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Synthesis and Bioactivities of Novel Pyrazole Oxime Derivatives
Containing 1,3,4-Oxadiazole Group

Sun, Yang* Wang, Yang* Zhang, Zichan Qian, Ye Luo, Guicheng Zhou, Beibei

Miao, Lisha Chen, Yudie Dai, Hong* Xu, Baolin ~ Wu, Zhengguang™
(College of Chemistry and Chemical Engineering, Nantong University, Nantong, Jiangsu 226019)

Abstract In order to explore new pyrazole oxime compounds possessing satisfactory bioactivities, sixteen pyrazole oxime
derivatives containing 1,3,4-oxadiazole group were prepared with fenpyroximate selected as lead structure. Their insecticidal
activities were determined. Preliminary bioassay demonstrated that all the target compounds displayed 100% insecticidal activ-
ities towards Mythimna separata at 500 pg/mL, of which 5 target compounds possessed 80%~100% insecticidal activities
against Mythimna separata at 100 pg/mL. Moreover, at concentration of 500 pg/mL, mortality rates against Aphis medicaginis
of 9 target compounds were 100%, those of 3 compounds were 70%~100% at 100 ng/mL. Additionally, 4 target compounds

exhibited more than 80% mortality rates against Tetranychus cinnabarinus at 500 pg/mL.
Keywords 1,3,4-oxadiazole; pyrazole oxime; synthesis; bioactivity

ITAESR, BRI AR H BA 2P A i 1 1
SR IZ N1, M54k A R S B AR A
R EE L2 —, TEEDRY AR 25 55
FIECHEZEMEM, WP TREI, R0 FiEY)
Joa BELIRI T 411580 M 2 B R Kraus S5 6 BT
ML B i (Fenpyroximate) 5 i FH T2 M5 B PR 22 i 55 35 iy
Brive, T Bz A PR RO KNS, Fu S50 46 &
V) A RILHEAR I Bg T, 75 200 pg/mL 3K BT X i
HIEIEE A 93%, 7E 100 pg/mL ¥R EE N KA mb g
FHLEIL 100%; He FFUSHGE 4L G4 B XiF L, /N

ik 2 il R IR B S BT VR SO, A A TE 200
pg/mL ¥R FE T 0T F BB R 100%, £ 50 pg/mL K
XS NRMRIBE RN 86.42%, FE 10 pg/mL ¥R B R X} i
HHIBIEH N 100%; Ling UG SIS C XA
JeE 40 L SMMC-7721 AN Jifiia 4 H H1299 7w H LT (1)
PUREVE R, F1Cso B 232 3.09 F16.18 pmol/L. [F]H,

1,3,4-B8 “ AT AE Y R — R E B AR R ED,
DRI B A S R 2 200 R p2122) ) R RE3). g #3124
ST A g I, TEAO A 7 R PR T R AR S T T
Iz Hif oA 2 M AR T W AEYEER 1.3,
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4-WE AL S A AR SR Song S5O A H I
AV DA BERR BAREENE, A7 D X2 )
B BIEUE (LCso) N 2.89 pg/mL, HXF7KAE 5
B -850 204 BE (ECs0)iks 4.82 pg/mL; Yang Z5BUAE &
AL A B N/ IN SRk AN e 47 23 0 HE A S ) % VR,
ﬁuhﬁﬁ%%&%ﬂs%%mu!u”?%ti
TAE AR 7R R g e D e T 450, RS R A 0 6 07
5, R EER 4-A7 P HUARIRER B0 F AR 1,348 —
FRINHAT B i, [RIBPRAIEMEER 507 3R 4 W#E"JEH HAR
AREAT B, WUk T I ALY 1,3, 408 Mg
T M 5 A7 A 0 (Scheme 1), I_JHT{)HJETFﬁﬁ?J%HjE’J
FFRAL A5t A i L o i R e b A= i 1k

1 ZER5VE
1.1 LEYIERK

HrEA 4. 7 AT EFRCAY) 8 ]2 FE U1 Scheme
1 Fow. WAk 4 2 DLHRURZRE MR R, S8 CIRIEA
ALK IS AT RS, I8 A ShRRFR AT ik &
WA, SRFE AR 1 5 I BEAEIRIR R AL T K A la L

