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Table 1. Classification of fungicides and insecticide according to the mode of actions

Class Group Mode of actions

Chemical Family

. " 2
Fungicide (133) F-1 (DMD), (32).

) Inhibition of complex III of fungal respiration:
ubiquinol oxidase, (8).

F-3? Inhibition of succinate dehydrogenase, (7).

Insecticide (152)" -1? Acetylcholine esterase (AChE) inhibition, (90).
129 Inhibit chitin biosynthesis, (10).
1-3% Acetylcholine receptor agonis- tsts/antagonists, (9).

Inhibition of C14-demethylation in sterol biosynthesis Imidazoles (4), Piperazine (1), Prymidines (3),

Triazoles (24).

Methoxyacrylates (2), Imidazolinone (1),
Methoxycarbamate(1), Oximino acetates (2),
Oximino-acetamide (1), Oxazolidinediones (1).

Oxathiins (7).

Carbamates (17), Carbamoyltriazole (1),
Organophosphorus (64), Oxime carbarmates (8).

Benzoylureas (10).

Neonicotinoids (2), Nitrimethylene (3),
2-dimethylaminoprop-ane-1,3-dithiols (3), Other (1).

YNumberals in parenthesis are number of compounds., ?Code of FRAC., *Code of IRAC.

Table 2. The range of physicochemical parameters for fungicides and sterol biosynthesis inhibitors (DMls)

Parameters Fungicides" Fungicides” DMIs (F-1)?
OlogP? -4.97~5.83 -1.10~3.80 -0.20~2.50
ClogP® -4.97~7.60 -1.09~3.75 -0.09~2.51
DM (Debye) 0.00~13.63 1.60~7.60 2.10~5.50
MR (Cm*/mol) 25.13~126.33 60.0~107.0 82.0~104.0
Pol (A3) 9.36~52.00 22.0~40.0 28.0~37.0
HOMO (eV)” -11.0950~-5.750 -10.330~-6.820 -10.0700~-7.3600
LUMO (eV)® -5.2670~2.4150 -2.6500~0.1800 -1.4600~0.0200
Vol (Cm*)? 132.99~1327.50 564.0~990.0 760.0~952.0
Mass (amu) 100.00~582.56 210~412 292~377
Surface area (A2) 113.70~488.95 203.0~358.0 263.0~337.0
Hy.E (kcal/mo))” -771.42~541.47 -14.03~122.64 -9.04~56.74

D100% full range. ¥85% range, Yobserved value, “calculated value, 1 electron volt (€V): 23.06 Kcal/mol, “van der Waals volume, “hydration energy.
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Fig. 1. The distribution ratio (%) for hydrophobicities (logP) of
fungicides (—) and sterol biosynthesis (DMI) inhibitors (— —-).
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Fig. 2. The distribution ratio (%) for hydrophobicities (logP) of
insecticides (—) and acetylcholine esterase (AChE) inhibitors (— - -).
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Table 3. The range of physicochemical parameters for insecticides and AChE inhibitors

Parameters Insecticides” Insecticides? AChHE (I-1)?
OlogP? -0.89~7.03 0.00~5.50 -0.03~4.40
ClogP -2.27~8.05 -0.26~4.34 -0.03~3.21
DM (Debye) 0.34~15.02 1.20~10.20 2.01~10.20
MR (Cm*/mol) 9.01~268.08 48.0~121.0 50.0~97.0
Pol (A3) 1.73~103.52 17.0~43.0 18.0~34.0
HOMO (eV)® -12.8824~-2.8524 -10.1800~-7.1700 -9.9600~-7.5800
LUMO (eV)y” -9.0654~1.1447 -2.9300~0.1000 -3.0200~-0.3400
Vol (Cm®)® 226.69~2102.68 550.0~1086.0 572.0~955.0
Mass (amu) 57.96~994.23 183~477 193~368
Surface rea (Az) 72.03~807.88 190.0~384.0 202.0~341.0
Hy.E (kcal/mol)” -146.78~166.93 -11.71~110.73 -11.71~109.70

P100% full range. ¥85% range, “observed value, “calculated value, ¥1 electron volt (€V): 23.06 Kcal/mol, ®van der Waals volume. hydration energy.
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Fig. 3. Difference of physicochemical parameters between
medicinal drug and DMIs inhibitor of fungicides. (Ml : Medicinal
drug, [}: Fungicide).

