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Design, Synthesis and Bioactivities of Novel Strobilurin Derivatives
Containing 1,3,4-Oxadiazole Moity
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Abstract A series of novel strobilurin derivatives containing 1,3,4-oxdiazole moity were designed and synthesized based on

the bioisosterism and coordination of active substructure theories. The structures of new compounds were characterized by 'H
NMR, "*C NMR and HRMS spectra. The bioassay indicated that the fungicidal activities of some compounds against Sclero-
tinia sclerotiorum reached the activity of azoxystrobin as the control and some compounds against Rhizotonia cerealis in vitro

were more effective than the same control. Their structure-activity relationship was discussed. Methyl (E)-2-(2-((4-(1,3,4-
oxadiazol-2-yl)phenoxy)methyl)phenyl)-3-methoxyacrylate (Ila) and methyl (E)-2-(2-((4-(5-ethyl-1,3,4-oxadiazol-2-yl)phe-
noxy)methyl)phenyl)-3-methoxyacrylate (IIc) could be considered as leading compounds for further investigation.

Keywords 1,3,4-oxdiazole; strobilurin; in vitro; fungicidal activity
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(Alternaria solani) F1 3% JIK 46 B 995 & (Corynespora cassi-
icola) WIiE P — .
F1 HLEYTE 50 mg/L 75T I B AR B (%)

Table 1 Fungicidal activities (%) in vitro of target compounds
at a concentration of 50 mg/L

Compd. SS PP CH RC AS CcC

Ia 86.8 633 609 803 714 429
Ib 934 633 696 915 679 429
Ic 500 515 420 688 643 429
Id 81,5 506 512 942 607 571
Ie 827 602 465 953 643 429
If 864 554 465  93.0 643 500
Ig 83.8 566 535 784  60.7 357
Ih 90.2  41.0 419 605 643 500
Ii 80.0 51.8 488 802 643 500
Ij 802 446 419 733 714 500
Ila 100.0 590 465 988 679 500
IIb 988 434 395 977 714 429
Ilc 100.0 602 488 872 679  57.1
Id 556 687 628 756 750 500
Illa 515 49.1 420 647 643 500
b 632 500 543 662 464 571
AR 96.3 62.7 51.2 70.9 64.3 57.1

“SS: Sclerotinia sclerotiorum; PP: Physalospora piricola; CH: Cercospora

arachidicola Hori; RC: Rhizotonia cerealis; AS: Alternaria solani; CC:
Corynespora cassiicola.

H bl A W0 T 38 =% T A% 5 B (Sclerotinia scleroti-
orum) F1 /N3 SURGJ5 B (Rhizotonia cerealis) 3 ¥ H ¢ 155
TG . Tb (91.5%), Id (94.2%), Te (95.3%), If (93.0%),
11a(98.8%), 1Ib (97.7%), Ilc (87.2%)%f T-/N Sukkiio i
FE) ¥ 1 R o X PR 24 T TG (70.9%). Ta (86.8%), Ib
(93.4%), Th (90.2%), TIa (100%), TIb (98.8%), Tic (100%)
o T Y1 R AT BT R 11 5 X R 24 8 TR R (96.3 %) AH 4.
MR Ry | HERE 55 05 7 B ATA R TR A& Pt T
S PR ARZ 0 R /N 22 SORG R IS %, FH 15 B0 T 7 B A S 2
i ] 5 W IR T 2 7 B FRAAL G AR 2 R R AR
T A [ B 5 8 e, R 4R R A R I 5 MR A T
FITEEFA DTG, [FIE, SRR B 51 NBRK T
BARBIZ 20, HENE T AKX 8 T 125 4, F%
R TS ER LT R%E, SEUEE R TR
PEMEE S o7 EMERIR T, W20 T8 R 7. #
N2 T AR B K PR S 1 52 P 0 5 4 B 1) S M 2 /)
[F) IS At JE 1 P LA v 07 B AR LT R

=PI a F e X5 5341 8 Fl B0 1 2 A 20
(Fusarium oxysporum) ~ & K /N Bt i & (Bipolaris
maydis)~ V4R IE I B (Colletotrichum orbiculare) 7K
T8 % i 9 B (Gibberella fujikuroi) « /N 2 7% % i
(Fusarium graminearum)~ =585 Z W 5895 18 (Phytophthora
infestans)~ & Hi K EE 90 B (Botrytis cinerea). 7KFESUI
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B (Thanatephorus cucumers)AJiG (R 2), SR K Ia
A e XT3 A 200 18 . FOR/ANBER R . P8R I
P KREEER R . NN DR M A
AR EIE « IKFESNR A — e s, 2R E4
Xo 22 P B O3 PE 2 FE, THa A IHe o] LAE RS S &9
HATHE— P

