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Synthesis and insecticidal activity of terpinen-4-ol
ester and ether analogues
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Abstract: [Objective] The study was to find new highly active compounds. [Method]) Six ester deriva-

tives and two ether derivatives were synthesized with terpinen-4-ol,and their structures were confirmed by

NMR and HRMS. The insecticidal activity of the eight derivatives on the Musca domestica 1.. were deter-

mined. [Result) The derivatives all exhibited higher contact activity than terpinen-4-ol, among which Z2

the exhibited highest activity with LD;, of 0. 038 7 mg/insect. [Conclusion) The change of bit-4 has an im-

portant impact on the insecticidal activity of the terpinen-4-ol.
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1.1 &R F

%% : RE-52C AU jig % 7% % ¥ ; Finnigan Trace
DSQ GC+Trace GC/MS 43 #7114 ; Avance DRX-200
Hz BB REIEARAX ; HP 5988 7 DU AT 54

TR B TR -A-TECO7 Do S, T R Bk AE S |D 5
TSR A T S AR O S X P R B T S S L
AP GE JIHE | O SR T L A T E L 2R SR A AR
B IR B TC /K B R B 55 2 g o vl b 2k L R
FRGE IEEISE 70 560 PR R 7™ s 2 BR OB 1 1) 7 12 R AT T 4R
TCKALBES L A R0 35 2 2 AT CTLO) B W
W, REHTRER N GF254, R SUBIR/ LB
WG e, AT LU RSO IS A Y

RCOC]1
C,H,N,CHCL,rt.

OH 0— |(|3_ R

O

1 B Z1~74 15 I 2R
71, R=—CH,;72. R=—CH,CH; 73, R=—CH=CH, ;
74. R=—CsHs
Fig. 1 Synthesis route of compd Z1—7Z4

Z1( T B2 B8 #7 & # 1-isopropyl-4-methyl cyclo-
hex-3-enyl acetate) % & nx,  ¥f ¥ Wb 4H-4-F¢ (50
mmol) \MEHE (150 mmoD) , il A #] 30 mL T 489 —
SMVGE b SRS B b R B 2 2 Y £ S (100
mmol) , i FHEFE RN 24 ~48 h, il it ¥ )2 )2 Hr
B oA A i S & A VAT ' = R W U ]
Na, CO; /KWL 1E R 25 5r WS SR 5 < Tk
AW, AN A HLE K SE 3 Wk, R JE K
Na, SO, JB7K » E 25 Jie 5% 78 & T %00 AR 2 01 2
B A = Cf k- 2R LBRRFEE 20 2 D),

72 (& B2 B 47 £ # 1-isopropyl-4-methylcyclo-
hex-3-enyl propionate) &9 4-m%, N Bk & 19 il £ = R
Brown"" 1 5 . K A Il 4 -4-BE (50 mmol) | ik B
(100 mmol) , I A #] 20 mL T — &P, 4
Je 43 H i 0 P R S0 (150 mmol) . i i PE
I 48 b JCNEHASIN 7 Ak B Sy Al Ak [R] 2B g
Y.

Z3( & BR B 47 &£ 4 1-isopropyl-4-methylcy-
clohex-3-enyl acrylate) 894 P4 BEE 19l &=

i 0. 05~0. 075 mm # 2 8 i g 41k .
1.2 R@eHrn

iR d . M (Musca domestica L.) : )\ [H
b2 B 3 1 Jr 5| A 422 st A i 3% ) Y 0 i %
fb & TE P AU AR AP K2 TE A T AR ST IR 55
DEWN(T:(25+1) C;RH:70% ~80%;1L/D: 12
h/12 hO) R i 56 i Bk 2k AR K/ — 30 4 H i
J A

