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A series of 5-substituted 1ム4・oxadiazolesand 1スバペhiadiazoleswere prepared as muscarinic acetylcholine re-

ceptor agonists and evaluated for their insecticidal activity. These derivatives were synthesized through sequen-

tial reactions consisting of the condensation of pyridinecarboamides or pyridinecarbothioamides with N，N-dト

methylacetamide dimethyl acetal， cyclization with hydroxylamine， quaternization by al匂1halide and reaction 

with sodium borohydride. All 1，2，4-oxadiazol巴sand 1，2，4-thiadiazoles synthesized were evaluated for insectici・

dal activity and their structure-activity relationships are discussed. It was discovered that many compounds were 

active against representative insects such as Nilaparvata lugens， Nψhotettix cincticeps and Aphis craccivora. 1n 

particular， it was also found that 3-pyridyl-substituted derivatives of 1ム4・-oxadiazoleand 1，2，4ぺhiadiazoleex-

hibited good insecticidal activity against all the insects tested. Among th巴 compoundsevaluated， 3-methyl-5胆

(1ム5，6-t巴trahydropyridin-3-yl)-1ム4-thiadiazole(9nト2)showed the highest activity against NUα'parvata lugens， 

and provided a high level of activity against the imidacloprid-resistant strain. Based on the preliminary binding 

assay using the binding inhibition of mAChR antagonist [3H]NMS to the nerve綱 cordm巴mbranesas an index of 

the binding activity， 9nト2exhibited a range of potencies for the insect muscar・inicreceptor. (C) Pesticide Science 

Society of Japan 

Keywords: oxadiazole， thiadiazole， tetrahydropyridine， insecticidal activity， muscarinic acetylcholine r巴ceptor.

Introduction 

The acetylcholine receptor (AChR) combines binding sites 

for the neurotransmitter acetylcholine (ACh) and a cationic 

transmembrane ion channel. Although all AChRs， by defini-

tion， are activated by ACh， they respond to other molecules， 

such as nicotine and muscarin巴 Nicotinicacetylcholine re-

ceptors (nAChRs) are particularly r巴sponsiveto nicotine and 

are known as ionotropic acetylcholine receptors (ligand-gated 

ion channels). 1n contrast， muscarinic acetylcholine receptors 
(mAChRs) are particular1y responsive to muscarine and are 

known as metabotropic acetylcholine receptors (non-ion 

channels). nAChRs and mAChRs are the two main types of 

cholinergic receptors. 

Neonicotinoid insecticides such as imidacloprid and ac-
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etamiprid act as nAChR agonists by selectively perturbing 

neuronal signal transduction (Fig. lA).I-4) These insecticides 

are active against a wide range of insects， such as Nilaparvata 

lugens， Nephotettix cincticeps and Myzus persicae and show 

particular1y excellent activity against hemipteran insects. Al剛

though several kinds of neonicotinoids have been launched 

and used worldwide， no insecticide regulating insect mAChR 

function has been found until now. Therefore， mAChR in the 

cholinergic system could be an alternative target for discover-

ing novel insecticides with no target site cr・oss・-resistance

against existing insecticides. 

On the other handラ recentresearch efforts have focused on 

the development of centrally acting muscarinic agonists as a 

potential remedy for Alzheimer's disease.5
，6) Among them， 

methyl N-methylペユ，5，6・tetrahydropyridine-4明 carboxylate

(arecoline)， which is a naturally occurring alkaloid (Fig. 1B)，1) 

is a wel1 known classical muscarinic agonist; however， clinical 
evaluation of arecoline in patients suffering from Alzheimer's 

disease produced smal1 improvements in perception. This un-

favorable performance may be caused by arecoline's short du-
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Fig. 1. Existing insecticides targeting nAChR (A) and representative pharmaceuticals targeting mAChR (B) 

ration of action owing to the lability of its methyl ester moiety 

toward metabolic hydrolysis. Another mAChR agonist， 
xanomeline (Fig. 1B)，8) the 1ム5-thiadiazolering of which 

could be a bioisoster of the ester functionality of arecoline， 
has a clinically more useful profile. 

It is interesting that several mAChR agonists such as areco-

line and xanomeline have a 1ム5，ふtetrahydropyridinering as 

a common substituent. It is probable that an acid剛baseinterac-

tion between the acidic part of mAChR and the basic nitrogen 

atom ofthe 1，2，5，6-tetrahydropyridine ring plays an important 

role in inhibiting activity. Furthermore， the 1ム5-thiadiazole

ring of xanomeline may be effective for the interaction with 

mAChR， although xanomeline does not show marked insecti-
cidal activity. On the other handラ amongrelated studies inω 

cluding patents， insecticidally active compounds possessing a 

1，2，4-oxadiazole or 1，2，4-thiadiazole ring， which is a five“ 

membered heterocycle similar to the 1ムふthiadiazolering of 

xanomeline， have been reported.9，1O) Therefore， we synthe-

sized structurally new 1，2，4-oxadiazole and 1，2，4-thiadiazole 

derivatives by introducing the 1，2，5，6-tetrahydropyridine ring， 

which could enable them to interact with mAChR， and evalu-

ated their insecticidal activity. In the present paper， we report 

on the synthesis and insecticidal activity of 1ユバ-oxadiazoles

and 1，2，4-thiadiazoles connected to the 3-position (meta) of a 

1，2，5，ふtetrahydropyr対inering (Fig. 2) such as 5m・2and 9m“ 

1， and the regioisomers connected to the 4-position (pαra) 

such as 5p-l and 9p・1，and to the 2・position(ortho) such as 

30-1 and 70-1， as depicted in Figs. 4-6. Based on the lethal 

effi巴ctagainst some pest insects， we discuss their structure-ac-

tivity relationships. 