F£2 HIFLEY a Al e 75 50 mg/L 7 & N 1SR R BE
PE(%)”

Table 2 Fungicidal activities (%) in vitro of compounds IIa and
IIc at a concentration of 50 mg/L

Compd. FO BM CO GF FG PI BC TC

IIa 370 31.1 333 533 53.6 30.0 41.7 309
IIe  40.7 492 542 56.7 44.6 500 333 321
BETEEE 537 557 646 700 69.6 57.5 333 46.9

“FO: Fusarium oxysporum; BM: Bipolaris maydis; CO: Colletotrichum orbic-
ulare; GF: Gibberella fujikuroi; FG: Fusarium graminearum; P1: Phytophthora
infestans; BC: Botrytis cinerea; TC: Thanatephorus cucumers.

M1 Te (ECso=9.196 mg/L)F1 If (ECso=10.52
mg/L) 136 PE 5 25 M RFAE, 45 SRR IH B 2 v 1 S ] 11
Wy A T3 i A B Pt TN SURTR TR R PR (R 3).
Ia, Ib, Th 5 Ila, IIb, Ic A LLR WY, B R -T1E iR 4]
SR T4 A S Pt TR AR T E YRR 4).
38T a, Ib, e = MEAWVIIETES S5 1 FFIER I,
O 1T B e R (I IR 5 R IR B A N S5 R B
AT 52 i A B R T T SR B A B T 1

3 1b,1d, Ie, If, I1a, IIb, Ilc X} T Rhizotonia cerealis 1] ECs,

1B
Table 3 Further screen and ECs, values of Ib, Id, Ie, If, Ila,
IIb, Ilc against Rhizotonia cerealis

© 2017 Chinese Chemical Society & SIOC, CAS

Compd. R ECso/(mgeL™") EVEpEE
Ib 0.9958 10.05 y=1.6179x+3.3786
Id 0.9986 14.01 y=1.6897x+3.0633
Ie 0.9886 9.196 y=1.5704x+73.4867
If 0.9912 10.52 y=1.8185x+3.1416
Ila 0.9971 15.93 y=2.2559x+2.2878
IIb 0.9991 9.353 y=1.7414x+3.3091
Ilc 0.9957 13.45 y=1.8883x+2.8682

1% A 1 0.9987 22.86 y=1.6527x+2.7539

2 #i

BT YR T EANE L S PHE R, wota
T 16 ANEERPEA. SR R AE R [ SR I R TR
FEORWT, FER AT TR RN, s R
B A LT R A R WY IR S5 R M TR THE A
IR T/ 22 SOR IR BT A s R BT IR I DA
AT TRl BT (I M ORI LR ATE (A5, AT
A i e S s T S A% 99 1R 9 8. Ta AT THe o
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% 4 1Ia, Ib, Th, Ila, IIb, Ilc 5T Sclerotinia sclerotiorum ]

EC50 'fﬁ
Table 4 Further screen and ECs, values of Ia, Ib, Ih, I1a, IIb
and Ilc against Sclerotinia sclerotiorum

Compd. R ECso/(mgeL ™" [B])3 77 72
Ia 0.9969 5.4701 y=1.1096x+4.1811
Ib 0.9787 47308 y=1.3365x+4.0979
Th 0.9967 5.2105 y=1.5381x+3.8974
Ila 0.9706 7.6694 y=2.4198x+2.8590
IIb 0.9714 7.3555 y=2.3097x+2.9984
Ilc 0.9816 6.1591 y=2.2695x+3.2082

1% A T 0.9844 4.6775 y=1.5871x+3.9366

T2 B BUETE, WS E YT
—BHH.

3 IEES
31 X5

X-4 B TR WA p e A AR 2R e A AR A PR
N, REARMIE; Bruker Avance-400 MHz #%Hi3L1R
{%; FTICR-MS (Varian 7.0T)%Y =4 $E R iA. Ar At
I N TTE a2 48 CDCI; 5t DMSO-dg 4 H 7
R, TMS AW, EER(200~300 H)NE Sl T
J7RE L R 2 R R R SRR A R A .
3.2 ZWHE
3.2.1  PlaARAL A A 2 89 A Ak

DAHUARIR IR R . B ey FH R . mEne F IR Bk 1R
LB RERL, F& BOCHR[24120 A Ak &4 2 HAE .

