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BT Strecker R B2 BE L BV R & B S E47E 4R R
AEHR &k B KAERC  REH

(CHEL RN ER JERT 100193)
CHEIME R EE R JEET 100048)

WE NIRBEZERMLPEIE K Strecker OB 2 FAEME AL S WA IS YE, HIRSEILT Zal, HE4L S 2 BRI PERZ |
= FEHENE(TMSCN) RIS I Strecker L, HFIPRER T IR AR RSP RITE L. L3R5 20 A4 S A 2 BU Lk
HbrY, RN 93.5%, Jl %R ("H NMR)., ﬁ?}'lejé(”CNMR)iFﬂlEjﬁj\##ﬁi E(HRMS)fIIE T I 451, 151
MAEW, 10X 107° g/LRET, 13 MeA sl himtn 100%, 5X107° /L IKIET 4 MESTIETERE T 40%,; 7
wmqwkmmﬁTwA%A%ﬁﬁmwm~%ﬁﬁ;fmmqwkaﬁT5¢%ﬁ%ﬁﬂ$%ﬁﬁ%ﬁﬁ~%
AL IR, STt 31.8%, 4 ML A SRS, BEiE N 28.3%. £ 50X 107 mg/mL KT, 3 MEL&Y
XTILRS'EJ’“%?*-“ P AR . PR 7k$aéiffﬁﬁi‘?mﬂ<*zﬁ?fﬂﬁ%'hﬁ P, o 4-[(1-FEE T RS- B
-N-FF B -1 H-PH PR3- R i (36) %) MU B0 Mk 62.3%. 3X 3¢ WG 36 40 A7 JH AT Ko7 EL 255 [ 1) bt e g s D) % 2
Strecker [, & E LML B AR SR Z R AEY N, B — e I AL

KA ZHURMEME-4-i%; Strecker I Znly; A &S BURIERE, ki, HUBEBEILMH RN, REEHE

Synthesis and Biological Activity Study of Novel Cyano-containing
Multi-substituted Pyrazoles Obtained via Strecker Reaction

Su, Shimiao* Zhu, Mo” Zhang, Dagiang” Yuan, Dekai™*
(“ Department of Applied Chemistry, Science College, China Agricultural University, Beijing 100193)
(® Department of Chemistry, Capital Normal University, Beijing 100048)

Abstract In order to study the Strecker reaction of multi-substituted amino armorotic heterocycles and the biological activity
of the target compounds, the reaction of 3,5-disubstituted pyrazole-4-amine, TMSCN and aldehydes was realized for the first
time by the catalysis of anhydrous Znl, with 4A molecular seive. The reaction condition was preliminarily optimized and the
substrate scop of aldehydes was studied. 20 target compounds of cyano-containing multi-substituted pyrazoles were obtained
with the highest yield of 93.5%, and the sturctures of the compounds were confirmed via '"H NMR, *C NMR and HRMS
methods. Priliminary bioassay of the target compounds showed that 13 target compounds possessed 100% larvicidal activity
against mosquito at a concentration of 10X 10> g/L, and four compounds possessed over 40% larvicidal activity at 5X 10>
g/L, and 10 compounds poccessed weak larvicidal activity against army worm at 500X 10> g/L with the highest activity of
40%; five compounds were confirmed poccessed good inactivation activity against tobacco mosaic virus (TMV) in vivo with
the highest inhibition rate of 31.8%, and four compounds possessed moderate host-protection activity against TMV in vivo
with the highest rate of 28.3%; in addition, at a concentration of 50X 10~ g/L, three compounds showed moderate fungicidal
activity against Pythium aphanidermatum, Phomopsis asparagi, Phytophora capsic and Rhizoctonia solani in vitro.
4-((1-cyanododecyl)amino)-5-ethyl-N-methyl-1H-pyrazole-3-carboxamide (3t) possessed the highest activity against Phy-
tophora capsic of 62.3%. All the results showed that 3,5-disubstitued pyrazole-4-amine could undergo Strecker reaction
smoothly, and this study gave a useful example to explore the Strecker reaction of other multi-substituted aromatic hetreocyclic
amines. Additionally, the larvicidal and anti-TMV activity of the target compounds gave some clues in design cyano-
containing biological heterocycles.

Keywords multi-substituted pyrazole-4-amine; Strecker reaction; anhydrous Znl,; cyano-containing pyrazoles; larvicidal
activity; anti-TMV activity; fungicidal activity
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i Strecker [, BE(ELER). . HCN —2H4530]
— A a-REEREY, YR AL B 5% B IR
FEFORIP i FL AL % A B ML AR DS B
IR N S AP S E I B 1 N iUV 3 TR T /R
FARF=NO, 27 Fe A 24565 UMK, DA R A i S IR
S ELARL ] BT AT AT ARk KBRS R B, Mgl,
ZEEINEYN. Zn(0AC),M, ZnCl, EALARBR N &4
Sc(I!, In(IDA Ga(EE!, v(vEd &l &4
£ (TiO) M — ek fr e zroc,'™, HCLM™. i
R MSA)), Fe(IDML AP, LM% 4R T
fEALF, BRI, NH,CIPY, Bk, A7 8800,
AREP AFERD, Fe R 4 R IR &
A AR, 22 FL 22 4 1 70 BOVRD o [ 38 4 1L
7RI AR RIF 0 ) DA S B S B () 4 Al o H bR, 6 e 3
WAL, DL Pk U0 T A R e 250
Z B8 (IEET binol AL FICY, AL &4 5
A, SRGERTAEE. IRACATAED I, FES
SUBEFREC A B L R S AR i 7, 02X
S SONE ) R RO LA B A B AR, R R TMSCN
BN, 2-E L -2- IO EUIL 2T, ANEA B )RR AR
SARER R TN S N FIR. ARIM, TEBLA HaE
RN RZ A 22 B K RE BB i« R ERZ, 1T
TR T I A B R S B e LR TE .