Materials and Methods 

1. Synthesis 01 chemicals 

1.1. General procedure 

Th巴 synthesisroute of 5-( 1ム5，6・tetrahydropyridyl)・1ム4-

oxadiazole (5m・2)is depicted in Fig. 3. Nicotinamide (1m) 

was reacted with dimethyl acetal of N，N-dimethylformamide 
(DMF) or N，N-dimethylacetamide (DMAc) to give N-(3開

pyridy1carbonyl)amidines (2m-l， 2)， which were cyclized 
with hydroxylamine-O-sulfonic acid (HOSA)，II) giving ふ(3欄

pyridyl)・1，2，4-oxadiazoles(3nト1，2) in low yield. 1n contrast， 

the cyclization reaction using hydroxylamine instead of 

HOSA gave the desired products (3m酬 1，2) in more than 78% 
が巴ld.12)Thus， the obtained pyridine derivatives (3m-l， 2) 
were reacted with methyl iodide to give the corresponding 

pyridinium salts (4m-l， 2). A low-field chemical shift of the 

pyridine ring protons in lH NMR spectra certainly suggested 

the formation of pyridinium salts (4m-l， 2). Pyridinium salt 

(4m-2) was subsequently converted toふ(l-methyl-lム5，6・

tetrahydropyridin-3-yl)-1ム4-oxadiazole(5m-2) in moderate 

A戸内
〈 λ~ rR1 

r、γ/ 、

N

N 

PBU: げ守二N

R2 

A:O，S 

R1: H， Me 
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A:O，S 

R1: H， Me 

R2: H， alkyl， Bn， 

B : 0， S， NH， 0(CH2)mO 

A:O，S 

R1: H， Me 

R2: H， alkyl， Bn， 

R3: I→， F 

R3酬 R3・ロNOMe

Fig. 2. Target compounds in the present sωdy. 
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11T、 初刊 (R1=H)

初ト2(R1= Me) 
Fig. 3. Synthesis route of 3‘叩

yield by reducing it with sodium bor・ohydride.

1n the present text，the character of m， p， or 0 in the com-

pound's number means that the substituent on the pyridine or 

tetrahydropyridin巴ringis locat巴dat the 3-， 4-， or・2“posltIon，

namely， at the meta， paraヲorortho position. Therefore， for ex-

ampleヲ nicotinamide，whose amide group is substituted at the 
3鵬positionof the pyridine ring， is named 1m while isonicotト

namide and 2・picolinamideare named 1p and 10， respec-
tively. 
When isonicotinamide (1p) was used as a starting material 

instead of nicotinamide (1m)， the sequential reactions with 
N，N-dimethylacetamide dimethyl acetal， hydroxylamine， 

methyl iodide and sodium borohydride provided 3-methyl酬ふ

(1欄methyl-l，2，5，6嗣 tetrahydropyridin-4ヴ1)ーlム4-oxadiazole

(5p・1)，as shown in Fig. 4. Using 2・picolinamide(10) as a 

starting material， however， tetrahydropyridine (50-1) was not 
obtained due to unsuccessful reduction of the corresponding 

pyridinium salt (40・1).

Fig. 5 shows the synthesis route of 5・(1，2，5，ふtetrahydropy-

ridin-3ヴ1)ぺム4-thiadiazoles(9m-1-10) and their intermedi-

ates (7m， 8m). 5-(3-Pyridyl)・1ム4-thiadiazoles(7rrト1，2) 

were synthesized by an oxidative cyc1ization reaction11) of 
HOSA with N-(3-pyridylthiocarbonyl)amidines， which were 
easily prepar・edby condensation of thionicotinamide (6m) 

with dimethyl acetal ofDMF or DMAc. Quaternization of7m 

with several alk:yl halides followed by reduction with sodium 

borohydride gave the desired ふ(1，2ム6-tetrahydro網トalk:yl-

pyridin-3・yl)ペム4-thiadiazoles(9m輔 1-10).Further reduction 

of the tetrahydropyridine ring of 9m in the presence of 

Adam's catalyst under 0.3 MPa of hydrogen gas afforded 5-

(1-methylpiperidin-3-yl)-1，2，4-thiadiazole (10m・2)in good 

yield. 

Similarぢ， 5-(pyridin-4・yl)ペム4榊thiadiazole (7p-1)， 5-

門 Me Me 
お和1(R1 = H) 
説作2(R1=Me) 4m-1 (R1 = H) 

申n-2(R1=Me) 5ITト1(R1 =H) 
5ITト2(R1= Me) 

(1，2，5，ふt巴trahydropyr材 in・4・yl)ペヱ，4-thiadiazole(9p・1)and 

5-(piperidin-4-yl)-1ムヰーthiadiazole(10p-1) were synthesized 

from thioisonicotinamide (6p)， as shown in Fig. 6. 1n the reac-
tion of 2-thiopicolinamide (60)， however， the pyr吋iniumsalt 

(80・1)obtained could not be reduced to 5-(1人5，6-tetrahy-
dropyridin-2ヴ1)ぺム4-thiadiazole(90・1)under similar condi-

tions using sodium borohydride. 

1.2 号picalprocedur・E

General synthesis methods of the representative compounds 

ar巴 describedbelow. Chemical structures of all compounds 

were confirmed by lH NMR spectra， which were recorded on 

Bruker DPX-250 (250 MHz) and AV-400 (400 MHz) spec-

trometers using tetramethylsilane (TMS) as an internal stan-

dard. All melting points (mp) were measured by a Buchi-530 

micro melting point apparatus and are uncorrected. 

1.2.1. 3・Methyl-5-(3回pyridyl)-1，2， 4-oxadiazoleβm・2)

A mixture of nicotinamide (3.00 g， 24.6 mmol) and N，N“diω 

methylacetamide dimethyl acetal (DMAc-DMA; 5 mL) was 

stirred under reftux for 1.5 hr and evaporated to remove an ex-

cess amount of DMAc-DMA. To the residue obtained， a 1，4-

dioxane (30mL) solution of an aqueous solution of hydroxy-

lamine (50ww%， 2.20mL， 37.0mmol) and acetic acid 

(35 mL) was add巴dand heated at 900C for 1 hr while stirring. 

