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Quantitative Structure-Activity Relationships of Molting Inhibitors
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Department of Agricultural Chemistry, Kyoto University, Sakyo-ku, Kyoto 606-01, Japan
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D S0 Fic bz ), & F 3F AA R A
7, FEEEROBRE X RROTERMICR L TE AR
2, EbHTREVEVWZ LSS, ZLT, LA
BMH S ARG ENS L OCREEETICBWT, Gk
HELREALRELTTHAH) I L) F TRV, Ly
L—HT, »HoENBEHD, NECE-THETHH:
P TIR e, BALEREEIEA L L L2 LV HRET
H0, BETE, HLORRF»EHSNL2HIZRE
HEWEHRT L L HIICERIN TS, 2k ) K
T, WIBICRFEL L WT, RRICHELABARTH
LR - R BB 5 RUEHIEYE (Insect Growth
Regulator, IGR) 7%, &M E 3 LEHZED TV B,
IGR i, K& BHIERLVESERIK XF A8 ME
#, BRERLECRERERICHESI N, hETIC, BT
uxy 7> (1), Y70y Xar (), 7al 70T
Zay (L), 77 7=/ F V) L Eofvih, B¥
RFm# e L TERLEN TS, e ThH, D7y
zuay, 7anl AT Ra if{EENLEXVA LT x
=ALT (BPU) H, 77 7= /Y FiclEEha o~
Y4 Nk F72 > (DBH) IR, 202N, KERETRED
XFUREHR, RNVEIANTUAERHETLZ EICE -
T 2 BRET 5, KettoF VBB RERNTH 5.

Q 'S _O_O_O Q—cowcow-@—

CICl t lllu
Q—CONHCONH—Q— -Z}CFa @-comnco—@—m
Iv)

BPU & DBH i, HWIic/EIRZ 2, T
NLBEIHE I F L WREOBHEZMET 50T, KED
FHHTH DX T DEBES, FL WEREOERREE
BEY L CEERERBIET 220 07CE 5, FHLIE,
X F o ABBLER O BPU B &, BLE &€ HRED
DBH ‘F#&lc, 2 OB L FIHE + L DEREDZEAZ
N EHEME AR L, e o BRI 5 & UEH,
BEUSh 586 NEERERE R Tin vitro D
WEFHEL 22, i, FNFhoEE0SEZRLE, o
TB & CEHREOYIILFN T 2 —F — % W TER
C [EENREEEMAEBE (Quantitative  Structure-Activity
Relationship): QSAR] f##fr L, #5475 & BT ~F)
ET 5 ¥ TOWmBARE, BLUZ0@RTET 2 ##%
BEIC P2 LLIRTEED, @MOENTHRENFERICERKES
N5 g Eo&IcBL, BRIEDROBAL LH#EHA

RlAlz, AT, N6 —EOBRBRIC OV TR
T 5.
9, A ABHIIZ QSAR T IC DWW T HIZFHA§

%, iz, EEUEHEWEOBEOEIICED CEMERE
DEALIZIZ, 4 F B B WITERED TR L RK, BUKME,
B L& CEFREY ©oWEC IR 0L RS B S
LTwa, Lh-T, Bty 288 tE N
B, EORENEFML L - UEMBRENZALICE S L T
WA EHDL ZDITIE, £ NF OB R I NG
TLHHI AN MR T 2 —F =k, NFEoiriEzH
W, EHEEENE KT A= —HOMIZ TERBATE S
S REBNHEEACLZEHEE L, 2 OR5IE
BN DT, TR & IR & OBk & R
RS B TR % T, 1964 25 EK S L7z Hansch-
Fujita #9013, SRR OWEICFHERLS T, JET
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LIn{fIHE N T 5,

Hansch-Fujita 3¢, ABEEHBENENEZ XET %
Yo & EELME FoERIL, BOKE, ETHEE, K
BETHLEFEZLNTWS, 2L 21, FERLEOEMR
BEOBTHILIC L > TH 26 3N EHRENEA
i, BREOYFCFIEEIC L - TR, (1R
AL EREERHNO—REATRENS.,

log (1/C) =ar(+bz?) +co+dS (+eS5?)
+const.ee«e- (1)

C 13 ECy, (50% ATANIEFE), Ly, (50% FLEEE), LDy, (50%
BOLERR) ZEndHic, brREDRERERTOICE
KEINBIEMDOBE (b5 VIFRE) T, #FE, BE (b
LVRER) EEBERLV kO LNDE, 23 -4 75/ —
WIKRIZ BT AR P 5, QRICE- TEHEN
bEHRE X ITHT BHOKME ST A= —Th 52,

x=log Px—log Py (2)

2) KBV T X HiZZNZh, B EERK S
2RY. OFEEROBUKMEA ) &) HAE, (1) Rics
Wz Db D iz log P ASHIV 5115, o 13 Hammett E5L
TEBREX OBFXKIN L2 RTEFN T A—-F—-TH
2, o DRHL N ITMDETH T 4 — 5 —HWEIZIHL
THWbLNA, SIEMEHPEE I EERT T A—F—
T, BHREEEE L F VI 2T VORI B S X,
BLU, Zn L E#IED T van der Waals 2% & DR
B b FFAfi X 4172 Taft-Kutter-Hansch o> E, E#ENFK
%4 L8 & 17z Verloop @ STERIMOL »€5 £ — % —
(Bs, L)9%2, Bondi iz L » TRD LN 72 BEH#ED van
der Waals (k#& (V,)9% &z THWsNE, &
FH (o), BKA ST X—5— (n) BKERFE2HEHEL L
TWBZ Edb, MENNT A—F— (E) HAKRERERFICHN
TOEEFEEC L B2 L%\, EHIC L) By,
EEANAT 2138, ERBANHMIZKE 5, M
MDA NT 2 —F—icBWTYH, KEETFICHT 2E%
ZLIE, AL 4B, AV, & L THINICRWS Z e FE L
W, BUKMECSARI > & S 3 IS ERBEDO T T 5541,
INENDTIRE (22 SY) 2fHIINZ 52 EHERI N
5. (1) KUcBITBa,b,c deld, EFEENBILLZF N
FNOWEDEICN L T, CORENRZEEZ L OO0 %
KTRET, Rz L 2 RET R KD b1 5.
LRLH S, 2t SPHOFRH D, eld, HEOHE, ANE
REBIITTHD, BoNBITKRI, BREELY
ABDTHA > DAL LT, FFTFLUzBlT54E
BEHWEOEREBOBRICLEHATE 3.

