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methoxyfenozide in chlorfluszoron-resistant strains
of twea tortrix, H magnamima; and (6) flufenoxuron
and tebufenczide in flufencauron-resistaat srains of
8§ exigua and C pomonslla. Amemnpts to select §
exigus resistant to tebufenozide in the laborstxy
bave so far been unsuccessful. Adults developing
from larvee msinmined over 12 generstions ot LC,,
Md:‘nfmbufmnddehldeumplmlmuuffem-
dity.

Rohm and Hsas Company has developed a pro-
acdve plardform w manage realsmance to .ecdysone
agonist insecticides. Global resistance monitoring
programs are currently underway an G pomonslla, §
axigua, H mamnamima, certsin Hellothine pests, and
certsin lesfroller species to establish baseline suscep-

tibility data as well co detect any ahifts in suscepti-

bility over timé. In addition, we pro-actively
advocate the use of muditionsal approaches for manag-
ing insccticide resismance, including frequent and
repesied romation with other insecicides with differ-
ent modes of action to minimize selection pressure,
limitations on the number and sequences of spplics-
tions on cortmin crops, and incorporsrion of inte-
grated pest management methods to reduce pesticide
use and prolong these products in the marketplace,
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Synthesls and Insecticidal activity of 8-
aminoquinazolinone derivatives

Masahiro Ushara,* Toshiaki Shimizu, Shinsuke
Fujloka, Masayukl Kimura, Kenj! Tsubata and Aldra
8e0

Nhon Nohyak: Resserch Cenler, 345 Oyamade-cho, Kawaohi-
nagano, Ozaka 558-0094, Japan

. Abstract: The discovery, structare-activity relation-

ships and imsecticidal proporties of R-768 (1-
propianyl-3- (3-pyridylmethylaming)-1,2,3,4-tetra-~
hydroquinanslin- 2-ome) smd related compounds nre
deseribed.

© 1999 Scciety of Chemicsl Indastry

Keoywords: S-mnoqmnnlonel R-768; insecti-
cide; aphicide

In the course of research on methoxyacrylate fungi-
cides, it was found that comapounds having & car-
bamate group instead of & methoxysacrylare group in
the relevant compounds also showed fungicidal
activity againsr a broad spectrum of fungi.? Smuctur-
al modification of those compounds was conducted
to find & more active compound.? In thé syntheric
process, 2-halomethylphenyl cartbamates (Fig 1; 1)
were used a3 one of the starting materials.? These

. * proved 10 be interesting intermediares for synthe-

sizing beterocycles, because they have two different
elecrrophilic funcdonsl groups which can react
with s primsry amipe st the ],1-position of the

1 X =halogen 2 R'nCH, hl‘-IIJ'
B =NH, » =aNxo’
x =On * =NONE
(Ar m 3-gyriiiyl)
¢ walinyl, plemyl a0

Figurs 1. Byﬂhﬂl of S-subsiituind quinazolinonse.

* Carrsspondance 10: Masahero Ushary, Nihon Nohyaku

.- Ressarch Canter, mmMmmh

5B38-0084, Japan,
Raceived 20 June 1888; accapied 12 Novembar 1908
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Figure 2. Gtructure - activity relationship of
J-aminoquinazolinone dertvafivea.

nucleophlic reactant to give cyclic derivatives. As
was cxpected, they reacted with excess of methyl-
amine on the halomethyl moiets to give first the ben-
zylamino derivative, which was then converred w
3-methylaminoquinazolinone (2d) in excellent yield
The Compound 1 also reacted with hydrezine and
hydroxylamine to give 2b and 2c, respectively.
Similar reactions had salready been reported in the
literetare, in which the —NCO group of 2-
halomethylphenyl isccyanates reacted with a primsry
amine to give urea derivatives. The uress were then
cyclized by trearment with base o form the N-
substitared 2-amino-4H-3,1-benzoxazines.* In our
experimentns with compound 1, the benzoxazine
derivatives were not detected ar all as by-produc.
Several insecticides having a semicarbazide group
have been reported, N-phenylcarbamoylpyrazolines
being well known to be o highly active class of insec-
ticide.? Therefore the 3-amino compound, 2b,
heving a semicarbezide moiety, and its derivatives
were expected to possess insecticidal acdvity. Of

o

R

4 R=H
R-768, R = propionyl

Figure 4. Structure of the reduced form and R-788.