The resulting mixture was evaporatedヲ treatedwith an aque-

ous NaHC03 solution， and extI'acted three times with CHC13. 

The combined organic layer・swere dried over anhydrous mag-

nesium sulfate and then evaporated. The residue was purified 

by column chromatography on silica gel using ethyl 

acetate/hexane (1: 1) to give 3-methylδ刷 (3-pyridyl)ペム4-

oxadiazole (3.10 g， 19.2 mmol) in 78% yield as a white so1id. 
mp: 95-970C; lH NMR δ日 (CDC13，TMS): 2.50 (3H， s， CH3)， 

7.49 (lH， ddラ J=8.0，4.8 Hz， 5-pyridine)， 8.38 (IH， d， J=8.0 

Hz，4幽pyridine)，8.82 (IH， d， J=4.8 Hz， 6・pyridine)，9.35 

dJW011:;;ztd〉t
1p 2p-1 3p-1 4p-1 5p-1 

cfNH2WWcfAtCI13M士 GIifMZ2trClfMe
10 2cト1 30-1 4c叶 50-1 

Fig. 4. Synthesis routes of 3-methylふ (4-pyridyl)-1，2，4-oxadiazole(3p・1)，3-methyl-5-(2-pyridyl)ーlム4-oxadiazole(30・1)and their deriva醐

tJves. 
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'
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9m・9(R' = H， R2 = H2C=CHC村2)
9m-10 (R' = H， R2 = HC=CCH2) 

Fig. 5. Synthesis route of 5-(1，2人5-tetrahydropyridin-3-yl)-1ム4-thiadiazole(9m・1-10)

(1H， s， 2・pyridine).13C NMR Oc (CDCI3， TMS): 11.7， 120.7， 

123.8，135.1， 149.1，153.2，168.0，173.4 

1.2.2. 3-(3-Methyl-1，2，4-oxαdiazol-5側yl)pyridiniumme目

thiodide (4111・2)

A solution of シmethyl-5-(3-pyridyl)・0・1，2，4-oxadiazole(605 

mg， 3.75 mmol) and methyl iodide (1.60 g， 11.3 mmol) in ace愉

tone (6 mL) was stirred at room temperature for 18 hr. The re輔

action mixture was filtrated to obtain 子(3-methyl-lム4-

oxadizazol-5-yl)pyridinium methiodide (1.11 g， 3.66 mmol) in 

98% yield as a yellow solid. mp: 155-1570C; lH NMR OH 
(DMSO-d6): 2.51 (3H， s， CH3)， 4.81 (3H， s， NCH3)， 8.36 (1H， 

dd， J= 8.3， 6.0 Hz， 5・pyridine)ラ 9.16(1H， dラJ=8.3Hz， 4-pyri-

dine)， 9.23 (1H， d， J=6.0Hz， 6-pyridine)， 9.83 (lH， s， 2-pyri-

dine). 13C NMR Oc (DMSO-d6): 11.2， 48.5， 123.4， 128.4， 

143.1，145.3，148.6，168.3，170.3 

1.2.3. 3-Methyl-5-(l-methyl-1，2，5，6-tetrahydopyridin-3-

yl)-1，2，4-oxadiazole (5111-2) 

A solution of 3-(3-methyl酬 1，2，ふoxadizazol-5-yl)pyridinium

methiodide (700 mg， 2.31 mmol) and sodium borohydride 
(l70mg， 4.49mmol) in EtOH (3mL) and H20 (3mL) was 

stirred for 1 hr in an ice-cooled water bath. The resulting mix-

ture was extracted three times with CHCI3， and the organic 

layers combined were dried over anhydrous magnesium sul-

fate then evaporated. The residue was purified by column 

chromatography on silica gel using EtOAc/MeOH (4: 1) 

to give 3-methyl-ふ(l-methyl-l，2ム6柵tetrahydopyridin-3-yl)輔

1，2，4-oxadiazole (101 mg， 0.563 mmol) in 24% yield as a yel-

low oil. lH NMRδH (CDCI3， TMS): 2.37-2.43 (2H， m， 5・

CH2)， 2.40 (3H， s， CH3)， 2.46 (3H， s， NCH3)， 2.60 (2H， t， 

J=5.8Hz， 6-CH2)， 3.34-3.39 (2H， m， 2-CH2)， 7.05-7.10 (1H， 

m，4・CH).13CNMRδC(CDCI3， TMS)・11ム26.7，45.6，50.8，

53.2，122.8，135.5，167.2，174.1. 

1.2.4. 3-Metfりイー5-(3-pyridyl)-1，2， 4-thiadiazole (7nト2)

A mixture of thionicotinamide (3.00 g， 21.7 mmol) and 

DMAひDMA (5 mL) was stirred for 2 hr at room temperaれlre.

The resulting mixture was evaporated to remove an exc巴ss

amount ofDMAc-DMA. The residue was dissolved in MeOH 

(30mL) and reacted with hydroxylamine刷 O糊 sulfonicacid 

(HOSA; 2.70 g， 23.9 mmol) for 2 hr in the presence pyridine 

(3.43 g， 43.4mmol). The reaction mixture was evaporated， 

treated with an aqueous NaHC03 solution， and extracted three 
times with CHC13. The combined organic layers were dried 

over anhydrous magnesium sulfate and then evaporated. The 

residue was purified by column chromatography on silica gel 

using EtOAc/hexane (1: 1) to give 3-methyl-5-(3・pyridyl)棚

上2ヲ4-thiadiazole(1.84 g， 10.4 mmol) in 48% yield as a white 

solid. mp: 101-1030C; lH NMR δH (CDClt TMS): 2.76 (3H， 
s， CH3)， 7.46 (1H， dd， J=8.3， 5.0 Hz， 5-pyridine)， 8.24 (1H， dラ

J=8.3 Hz， 4-pyridine)， 8.75 (1H， dラ J=5.0Hz，6・pyridine)，

9.17 (1H， s， 2-pyridine). 13C NMR δc (CDClt TMS): 18.9， 

124.0， 126.8， 134.4， 148.4， 152.5， 174.5， 184.7. 

