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a
abamectin 197, 198, 199, 202, 203
Abutilon theophrasti 96
ACCase enzymes 74
acetamiprid 210, 212, 213, 218
acetohydroxyacid synthase (AHAS) 83, 86,

88
– inhibiting triazolopyrimidine 51
– – biological activity 56–57
– – history 51–53
– – mode of action 55–56
– – structure–activity relationship 57–58
– – synthesis 53–55
acetolactate synthase (ALS) 45–47
acetyl-CoA-carboxylase (ACCase). See

tetronic acid insecticides and acaricides,
inhibiting acetyl-CoA-carboxylase
(ACCase)

adenosine triphosphate (ATP) 229
Aegilops cylindrical 83
Agriotes species 216
albaconazole 133
albendazole 115
aldimorph 119, 120, 123
Alternaria 113, 188
Alternaria alternata 151
Alternaria solani 151, 160, 186, 187
Amaranthus hybridus 96–7
Amaranthus palmeri 96
Ambrosia trifida 96
aminopyrazole 242
amino triazines, dialkyl 32
amorolfine 126
amrinone 4
andoprim 147, 148, 151
anilinopyrimidine fungicides 147
– biological activity 151
– history 147–148

– mode of action 150
– structure–activity relationship 151–153
– synthesis 148–150
anthranilic diamide 251, 252, 254–255,

256, 257, 258, 259, 260, 261
Aphis gossypii 216, 217, 218, 220, 258, 276
Aplysia californica 215
aryloxyphenoxypropionate herbicides 76
aryloxyphenoxypropionic acids (APPs) 266,

270
Ascochyta sp. 151
ascomycetes 116
Aspergillus nidulans 111, 114
Aspergillus sp. 133, 159
atrazine 27, 32, 35
auxin 75
Avena fatua 84
avermectin insecticides and acaricides 197
– biological activity 202–204
– history 197, 199
– mode of action 201–202
– structure–activity relationship 204–206
– synthesis 199–201
azimsulfuron 9
azomethine 9
azoxystrobin 163, 164, 165, 166, 168, 170,

172, 183
Bemisia argentifolii 217
Bemisia spp. 265
Bemisia tabaci 217, 220, 259, 268, 271, 275

b
benzfendizone 96
benzimidazole fungicides 105
– biological activity 112–114
– history 105–107
– mode of action 110–112
– resistance 105, 107, 111–114
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benzimidazole fungicides (contd.)
– structure–activity relationship 114–116
– synthesis 108–110
benzobicyclon 64
benzodioxolane 96
benzothiadiazine derivative 7
benzoylpyrazole herbicides 61
– biological activity 66
– chemical structures of 62
– history 61
– mode of action 64–66
– one-pot synthesis 63
– structure–activity relationship 66–67
– synthesis 62–64
β-ketoester 177, 178, 179
β-methoxyacrylate strobilurin 169, 170
bicyclopyrone 64
bioisosteres 3, 9, 11, 13, 26
bitertanol (Baycor®, Proclaim®) 129
bixafen 176, 181, 182, 185, 186
Blatta germanica 217
Blumeria graminis 123, 125, 140, 151, 152,

168, 170
Bontima™ 186
boscalid 181, 183, 185, 186
Botryotinia fuckeliana 151
Botrytis cinerea 107, 111, 113, 114, 155, 158,

159, 170, 186, 187
Botrytis species 151, 159, 185, 188
Brassica kaber 96
Brevicoryne 217
broad spectrum activity 129, 130, 131, 133,

140
bromoxynil 66
bromuconazole (Condor®, Granit®) 132
bupirimate 152
4-tert-butylbenzaldehyde 121
4-tert-butyliodobenzene 121

c
C4′′hydroxy group 199, 201
C14 demethylase 139, 141
Caenorhabditis elegans 201
Candida sp. 133
carbendazim 7, 107, 108, 111, 116
carbon–nitrogen double bonds and carbonyl

group, relationship between 53
carboxin 175
carboxyl transferase 73
Cercospora 113
chemical structure variation 239, 246
Chenopodium album 96
chlorantraniliprole. See Rynaxypyr®
chlorsulfuron (Glean®) 39, 40

clodinafop 75
cloransulam-methyl 51, 54, 57
clothianidin 209, 210, 212, 214, 215, 217
complex I inhibitors 225, 226, 229, 230,

