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2 ER AR E-4- BT EMN S R R RE M

& ml THE ~ILH I 35 o
(LR R 5 v 712100)

WE NRIBAEER ISR RU ST, S8 ARBARTIITI SR, Sot& T RE0E B R A -4- BT
M, IR TR RIEE. ZPREEW], BARMEE YRR R B B MO, P 2-HE-5- S I 230 2
#i-1-Hfi5-O-1R 9 2L 1K (32) (1] LDso fE 4 0.0054 mg/k, B 32 FAMMG-4-BE) 19.1 £, W] LMEARZSE R EmiE—2
MACH .

R Bk, FAMAE-4-IE RIRP; RIS, KR

Synthesis and Insecticidal Activity of Terpinen-4-ol Derivatives
Containing Oxime Ether

Lei, Peng' Ding, Xinji' Wu, Yuanyong Ma, Zhiging™*
(College of Plant Protection, Northwest A &F University, Yangling 712100)

Abstract In order to discover high activity lead compound, based on our previous studies, a series of terpinen-4-ol deri-
vatives containing oxime ether were designed and synthesized. The bioassay results showed that the target compounds
displayed good insecticidal activity against Mythimna separata (Walker). Especially, compound 3a exhibited satisfied activity
with the LDsy value of 0.0054 mg/insect, which is 19.1 times than terpinen-4-ol. As a high activity compound with simple
structure, 2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one O-prop-2-yn-1-yl oxime (3a) could be a lead compound for further

study.

Keywords oxime ether; terpinen-4-ol; natural product; biological activity; Mythimna separata

A [ Mythimna separata (Walker)]J& &% H (Lepido-
pter) Wi Fl(Noctuidae), HAE K. J78&. B, HE
RSN, FERE, s X b, Hes. .
X ¥ R L fa e ™), ki s RARHEY), JTH
FPEE MR EEK. MEL KBS RKER R 4L
PECL 2012 SEREIREE AR R, T, B . .
BT L 5 AR ()G G FE I 5000 73
T, X R AR A P e 48 O™ B AR R
PR BB G T AR, ATRLRR A A, P
WA SR B ITVER ), 2R R R, B0 3K )5 i
RAERGWE. SR, BEE KR LA A& B
H, S8 BLA R A2 770 BT Qo P IR I 22 4 55 i)
RS R, R B, R B AT AR AR 2
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T T — 0 S P R A

MRIRF= I, AT G5 FRT A B B G ek 245 )
1 fry 25 B B 0L KA -4 (Terpinen-4-ol, D&
— MRS SRR, TR AFAE T WM (Melaleuca
alternifolia)~ 11132 (4lpinia speciosa K. Shum). kA
(Myrtus communis) JHEEW (Laurus nobilis) Wi FH
(Eucalyptus globulus) S YIRS AR, JEIRIE, Faih
Wi -4-T S AT A B 2 00 R AW v, sk
A0SR HrE L Pumttl PralosE, A,
o I I -4 -2 B BT B 22 Ak, 38T 72 N T AR
S AR AU A3 R B A -4- B
WA (Sabina vulgaris Ant)f i) =2 B8 B PE R
U R, R, NUESGE . BEEATAER I
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IFINa", K'-ATP B & M 5 2% dus e, i a9 0
(1 TyxoRk da gl sl % 51 LDso 164 0.0728 mg/k,