出;;日:d〉胸trwN4htjhtNヅト
6p 7p-1 8p閉1 9p幽1 10p-1 

cfNH泣;:;品目eCIfト士GIi←tclih
60 70・t 80-1 

Fig. 6. Synthesis routes of 5-( 4-pyridyl}-1 ，2，4.・d

90・1
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1.2.5. 3イ3-Methyl-1，2，4ィhiadiazol-5-yl)pyridiniumme-

thiodide (8m・2)

A solution of 3-methyl綱 5-(3-pyridyl)ー1，2，4-thiadiazole(1.41 

gラ 7.96mmol) and methyl iodide (3.40 g， 24.0 mmol) in ace-
tone (14 mL) was stirred at room temperaωre for 18 hr. The 

reaction mixture was filtrated to obtain 3-(3附 methyl-lム4-

thiadiazol-5-yl)pyridinium methiodide (2.40 g， 7.52 mmol) in 

94% yield as邑 yel10wsolid. mp: 161-1630C; lH NMR δ日

(DMSO-d6): 2.73 (3H， s， CH3)ヲ 4.45(3H， s， NCH3)， 8.30 (IH， 

d札J口 8.0，6.3 Hz， 5・pyridine)，9.15 (lH， d， J=8.0Hz， 4-pyri-

dine)， 9.18 (lH， d， J=6.3Hz， 6-pyridine)， 9.73 (lH， s， 2・pyri-

dine). 13C NMR δc (DMSO欄 d6): 18.5， 48.3， 128.2， 129.1， 

142.9，144.5，147.4， 174.0，180.9. 

1.2.6. 3-Methyl-5-(l-methyl-1 ，2，5， 6-tetrahydropyridin師会

yl)-1 ，2， 4-thiadiαzole (9m・2)

A mixture of 3-(3-methyl刷 lム4-thiadiazol-5・yl)pyridinium

methiodide (2.40 g， 7.52 mmol) and sodium bor叶lydride(569 

mg， 15.0mmol) in EtOH (12mL) and H20 (l2mL) was 

stirred for 1 hr in an ice-cooled water bath. The resu1ting mix-

ture was extracted three times with CHCI3， and the combined 

organic layers w色redτied over anhydrous magnesium sulfate 

and evaporated. The residue obtained was purified by column 

chromatography on silica gel using EtOAc/MeOH (5: 1) 

to give 3-methylづ開(1-methyl-l，2，5，ふtetraydropyridin-3 -yl)-

lム4-thiadiazole(760 mg， 3.89 mmol) in 52% yield as a y巴1-

low oil. lH NMR OH (CDClt TMS): 2.42-2.51 (2H， m， 5-

CH2)， 2.48 (3H， s， NCH3)ヲ 2.62(2H， t， J=5.5 Hz，ふCHJ，

2.65 (3H， s， CH3)， 3.39-3.44 (2Hヲ m，2-CH2)， 6.77…6.82 (lH， 

lTI，ふCH).13CNMRδC(CDCI3， TMS): 18.9，26.8，45.7，51.1， 

54.8，129.3，132.2，173.4， 187.1. 

1.2.7. 3-Methyl-5-(J -l1leuりJlpiperidin-3ずか1，2，4-thiadia-

zole (10111-2) 

A methanol (2 mL) solution ofシmethyl-5-(l-methyl-Iム5，6・

tetraydropyridinふ yl)-1ム4-thiadiazole(200 mg， 1.02 mmol) 

in the presence of PtOz' xH20 (l 0 mg) was stirred at room 

temperature for 18 hr in a stainless steel autoc1ave under 0.3 

MPa of hydrogen gas for 18 hr. After the reaction was com-

plete， the catalyst was filtered off and the filtrate was evapo-

rated. The r巴sidueobtained was purified by column chro-

matography on silica ge1 using EtOAc/MeOH (3:1) to give 3・

methyl-5ベトmethylpiperidin-3-yl)-1ム4-thiadiazole(180 mg， 

0.912mmol) in 89% yield as a brown oil. lH NMR δH 

(CDCI3， TMS): 1.62-1.80 (3H， m， 3-CH and 4欄 CH，ふCH)，

1.90-1.95 (lH， m，ふCH)，2.34 (3H， s， NCH3)， 2.39-2.55 (3H， 

m， 4-CH and 6・CH2)

2. Insecticid.αlαssα:ys 

Test solutions co附 1111昭 3.2g/L of each test compound in 

75% (v/v) acetone and 25% (、内)xylene with an appropriate 

volume of emulsifier (Sorpol) wer巴 prepared.The test solu-

tion was diluted with water at var・iousconcentrations before 

being used for evaluations. The biological test describ出

JOllrnal 01 Pesticide Science 

below was repeat巴dtwice for each concentration. 

2.1. Insecticidal assay fol' brown r的 planthopper(Nila側

parvata lugens) and green I'ice leajhopper (Nephotet-

tix cincticeps) 

Rice seedlings (Olyza sativa L.) were sprayed with the test 

solution describ巴dabove and al10wed to dry. The treat巴d

seedlings were placed in a plastic container with a nylon net， 

and 10 fourthωinstar larvae of N. lugens or N. cincticeps were 

released into the container. The larvae were 主eptunder a 16 hr 

light-8 hr dark cyc1巴 at250C. Mortality was checked 7 days 

after tre昌tment.

2.2. Insecticidal assay fol' cowpea aphid (Aphis crac-

civora) 

Three apterous adu1ts of A. craccivora were released onto 

each broad bean seedling (れClαfaba).After 1 day， bean 

seedlings were sprayed with the test solution described above 

and al10wed to dry. The aphids were kept under a 16 hr 

light-8 hr dark cyc1e at 250C. Mortality was ch巴cked4 days 

after each treatment. 