R FH, REIEPE DT # S A S e 38 2
P B, 3t AR 235 M 4 T R B B M A
[0 ) FH 2 R4k & 0 Strecker 28, TERIEET C—C
BERIES, 0T DOE 22 R E L A 5N B9+, X
SRR BTG Mo T H B0 2 FEVE BB R EAh,
W FE 4 R ) Strecker S XA TR % 34 55 i (19 45 #4 F0 1k
R A —E B R . BT TR, BRATTH A B
ML M g fr A B 0 LA A R R R 7 2 v M A — e
% O, T A A R 3R Y o R R AL A
HA YIRS R

ik — W 5T 22 BUAR L M e 11 A 27 1 Jo AN L A A=
VIR AW E T, X R 00 ek i AT 5 A oAk, 38
5L 2 B 1 H-NEe-4-iz S5 ) Strecker [V, IR
P T RHIEH ZEACHEMEZ A a-REIE 2RI AW,
Bt '"HNMR. "*C NMR. HRMS &0 FE#iE T H
IR SE R, X AR T TSR, R B E AR
A HAT — 52 B A T s M R 4 1) A% RO R LA
AR R T

1 ZER5it8
1.1 BE#YIERS5EHRIE
k&, Strecker < MR H ZnCl, 55 Lewis B Bl
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B AL, R, A F R, UEMN. . o
S0 W LAY J5E H BTG R S5 T e . T ASHE ST )
N I g JEE 0 P S (162~ 164 °C), 7E A ke VUEA
5 I o (R P R A 22, AE 2 v i R B B IR VR R
B, N B S5 T 1V R AT B OB T, FRATTR:
REER T BUEFITC K CIEERER, FRE MR T i3t
TN, BT ToK ZnCly M-l & FIORAT, FoAT13%E A B2
JR WUFNEE AR E 1 Znlo AE AT, 830 5 T L £
AR EIH b9, BT rssstst, K Znl,
ELIEAAAE — 2 M ftE, mHARDHE 1%
mol)#ft AT AL i . K HIEE . TMSCN [FR B %8
TR NA 7 FIIKAERK, AT, A
R B EEEL 4A F0E. S TBESRS P
S T84k Je TMSCN MR M, TRATTR 12 5 8 B T it
SR TE K. AT PRy 75 Cl, 8 h A4y
MM e B T 58 A A0 N B RS, 4%, BE. TMSCN %)
FREZ N 10 1.2 0 18 I, TSR MR 1).

HA#Y) NMR #1280 (1 i 4544 9 NH(CH)-
(CN)SE K TRk 3. "HNMR %), 76 CH,0H-d, 7,
F5 B Z SR 6 5.0~5.5 2[R HLE,
RSB, DB B2 06 5y 34 00 Jlig iy 1
P, IZERICEEAIRSAE 0 4.0 KA, W NZ HIE,
H bx W) 45 8 ok A7 fE i M 3R B N—H, Bt %
CONHCH; Al NH(CH)(CN)Z5 4 H =AN 5 N AIERITE IR
2, CDCL RN, LAY 3e MIEE H A7 TEFLAH BN IK
Wi, th2Aike 735N 6 6.98, 8.18 Fl1 12.94, L&) 3g
7E 0 8.5 M HIPL 8%, fE CH;OH-d, T, ZH ik &Wix=
AN B RIS 2%, EALEY) 3b I 30 1E 6 8.5 AA1E—/)
FIm g, (HAR TR T 1, HEDR I IR AR 5 28
FTE; °C NMR i Hh, %K SRR A AL RS TE 6 48~54,
ZHORIE, DRORAER Sy, TR R CN B
IR N 6 115~119, RgliEEF=707E 6 120 /45, 1k
Ab, BTAE B RGP0 e o T H 3 5 R A 1
G @ Bt EIRPIANRIE A B NMR R, 25
AR HETOEEE, PTRRIE LS.
1.2 RREGEMHR