Teble 1. Activily of R-TBS apainst major species of aphid

Chemical LC o img liire=")*
Myzus Aphis Brevicoryne
persicas goasypll brassicas

R-ré8 0.+-03 0.1+-03 ‘081
Imidacioprid . 0.4-0.3 0.01-0.1 0.+-0.3
Acephate 10-30 . >
Lambda-cyhalothrin 0.1-1 0.+-1 01

* Assssaod alx days after traxtmant.

® Not Testad.
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scveral derivatives synthesized and tested for insect-
cidal activity (Fig 1), the imino derivarive 3a, syn-
thesized from 2b end pyridine-3-aldchyde, was
found to show high insecticidal sctivity aguinst the
Hemipterons inaect, Mysws persicas Sulz, while the
amide 3b and the urea 3¢ were ingcrive. From these
preliminary results, we selected 3a as a lead com-
pound and synthesized analogues 10 optimize the
insecticidal activiry.

Figure 2 wmummarizes the structure-scrivity
relationships of 3-substtuted quinszolinanes.
Among the compounds having the imino moiety,
those of the 3-pyridyl azomethine type showed the
highest activity. Replacement of 3-pyridyl by substi-
oited phenyl, heterocycles other than 3-pyridyl or
alkyl groups decressed the acdvity. Althongh the 2-
chloropyridylmethyl group was used successfully to
generste nitromethylene insecticides,® halogeno-
substituted 3-pyridyl deriwitives in the sexries of
compounds with structure 3a were markedly less
active. Furthermore, any substitution in the pyridine
ring failed to increase the activity.

The acdvity of quinszolinone derivatives with
small slkyl groups at the 1-position in the quinazol-
inone ring was almost equal 1 that of 3a, but com-
pounds with long or bulky alkyl substituents showed
decressed actvity. Derivatives with formyl, lower
alkylcarbonyl and lower alkoxycarbonyl groups
showed grester acrivity. The optimum carbon chain
length for ectivity seemed to be two to four. Quina-
zolinone derivatives with alky]l or oxo at the 4-
position were much less sctive, whereas all
quinazolinone derivatives with halogen, alkyl or
alkoxy substitnents st the 5 to 8 positions showed
high activity, differences in acrivity between them
being relatively small. The activity of the 2-thione
derivative of 3a was almost equsl to thar of 3a itself.

The imino molery of 3a was reduced to give com-
pound 4 (Fig 3). This reduced derivative possessed
almost the same acrivity s 3a in a greenhouse test
However, 3a did not show good activity in field
tials, whereas the reduced derivative 4 showed
excellent activity. It was found thet the poor per-
formance of compound 3a in the field was due to
photo-instability, its half-life being <1h in a sun-
light test, while that of 4 was >8h under the same
conditions. Because compound 4 was sufficently
stmable to show insecticidal activity in field trials,
optimization of the structure snd acdvity was prog-
ressed using the reduced form. The effects of sub-
stituents RY, R%, R, X, Y and Z (Fig 2) on the
activity of the reduced form were almost the same a8
in the imino form. Quinazolinone derivatives con-
taining Iower alkyl and lower alkoxycarbonyl substit-
uents at the l-position in the quinazolinone ring
were more active then 4, and it was thought that the
substituents at the l-positdon in the quinazolinone
ring play an important role in promoting the pen-
etration of the compound through the cuticular layer
of insects. The quinazolinome derivetive with a pro-

Pesric Sci 55:343-389 (1999)
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Fgure 4. Time-course of

mortalities of Myzus peraicae

afler spray. Stage: Aptarous
. aduit Diet: Cabbage lesf disc,

80 mm diamebar on agar.
Treatmaent: Gpraying with 20mil
water solution of compound
(100mglitre™") W 20 insacia

on the leaf dlsc

pionyl substimuent st the I-position showed the
greatest activity, As a result, R-768 (Fig 3) was selec-
ted aa a candidate for development, wmking into
sccount its insecticidal activity and iu physico-
themical properdies, which would influence the for-
mulation.