R ANT7ZIZ I L7

BPU & hi#l (V) 12, 1972 4 Philips-Duphar 42 35\
TREXMDBEFEEFICB W TBRICBRENZLDT, &
MNZRRBEED B2 2 baid, Du-19111 (V: X,=
2,6-Cl,, Y,=3,4-Cl,) TH- 1729, Zofbbiis, “HEok
# %) dichlobenil & diuron DREE D “HEL" L 72 HES LT
WBY, BREFREIRE -7, UL, Zoftédic
BEI N MY, REDEREPTIHAZ LVBEIN, £
NEDWRT, BPUKH (V) [ZRBOREEEBSG TH D
XFrDEAEBRAFEETILNOTHLZENHLMICEN
727,

oDy UREDBBREDHEIBE N, Bo
7y xar (I) 3, Du-1911l lcl~NTAr+ 2>
> aF 37 (Pieris brassicae) DMz T 30 S
PEERRTEO F72 D7y e i BRI BT 2R
BEHELENOZ 05, MO TERARRA L L TEHIN
fz. SHICERENEHIRALN, 7L T LT Xay
() 2F 70>y xuy (V:X,=2,6-F, Y,=2,4-F,3,
5-Cly) % ENBEHT BICES T2,

HEEHIE, BPUK (V) v A NS, 7z = ikic
e nB#RELETHILEWEABL, 1208 HEER
THhd=#H AL F 27 (Chilo suppressalis) |2 %34 B3 B iE
PABEL 2210, 72, = A A F 2 7DEERERO%
AT, BPUKIZ & 28T L WRE DR EFIIEIE L EE
PRI BLO, N-TR2F U7 nay s > oL wiE
KERNDHOAADIRED & X F > AR EE 19 % J
E L, EMREOEIC RIZTEHRES R D QSAR #iT %
Thote, F72, WEHECRITTREEER DL IZRICD
WTLRE 22 5 & & 312, #4 2 (Bombyx mori), /~
A% 3+ 7 (Spodoptera litura) 7t ¥, MR E BHIC
Y BZRETFEEIC O TORIT O LAT% - T, Erofl
WA 5, EHRENEICBIT 2 BREOWEILYEH
FHLIC L

~ HCONH—{, ~
5. /C,>—CON Cco —@Yn
V)

1. FEEHRCRITTERBEDEDEIT

1) NV ANERY LB EO BRI

NV ANRDAN MR EXFDERELEAL 2
et (V:X,=2XBI1r2,6-X, Y,=4Cl) &, =# £
AFavicdaRBEREZ, PAFLANLT X2 F
(DMSO) i & L ¢, MEEEHRE, RArER®EC &0 HlE
L7z, 2O, Bk % T & 5 72173013 5 729, piper-
onyl butoxide (PB) #ffH L 7z, #FEEHICXT 2 Bk
MELZBITLIEZA, QROBEREPBLALY, 2212
Rw o 2bEH T, 2-X ERK T, X3 vy, Me,
NO,, 2,6-X, E#A T3, X i~ v 4>, CH,; NO, NMe,,
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OMe Th 5.

pLD,, (Chilo ; PB) =0.59 7+0.44 ¢*
+0.77SE.+6.67 (3)
n=20, s=0.257, =0.895

3) Rz, ECSMA - BEHIC L > TA L b EHE
Ry XT3 FOBMAKGEEEES D, bRESI N2, I
P BEEICHT AN T A= =T, RUP VR ED
AU BREDOAIH R ERIICEBLT S, SEITLR
L 7z Taft-Kutter-Hansch @ E, %%, # )L &7k
FRA=F=I L THWLNIHAL Z WD, FA-HEHIC
Lo TEHEINS EL, NO, Ph 7 FFHEMY = #5658
BECEL Y, EBRNICTHMITRTH S, Si32,6-0
BHEKICH LT, ZOoNEBRED EC 3T A —F—flnF]
PRHWRZERERL TS, o' id2-ERMEKICHL TiE
Hammett @) g, 2,6- 2 @A S L T3, Charton |2 L - T
ERINLFEIFICED (BT RIME T A—F—0
D% LD “BAER BTH T XA—F—Thb., Tib
b, 2,6- VEBKTIE, XV AN-_CLVERET I FF
EAEVICEBIGIAEY & 57205, #EFICEI(E
FREIMEDBITN LN E2ERL TWBEHEZ LN
5, Q)RDERY L, VA NEA N EERENYEAL
M X LG, BUKMEL L OETRIIEIEWIT R
EHEREaZ s, EHEOFEPIETH L Z L0 b, MAKR
KRS ENA NP EBREIEEICE > T TH S Z &
b b, 2,6-F, BT, »2EI MK, Ly BENES
KEIHE L BUKED L DIV E W) E %, RRHCHEY
LN BREOMECTHLZ LD THINE, NV
ANEBD A F B L UNTHAIC BEHRIELBAT 5 L EELE
BICIET L, EELORAVLRERTREEEZ KDL Z &
HTET, QSART 24T ) Z L3 TE L -T2,

FELIINVYANEDOFN MDA LT, 2B
URINDZNFIICFTEERELZBAL 70V TNLT
Zo RS (VI) o2 E2 3 b 2ic i %006
P, ARBER 268 L %5k (None) TRIEL, (4)
ADFERZ B2,

CICl

" Cl

(VD)

pLC,, (Spodoptera ; None)
=0.23 E.ortho 4315 E metat ) 42 Epara
+0.36 140.59 (4)
n=14, s=0.597, r=0.931

(4)X iz BT B E, i1 Taft-Kutter-Hansch ¢) 574K 7¥ 5
2A—F—=9 [ REBREOBLRIEEEHTH S, AT
13, &Nt (144) iIch~T7 A—F—

= 2 B
o 6- & 2,6-F,
& 271
o a]
th T:‘. 2-Cl
c s
= 4 2-B
.E N § T
£ :
2 § 2,6OMe),
§ %’ 2.NO,
&
4 T T T
7 6 7
Chilo suppressalis [pLDs, (PB)] Chilo suppressalis [pLDs, (PB)]
Fig. 1 Relationships between larvicidal activities.