AN[F B 5% A A S v e B 22 5. DA
Mg M, E AR EATICRIE 90% A 45, {HRE#E
iR BEIE A, BCRA T TR, A4 i B R AR
RIS TR, KRNI KT 85%, ftim Nl
TR, WRL 94%; 52 BUR A B S H3E P
BAR, HARIUCEN 70%~82%, — xiAUH FEESCRAL
TR AR F S, IRy 2-F S . mbmE-2-F . nthne-3-
PR 55 7 0 PRI W LR A= B bR, W2 80%, ML
505 A A TC B O IR AT, R AR
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K1 HFEEWNE R
Table 1 Synthesis of target compounds
NC
NH, 2 . HN’;_
_ Znly (1 mol%), 4A molecular sieve
o + TMSCN ={ 0
AN, 7 22~ 2t MeCN, 75 °C, 8 h HN,
HN— N™  HN—
1a
3a~3t
&é NE NC NC NC
HN HN HN} HN} HN}
- 0 - o = o) — 0 — o)
HN\N/ HN\N/ HN\N/ HN\N/ HN\N/
HN— HN— — — —
3a 3b 3¢ HN 2 HN 36 HN
Yield 85.9% Yield 86.4% Yield 85.2% Yield 87.1% Yield 88.6%
NC NC N% NC Ng
HN} HN} HN HN} HN
- o) - o) - o) — o — O
HN\N/ HN\N/ HN\N/ HN_ ~ HN\N/
HN— HN— HN— N _  HN—
3f 3g 3h 3 N 3
Yield 93.5% Yield 73.6% Yield 80.1% Yield 77.8% Yield 69.1%
NC NC NC Ng Ng
2 S 5 HN HN
HN HN N
— = — 0 = 0
={ 0 0 _;R_:L_<p HN, 2 HN, .~
HN. ~ HN, ~ . N N
N HN— N" HN— N" HN— HN— HN—
3k 3l 3m . 3n . 3o .
Yield 77.4% Yield 79.8% Yield 82.3% Yield 78.3% Yield 83.2%
NC NC NC NC NC
4 i p
HN™ HN} HN HN HN}
— 0 — ] - 0] ‘»:S_(O — 6]
HN, ~ HN_ ~ HN. 2 HN\N/ HN.
N"  HN— N, HN— N HN— HN— N" gn—
3p 3q 3r 3s 3t
Yield 82.1% Yield 80.2% Yield 92.4% Yield 91.9% Yield 87.6%

M 2-G-4-TA FH S . L -4 R 55 e me -4 i A
M T BRI R, AR5 TMSCN k4 i A= A
PR, TSI, e AL TR AL, S R
RO TAH R, B AR Y, 10 2-FR R R, 5-
S-3-F JE- 1AM M4 PSSR ) S I G B AN e
FSRE RAR A AR, B IEVESEI S TMSCN 1 =209 & B
FAFHFRY), X2 TR 3,5- U A E-4- g 4T 7 B
RIEEA R AL BHRLRE, 4 g A8 A B AT KA BE
EARIET, A7 BH RRSE 1) SR 2 3 o A T A a4
B, AT, 3,5- EUAR I -4 ] B 22 b g T . BOAR R
PR M1 55 4 BR FR S 28 1 Strecker [ i 0 345 A ik
e IR o- B LI A B, TR AV P 3 AT A AR
S5 R 2 R A8 HA 35 P A8 L 358 S A2 B2 M L A 2B B
HER R, 5 R (a4 R A 1 A 2 s e EH R 1)
AR — g R,
BARFRIEIA | 3,5 A1 23 F0 N- B 5 I L 1)

2028
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25 (A BB S 2 ASH], ARG R T H AR A A2
SE M. e 75 R 5 e fi g R AL 1 D I A 3 i
Strecker RN o-ZF MK HE R, HBe—ME
FRERTE 1) 1] 5t
1.3 Bt EYInEyiEs
13.1 FkEH

4B 20 AN HAMIH, A 13 ANE 10X 107° g/L #HE
AR R 100% 05 KIENE, Hr b &) 3e. 3j.
3n. 3p fE 5X10° g/L Fh&ER 40%LA 36 TE; 10 4
ETE 500X 1077 o/L Fxi%h R BAG55MEH, &
BN A0%.  FLIE IR TR IR U R XL i A 25 1
A BEEGF, o W B AR B A — o R BUEPE, BAs AR
2 RN R T AT AR DS PR R (R 2).
132 HumERrtmEEH

f£.500X 10 ° mg/mL T, £ 124 HArfb &4k 8l
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SRR EAALETE, P MAEY) 3e. 3g. 3k. 3m. 3q
ST TELE 30% /40, A 7 A BARLE PRI H — € R
PEE, (HERCAY) 3m F 3§ 41, HARAL S P TSP
K. EEEERE 3e. 3j. 3k. 3m. 3q & HizE
BRI EYE, a0 3m B AN ORI S PR AR T 30%,
ERE—BWIE. I BAsrh, 5 & RTINS 1
B, TR T EEAT A E AN B3 (R 2).
1.33 FHEEM®

50X 10° mg/mL ¥REET, & H-LRE Y E00 # it
AT BRI, &I H B E Pnt TR R % B (Pythium
aphanidermatum). f 5% 254 & (Phomopsis asparagi) #f
MU 2% & (Phytophora capsic)~ 7K F& SN # (Rhizoctonia
solani) RHL— & (4MHIE 1, HA 7 MEAYIXTREE
B0 8 MUBYIN P AR 4 A HARYIXS B
BB 6 A HARYINT K AG SO R 015 P 1A 3] 35% LA
b, B VS R % B (Sclerotinia sclerotiorum) % JNK &
B (Botrytis cinerea). F&J5 B (Pyricularia oryzae) 5 G i 3%
WEEE. BR 3y 3es 3iv 3n. 30 S/AHHARMIAN, J7HRE
FTAE PR S AR, IERTEERTAED, 3r X 7 55 Z5Ah B
IAPHNE TN 51.2%, 3s MR EE R 55 22005
IKFBSRE B RN 5 7 48.2%. 58.2%F11 57.3%,

3t X RE R« PR RE B /KRB SO B 14y 1
TN 55.3%. 62.3%H 47.2%. FiRk4E BRI H bR A
HEMAwEtE, BARIERE —EMEsFErE; WE
PRI GERIRFAE AT T, 51 N e KA e v M 3
HI(E 3).