Although R-768 had no effect on Lepidopterous
snd Coleopterous insects and mites, it showed excel-
lent activitics sguinst some Hemipterous insect pests.

Q 1 & 3
O : 3
0 L B

R-168 R7R  budacieprid cybalotivis  plrimicat

10gha! 3S0ghe! S0ghas! 25gha! 200gha!

(m) 7 DAT, (D) 14 DAT

Mgure 8. Eﬂmydﬂ-ﬂlmlnﬂﬂﬂ:ﬁgmﬂonmml
il-ldrl-l.u‘iplle-lm rmummm Spray:
00Iitre ha-'.

43
Hours sfter reatmem
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=0—R-76§ ~s— peephuts —a~ cybalothrin ~- imidacloprid —m-—-control

In activides ageinst M persicas and Aphis goniyps
Glov were almost equal to those of imidecloprid,
and superiar to those of acephate (Tabie 1).

The lethal action of R-768 aguinat M perricas was
slower then that of the conventional insecticides in
thar sphids sprayed with R-768 needed a few days to

- die (Fig 4). These affected ophids immediately

stopped feeding and sbandoned the sprayed lesf.
‘The inhibition of feeding of these affecred aphids

B 3 ARER oL AN batics

b,

R keidacloprid cyhalovwin  plossienth
gher! Mghe' 25ghwt 2BOgh!

(l)_'l'DKl'. (o) 14 DAT
Fgure 8. Plicacy of R-788 against Rhopalosipium padt on wheat

m:ﬁdﬂﬁd.Wu:ﬂJWﬂInm.w:mm
!, -

R-768
100 g bt

Table 2. Activily of R-TSB against realstant sirains of aphid

Species Strain LCygp (mg itre—*)*
Myzus persicas USTL (susceptible standard) 0.5-0.9
TN.I (registant to OPs, carbamates and pyrethroids) o5
$26B (tolerant io Imidacloprid) o8
Aphis gossypll 1718 (susceptible standard) 0.7
968E (resistant to OPa, carbamates and pyulhmldl) 02

® Asssnsed six days aiter trestmant.

Pusric Sci 55:343-389 (1999)
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ae\.:madwbelomthltduymrepiudthe
ability 1 suck even afrer they were transferred to
untreated plants. Although they produced a few off-
spring before death, the offspring were also unsble to
feed and died without growing. These actions of
R-768 sre different from the conventional insecti-
cides, suggesting that R-768 has a novel mode of
action. In the lsboratory study, R~7668 was equally
cffective ageinst organophosphate-, carbamate- mnd
pyrethraid-resistant straing of aphid sy well =
against susceptible strains of M persicas and A gor-
o#f (Table 2). This biclogical performance is siso
consistent with a new mode of action.

In » field trial on potatoes, the efficacy of R-768 at
50 or 100gha~! againat the strain of A gosgypi that
wius resistant w0 lambda-cyhalothrin and pirimicarb,
was comparable to thet of imidecloprid st 50gha™?*
(Fig 5). These results indieated that R-766 posscases
no. cross-resistance to other insecticides and ir will be
useful s o candidete in areas where resistance prob-
lems become more serious. R-768 aso showed excel-
lent control of sphids on whest (Fig 6), on spple
trees {Fig T) and an varicus crope, without phyrorox-
idity, in the field trials.

On the other hand, R-768 was safe to beneficial
insects such ss Bombyx mori L, Ormmia cornifroms,
Bombus terrextris and Apis mellifera L, and non-
target xrthropods such as Harmowia axyridis, Chryso-
pa mipponansis, Orisa sp, Aphslimus sp, Ephedris
Japonicus end Misumenops tricuspidatus in laboratory
studies. This outstanding selecrivity was also demon-
strared for the pollinators of tomato and strawberry
in a greenhouse stucly, snd for some namural enemies
in the field trisla. Therefore B~768 could be one of 2
few aphid contral agents which can be useful soon
sfter releasing the pollinators and nstural enemies in
biological control systems.