(0]
o oA
Terpinen-4-ol L1
BT FANMIAR-4-BF KB SRATED L1 (42454 X

Figure 1 Chemical structures of terpinen-4-ol and its ester de-
rivative L1

SERA A -4-TE A 1.3 £500 20,

fame R A EA W RN, okl
[22]\ 7>J<_\‘[23]\ B{%%“[24N26]\ j;)%[;y;'_;':—é[Zﬂ\ %ﬁzﬁ*zﬂg]\ ﬁﬁ%[z%
& BHEl, SR MAE T O AL A 2
WA BB, WS KR KR RIS SR R
TR, MEHT R BEBEEE . 5 BB SRR BN, MR
MR SR A A A5 B 7)), R (Carvone) 5 i
Fii (Menthone) /& 5 2 T8 45 -4- 15 45 7 AL B AT B %
HUE T RS R =P Yildirim SRS A
B 5@/ 10 L BIFE TR E KRR PEBEE N
100%. A 7 3R1F B A B 4 HUE I IR 25 58 S0 &1,
AT 5 34 HURA Y 045 -4- T 1R R ACL A7 5 9 1t P A9 D
Bl AT RS R R RA T A -4-BERT AR, FRE T
Kbkl B gl B e VS, R SCE L AR R S
PERUR A AT R o B R AT A A B R iR =, AT EL
VR 25 it — Pt ot

1 &HR510R

1.1 HEMHEK

HAME AR A 2t Scheme 1 fias. DAE T
P (1) 5 677 T (4) RS s TRk, e R SR IR 2 e R A 4
G, AR RS R S R A 2 B8, FEE KRR
N, ARk H bR &4 3 52 6.

0 Nigy R—X No R
NH,OH-HCI ~ "OH 1gAB 70
_ = _ =
H,0, NaOH NaOH, H,0

55°C Toluene,55 °C
1 2 3
NHOHHC L A Jon —R=X_ [ . _o_
0 H,0, Na,CO, N KOH, DMSO N” "R
55 °C
4 5 6

3a: R = CH,C=CH, 3b: R = CH,CH,CH=CH,

3c: R = CHyCH,CH,CH,CHg, 3d: R'= CHy(4-FPh)
3e: R = CHy-(4-CH,Ph), 3f: R = CH,~(4-NCPh)
6a: R = CH,C=CH, 6b: R = CH,CH,CH,CH,CH;
6¢: R = CHy-(4-CH;Ph)

B 1 Hirfb e o sk

Scheme 1 Synthetic route of the target compounds
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1.2 LEYIRERIE S

CLEARMEEY) 3a PIARZRES S 5L 134T
VLHH. A T8 T, AT EY) 3a 47 WK 2 s
. TERHEERE Y, (WEAIRAETE 6 6.02 AbIFIE Y ER
CUmIR T 3 AL RS, 47 T R XU | 9 AL AR
WAL AL FEAETE 0 4.77, WWELIRBAETE 6 4.69 Kb
AV 11 ATE TR, 6 3.17~3.13 AbfIE N ER
CUmIR b S A &g, Hukeds 13 fr A it =0 B ME
N0 2.45, WAARIREAEAE 0 2.37~2.02 4bi % B IE A 4 fif
5 6 AP RS IGE, 7 RN 10 o7 7 Ak PR A PR I Wi e
IYRIE 6 1.84 Al 175 kb, TERZRERRE , AL REE A
6 157.25 bW e g 1 AL A 5 0, A2 RE(E R 6
133.01 &b Uscishy 3 DBk S 504, 2= R AEAE 6
109.99 Ak iUy 9 Ar ik (W ig e, bRefa s 13 ik IR AL
WEE 74.04 4b.

