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FBVENAE 3-[(5-5FR-1,3,4-18 —me-2- 50 ) BR B 1R H [ o] B (1 )k-2(3H)-
BRI & R R R EE M
AR xEEC KA’

WL T R2Ab 2 TR B 310032)
([ 5K R 7 AR 24 G v oW B A S B 310023)

A ¢ fen

WE TR SRR TG, DEURIR (R M N FR, SHUR. b b TR R AR T
21 ANF R 3-[(5-BR-1,3,4-H8 — -2 -38) FI B 12K [ WE (V) Me-2 (3 H)-B Rtk &9, FFFIH "H NMR, IR, EI-MS Jt
RO A M AT RAE. Y1 AEYE IR A5 R, FE 50 mg/L WL, KAk & et 3 TR JE R
(Colletotrichum orbiculare), K% fl1H (Botrytis cinerea) /KRGS, 1 (Rhizoctonia solani) Bl A WH 4 R BTG, btk
V) S S A % B R R KRB SUR 9 B R 4 R 218 31 T 85% A L.

RERW  FRIRME(E) MR, BREE; 1,3,4-ME e RS G A

Synthesis and Antifungal Activity of Novel 3-[(5-Benzylthio-
1,3,4-oxadiazol-2-yl)methyl]benzo[d]thiazol-
(oxazol)-2(3H)-ones

Ruan, Lingli“ Fan, Renjie” Liu, Xinghai* Chen, Jie” Weng, Jianquan™*
(“ College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310032)

(® Bioassay Department, Zhejiang Branch of National Southern Pesticide Research Centre, Hangzhou 310023)

Abstract In order to find novel biologically active pesticide lead compounds, twenty-one novel 3-[(5-benzylthio-1,3,4-
oxadiazol-2-yl)methyl]benzo[d]thiazol(oxazol)-2(3H)-ones were synthesized by 2-benzothiazolinone/benzoxazolone as start-
ing materials via substitution, hydrazine, cyclization and the last benzylation reaction. The structures of the title compounds
were characterized by '"H NMR, IR, EI-MS and elemental analysis. The preliminary bioassay results indicated that most of
them showed moderate inhibition activity against Colletotrichum orbiculare, Botrytis cinerea and Rhizoctonia solani at 50

mg/L, and the inhibition rate of compound Sb against Botrytis cinerea and Rhizoctonia solani reached above 85%.

Keywords 2-benzothiazolinone/benzoxazolone; thioether; 1,3,4-oxadiazole; microwave synthesis; antifungal activity
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Z B0l R TR R B USSR 25 ) | rp A2 2
Tz ovE, HETCA G ML & 1,3.4-H8 IR R
EAL S eAh, ZRGTM 2 s e R (O,
SYWIAHE, 4 F T 3 5 52 1R R T A4 2 18] 55 F1 7y 22230,
TP s AR . Rk, TERTR 20 TR R,
i Bk 465 K 100 50 N AR A LA 4 v AR A o 1 26,
— LR LR A S A B A R, W . &
Ae R REEEIPE 1), BTk, MRS H
PRI M R IEME(EE e 1,3,4-WE AR I = 4
RIS BAE R AR 2505

ERTA AR, RSB AR T — RV I EEm:
B 1,3,4-BE b A4, ARG REHE RS —ERE
TR TR A AR R R 25 S A,
AR SN SR G5 AR SR 5 NBREBESS M 0T, W& R
B T 2 W () P B E — MR R 2R AL A . DAUAR R
FRE (e A JERE, 2R, BE. b, REMR
BEAACT 21 AR 3-[(5-"FAf-1,3,4-H8E -2 Jt)
IR R I [ R (W8 Me-2 B H)-FZRAL & 5, ¥R WL STk
iE. FIH "H NMR, IR, EI-MS K& 7624006 Hgh #y
1T T 3RAE. A %44 Scheme 1 Frs.

S
N
S \=N
R N H
CION:CSCHz
N-§ (IDH
CCly N//\’/\l/ 2
\=N
e B HHER

1 HERETR
1.1 RIS

TE HH () AAR 2R - B (P8 ) A - 3- 2, T I (3) R 3-[(5-3i 2 -
1,3, 418 — -2 -k ) Y BE 128 JF: [ | M (W) P4 -2 (B H)- il (4) )
AR, RA T B E BN T, R 260 W
WIHZREEH 30 s A Ak 3a~3¢; 325 W OB ThR
FEA 20 s & R A4 da~de. SRR B & K, TR
KYE RS NS TE], i rp e A 3 ()6 ek AR G 6 o v
FEINAENR 24 WY, (BCR HBMRIE R R E 30 s, JEH
SN A AT $E 1=

HRAMA 3-[(5-32E-1,3,4-8 -2 I8 ) R ) R 3 [d]
W () P -2(3 H)- Tl (4) AN EAR A U 85 Ui 40 0k B AT e
NAFE|EARLAY 5. N SRR, FEPCR B,
AR &Y Sa~5u FIERLE 74.2%~91.4% 7], —H/K
KU, FRIFEEMEIR S EHURR =CDI, & PleE
BB (R'=H)E.

