% 4”) ft« % DOI: 10.6023/cjoc201703022

Chinese Journal of Organic Chemistry ARTICLE

HEES=aT HEr 1,3,4-18 1 (E )RR 25 0T 40
BRI EEMR

B H%HE 2 R 7K
F 34 ik KE L
FEM KA TR IF R PO SR 2 54NV AEY) TRE [E 5K 5 A seih = i a2
HWEMESSLIG=E 5BH 550025)

WE N7 FREMFHOETHERL LAY, BT SR ETTE, Bt e T —RIE =/ TR 1,3,4-
Mg — IR (IE — MR IBESSATAE Y, 85T IR, "H NMR, °C NMR, ESI-MS Mt E 5t H M #EAT 7 RIE. R Bud i
iR, WA Sa Al 6b FEHIZY 48 h JE X 75N 2k MU A B IR RE 1, LCso 23l 21.92 F1 44.94 pg/mL, B 2AR
T35 R 2 FME e (72,52 pg/mL) R 3UI9E BUAR(72.96 pg/mL). 734k, fEHFEN 100 pg/mL R, KZHMUADFHIGELE H%k
B B i B AT T, Hoh k& 5b 7E4A 24 48 R 72 h &, SEATAGLR IR B AR TE 2 BN 79.9%F1 96.7%, PLT AT HEZY
)W P R 3 Mg EL B,

KA 1,3, 4-NEMR(UE MEREE, T M R RIENE SR AR, MR

Synthesis and Nematicidal Activity of Novel 1,3,4-Oxadiazole (Thia-
diazole) Thioether Derivatives Containing Trifluorobuten Moiety

Chen, Xuewen Gan, Xiuhai Chen, Jixiang Chen, Yongzhong

Wang, Yanjiao Hu, Deyu Song, Baoan™
(State Key Laboratory Breeding Base of Green Pesticide and Agricultural Bioengineering, Key Laboratory of Green
Pesticide and Agricultural Bioengineering, Ministry of Education, Center for Research and Development of
Fine Chemicals, Guizhou University, Guiyang 550025)

Abstract In order to explore novel leading compound with good nematicidal activity, a series of 1,3,4-oxadiazole (thiadia-
zole) thioether derivatives containing a trifluorobuten group were designed and synthesized, and their structures were identi-
fied by IR, 'H NMR, *C NMR spectra, ESI-MS and elemental Anal. ysis. The results of nematicidal activity assays revealed
that compounds 5a and 6b possessed excellent nematicidal activity agaist Caenorhabditis elegans in vitro after 48 h, with LCs,
values of 21.92 and 44.94 pg/mL, respectively, which were superior than that of fosthiazate (72.52 pg/mL) and fluensulfone
(72.96 pg/mL). Furthermore, most of compounds exhibited moderate activity against Tylenchus semipenetrans at 100 png/mL,
compound 5b showed better nematicidal activity than fosthiazate and fluensulfone after 48 h and 72 h with the values of 79.9%
and 96.7%.

Keywords 1,3,4-oxadiazole (thiadiazole) thioether; trifluorobutene; nematicidal activity; Caenorhabditis elegans; Tylenchus
semipenetrans
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(Caenorhabditis elegans) T G2k H(Tylenchus semipen-
etrans) & PR SR R RE ) 2 B, B R, X4 HUs B iR
THEN UGG A, NTH &R 2 d 25570k biia
2k o ARG £ D). e LR B RGBT A MR 4 £k
BT 2, AR S a7 A A B, K=
HBHMRAERKZEE, RARKEAR, MARESEGE, 7
A1 EH 508 0 L2 4 1R v B R A A A 1 I AT
RS R T Rk, SRR K. B
AT 1R 3% 26 HFR) 8 R M i P DR 4 s — A i 5 A R 1)
IF] gt

=9 TR s 2 PR R IR A
W) 2 BT AR 4R BRI 7T 5 T, e R 20
ZAER IR IME—— D=5 T IR RR A A, Bl
AT 2014 FAEEE RS, SR 2 MEYL R
BA g, 5E VU B IR BRI R 26 d A
b, AR K5 5B sl oM. 1,3,4-18 ()
TR AR A R PR R P R g
r OV A P Mk, (EREA R B R 8 T
FIRLF. A BT IAXT 1,3,4-BE() e K HLATAD
(1) 235 48] S0 AN AR WIS 1 D7 TR IR NI T, G T

", %ﬁ%A%ﬁW$QQMfimm&ﬁﬁ%ﬁ
AL A SR P P A B D R A A SR, DA T
A2 2 R RO J6 S 451, # 1,3,4-BE () —
IRARE EME IR, it Mok S A ﬁﬁ%&?~%ﬂﬁ
ST 1,3,4-RE0E) —MEER BRI AT AE(E 1), FELL
75 0 28 AR A 26 di o i o %, JE it = ) BB A %
%, A EPRE YR G R AT E, 45 R R AR
BRI BT R R UG, B AR &0 & s
2211 Scheme 1 fT7s.
1 BER5R
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Figure 1 Design of the title compounds
o} o]
NH
R A OH  98% H,SO, X" o~ NHNHz'H>0 % 2 ‘i
i BRAARL" S S s
A CH;OH N CH3OH N
1 2
KOHICS B%HCI RN 0 SH - il
2 ° TN 4 \”/ Br: T F
C,H50H/H,0 — N-N R X_ _S \/\/\
F 4
— 3 TSN 4 e F
06% .50 ] o _sH K,CO3/CH5CN — N-N F
KOH/CS, o HyS04 L\ 4 \”/ 5a ~ 5i, 6a ~ 6i
C,H50H — N-N
4
5a: X =0, R=H; 5b: X =0, R = 4-F; 5¢: X = O, R = 3-C; 5d: X = O, R = 2-F; 5e: X = O, R = 2,4-Cly; 5f: X = O, R = 4-CF3; 5g:
X =0, R =4-CHj; 5h: X = O, R = 2-OCHg; 5i: X = O, R = 2-OH; 6a: X =S, R=H; 6b: X = S, R = 4-F; 6c: X = S, R = 4-NOy; 6d:
X=8,R=2-F; 6e:X=S, R=24-Cly; 6f: X = S, R = 4-CF5; 6g: X = S, R = 4-CHj; 6h: X = S, R = 2-OCHg; 6i: X = S, R = 2-OH