LG 2, ik 2 H5KEIHE R BRI R %A T
BEATIHER B G 3, HE FIRAR 3 DL HERON VA,

o Me 0 Me
\/d‘\ Me \/(j/“\ Me

Fenpyroximate
Me

NifN/O\/\/\/\o /©/s\/L >-s /'\O/\ }{<

SR O =SB R A A0« PR ST ) 4 H DG
HEAR 4. LAY 7 38 AR R A A A % R,
PL 5-80-1,3- 2 -1 H-nth e-4- S (S) N R k), £8 2B 1%
WA JEtb s N1, SCBE b ()44 4 5 P ek 7 R A4
RN HARE A 8. EA R HRLEY 8 i,
LAY 8d N, TRFL T AN[A ) SE56 26554k &4 8d
BRI, R AR AR T 2R AR ke . =
Ol TREREA BRIREH SR, ARNVEFIWMAM. &
A NN-— L BER(DME)(E 1). W& 1| hEdEE
i, DABRERAE NAERR ], MG NI, Ik el i 2644
T, HisLAEY) 8d MUCRIN R F, N 68%. )ik
PE IR IR Ml 4 LB R 1,3,4-M8 e A IR A5 1)
mE e s AL A 4.

1.2 BreE1) 8 HiLE /AT

PLH ML) 8d jﬂﬂ %} 'TH NMR. 3C NMR ##
HEATARAT. A 'H NMR %07 DLE H, MR 4-47 )
CH=N #t F—/NEAE § 7.82 LLHIE I, 766 7.17
6.89 HBLHI W E I T JE T 4-OCF; BV IR _ERITIANA,
76 6 7.00~6.93 I 2 EigTJE T 4-F BURRIE L1
WUANE, 5 4-F BURREIEME N TR E ERAELE 6
5.20 LB I, 5 CH=N—O S 5 g4

0] x
\
oQ N~7cFs
Ml ::
© F

—

B1 mgEs ALk &% A~E 4R

Figure 1 Structures of fenpyroximate and compounds A~E

Fenpyroximate

ER1

8a~8p

HAxb &% 8a~8p 115> 151t

Scheme 1 Design of title compounds 8a~8p
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(0]
OH
i N (1) CICH,COOH, NaOH i N O\)J\OH MeOH A O\)J\O/Me NH3NH, - H,O
Rl 1 o, RE ~eon
2504 % MeOH

(2) HCl \F

1 2
Q NN ¢
N o\)LN/NHz CICH,COOH _ Rif O\/QO>\/
RT/ H POCIj, xylene =
3 4
O
1) NaOH, —R2, EtoH
Me_  cHo (D PN Me}{Ho _ /R2 NH,OH- HCI AR
Y Y /Q
N, /| KOH.MeOH N
N, Pg (2)DMSO N0\ ‘N
|\I/|e Me
5 6 7
-N
00—~
Me )\/ -R!
R X
+ RUC \/k )\/ _CsC0s
“MeCN ORZ
7 4 8a~8p

8a: R' = 4-F, R? = 4-Br; 8b: R' = 4-F, R? = 4-|; 8c: R" = 4-F, R% = 4-Cl; 8d: R' = 4-F, R? = 4-OCF3;
8e: R' = 4-F, R? = 2 4-F,; 8f: R! = 4-F, R? = 2,4-Cl,; 8g: R' = 4-Cl, R? = 4-F; 8h: R" = 4-Cl, R? = 4-OCFj;
8i: R' = 4-Cl, R?= 4-Me; 8j: R! = 4-Cl, R? = H; 8k: R' = 4-Cl, R? = 2,4-F,; 8I: R' = 2,4-Cl,, R? = 4-F;
8m: R' = 2,4-Cly, R? = 4-Br; 8n: R' = 2,4-Cl,, R? = 4-Cl; 80: R" = 2,4-Cl,, R? = 4-OCF3; 8p: R' = H, R? = 4-F

B2 Histb &) 8a~8p 1A UKL

Scheme 2 Synthetic route of compounds 8a~8p

R1 HLEY) 8d &AL

Table 1  Reaction conditions screening for title compound 8d
Entry  Acid scavenger Solvent  Temp./C  Yield/%
1 Pyridine Acetone Reflux 0
2 EtsN Acetone Reflux 0
3 Na2COs3 Acetone Reflux 23
4 K2COs Acetone Reflux 32
5 Cs2C03 Acetone Reflux 36
6 Pyridine MeCN Reflux 20
7 EtsN MeCN Reflux 25
8 Na2COs3 MeCN Reflux 41
9 K2CO:s MeCN Reflux 62
10 Cs2C03 MeCN Reflux 68
11 Na2CO3 DMF 80 39
12 K2CO:s DMF 80 52
13 Cs2C03 DMF 80 55