B2 & 3a feagif=X
Figure 2 Chemical structure of compound 3a

1.3 FRHEM

HARLE R AR EES T3R8 1, DR iiG-4-
B AT 7 g B A S B AR B (Malathion) X R A
RPATLLE W, Fra ) 9 A B AR wsd bl =
H—E MR HE M, PG 3a. 3b F 6a (1) LDs
fE35/NT 0.05 mg/k, PLTFald-4-BE. &7 B A
F0) R ST, JCHALEY) 3a 1) LDs {4 0.0054
mg/Sk, B 7100 BN T A -4- T 7 RN AT I 1)
19.1. 9.9 #1334 £, R T FAMM-4-BE I BERATAY L1
(L1 SR S P R i P AR TR -4-BE 1 1.3 151, BeAh,
EY 3a (1935 AR T 7 b A T BE 24 75 I B
(LDs5p=0.0105 mg/k). B4 AAfrli kG % T B
PRGN 3, MR R TR, BUREE R bz
PR I AR T A e i S e e B TS 1 (3a > 3b > 3¢);
MEARHE R A RS, R AR T HUREE R vE PR
TN 7T HUREE S T (3d . 36> 3e). fEILIERE gk —
5 UL g DR ), AR R e B 1 e A B R o A
PLSIE AL ZE I ) IR B S0 AR 2, SRl BAstb &
) 6a. 6b 5 6c. ZiRKIMLEN) 6 G 3 KILH
[FRE S TR, BURES PR B iE M i, 6a 1Y
LDso {4 0.009 mg/sk. 4HUREE A IE B HE 5 5% B2
B, SRS, (A 3 5 6 AL, MEURIEMIFIN, 3
HINEPEDL T 6 BTG, HEMI AT RE B Anth &4 i U
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F1 A EYIRTRER 3 540K LDso (A
Table 1 LDs, values of target compounds against Mythima separate

Compd. R y=ax+b R’ Pa LDso(mgeinsect ') LDsy 95% FL/(mgeinsect ')
3a CH,C=CH 1.8240x+9.1402 0.8617 2.16 0.0054 0.0040~0.0072

3b CH,CH,CH=CH, 2.8554x+9.7458 0.8308 3.12 0.0217 0.0182~0.0259

3c (CH,)4CH; 2.9076x+7.1036 0.9243 1.23 0.1890 0.1538~0.2322

3d CH,-(4-F-Ph) 2.1894x+7.0911 0.9962 0.05 0.1108 0.0874~0.1407

3e CH,-(4-CH;-Ph) 2.4918x+6.7807 0.9922 0.10 0.1929 0.1520~0.2448

3f CH,-(4-CN-Ph) 2.0967x+6.8314 0.9896 0.18 0.1338 0.1015~0.1764

6a CH,C=CH 1.1075x+7.2650 0.8508 2.37 0.0090 0.0057~0.0141

6b (CH,)4CH; 2.2537x+6.4887 0.9859 0.17 0.2184 0.1621~0.2943

6¢ CH,-(4-CH;-Ph) 2.9467x+6.9448 0.8737 2.16 0.2187 0.1709~0.2799
Carvone — 3.2287x+9.1114 0.8872 3.49 0.0533 0.0452~0.0628
Menthone — 3.9105x+7.9077 0.9845 0.45 0.1804 0.1533~0.2125
Terpinen-4-ol — 1.8651x+6.8412 0.8453 2.17 0.1029 0.0790~0.1341
Malathion — 2.1090x+-9.1760 0.8864 3.58 0.0105 0.0084~0.0130

S U A T . TR RI P, R RESEEE SR, UK, 1 AT i,
2 #ip L, S FEE AL S, K QR RS, 15

£RV

DL i S g B A KL, Gl 1 R A1 2 ks 4
(PRSI -4-BEAT AR ). R SRS R, HAb &9
PR B4y R I R O A R TR . IR RO R b
R, HERIE R MR IERE B AF, A 3a
Fob Rk B LDso fB M 0.0054 mg/Sk, A2 H2 T 47 -4- B0 1 F
19.1 %, AT 67 B4R 1 T 45 -4- T 1) G 2R AT A2 4
LAGGEPE R FA I -4-BE I 1.3 65) 5 7 S Aot 18 25550 5 4
P (LDs=0.0105 mg/3k). tLEY) 3a HA L5 .
EHER G ST AR A, WTUERRAERIED.