B 1

HAR &M & i 2k

Scheme 1 Synthetic routes of the target compounds
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K1 AFRBEER BAREEY) Sa £ BRI

Table 1 Effects of reaction conditions on the synthesis of the target compound 5a

Entry Solvent Acid-accepter Reaction temperature Reaction time/h Yield/%
1 DMF KOH Room temperature 39 86
2 Acetone KOH Room temperature 25 88
3 CH;CN KOH Room temperature 22 86
4 Acetone NaOH Reflux 2.5 84
5 CH;CN NaOH Reflux 2.0 87
6 CH;CN K,CO;4 Reflux 2.5 87
7 Acetone K,CO; Reflux 2.5 87

PARIR b HAT IR T B A R AR S 4-1R-1,1,2-=
B-1- T M ONLIR E NS, H R
1.2 BEiEsHh

Fr & R H ARtk & 5458 IR, '"H NMR. °C
NMR. ESI-MS Kt &AM s, BATLMEEY) 5a
RNBIREAT fENT, M B bR & PRI A i T LA
1800 cm ' A HFAE ML WU, ot HH W i g R IR |
C=N—N=C 4R35 M; KK EERNE
1589~1450 cm ™" Ab Hi 22 2% 1 A5 1 F AR A0 IR AL 0 201
MEE — R R AIEE — 3R | C—O—C Fil C—S—C 14543
A F 1175 A1 1080 em ™' BT, 58 H %, 7F 1432~1303
em’ ' PR RRAERISIE, A& =8 T I C=C M4k
F5ER; 76 1032 ecm ' HILARE )y C—F AW icig
TERREFR A S, 6 7.95~7.60 Z ] {) % Bk IR
FRERISAE S fEms 6 2.96 A H BN =5 T
1 3 AL ARSI TR T R
Sy R dtdd V. 1E H bR SRS IRIGE P, A 2E RS
5 164.6 F 163.2 Kb YSiE AHee — E BR (10 75 ik S5
T, XTS5 2 BB N O XUEH 7 T 33
;6 137.7~121.6 JZRIF b J5 1R 7T I SUE Ak i 1
I, Hork 6 156.2, 153.6, 151.4 KI=HEIEH o6
127.2, 126.6 HIRUESS N =5 T IGE5 R TR 1. 2 frhk
JAT, B2 SEERE 2 AN 1 AR T, Bl
W 73 531 34 43 R = FE W RN X0, X 5 TR} 4-9R-1,1,2- = %-
1-T i 0 156.3, 154.0, 151.9 [ =HFI&F 5 127.6,
125.7 FIXUEMWIE. A4k 6 28.7 Fl 16.2 AR g 5y
R =5 T B A 4.3 SRR R T OIS . ESI-MS
m/z 287 [M~+H]". £ Rk, (L&Y Sa MBS
HAb =850 —3L
1.3 HEYHEWEHENERENE

L P il 1 03 UK R o R 2677, W0URIRBE SN 200
pg/mL ~, FEERRENE T Fré sk 18 A 2-(URk
F)-5-[(3,4,4- = F-3- 1 M- 1-FL)AR - 13,4-WE (198 54k
BN TN R AT, ARG R IR 2. TR
FRUEIN T : A 2%, miE Tk, REIESET-HR >80%; B 4%, 14
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W, 50%<ARIEFET-H <80%; C %, F9ihtE, #IEME
ToHR<50%; TN E T =R IR IEART %,
£2  HAREP6 T 2 B RS (200 pg/mL)

Table 2 Nematicidal activity of title compounds against C.
elegans in vitro (200 pg/mL)

Compd. BEIEFET /%

24 h 48 h 72 h
5a 66.4+0.4 91.5+0.8 95.4+4.1
5b 61.1+2.4 58.9+2.4 76.2+2.7
5¢ 274413 58.0+4.3 544+15
5d 37.9+6.2 75.0£3.2 95.5+2.2
5e 51.7+4.6 76.9+1.1 95.8+2.1
sf 61.3+0.5 748+5.4 100.0+0.0
5g 582+1.6 79.6+0.9 98.4+13
5h 58.7+3.9 85.1+0.1 87.4+2.2
5 67.3+1.1 94.0+2.6 97.74£2.0
6a 1.84+3.1 88.4+1.0 100.040.0
6b 479450 91.8+3.6 100.0+0.0
6¢ 177435 75.1+3.6 94.6+1.6
6d 37.2+3.0 88.4+6.5 100.040.0
6e 22.5+4.6 26.8+2.1 88.3+19.4
6f 33.6+4.4 94.6+1.5 100.040.0
6g 29.946.7 67.8+2.6 100.0+2.5
6h 59.1£1.9 64.1+£22 73.0£6.6
6i 8.61+3.4 7.340.8 68.4+2.6

Mg A F 39.3+23 59.9+3.1 87.5+2.2
S0 U 37.3+4.7 60.4+3.9 86.4+2.7

© 2017 Chinese Chemical Society & SIOC, CAS

FHER 2 I, fEIRFEAN 200 pg/mL i, jiizh 24 h )5,
tk4&%) 5a. 5b. Se. 5f. 5g. Sh. 5i Al 6h XJ 75NN L
R AR ARG, HXT I R IESET 255
N 66.4%- 61.1%- 51.7%- 61.3%- 58.2%. 58.7%- 67.3%
F59.1%, A T %oF e 245 751) 0 1 1k (39.3%) A1 4G 198 L 1A
(37.3%). MiZj48 hJa, ZHAAIIXT TNk LRI H R
R AT, Hh ik &4 5a. 5h. 5i. 6a. 6b. 6d J
Of X 75 I 4% HR I HE 3 v RO B AR TG P, OO A5 I 4 R )
BEIEFETZ 35N 91.5%- 85.1%- 94.0%- 88.4%-91.8%-
88.4% I 94.6%, WAL T XF HE 2577 E L 1 (59.9%) IR
WE HI(60.4%). Jitizh 72h 5, KEGEPIXT TN R
HIRR IEFE T2 > 80%, R I H LT s, Kb &9
5f. 6a. 6b. 6d. 6f [ 6g X F5WNL HIYFRIH 100%[1)