SUE 5 5.14 DIFRIE L, MEMEER 1480 3 3 B =
ANESHIHE 5 3.62 X 2.31 IEIEHIL. ME 3C NMR
WA S, 5 4-F BURHEIEAZE R B 3L mR R 7 H B
1E 6 65.0, 5 CH=N—0 FAHE 1) FF 25 5 1 BLE
5 60.6, PHLMEIR 1437 FF IR RN 3457 FF IR s 1 0 S0 HY BOLAE O
343 F1 14.6.
1.3 S45EM

TR THEBEN T B AME A YIXER B (Mythimna

1586 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Separata)E/JTﬁ{ﬁ PE, 55 MR R 25320508 1 H brdl
BN B (Aphis medicaginis) T AP - ( Tetranychus
cinnabarinus)[ B 6 R (GR 2). MR 2 HEHE T LA H,
1E 500 pg/mL FREE T, {h&4) 8a~8p Xkl HUATFR I H
MR B BAER, WA R ESE R 100%, 55X
2 ) e B fe () 24 ROk, e Ak G 8a 8c. 8f. 8g\
8k. 81. 8n Al 8p 7E 100 pg/mL IR T ks diik &
HR TR HURRCR, HBUEE 73508 80%, 100%, 60%,
100%, 80%, 70%, 60%A1 100%, M da fk i ook
FOEHE; 15 20 pg/mL FIRET, 8c. 8g Al 8p XHh Huffy
S 40%~50%M) 4 KAEH, S ImBEA Y. &0
MKRSHTTLLE ], 24 R'=4-F i}, R> 4 4-Br (8a).
4-Cl (8¢)fi1 2,4-Cly (8H) LAWKl B B 2B b T4k
&4 8b.8d 1 8e; 24 R'=4-CI i, R2 A 4-F (8g)F1 2,4-F,
(8K LA W0 Al U BAE 2 AR T &) 8h. 8i £l 8)
KGR BOE R, 24 R1=2,4-CL I, R2 Y 4-F (81)#14-Cl
Sn) LA VIR RS B & TG ) 8m 1 8o. [
B, &5 B AR A P00 i B B R R G A A AR,
Hr k&%) 8a~8d. 8f. 8g. 8j. 8m fil 8p 7E 500 ug/mL
WRPE R XH I R BIERAR A 100%, 55} 24 751 Atk sk
F24; tb&¥) 8a. 8c. 8g M1 8p 7E 100 pg/mL W JE T X}
ief B 2 A 60%, 70%, 100%A1 90%, Hrik&
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x2  HIsMLE) 8a~8p K75 HIETE(%)

Table 2 Insecticidal activity (%) of compounds 8a~8p
Compd. Mythimna separata Aphis medicaginis Tetranychus cinnabarinus
500 pg/mL 100 pg/mL 20 pg/mL 500 pg/mL 100 pg/mL 20 pg/mL 500 pg/mL 100 pg/mL
8a 100 80 0 100 60 0 0 —
8b 100 0 — 100 0 — 0 —
8c 100 100 50 100 70 0 80 0
8d 100 0 — 100 0 — 0 —
8e 100 0 0 — — 0 —
8f 100 60 0 100 0 — 0 —
8g 100 100 50 100 100 40 90 0
8h 100 0 — 0 — — 0 —
8i 100 0 — 0 — — 0 —
8j 100 0 — 100 0 — 0 —
8k 100 80 0 0 — — 0 —
8l 100 70 0 0 — — 100 0
8m 100 0 — 100 0 — 0 —
8n 100 60 0 0 — — 0 —
8o 100 0 — 0 — — 0 —
8p 100 100 40 100 90 30 100 0
Tolfenpyrad 100 50 40 — — — — —
Imidacloprid — — — 100 100 100 — —
Fenpyroximate — — — — — — 100 100

— refers to “not tested”.