5-(WRMR-2-35)-1,3,4- W8 — AR i (2a): A L EA, U
K 84%. m.p. 170 CCCHEME™ 166~167 C); 'H NMR
(400 MHz, DMSO-dq) J: 14.81 (bs, 1H), 8.07 (s, 1H), 7.36
(d, J=3.6 Hz, 1H), 6.92~6.67 (m, 1H). HRMS calcd for
CeHsN,0,S ([IM+H]") 169.0066, found 169.0067.

5-(5- LR I -2- 3 )-1,3,4- I8 — M i (2b): 1 2 [
%, W& 86%. m.p. 178~181 C; 'H NMR (400 MHz,
DMSO-dg) 8: 15.22 (bs, 1H), 7.55 (d, J=3.6 Hz, 1H), 7.11
(d, J=3.6 Hz, 1H). HRMS calcd for C¢H4,BrN,O,S ([M+
H]") 246.9171, found 246.9172.

5-F 6 -1,3,4- 8 AR R (2¢): vR TR LA, i
82%. m.p. 76 ‘CCLHERE® 74~75 C); 'H NMR (400
MHz, DMSO-d) d: 14.82 (bs, 1H), 2.42 (s, 3H). HRMS
caled for C;HsN,OS ([M+H]") 117.0117, found 117.0118.

S-(MEWY-2-3E)-1,3,4-BE IR EE(2d): A A EA, 1
% 90%. m.p. 172 “C; '"H NMR (400 MHz, DMSO-d) o:
14.77 (bs, 1H), 7.97 (dd, J=5.0, 1.1 Hz, 1H), 7.80 (dd, J=
3.7, 1.2 Hz, 1H), 7.29 (dd, J=4.9, 3.8 Hz, 1H). HRMS
caled for C¢HsN,OS, (M + H] ") 184.9838, found
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184.9840.

5-(5- FH L MEWY -2-FE)-1,3,4-8 — LR i (2e): 75 (0 [
A&, I 83%. m.p. 200~202 ‘C; 'H NMR (400 MHz,
DMSO-dq) d: 14.72 (bs, 1H), 7.60 (d, J=3.7 Hz, 1H), 6.99
(d, J=3.7 Hz, 1H), 2.53 (s, 3H). HRMS calcd for
C,H;N,08, (IM+H]") 198.9994, found 198.9993.

5-(3- I FE ey -2-3E)-1,3,4-ME — AR (2f): 1 (B
&, WHE 79%. mp. 177 C; 'H NMR (400 MHz,
DMSO-dy) 6: 14.72 (bs, 1H), 7.84 (d, J=5.0 Hz, 1H), 7.15
(d, J=15.0 Hz, 1H), 2.48 (s, 3H). HRMS calcd for
C;H,N,0S, (IM+H] ") 198.9994, found 198.9992.

5-(3- R MEWY 2-FE)-1,3 4- W — IR 1 (2g): 0[]
&, I 83%. m.p. 189~192 ‘C; 'H NMR (400 MHz,
DMSO-d) d: 9.92 (s, 1H), 8.01 (d, J=5.2 Hz, 1H), 7.37
(d, J=5.2 Hz, 1H). HRMS calcd for C¢H4BrN,0OS, ([M—+
H]") 262.8943, found 262.8944.

5-(MERE-2-3£)-1,3,4-0E MR EE(2h): A EE A,
# 81%. m.p. 209~211 COCEMER" 223~224 °C); 'H
NMR (400 MHz, DMSO-d;) d: 15.03 (bs, 1H), 8.97~8.65
(m, 1H), 8.24~7.89 (m, 2H), 7.61~7.69 (m, 1H). HRMS
caled for CH¢N;OS (M + H] ©) 180.0226, found
180.0224.

5-(MHEIE-3-3E)-1,3,4- M8 AR R (20): B E AR, UK
# 85%. m.p. 230~232 CCLHMEPY 231 C); 'H NMR
(400 MHz, DMSO-d;) d: 14.81 (bs, 1H), 9.06 (d, J=1.7
Hz, 1H), 8.81 (dd, J=4.8, 1.5 Hz, 1H), 8.33~8.21 (m,
1H), 7.64 (dd, J=8.0, 4.9 Hz, 1H). HRMS calcd for
C7HgN;0S ([IM+H]") 180.0226, found 180.0225.