2345

http://sioc-journal.cn/



BIKE

MR

BEORTEME, B R0 T X HE 24 751 I A (87.5%) A i A ER
(86.4%). VILHIRIE R TRl A, WiZj 24 h J5, 1,3,4-
W — IR Pk A A D 55 I 2k HU B R v

N T D B AR S PR T TN 2 B ) B R
P, RAHBERMAAENE T E A MEARRE T T
25 24 F1 48 h JEXT HINLE AR, B EE =
K. K BUERFA IR () 2577 (ng/mL) F4 ek
XTHUE (x), BEATEIAZ T, 535 EETE(=ax+
bYRIAHIE 2 H(r), VIR 25576 75 W 46 AL 1) 2 B BUE Ik BE
(LCso), A IMF 3.

HHER 3 v, At 5W(E45 25 24 h J5 1) LCso 3
e T S e St R 24 7] e A e R S B, {HTEZR 24 48 h
5, WA EMRIMBE/NG LCs fH, K& Sa
F 6b 1] LCso 7328 21.92 F1 44.94 ug/mL, 58 AL T
X [ 24 ) HE M4 2 (72.52 pg/mL) AR MEE HRL AN (86.44
pg/mL). 45 SR BTl Ab G Y 7E it 24 5 B 5 Nk Rk
I I g R T
1.4 I Birf &3 B REREN

TR P& A G OGP g, DA
T FHAUE RO 24550, T 100 png/mL FIRET, H
HEMENE T80 BV EWEsS 2 48 172 h J5

STHHR L R R, ERIER 4. SPArAER S
IR 5 0 2 HUBE AR VS M 2 b o

i 4 AT40, 7€ 100 pg/mL I, 2525 48h J5ib &4
5b. 5d. Se. 6b Fll 6d X HIAFHLE d R I H 1 & HERTEE,
HXT MR B IESE T2 25008 79.9% 74.5%-
68.1%- 78.5%FH 75.9%, T % [ 24 751 15 ML i (67.9%)
5 EE HUIK(58.7%). 2525 72 h J&, L&) 5b. 5d Al 6b
PR A 2 ORI e FE R M, LR £ HR R I
FET-H 538 96.7%- 87.3%1 85.9%, 44T % HE 24771
IE T T2l (84 5% ) A1 5L WE HUAKL(76.9%).

WL RO R AT R, TEMiZ 24 h 5, 1,3,4-8
TR TR AL B R 7 T 2 ) B R 1 S T A
P 1,3,4-M8 MR EER AL S VTS PE, W Sa>6a,
S5b>6b, 5f>6f &, (HFEE LR ALK, 1,3,4-M8
MEBRIESAL SN 1,3,4-18 — RBR k2R AL S 00 75 T 2k
PR RIE R ZBE /DN, TEEZG1L 72 h B, #B4)
1,3,4-168 — ARG Bk 25 A0 A W o0t 75 N 46 1A 783 % 0 1k s
T AR 1,3,4-F8 MR RESRIL A0, W1 6a>5a,
6b>5b, 6d>5d F 6g>5g. 4k, F5¥F EEURIEH Fh
FAINL B XAV AL RS B A B, X T
1,3,4-WE MR B SR UL, TEARIR 2 f 5] A4

R3O HRC VIR I R B E LCso
Table 3 LCs, values of some compounds against C. elegans in vitro
Compd 24 h 48 h

s y=ax+b LCso/(ngemL ") r y=ax+b LCso/(ugemL ™" r
5a 0.2561x+4.4233 178.59+1.44 0.4760 0.5889x+4.2104 21.9242.09 0.7176
5b 1.0746x+2.4188 252.3540.03 0.9174 1.3985x+2.4206 69.89+1.01 0.9904
5d 0.8283x+3.0091 253.28%+0.73 0.9347 1.1520x+2.9093 74.9443.40 0.9430
Se 1.2753x+2.2218 150.8240.03 0.9077 1.3583x+2.5460 64.07%+5.97 0.9155
5f 1.1755x+1.9598 385.75+0.61 0.8958 1.3051x+2.5362 77.24%0.12 0.9567
S5g 1.3294x+2.0799 157.2440.27 0.9834 1.3294x+2.0799 157.24£0.27 0.9834
5h 1.2534x+1.9359 278.381+0.12 0.9712 1.2528x+2.2710 150.77£0.31 0.9275
6a 1.0749x+2.1040  494.54+£2.15 0.8546 1.4246x+2.0135 124.85+6.78 0.9365
6b 1.2812x+2.1805 158.7310.07 0.9473 0.8287x+3.6305 44.9419.07 0.9136
6¢ 1.8643x+0.5573 241.57%1.61 0.9243 1.6076x+1.7553 104.62+3.75 0.9849
6d 3.0666x—1.7362 157.27+0.91 0.9732 2.4063x+0.2403 95.06x1.16 0.9483
6f 2.5168x—0.6585 177.13+1.04 0.8863 2.3477x+0.1335 118.27£5.65 0.9656
6g 1.6108x+1.5416 140.28+0.09 0.9396 1.3250x+2.5826 66.751+4.86 0.8893
GE IR Tl 1.5526x+1.8895 100.78+1.27 0.9878 1.0929x+2.9667 72.52%3.15 0.9675
S HUR 1.2150x+2.4961 115.03+1.27 0.8989 0.9481x+3.2334 86.44+3.85 0.9972

R4 SR ATE RS £(100 pg/mL)
Table 4 Nematicidal activity of some compounds against 7. semipenetrans in vitro (100 pg/mL)