V) 8g Fl 8p 55X} RE 24 R0k bk i) % SR AR BRI, 29K
FEB#KZE 20 pg/mL B, A4 A9 8g A1 8p Xif i HUL R I H
30%~40% KA HAEH. HAHBOC RIS H, 4 RI=
4-F I, R2 A 4-Br (8a)#114-Cl (8¢) Ik & Wyt ief H iy 2% dt
RORM T &Y 8b. 8d. 8e 1 8f; 24 R'=4-Cl Itf, R?
N 4-F (8g)ILExt it R BUERE & T HRULEY
iy HEGEE. Ak, G 8. 8g. 811 8p
FE 500 pg/mL FAFARIS I 80%~100% 5% 56
K, Hpb &Y 8g. 81 Ml 8p 555 I 24751 M i 1) 995 %%
FHIE. MRS R E M, (A 8¢ (R'=4-F,
R2=4-Cl). 8g (R'=4-Cl, R?=4-F)f1 8p (R'=H, R?>=
A-F)SHRGHL L g ORI i R 2% B/ R R, W]
HEATIR N B S5 RS AE PEER 5T

it

DA I 71 i i Ay S S 454, 4% T 16 N 1,3,4-
W e B A L RS AT 2R, (RIS B o) 45 1) E ARG
VI AT T A PIE VRN, S5 R EOR, 76 500 pg/mL IR
FER, Bisthay) 8a~8p Xtk BB A 100%, {E
100 pg/mL ¥#KEF, Hirtb &4 8a. 8c. 8g. 8k 1 8p
XPRG U 80%~ 100%[F1 4% Hi% 14, 8¢, 8g I 8p 1E 20
pg/mL IR FE T 0PRE AT SR I — 8 I KE 1, LB
FEZ 55N 50%, 50%A11 40%; 7E 500 pg/mL KE T, 1k
&%) 8a~8d. 8f. 8g. 8j. 8m Al 8p Xt [KIBh RN
100%, 4K PR A 100 pg/mL i, 1644 8a. 8c. 8g
F8p XU HA B I BT R HROR, FRBEER 4

2
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N 60%, 70%, 100%F1 90%; L4k, £ 500 pg/mL #JE T,
HFRE &) 8c. 8g. 81 F1 8p i 2k fib i 5t 45 47
A BAEH, HEGER 518 80%, 90%, 100%F1 100%.
X6} JE ST R B e S T AR AL R — B A
3 IERSY

RS

Bruker 400 MHz #ZRi3EARACINRAZ L ILIRTE; X-4
SRS R CRT WA R GIR BETE AR L IE); Waters Xevo
G2-XS QTof =y H B A ksr il vy 7 F B il S5 FH Ak
FIEE D HTEEA]. A 1 R SCRR[32110 7 VE B,
B 5~7 IR SCER[3311I 7155 k.

32 kEY2HIERK

# 0.10 mol A A4 1 2 50 mL &K FE BN 3 S NI
o SIRIEEE 2B 2 mL IRERER, BEETHRER
SN 6~8 h. 1k, EUERR LERE, I 60 mL
K, CFE CERRAEIR, 0 HUAH S RO h R S v T e
GHRTCKRERN T8, B RFIER/Ew 2, R&EH
SR A H AN G T RN, AR A 2 fgE R,
EH R N 4-F k&K, @HENINCIKRC
Bg) @ VCEMES) =1 : 1510 S5 2 L amRy, /=%
83%. '"H NMR (400 MHz, CDCls) &: 6.93~6.88 (m, 2H),
6.81~6.78 (m, 2H), 4.52 (s, 2H), 3.70 (s, 3H); '*C NMR
(100 MHz, CDCl3) d: 169.2, 158.9, 156.5, 154.0, 116.0,

3.1
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115.8, 65.7, 52.0; HRMS calcd for CoH oFO; [M+H]"
185.0614, found 185.0595.

3.3 HAEMIMER

# 0.06 mol HAIfA 2. 30 mL JE7K NN S I
= R AR I 0.18 mol i & 43 EUN 80% K&
B, ARG TFHEIENR 6~9 h. B R MIEAHEEE, FE,
Br b [ AA, b pEfR B AR 3, iR 3 KRG E R
T EmRN. AT RIFH LR, %8 RN 4-F (il
GWRNREER, W PR E A S O AR, PR 78%.
m.p. 123~125 C; 'H NMR (400 MHz, DMSO-ds) J:
9.36 (s, 1H), 7.15~7.11 (m, 2H), 6.99~6.96 (m, 2H),
4.47 (s, 2H), 4.35 (s, 2H); 3C NMR (100 MHz, DMSO-ds)
5: 167.0, 158.4, 156.1, 154.6, 116.5, 116.4, 116.1, 67.2;
HRMS caled for CsH oFN,O, [M+H]" 185.0726, found
185.0705.