2 i

HIRSEIL TAETE/K Znl, AT, J8 2 HUAR L me
. . TMSCN [¥] Strecker Js¢ N SZH T 45 1) & 45 e
W a-BEENERREVRIE R, FR, PPPERERE T
el WA PIRLEE. IREESE R B, DA SIS S 1
TR MR ERYITE ], A A B E Y 20 4,
FhUE T B AR SR, XERTIR B AR A s AT T
AL REAPUEYIRERYIE, KIZMMEEY)
BA R BACRE S, o G EA —E s
FREETE. 4 AR, 3,5- HUA [ Ak e -4- i i) 7E TS K
Znl, FIEAL N 5 ZMEESCHL Strecker N, SEELE AL
WA IR I R A G R, XA 24k
E YA B — s R S T E bR AR 2 R
HIAEDE R B, o] DA AR 2 50 S A /AT IR A
F, XPAR 2GRNSR AR A — e N HAME.

K2 AV EYIRR B U AL R
Table 2 The larvicidal activity and anti-TMV activity of target compounds

Lethal rate/%

Anti-TMV activity’

sl Army worms* 10X léa;r;Lof mosqlgli) 107 gL Virus inactivation/% Host protection/%
3a 0 100 0 16.4 0
3b 20 10 — 0 0
3¢ 0 100 40 21.5 15.9
3d 10 40 — 0 0
3e 0 60 — 31.8 19.2
3f 15 100 20 0 0
3g 0 100 0 26.2 0
3h 5 100 20 0 0
3i 0 100 10 17.5 0
3j 20 100 40 13.1 24
3k 40 100 20 30 14.7
31 0 60 — 0 0
3m 20 100 20 25.7 28.3
3n 20 100 60 0 0
30 20 50 — 12.3 15.7
3p 5 100 40 20 0
3q 20 40 — 27.6 21.5
3r 0 100 20 0 0
3s 20 100 0 0 0
3t 10 100 20 18.7 0
Ninanmycin — — — 57.9 55.8
Ribavirin _ _ _ 39.8 376
“Test concentrate was 500X 10 > g/L; b Test concentrate was 500X 10 ° g/L.
Chin. J. Org. Chem. 2019, 39, 2026~2034 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2029
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Table 3 Fungicidal activity of target compounds
Compd Inhibition rate”/%

ompe ss” BC’ pA? PO’ PSA? pC RS"
3a 2.5 6.6 6.1 5.9 23.8 12.5 39.1

3b 13.0 0.0 13.0 2.6 253 7.4 6.1

3c 14.8 24 43 24 17.6 16.9 18.3

3d 7.3 6.8 4.7 5.9 4.7 21.8 28.7

3e 11.7 3.9 53 6.2 36.9 25.5 33.2

3f 13.3 11.5 36.8 7.8 18.1 39.4 35.1

3g 6.7 3.7 11.6 0.8 31.5 23.6 29.1

3h 22.6 0.8 37.9 0.2 37.5 5.5 18.8

3i 6.7 12.3 2.1 0.1 11.2 26.3 343

3j 17.6 26.6 21.3 232 25.5 23.6 31.2

3k 10.8 25.8 22.1 7.8 26.8 245 21.7

31 0.8 8.7 7.1 3.9 26.2 23.1 49.6

3m 0.5 15.6 34.8 5.7 40.8 29.8 21.7

3n 14.3 13.6 0.3 11.8 46.3 36.4 42.6

30 25.7 0.7 2.6 0.0 20.1 19.6 33.4

3p 4.8 0.0 34.7 0.0 37.6 7.3 25.3

3q 6.9 22.7 36.3 21.6 22.1 34.5 19.2

3r 17.4 12.6 10.4 11.8 51.2 28.7 28.6

3s 32,5 19.7 48.2 15.7 58.2 223 57.3

3t 27.9 35.5 55.3 322 343 62.3 472
Carbendazim 65.2 90.8 91.6 34.7 48.9 79.2 75.4
Chlorothalonil 37.6 72.5 68.9 28.3 55.9 74.1 53.7

“Test concentrate was 50X 10> g/L; *SS: Sclerotinia sclerotiorum; BC: Botrytis cinerea; PA: Pythium aphanid-ermatum; PO: Pyricularia oryzae; PSA: Phomopsis

asparagi; PC: Phytophora capsic; RS: Rhizoctonia solani.

3 IS
3.1 UES5HF

Yanaco-300 I A A (i I R A IE); Bruker
DPX 300 MHz # i 474X, TMS N A #%; Varian 7.0T FT-
ICR MS HRMS Jii i { (MALDI).

AR A 4-2JE-5- 2, FE-N- F 3 - 1 H- i k-3 - F
B sh, HARFEINTIE AR 2. 4=
7%, JFUL CaH, TIRALER S % H, 4A 40T IR fE Bk Tt
e, 1300 CRmESIEN, B, REEH.
3.2 WEYIMERK