Compd. BAESET 2/ % Compd. BIESET 2/ % Compd. KIEIET 2/ %

48 h 72 h 48 h 72 h 48 h 72 h
5b 79.9+2.2 96.7+2.5 5f 67.31+4.1 78.71+6.0 WA P T 67.9+4.4 84.5+1.7
5¢ 65.516.5 81.8t2.6 6b 78.5+5.2 85.9+83 R LUK 58.7%0.1 76.91+0.2
5d 74.5+5.4 87.3t4.4 6d 75.9+7.8 80.3*+5.5
Se 68.11+6.1 79.8+2.9 6f 42.71+4.6 79.81+6.0
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¥ 3 B (OH) I b B D O R R s e, e fb &4
5i Jifizy 24 h J5 XSS INEL HE IESET 2600 67.3%, 2
24 F148 h J&, TEARINN 4 7 5] NIEFIAF TR im 1,
For g B A B AR TS, Bl Sa>5g>5b. 4T
1,3,4-B “MRAL SR, HiZ 24 hJ5, TEZRINM) 2 47
51\ 7 5 A1 (OCH,) 4k & 0 1 28 s R g, 19
Witk &) 6h Jitizh 24 h JE XTSI AR IESE TR A
59.1%. W24 24 h Ja, fERFRE) 4 A5 N550% H -2k 4]
BLA Y EA — 2 FIALTENE, Btk &4 6b jitiZ 24h
Ja X 75 M2k HUPIAZ IEFET- 3N 47.9%. T2 48 h N, 7E
RINH] 4 A5 N R 7B E A R T R4 s v, a0
6b>6a>5g; jiti#j 72 h J5, I N T EEIAR TR
WP, Bl 6h A1 6a XF 75 N Lk U R ATE R g T e
A VIE .

2 ZEig

AR R EE W S A TR B, Wit FA T 18
ANFR S ST 1,3,4- W8 IR (e )RR KT AR
). REEHUSTES SRR, (LAY 5a i 6b 1EEZS 5
X 75 2R ORI B 8 /5 1, TEHZ] 48 h J5 X 75N
2 BRI LCso 23 AN 21.92 F144.94 pg/mL, B &
P8 T BH P e HEL 245 551) 18 e % (72,52 pg/miL) T 980 e L AR
(72.96 pg/mL). H4h, fEREN 100 pg/mL ~, Jifizh 48
720G, REEAA YNGR ZE R BT %
WV, HARA Y Sb XA AE 2R R R T M A
79.9%F1 96.7%, T Xf 245 77| WE MR (67.9% F1 84.5%)
HEGE HLARL(58.7% 11 76.9%). 45 RFWE =R T M
1,3,4- 18 — e (e — MY B IR AT A= D 7E R 2 AT R
B A — 8 TSR A

3 IS
3.1 X5

IR %4 i1 Bruker VECTOR 22 FUZT 4R 52 1%
(KBr JE A)WsE; 'H NMR #l 3C NMR #(# H
JEOLECX-500 MHz #i 5 i3 HR I 154 (TMS A F,
DMSO-dg RN IE; 763 7 M8 e [ Elememtar
Vario-III BT R HTACNE; 15 i X-4 B 7 BoR B
OIS r 0 ANl B T R R TR ) W 24 RR R
Sarforius B! HLFRF(FEE: 1/10000 g) F5E%; MS H
Agilent 5973 (Agilent, Santa Clara, CA, USA) JlE.
SW-CJ-1D i TAE & (I3 Mi1k); LDZX-50KB &% K
FAA (T 22 97 230 ); GSP-9160MBE F& /K 2 E I
B A (L IR S A PR A A BEJT %44 ); QL-90 A
FEHRH AL R T S AR DL/R A 38); BX41 A0 B AR
MEHT); BSA124S 4 #T K F (3% 2 F W7 B 22 AR );
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KYC-100C fH iR 55 77 F2 R (L) S B R 2 AU 3 A IR A
F]); TGL-16C B 0L Fig e SR AR, B ARG
L H(C. eleganN2)FIK AT # OP50 HiZ= i K% 7K ve &)
BT EWG, MG R (T semipenetrans) 18K 5 T 7h
FEMRAAERE AR SR I . TP RFARY . IR R
YEYIRF 7T K. FEEEE(AR, BBI A Bl2AG BRAF);
B BE (db 50 Solarbio B A PR 2 |, JHE & A
(OXOID); F#EEF(OXOID); X AMRIN(AR, REET AL
KAL), 4-9R-1,1,2-=48-1- T M BTFB) ML 5 F R
T ARG R 2 W e ST, e R A I 7 G TG AR )
B, YA s s Hrat,
32 ZLWHE

HE A 3 F1 4 ZHCCHER[20] 57, ABURZE IR N
JRRHEI R B RER . PHER &
3.2.1 B iRE4 5a~5i F= 6a~6i 494 A%

£ 50 mL = A iR al44 3 51 4 (2.81 mmol),
BREZEH(3.37 mmol)1 15 mL ZJE, = FHidk 30
min, SREHE 0.58 g 4-VR-1,1,2-=%-1- T #f) 5 mL &
G g LRk R F. RETFHEER 1~3 h, HE2E
BRE(TLC) [VCA M)/ V(LR . B8) = 3/1] 1R i s 3 ik
e RMEERE, AEEER, SIEREABEMESE, W
JEZE R W, TR A ok ek, i —S& Wk
H 4 33| B bR &4 Sa~5i 1 6a~6i.

2-FEH-5-[(3,4,4- = FR-3-T M- 1-3)- i )-1,3,4-18 —
Ie(5a): A EEA, WE 81%. mp. 57~58 C; '"H NMR
(500 MHz, DMSO-ds) 0: 7.99 (d, J=8.5 Hz, 2H, ArH),
7.92 (d, J=2.1 Hz, 2H, ArH), 7.68~7.65 (m, 1H, ArH),
3.54 (t, J=6.9 Hz, 2H, SCH,), 2.96 (dtdd, /=23.0, 6.8,
3.9, 2.8 Hz, 2H, CFCH,); *C NMR (125 MHz, DMSO-dq)
0: 164.6, 163.2, 156.2 (153.7, 151.4), 137.7, 133.2, 132.8,
131.3, 128.7, 127.2 (126.6), 121.6, 28.7, 26.3 (26.1); IR
(KBr) v: 1800, 1589, 1558, 1450, 1432, 1413, 1379, 1304,
1234, 1201, 1176, 1080, 1033 cm™'; ESI-MS m/z: 287.40
[M+H]". Anal. caled for C,HoFsN,0S: C 50.35, H 3.17,
N 9.79; found C 50.33, H 3.18, N 9.66.