(A) Chilo suppressalis vs. Bombyx mori, (B) C. suppres-
salis vs. Spodoptera litura (Reproduced with permission
from Academic Press, Inc.)..

DD LT EBDT, HatHIC BB ALK > T 555, F
W LD BHED AR S E X HEWIC L o TRRITH
BErWIKERI, =H AL F a7k LTS TR
RIOR] 2—HL T2, £, E™BLUEFD
BEh B DU AN TIRFICKREC, A 7B LU
FRCERBELBEATHZ L1, BHCE->TEDLHTH
FlThdZbamL T3,

£, UTIANY Zu v HEK (V:Y,=4Cl) BLU7
o7 NVT Xu gk (V) oh4 a2, ~"ZAE»3 M7
X AR MIER R, RERICREABAEC TlEL, =7
AAFaiTTARAFEE LKL 2L ZH, VA
WERBEBREOFRIBORBOMTII LA LEDbL LW
ZEDBLPIC T o 72 (Fig 1)1320,

2) 7= = NERRY VR EOE BRI

NV A NEOBEBREFERE 2,6-F, ICEEL, 7=
DT KFE, ~ury, BELLCEITET VXL
(C,-C,), N=NPh, CN, CF,, OPh, B#a~> WA X (&
#3 . ~us >y, H,Me NO, CN) 7t ¥ DE#H#REIEA S
nr, WHEOXY AT 2 =07V THEEK(V:X,=2,
6-F5, Y, =4-Y) D= A A4 F 2 715§ R MENZ #E
L7zizie1s)  pepbic B3 T EHRIEIRE R L2 L 25,
£77%1 PB 2 4FH L o554 (None), L 256, 21
ZFrizonT (5) BL U (6) ARGz, 12
2L, PB2EH L WA, BEDOREIIEMIC TE 513
LIz, BOiEEERTILEWOEH S L - 20T, (5K
1213 2,6-ClL & (V: X,=2,6-Cl,, Y,=4-Y) %#&%,

pLDs, (Chilo ; None)
=294 5,+2.53 z—0.42 z°
—0.30 4B;—0.66 1+3.22 (5)
n=16, s=0.237, r=0943, F, ;,=16.0

pLDg, (Chilo ; PB) =1.06 o+ 1.57 #—0.17 #*
—0.31 4B;+4.93 (6)
n=24, s=0.290, r=0.907, F, ,=22.1
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~ | a N =71 B Py pLD, (Bombyx ; None) = —1.38 ¢+0.80 z—0.18 #*
g, . ° g o ees’ —0.09 4B,+580  (9)
g | e . Sl n=19, s=0.176, r=0.943, F=28.13
& . d 6 e
= N P °
2o ° AR * B, (1),8),0) RGINTHBLEHN7 =1
1 [ 8 N \
3 g WERIER, KE, ~or, HEDDLVISRT XL
S & 5
< . T, e (C,-C,), N=NPh, CN, CF,, OPh, 4-C1 <> Y Lt ¥ 0

%)
S L A . : : T HHNL DT, (O) o F TN T 2LEMDEHRENTER

Chilo suppressalis [pLDs, (PB)] Chilo suppressalis [pLDs, (PB)]
Fig. 2 Relationships between larvicidal activities.
(A) Chilo suppressalis vs. Bombyx mori, (B) C. suppres-
salis vs. Spodopterra litura.

(SReBWT, 1132,6-CLLAWBEL TR 1, 2,6-F,
EEWIZOWTIZ0DEE L 2BEK TH- T, FE)
=066 ThHbE\vwH)Z L, 7= NEhE—D X,
2,6-F, L&D IE IS 5 2,6-CL AL AW < 4%
BWZ ERRLTWS, (5)BLU06) NokERiz, HIH
DHFROIZ b 6T, BRBERIY 7 = = A ERERE
DFBHVE KT, B L OB (REHEIFET )
EL b3 R 5 2 b, Wi, EENKAHTM
D HNEKIE (By) HPREWIZY, I & - TRATH
HZEERLTWD, 22T, HRBETFRSMEI B
B, MRMICEROR A, »OBENBKER L oL H
ZbNB 7= VE 707Nt BLY
T EWRT7 =V (B#RE D H,CLBr) 287 2164
RABL, BRREELZHELEZA, FREBDOER
MaERL7 £72, 5) K& (6) N2 H#d 25 &, PB2Hf
MTa28ickoT, ot HOBREAKE AL T b,
COBREIHRTHLCHEMT L)1, ETKRIEERE
PEAT LI LI LT, ALEMOBRCHAE 5L ]
INBZELETRERL TS,

SEIHENTZ L)L, XA NBOBEBREHNRIL, =
HALF2, H4 3, "AEXIFTORBTIILALE
Bl s, 72 = WD EREDOMRL, Fig.2 n7 oy
FAWTNLHAN TR NI e b k)i, 3
NEBBTKRE R B,