ResuIts and Discussion 

1. Synthesis 

The desired 5凶(1，2，5，6剛 tetrahydropyridin-3-yl)-1，2，4-oxadia-

zole (5m・2)was synthesized through succ己ssivereactions 

consisting of the formation of 1，2，4-oxadiazole (3m-2)， quat-

ernization of the pyridine ring of 3m and reduction of the 

pyridinium salt (4m・2)as shown in Fig. 3. ln the cyc1ization 

reaction of N-(3-pyridylcarbonyl)amidines (2m-1， 2) with 

HOSA or hydroxylamine leading toふ(3欄 pyridyl)ペユラ4開 oxa-

diazoles (3m-1， 2). Next， we attempted to convert 3m into the 

reduced products but failed to reduce them by sodium boro鱒

hydride. General1y， pyridines are not reduced by borohydrides 

unless they have e1ectron-withdrawing groups at the 3-昌nd5嗣

positions. On the other hand， it is well known that pyridinium 

quaternary salts呂reeasily reduced by alkaline borohydrides 

in alcoholic media; in fact， 4m prepared were readily reduced 

by sodium borohydri白 inaqueous alcoholic solution， le註ding

thus to 5m in moderate yields. The position of C-C double 

bonds in the tetrahydropyridine ring of 5m was determined to 

be located at the 3・positionby lH NMR analysis， that is， the 

olefinic proton signal was observed as a triplet-doublet at 

around 6.84-7.20ppm. It is reported that if the pyridinium 

salt bears a substituent at the 3・position，one of the regioiso-

mers is selectively formed.13
) Incidental1y， in the reduction of 

4m， other regioisomers whose C-C double bonds were 10刷

cated at th巴 2司 or・4-positionof the tetrahydropyridine ring 

were not obtained. 

1，2，4欄Oxadiazole(5p綱 1)，bearing the 1ム5，6-tetrahydropy-

ridin-4.γ1 group at the 5-position， was also similarly synthe-
sized by the methods used for 5m. 1n the reduction of 4p-l， 

only one regioisomer (5p-1) yielded as much as 5m; however， 

5べ1，4，5，6欄 t巴trahydropyridin-2-yl)-1，2，4-oxadiazole(50・1)

was not obtained because the pyridinium salt (40・1)was con-

verted to complex mixtures by the reaction with sodium boro岨
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hydride under usual conditions. These results are usual in the 

reduction of N-acylpyridinium salts， whose substituents on 

the pyridine-nitrogen atom are different企omthat of the pyri-

dinium salts in this study. To obtain the desired products， 
more appropriate methodology using specific reducing 

reagents should be applied but further modifications of the re-

action conditions were not examined because 5醐 (2“pyridyl)ー

し2，4-oxadiazole(30固め and its pyridinium salt (40・1)exhib-

ited poor insecticidal activity， as mentioned below (Fig. 4). 

Following the synthesis methods for 1ム4・oxadiazoles

(5m)， 5-(1，2，5，6-tetrahydropyridin-3欄 yl)ぺユ，4嗣 thiadiazoles

沙諸欄1-10)were also synthesizedラ provided5・(3-pyridyl)ー

し2，4-thiadiazoles(7m-1， 2) prepared by an oxidative cycliza-

tion reaction 11) of ん̂(3ゃyridylthiocarbonyl)amidineswith 

HOSA (Fig. 5). When dimethyl acetals of DMF or DMAc 

were used instead of HOSA， large amounts of 5-(3-pyridyl)-

1，2，4-oxadiazoles (3m) were generated as by-products and the 
白sired1ム4-thiadiazoles(7m) were not obtained in a pure 

form. The quaternization of 7m with several alkyl halides and 

the subsequent reduction with sodium borohydride wer巴 Sl沈静

cessfully advanced to give 9m. As mentioned later， 1，2，4-thia制

diazoles (7m) were insecticidally more active against almost 

all insects tested than 1ヱバーoxadiazoles(3m); therefore， many 

kinds of7m with various substituents on the pyridine.網mtrogen
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atom were synthesized. In order to elucidate the significance 

of the olefin part， the tetrahydropyridine ring of 9m was hy剛

drogenated by Adam's catalyst. The thiadiazoles (9m)， in 

spite of having a sulfur atom， were easily reduced to give 5-
(piperidin-3-yl)欄 1，2，4-thiadiazoles(10m). The corresponding 

ふ(piperidin-4ヴ1)-1ム4-thiadiazole(10p・1)could be similarly 

produced but the reduction of 2-(3-methyl-lム4-thiadiazol・ふ

yl)pyridinium methiodide (80-1) was unsuccess向上 as was the 

corresponding 1ム4-oxadi邑zole-substitutedpyridinium salt 

(40-1)， as shown in Fig. 6 

2. Insecticid，α1 activity 

Insecticidal activity against N lugens， N cincticeps and A. 

craccivora was evaluated for 7 types of 1ム4-oxadiazolesand 

25 types of 1，2，4-thiadiazoles and their results ar巴 summa-

rized in Tables 1-3. Insecticidal activity was graded as fol-

lows: 10: mortality 100%， 9: 99-90%， 8: 89-80%， 7: 

79-70%， 6: 69-60%， 5: 59-50%， 4: 49-40%， 3: 39-30%， 2: 

29-20%，1: 19-10%，0: 9-0%. 