5-(MERE-4-55)-1,3,4-F8 MR R (25): #5 tlAA, 0k
# 83%. m.p. 251~253 CCLHMEP 256 C); 'H NMR
(400 MHz, DMSO-d;) : 8.81 (d, J=5.9 Hz, 2H), 7.82 (d,
J=6.0 Hz, 2H). HRMS calcd for C;HgN;0S ([M—+H]")
180.0226, found 180.0224.

322 wREMRILASA 6 894 Ak

DA R B2 R R J5URE, %I SCHR[30]5 3R & ik
E10 6 [ .

4-(1,3,4-W8 — g -2-JE) 2Ry (6a): (0 [ 44, Uit %
90%. m.p. 215~216 ‘C; "H NMR (400 MHz, DMSO-dq)
5:10.34 (s, 1H), 9.23 (s, 1H), 7.86 (d, J=8.7 Hz, 2H), 6.96
(d, J=8.7 Hz, 2H). HRMS calcd for CgH,N,0, ((M+H]")
163.0502, found 163.0503.

4-(5-F FE-1,3,4-TE 2 FE) Iy (6b): €0 [E A4,
W Z% 82%. m.p. 232~235 C(CHr{EEY 236 'C); 'H
NMR (400 MHz, DMSO-dg) 6: 10.28 (s, 1H), 7.80 (d, J=
8.6 Hz, 2H), 6.94 (d, J=8.6 Hz, 2H), 2.55 (s, 3H). HRMS

Chin. J. Org. Chem. 2017, 37, 403~410
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caled for CoHoN,0, (IM+H]") 177.0659, found 177.0658.
4-(5- £ FE-1,3,4- W8 2B KTy (6¢): iy €0 [ 44,
% 85%. m.p. 206~208 ‘CCHREP? 204~206 C);
'H NMR (400 MHz, DMSO-d;) 0: 10.28 (s, 1H), 7.81 (d,
J=8.7 Hz, 2H), 6.94 (d, J=8.7 Hz, 2H), 2.91 (q, J=17.6
Hz, 2H), 1.31 (t, J=7.6 Hz, 3H). HRMS calcd for
C1oH11N>O, ((M+H]") 191.0815, found 191.0814.
4-(5-FKJE-1,3,4-W8 k2 FE) Ay (6d): [ €0 [ 44,
W% 84%. m.p. 252~253 ‘C(CHEPY 253 C); 'H
NMR (400 MHz, DMSO-dq) d: 10.37 (s, 1H), 8.11 (dd, J=
7.3,2.3 Hz, 2H), 7.97 (d, J=8.7 Hz, 2H), 7.63 (dd, J=8.0,
2.5 Hz, 3H), 6.98 (d, J=8.7 Hz, 2H). HRMS calcd for
C:HN>O, ((M+H]") 239.0815, found 239.0813.
323 WKL S 4 894 AR
TSR] T VLA B P2 3, PeYIR &b,
BN T —4. 1F 250 mL BJEBSH TN 3 (2.06 g,
10 mmol), 100 mL VY& ALERIEH, TE MK FEBE(BPO)
(0.1 g, 1 mmol). ZAJ54r#HEINN R T L % (NBS)
(0.542 g, 9.5 mmol). FFEIIFAENG 4 h. HhiE, HezRkr 2
WA, N RUK Ol R SRR A 4. B ARk,
IR 89%. m.p. 87~90 ‘CCLHR{EPY 87~90 C); 'H
NMR (400 MHz, CDCl;) 6: 7.67 (s, 1H), 7.53~7.47 (m,
1H), 7.37~7.33 (m, 2H), 7.20~7.13 (m, 1H), 4.45 (s,
2H), 3.85 (s, 3H), 3.73 (s, 3H). HRMS calcd for
C,H,4BrO; ((M+H]") 285.0121, found 285.0122.
324 #E T AT 694 A%
fE 100 mL P[RSR I A A 2 50 6 (2
mmol), K,CO; (2.5 mmol), 30 mL DMF, #i{#£ 5 min, [A]
HAhnA 4 (2.2 mmol), fFEER. BiERBIAKS, &
B2 CMEAHL(30 mLX3), & IFAHUH, MRS NE R
ek, TOKIREREN T8, BeZERR £, FEEWV (A
) @ V(R AHER) =3 111544 1 8L L
(E)-2-(2-{[5-(WkMRg-2-F5)-1,3,4-F — 14 ]-2-FE A P 3
L3-S IR TG (Ta): YR T, IR 74%.
m.p. 93~94 °C; '"H NMR (400 MHz, DMSO-d;) J: 8.07
(s, 1H), 7.73 (s, 1H), 7.60 (dd, J=5.3, 3.5 Hz, 1H), 7.39~
7.31 (m, 3H), 7.16 (dd, J=5.3, 3.5 Hz, 1H), 6.81 (dd, J=
3.1, 1.4 Hz, 1H), 4.48 (s, 2H), 3.87 (s, 3H), 3.65 (s, 3H).
BC NMR (101 MHz, DMSO-ds) 0: 166.93, 163.04,
161.16, 158.05, 146.94, 138.27, 134.91, 133.19, 131.56,
129.86, 127.88, 114.55, 112.60, 108.60, 61.87, 51.29,
34.75. HRMS (ESI) caled for CisH;sN,OsS ([M+H]")
373.0853, found 373.0856.
(E)-2-(2-{[5-(5- 1R PR I -2- 3 )-1,3,4- 8 — e -2-JE i
FH ) 2R 0 )-3- FE AU L U R FH R (Tb): 3 B[, ek
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79%. m.p. 86~89 C; 'H NMR (400 MHz, CDClL3) §:
7.57 (d, J=2.8 Hz, 1H), 7.54~7.46 (m, 1H), 7.30~7.21
(m, 2H), 7.12 (m, 1H), 7.00 (t, J=8.3 Hz, 1H), 6.45 (d, J
=3.6 Hz, 1H), 4.43 (s, 2H), 3.74 (s, 3H), 3.64 (s, 3H); °C
NMR (101 MHz, CDCly) §: 167.52, 164.27, 160.65,
157.40, 140.73, 134.47, 133.00, 131.58, 130.02, 128.27,
128.12, 126.47, 115.98, 114.20, 109.63, 62.02, 51.62,
35.24. HRMS (ESI) caled for CisH¢BrN,0sS ([M+H]")
450.9958, found 450.9961.