Falwon A4 21T 2RIERDEN 21T -2 8 2
5, BACRIACHILER] (PB) % W23, Mk
FEHR (DEF) #HW284, BL W TnoR#HEH
¥RV WA (None) o, ZhZFtuzowT (7), 8) %
LU ) KDKERIGFL 72D,

pLD;, (Bombyx ; PB) = —1.25 ¢+0.76 z—0.14 2*
—0.14 4B;+6.12 (1)
n=20, §=0.294, r=0.834, F=8.54
pLD;, (Bombyx ; DEF) = —1.35 ¢+ 1.09 z—0.17 72
—0.23 4B+ 5.61 (8)
n=19, s=0.333, r=0.861, F=10.05

EREAEEDLT Y, 27, (7),08) BLY OR%H
BLThr»sZ ki3, EFEHY3H, FHEIAHMERG
HOHBEHE VT W Thdb, Thbb, RWE
Ao, BYWcHETsZ %< “ME" ST (&L
£2i2BWT, BPRBEIZLETLEZLDEELDL
N5, BYKRGIME T A= —HOREIL, =7 A4 F=
TR AR BUENIC B AR [((5), (O R] L B
), PBE LU DEF DDA EICERZ CIZIT—E T,
ZORBIZATH A, Lrd, EBF I x—5—L LT
i, FENETHRER o £, XBHEL2ZUORRNE
FIRER 0 FHWBI3) KR LRERE2 L2 72,
FSWNZEY T L Sl xtd 2 RS (PB HEH)
BT 5 EREMRIL, BFEI 0T, Coh b CNHE
B LT VXL, CN,NO, 7r & Hl i fi B 7e 354,
(1) R TEX N1,

pLDs, (Spodoptera ; PB) =2.51 z—0.44 7*
—0.53 4B,+5.12  (10)
n=18, s=0.308, r=0923, F, ,,=26.8

(10) i, B, TREANDEHRENDABIEIKE 4
EEEMMETT 528, BLUBUKEICIIRBEDTAT
BT, = A AL F 2704 3 THRLNIHERERKT
Holzh, HobnzERENGHNTIE, EFHRIEIT
EHOZEAIC L > THBRRF L A bk -7,

XHlz, E#7 =) (E#3 . H, Cl, Br), &~
DI XL (E#RIFE D Nusr, Me NO, CF,) RE#HL
Vot X (B#E . ~usrr, H CF, NO, Me,
COOEY) 7% kD ie ) M Bt D Bt % L OFEMK Y
EOTHT T -2 25, (1) ROEEIESL L1220,

pLDs, (Spodoptera ; PB)
=2.59 7—0.39 22—0.61 4B,
—1271(BO)+1.721(PO)+5.04  (11)
n=39, s=0.384, r=0919, F, ,=35.6

(INRXicBWT, 1(BO),I(PO) 37 %h, EH~>
CNAXL, BRE)IONAXLERANMOBHREY 75
EEWc LT 1 % & 5888 TH 5, 1(BO),1(PO) Ll
WoeT 42— —HIZBL T3, (10RXOEREFELL
WHEDTH o2, TN6DEEED WL 7 FrRICD
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WTIZBIRETIZ W as, R I AA XL ENT 2 = NLED
INTALEAZIND &, EEA1/201C{KTFL, BV DIt
XL ENDBAICL-TSOEEATEZ b2 5. Thb
b, NZEY I FTICNTERUERD EAICE-T, E
DONAXVEPEFEIENTHDLZ EERL TV D,
FE LI L > TRABERZ LT, EOREHETK
DLENTZ7a LT NT Xa gk (VILI: Z,=a%7 >,
CF,;, NO,, Me, COOEt 7 &) D2 E> 3 b 7IcxT 28
HiEH L, bitb s PBRET, BATHEIZ & - TK
DrRRMEE: OBRIE (12) XTI N2,

F

CONHCONH—@—O T
< R,

F (VID)

pLCy, (Spodoptera ; None)
=0.81 pLDs, (Spodoptera ; PB)
+8.69 67 —4.84 (12)
n=12, §=0.353, r=0.934, F=309

(12) Ro#ERIE, BEFEIECEHLTNE Y, E
EDBEF KM (or) iEVITE, PB 2 H 7w (None)
K> 72 R MIEMEL, PB EFE T TRDLEMIC AN TE S,
BT K5I EREDE N LAY OBILAH % M2 2
EERLTWS, 2D, =h AL F 27l TH
bz BLY O)RDFEREFEL L\,

BPU {7 QSAR #Mric B8 2 A O|EL, S &Ik
~72 Philips-Duphar #t.¢) Verloop & Ferrell iZ £ % 4 # T,
T ®> L uF g (Pieris brassicae) NE 3 @I MIZTT
LR BIEROHTRERIE (13) RTEREINLY,

pECs, (Pieris ; None)
=095 z+1.99 ¢—0.34 LPa2—(.24 B,Po™
—1.30 Lmete+1.40 D,—0.61 D,+3.38 (13)
n=10, s=0.535, r=0.892, F, ;,=34.37

(13)RicBW, L, B, i3 & 52 L~/ STERIMOL /¢
FA=F—T, TNEN, HEHIHE-2RS, MEEIC
L CEEHAOBEERL TWE® (ZZ2TiE, Bofb
NIIITABOERE LD B, VWL N TW5Y), A4
Erruda VIINT AEREEE, 7 = VEBDE#RE
DHKMEE L CE K EAIEITE, FRUARRICIE A
SBELUNRFMEBREDEASMFIN~DESIHENZ &
R, A IUBHFFEOIEOWNZ &5, EHEICE > THMT
BB EDRENT, DIy VA VED 2,6-F, DA
L, Dz 7 2= 8o -CONH- 2 F 1fbd iz
-CON(Me)-I2tfL, ZNZF 1%L 2BERTH S,

%72, Yu & Kuhr {3 # %3z (Hylemya platura MEI-
GEN) Db 3 H Hoghdicitd 2 BPU o REN 4+
PB NOHEFEF THIEL T a5, #ibnT—Fn) b, ¢