2.1. 1nsecticidal activiか ofpyridine引 tbstituted1，2，4-

oxadiazoles and 1，2，4-thiαdiazoles 

Table 1 shows the influence of the nitrogen position of the 

pyridin巴ringon insecticidal activity in the 1，2，4飽 oxadiazoles

(30個 1，3m嗣 1，3m・2，3p・1)and 1ムヰーthiadiazoles(70・1，7m-1，

Table 1. lnsecticidal activity of pyridin巴substituted1ム4-oxadiazoles(30-1， 3m-l， 3m幽2，3p・1)and 1ム4-thiadiazoles(70-1， 7m欄 1，7m・

2，7p-l) 

世fAY、2当マパ/E、N1-Rt 

mp Concentration lnsecticidal activity 
No. Rl A yl y2 y3 

(OC) (ppm) Nla) Ncb) AcC
) 

30・1 Me O N CH CH 66-68 200 一ーの O 

3m・1 H O CH N CH 80-82 200 5 2 

3m-2 Me O CH N CH 95-97 200 9 3 

100 6 10 

3p-l Me O CH CH N 85-87 200 O 

70帽 1 Me S N CH CH 79-81 200 4 3 

7m幽 1 H S CH N CH 83-85 200 10 10 

100 10 7 

10 6 4 

7m珊2 Me S CH N CH 101-103 200 10 10 

100 10 8 

10 8 3 

7p幽 l 乱1e S CH CH N 71-73 200 10 4 

100 10 4 

10 2 2 

α)NI: Nilaparναta lugens. b)Nc: Nephotettix cincticeps. c) Ac: Aphis craccivora. d)ー:Not tested 
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7m剛2，7p-l) series substituted with the 2-pyridyl， 3-pyridyl OI・
4欄pyridylgroup. 1n both series， 3-pyridyl-substituted deriva-

tives (3m-l， 3m-2ラ 7m四 1，7m輔 2)had the tendency to exhibit 

good insecticidal activity against all the insects tested; how相

ever，ふ(4-pyridyl)イヲ2，4・thiadiazole(7p-l) showed excep-

tional tolerable activity against N lugens. Among the 3-

pyridyl derivatives of both heterocyc1es， 1，2，4開thiadiazoles

(7m-l， 2) exhibited excellent activity against N lugens and A 

craccivora at th巴 rateof 200 ppm and fully controlled N hト

gens even at 100 ppm. 1n addition， introduction of a methyl 

group at the 3・positionof the 1，2，4幽oxadiazolering incr巴ased

activity and 1，2，4-oxadiazole (3m・2)was particularly active 

against only N lugens compared with 3m-l， while no consid-
erable influence was recognized in the relation between 1，2，4-
thiadiazole (7m-l) and its methyl derivative (7m-2)， provided 

that they were both highly active. 

2.2. Insecticidal activiσ01 pyridinium salts substituted 

with the 1，2，4-oxadiazole or 1，2，4・ィhiadiαzolering 

Table 2 summarizes the insecticidal activity of the pyridinium 

salts (4m-I-2， 8m輔 1-10)substituted with the 1，2，4-oxadia働

Journal of Pesticide Science 

zole or 1，2，4-thiadiazole ring at the 3-position of the pyridine 

ring. Other compounds (4p-l， 40綱 1，8p-l， 80-1) whose 1ム4-

oxadiazole or 1ム4-thiadiazolering is substituted at the 2-po-

sition or 4-position of the pyridine ring are not shown in Table 

2 because of poor insecticidal activity. The thiadiazole-substi-

tuted N-methyl pyridinium salts (8m-I-2) were slightly more 

active than the oxadiazole-substituted salts (4m-lー2)，but 

showed poor activity against N lugens and A. craccivora in 

comparison with the corresponding pyridine derivatives (3m-

1-2，7m・1-2).Regarding other pyridinium salts whose nitro・

gen atoms were substituted with various alkyl groups besides 

the methyl group， pyridinium salts (8m-4-6) having straight-

chain alkyl groupsラ regardlessof their carbon chain length， 
exhibited low activity against N lugens and A. craccivora， al-

though N-isobutyl pyridinium salt (8m・7)showed more than 

90% mortality against N lugens even at a low concentration， 
i.e.， 10ppm. We thus assumed that the branched alkyl group 

on the nitrogen atom would be effective for higher insecticidal 

activity. Furthermore， a marked increase in the activity of 8m酬

8 and 8m-・10obviously indicated that the cyanomethyl and 

Table 2. lnsecticidal activity ofpyridinium salts (4m-1-2， 8m掴 1-10)substituted with 1ム4-oxadiazoleor 1ム4-thiadiazolering 

。十〉R1

mp Concentration lnsecticidal activity 
No. R1 R2 X A 

(OC) (ppm) NIα) Ncb) AcC
) 

4m-l H Me O 148-150 200 6 一ーの 2 

4m幽2 Me Me O 155-157 200 

8m-1 H Me S 153-155 200 8 3 

8m幽2 Me Me S 161-163 200 4 6 

8m欄3 Me Bn 日I S 198-200 200 2 

8m“4 Me Et S 167-169 200 つ 2 

8m欄5 Me Bu S 155-157 200 5 

8m幽6 Me H3C(CH2)9 Br S 138-140 200 O 6 

8m-7 Me iBu S 157-159 200 10 2 

100 9 5 

10 9 

8m・8 Me NCCH2 Br S 181-188 200 9 7 

100 8 4 

10 5 

8m倒9 Me CHz=CHCH2 Br S 161-163 200 4 

8m-l0 Me CH=CCHz Br S 183-185 200 9 7 

100 8 5 

10 4 

。)Nl: Nilaparνata lugens. b) Nc: Nephotettix CIncticeps. c) Ac: Aphis cracch馴 a.d)ー:Not tested. 