(E)-2-{2-[(5- F % -1,3,4- W88 — e )-2- 5 i P 36 9%
For3-H AL IR R (e): AGEEK, WE 82%.
m.p. 94 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.58 (s, 1H),
7.54~7.46 (m, 1H), 7.31~7.23 (m, 2H), 7.17~7.09 (m,
1H), 4.40 (s, 2H), 3.79 (s, 3H), 3.67 (s, 3H), 2.44 (s, 3H);
C NMR (101 MHz, CDCl;) d: 167.58, 164.60, 164.30,
160.54, 134.67, 132.88, 131.46, 129.95, 128.22, 127.97,
109.68, 61.97, 51.58, 34.87, 10.88. HRMS (ESI) calcd for
CysH7N,04S (IM+H]") 321.0904, found 321.0907.

(E)-2-(2-{[5-(WEW;-2-3)-1,3, 4-MG — 8 ]-2-FE B F 3L )
HHE)-3-HEAFE AR F 5 (1d): 3% (i Ak, % 86%.
m.p. 113~116 ‘C; 'H NMR (400 MHz, CDCl;) : 7.61
(dd, J=13.5, 7.4 Hz, 2H), 7.54 (dd, J=13.9, 11.1 Hz, 1H),
7.45 (t, J=10.5 Hz, 1H), 7.28 (dd, J=18.1, 14.7 Hz, 2H),
7.22~7.12 (m, 1H), 7.11~7.00 (m, 1H), 4.46 (s, 2H),
3.77 (s, 3H), 3.68 (s, 3H); °*C NMR (101 MHz, CDCL) ¢:
167.68, 163.93, 161.88, 160.68, 134.70, 132.96, 131.59,
130.16, 130.13, 129.61, 128.36, 128.20, 128.17, 124.76,
109.73, 62.10, 51.74, 35.20. HRMS calcd for C;sH;7N,-
0,S; ((M+H]") 389.0624, found 389.0626.

(E)-2-(2-{[5-(5- F 2 WE Wy -2- 55 )-1,3,4- I8 — g ]-2- 3
T FH ik ) DR )-3- R A0k TR A IR P R (Te): 8 B[4, Wi
# 72%. m.p. 125~127 “C; '"H NMR (400 MHz, CDCl;)
5: 7.59~7.46 (m, 1H), 7.49~7.39 (m, 1H), 7.39~7.27
(m, 1H), 7.25~7.12 (m, 2H), 7.13~6.93 (m, 1H), 6.76~
6.52 (m, 1H), 4.33 (s, 2H), 3.76 (m, 3H), 3.67 (m, 3H),
2.40 (s, 3H); “C NMR (101 MHz, CDCls) d: 167.70,
163.51, 161.86, 160.64, 145.51, 134.73, 132.91, 131.54,
130.12, 129.84, 128.35, 128.12, 126.60, 122.28, 109.76,
62.09, 51.73, 35.18, 15.50. HRMS (ESI) calcd for
C1oH1oN,04S, (IM+H]") 403.0781, found 403.0782.