2 BINEEE

2.1 MG EEETEVHEH
F {1 M4 TR 2B AT A2 ) 19 5 2 ] Pamela
ST . AR 1.2,

RCSO,CI
C,HN,CHCLrt o
OH O_ﬁ_ R
0

E 2 &Y Z5~76 M4
ZS R: 7(_‘(, H3 ,ZG R: 7(:'6 H3 CH;;
Fig. 2 Synthesis route of compd Z5—76

M Rehberg 25" 1y O . B A% 0 JF-4-BE (50
mmoD) | AL IE (100 mmol) , il A F| 20 mL F 4 ) —
SRR e s SR A T I T A 18 S (100 mmoD)
TR TIPSO 48 ho SN AR 7 Ab B )
afifb W] 2 B R AT A=

ZA(CK W BR BS 4T & 4 1-isopropyl-4-methylcy-
clohex-3-enyl benzoate) #5473 il #-4-F% (50
mmol) H, AILA 25 mL Z 50 FBE AR ¥ 5] FE A Btk i
(150 mmol) , 8K J5 43 4 v iif i 28 0 28 4l 1k 1) 28
(100 mmol) , % i T HE ¥ S 48 ho S (19 4
W 7=y Ab B 53 E a4 IR 4 R BT AW .

75 (K &% BR 85 47 & ¥ 1-isopropyl-4-methylcy-
clohex-3-enyl benzene sulfonate) #7 & &  7& ¥
Ji-4-E (50 mmoD) Hr, iIn A 20 mL & H e AR 7
TR A MERE (150 mmol) . 8 i it $F Hh ik fin 8 2% 4l 4k
14 2 6 158 5 (100 mmol) , % F g FE SN 48 h, 2
JOF AN 7 b B Gy B Al Ak [R] 2 TR R AT AR W

76 (F K BR BR s 4T £ ¥ 1-isopropyl-4-meth-
yleyclohex-3-enyl-4-methyl benzene sulfonate ) #j
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AR AERM IR -4-BE (50 mmoD) L A 15 mL g
K EEAE R B AL BE (150 mmol) , 4R Ji5 i £
rf S N 28 3 45 i 6T H R 5 S50 (100 mmol) , % il
RPN 48 ho BN ARSI L 7 Ak PR o) s ali4k
[F] SRR EAT A= 40

2.2 WAHEATEEBETEVHNER

P vt M- 4-BE ik 25 AT AE W B &5 2 B Jung A
Kass B, AU LA 3.

M1 (¥ B 4L 4T &£ 4 4-isopropyl-4-methoxy-1-
methyl cyclohex-1-ene) # 4%  [1] 250 mL %EifH
U MA 50% NaH (50 mmol ) \ THF 25 mL. it #
Hrii i (CH, 0), S0, (50 mmol) » 4 J& FF i i 4%
Jfi-4-BE (50 mmol) . i ¥ #4137 S g . TCL A il
SN HERE . SO K BE 3 R At B IR A HLZE L H
JoK Na, SO, WK - H23 e f 78 & 4h 50 . AL 2
By 88 alifk 7= 9 Caih k- 28 CBRARFRLE 20+ D),

M2 (T B & 47 £ 4 4-ethoxy-4-isopropyl-1-
methyl cyclohex-1-ene) # 4 s [0 250 mL %EIfH
P IMA 50% NaH (50 mmol) . THF 25 mL.#it #
Fi I (C, H; 0, S0, (50 mmol) . 4% J& 7 5 i 24 v
Ji-4-1 (50 mmol) » i ¥ A #1813 S Bz . TCL Az
SN HERE . SO KGR 3 R il B IR A HLZE L H
JoK Na, SO, WK » H23 i i 78 & 4h 350 . AL 2
By 88 gk 7= ) Caih k- 28 CBRARFRLE 20 ¢ D),

NaH,(RO),SO,
THF,reflex

OH O—R

3 fkEY M1~M2 14
MI1. R=—CH;;M2. R=—CH,;CHj;
Fig. 3 Synthesis route of compd M1—M2