231, 236
Convolvulus arvensis 96
Convolvulus spp. 84
Conyza Canadensis 96
crop insecticide market 239, 245
Ctenocephalides canis 217
Ctenocephalides felis 201, 217
cyano group 253, 258, 259, 261
cyantraniliprole. See Cyazypyr®
cyanuric chloride 23
Cyazypyr® 251, 252, 254, 255–256,

258–262
cycloeucalenol–obtusifoliol isomerase 122
cyclohexandiones (CHDs) 266, 270
Cydia pomonella 216, 256
cypendazole (Folcidin®) 114
Cyperus spp. 66, 84
cyproconazole (Alto®) 130
cyprodinil 148, 149
cyromazine 14
cystathionine-β-lyase 150
cystathionine-γ -synthase 150

d
Daphnia magna 204, 205
dazomet 5
demethylase inhibitors (DMIs) 139
diazotation 243, 244
2,3-dichlorobenzaldehyde 156
diclobutrazol (Vigil®) 129
diclofop 69, 73
diclosulam 51, 54, 56
dicyclanil 15
diethofencarb 113
difenoconazole 134 135
difluorobenzodioxole 157
Digitaria sanguinalis 96
diketonitrile 64
dimethenamid 11
dimethirimol 152
dims 73
diniconazole (Spotless®) 131
diphenoxybenzene 164
dodemorph 119, 120, 123, 124
Drosophila melanogaster 201, 254
Dysdercus cingulatus 246

e
Echinochloa spp. 57, 66
ectoparasiticides 239, 240, 245
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electron-withdrawing group (EWG) 44
emamectin 199, 200, 203
– benzoate 197, 198, 199, 203, 204
Eotetranychus spp. 230
epoxiconazole (Opal, Opus) 132, 138, 140,

143, 186
ergosterol 122, 138
Eriophyidae 230
etaconazole (Sonax®, Vanguard®) 131, 134
ethaboxam 5, 6
ethiprole (Curbix®, Kirappu®) 240, 242,

245
ethirimol 152

f
famoxadone 167
fecosterol 122
fenamidone 167
fenarimol (Rubigan®) 143
fenazaquin 226, 227, 228, 230, 234
fenbuconazole (Enable®, Indar®) 132, 137
fenpiclonil 156, 157, 158, 160
fenpropidin 15, 126
fenpropimorph 119, 121, 122, 123, 124
fenpyroximate 225, 226, 227, 229, 230
ferimzone 152
fiprole insecticides,

phenylpyrazole-containing 239
– biological activity 244–245
– history 239–241
– mode of action 244
– structure–activity relationship 246–247
– synthesis 241–244
fipronil (FRONTLINE®) 4, 5, 239, 240, 242,

244–245
fipronilsulfide 242
five-membered ring system 211, 212,

217–218, 219
florasulam 51, 53, 54, 57
fluacrypyrim 170
fluazifop 71, 72, 75, 77
fluazifop-butyl 6, 7
flubendiamide 252
fluconazole (Diflucan®) 133, 138
fludioxonil 157, 158, 159–160, 161
flufenerim 229
flumetsulam 5, 6, 51, 53, 56
fluopyram 189
fluotrimazole 141
fluoxastrobin 163, 164, 165, 167, 168
fluquinconazole (Galmano®, Jockey®)

132, 140
fluridone 14
flusilazole 131, 133, 137

fluthiacet-methyl 7, 8
flutriafol (Impact®) 129
fluxapyroxad 186
fops 69, 74, 75
Frankliniella occidentalis 204, 205
fuberidazole 106, 109, 112
Fungi imperfecti 116
furametpyr 175
Fusarium acuminatum 111
Fusarium culmorum 158
Fusarium oxysporum 160
Fusarium species 106, 112, 140, 186
Fusilade® 71

g
gaboxadol 9, 11
Gaeumannomyces graminis 140
γ-aminobutyric acid (GABA) 201, 239, 244
gibberellic acid 83
glyphosate, N-(phosphonomethyl)glycine

94

h
halopropionates 71
haloxyfop 71, 73, 75, 78
Helicoverpa zea 201
Heliothis virescens 254
Hemipteran pests 251, 258–259, 261
heterocycles 3–4
– fine-tuning of physicochemical properties

with 6
– as framework of biologically active

compounds 4–6
– as isosteric replacement
– – of alicyclic rings 11–13
– – of functional groups 8–11
– – of heterocyclic rings 13–16
– as peptidomimetics 7–8
– as prodrugs 6–7
hexaconazole (Anvil®, Planete®) 130
Hoelon® 69
hydroquinone 71
p-hydroxyphenylpyruvate dioxygenase

