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Scheme 1. Structures of monoterpenoids used for the preparation
of organophosphorus compounds.
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Scheme 2. Structures of phosphates, phosphorothioates, and
carbamates of monoterpenoids.
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0, O-Diethyl-O-menthylphosphate(8).
'H-NMR(CDCL)) & 0.76(d, 6H, J=8.0Hz), 0.88(dd, 3H,
J=28, J=32), 1,24(t, 6H), 1.60(m, 2H), 2.08(m, 2H),

3.98(m, 4H), Yield: 62%

0, O-Diethyl-O-menthylphosphorothioate(9).
'H-.NMR(CDCL,) & 0.83(d, 6H, J=6.8Hz), 0.93(m, 6H),
1.34(m, 6H), 4.10(m, 4H), Yield: 58%

0, O-Diethyl-O-thymylphosphate(10)

'H-NMR(CDCL) & 1.22(d, 6H, 2CH,), 1.32(t, 6H), 2.29(s,
3H), 3.31(m, 1H), 4.20(m, 4H), 693, 1H, J=7.7Hz),
7.14(m, 2H), Yield: 67%

O, O-Diethyl-O-thymylphosphorothioate(11)
'H-NMR(CDCL) & 1.23(d, 6H), 141(t, 6H), 2.34(s, 3H),
3.35(m, 1H), 4.29(m, 4H), 6.98<°7.28(m, 3H), Yield: 63%

0, O-Diethyl-O-carbacrylphosphate(12)

'H-NMR(CDCL) & 1.36(d, 6H, /=720 Hz), 1.43(t, 6H),
237(s, 3H), 2.96(m, 1H), 431(m, 4H), 7.02~7.23(m, 3H),
Yield: 53%

O, O-Diethyl-O-carbacrylphosphorothioate(13)

'HNMR(CDCL) & 1.24(d, 6H, J=80), 140(m, 6H),
2.29(s, 3H), 2.88(m, 1H), 4.28(m, 4H), 6.96~7.25(m, 3H),
Yield: 59%

O, O-Diethyl-O-bornylphosphate(14)
'H-NMR(CDCL)) & 091(m, 9H), 1.23(m, 2H), 1.43(s, 1H),
1.62~1.83(m4H), 2.32(m, 1H), 4.01(m, SH), Yield: 42%

O, O-Diethyl-O-bornylphosphorothioate(15)
'H-NMR(CDCL) & 0.90m, 9H), 1.21(m, 2H), 1.42(s, 1H),
1.61~1.82(m,4H), 2.30(m, 1H), 4.01(m, 5H), Yield: 38%

0, O-Diethyl-O-carvylphosphate(16)
'H-NMR(CDC1) & 1.31(d, 6H), 145, 6H), 2.35(s, 3H).
3.02(m, 1H), 4.32(m, 4H), 7.1~7.2(m, 3H), Yield: 43%

O, O-Diethyl-O-carvylphosphorothioate(17)
'H-NMR(CDCL) & 1.30(d, 6H), 1.43(t, 6H), 2.32(s, 3H)
3.02(m, 1H), 4.30(m, 4H), 6.9~7.1(m, 3H), Yield: 47%

0, O-Diethyl-O-geranylphosphate(18)

'H-NMR(CDCL,) & 1.31(t, 6H), 1.72(s, 3H), 1.83(m, 6H).
224(m, 4H), 4.2(d, 2H), 43(m, 4H), 52(m, 1H), 5.4(m
1H), Yield: 21%

O, O-Diethyl-O-geranylphosphorothioate(19)

'H-NMR(CDCL) & 1.30(t, 6H), 1.71(s, 3H), 1.81(m, 6H)
2.22(m, 4H), 4.2(d, 2H), 4.3(m, 4H), 52(m, 1H), 54(m
1H), Yield: 26%
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O, O-Diethyl-O-linalylphosphate(20)

'H-NMR(CDCL) § 1.31(m, 9H), 1.52~1.80(m, SH), 2.12
(m, 1H), 4.23(m, 4H), 5.13~5.21(m,3H), 5.60(m, 1H), Yield:
28%

0, O-Diethyl-O-linalylphosphorothioate(21)

'H-NMR(CDCL) & 1.30(m, 9H), 1.51~1.80(m, 5H), 2.10
(m, 1H), 4.22(m, 4H), 5.13~521(m,3H), 5.60(m, 1H), Yield:
46%
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N-Methylmenthylcarbamate(22)

'H-NMR(CDCL,) & 0.79(d, 3H, J=8Hz, CH,), 0.89(d, 6H,
J=8Hz), 1.01~1.06(m, 1H), 1.61~1.67(m, 2H), 2.03~2.05(m,
2H), 4.55(m, 1H, -NH)

N-Methylthymylcarbamate(23)

'H-NMR(CDCL) 8§ 121(d, 6H, J=12Hz), 230(s, 3H),
2.90(d, 3H, J=4Hz, -NHCH,), 4.95(s, 1H, -NH), 6.87~7.17
(m, 3H, ArH)

N-Methylcarbacrylcarbamate(24)
'H-NMR(CDCl,) § 122(d, 6H, J=80Hz), 2.17(s, 3H,
CH3), 2.90(d, 3H, NHCH,, J=4Hz), 6.92~7.12(m, 3H, ArH)
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Table 1. The insecticidal effects of organophosphorus compounds
(% mortality)

Compound Conc(mg/) BPH GPA DBM TCW TSSM
8 500 60 0 0 0 81
9 500 5 20 0 0 0
10 500 85 0 0 0 80
11 500 20 10 0 20 0
12 500 65 0 0 0 13
13 500 75 10 0 10 0
14 500 65 0 0 0 63
15 500 0 10 0 10 0
16 500 0 0 10 60 3
17 500 100 10 100 0 0
18 500 0 0 0 30 0
19 500 95 60 100 80 0
20 500 10 0 0 0 0
21 500 0 0 0 0 7

BPH: Brown plant hopper ( W& )

GPA: Green peach aphid E-5°} S5 &)
DBM: Diamond back moth (#j&F114})
TCW: Tobacco cut worm ( BHl A A= U} )
TSSM: Two spotted spider mite ( o] 3-of )
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Table 2. The insecticidal effects of geranyl phosphorothioate (19)
and carvylphosphorothioate (17) (% mortality)

Conc. (mg/l) 19 (against DBM) 17 (against BPH)
500 100 100
250 57 100
125 37 23
63 6 5
32 3 0
16 3 0

DBM: Diamond back moth
BPH: Brown plant hopper
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Insecticidal Activity of Some Monoterpenoids
Suk-Hun Kyung*, Young-Kyu Lee and Cheol Song' (Department of Applied Biology and Chemistry, Konkuk

University, Seoul 143-701, Korea; 'Screening Division, Korea Research Institute of Chemical Technology, Yusong,
Taejon 305-600, Korea)

Abstract: Seven organophosphorus compounds and three carbamates of some monoterpenoids were synthesized and
tested for insecticidal activity to five insects, brown plant happer (BPH, Nilaparvata lugens), green peach aphid
(GPA, Myzus persicae), diamond bark moth (DBM, Plutella xylostella), tobacco cut worm (TCW, Spodoptera litura),
and two spotted spider mite (TSSM, Tetranychus urticae). With the administration of 500 mg// concentration
thiophosphates of carveol and geraniol showed motality of from 95% to 100% to BPH and DBM. On the other
hand, phosphates of menthol, thymol, and borneol had also good to moderate activity to BPH and TSSM insects at
the same concentration.

Key words: monoterpenoids, organophosphorus compounds, insecticidal activity.
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