44, Wik
49%. m.p. 71~74 ‘C; 'H NMR (CDCl;, 400 MHz) §:
7.56 (s, 1H, triazole), 7.33~7.31 (m, 6H, ArH), 7.23 (s,
1H, ArH), 6.96 (t, J=0.4 Hz, 4H, ArH), 5.45 (s, 2H,
NCH,), 4.63 (s, 2H, SCH,), 4.28 (s, 2H, pip), 4.21 (s, 1H,
Ar,CH), 3.86 (s, 2H, pip), 2.41 (s, 4H, pip); *C NMR
(CDCls, 100 MHz) §: 195.6, 161.9 (d, J=245 Hz), 144.6,
137.3, 134.6, 131.4, 129.2 (d, J=8.0 Hz), 129.1, 128.7,
128.1, 123.4, 115.8, 115.6 (d, J=22 Hz), 74.0, 54.1, 51.2,
48.6, 31.7; IR (KBr) v: 3147, 2974 (=C—H, Ar), 2826
(C—H, CH,), 1609, 1512, 1475, 1430, 1340 (C=C, Ar),
1230 (C=S), 1158 (C—F) cm " '; ESI-MS m/z (%): 605.62
(M", 100). Anal. caled for CosH,sCLF,NsS,: C 55.63, H
4.17,N 11.58; found C 55.66, H 4.15, N 11.56.

1- 0 T HE -4 {[4-( (45 2K) B 2k ) Uk P 6 1 £ FY Tk
i B -1H-1,2,3- =M (3n): Ki (o [ 4E, IR 43%.
m.p. 42~45 C; "H NMR (CDCl;, 400 MHz) d: 7.60 (s,
1H, triazole), 7.30 (q, J=6.8 Hz, 4H, ArH), 6.94 (t, J=6.4
Hz, 4H, ArH), 4.64 (s, 2H, SCH,), 4.27 (s, 2H, pip), 4.23~
421 (m, 2H, CH,), 4.22 (s, 1H, Ar,CH), 3.86 (s, 2H, pip),
2.41 (s, 4H, pip), 1.84~1.80 (m, 2H, CH,), 1.31~1.27 (m,
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2H, CH,), 0.90 (t, J=0.8 Hz, 3H, CH;); *C NMR (CDCl,
100 MHz) J: 195.8, 162.1 (d, J=246 Hz), 143.8, 137.3,
129.2 (d, J=8.0 Hz), 122.7, 115.8 (d, J=22 Hz), 74.0,
53.5,51.2, 50.1, 32.2, 31.7, 19.7, 13.5; IR (KBr) v: 3145,
2942 (=C—H, Ar), 2827 (C—H, CH,), 1609, 1510, 1473,
1429, 1335 (C=C, Ar), 1229 (C=S), 1158 (C—F) cm ';
ESI-MS m/z (%): 501.23 (M", 100). Anal. calcd for
C,sHaoF>N5S,: C 59.86, H 5.83, N 13.96; found C 59.88, H
5.85,N 13.94.

1-1F O 2 -4- {[4-( . (4- TR R 5L ) TR 1 a8 1 A P I
B 3k F 3 Y -1H-1,2,3- =M (30): KR (4K, U ER 37%.
m.p. 68~71 ‘C; H NMR (CDCls, 400 MHz) &: 7.60 (s,
1H, triazole), 7.31 (q, J/=6.8 Hz, 4H, ArH), 6.94 (t, J=6.4
Hz, 4H, ArH) , 4.64 (s, 2H, SCH,), 4.26 (s, 2H, pip),
424~422 (m, 2H, CH,), 4.21 (s, 1H, Ar,CH), 3.86 (s,
2H, pip), 2.40 (s, 4H, pip), 1.84~1.81 (m, 2H, CH,), 1.26
(s, 6H, CH,CH,CH,), 0.84 (t, J=0.8 Hz, 3H, CHs); "°C
NMR (CDCls, 100 MHz) 6: 195.7, 161.9 (d, J=246 Hz),
143.7, 137.3, 129.1 (d, J=8.0 Hz), 122.7, 115.6 (d, J=22
Hz), 74.0, 51.2, 50.3, 31.7, 31.1, 30.2, 26.9, 26.1, 22.4,
14.0; IR (KBr) v: 3153, 2940 (=C—H, Ar), 2827 (C—H,
CH,), 1610, 1512, 1473, 1429, 1340 (C=C, Ar), 1229
(C=S), 1155 (C—F) ecm™'; ESI-MS m/z (%): 531.21 (M",
100). Anal. caled for Cy;H33F,NsS,: C 61.22, H 6.28, N
13.22; found C 61.20, H 6.25, N 13.24.

1-(2- T8 2.6 35 )-4- {[4-( —(4- 37K ) 1 5L ) | UR 1B L At
AR R 3 -1 H-1,2,3- = 3p): RR B [EAA, Ui
34%. m.p. 57~59 ‘C; '"H NMR (CDCl;, 400 MHz) ¢:
7.76 (s, 1H, triazole), 7.31 (q, J=6.8 Hz, 4H, ArH), 6.93
(t, J=6.4 Hz, 4H, ArH), 5.06 (s, 2H, NCH,), 4.65 (s, 2H,
SCH,), 4.22 (s, 2H, pip), 4.21~4.19 (m, 2H, CH,), 4.18
(s,1H, Ar,CH), 3.85 (s, 2H, pip), 2.40 (s, 4H, pip), 1.24 (t,
J=7.2 Hz, 3H, CH;); "C NMR (CDCl;, 100 MHz) o:
195.6, 166.2, 162.0 (d, J=245 Hz), 143.7, 137.3 (d, J=3.0
Hz), 129.1 (d, J=8.0 Hz), 124.3, 115.6 (d, J=22 Hz),
73.9, 62.4, 53.5, 51.2, 50.8, 31.5, 14.2; IR (KBr) v: 3167,
2937 (=C—H, Ar), 2813 (C—H, CH,), 1764 (C=0),
1740, 1609, 1512, 1474, 1430, 1335 (C=C, Ar), 1229
(C=S), 1153 (C—F) em™'; ESI-MS m/z (%): 531.22 (M",
100). Anal. calcd for CysH,7F,N50,S,: C 56.48, H 5.12, N
13.17; found C 56.51, H 5.15, N 13.15.

#BI#1 L (Supporting Information) &%) 3a~3p 1
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