(HPPD) 7
hydroxypyrazole 62, 63

i
imazalil (Fungazil®) 141
imazamethabenz methyl 88
imazamox 86
imazapyr 86
imazethapyr 85
imibenconazole (Manage®) 132
imidacloprid 15, 211, 213, 217
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Imidaclothiz 221
imidazole derivative 7
imidazolinone herbicides 83
– biological activity 86–87
– history 83–85
– mode of action 86
– structure–activity relationship 88
– synthesis 85–86
imipramine 12
indole moiety 9
insecticidal phenylpyrazoles 239
Insecticide Resistance Action Committee

(IRAC) 229, 254
iodosulfuron-methyl sodium 40
ipconazole (Techlead®) 131
Ipomea hederacea 96
isavuconazole 133
isocyanates 42
isoguvacine 9
isopropylamine 27
isopyrazam 176, 181, 183, 185, 186
isoxaflutole 7, 8, 64
isoxapyrifop 76
itraconazole (Sporanox®) 133

k
ketoenols 266, 277
Kochia scoparia 96

l
Lactuca serriola 96
leaf-spotting activity 140
leflunomide 7, 8
Lema oryzae 216
lepidopteran pests 251, 254–258, 259, 261
Leptinotarsa decemlineata 216
Leptosphaeria nodorum 168
ligand-gated chloride channels 201
Linognathus setosus 217
Lissorhoptrus oryzophilus 216
Lolium rigidum 34
losartan 9, 11
Lucilia caesar 229
Lygus hesperous 217
Lygus lineolaris 217
Lymnaea stagnalis 215

m
Macrophomina 186
Macrosiphum species 217
Magnaporthe grisea 152, 155, 168, 170
maprotiline 12
Maxforce Prime® 217
mebendazole 115

mecarbinzide 114
mecoprop 69
meloxicam 5, 6
mepanipyrim 149–150, 150, 151
mepronil 175
mesityl acetic acid 268, 270
mesosulfuron-methyl 40
metamifop 76
metazosulfuron 40, 41
metconazole (Caramba®) 131
methionine biosynthesis See

anilinopyrimidine fungicides
metolachlor 11
metosulam 54, 56
metsulfuron-methyl 40, 46
Microdochium nivale 168, 186
microtubule assembly inhibitors 111, 112
microtubule poisons 112
milbemycins 201, 202
mitochondrial electron transport. See

pyrazole and pyrimidine acaricides and
insecticides

Monilinia fructicola 151, 159
Monilinia spp. 159
Monographella nivale 158
morpholine fungicides 119
– biological activity 123–124
– history 119
– mode of action 122–123
– structure–activity relationship 124–126
– synthesis 120–121
Musca domestica 210, 217, 246
myclobutanil (Laredo®, Systhane®) 131,

137
Mycosphaerella fijiensis 129, 140, 186
Mycosphaerella sp. 151
Myzus persicae 215, 216, 217, 219, 220, 233,

258, 274, 275, 276

n
neonicotinoids 209, 211, 214–219, 272
Nephotettix cincticeps 211, 216, 217, 219,

220, 233
Neurospora crassa 106, 111
N-hydroxyfludioxonil 159
nicosulfuron 40
nicotinic acetylcholine receptor. See pyridine

and thiazole-containing insecticides
Nilaparvata lugens 216, 217, 218, 220, 221,

233
nitenpyram (Capstar®) 213, 217
nithiazine 210, 211
nitromethylene 209, 211, 218, 220
nizatidine 6, 7
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nocodazole 115
noncompetitive antagonists (NCAs) 244
N-phenyl-pyrazole carboxamides 225
nuarimol (Trimidal®) 143
Oligonychus 230
O-methoxy herbicides 27, 32

o
Onecide® 69
Optigard™ 217
Oryza sativa 83
Oudemansiella mucida 163
oxadiazoles 9
oxazofurin 14
oxazoles 9

p
Panonychus 230
Panonychus citri 202
Panonychus ulmi 113, 266
paraquat 4
parbendazole 114
pefurazoate (Healseed®) 141
pempidine 4, 5
penconazole (Topas®) 131
penflufen 186, 187
Penicillium 113, 159
penoxsulam 51, 53, 57
penthiopyrad 186
Periplaneta americana 254
Phaeosphaeria nodorum 151, 152, 158, 170
Phakopsora pachyrhizi 140
phenoxyacetic acid herbicides 25
phenylpyrazole. See fiprole insecticides,