In conclusion, R-768 is a representative of a new
snd highly active class of aphid control agent with
laxge marginge of ssfety w beneficial insects snd
narural enemies. Lack of cross-resistance indicates
that R-768 could be waeful o a candidste in the

= |
B8 RIE  inldeclopid eyialodeis  pirkicn
100 mg e SO g larwl 50 mg Mitre! 25 oug Mool 340 g Tarer?
(m)7 DAT, (&) 14 DAT -

Fgura 7. Eificacy of R-T68 against Aphis ciirfcola on apple tress
In & flald trial. Application: 22 May 1808 in Jagan. Spray: 1600
Iitre ha~?.
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resistant mapagement strategics. It favorsble char-
acters make it especially suitsble for IPM pro-
grammes.

REFERENCES ’

lU&mM.T-HnS.N‘-hn:hT.ndTnme.m
Substitoted phenylcarbarnic acld derivarives. Fpn Kohai
Tokkyo Kake JP B, 188565 (1996).

2 Obnishi O, Tojina S, Nishiguchi T snd Tsubas X, N-
Sobsticred phenylcubemic scid derivadves. Yo Kakai
Tehiye Koke TP &, 2255313 (1996).

3 Jozef G and Marians B, Simple snd efficient synthesis of 45-3,
1-beszonsyines from 2 imocyunate snd
amines. Coll Cuech Chums Comerarn 35:752-760 (1990).

4 Erich K nd Linthard O, Hergellung von 2-{rono,di, trichloro-
methyl)-phenyl-lsocyaisten, Symthess 376-577 (1978).

3 Waker G. mnd Hans-Joachim K, N-Submitalerre 2-gmine-4H-
3,1-bennonnxine sus 2-chioramethylphenyl-isocysnaren. Sys-
cheza 3TT-378 (1978).

6 Mulder R, Wallinga X mud van Daalen JT, A sew class of insec-
ticides. Narwrelpusckafien 62 2531-532 (1979).

7 Wellinga X, Grosscyrr AC ind v Hes R, 1-Phenytoxrbamoyl-
2-pyreeiines: 2 new cdams of insecticides. 1. Syothesis and
Ingecticidal properties of 3-phenyl-l-phenyicarbmrnoyl-2-
pymzclines. ¥ Agric Food Chem 15 987992 (1977).

8 Kagsbu S, Studies on the syntheshs and hmecticidal acxivity of
neonicudnoid compound, Nlws Noyskx Gakhaizh! (¥ Pac
Sei) 11231239 (1996).

Expression of ANsurospors crasss pP-tubulin,
target protein of banzimidazole fungickies, In
Escherichia coll ,

Mitsuru Yoshida,'* Yoshlhiro Naruseks.' Ellchl
Minami|? and Hideo lshil’

! National Imtftle of Agro-Environmental Sciencas, Tsulabe,
araki 305-8804, Japan

SNutional Instiivts of W Rosources, Teukuba,
fbaraid 3085-8002, Japan

Abstruct: p-Tabulin of a wild-type Nasurosgpors
crasss strain was expressed using pET-16b, pET-
29a(+), end pHBT-32a(+) expression vectors ia
Hacherickia coli BL21 (DE3I) strain. Yield of the
exprossed soluble protein was estimated to be abont
O.imgml™ calture broth. The S-wobulins with
8-Tag expressed by pET-29a(+) snd pET-32a(+)
bonnd to the $-protein Agurose by affinity binding
but the thrombin and enterckinase treatments did
not release f-tubulin, suggesting that the protease
cleavage pites connecting S-Tag and f-tubulin were
not exposed to approach of the proteases. The J-
tubulin expressed by pET-16b 4id not bind to nickel

. reain, suggesting that its His~-Tag was folded into the

protein core. The protein expressed by pET-32a(+)
wes bound to the nickel resin and purified by the
colomn

chromatopraphy.
OIMSodewdChm.lnlhdnm

Koywords: f-tubulin; gene expression; Newrospora
crastg: Hscherichia coli; expression vector

* Corrsspondence to: Mitsuru Yoshida, Food Ressarch Institute,
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