EMEERIZ "HNMR, EI-MS } TR &AL
k. MEGEHEE TT A M &) Sa~5Su b, S5HiMHE
) CH, AL 20 A% U BILEE 6 5.21~5.35 [, 17 55

N CHs
CLoe
S HN
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B 1 5T AR F A BT 5 R4 4 7 o A 2R T 7

Figure 1 Several commercial fungicides containing benzothiazole or thioether structure

: H

1

N~N

1 //QOJ\SH

CH,COOC,Hs

/ /
R N CICH,CO0C,Hs R N NHeH0 R N
>:O < 5 >:O - . /Eo
X X MW X
2 3

CH,CONHNH,

N~N

R N
KOH/CS, C[ o
—_—
MW X
4

B 1

N
=0
X

; @CHzCI RC[ K«O»\SAQRZ
5

HERE & 5 6 g 2

Scheme 1 The synthetic route to title compounds 5

Chin. J. Org. Chem. 2015, 35, 1166~1172

© 2015 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1167



BIKE

FHIE R CH, B0 78 Y BLAE 6 4.36~4.55, JyHlg. 5
WA AN FETE 6 7.01~7.58, 2B L EIE M4
HE AT DUAE Y, R I i e ) R B s A1 4h WU AR
1674~1703 cm ", 77 2% 5 W I ) 1) ) 5 i 20 4/ W WA
1766~1787 cm . MJFiGIE IR LAE H, Al BAsfb &
YRR M T B T4,
1.2 REEM

KRS 24 SR ER R EEPDA) T B Arth
E WX TTORIELIH B8 (Colletotrichum orbiculare) K %]
B (Botrytis cinerea) /K FESUN 9 B (Rhizoctonia sola-
ni) PR B R BEE M, 25BN 50 mg/L. LA
IR (Propiconazole) NXTHEZG7, MRS R WFE 1.

WL RIS R R, s B Astb &9t fit
WA HA — @ NS, Mo EwmRIE TR
UF AR TS I, k&4 Sb, Sc, 5d F Si X 2K 8 & i B
A 2 75%, AT Sb, 5d, Si A Sp X KFELL
73 B (4 38 70%, Hodh ik &4 Sb X K %
L BA7 AT 7K R SR o5 B A ) 2R 23 0] IA B 86.12% A1
87.30%. M 1 MEFEVELSEF IE H, — Bk, &
A% I W I ) 5 ) PR AL 0 (X = S) A% B PG T 3 R 9F
WEWA I S5 K AL A PI(X=0); RIFMEREER 5-67 C1 115]
A, THI TGRS R, SRR Eol NI T

FEPI(R*= i F)I, WAPEEBABUR(R® =H) skt he
HUAR(R? = tert-C4Ho) i =, HL & (A A5 W P 7 6 ) Ak ik
W A, IO F R TSI AT B TS s
YRS, dntk &4 Sb, 5i M Sp Xl A 4 i B AT KRS S
Tl T R A A1 2 24 70% DA B KA SCH bR &) 55T
BRI2 1AL & W08 s PR EURL, A S M i A P i,
R R B S5 A4 1 5T B B B AR S I R T i
PE. 2t — PGS RO A T R REAT A

g

DU R I () e o SR, 2 HUAR. Bikb . 36
o RIS BE R T 21 ASHT R 3-[(5-Fh-1,3,4-
W -2 i) B G ) 2 [ M () e 2 (B - 2R Ak 5740
HErL A4S '"H NMR, IR, EI-MS KGR AMHTE
fERIN. WP AR E RIS S5 SRR, 78 50 mg/L ik
W, KEB A WXt 3 IR JH 99 B (Colletotrichum
orbiculare) K% W (Botrytis cinerea) K FESURE
B (Rhizoctonia solani) B &R ETE M. $0 &Y
AAERU AR, a9 Sb X8 4 i s K
FESURGE T B (R4 3R 3005 3 T 85% LA b, S5t it—1
ACTEE N R I AR B e S & 4.