Vol. 36， No.3， 392-401 (2011) InsecticidaI 1，2，4-oxadiazoles丘nd1，2，4-thiadiazo1es 399 

propargyl groups are also effective for eliciting good efficacy 2.3. lnsecticid.αl activiかoftetrahydropyridine引 lbstituted

against N. lugens. These findings suggest that C-N and C-C 1，2，4ωoxadiαzoles and 1，2，4-thiadiazoles 

triple bonds might be of importance for the interaction with Table 3 shows the insecticidal activity of 1ム4-oxadiazole

mAChR. On the other hand， both N-benzyl (8m-3) and N-allyl (5m・2)and 1，2，4附thiadiazoles(9m・1-10)，whose 3-positions 

(8m-9) salts were almost inactive. were substituted with the ム5，6“tetrahydropyridin-3ぅrl

group. The insecticidal activi匂rof other compounds (5p-1， 

Table 3. Ins巴cticidaIactivity of tetrahydropyridine substituted 1ム4-oxadiazole(5m-2) and 1ム4-thiadiazoles(9m-l-l0， 10m-2) 

〔¥y¥JRT

只

mp Concentration lnsecticidal activity 

No. R1 R2 A 
(OC) (ppm) NIO

) Ncb) AcC
) 

5m剛2 Me Me O oil 200 10 e) O 

100 9 9 

10 7 5 

9m幽1 H Me S oil 200 6 3 

9nト2 Me Me S oil 200 10 4 

100 10 3 

10 8 O 

9羽幽3 Me Bn S oil 200 10 

100 10 3 

10 O 

9m-4 Me Et S oil 200 10 4 

100 10 5 

10 4 

9m幽5 Me Bu S oil 200 10 3 

100 10 2 

10 3 

9m・6 孔1e H3C(CH2)9 S oiI 200 3 6 

9m・7 Me iBu S oiI 200 10 5 

100 10 

10 7 O 

9m・8 Me NCCH2 S oiI 200 10 5 

100 10 5 

10 O 

9m・9 Me CH2=CHCH2 S oiI 200 10 4 

100 10 6 

10 6 

9m幽10 Me CH=CCH2 S oiI 200 10 3 

100 10 6 

10 3 2 

10m-2d) Me Me S oiI 200 3 O 

。)Nl:Nilaparvata lugens. b)Nc: Nephotettix cincticeps. c) Ac: Aphis craccivora. d)This compound (3-methyI-5-(l-methylpiperidin-3-yI)ー

lム4-thiadiazole)was synthesized by reduction of9m幽2.The chemical structure of 10m・2is depicted in Fig. 5. e)_: Not tested. 
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9p-lう 10p・1)with a 1，2，4-oxadiazole or 1，2，4・thiadiazolering 

at the 2-or 4-position of the tetrahydropyridine ring is omit-

ted because of poor insecticidal activity. Comp昌redwith other 

5-(1，2，5，6馴 tetrahydropyridin-3-yl)咽 1，2，4・oxadiazoled巴riva-

tives (no data)， 3-(1，2，5，6附 tetrahydropyridin-3-yl)ー1，2，4岨oxadi-

azole (5m-2) was the most active compound and showed 90% 

mortality against N. lugens and N. cincticeps at 100 ppm but 

was inactive against A. craccivora. In contrast， many 1，2，4-

thiadiazoles (9m・2-5，9m・7-10)，except for・9m-l(R1=H) 

and 9m酬 6(R2= H3C(CH2)9)' perfectly controlled N. lugens at 

100 ppm; 9m-2 was most active among them. These results 

clearly indicate that the methyl group at the 3-position of the 

lム4-thiadiazolering markedly increased insecticidal activity 

against N. lugens. A var允tyof R2 substituents on the tetrahy-

dropyridine ring did not significantly change the activity 

against N. lugens at 100 ppm; however， a long-chained alkyl 

group such as the decyl group of 9m・6extremely reduced 

mortality as weIlぉ 8m・6.Against N. cincticeps and A. crac-

civora， 1，2，4-thiadiazole derivatives (9m-l-l0) showed no 

noteworthy activity at less than 100 ppm. On the other hanえ

the piperidine analog (10nト2)，which was synthesized by fur-

ther・reductionof the tetrahydropyridine precursor (9m・2)，

showed extremely low activity against N. lllgens and A. crac-

civora at the rate of 200 ppm. It is obvious that the double 

bond on th巴tetrahydmpyridinering is essential for providing 

good efficacy. We thus assume that th巴doublebond may regu-

late the relative configuration b巴tweenthe thiadiazole ring and 

the nitrogen atom of the tetrahydropyridine ring 

Consequently， in the series of 1，2，4・ocadiazolederivatives， 

シmethylづ“(3・pyridyl)-1ム4-oxadiazole (3m-2) and 3-

methyl-5酬(l-methyl-l，2ム6司tetrahydropyridin-3ヴ1)ー1，2，4-oxa-

diazole (5m・2)were found to be especially active against N. 

lllgens and N. cincticeps. In the series of 1，2，ふthiadiazolede-

rivatives， many compounds exhibited potent activity against 

N. lllgens. In particular，ふ(3岨pyridyl)明 1，2，4・thiadiazole(7m-

1)， 3附Iηethyl-5ベ3・pyridyl)ぺム4-thiadiazo¥e (7m-2)， 3-(3-
methyl-lム4・thiadiazolづヴI)pyridiniumisobutiodide (8m・7)

and 3-methylづべl-methylω1，2，5，ふtetrahydropyridin-3-yl)-

1，2，4-thiadiazole (9nト2)were very active against N. lllgens. 

7m-l and 7m帽 2wer~ also active ag 

Table 4. lnsecticidal activity of 3-methyl-5-(3-pyridyl)ーlム4

thiadiazole (7m幽2)and 3-methyl-5輸(トmethyl-lム5，6-tetrahテ
dropyr対in-3-yl)ー1，2，4削thiadiazole(9m・2)against imidacloprid幅

susceptible and imidacloprid-r・esistantN lugens 

Concentration 

lnsecticidal activity against 

N lugens 
Compounds 

m
 

pa 
D且 Susceptible Resistant 

stram stram 

10 10 

9 9 

6 5 

10 10 

8 9 

3 5 

10 10 

10 8 

9 5 

100 

10 

9mト朝之

7m幽2

10 

lmidacloprid 10 

ーハU

ferent from nAChR. 