3.4 HUEVABER

# 0.03 mol HE4A 3. 0.06 mol & ZF& M 60 mL —
ORI R SO, S m A 20 mL =&
B, SRJEFHEIFR 8~10 h. {5 1-n#k, WIERREE, N
A 50 mL /K, LR CERFEREIR, LFR 168 id A
DRIR ARG . TOKIRIRIN T RIS aY
4, RARAM BN T BB AT RUFHEEN, &
BHF RN 4-F MWEMANRE, EZEh MRS
Fig) @ V(A MEE) =1 : 101 B3 2 ARy, %
72%. '"H NMR (400 MHz, CDCls) d: 7.01~6.97 (m, 4H),
5.25 (s, 2H), 4.73 (s, 2H); '*C NMR (100 MHz, CDCl;) 6:
163.7, 163.5, 159.4, 157.0, 153.5, 116.4, 116.3, 116.1,
60.6, 32.7; HRMS calcd for CjoHoCIFN,O, [M+H]"
243.0337, found 243.0317.

3.5 BE#r4) 8a—8p KA

¥ 2 mmol E4E 7. 4 mmol BRERHE S 35 mL 2B
IR, =il N r AN 2.4 mmol H1jE/E 4.
IR, WRE YR R FHR R 9~13 h. {5 1Ehn#,
RBEAE R ER G, T8, B LS TR
Vs ENT A CRR CER) - V(AhER) =1 1515 &5
F H 474 8a~8p.

O-{[5-(4- T 7K 4 2t H 3 )-1,3,4- g — e 2 JL | H
B ) -5-(4- YRR G I )-3- S - 1- F SR -1 - I -4 PR i
(8a): ZEFAE K, 773 63%. m.p. 71~73 ‘C; 'H NMR
(400 MHz, CDCl3) d: 7.80 (s, 1H), 7.41 (d, J=8.80 Hz,
2H), 6.98~6.92 (m, 4H), 6.76 (d, J=8.80 Hz, 2H), 5.21
(s, 2H), 5.15 (s, 2H), 3.61 (s, 3H), 2.31 (s, 3H); 3C NMR
(100 MHz, CDCls) J: 164.6, 163.0, 159.2, 156.8, 155.6,
153.5, 147.5, 147.3, 142.2, 132.9, 117.1, 116.3, 116.2,
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116.1, 116.0, 99.4, 65.0, 60.6, 34.3, 14.6; HRMS calcd for
CaoHy0BrFNsO4 [M+H]" 516.0683, found 516.0681.

O-{[5-(4- 5 7K & 2 FH 26 )-13,4-08 — i 2 JL 1 H
i ) -5-(4- T G 3L )-3- FF 3 - 1- FY SR - 1 - kL et -4 P RE i
(8b): HEE, 7% 58%. m.p. 74~76 C; 'H NMR
(400 MHz, CDCl3) 6: 7.80 (s, 1H), 7.59 (d, J=8.80 Hz,
2H), 7.00~6.94 (m, 4H), 6.65 (d, J=9.20 Hz, 2H), 5.21
(s, 2H), 5.15 (s, 2H), 3.59 (s, 3H), 2.30 (s, 3H); 3C NMR
(100 MHz, CDCLy) 6: 164.6, 163.0, 159.2, 156.8, 156.5,
153.5, 147.8, 147.3, 142.2, 138.9, 117.6, 116.3, 116.2,
116.1, 116.0, 99.4, 86.6, 65.0, 60.6, 34.3, 14.6; HRMS
caled for CpHyFINsOs [M + H] " 564.0544, found
564.0547.

O-{[5-(4- 7K A JE 1 26 )-1,3,4- W8 — e 2 JL | H
F ) -5-(4- G AR BRI )-3- P k-1 - F S - L - 4 PR B
(8c): AMEIA, P“F 61%. mp. 66~68 C; 'H NMR
(400 MHz, CDCL3) 0: 7.80 (s, 1H), 7.28~7.26 (m, 2H),
7.00~6.92 (m, 4H), 6.81 (d, J=8.80 Hz, 2H), 5.20 (s,
2H), 5.15 (s, 2H), 3.62 (s, 3H), 2.31 (s, 3H); 3C NMR
(100 MHz, CDCL3) 0: 163.6, 162.0, 158.2, 155.8, 154.1,
152.5, 146.6, 146.3, 141.2, 1289, 127.9, 115.6, 115.3,
115.2, 115.1, 115.0, 98.3, 64.0, 59.5, 33.2, 13.5; HRMS
caled for CxH;9CIFNsO4Na [M+Na]" 494.1007, found
494.0999.