2

R1 50 mg/L IKE T HIRMELAY Sa~Su [R5 W& 301 2/%)
Table 1 Fungicidal activities (inhibition rate/%) of compounds 5a~5u at 50 mg/L

! 2 B NRIE & KA TG SO 5 T
Compd. R X R . ) .
(C. orbiculare) (B. cinerea) (R. solani)
CK*“ — — — 0 0 0
Propiconazole — — — 87.20 35.00 95.52
S5a H S H 45.86 62.45 55.55
5b H S 2-F 66.68 86.12 87.30
5¢ H S 4-Br 47.05 75.71 65.10
5d H S 2-Cl 57.79 78.34 79.98
Se H S 2,4-Cl, 50.82 65.46 57.63
5f H S 4-CN 50.86 51.10 42.12
5g H S 4-tert-C4Hy 46.50 40.78 51.34
5h Cl S H 43.90 53.66 55.18
5i Cl S 2-F 57.17 75.43 77.04
5j Cl S 4-Br 46.08 54.50 62.20
5k Cl S 2-Cl 55.88 71.03 63.65
51 Cl S 2,4-Cl, 45.34 56.71 59.03
5m Cl S 4-CN 45.60 43.30 52.30
5n Cl S 4-tert-C4Hy 42.18 47.14 47.01
50 H o H 39.97 56.73 50.05
5p H o 2-F 56.16 73.13 72.02
5q H o 4-Br 4478 61.69 61.15
5r H o 2-Cl 52.38 70.10 63.79
5s H o 2,4-Cl, 44.01 60.23 58.69
5t H o 4-CN 47.22 54.43 50.98
5u H O 4-tert-C4Hy 40.15 34.05 43.58
“ CK A7 A X .
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3 IS
3.1 UEFE5HF

Bruker AVANCE III 500 MHz K% 3E4% i 4% (LA
CDCl; 8¢ DMSO-ds J ¥ |, TMS A W #%), Ther-
mo-Finnigan LCQ Advantage Jii i 1% (EI), Carlo-Erba
EA1110 JLE 4 #11X, Thermo Nicolet AVATAR 370 {17
HLLAMEREAN, X-4 BUET R sl e A IR TH AR AR
iF), Discover CEM i & MiAX. ZKIFMEMEER(R' =H,
X=S), 5-FAEFIBEMEIR =Cl, X=S), 7K M
(R'=H, X=0)¥1 8 Tk &7 L&tk TR A,
98%), FAhFAI A& A prat.

3.2 ZWHE
3.2.1 FRHAECE)LEN-3-T B TES(2)89 6%

HA R £ Jk 2-(2-BRFEDR I [d]HEME-3(2 H)-55) LR iR
(2a, R'=H, X=S)M1Z3t 2-(5-F-2-FRIE A I [d]HEmL-
3Q2H)-F) 2B EE(2b, R'=Cl, X=S)¥Z M CHk[30]&
%, WCRIN 92.0%55 94.3%. L3k 2-Q2-FREEFHIH[d]
WEWE-3(2H)-34) LRI (2e, R'=H, X=0)Z & CHR[31]
B, R 88.7%.

3.2.2  fROE B R R (CE)LE-3-TELBE 3 695 %

H4 2R I g ()L B -3- 2. Z.T6 2 (0.2734 mmol)
0.048 g /K& HE85%, 0.8202 mmol)iAT 2.0 mL /KL
fig, 260 W il T- 80 ‘C R 30 s 15 EI/=4) 3a~3c.

2-(2-PRIEFIF[d]EME-3(2H)-3E) 2.t (3a, R'=H,
X=S8): HEE &, WX 84.4%, mp. 211~212 C
(1it.B% 208~209 C); 2-(5-F-2-FILIKFE[d)HEML-3(2H)-
)G, R'=Cl, X=8): A&, W 83.1%,
m.p. 208~210 C (1it.”" 208~210 C); 2-(2-FIL A I
[dEME-3(2H)-35) LB 3e, R'=H, X=0), Ak,
W& 77.4%, m.p. 184~185 C (lit.”" 185~186 C).
323 MOk HB) 3-[(5-3 1,347 ek 2-H )P A
R [dIE(CE)L-2(3H)-BR 4 8946 %

4R T IR (W8 PR R -3- 9 fifE 3 (0.4031 mmol), 0.023
g KOH (0.4036 mmol)f1 0.030 mL CS, (98%, 0.4036
mmol)¥A T 2.0 mL Jo7K ZBE, 325 W 1l 80 ‘C 20 s
2 EIF=4) 4a~4dec.