3.2.1 P AR ay A ek

48 FE-5- 2 F-N= PP - 1 H- R A3 - Y e 25 R Sk
[S1]5 R
322 BARMLAEG SR

ERCAE BT 20 mL A JEREEM R S, EAN 8
mL TE/K NG, K 4-F F-5- 2, F-N- F - 1 H-IHE -3 -
f#(1, 0.34 g, 20 mmol), JG/K Znl, (0.04 g, 0.02 mmol),
K% (2a, 0.34 g, 24 mmol), 7> TIH R 0.3 g A%
R, EEIR%E, 40 CHiFE 30 min, /74 KETUTE;
fFEmiRE, AEAIEER, MRBEHEAN TMSCN (0.36
g, 36 mmol), [EEM%E, T 75 CHEET RN, 249105,
2030
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KEBATDUEIE R, 8 h JefE b ide, AHE =R, kR
ATk R, R B, SRR UL CH,Cl/MeOH
(V2 V=40 : 1)F EFEET, EBEE, 153558 ORHR
R, mES T RERERRIER, 1970 4-{[FHECK
FE) )R -5 4 FE-N- Y BE L - -3 H B i (3a),
WO E AR, P73 85.9%. m.p. 70.0~72.5 C; '"H NMR
(CD;0D, 300 MHz) §: 1.26 (t, J=7.6 Hz, 3H), 2.69 (q,
J=17.6 Hz, 2H), 2.89 (s, 3H), 5.49 (s, 1H), 7.37~7.64 (m,
5H); C NMR (DMSO-ds, 75 MHz) 6: 13.50, 16.98,
25.40, 53.61, 119.90, 126.01, 127.46, 128.96, 134.21,
135.75, 136.72, 163.85; HRMS calcd for C;sH;sNsO [M+
H]" 284.1506, found 284.1506.

H AR A 3b~3t 15 SR &) 3a.

4-{[(4-FF IR (LIS ) R R ) U 0k ) -5- 2 2 - V- R -
LH-ME W3- (3b): 3 (L[ 1A, 7228 86.4%. m.p.
136.0~139.0 C; 'H NMR (CD;0D, 300 MHz) §: 1.12~
1.21 (m, 3H), 2.26 (s, 2H), 2.31 (s, 1H), 2.54 (q, J=7.6
Hz, 1H), 2.73 (q, J=7.6 Hz, 1H), 2.82 (ds, 3H), 5.29 (s,
0.5H), 5.38 (s, 0.5H), 7.12~7.69 (m, 4H); “C NMR
(DMSO-d,, 75 MHz) 0: 13.46, 17.02, 20.82, 25.38, 53.28,
119.97, 126.09, 127.35, 128.19, 129.47, 132.96, 134.15,
136.72, 138.39, 160.50; HRMS calcd for C;¢H,NsO [M+
H]" 298.1662, found 298.1662.

Chin. J. Org. Chem. 2019, 39, 2026 ~2034
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4-{[(4-RUT BB ) (FUEE) R ) 2 }-5- £ B -N-H
FELH-NE -3 B R B (Be): R AR, FRER 85.2%.
m.p. 108.0~110.5 ‘C; '"H NMR (CD;OD, 300 MHz) 6
1.14 (t, J=7.6 Hz, 3H), 1.24 (s, 9H), 2.56 (q, J=7.6 Hz,
2H), 2.77 (s, 3H), 5.31 (s, 1H), 7.37~7.44 (m, 4H); "°C
NMR (DMSO-dg, 75 MHz) d: 13.48, 17.00, 25.38, 31.15,
34.48, 5322, 119.95, 125.44, 125.73, 126.09, 127.18,
129.93, 132.82, 136.57, 151.57, 163.80; HRMS calcd for
C1oHaeNsO [M+H]" 340.2132, found 340.2131.

4-{[(4- A AR DR 3 (U ) P R s ik ) -5- £k -N-
BT H-ME -3 R i (3d): IR B TEL AR, PR 87.1%.
m.p. 129.0~130.5 C; '"H NMR (CD;OD, 300 MHz)
1.22 (t, J=7.6 Hz, 3H), 2.64 (q, J=7.6 Hz, 2H), 2.88 (d,
J=6.0 Hz, 3H), 3.75 (s, 3H), 5.18 (s, 1H), 6.84~6.93 (m,
3H), 7.44~7.47 (m, 1H); °C NMR (DMSO-d;, 75 MHz)
5. 13.47, 16.99, 25.38, 52.95, 55.38, 114.34, 120.06,
126.04, 127.79, 128.79, 129.97, 130.23, 131.91, 136.20,
136.98, 159.72, 164.04; HRMS caled for C;sHNsO,
[M+H]" 314.1612, found 314.1612.

4-{[ I [d][1,3] A -5-FE (F ) F 1" E-5-2
Be-N-F BL-1H-mEmE-3- FBEJIZ (Be): 3 o (0 [l 44, 7= 3.
88.6%, m.p. 77.0~79.5 °C; '"H NMR (CDCl;, 300 MHz)
5: 1.28~1.36 (m, 3H), 2.74~2.82 (m, 2H), 2.87 (d, J=
6.0 Hz, 3H), 5.52 (d, J=12 Hz, 0.5H), 5.75 (d, J=12 Hz,
0.5H), 5.88 (s, 0.5H), 6.19 (s, 1.5H), 6.98~7.76 (m, 3H),
8.18 (s, 1H), 12.94 (s, 1H); *C NMR (DMSO-d;, 75 MHz)
5: 13.53, 16.80, 25.39, 53.20, 101.55, 107.89, 108.44,
119.94, 121.02, 122.91, 125.83, 129.57, 136.41, 137.09,
147.76, 164.01; HRMS caled for C;¢H;sNsO; [M+H]"
328.1404, found 328.1403.

4-{[(4- R AR R R B ) (FUEE ) H 2R ) 2k ) -5- £ -N-H
B LH-ME -3 F R i (36): 9% B E AR, PR R 93.5%.
m.p. 62.0~63.5 ‘C; "H NMR (CD;0D, 300 MHz) : 1.11
(t, J=7.6 Hz, 3H), 2.54 (q, J=7.6 Hz, 2H), 2.74 (s, 3H),
5.37 (s, 1H), 6.87~7.33 (m, 9H); °*C NMR (DMSO-d;, 75
MHz) §: 11.83, 16.56, 24.13, 53.79, 117.18, 118.47,
121.58, 123.14, 129.12, 129.80, 136.81, 156.37, 157.58,
164.34; HRMS calcd for CyHy,NsO [M+H]™ 376.1768,
found 376.1768.