(E)-2-(2-{[5-(3- F HEME W} -2-5)-1,3,4- B — I ]-2- 3
T PP ) DR )-3- PR PR O R PP IR (IF): 3 00 [T 4, Uit
# 78%. m.p. 107~110 “C; 'H NMR (400 MHz, CDCl;)
8:7.60 (s, 1H), 7.57 (dd, J=10.5, 5.6 Hz, 1H), 7.31 (d, J=
4.8 Hz, 1H), 7.31~7.23 (m, 2H), 7.14 (m, 1H), 6.89 (d,
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R

J=4.9 Hz, 1H), 4.45 (s, 2H), 3.76 (s, 3H), 3.67 (s, 3H),
2.53 (s, 3H); “C NMR (101 MHz, CDCls) J: 167.66,
163.25, 162.37, 160.64, 141.84, 134.80, 132.93, 131.71,
131.57, 130.12, 128.57, 128.34, 128.11, 118.97, 109.76,
62.08, 51.72, 35.18, 15.90. HRMS (ESI) caled for
C1oH1oN,04S, (IM+H]") 403.0781, found 403.0784.
(E)-2-(2-{[5-(3- R MEW)y -2-5)-1,3,4- I8 — 4 ]-2-FL A
PR ) DR L )-3- F A B TR A IR R R (1g): B ([l A, e
76%. m.p. 93~95 C; 'H NMR (400 MHz, CDCl;) ¢:
7.62 (s, 1H), 7.61~7.53 (m, 1H), 7.42 (d, J=5.1 Hz, 1H),
7.35~7.25 (m, 2H), 7.22~7.12 (m, 1H), 7.08 (d, J=5.1
Hz, 1H), 4.48 (s, 2H), 3.76 (s, 3H), 3.68 (s, 3H); *C NMR
(101 MHz, CDCly) d: 167.67, 164.47, 160.66, 160.52,
134.62, 132.94, 132.68, 131.60, 130.13, 129.98, 128.39,
128.19, 120.81, 113.43, 109.77, 62.14, 51.78, 35.22.
HRMS (ESI) caled for CigH;¢BrN,0,S, ([M+H]+)
466.9729, found 466.9728.
(E)-2-(2-{[5-(MkmE-2-35)- 1,3, 4- M — 14 ]-2- L AR LY
RIE)-3- AL T TR R (Th): 28 (bR, e 71%.
'H NMR (400 MHz, CDCLy) &: 8.71 (d, J=4.4 Hz, 1H),
8.14 (d, J=7.9 Hz, 1H), 7.78 (ddd, J=26.8, 16.6, 10.3 Hz,
1H), 7.72~7.54 (m, 2H), 7.38 (dd, J=7.0, 5.1 Hz, 1H),
7.36~7.23 (m, 2H), 7.25~7.06 (m, 1H), 4.49 (s, 2H),
3.75 (s, 3H), 3.68 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
167.53, 166.04, 164.71, 160.60, 150.14, 143.08, 137.25,
134.46, 133.01, 131.51, 130.14, 128.26, 128.11, 125.75,
122.68, 109.64, 62.00, 51.63, 34.99. HRMS (ESI) calcd for
C1oH sN304S (IM+H]") 384.1013, found 384.1015.
(E)-2-(2-{[5-(ME g -3-35)-1,3,4-F — 14 ]-2-FE A P 3
IRHE)-3- A R M IR R () 3 (uieIR, W0 73%.
m.p. 107~110 C; "H NMR (400 MHz, CDCl;) d: 9.17 (s,
1H), 8.70 (d, J=3.8 Hz, 1H), 8.31 — 8.09 (m, 1H), 7.64 (s,
1H), 7.57 (dd, J=6.5, 2.4 Hz, 1H), 7.37 (dt, J=14.9, 7.5
Hz, 1H), 7.29 (m, 2H), 7.18 (dd, J=6.6, 2.3 Hz, 1H), 4.50
(s, 2H), 3.80 (s, 3H), 3.68 (s, 3H); °C NMR (101 MHz,
CDCly) d: 167.47, 165.26, 163.46, 160.61, 152.20, 147.39,
134.55, 133.65, 132.93, 131.54, 129.94, 128.21, 128.05,
123.77, 120.03, 109.58, 61.99, 51.59, 35.07. HRMS (ESI)
caled for CoH;sN;O,S (M + H] ") 384.1013, found
384.1014.
(E)-2-(2-{[5-(ME g -4-5)-1,3,4- — 14 ]-2-FE A7 P 3
HREL)-3- WA FE AR TR (). B A, i 83%.
m.p. 102~104 “C; 'H NMR (400 MHz, CDCl;) J: 8.62
(d, J=5.5 Hz, 2H), 7.67 (d, J=5.8 Hz, 2H), 7.49 (s, 1H),
7.47~7.36 (m, 1H), 7.25~7.10 (m, 2H), 7.11~6.95 (m,