3-[(5-% 3 -1,3,4- M8 — - JE ) FT I | 2K I [ o] 1B 1 -
2(3H)-fi(4a, R'=H, X=S8): Wik, IR 84.2%.
m.p.>300 ‘C; 'H NMR (500 MHz, DMSO-d;) : 5.16 (s,
2H, CH,), 7.18 (td, J=7.8, 1.8 Hz, 1H, PhH), 7.25 (td,
J=7.7, 1.9 Hz, 1H, PhH), 7.30~7.35 (m, 1H, PhH), 7.39
(d, J=8.0 Hz, 1H, PhH);

5-50-3-[(5-% Fk-1,3,4- M8 — w0 KL ) B L 128 I [ M
WE2(3H)-H (4b, R'=Cl, X=S): ¥ & O [ 1k, &
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87.6%. m.p.>300 ‘C; "H NMR (500 MHz, DMSO-dq) ¢:
5.38 (s, 2H, CH,), 7.33 (dd, J=8.4, 2.0 Hz, 1H, PhH), 7.67
(d, J=2.0 Hz, 1H, PhH), 7.77 (d, J=8.4 Hz, 1H, PhH),
14.63 (s, 1H, SH).
3-[(5-FfiFk-1,3,4- W8 — g2 ) B K 2K I [ o] A -
2(3H)-Ffl(4e, R'=H, X=0): ik a1k, IE 81.9%.
m.p. 189~190 C; 'H NMR (500 MHz, DMSO-d,) ¢:
5.35 (s, 2H, CH,), 7.24~7.27 (m, 1H, PhH), 7.40~7.42
(m, 2H, PhH), 7.72~7.73 (m, 1H, PhH).
324 3-[(5-FEFAA-1,34-"8 ek 2 H) P A K
[d]E ("B -2(3H)ER 5 &4 Ak,

7] 25 mL BRI 3-[(5-302E-1,3,4-18 e
25 ) L BE 2K - [ WE (W) -2 (3 H)- B 4 (5.00 mmol),
(525 mmol). 0.280 g K,CO; (5.25 mmol)Fl 5.0 mL
DMF T = B 5 5 R4 K iR T i [ ik, hig . o8
i E T RA R B A ARE A Sa~5u.

3-[(5-2 FRRR JE-1,3,4- T — -0 R ) HF 5 ) 2 - [ W
M:-2(3H)-B (5a): B (L EE, 1 91.4%. mp. 126~
127 °C; 'H NMR (500 MHz, CDCls) &: 4.43 (s, 2H, CH,),
534 (s, 2H, CH,), 7.21~7.23 (m, 1H, PhH), 7.24~
7.27(m, 2H, PhH), 7.28~7.34 (m, 3H, PhH), 7.35 (td, J=
8.0, 1.8 Hz, 2H, PhH), 7.45 (d, J=7.5 Hz, 1H, PhH); IR
(KBr) v: 2922, 1681, 1593, 1473, 1158, 746 cm™'; EI-MS
(70 eV) m/z (%): 357 (M +2, 12), 356 (M"+1, 23), 355
(M", 100). Anal. calcd for C;;H3N30,S,: C 57.45, H 3.69,
N 11.82; found C 57.38, H 3.72, N 11.94.

3-{[5-(2- 5 H JE) B4R - 1,3,4- W8 M2 L HA B O
FH[d)BEME-2(3H)- T (Sb): T [E AR, I3 85.4%. m.p.
118~119 °C;'H NMR (500 MHz, CDCl;), 5: 4.45 (s, 2H,
CH,), 5.34 (s, 2H, CH,), 7.00~7.08 (m, 2H, PhH), 7.20~
7.25 (m, 2H, PhH), 7.28~7.35 (m, 2H, PhH), 7.42~7.47
(m, 2H, PhH); IR (KBr) v: 2935, 1674, 1590, 1471, 1159,
1021, 758 ecm™'; EI-MS (70 eV) m/z (%): 375 (M"+2,
13), 374 M'+1, 29), 373 (M', 100). Anal. caled for
C17HoFN;0,S,: C 54.68, H 3.24, N 11.25; found C 54.79,
H3.34,N 11.41.

3-{[5-(4- TR H JE) R AR -1,3,4- 8 — M- JE R 3R 28
H[d]EME-2(3H)-F (Se): FIEE A, R 87.4%. m.p.
157~159 °C; "H NMR (500 MHz, CDCl;) d: 4.36 (s, 2H,
CH,), 5.34 (s, 2H, CH,), 7.22 (t, J=2.5 Hz, 1H, PhH),
7.24 (t, J=2.7 Hz, 1H, PhH), 7.26 (s, 1H, PhH) 7.28~
7.29 (m, 1H, PhH), 7.32 (td, J=8.0, 1.7 Hz, 1H, PhH),
7.39 (dt, J=8.5, 2.5 Hz, 2H, PhH), 7.46~7.48 (m, 1H,
PhH); IR (KBr) v: 2923, 1684, 1599, 1473, 1160, 1014,
748 cm”'; EI-MS (70 eV) m/z (%): 436 (M" 42, 13), 435

http://sioc-journal.cn/ 1169
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(M"+1, 52), 434 (M', 13). Anal. caled for C;;H ,Br-
N;0,S,: C 47.01, H 2.78, N 9.67; found C 17.18, H 2.65,
N 9.54.