4-{[(2- 9 A B ) (AL ) B 3 2 ) -5- 2 k- V- S -
LH-MEwE-3- P 2 (3g): ¥R B (LA, 7228 73.6%. m.p.
95.5~97.5 ‘C; "H NMR (CDCls, 300 MHz) d: 1.23 (t, J=
7.6 Hz, 3H), 2.65 (q, J=7.6 Hz, 2H), 2.87 (d, J=6.0 Hz,
3H), 5.37 (s, 1H), 7.04~7.59 (m, 5H); *C NMR (DMSO-
de, 75 MHz) 6: 13.23, 16.96, 48.14, 113.77, 115.92, 116.19

Chin. J. Org. Chem. 2019, 39, 2026~2034

© 2019 Chinese Chemical Society & SIOC, CAS

(d, 2Jer=20.3 Hz), 118.97, 122.80, 122.98 (d, “Jcy=13.5
Hz), 124.95, 125.08, 125.13 (d, *Jey=3.75 Hz), 125.43,
129.49, 129.53 (d, “Jor=3.00 Hz), 131.41, 131.52 (d,
3Jer =825 Hz), 15821, 161.49 (d, 'Jor =246 Hz),
163.55; HRMS calcd for C;sH;;FNsO [M+H]" 302.1412,
found 302.1411.

4-{[(4-Fo R JE ) (LI ) PP R 2 B ) -5- & 0 -NV- T k-
LH-MEME-3- A [ (3h): ik B Bl 44, =28 80.1%. mup.
138~140 ‘C; "H NMR (CD;OD, 300 MHz) §: 1.15 (t, J=
7.6Hz, 3H), 2.58 (q, J=9.0 Hz, 2H), 5.41 (s, 1H), 7.05~
7.57 (dm, 4H); *C NMR (DMSO-d;, 75 MHz) §: 13.57,
16.82, 25.40, 52.97, 115.63, 115.92 (d, %Jer=21.75 Hz),
119.84, 129.66, 129.77 (d, *Jc.r=8.25 Hz), 132.06, 132.10
(d, *Jer=3.00 Hz), 136.71, 137.11, 160.69, 163.94 (d,
'Jer=243.75 Hz), 163.80; HRMS calcd for C;sH;,;FNsO
[M+H]" 302.1412, found 302.1409.

4-{[(3- AR JR ) (LI ) PP R 2 B ) -5- & i -NV- T k-
LH-MHEPE-3- FRBE 2 (3i): ik B ([ AR, 773 77.8%. mup.
134.5~136 ‘C; 'H NMR (CD;0D, 300 MHz) &: 1.14 (t,
J=17.6 Hz, 3H), 2.57 (q, J=7.6 Hz, 2H), 2.76 (s, 3H), 5.46
(s, 1H), 7.01~7.36 (m, 4H); *C NMR (DMSO-d;, 75
MHz) d: 13.62, 16.77, 25.41, 53.16, 53.18 (d, “Jer=1.5
Hz), 114.33, 114.63 (d, 2Jcr=22.5 Hz), 115.65, 115.93 (d,
2Jer=21.0 Hz), 119.61, 123.46, 123.50 (d, *Jcr=3.0 Hz),
125.63, 130.93, 131.04 (d, *Jer = 8.25 Hz), 136.95,
137.04, 138.38, 138.48 (d, Jc.r=7.50 Hz), 160.65, 163.84
(d, "Jep=239.25 Hz), 163.74; HRMS calcd for CsH,-F-
N;O [M+H]" 302.1412, found 302.1411.

4-{[(2,4- R B (FUE ) H R | B ) -5- 4 R -N-H
B LH-ME -3 F B i (3): 9% AR, PR 69.1%.
m.p. 108.0~110.0 ‘C; '"H NMR (CD,0D, 300 MHz) ¢:
1.16 (t, J=7.6 Hz, 3H), 2.61 (q, J=7.6 Hz, 2H), 2.76 (s,
3H), 5.49 (s, 1H), 6.94~7.02 (m, 2H), 7.53~7.60 (m,
1H); “C NMR (DMSO-ds, 75 MHz) o: 13.26, 16.78,
25.36, 47.82, 104.34, 104.68, 105.02 (t, 2Jer=25.5 Hz),
111.99, 112.33 (dd, “Jer=21.5 Hz, *Jcr=3.8 Hz), 118.83,
119.41, 119.64 (dd, “Jey =22.25 Hz, *Jor=3.4 Hz),
125.18, 130.87, 131.06 (dd, *Jer=10 Hz, *Jor=4.6 Hz),
136.69, 137.32, 15838, 161.23 (dd, "Jer=199.9 Hz,
3Jer=12.75 Hz), 161.70, 164.53 (dd, 'Jer=199.5 Hz,
3Jer=12.75 Hz), 163.89; HRMS calcd for CsHsF,N5O
[M+H]" 320.1317, found 320.1318.