3 X
3.1 UEFE5HF

Bruker AVANCE III 500 MHz % 3E3R4%(PA CDCly
N, TMS NI FR); Thermo Q Exactive /& 2 H i 11X
X-6 RUELFIE A AL R A A R A R, AR
J52(200~300 H)FIE 2 E TR AR (GF254 B30 H
By reb 5 B R S i B o A Al sl 23 4t i
WA, BREEAERR AN, BTV IR 2 T K AR B,

32 HEVMER
3.2.1 ¥ MK 7 ERAT(2) 89 &%,

B CHR[341 0772, B 1.60 g #hER¥EHE, Fl/bHEK
TR, RS EMNIEYT pH EH, HHER
PE. FREL 0.28 g BERRE WA 1.20 g B AT 0
mARH, BHSHRMERBHRE I, FHBEMKERSE
13 mL, ¥ HIRAEREENF] 100 mL 1= 1 REH,
[F IS P 20 2.22 g A B 2 1% 0 B ) SO, 3
TR RERE, B RFRE 55 CHEA. W2 Aik(TLC)M
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2, T T &M.
3.2.2 P AR T ERG (5) 89 A AR

SEHR[3S) 7%, FREL 1.2 g $hiR#i%, /&K
BARTRedrrh, B 1.4 g TE/KBREREN, B H 2B I EE
A R WR, A B B AR e 4, HKE
KA T mL, B R R ER N IR A T T 2
H R S, B 2.0 g i E 0 N2 100 mL (1) =
PR B, m#E 55 °C; FRRIRA SR B 1E R KR
T A N B = O B, 7E 55 C R EE RN,
TLC WM M2& S, RN SEA G, Wi, 15 A7 B A
P, FTGK QB ARk s, AT 2R
323 HARLAE 3 6945k

S HR[36]771%, AT HilG 0.4 g (2.4 mmol) Al
FHN Y = A8JE (2.6 mmol), AT 2 mL KA1 5 mL FA [
RAFIH, NN 0.24 g EELEN, 0.1 g U T Rk
fiZ(TBAB), £ 55 CRNHiff M. TLC Wil 2% 5,
N SEA SR E, BZRFIKAY 2, KIER ARSI =R,
AR, HAREFAKEZ R, KRR
T, IRYE, fREY. B RE R B AT PR AT
srEaith. B EVY 3.

2- F I -5 5 TR 4 22 -2- 3 L0 - 1- T 5 -O- ke TR 3 Tk
(3a): FOWAEK, 77% 81%. 'H NMR (500 MHz, CDCl5)
8: 6.02 (d, J=5.5 Hz, 1H), 4.77 (d, J=17.5 Hz, 2H), 4.69
(d, J=2.0 Hz, 2H), 3.17~3.13 (m, 1H), 2.45 (s, 1H),
2.37~2.02 (m, 4H), 1.84 (s, 3H), 1.75 (s, 3H); *C NMR
(125 MHz, CDCl;y) &: 157.25, 147.86, 133.01, 130.39,
109.99, 80.13, 74.04, 61.41, 40.33, 30.33, 27.99, 20.64,
17.60; HRMS caled for C;3H;gNO [M—+H]" 204.1383,
found 204.1385.
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2- FF -5 5 TR A 3 -2- 3K U -1- T fi5 -O- M T 1k
(3b): LA, 723 57%. '"H NMR (500 MHz, CDCL,)
5: 5.98 (d, J=4.5 Hz, 1H), 5.89~5.81 (m, 1H), 5.11~
5.03 (m, 2H), 4.76 (d, J=7.0 Hz, 2H), 4.13 (t, J=6.7 Hz,
2H), 3.15~3.11 (m, 1H), 2.46~2.42 (m, 2H), 2.35~1.99
(m, 4H), 1.84 (s, 3H), 1.75 (s, 3H); *C NMR (125 MHz,
CDCly) d: 156.03, 148.12, 135.12, 131.93, 130.70, 116.36,
109.82, 73.04, 40.43, 33.80, 30.33, 27.96, 20.69, 17.65;
HRMS caled for C14H»,NO [M—+H]" 220.1696, found
220.1698.