3-{[5-(2-F K H JE) iR -1,3,4- 8 — e 2 L I B O
I [d]EME-2(3H)- i (5d): [ 4, UER 85.9%. m.p.
137~138 °C; '"H NMR (500 MHz, CDCl;) J: 4.53 (s, 2H,
CH,), 5.34 (s, 2H, CH,), 7.15 (td, J=7.5, 1.7 Hz, 1H,
PhH), 7.20~7.25 (m, 3H, PhH), 7.31~7.35 (m, 1H, PhH),
7.36 (dd, J=8.0, 1.8 Hz, 1H, PhH), 7.45~7.48 (m, 1H,
PhH), 7.50 (dd, J=7.7, 1.7 Hz, 1H, PhH); IR (KBr) v:
2922, 1690, 1591, 1472, 1159, 744 cm™'; EI-MS (70 eV)
mlz (%): 392 (M +2, 42), 391 (M"+1, 46), 390 (M",
100). Anal. calcd for C;-H,CIN;0,S,: C 52.37, H 3.10, N
10.78; found C 53.51, H 3.01, N 10.65.

3-{[5-(2,4- ~F I H ) BRAC-1,3,4-BE w2 FL ] H
5y IR IR [ BEME-2(3H) - (Se): I EBE AR, IR 84.7%.
m.p. 135~136 °C; 'H NMR (500 MHz, CDCl;) J: 4.48 (s,
2H, CH,), 5.34 (s, 2H, CH,), 7.14 (dd, J=8.0, 2.0 Hz, 1H,
PhH), 7.21~7.24 (m, 2H, PhH), 7.31~7.36 (m, 1H, PhH),
7.39 (d, J=2.0 Hz, 1H, PhH), 7.45~7.50 (m, 2H, PhH);
IR (KBr) v: 3002, 1676, 1594, 1471, 1183, 755 cm™';
EI-MS (70 eV) m/z (%): 426 (M +2, 37), 425 (M +1,
76), 424 (M', 51). Anal. caled for Cj;H;C;oN30,S,: C
48.12, H 2.61, N 9.90; found C 48.09, H 2.76, N 9.78.

A-{[(5-((2-F FE 2K [d] W WL -3 (2 H)- 38 ) Y 3 )-1,3,4-
W w2 AR AR R ) R G (5 1 e [ A, Ui
87.3%. m.p. 146~147 “C; "H NMR (500 MHz, CDCl;) 6:
4.42 (s, 2H, CH,), 5.33 (s, 2H, CH,), 7.19~7.26 (m, 2H,
PhH), 7.32 (td, J=8.0, 1.8 Hz, 1H, PhH), 7.47~7.49 (m,
H, PhH), 7.50 (d, J=8.0 Hz, 2H, PhH), 7.56 (dd, J=17.5,
2.0 Hz, 2H, PhH); IR (KBr) v: 2924, 1676, 1595, 1474,
1162, 746 cm '; EI-MS (70 eV) m/z (%): 382 (M +2,
12), 381 (M'+1, 25), 380 (M, 100). Anal. caled for
CisH1,N40,S,: C 56.83, H 3.18, N 14.73; found C 56.96, H
3.12,N 14.92.

3-{[5-(4-BUT H 2K IR B4R - 1,3,4- 1 k-2 L
ey IR I [d]EME-2(3H)-Til (5g): A EE A, R 80.7%.
m.p. 188~190 °C; 'H NMR (500 MHz, CDCl3) : 1.29 (s,
9H, C(CHs);), 4.43 (s, 2H, CH,), 5.35 (s, 2H, CH,), 7.20~
7.25 (m, 2H, PhH), 7.28~7.32 (m, 4H, PhH), 7.33~7.35
(m, 1H, PhH), 7.45 (dd, J=8.0, 1.7 Hz, 1H, PhH); IR
(KBr) v: 2961, 1703, 1589, 1474, 1169, 747 cm " '; EI-MS
(70 eV) m/z (%): 412 (M~+1, 27), 411 (M, 95). Anal.
calcd for C,;H,N;O,S,: C 61.29, H 5.14, N 10.21; found
C61.38,H5.02, N 10.39.
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3-[(5-2 F B ik -1,3,4- T — M- iy FE L -5 50K 3
[d]ME M 2(3H)- T (Sh): 1 8 [ 4R, R 84.1%. mup.
106~107 °C; 'H NMR (500 MHz, CDCl;) d: 4.45 (s, 2H,
CH,), 5.30 (s, 2H, CH,), 7.20 (dd, J=8.0, 1.8 Hz, 1H,
PhH), 7.24 (d, J=2.0 Hz, 1H, PhH), 7.27~7.34 (m, 3H,
PhH), 7.37~7.40 (m, 3H, PhH); IR (KBr) v: 2922, 1701,
1589, 1471, 1165, 702 cm™'; EI-MS (70 eV) m/z (%): 392
(M" 42, 9), 391 (M"+1, 44),390 (M", 35). Anal. calcd
for C,7H;,CIN;0,S,: C 52.37, H 3.10, N 10.78; found C
52.23, H3.15,N 10.74.