A HEE 4~2(eV) ZB L carbamate$}t oxime carbamate
A 2.0~00eV) BHE dep B2 et ApEst
E B F AT} F3, van der Waals ¥4 ¥3&E 2267~
2102.7(cm*)2] HH oI 2™ acetylcholine receptor modulator®]
116419} avermectins®] I-107] 33HE-LS 1800 e’ oV 28]
Zhg 717 REA FpAY BFIF HA) o2 1841 &
e SES 300cm® ©l3F o|Avt. EAFEE(mass)S S8.0~
994(amu), van der Waals £} 8L 72~-807(A%)2] WS
Yepliglen LAE 200-350(A%)¢) Mol L8AlE 1302
(A elsleIunt.

-84l #}§E< aluminum phosphide, chloropicrin, methyl
bromide 2 sulfuryl fluoride= MR, van der Waals 22} F3]%
g 82 THE, BAF SolA AFA 7K e E8-348) 9t
ZuE o] 7t S vlwA W ghe] WelE et 2
3L 1-10 A%9) 33HEQ avermectin® emamectin® AR
¥, A 2 Bxl 13E 5o AEArE /X E "Wl it
oM Hlwd = kel HeE Jehlision] 48 ouyx]
HyE)E -146.8~167.0 Kcal/mololit},

AChE A&|AEo] et 85% B E&]-3}8 4= =k
23 2tk F, 294 (OlogP); —0.03~440, 54 55
(DM); 2.01~10.20(debye), MR/, 50~97(cm’/mol), Pol’d=F;
18~34(A%), HOMO oU7]; —9.96~-7.60(eV), LUMO ©|UiA];
-3.02—0.34(cV), &+ 13 (Vol); 572~955(cm’), EAFE; 193~
370(amu) 1] FAF FHEAES 200~340(A%) 223 $23} o
UAlE -11.7~110.0 Keal/mol®] W& ZH2t vepfiic)

oorte] W J1eA. FUE AAl BAEH(100~582.56
amu.)2] 85% BAZHQ210~412 amu)F AEA] BAEH(58~994
amu.)?] 85% HATL(183~477 amu)E 7HAE oJeF g Hz)ke)
2 ZizF Aol 10719 B8 -818t A AlRkeisl). g
AR, A F 53], sterol AT *FNAE (DMIs) st
) -slet geing o, AA% 85%2) B el T3hE F
ErE MBS (%R Ssle] AtA|et Sokite] #AE Fig
39l AlA|EAT

AzAe] Aolle MATet Poldrrt ejekst mjg Aol

3lo] A|xA} oJoks Fhisle WE 84U E AOE g4
H Qgloupy ook AE logh, Pol. ¥ van der Waals
VAl BE o) agrA} AgAel njste] @As] 2R s
LR e o5 37k E&]-3}8t seprer) ook A
RIS I W s 840t 2 ALE 4.

ol 2o HE Ao we} shite] 3pEe] Table 2-3
I 728 107119 B384l 98T Hesks TKKe
Aol ULg daAel AFARM 4L vEhiA 2
Ziow AdHEy, aHeg ofF E2-3s deprHEY] |
FHES LHAA AY TE SR AMEE] ok sie)
o tiale] FYE AaAle AFAEAY SEE AR §
3L dZshet 7183 o]8E  AUg Zolrt.

4o g

a2 e

HAlel =2

2 Axes =askAte] $4dFAEERC) Al 9E No:
R11-2002-100-0302-2)8] 43 = o]Fo] A Ao Yo 7+
A=t

IEH

1

1. Hansch. C. and Leo, A. (1995) Pesticide QSAR. Ch. 12, In
Exploring QSAR: Fundamentals and Applications in Chemistry
and Biology, ACS Professional Reference Book, American
Chemical Society, Washington, DC.