phenylpyrazole-containing
phenylpyrrole fungicides 155
– biological activity 158–160
– history 155–156
– mode of action 158
– structure–activity relationship 160–161
– synthesis 156–158
pheophytin 33
Phorodon humuli 216, 276
phthalide 165
Phyllocnistis citrella 216
Physalospora piricola 160
Phytophthora infestans 152, 170, 187
Phytophthora species,151
pilocarpine 14
pinoxaden 73
piroxicam 11
plant systemicity 245
Plasmopara halstedii 151
Plasmopara viticola 168, 187

plastoquinone 64
Plutella xylostella 230, 233, 258
Podosphaera leucotricha 140, 186
posaconazole (Noxafil®) 133
postemergence 6, 39, 46, 56–57, 61, 64, 66,

69, 75, 94, 96
powdery mildew. See morpholine fungicides;

triazole fungicides
prochloraz (Sportak®) 141
propiconazole (Tilt®) 129, 131, 134
propyrisulfuron 40, 41, 42
prothioconazole (Proline, Redigo) 133, 136,

140, 141
prothipendyl 11
protoporphyrinogen-IX-oxidase-inhibiting

uracil herbicides 91
– biological activity 94–7
– mode of action 94
– structure–activity relationship 97–100
– synthesis 92–94
protox herbicides 92, 93, 97
Pseudocercosporella herpotrichoides 112, 151
Pseudomonas pyrrocinia 155
Pseudoperonospora cubensis 152, 170
p-tolylsulfonylmethyl isocyanide (TosMIC)

156
Puccinia 140
Puccinia hordei 125
Puccinia recondita 168, 170, 185, 187
pyraclostrobin 183, 186
pyrasulfotole 66
pyrazole and pyrimidine acaricides and

insecticides 225
– biological activity 230
– history 225–226
– mode of action 229–230
– structure–activity relationship 230–236
– synthesis 227–229
pyrazole carboxamide fungicides. See su-

ccinate dehydrogenase inhibitors (SDHI)
pyrazole derivatives 4, 5
pyrazolinate 61
pyrazoxyfen 61
Pyrenophora graminea 158
Pyrenophora teres 140, 151, 168, 185
pyridaben (Sanmite®, Pyramite®) 229
pyridazine 13
pyridine and thiazole-containing insecticides

209
– biological activity 215–217
– history 209–211
– mode of action 214–215
– structure–activity relationship 217–221
– synthesis 211–214
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pyridyloxyphenoxypropionate herbicides 69
– biological activity 75–76
– history 69–71
– mode of action 73–75
– structure–activity relationships 76–79
– synthesis 71–73
Pyrifenox (Dorado®) 141
pyrimethanil 151
pyrimidifen 226, 228, 229, 230
pyrimidine acaricides. See pyrazole and

pyrimidine acaricides and insecticides
pyrimidinyl and triazinylsulfonylurea

herbicides 39
– biological activity 46–47
– history 39–40
– – metazosulfuron 41
– – propyrisulfuron 41
– mode of action 45–46
– structure–activity relationship 47
– synthesis 41–44
pyrimidinyldioxy strobilurins 163
– biological activity 168
– history 163–165
– mode of action 165–168
– structure–activity relationship 169–173
– synthesis 165
pyriprole 240, 245
pyroxsulam 51, 53, 55, 57
pyrrolidinone peptidomimetic 8
pyrrolinone 7
pyrrolnitrin 155, 156, 158

q
quinazoline 170, 234, 236

r
ravuconazole 133
Reticulotermes species 217
Rhizoctonia 113, 186
Rhizoctonia solani 106, 168, 186
Rhopalosiphum padi 216
Rhynchosporium secalis 123, 140, 151
Rooting Power™ 186
rotenone 225, 226
Ryania speciosa 251, 252
ryanodine receptor, pyrazolylpyridine

activators of 251
– biological activity 255–256
– history 251–253
– mode of action 254–255
– structure–activity relationships
– – Cyazypyr™ 258–262
– – R1 (6-substituent of the anthranilic ring)

257

– – R2 (4-substituent of the anthranilic ring)
257

– – R3 (3-pyrazole substituent) 258
– – R3 (amide residue) 257
– – R5 and A (N-substituted aryl and

heteroaryl group) 258
– – Rynaxypyr® 256–257
– synthesis 253–254
Rynaxypyr® 251, 252, 253, 254–257, 259

s
Saccharomyces pastorianus 114
saflufenacil 96, 98
saquinavir 7, 9
Sclerotinia sclerotiorum 159, 185
Sclerotinia spp. 159, 186
sedaxane 181, 184, 186
seed treatment 245
selenazofurin 14
Septoria 140, 188
Septoria tritici 132, 140, 168, 185, 187, 189
Setaria viridis 96
sildenafil 14
silicon-containing compounds 131, 133, 137
simeconazole (Mongarit®, Sanlit®) 133
Sitophilus granarius 246
S-methyl triazines 27, 32
Solanum americanum 96
Solanum spp. 56, 57
Sorghum bicolor 96
Sorghum halepense 96
spirodiclofen (Envidor®) 265, 266, 267,