5-5-3-{[5-(2- 9 2K H 2R ) B AR-1,3,4- W8 — w2 BE
BRI [d) M- 2(3H)-F (1) A AR, R 80.3%.
m.p. 139~140 °C; 'H NMR (500 MHz, CDCl;) d: 4.47 (s,
2H, CH,), 5.30 (s, 2H, CH,), 7.02~7.09 (m, 2H, PhH),
7.19 (dd, J=8.5, 2.0 Hz, 1H, PhH), 7.24 (d, J=1.7 Hz,
1H, PhH), 7.28~7.30 (m, H, PhH), 7.37 (d, J=8.5 Hz,
1H, PhH), 7.44 (td, J=7.9, 1.8 Hz, 1H, PhH); IR (KBr) v:
2922, 1695, 1592, 1472, 1155, 771 ecm™'; EI-MS (70 eV)
mlz (%): 410 (M +2, 13), 409 (M'+1, 45), 408 (M",
33). Anal. caled for Ci;H;;CIFN;0,S,: C 50.06, H 2.72, N
10.30; found C 50.26, H2.61, N 10.45.

3-{[5-(4-TR 2K F JE) AR AR - 1,3,4- 1 e JL A AL -5
AT [d)WEWE2(3H)-TR (55): At A, IR 78.5%,
m.p.120~121 “C. 'H NMR (500 MHz, CDCl;) J: 4.38 (s,
2H, CH,), 5.30 (s, 2H, CH,), 7.20~7.24 (m, 2H, PhH),
7.27 (s, 1H, PhH), 7.29 (s, 1H, PhH), 7.37 (d, J=8.0 Hz,
1H, PhH), 7.41~7.45 (m, 2H, PhH); IR (KBr) v: 2921,
1687, 1590, 1472, 1157, 800 cm™'; EI-MS (70 eV) m/z
(%): 470 (M2, 21), 469 (M+1, 53), 468 (M, 15). Anal.
caled for C7H;BrCIN;0,S,: C 43.56, H 2.37, N 8.96;
found C 43.42, H 2.39, N 9.05.

5-F-3-{[5-(2- R FH ) B 4R-1,3,4- 8 — w2 JL
Fe VR[] EME-2(3H)-Fi (5k): A A, IR 78.4%.
m.p. 116~117 “C; "H NMR (500 MHz, CDCl;) 6: 4.55 (s,
2H, CH,), 5.30 (s, 2H, CH,), 7.19~7.22 (m, 2H, PhH),
723 (td, J=7.5, 2.0 Hz, 2H, PhH), 7.36 (dt, J=8.0, 1.9
Hz, 2H, PhH), 7.53 (dd, J=7.5, 1.8 Hz, 2H, PhH); IR
(KBr) v: 2923, 1698, 1590, 1471, 1164, 762 cm™'; EI-MS
(70 eV) m/z (%): 426 (M +2, 61), 425 (M"+1, 63), 424
(M, 100). Anal. calcd for C;H;;C;,N;0,S,: C 48.12, H
2.61,N 9.90; found C 48.24, H2.61, N 9.97.

5-F-3-{[5-(2,4- — SR ) AR -1,3,4- B8 —mk-2-
FE L Y 2RI [d] ME M 23 H)- TR (S): [ B E AR, i
80.2%. m.p. 159~160 C; "H NMR (500 MHz, CDCl;) o:
4.49 (s, 2H, CH,), 5.30 (s, 2H, CH,), 7.17~7.22 (m, 2H,
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PhH), 7.23 (d, J=1.8 Hz, 1H, PhH), 7.37 (dd, J=7.5, 2.0
Hz, 2H, PhH), 7.50 (d, J=8.0 Hz, 1H, PhH); IR (KBr) v:
2941, 1701, 1588, 1470, 1169, 847 cm™'; EI-MS (70 eV)
m/z (%): 460 M " +1, 77), 459 (M", 100). Anal. caled for
C17H,0C1sN;0,S,: C 44.51, H 2.20, N 9.16; found C 44.40,
H2.36,N 9.31.