4-{[(2- R IR (I ) P AR 1 2 B ) -5- & J -NV- T k-
LH-MEMe-3- [ (3K): R B Bl 44, 7228 77.4%. mup.
126.0~129.0 ‘C; "H NMR (CD;0D, 300 MHz) §: 1.20 (t,
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J=17.6 Hz, 3H), 2.65 (q, J=7.6 Hz, 2H), 2.80 (s, 3H), 5.63
(s, 1H), 7.35~7.48 (m, 3H), 7.63~7.68 (m, 1H); C
NMR (DMSO-d;, 75 MHz) §: 13.44, 16.98, 25.39, 51.25,
118.86, 125.46, 128.11, 129.38, 130.15, 130.98, 132.53,
133.05, 136.37, 137.11, 164.02; HRMS calcd for CysH,--
CIN;O [M+H]" 318.1116, found 318.1116, 320.1088.

4-{[(3- TR B ) (T Ak ) FF R ) 2 2 }-5- £ Fk - V- B -
LH-MEMe-3-FE R (3): v% B EL [ 4K, 722 79.8%. mup.
142.0~144.0 ‘C; "H NMR (CD;0D, 300 MHz) &: 1.15 (t,
J=7.6 Hz, 3H), 2.58 (q, J=7.6 Hz, 2H), 2.78 (s, 3H), 5.47
(s, 1H), 7.32~7.55 (m, 4H); “C NMR (DMSO-d;, 75
MHz) J: 13.69, 16.71, 25.46, 53.13, 119.59, 125.55,
126.15, 127.45, 128.86, 130.82, 133.46, 137.01, 138.12,
163.68; HRMS calcd for C;sH;CIN;sO [M+H]" 318.1116,
found 318.1115, 320.1086.

4-{[(4- SR B ) (UKL ) AR 2 2k ) -5- £ Jk -N- F 0k -
LH-MEmE-3-F B (3m): YR B[4, 722 82.3%. m.p.
144.0~146.0 ‘C; 'H NMR (CD;0D, 300 MHz) d: 1.14 (t,
J=17.6 Hz, 3H), 2.57 (q, J=7.6 Hz, 2H), 2.77 (s, 3H), 5.43
(s, 1H), 7.33~7.52 (m, 4H); “C NMR (DMSO-d,, 75
MHz) §: 13.44, 16.95, 2539, 51.24, 118.86, 125.45,
128.11, 129.37, 130.99, 132.52, 133.05, 136.37, 137.11,
164.01; HRMS caled for Cy;sH;,CINSO [M + H] "
318.1116, found 318.1116, 320.1087.

4-{[(4- TR R FE ) (LI ) FH 2 1) B B }-5- £ - N- T 2k -
LH-MEME-3- P2 (3m): kB LBl 44, =2 78.3%. m.p.
137.0~139.0 ‘C; 'H NMR (CD;0OD, 300 MHz) d: 1.14 (t,
J=17.6 Hz, 3H), 2.57 (q, J=7.6 Hz, 2H), 2.77 (s, 3H), 5.41
(d, J=9.0 Hz, 1H), 7.43~7.53 (m, 4H); *C NMR
(DMSO-d,, 75 MHz) §: 13.64, 16.69, 25.43, 53.13, 119.62,
122.15, 125.67, 129.70, 131.85, 135.19, 136.66, 137.26,
163.92; HRMS caled for C;sH;;BrNsO [M + H] *
362.0611, found 362.0611.

4-{ [Tk (MW -2-J ) AR R Jik }-5- £ - N-FA k-1 H-
ML e -3- L i (30): v B ([, 773 83.2%. mup.
67.5~70.0 C; '"H NMR (CD;0D, 300 MHz) §: 1.12~
1.22 (m, 3H), 2.53~2.60 (m, 1H), 2.73~2.75 (m, 1H),
2.80 (d, 3H), 5.66 (s, 1H), 6.93~7.55 (m, 3H); *C NMR
(DMSO-ds, 75 MHz) §: 13.50, 16.75, 25.41, 49.49, 119.27,
125.39, 126.42, 126.98, 127.27, 136.62, 137.20, 138.67,
163.93; HRMS caled for Ci3H;NsOS [M+H]" 290.1070,
found 290.1070.

4-{[FHE (L mE-2-J8) R B 2k ) -5- £ - N-H k-1 H-
nL e -3 R I i (3p): R B BB AR, PR3 82.1%. mup.
92.0~93.5 ‘C; '"H NMR (CDCls, 300 MHz) §: 1.18 (t, J=
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7.6 Hz, 3H), 2.65 (q, J=7.6 Hz, 2H), 2.89 (d, 3H), 3.96 (s,
1H), 7.06~7.07 (m, 1H), 7.77~8.72 (m, 4H); *C NMR
(DMSO-ds, 75 MHz) 6: 12.89, 17.11, 25.67, 52.49, 111.89,
121.36, 124.96, 126.75, 127.48, 137.78, 141.97, 149.70,
151.66, 162.70; HRMS caled for C,H;,NcO [M+H]"
285.1458, found 285.1457.

4-{[F I (M mE-3-58) B R S 0 ) -5- £ R -N-HE k- 1 -
M e -3 R B B (3q): R B B TE AR, PR3 80.2%. mup.
92.0~94.0 ‘C; '"H NMR (CD;0D, 300 MHz) J: 1.15 (t,
J=17.6 Hz, 3H), 2.58 (q, J=7.6 Hz, 2H), 2.77 (s, 3H), 5.65
(s, 1H), 7.43~8.71 (m, 4H); “C NMR (DMSO-d;, 75
MHz) §: 13.71, 16.61, 25.46, 51.73, 119.40, 123.96,
125.43, 131.72, 135.43, 137.02, 137.48, 148.61, 149.95,
163.82; HRMS caled for Ci,H;7NcO [M+H]" 285.1458,
found 285.1459.