2-(4-3 R HE)-5-[(3,4,4- —H-3- T Mi-1-58)-Bi ]-1,3,4-
E —Wr(5b): A, R 84%. mp. 42~43 C; 'H
NMR (500 MHz, DMSO-d;) 6: 8.05~8.02 (m, 2H, ArH),
7.48~7.43 (m, 2H, ArH), 3.53 (t, J=6.8 Hz, 2H, SCH,),
2.93 (dtdd, J=23.0, 6.8, 3.9, 2.7 Hz, 2H, CFCH,); "°C
NMR (125 MHz, DMSO-dg) J: 165.6, 165.0, 163.7, 155.9
(154.0, 151.8), 129.7, 129.6, 128.9 (127.1), 120.2, 117.3,
117.1, 28.7, 26.3 (26.1); IR (KBr) v: 1800, 1612, 1602,
1506, 1445, 1440, 1306, 1204, 1200, 1115, 1200, 1176,
1151, 1100 cm™'; ESI-MS m/z: 305.26 [M—+H]", 327.26
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[M+Na]+. Anal. caled for C,HgF,N,OS: C 47.37, H 2.65,
N 9.21; found C 47.43, H 2.74, N 9.59.

2-(3-FAAIE)-5-[(3,4,4- = 5-3- T Mi-1-25)-fit ]-1,3,4-
BE—W(5c): AEBREA, WE 87%. mp. 45~46 C; 'H
NMR (500 MHz, DMSO-dy) 6: 7.92 (t, J=1.8 Hz, 1H,
ArH), 7.67~7.66 (m, 1H, ArH), 7.67 (ddd, J=8.1, 2.0, 1.0
Hz, 1H, ArH), 7.59 (t, J=7.9 Hz, 1H, ArH), 3.50 (t, J=6.8
Hz, 2H, SCH,), 2.88 (dtdd, J=23.1, 6.8, 4.1, 2.7 Hz, 2H,
CFCH,); C NMR (125 MHz, DMSO-dy) J: 164.6, 164.3,
155.9 (154.1, 151.8), 134.6, 132.4, 132.0, 129.1 (128.7),
127.1, 126.4, 125.6, 125.4, 28.7, 26.3 (26.1); IR (KBr) v:
1796, 1555, 1462, 1433, 1408, 1296, 1241, 1193, 1181,
1095, 1064, 1064 cm™'; ESI-MS m/z: 321.10 [M+H]",
343.01 [M+Na]', 359.30 [M+K]"'. Anal. calcd for
C1,HsCIFsN,0OS: C 44.94, H 2.51, N 8.73; found C 44.66,
H 2.50, N 8.59.

2-(2-5 A HE)-5-[(3,4,4- = F-3- T Mi-1-25)-fit ]-1,3,4-
WE—Wr(5d): AEEE, WE 79%. mp. 46~47 C; 'H
NMR (500 MHz, DMSO-d;) 6: 8.03~8.01 (m, 1H, ArH),
7.71~7.69 (m, 1H, ArH), 7.50 (ddd, J=11.1, 8.4, 0.8 Hz,
1H, ArH), 7.47~7.42 (m, 1H, ArH), 3.53 (t, J=6.8 Hz,
2H, SCH,), 2.95 (dtdd, J=23.0, 6.8, 3.9, 2.8 Hz, 2H,
CFCH,); *C NMR (125 MHz, DMSO-d) J: 164.1, 162.4,
160.6, 158.5, 155.9 (154.0, 151.4), 134.8, 129.9, 128.9
(126.8), 125.9, 117.7, 111.8, 28.7, 26.2 (26.1); IR (KBr) v:
1800, 1620, 1587, 1548 1538, 1434, 1374, 1346, 1300,
1258, 1248, 1116, 1113, 1074, 1030 cm™'; ESI-MS m/z:
305.41 [M+H]", 32740 [M+Na]'. Anal. calcd for
C,HgF,N,OS: C 47.37, H 2.65, N 9.21; found C 47.37, H
2.80, N 9.58.

2-(2,4- R K H)-5-[(3.4.4- = T -3- T M -1- % )-
fi]-1,3,4-H8 e (Se): FEE R, i 85%. mp. 34~
35 C; '"H NMR (500 MHz, DMSO-d;) 0: 7.99 (d, J=8.5
Hz, 1H, ArH), 7.92 (d, J=2.1 Hz, 1H, ArH), 7.68~7.66
(m, 1H, ArH), 3.54 (t, J=6.9 Hz, 2H, SCH,), 2.92 (dtdd,
J=23.0, 6.8, 4.0, 2.7 Hz, 2H, CFCH,); *C NMR (125
MHz, DMSO-ds) : 164.6, 163.2, 155.9 (153.7, 151.8),
137.7, 133.2, 132.8, 131.3, 128.7, 127.1 (126.8), 121.7,
28.7, 26.2 (26.1); IR (KBr) v: 1801, 1589, 1559, 1469,
1432, 1379, 1304, 1234, 1201, 1177, 1161, 1087, 1033
cm '; ESI-MS m/z: 356.40 [M+H]", 378.01 [M+Na]".
Anal. calcd for C;,H;CL,F;N,0OS: C 40.58, H 1.99, N 7.89;
found C 40.78, H 2.06, N 8.22.