FEHT7 =k (V: X,=2,6-F, 8 £ 1r2,6-Cl,; Y,=H,
Me, Et, F, Cl, CF;, NO,) [22WT, BFH T A—F—
ELT o AT 21T% - 72 &£ 25, ko iaA o4
Lz,

pLCs, (Hylemya ; PB) =2.33 ;+0.77 Sx
—1.317+2.83 (14)
n=13, s=0267, r=0972, F, ,=51.39

(1R BWT, TR L EH#ESH 2,6-Cl, T
HOGEICLL6F, THhOEAIC 0% L HHERT, 2D
RTIE, 2,6-F K35 ed 5 2,6-ClL ARIC e~ THE ML)
0/EENAZEERLTVD, Said, XV ANFRE 72 =
NEBDBEIEDBAYE T A — 7 —DHIR KL, 1tEWE
e L TOBKEIEWIZE, BRREEOEATHZ &h°
bhrd, ZOERE, =24 Favicl TRLNTH
RrE(—HLTwap, (14) A TEPBHHT TENZ
WEL T2 22bbT, o OFEEH 23 %05
(, ZORBTIE, BILBIREE» =7 AL F 27128
LI LEWZ eI N,

LIk, 7z=n#ns o niadEREs L oLE%
BT TR R AR L oA, SELBL LI, #
NEBRUEELZRTLINE LT, “7MDALLT, 4L
b, AL BEHREEZAET L7070 T Xu > ()
RFTINRyZuy (V:X,=2,6-F,; Y,=2,4-F,3,5-Cl,)
BhHb, FZT, Anl, AIMMEREDHRIZOVTY
MR AB5 7, (6) R TRV STEREKIZ, A LB
U X FATERIK, 2512 BEREKD FO 108 HDLAH
IZDW=h A A F 27T kT BRBEEE KD, BT
T, (I5RDERE BN,

pLDs, (Chilo ; PB)
=0.5936;+1.01 Z7—0.12 (Sx)2—1.27 gorthe
—0.68 AB°°+0.27 AB;°"*"° X AB,™¢t
—0.49 S 4B,m¢e—0.07 4B;**2+5.15  (15)
=108, §=0.250, r=0.890, Fy o=47.2

(B)RicFEN e E L TUL, ZNFE TICHENTE
froeS BRRICINZ C, a7 >, Me Et, CF, %t ¥ D&
ENPRFIEoMEICEAINLY (2,3-,2,4-,2,5-, 3,4,
3,5-), F Y (2,3,4-, 2,3,5-, 2,4,5-, 3,4,5-), 2,3,4,5-7F
FIEEEKEGATWS, (IRICBWT, S3EHREY
BEBEET DHAIC, TNFROEHREICHET 2N
FHWBZERRLTWS, 2751, Sz i3, BECDEE
FaX ¥ D log P D 5B BRERBIPICHE > TER L
2. $1, MBERBRRENLHRICOVTL, FNFhD/ 8T
A== LT, ZDhE & BT eRRL 2, (15)
ROBERIE, 7z = AB0EREOFERICEI(ETF
K (Sor) W E, RIEREDE S 452 L&KL,
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hydrophilic

—CONH O (o)

Fig. 3 The mode of interactions with the possible receptor
wall around the phenyl moiety (Reproduced with permis-
sion from Academic Press, Inc.).

NI BRR TSN (6) ROBREFHELEVWLNTH
5, BUKMICE L CTZREVPAETH B2 &iF, BUKMIC
TEEVFLET 52 & 2mL, ERoBSBRICc» b
DERERL T B EEZ LMD, ZDL ) IZEYOHIE
WL > TERHOKEHZ 8L T, ERRENL
B (n070) OEDPHEICBRA, 2 AUTEEERE X135
2, {bBEZBEREDED A N MMEERFR LA
NDHEFEEERL TS, FEFETHDLZ 2T, ZHEN
CHABDNEM L, ZOHSH 7 2 = VDAL
BRI MIGT 52 L&KL Tw5 (Fig 3),

25, 3 4 AR S WA DK E L ERELEAT S
EEHDETT 22 EIRHLLTH DD, REHOKEZ S
b, 2-BLU3IAfLIcBIT 2 ADVHERRIT 4D ZF NI
WRIERICRE L, 2-BEUIAfLcRELEREZEA
THZENERNEZEL WVETIZOLH»EZ 2R T
5, 3512, BT X AB™ e TR A )V P EHRIE L £ S ER
WL CRBFICEAZND &, dB,OKEZHIKEL
NBHIIE, AP EBENADVEHED/NZ T Bl
DEAETHEBUCH LR 6N, AOVERIRNRAT S 2
ERTRBL TS, 7, #ZEHRED, ML KR
Lo TZOoD X IMEEZRFL TWBEZ L LWL HIC
otz bbb, 2,3,5-=ZFKIcBWT, 3finEHRE
DISALEHRIEL D 2 S EWBEITIE, M0 EREDT S
NE#REKE LT, T bbb, L AMHLT 5 3,5,6- = E#REK
LT, MERRMEREMREERTILICKE, F1,
NI DN XL DL I, SR KREL TN
TTEBRSNIGEICE, SHORLOEBY 5HT 5
DEHICIRBE, 3L E SIS NDEZ L LWL
Ehot, Zokoic, FEEKIC BT ML B
Rht, 1000 % BT S0 RILAWICB W THRITE 1L
ZElE, AFVNVTOSRFRE OMBERIC OV TR
s, PR VBEEOENLDTHLI EE2RT.