O-{[5-(4- 5 7R 8 B FH 2 )-13,4-08 — e 2 B H
FE)-5-(4- =G AR IR A I )-3- F - 1 - - 1 L k-4
5 (8d): ER ik, F22% 68%. m.p. 90~92 C;
'H NMR (400 MHz, CDCls) 6: 7.82 (s, 1H), 7.17 (d, J=
8.40 Hz, 2H), 7.00~6.93 (m, 4H), 6.89 (d, J=9.20 Hz,
2H), 5.20 (s, 2H), 5.14 (s, 2H), 3.62 (s, 3H), 2.31 (s, 3H);
13C NMR (100 MHz, CDCl3) d: 164.6, 163.1, 159.3, 156.9,
154.8, 153.6, 147.6, 1473, 144.8, 142.2, 138.8, 124.2,
1229, 121.7, 119.1, 116.4, 116.3, 116.0, 99.4, 65.0, 60.6,
34.3, 14.6; HRMS caled for Cy3HayF4NsOs [M+H] "
522.1401, found 522.1406.

O-{[5-(4- T 7K A JE 1 56 )-1,3,4- W8 — e 2 JL | H
F1-5-(2,4- R R AL )-3- I JE - 1- F - 1 - L a4 R i
fi5(8e): ¥ EIHARY, P23 56%. 'H NMR (400 MHz,
CDCL) d: 7.79 (s, 1H), 7.00~6.92 (m, 5H), 6.79~6.76
(m, 2H), 5.21 (s, 2H), 5.13 (s, 2H), 3.68 (s, 3H), 2.29 (s,
3H); '3C NMR (100 MHz, CDCls) 6: 164.6, 163.0, 159.3,
156.9, 153.6, 147.8, 147.3, 142.1, 117.8, 117.7, 116.2,
116.1, 111.3, 111.0, 105.9, 105.5, 98.7, 65.0, 60.6, 34.3,
14.4; HRMS caled for CoHioF3NsO4 [M—+H]" 474.1389,
found 474.1388.
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O-{[5-(4- o 7K S J H 2k )-1,3,4- T — e 2 JL | H
B -5-(2,4- R AL )-3- R 1- P - 1 T M4 R
fi5(86): AEFEA, 7% 54%. mp. 93~95 C; 'H NMR
(400 MHz, CDCl3) d: 7.80 (s, 1H), 7.45 (d, J=2.40 Hz,
1H), 7.13~6.92 (m, 5H), 6.62~6.59 (m, 1H), 5.21 (s,
2H), 5.14 (s, 2H), 3.64 (s, 3H), 2.30 (s, 3H); 3C NMR
(100 MHz, CDCls) §: 164.5, 163.0, 159.3, 156.9, 153.6,
150.8, 147.4, 147.1, 142.0, 130.7, 129.3, 128.0, 123.7,
116.3, 116.1, 116.0, 99.3, 65.1, 60.6, 34.3, 14.4; HRMS
caled for CyHisCLFNsOsNa [M+Na]"® 528.0618, found
528.0624.

O-{[5-(4- & 7K S JE F 6 )-1,3,4- W8 — i 2 JL ] FH
B }-5-(4- 50 A SR L )-3- SR - 1- 3 - 1 - a4 B g
(8g): AMEA, F“F 65%. mp. 59~61 C; 'H NMR
(400 MHz, CDCl;) &: 7.79 (s, 1H), 7.24 (d, J=9.20 Hz,
2H), 7.02~6.98 (m, 2H), 6.92 (d, J=9.20 Hz, 2H), 6.85~
6.82 (m, 2H), 5.22 (s, 2H), 5.15 (s, 2H), 3.62 (s, 3H), 2.30
(s, 3H); 3C NMR (100 MHz, CDCls) &: 164.7, 162.8,
160.0, 157.6, 156.0, 152.5, 148.2, 147.3, 142.4, 129.6,
127.3, 116.7, 116.6, 116.4, 116.2, 99.1, 65.0, 60.1, 34.2,
14.6; HRMS caled for CyHaCIFNsOs [M + H] *
472.1188, found 472.1183.