2-(4- = o, FF 3 2R 3E)-5-[(3,4,4- — F-3- T M-1-3%)-
i ]-1,3,4-08 W (5h): E AR, % 83%. m.p. 46~
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48 °C; 'H NMR (500 MHz, DMSO-d;) : 8.19 (d, J=8.0
Hz, 2H, ArH), 7.97 (d, J=8.5 Hz, 2H, ArH), 3.56 (t, J=
6.8 Hz, 2H, SCH,), 2.93 (dtdd, J=23.0, 6.8, 4.0, 2.7 Hz,
2H, CFCH,); *C NMR (125 MHz, DMSO-dy) J: 164.7,
156.2 (153.7, 151.4), 132.2, 131.9, 129.1 (128.6), 127.8,
127.3, 126.9, 125.3, 123.1, 28.7, 26.2 (26.1); IR (KBr) v:
1798, 1623, 1562, 1471, 1437, 1417, 1330, 1298, 1237,
1187, 1161, 1130, 1094 cm™'; ESI-MS m/z: 355.02 [M+
H]", 377.03 [M+Na]", 393.11 [M+K]". Anal. calcd for
C3HsFoN,OS: C 44.07, H 2.28, N 7.91; found C 43.96, H
2.46,N 8.11.

2-(4- H L IR 3)-5-[(3,4,4- = & -3- T Ji-1-F5)- i -
1,3,4-B8 —(5g): HAfEfA, i 80%. m.p. 49~50 C;
'H NMR (500 MHz, DMSO-dq) J: 7.82 (d, J=8.0 Hz , 2H,
ArH), 7.37 (t, J=7.9 Hz, 2H, ArH), 3.47 (t, J=6.8 Hz, 2H,
SCH,), 2.86 (dtdd, J=23.1, 6.8, 3.9, 2.7 Hz, 2H, CFCH,),
2.45 (s, 3H, CH;); ®C NMR (125 MHz, DMSO-dy) o:
165.9, 163.3, 156.3 (153.7, 151.5), 142.8, 130.5, 129.9
(129.5), 127.5, 126.9, 120.8, 28.7, 26.3 (26.1), 21.6); IR
(KBr) v: 1799, 1615, 1502, 1556, 1477, 1439, 1307, 1287,
1240, 1191, 1158, 1093, 1069 cm™'; ESI-MS m/z: 301.1
[M+H]", 323.10 [M+Na] ", 339.80 [M+K]". Anal. calcd
for Cy3sH;1F5N,0S: C 52.00, H 3.69, N 9.33; found C
52.28, H3.64,N 9.81.

2-(2- FAR 3k R 3)-5-[(3,4,4- = -3- T Ji-1-F5)-Bfi -
1,3,4-W& — W (Sh): [ & [ 4k, UZE 78%. m.p. 35~
36 ‘C; '"H NMR (500 MHz, DMSO-d;) §: 7.87 (dd, J=
7.8, 1.3 Hz, 1H, ArH), 7.52 (td, J=7.5, 1.4 Hz, 1H, ArH),
7.50~7.45 (m, 1H, ArH), 7.41 (td, J=7.7, 0.7 Hz, 1H,
ArH), 3.53 (t, J=6.9 Hz, 2H, SCH,), 2.92 (dtdd, J=23.0,
6.8, 4.0, 2.7 Hz, 2H, CFCH,), 2.60 (s, 3H, OCH;); "*C
NMR (125 MHz, DMSO-dy) d: 165.9, 163.3, 154.1 (152.6,
151.8), 138.0, 132.3, 132.0, 129.1, 128.5, 127.0, 122.7,
28.6, 26.3 (26.2), 21.9); IR (KBr) v: 1798, 1607, 1548,
1493, 1476, 1360, 1307, 1291, 1236, 1215, 1217, 1194,
1158, 1086 cm ™ '; ESI-MS m/z: 317.10 [M+H]", 339.31
[M+Na]+. Anal. calcd for C3H;1F3N,0,S: C 49.37, H
3.51, N 8.86; found C 50.84, H 3.57, N 8.79.

2-Q2-FRHIRFL)-[(3,4,4- =5 -3- T Mi-1-25)-Ai ]-1,3,4-
W Me(SH): VR EFIRE R, 1% 77%. "TH NMR (500
MHz, DMSO-d;) J: 10.26 (s, 1H, OH), 7.72 (dd, J=17.8,
1.7 Hz, 1H, ArH), 7.42 (ddd, J=8.4, 7.3, 1.7 Hz, 1H,
ArH), 7.06 (d, J=9.0 Hz, 1H, ArH), 6.98~6.95 (m, 1H,
ArH), 3.49 (t, J=6.9 Hz, 2H, SCH,), 2.92 (dtdd, J=22.9,
6.8, 3.9, 2.8 Hz, 2H, CFCH,); "C NMR (125 MHz,
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DMSO-d;) d: 165.1, 163.1, 156.6, 156.3 (153.7, 151.8),
133.9, 129.3, 129.0 (126.6), 120.1, 117.6, 109.9, 28.6, 26.2
(26.0); IR (KBr) v: 3250, 1799, 1627, 1591, 1554, 1480,
1404, 1348, 1271, 1250, 1126, 1089, 1063, 1034, 1013
cm '; ESI-MS m/z: 303.10 [M+H]", 325.10 [M+Na]".
Anal. caled for C;HoF5N,0,S: C 47.68, H 3.00, N 9.27;
found C 47.66, H2.97, N 9.29.

2-RHE-5-[(3,4,4- = 5-3- T M- 1-55)-Bi ]-1,3,4-WE —
Me6a): FAEEE, I 93%. mp. 79~80 C; '"H NMR
(500 MHz, DMSO-dg) 6: 7.88~7.86 (m, 2H, ArH), 7.53~
7.49 (m, 3H, ArH), 3.55 (t, J=6.8 Hz, 2H, SCH,), 2.85
(dtdd, J=23.0, 6.8, 3.9, 2.8 Hz, 2H, CFCH,); *C NMR
(125 MHz, DMSO-dg) J: 168.6, 164.9, 155.9 (153.7,
151.8), 131.9, 130.0, 129.7, 129.1 (126.9), 128.0, 30.0,
26.0 (25.8); IR (KBr) v: 1801, 1659, 1544, 1463, 1466,
1311, 1289, 1278, 1259, 1215, 1221, 1184, 1152, 1049
cm '; ESI-MS m/z: 303.00 [M+H]", 325.00 [M+Na]".
Anal. caled for C,HoF;N,S,: C 47.67, H 3.00, N 9.27;
found C 47.65, H2.97, N 9.24.