Pl, =4 A4F22, H43, ~"ZEr3I 7T
LRRIEMEIC BT 2 BN R & E BOICENT L 2R R,
RV A NI BT 3O BRETIIz2Ebid % <,
AL+ BREOBKES L CVET RS IMAE L, RS
BEIDVNICZ EDTEEICE > THE L WZ &L
Yotz —H, 72 = 0VERIC BIY B BRI, 3HED

BHETAECRLY, 2083 2ERIL, BFHEoE
CEB2UDTHBZ EHbhrotz, A4 2T BRRHIE
PEi%, HFITH 5 PBR DEF DHFHEHATIcBWTH %
MIBEZBLL ko, 3EI2Ld~IzEBY, 4 3h
RORHBED 2O TERWBRTH b 725, HIEZHE L FH
BRHRE & L LICFUREN LB TFHRY, A0 oH (B
FHE5HEAHFH) LR EEZLND, IR
LT, =AX45, AtrEruFay, X310
iz 2 Clx, BRERrEwEEz on, FRNETF
KD BEREDSERICE > TR TH S, T4bb, &
WERBIEHEIC & - T, REMICIRETFRSEESTE Ly
o5, BB R WIS 5 L v T, FBRNETR
SR L D LHREINDG, 2512, BALBRH
BEROGAEAET TH, BILNRH»TLICIIIH I
wwz ks, (6), (14), (15X BT 21ED o HOFEM
D hREEAND, BIUREEI B EEZLbNb 'Y

3 F T A REEE TR, BETMRD T A—5—
EIEE T -2 L, BLRB#oML2IHT 28T
ROIEERR E, B > TRRERS L BT 543
Ry, L) PHEINLZEPRRTHAL), 2Dz
EIZBIL T, BERERE RIS 21 QSAR T D IH
IZBWT3SIzEMICR~NS,

2. ZHAFa7EBRERICE I DEH

MEAB L= A A4 F20DORERZWORY, BEK
WEY TLUEERMEEEL 2%, ALVEY 2 Vi H
TELHWEEREONMICH L WREPERE NS, kL
TP AT - REEERE %, X T ABMERNZ AT
B TR ISR HIT L, FILVWRRIIERE LI
BERT 2%, ZOMESRRIZEABEICIEL TIMHIX 1,
EHNBIE & —ERHBOER L OBRY & KB ER
% (plyy) # EEMICKD L Z EATE BT F7 K
ey, XF Vv DRBKTHL N-TEFNLTNaH
IVOBEEKE TURBTEET 5 &, ERBRED LAIC
o, BHEBEOBUAZ B R L, FUAAR L BE L OB
Rir b, X2 HBBEEEY (plso) 2 EEMICKDH L Z &
WTE LI,

BPU BB HUEH & ZE D EEREHEEEMICIZE
BOBRIZEAD b1, FTFE2ENBUKYE log P % 7
BICEETLZ 8L - (16 RTRT & ) icmiigis,
13 LI2BROT 6 e,

pLD;, (PB) =0.90 pls, (PB) +2.31 log P
—0.19 (log P)?—6.73 (16)
n=46, s=0.333, r=0.864, F; ,,=41.3

(16) Ric & nitbdiz, B)ROWFIZH Iz~
VA NEBEIRIK S, 7 2 = BB T LRI i B
&%(/\D 7, CI“C7 O)Eiﬁf) 5 lﬂ‘i%ﬁi—f ”/3’\,}[/’ NOQ,
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3 F i
K I .
g 31 . CONH— C—N Y Y :Electron donating
% ° H substituents
E . . F ——
i °
3 o o ° " /
2 4 e
9] °* o
z % 4o Electron acceptor
2
B Fig. 5 The substituent effects on the oxidative metabolism
£61 o of BPU.
.-2
=
’S T T 1 T T
6 7 8 9

Inhibition of Chitin Synthesis (pl50)

Fig. 4 Relationship between inhibitions of new cuticle
formation and chitin synthesis.

CN, CF, N=NPh, OPh %t ¥) 2 A§ 2 2,6F, 8 L Ur
2,6-Cl, Fi#gIK ThH 5. pLDgy & plsg &% LA LIZHIET 5
ZXid, A E VB IALEWORNTIE, RERENT
RBDEFENOERAEICE I LD THEI L E2RTEL
iz, ROEHRERO®RGIAL S RERRAL E To%
BREIMEEWOBUKIEIC & - THREE N, EX0BERICK
L TRl DBKEI AT 52 L 2R LT3,

BREES L, BERERZAVWTKkO LN X TV A
PREFEM » DBRICBIL T3, Fig 41277 & ) ICHEEN
RERBRIIRD LN o, e, (16)R & RERCE
KERFOSEZ T 2EET L 20k ->Th, EEMD
BREBLPICTEI LR TELP T2, WENT A—
I T2 LDTELVRFORGHIERINTVE LA
LRETHD )™,

S xiz, BFKR5IMEHRES, bawrBtR#THE
FFENEHGET EDICHIEDLDTH LI L ERLT.
ZNZ LR LD FHMICKRET 520, BEERERIIBITS
N-TeFn7nay s v oBUAAMEFERE%, PBOE
T, BIUOEHFETCHEL, EREGROBTLIT2-
TENFIRDE ) LR E BN, 8, (1T) BLY
(18) Rz ZFE N T B WICIZAER, ~uyY, C-C,
DEHT LX)V, OMe, OEt, CH,CN, N=NPh % ¥ D& #
HEHBAIN TS,

plso (None) =2.13 074 1.28 z—0.28 z*+5.69 (17)
n=15, s=0.375, r=0916, F; ;,=19.2

plso (PB) =—0.59 ¢+1.49 z—0.57 2*+7.19 (18)
n=15, s=0267, r=0916, F; ,,=19.1

INLDERPLIHLAL L IIT, nvitrol2BWT
i3, PB & H v TERILA# £ 05 L 72354, EHICRIZTE
TERIBIED S ANELL, @I E > T L wiEfE
DREMLMPIETFHREETH L Lhbhr o7, (17)
RTRFRNETHNRE (o) EFETHLOICKL, (18)

N TIILBHETHREL2 L FUEREARRDBEFHRE R
T oHIEREL->THEY), FRICEHAF S il Tw
%, (18) RcBITFLAD cHHIZ (7), 8), O)RNAA 2
T ARBERICBT AN c HTRENGEFMR
(BTHEHEMR) DL FEL %\,