2- 5 S R A - 2- 3 U0 - 1 - i - O- 1 13 32 i
(3¢): M AWAE, 7°F 62%. 'H NMR (500 MHz,
CDCly) d: 5.96 (s, 1H), 4.77 (d, J=4.5 Hz, 2H), 4.07 (t,
J=6.7 Hz, 2H), 3.15~3.11 (m, 1H), 2.35~2.03 (m, 4H),
1.84 (s, 3H), 1.75 (s, 3H), 1.69~1.66 (m, 2H), 1.35~1.25
(m, 4H), 0.90 (s, 3H); *C NMR (125 MHz, CDCl;) ¢:
155.70, 148.21, 131.71, 130.76, 109.78, 74.08, 40.47,
30.34, 28.90, 28.24, 27.95, 22.55, 20.69, 17.67, 14.05;
HRMS caled for C;sHyNO [M-+H]" 236.2009, found
236.2005.

2- FH L5 57 DA O 22 -2- 30 s - 1T 5 - O-(4- T 5 2%)
fik(3d): R AWML, 2R 82%. 'H NMR (500 MHz,
CDCly) d: 7.35 (t, J=6.5 Hz, 2H), 7.02 (t, J=8.2 Hz, 2H),
5.98 (d, J=5.0 Hz, 1H), 5.08 (s, 2H), 4.75 (d, J=9.0 Hz,
2H), 3.15~3.12 (m, 1H), 2.34~2.21 (m, 2H), 2.07~2.02
(m, 2H), 1.83 (s, 3H), 1.73 (s, 3H); *C NMR (125 MHz,
CDCly) 8: 162.44 (d, J=245.7 Hz), 156.54, 148.05, 134.02
(d, J=3.1 Hz), 132.45, 130.58, 130.15 (d, J=8.1 Hz),
115.15 (d, J=21.3 Hz), 109.95, 75.26, 40.42, 30.34, 28.09,
20.68, 17.69; HRMS calcd for C,;H,FNO [M—}—H]+
274.1602, found 274.1600.

2- FH -5 D s 22 -2- R L0 - 1- B fi5 - O-(4- H 265
)k (3e): LB, ™F 67%. '"H NMR (500 MHz,
CDCly) 6: 7.28 (d, J=7.5 Hz, 2H), 7.14 (d, J=7.5 Hz,
2H), 5.96 (d, J=5.0 Hz, 1H), 5.08 (s, 2H), 4.73 (d, J=6.5
Hz, 2H), 3.17~3.13 (m, 1H), 2.33~2.22 (m, 5H), 2.14~
2.00 (m, 2H), 1.84 (s, 3H), 1.71 (s, 3H); *C NMR (125
MHz, CDCls) 6: 156.27, 148.11, 137.44, 135.17, 132.16,
130.74, 129.02, 128.51, 109.94, 75.99, 40.49, 30.39, 28.14,
21.27, 20.68, 17.74; HRMS calcd for C;sH,,NO [M+H]"
270.1852, found 270.1853.

2-FE S-S5 YU 26 -2- 38 M- 1-FR 5 -O-(4- R 55
ik (3f): A4 7% 81%. 'H NMR (500 MHz,
CDCly) 6: 7.63 (d, J=8.0 Hz, 2H), 7.45 (d, J=8.0 Hz,
2H), 6.02 (d, J=4.5 Hz, 1H), 5.17 (s, 2H), 4.77 (d, J=
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6.5Hz, 2H), 3.18~3.15 (m, 1H), 2.37~2.31 (m, 2H),
2.11~2.04 (m, 2H), 1.83 (s, 3H), 1.79 (s, 3H); °C NMR
(125 MHz, CDCly) 0: 157.08, 147.88, 144.01, 132.94,
132.13, 130.34, 128.28, 118.93, 111.30, 110.03, 74.77,
40.33, 30.31, 28.07, 20.69, 17.57; HRMS calcd for
CysHyN,O [M+H]" 281.1648, found 281.1649.

3.2.4 Birib 4 6 694 &

S HER[37)777%, BUEATEG 0.34 g (2.0 mmol)i
fiFE 6 mL fY — FAEENEOA TR, AR R A (2.2
mmol), EEALE 0.14 g (2.5 mmol), W /HEFE. TLC
RN 2T, RN SEAE, UK 3 mL, 285 LR L
PEEL 3 R, AHUERKEEFYE, R KRRET
e, e, WR4E, 1R R R AR AR E AT SR A
3 BAR2Y) 6.