2-(4-F AR IE)-5-[(3,4,4- —H-3- T Jfi-1-28)-fi )-1,3,4-
e —I(6b): A, YR 54%. mp. 82~84 C; 'H
NMR (500 MHz, DMSO-d;) 6: 7.96~7.93 (m, 2H, ArH),
7.38~7.35 (m, 2H, ArH), 3.53 (t, J=6.8 Hz, 2H, SCH,),
2.87 (dtdd, J=23.1, 6.8, 4.0, 2.8 Hz, 2H, CFCH,); "*C
NMR (125 MHz, DMSO-d;) d: 167.5, 165.3, 165.0, 163.3,
154.0 (151.8, 151.4), 130.5, 130.5, 129.1 (128.6), 126.3,
117.3, 117.1, 30.1, 26.0 (25.8); IR (KBr) v: 1811, 1617,
1538, 1494, 1446, 1360, 1301, 1246, 1236, 1215, 1210,
1154, 1055, 1053 cm'; ESI-MS m/z: 321.01 [M+H]".
Anal. caled for C,HgFsN,S,: C 45.00, H 2.52, N 8.75;
found C 44.91, H 2.84, N 8.84.

2-(4- Tl FE K 3 )-5-[(3,4,4- = & -3- T Ji-1-35)-Fii -
1,3,4-ME M (6c): 31 (LA, Y 87%. mp. 72~74 C;
'H NMR (500 MHz, DMSO-d;) J: 8.39~8.36 (m, 2H,
ArH), 8.20~8.18 (m, 2H, ArH), 3.62 (t, J=6.8 Hz, 2H,
SCHS>), 2.95 (dtdd, J=23.0, 6.8, 3.9, 2.8 Hz, 2H, CFCH,);
C NMR (125 MHz, DMSO-d,) o: 167.2, 166.5, 156.2
(154.0, 153.7), 149.2, 135.3, 129.2, 128.4 (126.9), 125.1,
30.1, 25.9 (25.8); IR (KBr) v: 1801, 1611, 1549, 1359,
1351, 1303, 1290, 1281, 1066, 1053 cm™'; ESI-MS m/z:
348.00 [M+H]", 370.10 [M+Na]". Anal. caled for
C1,HsF3N30,S,: C 41.50, H 2.32, N 12.10; found C 41.64,
H2.57,N 12.54.

2-(Q2—FARIE)-5-[(3,4,4- = F-3- T M- 1-2)-Hii]-1,3,4-
e —Ik(6d): R, YR 79%. mp. 46~47 C; 'H
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NMR (500 MHz, DMSO-d;) §: 8.22 (td, J=17.7, 1.8 Hz,
1H, ArH), 7.65 (d, J=8.5 Hz, 1H, ArH), 7.49 (d, J=11.0
Hz, 1H, ArH), 7.44 (t, J=6.5 Hz, 1H, ArH), 3.60 (t, J=
6.8, 2H, SCH,), 2.93(dtdd, J=23.0, 6.8, 3.9, 2.8 Hz, 2H,
CFCH,); "C NMR (125 MHz, DMSO-dy) d: 166.3, 160.7,
160.2, 158.2, 155.8 (154.0, 151.4), 133.9, 128.8, 127.2
(126.9), 126.1, 1117.6, 117.00, 30.0, 26.0 (25.9); IR (KBr)
v: 1810, 1617, 1608, 1499, 1486, 1355, 1304, 1241, 1236,
1213, 1210, 1194, 1048, 1046 cm™'; ESI-MS m/z: 321.00
[M+H]", 343.00 [M+Na] . Anal. calcd for C;,HgF4N,S,:
C 45.00, H 2.52, N 8.75; found C 44.98, H 2.81, N 8.34.

2-(2,4- A FEH)-5-[(3.4,4- = F-3- T IR -1-3)-BR -
1,3,4- —(6e): O [EA, 1F 86%. m.p. 57~58 C,
'H NMR (500 MHz, DMSO-d;) J: 8.25 (d, J=8.5 Hz, 1H,
ArH), 7.54 (s, 2H, ArH), 7.41~7.39 (m, 2H, ArH), 3.58 (t,
J=6.8 Hz, 2H, SCH,), 2.93 (dtdd, J=21.5, 6.9, 4.0, 2.6
Hz, 2H, CFCH,); *C NMR (125 MHz, DMSO-d,) o:
166.1, 163.0, 155.9 (154.0, 151.8), 137.3, 133.0, 132.2,
131.6, 130.4, 128.0, 127.4, 125.8, 29.6, 26.3 (26.1); IR
(KBr) v: 1797, 1584, 1554, 1478, 1438, 1405, 1383, 1367,
1299, 1288, 1232, 1218, 1148, 1109 cm™'; ESI-MS m/z:
372.00 [M+H]", 39420 [M+Na]'. Anal. caled for
C1,H,CLF;N,S,: C 38.83, H 1.90, N 7.55; found C 38.56,
H1.92,N 7.33.

2-(4- = W L R L )-5-[(3,4,4- = B -3- T J-1-3E)-
i]-1,3,4-ME —Me(6f): 44, 1% 81%. m.p. 39~
41 °C; 'H NMR (500 MHz, DMSO-d;) ¢: 8.13 (d, J=8.2
Hz, 2H, ArH), 7.91 (d, J=8.3 Hz, 2H, ArH), 3.51 (t, J=
6.8 Hz, 2H, SCH,), 2.87 (dtdd, J=23.0, 6.8, 3.9, 2.7 Hz,
2H, CFCH,); “C NMR (125 MHz, DMSO-d,) J: 167.1
(166.4), 164.7, 155.5 (154.0, 153.6), 132.2 (131.9), 127.8,
127.3, 126.9, 125.3, 123.1, 28.7, 26.2 (26.1); IR (KBr) v:
1801, 1607, 1548, 1493, 1476, 1360, 1317, 1291, 1236,
1217, 1215, 1194, 1158, 1086 cm '; ESI-MS m/z: 371.11
[M+H]", 393.10 [M+Na] . Anal. calcd for C,3HgF¢N,S,:
C 42.16, H 2.18, N 7.56; found C 41.75, H2.19, N 7.51.