O-{[5-(4- 5 2K S 2t H1 3 )-1,3,4- g — 1 2 JL | H
J Y -5-(4- = 5 P AU R A 3 )-3- R - 1 - F 6 - 1 -t k-4
5 (8h): AGEAK, 72% 70%. mp. 94~96 C; 'H
NMR (400 MHz, CDCl3) 6: 7.82 (s, 1H), 7.24 (d, J=8.40
Hz, 2H), 7.17 (d, J=8.40 Hz, 2H), 6.94~6.87 (m, 4H),
5.22 (s, 2H), 5.13 (s, 2H), 3.61 (s, 3H), 2.31 (s, 3H); 1°C
NMR (100 MHz, CDCL) d: 164.7, 162.9, 156.0, 154.8,
147.6, 147.4, 144.8, 1422, 129.6, 127.3, 122.9, 121.7,
119.1, 116.4, 116.2, 99.4, 65.0, 60.1, 34.3, 14.6; HRMS
caled for CpHaCIF;NsOs [M+H]" 538.1105, found
538.1106.

O-{[5-(4- & 7K S JE F 6 )-1,3,4- W8 — i 2 JL ] F
B -5-(4-H DR )-3- I B - 1 - Y - - e 4 FE R
(8i): FHOWRY, 77 % 73%. 'H NMR (400 MHz,
CDCls) 6: 7.78 (s, 1H), 7.24 (d, J=9.20 Hz, 2H), 7.11~
6.75 (m, 6H), 5.21 (s, 2H), 5.18 (s, 2H), 3.60 (s, 3H), 2.31
(s, 6H); 3C NMR (100 MHz, CDCls) &: 167.1, 164.7,
155.5, 154.5, 148.8, 147.2, 143.5, 133.5, 130.5, 129.7,
127.5, 116.0, 1152, 99.0, 72.2, 67.0, 34.3, 20.5, 14.9;
HRMS calcd for Co3Hy;CINsO4 [M+H]™ 468.1439, found
468.1448.

O-{[5-(4- & 7K S JE F 6 )-1,3,4- W8 — i 2 JL ] FH
By -5 IR A AR -3 AR - - L I -4 FE R G (8)): 3R
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EHPIRY, 7% 66%. 'TH NMR (400 MHz, CDCl3) 6: 7.80
(s, 1H), 7.33~7.29 (m, 2H), 7.26~7.08 (m, 3H), 6.94~
6.86 (m, 4H), 5.20 (s, 2H), 5.15 (s, 2H), 3.60 (s, 3H), 2.31
(s, 3H); 3C NMR (100 MHz, CDCly) §: 164.7, 162.8,
156.6, 156.0, 148.3, 147.1, 142.6, 130.0, 129.6, 127.3,
123.8, 116.2, 115.3, 99.4, 64.9, 60.1, 34.3, 14.8; HRMS
caled for CpH,CINsOs [M + H] ™ 454.1282, found
454.1287.

O-{[5-(4- R & B F 26 )-13,4-W8 — i 2 L H
B 1-5-(2,4- TR L )-3- T B -1 - F KR -1 - -4 F S
5 (8k): & iR, 7% 61%. 'H NMR (400 MHz,
CDCls) 6: 7.79 (s, 1H), 7.25 (d, J=8.80 Hz, 2H), 6.97~
6.92 (m, 3H), 6.78~6.75 (m, 2H), 5.22 (s, 2H), 5.13 (s,
2H), 3.67 (s, 3H), 2.28 (s, 3H); 3C NMR (100 MHz,
CDCls) 6: 164.6, 162.8, 156.0, 147.8, 147.3, 142.1, 129.6,
127.3, 117.7, 117.6, 116.2, 111.2, 111.0, 105.9, 105.7,
105.5, 98.7, 65.0, 60.1, 34.3, 14.4; HRMS calcd for
CaoH19CIFaNsO4 [M+H]" 490.1094, found 490.1085.

O-{[5-(2,4- S AR FEH FE)-1,3,4-BE e 2-FL 1 H
By -5-(4- A AL )-3- FF k- 1- Y k- 1 - e -4 PR S
8D): FEHCRY, % 53%. 'H NMR (400 MHz,
CDCls) 6: 7.79 (s, 1H), 7.38 (d, J=2.80 Hz, 1H), 7.19~
7.16 (m, 1H), 7.03~6.98 (m, 3H), 6.86~6.82 (m, 2H),
5.29 (s, 2H), 5.16 (s, 2H), 3.62 (s, 3H), 2.30 (s, 3H); 13C
NMR (100 MHz, CDCly) d: 164.9, 162.4, 160.0, 157.5,
152.5, 151.9, 148.2, 147.3, 142.4, 130.4, 127.8, 124.6,
116.7, 116.4, 115.7, 99.1, 65.0, 61.2, 34.3, 14.6; HRMS
caled for CpH;9CLFNsOs [M+H]" 506.0798, found
506.0800.