2.3 LEMEHMHETE

#at'H NMR.® C NMR., HRMS # i H #5417
AW )RR

Z1: R AWK, 77 87, 3% ,'H NMR (200
MHz,CDCIl,) 8ppm: 0. 88 (3H,s,10-H),0. 91 (3H,
$.9-H),1. 71(3H,s,7-H),1. 98(3H,s, H-12) ,1. 71~
2.48(6H,m,3,5,6-H),2.71~2. 78(1H, m, 8-H) ,
5.25(1H,m,2-H) ;"*C NMR (50 MHz,CDCl,) 8ppm:

16.9,17.5,22.2,23.1,27. 3,27. 7,29. 8,32.2,85. 9,
117.5,133.5,170. 6; HRMS(ESD m/2:C,, H,, O, +
NH, * B {E 214. 180 7, 52 214. 180 4,

72 WA WA, P73 80, 2% ,'H NMR (200
MHz,CDCIl,) §ppm: 0. 87 (3H,s,10-H),0. 91 (3H,
$,9-H), 1. 09(3H,t,13-H), 1. 66 (3H,s,7-H ),
1.56~2.49(6H,m,3,5,6-H),2.19~2. 31(2H,q.,
12-H),2.68~2.82(1H,m,8H),5. 25(1H, m, 2-
H);"“C NMR (50 MHz,CDCl,) dppm:9. 4,16. 9,
17.5,23. 1,27.4,28. 8,29. 9,32, 3,85. 6,98. 9,
117.6,133.5,174. 0; HRMS(ESD m/2:C,; H,, O, +
NH, " HEig{4 228. 151 8, 5¢ill{4 228. 151 7,

Z3: MR B AWK, 2R 76, 5% . H NMR (200
MHz,CDCl;)8ppm:0. 89(3H,s,10-H) ,0. 926 (3H,
$+9-H),1.70 (3H,s,7-H ),1.61~2.50(6H,m, 3,
5.6-H),2.76~2.79(1H,m,8H),5.25(1H, m,2-
H),5.68~5.74(1H,s,13-H) ,5.97~6. 11(1H,m,
12-H).6.24~6. 33(1H,s,13’-H);“C NMR (50
MHz,CDCL,) 8ppm:17.2,17.5,23.1,25.0,27. 2,
34.5,37. 6,86. 8,123. 4,128. 3,130. 2, 134. 0,
166. 5; HRMS(ESD m/z:Cy; Hy O, + NH, © , #i8
H 226. 180 7, 5ZMI{H 226. 180 7,

Z4 R B AWK, 2R 70, 3% . H NMR (200
MHz,CDCl,)8ppm:0. 94(3H,s,10-H) ,0. 976 (3H,
$+9-H),1. 71(3H,s,7-H),1. 54~2.04(6H, m, 3,
5.6-H),2.13~2.35(1H, m,8H),5. 31 (1H, m,2-
H),7.49~7.72(2H,m,13,17-H ), 8. 14~ 8. 18
(3H,m,14,15,16-H) ;'"*C NMR (50 MHz,CDCl,)
Sppm:16. 7,16.9,21. 9, 25. 8,27. 8,32. 7,36. 9,
89.8,117. 6,128. 1,128. 2,129. 3,129.5,132. 3,
132.6,132.7,167. 0; HRMS(ESD m/2:C,; H,, O, +

H, " BiS(H 276. 196 4, 52E 276. 196 1,

75 R WA AR, P 83, 2% ,'H NMR (200
MHz,CDCl, ) §ppm: 0. 872 (3H, s, 10-H), 0. 906
(3H,s,9-H).1. 71(3H,s,7-H).1. 59~2. 11 (6H,
m,3,5,6-H),2.13~2.29(1H,m,8H),5. 37(1H,
m.2-H);7.58~7.63(3H.m,13,14,15-H),7. 94~
7.97 (2H, m, 12, 16-H);"” C NMR (50 MHz,
CDCly) dppm:16.7,17.1,23.5,24.9,27. 4,34. 5,
38.2,74.3,123.9,129. 6,129. 7, 130. 8, 130. 9,
134.1,134.9,142. 3; HRMS(ESD m/z: Cys Hy, O, S+
Na® B E 317. 118 7,524 317. 118 8,