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1H), 4.37 (s, 2H), 3.69 (s, 3H), 3.56 (s, 3H); *C NMR
(101 MHz, CDCl;) d: 167.50, 166.05, 163.69, 160.61,
150.70, 134.36, 132.89, 131.52, 130.53, 129.94, 128.22,
128.09, 119.88, 109.54, 62.00, 51.59, 35.01. HRMS (ESI)
caled for CoH;sN;O,S (M + H] ") 384.1013, found
384.1016.
(E)-2-{2-[4-(W& W25 ) R FL it HH BE 2R A 1 -3- FHAR
FEN G TR R (a): 25 (o 4k, WK 87%. mp. 125~
127 “C; '"H NMR (400 MHz, CDCl3) 6: 8.41 (s, 1H), 7.98
—7.90 (m, 2H), 7.62 (s, 1H), 7.51 (s, 1H), 7.29 (d, J=24.9
Hz, 2H), 7.17 (d, J=27.1 Hz, 1H), 7.00 (d, J=7.9 Hz,
2H), 5.05 (s, 2H), 3.77 (d, J=19.4 Hz, 3H), 3.70 (s, 3H);
C NMR (101 MHz, CDCl;) d: 167.70, 164.51, 161.63,
160.35, 152.47, 135.28, 131.39, 131.21, 128.74, 128.11,
127.79, 127.36, 115.95, 11538, 109.73, 68.17, 62.08,
51.69. HRMS (ESI) caled for CyHoN,Os ([M+H]")
367.1288, found 367.1285.
(E)-2-{2-[4-(5- H FE 0 — w0 ) % L i HH 2 ) %
FE ) -3- AR L TR 44 R R (TIb): 3% [E A, R 85%.
m.p. 116~119 C; 'H NMR (400 MHz, CDCl;) J: 7.93 —
7.74 (m, 2H), 7.54 (s, 1H), 7.51~7.39 (m, 1H), 7.34 —
7.20 (m, 2H), 7.21~7.09 (m, 1H), 6.94 (t, J=13.8 Hz,
2H), 4.99 (s, 2H), 3.70 (s, 3H), 3.66 (s, 3H), 2.45 (s, 3H);
BC NMR (101 MHz, CDCls) d: 167.63, 164.65, 163.12,
161.32, 160.31, 135.37, 131.39, 131.19, 128.31, 128.04,
127.69, 127.29, 116.43, 11529, 109.73, 68.12, 62.01,
51.60, 10.89. HRMS(ESI) caled for CyH,N,Os ([M+H]
") 381.1445, found 381.1444.
(E)-2-{2-[4-(5- £, L W8 — w2 b ) 25 5 i B 3 o8
) -3- FR AR 22 TR 045 R R IR (TMe): o € [ 4, AR 83%.
m.p. 124~125 ‘C; '"H NMR (400 MHz, CDCLy) &: 7.79
(d, J=11.1 Hz, 2H), 7.47 (s, 1H), 7.46~7.33 (m, 1H),
7.28~7.15 (m, 2H), 7.13~7.02 (m, 1H), 6.91 (dd, J=
28.5, 8.7 Hz, 2H), 4.93 (s, 2H), 3.68 (s, 3H), 3.59 (s, 3H),
2.78 (q, J=7.6 Hz, 2H), 1.37~1.22 (m, 3H); *C NMR
(101 MHz, CDCly) &: 167.72, 167.26, 164.59, 161.32,
160.28, 135.36, 131.31, 131.18, 128.40, 128.13, 127.76,
127.35, 116.61, 115.29, 109.82, 68.15, 62.08, 51.71, 19.13,
10.89. HRMS (ESI) caled for C»H»N,Os ((M+H])
395.1601, found 395.1605.
(E)-2-{2-[4-(5- 7% FE W — w2 5 ) 4% JL i B 3L ) 2
ey -3- A EER P B (Id): 25k, KR 88%.
m.p. 154~157 °C; '"H NMR (400 MHz, CDCL3) 6: 8.17~
8.06 (m, 2H), 8.01 (d, J=9.2 Hz, 2H), 7.60 (s, 1H), 7.47~
7.54 (m, 4H), 7.31~7.36 (m, 2H), 7.17~7.23 (m, 1H),
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7.02 (d, J=8.8 Hz, 2H), 5.05 (s, 2H), 3.82 (s, 3H), 3.69 (s,
3H); “C NMR (101 MHz, CDCl;) §: 167.83, 164.55,
164.13, 161.59, 160.29, 135.33, 131.59, 131.29, 131.21,
129.07, 128.67, 128.22, 127.84, 127.42, 126.81, 124.03,
116.40, 115.42, 109.92, 68.24, 62.14, 51.80. HRMS (ESI)
caled for CyH,sN,Os ([M + H] ") 443.1601, found
443.1605.
3.2.5 44 0 8946 5%