269, 271, 272–273, 274
spiromesifen (Oberon®) 265, 266, 267,

268, 271, 272–273, 274
spirotetramat (Movento®) 276
Spodoptera eridania 203
Spodoptera frugiperda 201, 254, 258
Spodoptera littoralis 204, 205
Spodoptera litura 233
Spodoptera spp. 202
Stellaria media 96
sterol biosynthesis inhibitor. See morpholine

fungicides
Streptomyces avermitilis 197
S-triazine herbicides 36
strobilurin 152, 153
Strobilurus tenacellus 163
succinate dehydrogenase inhibitors (SDHI)

175
– biological activity
– – pyrazole carboxamides 185–187
– history 175–177
– mode of action 183, 185
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– structure–activity relationships 187–191
– synthesis 177–183
sufentanil 11
sulfometuron-methyl (Oust®) 39, 40
sulfonamide 43–44
sulfonylurea herbicides 147, 148. See also

pyrimidinyl and triazinylsulfonylurea
herbicides

sulfoxaflor 213, 217, 220

t
talipexole 5, 6
Tapesia spp. 113
Tarsonemidae 230
tebuconazole (Folicur, Horizon) 130, 135,

136, 140
tebufenpyrad 225, 227, 228, 230
tefuryltrione 64
telinavir 7, 9
tembotrione 64
tenoxicam 11
Tenuipalpidae 230
tetraconazole (Eminent®) 132
tetrahydroimidazothiazole levamisole 5
tetramic acids 265, 266, 274, 275, 276
Tetranychidae 230
Tetranychus 230
Tetranychus urticae (TETRUR) 113, 204,

205, 229, 230, 231, 232, 234, 235, 266, 270,
271, 272

tetrazole 9
tetronic acid insecticides and acaricides,

inhibiting acetyl-CoA-carboxylase
(ACCase) 265

– biological activity 271–273
– history 265–268
– mode of action 269–271
– structure–activity relationship 274–277
– synthesis 268–269
thiabendazole 109, 112, 113
thiamethoxam 15, 209, 210, 212, 214, 215,

217
thifensulfuron-methyl 46
thifluzamide 189
thiocyclam 4, 5
thiophanate 107, 113
thiophanate-methyl 110
thiophenes 11, 13
Thrips tabaci 216
Tilletia 113
Tilletia caries 158, 168, 186
tolfenpyrad 227, 228, 230, 234, 236
topramezone 66

triadimefon (Bayleton®) 129, 134, 135, 140
triadimenol (Bayfidan®, Baytan®) 129,

134, 135
Trialeurodes spp. 265
triarimol 139
triazine herbicides 23, 28–31
– history 23–27
– mode of action 31–3
– – biological activity 34
– – glutathione conjugation 33
– – metabolic resistance 34
– – point mutation in psbA gene 33
– – structure–activity relationships 34–37
– synthesis 27–31
triazinobenzimidazole 116
triazole fungicides 119
– biological activity 140–141
– history 129–134
– mode of action 138–139
– structure–activity relationship 141–143
– synthesis 134–138
triazolopyrimidine. See acetohydroxyacid

synthase (AHAS), inhibiting
triazolopyrimidine

tricarboxylic acid (TCA) 183
Trichodectes canis 217
Trichothecium 159
tridemorph 120, 123, 124
triflumizole (Trifmine®) 141
trifluoromethylation 242
6-trifluoromethyluracil 92, 96
trimethylsilyliodide (TMS) 178
triticonazole (Real®) 131

u
ubiquinol 165–166, 167, 183
Uncinula necator 168
uracil. See protoporphyrinogen-IX-oxidase-

inhibiting uracil herbicides
Ustilago nuda 140, 186

v
van Leusen pyrrole synthesis 156
vardenafil 14
Venturia inaequalis 129, 140, 151, 186
Vibrance™ 186
Vibrance Integral ™ 186
voriconazole (Vfend®) 133
Voronit® 106

w
Willgerodt–Kindler reaction 86