726 R E WAL, 7% 79, 3% ,"H NMR (200
MHz,CDCl,) §ppm: 0. 87 (3H,s,10-H),0. 91 (3H,
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$+9-H),1.71(3H,s,7-H),1. 63~2.01(6H,m, 3,
5.6-H),2.03~2.21(1H,m,8H),2.35(3H,s,17-
H),5.37(1H,m,2-H).7. 26~7.40(2H,m,13,15-
H),7.93~7.98(2H,m,12,16-H);"* C NMR (50
MHz,CDCl,) §ppm: 16. 9,17. 1,23. 7,24. 6,25. 1,
26.8,34.5,37.6,73.9,124.1,129. 6,129. 8,130. 6,
130.9,134. 3, 138. 7, 144. 6; HRMS (ESI) m/z:
C,H,, O,S+ NH, ", ¥l ig {5 326. 179 0, 52 1 {4
326.178 8,

M1 JG o 3 1A . 7= % 86. 3% .'H NMR (200
MHz,CDCl,) §ppm: 0. 86 (3H,s,10-H) , 1. 01 (3H,
$.9-H),1.71(3H.,s,7-H),1. 62~2. 07 (6H.m, 3,
5,6-H),2.10~2.16(1H,m,8-H),3. 16(3H,s,11-
H), 5. 26 (1H, m, 2-H);"* C NMR (50 MHz,
CDCl,) dppm: 16. 4, 16. 8,23. 4,26. 7,29. 4, 35. 8,
38.7,55.9,85.2,123.9,134. 7; HRMS(ESD m/ =
Cii Hyy O+Na® L FRIS(E 191, 141 2, 52944 191. 141 0,

M2, TG 8 W A, 77 % 81. 7% .,'H NMR (200
MHz,CDCl,) §ppm: 0. 86 (3H,s,10-H) ,0. 87 (3H,

$,9-H),1.10~1. 17(3H,t,12-H), 1. 71(3H,s, 7-
H),1.62~2.09(6H, m,3,5,6-H),2.10~2. 16
(1H,m,8H),3. 28~3.39(2H, m, 11-H), 5. 26
(1H,m,2-H);"*C NMR (50 MHz,CDCl;) dppm:
16.1,16.6,17. 5,23, 3,27. 4,29. 1,34. 5,39. 1,63.9,
82.7,118. 2,133. 7; HRMS (ESD) m/z: C;, Hy, O +
NH, * B {H 200. 201 4, 52{E 200. 201 1,
3 PRV -A-BEAT AR 0 R OV
3.1 HEWEMMNE R X

B P (R T A SR = A O B 2% vk ik R O
AN R B 408 L. B E R 3 R B E
5220 kil HL, DD R A 38 Sk xof 8, B ZE G M 4 h (g
AWM 24 D JE R AL R Gt ET %, IF DL Abbott
VNS IO R -7 70 A RIS s B N
A (LDs) & 95 % EA5HR .
3.2 MBI BRETEYNERSHINELER