2-(4- FH L R I )-5-[(3,4,4- = -3- T 1 -1-58)-5R )-
1,3,4-ME —M(6g): FEEA, IH 86%. m.p. 45~47 C.
'H NMR (500 MHz, DMSO-d;) 8: 7.76 (d, J=17.5 Hz, 2H,
ArH), 7.32 (d, J=7.7 Hz, 2H, ArH), 3.52 (t, J=6.8 Hz,
2H, SCH,), 2.88 (dtdd, J=23.1, 6.8, 3.9, 2.7 Hz, 2H,
CFCH,), 2.35 (s, 3H, CH3); *C NMR (125 MHz, DMSO-
ds) 0: 168.7, 164.3, 156.2 (153.7, 152.7), 142.1, 130.6,
129.1 (128.7), 128.0, 127.0, 30.0, 26.0 (25.8), 21.7); IR
(KBr) v: 1799, 1607, 1449, 1438, 1404, 1374, 1301, 1249,
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1181, 1090, 1050, 1001 cm™'; ESI-MS m/z: 317.01 [M+
H]", 339.00 [M+Na]". Anal. calcd for C;3H;;F3N,S,: C
49.36, H 3.50, N 8.86; found C 49.38, H 3.96, N 9.29.

2-(2- AR Fk 2 8 )-5-[(3,4,4- = F-3- | Jd-1-38)-B -
1,3,4-1 — W (6h): H B8 &, UE 87%. m.p. 43~
44 °C; '"H NMR (500 MHz, DMSO-d;,) 0: 8.23 (dd, J=
7.8, 1.7 Hz, 1H, ArH), 7.54~7.51 (m, 1H, ArH), 7.24 (d,
J=8.5 Hz, 1H, ArH), 7.12 (t, J=7.5 Hz, 1H, ArH), 3.95
(s, 3H, OCH,), 3.51 (t, J=6.8 Hz, 2H, SCH,), 2.86 (dtdd,
J=23.1, 13.1, 6.5, 3.2 Hz, 2H, CFCH,); *C NMR (125
MHz, DMSO-dg) J: 165.1, 162.1, 155.9, 154.0 (153.7,
151.8), 133.2, 127.7, 127.2 (126.9), 121.8, 118.4, 113.0,
56.7, 29.8, 26.1 (25.9); IR (KBr) v: 1796, 1601, 1584,
1503, 1466, 1420, 1372, 1291, 1244, 1150, 1120, 1088,
1058, 1025 cm™'; ESI-MS m/z: 333.11 [M+H]", 355.10
[M+Na]". Anal. caled for C;3H;F5N,0S,: C 46.98, H
3.34, N 8.43; found C 46.25, H 3.56, N 8.68.

2-(2-FR FE K H)-5-[(3,4,4- = H-3- T Ji-1-35)-Fi -
1,3,4-B —M(6i): A, IE 81%. m.p. 97~98 C;
'H NMR (500 MHz, CDCl3) d: 11.06 (s, 1H, OH), 7.37
(dd, J=7.4, 6.7 Hz, 2H, ArH), 7.10 (d, J=8.6 Hz, 1H,
ArH), 6.94 (t, J=7.5 Hz, 1H, ArH), 3.57 (t, J=6.8 Hz, 2H,
SCHS,), 2.91 (dtdd, J=23.0, 6.8, 3.9, 2.8 Hz, 2H, CFCH,);
3C NMR (125 MHz, CDCly) 6: 170.4, 162.9, 157.0, 156.3
(154.1, 153.7), 132.9, 129.6, 127.4 (125.6), 120.1, 118.1,
113.9, 29.6, 26.1 (26.0); IR (KBr) v: 3350, 1798, 1607,
1557, 1483, 1466, 1352, 1337, 1298, 1226, 1213, 1215,
1174, 1160, 1066 cm'; ESI-MS m/z: 319.01 [M+H]",
341.20 [M—I—Na]+. Anal. calcd for C,HoF3N,0S,: C 45.28,
H 2.85, N 8.80; found C 45.14, H 3.07, N 9.06.
3.3 HEHHEMNE
33.1 BARKAMINERARGESETH

FEOCHR[2 145 [0 7 V53R 15 T PR DU i 75 T 46
U A R, DL il 2475751 W A gt AR R U B %o
HR, WK B, SRARERENE B &5 55
I 26 B FE R VE[22]. BRI S IRCPFAT, S IRER
SEUG ST ZG 24 48, 72 h R HUGBET G L. A BA
T oL R R IS,

&E%E%M%jmiam—éaﬁi$%%<

: - 100
100— 75 FAET 2 (%)

332 HAMLEIT A R FFFE
FHAR 46 B I ) 20 B8 5 s SR AN SCHR[23, 2414RIE 1)
TFEFEAR — 3. oot SCRR[25] 0 7 6 I = 38 vh 3R A5 A
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WLy, RIS HT— R AR U7 70 B AT F 0 33, K 3L )
INEHRAN YR 5, R R BT BR R, IRE 5.
HERLF 4 DTHEFRIDMEENSNE), FRIEEZ) 4X
500, KalRE L3 2 R UAN S A b, BLEERR, T
BB ILEAL, BBk IR, BRI ERETERS
9150 mm IR, HiR-HiE TR BN HI R
SHERREER N, P AR, A H kK e
HEE WTFIA. RS NTEND B IE K, 2KiE
FEAIERESZAE. 24 h R (A B K, IR KL
BT RE S AR M AT 2k Ul T K A B E R NI
2R FRIARE S, AR IBORE HEARE T,
FATF IR I 2 10 mL FI7K, WL BT, 7
BE| 15 mL FEOEH, TEGHLE 4000 r/min &0 4
min. £ FEEW, 8 1 mL /47, B2 10 pL 19Zkd
WA T T B TS, E2) 30~60 kA AR
Al R IBER R, WIgkSkgE. PSS 3.3.1 15 R
T3 E H bR A YRR 26 U 2 R v .

4 BIi#1 8 (Supporting Information) L&) 5a~5i
6a~6i 1] '"H NMR 1 °C NMR [ 3. I8} n] DL G 2
AT 9354 (http://sioc-journal.cn/)_E %K.
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