2. Sung, N. D. (2002) Development of new agrochemicals by
quantitative structure-activity relationship (QSAR) methodologies.
1. The basic concepts and types of QSAR methodologies. Kor: J.
Pesti. Sci., 6, 166-174.

3.Sung, N. D. (2002) Development of new agrochemicals by
quantitative structure-activity relationship (QSAR) methodologies.
1. The lLinear free energy relationship (LFER) and descriptors.
Kor: J. Pesti. Sci., 6, 231-243.

4.Sung, N. D, and Song, S. S. (2003) The range of
physicochemical parameters for the active ingredients of
herbicides. Kor. J. Pesti. Sci., 7, 58-65.

5.Taylor, P J. (1990) In Hydrophobic properties of drug:
Comprehensive Medicinal Chemistry Hansch, C., Sammes, P.
G. and Taylor, J. B. (eds.), Pergamon Press, Tronto.

6. Tomlin, C. D. S. (2000) The Pesticide Manual (12 ed.), The
British Crop Protection Council. UK.

7. FRAC (2002), Publications, FRAC fungicide group names and
codes, Fungicide Ressistance Action Committee/www. frac.
info.

8. IRAC (2002) Mode of Action Classification, Insecticide
Ressistance Action Commmittee, Plantprotection. org. IRAC.
9. ACS (2000) Scifinder Scholar (Ver. 2000), American Chemical

Society, Washington, DC, USA.

10. Hyperchem (1993) Ver. 6.50., In Hyperchem for Window. Ch. 7.
Chemical Calculations, Hypercube Inc, Ontario, Canada. pp.
169-216.

11. Prous, J. R., Mealy, N. E., Serradell, M. N. and Blancafort, P.
(1985) Annual Drug Data Report, Vol. VII. Prous Science.

12. Leonard G. C. and Hewitt, H. G. (1998) Chemistry and Mode



284

A - A

Chemistry. UK.

13. Tanaka S., Takahashi, M., Funaki, Y,. Izumi, K., Takano, H.
and Miyakado, M. (1995) In Hydrophobicity and Systemic
Activities of Fungicidal Triazoles and Blaching Herbicidal Press, Toronto.
Compounds, Ch. 8 108-119: Classical and Three-Dimensional
OSAR in Agrochemistry (ed Hansch, C. and T. Fujita), ACS
symposium Series No. 606, American Chemical Society, 926-935.

of Action of Crop Protectection Agents, The Royal Society of Washington, DC, USA.
14. Bowden, K. (1990) In Electron Effects in Drugs; Comprehensive
Medicinal Chemistry. The Rational Design, Mechanistic Study &
Therapeutic Application of Chemical Compounds, 229. Pergamon

The Range of Physicochemical Parameters for the Active Ingredients of Fungicides and Insecticides as Crop
Protection Agents

Nack-Do Sung* and Sun-Sup Song' (Division of Applied Biology & Chemistry, Chung-nam National University,
Daejon 305-764, Korea.; 'Hankook Samgong, Research Institute of pesticide, Seoul, 110-012, Korea)

Abstract: To develope of diagnosis and estimation system for utility of fungicides and insecticides as crop protection
agents, various 10 physicochemical parameters, hydrophobicity (L-ogP), dipole moment (DM), HOMO energy,
LUMO energy, molar refractivity (MR: cm’/mol), polarizability (Pol: A%), van der Waals molecular surface area A%,
van der Waals molecular volume (Vol: cm’®), molecular weight (amu), hydration energy (Kcal/mol) for the active
ingredients of 133 fungicides and 152 insecticides were calculated. And then the distribution ranges for each of the
physicochemical parameters in fungicides, sterol biosynthesis inhibitors (DMI: demethylation inhibitor), insecticides
and acetylcholine esterase inhibitors (AChE) were confirmed. It is suggested that the various compounds based on
the range of the physicochemical parametes could be predicted for possibilities as fungicides and insecticides.

Key words: crop protection agents, fungicides, insecticides, physicochemical parameters, diagonasis & evaluation
system
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