A2 1 a] UL A i I -4-BE AT AR ) 0 R B A
— 5 Y R AELTE R 2 55 T A -4

x1 MEABABERETEYNRBENEZRSANVEERUA D

Table 1 Fumigation acticity of derivatives of terpinen-4-ol against Musca domestica 1.. (4 h)
ﬁ@i‘{ﬁﬂﬁﬁ% VAN ) LCos/Cul + 1) 95%§1§FE/(,}L cL7hH
Compd LD-P X ok 95% FL
ﬁﬁijﬁl Y=3.776 2+1.879 9X 0.71 4.476 9 3.559~5. 632
Z1 Y=3.129 4+2.395 4X 1. 24 6.038 5 5.055~7.213
72 Y=1.766 8+3.341 6X 0.45 9.240 5 8.173~10. 538
73 Y=2.178 3+2.610 0X 6. 34 12.053 5 10.181~14. 270
74 Y=0.138 1+4. 401 3X 0.78 12.724 6 11.542~14.028
Z5 Y=2.476 4+2.595 4X 9.09 9.383 1 7.890~11.158
76 Y=2.037 6+2.482 4X 0.09 15.608 2 13.052~18. 666
M1 Y=1.797 5+2.496 6X 1.57 19.175 0 16.192~22.708
M2 Y=1.091 1+3.749 9X 0. 83 11.025 2 9.927~12. 245

R2 MEBABRETEYHRBAMAZTANELER (24 )

Table 2 Evaluation of contact toxicity of derivatives of terpinen-4-ol against Musca domestica L. (24 h)

Tﬁéﬁﬁ% ﬁ#ﬁjﬁ— 2 LDs/Cmg » 3 1) 95%ﬁfa9|$5§y/;(;15 <3k
f‘;ﬁi;ﬁl Y=6.395 9+1.589 0X 0.24 0.132 3 0.091~0. 192

Z1 Y=6.079 1+1.474 0X 1.47 0.185 3 0.129~0. 267

72 Y=8.350 4+2.372 0X 0.26 0.038 7 0.030~0. 049

Z3 Y=4.462 2+2.253 7X 0.87 1.732 4 1.354~2.217

Z4 Y=7.776 2+2. 211 3X 0.13 0.055 5 0.044~0. 071

Z5 Y=7.513 9+2.267 1X 0. 30 0.077 8 0.064~0. 099

z6 Y=7.966 5+2.899 7X 0.21 0.094 8 0.079~0.114

M1 Y=4.950 3+1.810 0X 0.34 1.065 2 0.781~1.453

M2 Y=6.064 2+1.856 2X 0.51 0.267 1 0.193~0. 369

3.3 MHEABEREFMEVHMRSANELER
M1 2% 2 n] LR HH S A il -4 - T 2R AT A 0 X R

W 8 AT — 2 0 Al R A . T S R TR AT A W 1Y i
%(ﬁ‘fﬁfﬁ \%%EE% 9/H\: LDsoﬁ‘j 0.038 7 mg/%aﬁﬂ%%



573

Ty G35 0 A5 < A i -4 T i T IS AT A2 0 )5 B R LT A T 5 151

T3 IR RN M -A-BE B0 3. 42 A% 5 2% F R T 24 b TR T A
X B A R 5 AT A 0 04 i 3% 36 R A BT 4R s TN
I TR TR | T I | 2 AT A= 0 1 fld 2% 305 A R B8 T

4 3w

R U] FEZE TG M 5 AR L E R
SR YIAA G, AW AR 6 FE
T HE ) Be 2 Tl ik 207 A 0 ) R ) 2RO P AR T
BEAAL S P R il M -A-T . EL 52 30 I 4 5 AT R
R R R R 1 s e X B AR A R RE S T
BER AR RN T REAT G T4 BhESSE AT A W0 19 itk 2%
P e TR e A -4 HG R T R R AT A 0 9 ik R O
PEIEAN I M-A-BE A 3. 42 A7 2K YR S | 2 7R 1S I
X B A R T AT A 0 0 i % 6 R A BT 4R L HIN
I TR TR P 1 R 2 TR AT A 00 9 3% P O RO T .
R PR A 5 AT RE S AL S W Y SRR PR SR A G .
[N -RS R DO R LY i S A B S SO BUR G VA
- A-BEREAT A A W] A5 B 2R s PR AR A A
Py« SRS P O B E ARG &R I R T
Pt RA I

A TE AL S Y B B T AR R 22N R T R
AP T2 [ 5 o o SE 00 8 T 3 R R 3 T AR R B L A
12 7R 20 IR
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