5-F 3L 2- 55 TR 2 3F L J5e - 1- i 5 -O- Jo T 2 ik (6a):
FOAA, 77 84%. "H NMR (500 MHz, CDCl;) 6: 4.65
(d, J=1.5 Hz, 2H), 2.89~2.86 (m, 1H), 2.20 (s, 1H),
2.19~2.15 (m, 1H), 1.93~1.77 (m, 5H), 1.48~1.41 (m,
1H), 1.21~1.15 (m, 1H), 0.99~0.98 (m, 9H); *C NMR
(125 MHz, CDCl3) 6: 162.32, 80.60, 73.60, 60.67, 48.60,
32.35, 32.18, 32.16, 26.73, 26.48, 21.49, 21.08, 19.31;
HRMS caled for C;3H»,NO [M+H]" 208.1696, found
208.1696.

5-F 2 S5 TR R BA L e - 1- B i -O- 1 [ 2 ik (6b):
EE AR, P7F 61%. '"H NMR (500 MHz, CDCl,)
5:4.04~4.01 (m, 2H), 2.83~2.79 (m, 1H), 2.16~2.14 (m,
1H), 1.89~1.82 (m, 5H), 1.68~1.64 (m, 2H), 1.39~1.34
(m, 5H), 1.18~1.16 (m, 1H), 0.98~0.93 (m, 12H); "*C
NMR (125 MHz, CDCl3) 6: 160.38, 73.17, 48.57, 28.98,
28.21, 26.55, 26.50, 22.56, 21.53, 20.98, 19.44, 14.07;
HRMS caled for C,;5H;,NO [M—|—H]+ 240.2322, found
240.2323.

5-F 3L 2- S5 T 3L R e - 1 - 15 - O-(4- R 375 32 ) ik
(6c): AL, 775 78%. "H NMR (500 MHz, CDCl,)
8: 725 (d, J=17.5 Hz, 2H), 7.14 (d, J=7.5 Hz, 2H), 5.02
(s, 2H), 2.88~2.84 (m, 1H), 2.34 (s, 3H), 2.15~2.11 (m,
1H), 1.87~1.70 (m, 5H), 1.40~1.33 (m, 1H), 1.18~1.11
(m, 1H), 0.94~0.87 (m, 9H); “C NMR (125 MHz,
CDCly) 0: 161.14, 137.11, 135.66, 128.90, 128.24, 75.12,
48.61, 32.36, 32.23, 32.13, 26.70, 26.49, 21.57, 21.22,
21.15, 19.35; HRMS caled for C;gH,sNO [M + H] "
274.2165, found 274.2169.

3.3 EHHEMEK
PR B K B Mythimna separata (Walker) B 78t
RMEBHE K TN TR TR 077 U, il
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o

IR PREAE KRB IRE M 3 #34h Rk,

BRI SR A B P e A
() i oA v 1. AR TR 5 AL A1 24 75 A PR T g 35 7] i
B 5~7 NIKREERREE, R U AR R U 1 245V
SE 1 B R AT AR AL, REALEE 10 kil HE
3K, MR N AXTIR, FAE-4-8 . A
Tt R L A 0l g B PG B, R A B A R TR
HE[=25+1) C; HXEERH)=(75+5)%; Jli/
M (L/D)=12 h/12 h]¥i3%, 24 h J5Geit JE 8, %L R
ARTHEIET:Z, KR E ) ENE PR £ (LDso)
% 95% B 5K,

. FET-Hi 8
=22 100%
RO =g ™
e TEFE (%)= AFRBET R — X HRAE T «100%

1 =X REAET %

4 BT KL (Supporting Information) =814 2, 5 F1 H bx
A 3a~3f, 6a~6¢ ] '"H NMR, °C NMR Il HRMS
L X LR AT DL S 9 AR I ] 35 (hitp://sioc-journal.
cn/) B ER.
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