A-[(1-5FUIE T 3k ) K ]-5- 2 FE-N- T - 1 H-iH -3 - P
Bt e 3r): R BRI, 7% 92.4%. 'H NMR
(CD;0D, 300 MHz) 0: 0.93 (t, J=7.5 Hz, 3H,), 1.17 (t,
J=7.5 Hz, 3H), 1.48~1.58 (m, 2H), 1.73~1.82 (m, 2H),
2.60 (q, J=7.5 Hz, 2H), 3.96~4.11 (m, 1H); *C NMR
(DMSO-ds, 75 MHz) §: 13.42, 17.08, 18.50, 25.30, 35.05,
49.77, 120.92, 126.64, 135.23, 136.35, 163.97; HRMS
caled for Cj,HyNsO [M+H]" 250.1662, found 250.1663.

A-[(1-F 3 O3 R FE)-5- 2 FE-N-H - 1 H-Aik -3 H
BE e (3s): 9% 3 B BOIR W, 2% 91.9%. 'H NMR
(CD;0D, 300 MHz) d: 0.76 (t, J=7.6 Hz, 3H), 1.11(t, J=
7.6 Hz, 3H), 1.19~1.25 (m, 4H), 1.68~1.79 (m, 2H), 2.54
(q, J=17.5 Hz, 2H), 2.72 (s, 3H), 4.02 (t, J=6.0 Hz, 1H);
C NMR (DMSO-d,, 75 MHz) o: 13.40, 13.87, 17.11,
22.01, 24.78, 25.29, 30.80, 32.99, 50.00, 120.90, 126.64,
136.26, 136.52, 164.16; HRMS calcd for C;,H,4NsO [M+
H]" 278.1975, found 278.1976.

A-[(1-FHE 1 e ) R L )-5- £ 5 -N-H -1 -t -
3-FE L (3t): R ARCRY), 75 87.6%. 'H NMR
(CD;0D, 300 MHz) d: 0.80 (t, 3H, J=7.5 Hz), 1.17 (t, J=
7.5 Hz, 3H), 1.14~1.33 (m, 16H), 1.44~1.54 (m, 2H),
1.72~1.86 (m, 2H), 2.59 (q, J=7.5 Hz, 2H), 2.78 (s, 3H),
4.07 (t, J=17.5 Hz, 1H); *C NMR (DMSO-d,, 75 MHz) §:
13.40, 14.00, 17.13, 22.22, 25.11, 25.28, 28.60, 28.85,
29.05, 29.14, 31.44, 33.03, 49.98, 120.89, 126.65, 135.31,
136.47, 164.05; HRMS calcd for C,0H3NsO [M+H]"
362.2914, found 362.2916.

3.3 Bt EMREMEMENE
33.1 A R&EM
R R B (Mythimma  separata Walker) A F &
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K2 R R IR DR AR, SR B IR VI 5 A0 B 00T R
SRR, Bk A YIEC K 500X 107 /L (K TR B VA,
REH KN, BT AR FRILY, #2 4 4 H
10 3k, VERNACFRAE; TABRWRET I BRI 3% 1 4 HUE N
XTHRZH. 43T 24 F148 h f5 SR BB T 150, &
BT R,

PR IR O Fh (Culex pipiens pallens)%]
R R TR I IEE BEAR, SRR BENE A PIXT I Y)
HEETE. S AW E R 200X 107° /L KIRER
W, 75 100 mL FEAk b LA E SRR R R 2 RIRBE, TN
WA 10 3k, 24 h fEEEHBET M, THEIET R,
332 FHENR

o1 B M SR P B 2 AR K R s S 2R B
50 mg LA 10 mL DMSO ¥ fi#, DAEEFRERMEE 50X107°
g/L, FRREEEFRIF IR B, fE W& THER 7 mm
UK FTILES, B W% ILG VI, FH R a5
Bebl T &P AR e, Wamm T, i b, BT
25 CEFFF PR, A ANBRREER S EKE,
THHBEEG K AR, AR 2 (6] R V4 18 K B AR A 2471
Ak B ) R VS R AR T R 24 ) A B P 5 R 11
B 22 A KA R
333 WA mEENE

BAL IS BRI A Y, TN 80 uL DMF %
filt, INNZEURKFRRE I 25 2 MR L. R ES s 0
FL(N. tabacum L)FEMAZREM F, B TMV IREH 10X
107 mg/mL (195 33 590 5 FRAL S I A BUR A,
A 30 min, KRG A EERD BIRE R T = A 2
BRI PR R R B T = A AR RS
EXTHE. $2R0 3 d JEiE S B, M AT
A7 = IR, DL IR B 1 B e R 7 e B R A TG M
L d R R B E RS A

TRyE I RECZ LAY, NN 80 uL DMF ¥ fif,
TN ZE A KR T I e 2 AR B . 3% S 4 R
(N. tabacum L)FEFE, MBI F I, FAAGHE 3 KE
5, FFLL1%H) IR 80 /KIFMIN IR, 24 h J5, I I 4
NP (500 H), CAEEREIURFAW, 152 ik
B 2 W, WA R LR, WERE 10X107°
g/L, R FTUKRYE. 3 RIGICRWBEE, 5B

Boft R IT RS TT R A UL AR TR PO T
SAEALE WA E R K ) SCH

4 Bh# %L (Supporting Information) 20 > HArMLEW)
) '"H NMR. “C NMR J HRMS B [&]. i £k a] DL 4
i AT I 33 (http://sioc-journal.cn/)_E T 2.
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