3. Evalllαtion of binding to hous々flymAChR 

Next， we preliminarily estimated the binding activity of two 

insecticidally active compounds (7m嗣 2，9m酬 2)to mAChR in 

the head of an adult housefly (Musca domestica L.)14) Nerve-

cord membranes ofthe housefly， including mAChR， were eas-
ily prepar巴dby modifシingthe method of Ozoe et al.15

) Bind-

ing activity was evaluat巴das binding inhibition of mAChR 

antagonist eH]N-methylscopolamine ([3H]NMS) or nAChR 

agonist [3H]epibatidine ([3H]EPI) to the nerve開 cordmem欄

branes by 7m-2 and 9m圃 2according to the method of Ozoe et 

al.16
) The gen巴ralprocedure is as follows. A mixture of nerve-

cord membranes [200μg protein in 0.9 mL buffer containing 

10 mM sodium phosphate containing 300 mM  sodium chlo-

ride (pH 7.5)]， 10 nM of [3H]NMS or eH]EPI in 0.1 mL 

buffer and 2.5 mM  ofthe test compound in 4μL dimethyl sul-

foxide (DMSO) was incubated at 210C for 60min. After the 

incubation was terminated by rapid filtration through What-

man GF/B filter mats foIlowed by washing with cold binding 

buffer， the membrane-bound radioactivity on the filters was 

counted in a liquid scintillation counter. Then， the binding ac附

tivity of the test compound was calculated as the inhibition 

percent of [3H]NMS and [3H]EPI binding to the membrane 

according to Eq. 1. A nonspecific binding assay was per制

formed in the presence of 2.5 mM  unlabeled NMS or EPI in“ 

stead of the test compound， and a total binding assay was car倫

ried out in the absence of the test compound and unlabeled 

NMS or EPI. All experiments were conducted in triplicate. 
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Table 5. Inhibitions of eH]NMS and eH]EPI binding to 

H巴rve-cordmembranes prepared from housefly by 3-methylづ"

(3-pyridyl)ぺム4-thiadiazole(7m-2) and 3-methylづ-(1ωmethyl蜘

1，2，5，6ぺ日trahydropyridin-3ヴ1)ω1，2，4-thiadiazol巴(9m-2)

Compounds 

7m幽 2

9m-2 

Inhibition (%)α) 

eH]NMS binding 

12土6

62 "i:: 7 

[3H]EPI binding 

4こと3

6"i::4 

。)Incubation at 21 oC for 60 min (3 repふConcentrationof radi-

oligand: 1 nM. Concentration of test compound: 10 mM. 

Binding activity (%)口(Totalbinding-Test compound assay) 

/(Total binding-Nonspecific binding) 

x 100 (Eq. 1) 

As a result， s幻igni泊f白i.can以1託tl砂ylow巴釘rlev 巴ls of inhiぬbi山tむionof 

eH町f司]戸EPIbinding tωo tぬhemembranes were detected by boωth 1 

lし，ム2，4-thia吋di悶azole巴 de創nva幻矧t討iルV巴邸s(げ7m酬 2 ラ 9m 刷 2). Specifically， the 
binding activity of 7m-2 and 9nト2to nAChR was less than 

10%. These results reasonably explain that these compounds 

exhibit almost the same levels of insecticidal activity against 

imidac1oprid-resistant N lugens as against the susceptible 

strain， as discussed in the previous section. On the other handラ

3-pyridylthiazole (7m-2) slightly inhibited [3H]NMS binding; 

however， 3-tetrahydropyridylthiadiazole (9m・2)induced sig陶

nificantly inhibition of [3H]NMS binding. According to Eq. 1， 
the binding activity of 7m・2and 9m・2to mAChR was calcu-

lated as 12% and 62%， respectively. Based on these results， 
we assume there is a possibility that at least 9nト2exerts its 

insecticidal activity by interacting with mAChR. Taking into 

account the differences in the chemical structures of 7nト2

and 9m-2， the tertahydropyridine ring might be important for 

binding with mAChR. To elucidate the precise mode of action 

of the compounds discussed in this paper， further evaluations 

are required and will b巴thesubject of a future manuscript 

In conc1usion， our findings indicate that 3-methyl-ふり嶋
pyridyl)・.1，2，ふthiadiazole(7m・2)and 3-methylδベトmethylω

1，2ムふtetrahydropyridin-3ヴ1)ペヱ，4-thiadiazole(9m・2)conω 

trolled N lugens when applied at 100 ppm and no cross resist幅

ance to th巴 existingneonicotinoid insecticides was found for 
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these compounds. Further investigations of their particular 

mode of action， inc1uding binding inhibitory activity， are now 

111 progress 
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1ム4・オキサジアゾールと 1，2，4岨チアジアゾール誘導体の合

成と殺虫活性

鈴木潤，関村大器，具志川徹，平井憲、次，安藤哲

日本投薬学会誌

ムスカリン性アセチルコリン受容体アゴ、ニストとして作

用することが期待される 1，2バーオキサジアゾール誘導体や

lムふチアジアゾール誘導体を合成し，殺虫活性を評価し

た.これらの化合物は， ピリジンカルボアミドやピリジン

カルボチオアミドと況がジメチルアセトアミドジメチルア

セタールとの縮合， ヒドロキシルアミンとの環化，アルキ

ルハライドによる 4級化，水素化ホウ素・ナトリウムによる

還元等の一連の反応により合成した.これら合成した化合

物の多くがトビイロウンカやツマグロヨコバイ，マメアブ

ラムシのような代表的な害虫に強い殺虫活性を示した.中

でも， 3-メチルー5-(1，2，5，ふテトラヒドロどリジンー3-イル)ー

し2，4-チアジアゾール(化合物 9m嗣 2)がトビイロウンカに

対して最も高い殺虫活性を示し，イミダクロプリド抵抗性

種に対しでも有効な活性を示した.
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