O-{[5-(2,4- — G R H 3E)-1,3,4- 8 — e 2 L 1A
F ) -5-(4- IR AR AR FE )-3- k-1 S - L - 4 P B
(8m): FOHIRY, F©F 60%. 'H NMR (400 MHz,
CDCls) &: 7.81 (s, 1H), 7.42~7.37 (m, 3H), 7.19~7.01
(m, 2H), 6.75 (d, J=9.20 Hz, 2H), 5.29 (s, 2H), 5.16 (s,
2H), 3.60 (s, 3H), 2.30 (s, 3H); *C NMR (100 MHz,
CDCl;) J: 164.9, 162.4, 155.6, 151.9, 147.5, 147.3, 142.3,
132.9, 130.4, 127.8, 124.6, 117.1, 116.2, 115.7, 99.4, 65.0,
61.3,34.2, 14.5; HRMS calcd for C2oH 9Br- CI;NsO4 [M+
H]" 565.9997, found 565.9996.

O-{[5-(2,4- — G R H HE)-1,3,4- 8 — e 2- L T
F ) -5-(4- G AR AR I )-3- P k-1 - F S - L - 4 F R B
(8n): F MR, 77 56%. 'H NMR (400 MHz,
CDCls) 6: 7.81 (s, 1H), 7.37 (d, J=2.40 Hz, 1H), 7.28~
7.26 (m, 2H), 7.19~7.16 (m, 1H), 7.02 (d, J=8.80 Hz,
1H), 6.81 (d, J=9.20 Hz, 2H), 5.29 (s, 2H), 5.15 (s, 2H),
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3.62 (s, 3H), 2.30 (s, 3H); '3C NMR (100 MHz, CDCl5) ¢:
164.9, 162.4, 155.1, 151.9, 147.6, 147.3, 1423, 130.4,
129.9, 128.8, 127.9, 127.8, 124.6, 116.7, 115.7, 99.3, 65.0,
61.2,34.2, 14.5; HRMS calcd for C,H;9CI3NsO4 [M+H]"
522.0503, found 522.0507.

O-{[5-(2,4- AR A HL)-1,3,4-H8 — M2 JLH
F}-5-(4- =3 A 2 TR AR 3 )-3- FF S - 1 - R - 1 - k-4
5 (80): AGREIA, % 62%. mp. 68~70 C; 'H
NMR (400 MHz, CDCl3) &: 7.82 (s, 1H), 7.37 (d, J=2.40
Hz, 1H), 7.19~7.16 (m, 3H), 7.02 (d, J=8.80 Hz, 1H),
6.89 (d, J=9.20 Hz, 2H), 5.29 (s, 2H), 5.14 (s, 2H), 3.62
(s, 3H), 2.31 (s, 3H); *C NMR (100 MHz, CDCl3) ¢:
164.9, 162.4, 154.8, 151.9, 147.6, 147.4, 144.8, 142.2,
130.4, 128.0, 127.8, 124.7, 1229, 121.7, 119.1, 116.4,
115.7, 99.4, 65.0, 61.2, 343, 14.6; HRMS calcd for
Ca3H19CLF3Ns0s [M+H]" 572.0715, found 572.0712.

O-[(5-ZF 58 Jk F k- 1,3,4- 8 w2 L) B L )-5-(4- 5
FRAAIE)-3- F F- 1 - - L - -4 RS i (8p): o € Vi
R, 7% 66%. 'TH NMR (400 MHz, CDCls) 6: 7.79 (s,
1H), 7.32~7.28 (m, 2H), 7.04~6.98 (m, 5H), 6.86~6.82
(m, 2H), 5.24 (s, 2H), 5.15 (s, 2H), 3.62 (s, 3H), 2.31 (s,
3H); *C NMR (100 MHz, CDCl3) J: 166.5, 164.8, 156.8,
152.4, 148.3, 147.3, 143.0, 129.8, 122.5, 116.8, 116.7,
116.5, 114.7, 98.9, 72.2, 66.7, 34.3, 14.5; HRMS calcd for
CHa FNsO4 [M+H]™ 438.1578, found 438.1582.

4 Bh# %L (Supporting Information) Hirfb &%) 8a~
8p 1 '"H NMR Al °C NMR 3 . X 86480 n] PL G 9% A
AT R 3k (http://sioc-journal.cn/) | R %K.
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