£ 50 mL H ORI T (1 mmol), —& F 5 20
mL, fFEEM, 0 C Rk RN M MCPBA (1.6
mmol), RFF0 CxM2h, AEFERRMNSh, 26T
(TLC) ¥ Wl e BEHEAT. RN 45, H 025 mol/L [
Na,HPO, ARV, NaSO, Tk, JeZ&pr 2757, HE
Hrore.

(E)-2-(2-{[5-("R Mg -2-FE)-1,3,4- 1 — e ]-2- 35 Y iR &
FH ) R )-3- H AR B T A R T (IMa): (1 L, i
Z 67%. m.p. 134~135 “C; '"H NMR (400 MHz, CDCl5)
5:7.69 (s, 1H), 7.63 (s, 1H), 7.47~7.24 (m, 4H), 7.20 (d,
J=7.4 Hz, 1H), 6.73~6.56 (m, 1H), 4.55~4.77 (m, 2H),
3.82 (s, 3H), 3.68 (s, 3H); *C NMR (101 MHz, CDCl5) ¢:
167.39, 165.30, 161.01, 159.54, 147.00, 138.28, 133.68,
132.03, 131.15, 129.12, 128.46, 127.67, 116.37, 112.68,
109.37, 62.25, 59.30, 51.82. HRMS (ESI) calcd for
C1sH17N>06S (IM+H]") 389.0802, found 389.0804.

(E)-2-(2-{[5-(5- 5L Pk MR -2- 22 )-1,3,4- B — M4 -2- 2L W1
TR HH ) O R )-3- Y AU P O R HR TS (TIb): 3 €2 7 IR,
% 60%. "H NMR (400 MHz, CDCls) d: 7.55 (s, 1H),
733 (d, J=7.0 Hz, 1H), 7.29~7.24 (m, 1H), 7.23~7.17
(m, 1H), 7.16~7.05 (m, 2H), 6.50 (d, J=3.4 Hz, 1H),
4.50~4.71 (m, 2H), 3.72 (s, 3H), 3.59 (s, 3H); °C NMR
(101 MHz, CDCly) 6: 167.25, 165.39, 161.03, 158.41,
139.88, 133.68, 131.99, 131.07, 129.02, 128.32, 128.06,
127.66, 118.41, 114.73, 109.16, 62.19, 59.20, 51.71.
HRMS (ESI) caled for C;sH;¢BrN,OsS (M + H] ")
466.9907, found 466.9909.
3.2.6  BARLAAaddpE F R

% BRI P R B 2 A K R 9057, e %
PDA 1ER¥EFREE, ¥ BErfb &Y R AP DMSO (1)
7RI/ % 500 pg/ml %, HX 1 mL 5 9 mL PDA &
G35, fpHEE G, THFEEPOEMER 4 mm
MEREM, BT 28 CHERFAPRIR 48 h. X+
A KR RS S KRG IR ). 48 h R, R
YEMERHEER, 52 A RET . WedK
il 26 (Yo) = (2 12 0 A 9 38 K BLAR — 245 77 Ak 3 T v Y
K EAR)/ 2 O R A TR 3K B4R X 100%.
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32,7 BARKRASEE S @3 HFALR ECso 1T H
X F DPSv 7.05 B AFiH555 1 813 )5 FEAE D7,

4 B #1 &l (Supporting Information) 1k &4 Ia~1j,
Ila~1Id, Ila~IIIb f#] "H NMR F1 *C NMR JF 1451 K.
X LA RL AT DA 4 B AR T I 355 (http://sioc-journal.cn/) |
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