INLDERENL, 7 = VIR BT 2R EEE G
W BEOE L LT, Fig SIZRLAAA =X 40
EZ b, Tibh, BIUKCOREL, EEro60NE
FHRHETHY, 7= VEHNr Ly RICEFHRSENER
HEHpBAIND EBILEZTRT (0 b, —RIZ, "ot
VRICBIT AEMLIE, N ErEROE Fuxifhick-T
ThbndZ ermbnTng, EBS 7y Xard)
RBERED L, 7= NPV LV RPE Fexifhdn
TAHEWEEREI N TV 5%,
HEARRTOBILIE, FF 7a—24P450ic & - Tk 2
N57)=2HNVRIGT, KEZZHNHbWIEEFL
NEF (odd electron) %%, B¥ELG X DETEZFEKICL - T
Bl X Hip L B BFES critical TH D EHEZ LN TW5E, L
72955, BALRE BRI BT BB THRIRIC R
LTiR, ZVHANRIBICBIT 2 BHREDEFH/ T A —
F— (o) HNTHEITEZIIT Th 5, RUEEICKH
TAENRICBNT IED o HIEETH 5354, PBOd
v FcBWThH, BILRE»TEICHHIS T,
i) OBBRELIBRTL TWb EEZLNAZLIZZE
Iy, 7N =7 Y AR B THRREOZE
CRIZTEHRE T A—F—L LTD o I, BEN TV
ANIGERIZDOWTERD L 1L T 555, £D7%H T, Fisher
& Meierhoefer IC L - TEHEE 1172 0 ¥ QSAR AT #E F
Yo b LABKICHHET 52 L bbb o 72, Fisher 50
o' I3 Fig. 6 IR 72 4-EB#3-2 7/ L DNBSIZ
L DRFAEEER L )V EEIN T A—F—Th
5.

o DEFRDLN TS RHENEHRE (F, Cl, Br, I,

CN CN
Br' + H-CHZ-Q—X —» Br-H + 'CH;-@—X

Fig. 6 NBS brominatin of 4-substituted 3-CN-toluenes.
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NO,, CN, H, Me, OMe, N=NPh, Ac, Ph) 122V T, o1 &
o LDRIzIE (19) XN TRTBEIFAET 5.

07=0.87 ¢—0.80 ¢~ +0.26 (19)
n=12, s=0.136, r=0.829, F, ,=9.9

(1)KL WL LI, ook o LDO—KEE
ATREN, HMIEED QSAR 2B BIED o HIZ, A7t
(&L TV ANBIGHERETRET 5 BRSO % #H]
THREVAEC, o PADHBIZKE WERENHR
&, BRD 0 TRENLBFKRIMELIKRE WIZEBFHM
RAGIT A EERBTLINE V2 L ). BPU 0¥
bEmTHY, FL L) LBHEREEEZRTFTOT
V= (VIID) 12DWTh, =7 A4 F2788RER
FHWTHEI N N-TEF V7 nat v oluALRE

FEITHT 5 QSAR T SR, B Lo B 512 >
W TR DFE R A E P LT 59,

(VIID)

BALAH LIS IR A & BT 5 LEY S 55,
BEIEEICBVWTNO, R CN D L ) HiWwEFKI o
B AE A X N GAIT, KSR ER DEF 0
SRFETEHNALICHET, 7=z T3, Bt
REBIZ A, MK SIERBIZ Z IS BRENEEL 2
T, i, BERERICBWTR, DEFOffHIcL - T
biErizEER EA L2y, ElEO LRI 7 2 = L ER
EOBUIZE A EKIE L edr o2, L2 T, LA
RUVANTRDT 3 FEEA DMK D 2,6-F, &
ko TREENBZ L%, DEF i+ a2 kick 58
NDEZEZDIZIVELRTH S,

Pk, =h 24 F 2 78BRERICHT 5 in vitro i&H
BEUotEzn BRI 2R BEEICET 5 QSAR #
MOBREMHEICHERFTT A2 L2k > T, BPUE®
71:W%®%@§mﬁ¢*%m%%mﬁﬁk,ﬁ%ﬁﬁ

B BEBRENFEIZ OV UEEN SR ZHEL 2 &
hs ’Cé‘\f:.

SRY/ANEFFSVE

DBH ¥q|%, 1988 4£ Rohm and Haas iz BWTRRE I h
LTS, DLICHEBERANESDT T2 THBHZ
£, BEICHEET A L RBBE L FELRKBHERLRT
ZEBHHLNIZE N, DBHEHIZ, A7 v Af FEEE D
Y, 754V EREE EORRII—RE -2 RY

Zirhbby, 2754V ERAROBERLVEE
HERT.

L ZAAMFaolinToRABHICETIERE
MR

NUyEUVRICRFII L ERELFT 530 DBHH
(IX) &1L, MY iz DMSO i & L CRATHER
TAHEHE ST, INLDEMD =75 # 4 F 27Tk
TAHRIEEZREL 72, tBuicifnii) oxr U8R
AR, EWI)EZBREPLILIZTS,

- B —
XHXA/ CONNHCO \B'\Yn
(IX)

9, BRIAZEEHRLL, ARE (X,) IK8F&F%
&t (F, Cl, Br, I, NO,, CF,, CN, alkyl(C,-C,), OCH,,
Ph7e &) #45T 5401 OMH), 22 O, <7 (84#)
NH—E\HK, £ LCF Cl ¥ CH, # B33 2,3,
2,4-,2,5-,2,6-,3,4-,3,5-C E#K (15MH), 2,3,4-,2,3,5-
MY ESK M), 2,3,4,5-F KB L EERE R SUAT
46 DA MD R BIEHEIZ DWW T, BHREE % WL,
(20) ROFER L F 7240,

pLDy, (Chilo ; PB) =0.88 Sz + 1.50 36,7t
—0.33 SV, meta—0.82 AV, para
—2.50 1, —0.94 L, , s +595 (20)

n=46, s=0.337, r=0.904, F; ;,=29.03

(20) KBV T Srid, HLATHLEHRNV XTI FH
DlogP L N FMI N EBREDBHAKE YT £—
g =240 gortho (3 )L BB D FRIEF T A —
Z—, AV, B XU AV P i3 2 N E KRR T % 3E 88
ol A7 B XU NIERIKT van der Waals (A5 %
N, beld 2,6-FHKICHL T %, L,5132,3-BIW0
25-EHRAKICH L T, 2,3,5-8 & 102,3,4,5- B #4Kic i
LT2%52 5885 TH 5.