4-{[(5-((5- 5 -2- B 5= 2K JF [d] W& ME -3(2H)- ) /Y
$£)-1,3,4- W8 — -2 ) i AR FF AR 2K R i (Sm): 66 [
A, Y 81.2%. mup. 137~138 “C; 'H NMR (500 MHz,
CDCly) 8: 4.45 (s, 2H, CH,), 5.29 (s, 2H, CH,), 7.20~7.23
(m, 2H, PhH), 7.38 (d, J=8.5 Hz, 1H, PhH), 7.53 (d, J=
8.0 Hz, 2H, PhH), 7.59 (d, J=8.0 Hz, 2H, PhH); IR (KBr)
v: 2923, 1675, 1594, 1474, 1033, 805 cm '; EI-MS (70
eV) m/z (%): 417 (M"+2, 38), 416 (M +1, 26),415 (M ",
100). Anal. caled for C;gH,,CIN4O,S,: C 52.11, H 2.67, N
13.50; found C 51.98, H 2.85, N 13.63.

3-{[5-(4- BT FH 2K H IR B4 -1,3,4-08 — e -2-JE 1 HH
B -5- G I [d] VE W23 H)- T (Sm): A [E AR, e
74.2%. m.p. 122~123 °C; 'H NMR (500 MHz, CDCl;) 6:
1.30 (s, 9H, C(CHs);), 4.45 (s, 2H, CH,), 5.31 (s, 2H,
CH,), 7.19 (dd, J=8.0, 1.9 Hz, 1H, PhH), 7.26 (d, J=2.0
Hz, 1H, PhH), 7.30~7.35 (m, 4H, PhH) 7.37 (d, J=8.0
Hz, 1H, PhH); IR (KBr) v: 2961, 1701, 1590, 1471, 1169
cm '; EI-MS (70 eV) m/z (%): 447 (M 42, 40), 446 (M"
+1, 33),445 (M ", 88). Anal. calcd for C,;H,iCIN;0,S,: C
56.55, H 4.52, N 9.42; found C 56.35, H4.51, N 9.48.

3-[(5-4 FURR JE-1,3,4- M0 — -2 - 5 ) FH 5 ) 2 - [ T
Me-2(3H)- il (S0): 44, Y% 84.7%. m.p. 111~
112 °C; "H NMR (500 MHz, CDCl3) 6: 4.44 (s, 2H, CH,),
5.22 (s, 2H, CH,), 7.08~7.10 (m, 1H, PhH), 7.15~7.22
(m, 2H, PhH), 7.24~7.27 (m, 1H, PhH), 7.28~7.32 (m,
3H, PhH), 7.37 (dd, J=8.0, 1.7 Hz, 2H, PhH); IR (KBr) v:
2927, 1782, 1617, 1487, 1155, 749 cm™'; EI-MS (70 eV)
miz (%): 341 (M"+2, 8), 340 (M"+1, 25), 339 (M", 99).
Anal. caled for C;;H;3N;05S: C 60.17, H 3.86, N 12.38;
found C 60.28, H 3.74, N 12.35.

3-{[5-(2- B H L) AR - 1,3,4- M0 — M- A 3 8
I [d]EME-2(3H)- i (Sp): #5 ([E 44, URFE 82.3%. m.p.
113~114 “C; "H NMR (500 MHz, CDCl3) 6: 4.46 (s, 2H,
CH,), 5.22 (s, 2H, CH,), 7.01~7.10 (m, 3H, PhH), 7.15~
7.22 (m, 2H, PhH), 7.23~7.27 (m, 2H, PhH), 7.43 (td, J=
7.7, 2.0 Hz, 1H, PhH); IR (KBr) v: 2961, 1787, 1588,
1474, 1170, 749 cm™"; EI-MS (70 V) m/z (%): 358 (M "+
1, 25), 357 (M", 34). Anal. caled for C;;H,FN;05S: C
57.14, H 3.38, N 11.76; found C 57.10, H 3.45, N 11.87.
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3-{[5-(4-TR 7K B L) B4 R-1,3,4- M8 e B H 3L o5
FH[dEME-2(3H)-Fifl (5q): & A, IRE 79.8%. m.p.
125~127 “C;'H NMR (500 MHz, CDCly) 6: 4.38 (s, 2H,
CH,), 5.22 (s, 2H, CH,), 7.06~7.09 (m, 1H, PhH), 7.16~
7.22 (m, 2H, PhH), 7.25~7.27 (m, 2H, PhH), 7.28 (s, 1H,
PhH), 7.40~7.45 (m, 2H, PhH); IR (KBr) v: 2943, 1773,
1617, 1486, 1156, 750 cm™'; EI-MS (70 eV) m/z (%): 420
(M" 42, 16), 419 M*+1, 62), 418 (M, 16). Anal. calcd
for C,;H;,BrN;0;S: C 48.82, H 2.89, N 10.05; found C
48.75,H2.98, N 10.13.

3-{[5-(2- 500K B L) B4 R-1,3,4- M8 e B H 3 o
FH[dWEM-2(3H)-F (Sr): A EE A, R 81.5%. m.p.
30~131 C; 'H NMR (500 MHz, CDCl;) &: 4.54 (s, 2H,
CH,), 5.22 (s, 2H, CH,), 7.08~7.10 (m, 1H, PhH), 7.15~
721 (m, 3H, PhH), 7.22 (td, J=7.5, 2.0 Hz, 2H, PhH),
7.36 (dd, J=8.0, 1.7 Hz, 1H, PhH), 7.52 (dd, J=7.5, 1.8
Hz, 1H, PhH); IR (KBr) v: 2965, 1766, 1591, 1488, 1161,
756 cm”'; EI-MS (70 eV) m/z (%): 376 (M" 42, 36), 374
(M*, 100). Anal. caled for Ci;H;,CIN;O;S: C 54.62, H
3.24,N 11.24; found C 54.47, H 3.28, N 11.37.

3-{[5-(2,4- SR H ) BRAR-1,3,4- T8 2 H
By IR I [ ERE 23 H)-FF (5s): A, R 82.2%.
m.p. 106~107 °C; 'H NMR (500 MHz, CDCl;) d: 4.49 (s,
2H, CH,), 5.22 (s, 2H, CH,), 7.06~7.10 (m, 1H, PhH),
7.14~7.19 (m, 2H, PhH), 7.20 (dd, J=8.0, 2.0 Hz, 1H,
PhH), 7.23~7.27 (m, 1H, PhH), 7.39 (d, J=2.0 Hz, 1H,
PhH), 7.51 (d, J=8.0 Hz, 1H, PhH); IR (KBr) v: 2981,
1775, 1588, 1484, 1172, 755 cm™'; EI-MS (70 eV) m/z
(%): 410 (M +2, 72), 409 (M"+1,77), 408 (M", 100).
Anal. calcd for C7H;;C,N5;05S: C 50.01, H 2.72, N 10.29;
found C 50.18, H 2.89, N 10.23.

A-{[(5-(2- I FK F[d]WEME-3(2 H)- 3 ) F 31,3 ,4- I
M- BB AR H S R HG (S0): B el A, R
83.4%. m.p. 169~170 C; "H NMR (500 MHz, CDCl;) o:
4.43 (s, 2H, CH,), 5.21 (s, 2H, CH,), 7.04~7.08 (m, 1H,
PhH), 7.15~7.21 (m, 2H, PhH), 7.22~7.26 (m, 1H, PhH),
7.50~7.54 (m, 2H, PhH), 7.57 (d, J=8.5 Hz, 2H, PhH);
IR (KBr) v: 2963, 1774, 1589, 1484, 1173, 747 cm ';
EI-MS (70 eV) m/z (%): 366 (M 42, 8), 365 (M +1,
25), 364 (M", 100). Anal. calcd for C,sH;,N,0,S: C 59.33,
H 3.32, N 15.38; found C 59.17, H 3.33, N 15.25.

3-{[5-(4-BU T 2 AR AR AR-1,3,4- 8 -2 - L A B )
A IF[d]REM-2(3H)-F(Su): FI A, YR 80.2%. m.p.
128~129 °C;'H NMR (500 MHz, CDCl3) 6: 1.30 (s, 9H,
C(CHs,);), 4.42 (s, 2H, CH,), 5.23 (s, 2H, CH,), 7.12 (s,
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1H, PhH), 7.18 (d, J=2.1 Hz, 2H, PhH), 7.26 (d, J=2.0
Hz, 1H, PhH), 7.32 (d, J=2.2 Hz, 3H, PhH), 7.34 (dd, J=
7.5, 2.1 Hz, 1H, PhH); IR (KBr) v: 2961, 1784, 1612,
1473, 1165, 755 cm '; EI-MS (70 eV) m/z (%): 397 (M "+
2, 7), 396 (M"+1, 20), 395 (M", 68). Anal. calcd for
C,HyN;05S: C 63.78, H 5.35, N 10.63; found C 67.85, H
5.23,N 10.78.

HBh# &L (Supporting Information) {454 Sa~5u i
'H NMR, IR 1 EI-MS B, X2k a] LG 9 AT
WX 3k (http://sioc-journal.cn/) I T %%,
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