ABRMOEREY 2-CLICEEL T, BER (Y,) ey
~, CF,, NO,, alkyl(C,-C,), Ph, OMe, CN 7t ¥ Di#i A &
nrzxvt (Ma), 2% (9), »~7 (138) i€ / Bk,
2,3+, 2,4-, 2,5, 3,4, £ & UF3,5CLK, 2,3+ 2,4~ 2,5,
3,4- B L 10 3,5-Me, 1K, 2,6-F, 4%, 2-F-6-Cl14k, 2-Br-5-OMe
K, 3-Me-4-n-Pr ik, B L CEEKDEE 4 HLEHD
REFEEIC OV TR 2T -2 25, QD)Ab
Bonse,

=0.72 Sz —0.74 SALoTtH
—0.87 34V, meta—().49 JLrera
+6.65 (21)
n=44, s=0.284, r=0.896, F, ;,=39.50

pLDs, (Chilo ; PB)

Szix, (20) RiCHWLN20 LR, LT 5 4 F#HR
RYZT I FHEDlogPlEh LEMENZLDTH
B3840 JLorho 33 F X ALPe 3 F N FNKER T % R
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2L BHRENE X %77 STERIMOL /¢35 2 — % —Th
29, (20), QL RICBWT, BOKHE T £ —F—HOFEHK
DREEHPHND T, HFFEEDBKME 7 2 — 5 — (log
P)# AT, WRFIDIAEYE £ LD THITEETL 2 L
Z A, 9 MoItAY (EEHRAITIE) 20w, (22) R
DFER D Elp 124,

pLDs, (Chilo ; PB)
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8
'-\\9, ponasteronc A @
]
53]
g
2 7 20-hydroxyecdysone
= [ ]
g
N )
§ 6 inokosterone  ® cyasterone
2
S ecdys;ne
5 T T T T
4 5 6 7 8 9

=0.79 log P+ 1.41 35,779 —0.28 4V, "1
—0.75 AV,P7 D —2.40 I, 4, —0.90 L, 5 5s)
—0.79 EALOT”’O(B)—O.94 Ed Vwmeta(B)

_055 ALﬂara(B)_|_4.00 (22)
n=89, s=0.313, r=0.898, F; ;,=36.48

BN A BIE, ZnEN X, Y, TE#RIN: ARB
JUBRREL, TNFNOXV LU R EDBEHRIEIIIIG
T278F72A—=F—%KLTw5, T4bb, 5TEEKEDE
KEAE L, AR EDA L HMCHREMEFKIIENR
BREVSEAZINDLZ &, BWIEHEEIC L > THFEL
W, —F, ADMNENT A—F— AV, B LU AL DIEIZ,
ABRIZBWTIR A S, L BRIZBWTUIWT NOAE
RBWTH, KRLVEBEOKE W, HbnizRWERE
DBEADTEHEIZE > TR TH B L 2#RL T3, BEE
BHEOMEALEN e BERIIPE TII 2 w5, AR A
WV LEAERS NGE, WEALER ST A — 7 Ty
LOFEGDIILIC, EHEH 1/2501KTT22 8, 2,3+ 5
LWnd 2,5 EHRE L HERKTIE 1/812, 351,
2,3,5- DALENFERINIHEEI/B0ICKTIL2Z 82
BRLTwd, UEnER, LA TXRTOERMET
MAEEESBEI N, RUEELIE BT DT, &
BB BT 2 BEREOKRE S EEEL Lh b0 T2k
NBUkEEE ERA I LIS b v, BUEMICIE, EH
LENTWBT 772 /2 F (IV) P2 DFHE%ITITIL
LTWwdEnz 3,

2. BEANVEARERICSETIERENR

p. 368, 2 Tk NX7e = A4 F 2 TEREREREANT,
iRz AV E 2 IEEYE O in vitro |2 BT B iE M EMEEE % B
LY Thbb, KEZ2ITEERENDZNENLNLE
Wy o RER T 24 Be[E15E3E |, N-acetyl-[*C]glucosamine %
GURENICKE L (R T, RRRECEL
TEREICIY A ZNHEE ERICBIT RE-GE
B b RAMBE (ECy) %3Ked, Z DMtz &M
gL Lz, MBREIETELL, GLARNAZND
BED ERZHHI R 5,

BERLVECEEEZEENICKO S nvitroDFR L L
T, Fristrom & Yund 3= 7 54V VB EDEREL 2 2
Y s INRIOFREEEFHNTHEL TWwaY, HH5D
MELZSHEOL 7 AV Y EBKOELE %, =4 24

Drosophila melanogaster (pECs)

Fig. 7 Relationship between in vitro activities against
Chilo integument fragments and Drosophia imaginal discs
(Reproduced with permission from Elsevier Science, Inc.).

F 2T DREERERTKDIER L BT 5 & Fig TOHE
BER A 5 1, N-acetyl-[*C]glucosamine N ¥EFEFK
BADBOALDRE R FABIC Lo = A 4 F 2 TIEERE
R, BERLVECEREZEBICIHMET 2 in vitro DR
ELTHEMTHBZ L0b b,

DBH F& R BT, PBHHORE D HETBL
Nz, invitro DRE RVECEEIZOWTE, »w(
DDA WIZ OV T PBOMRERET L 2245, DL
FIRH LN L -2, AR, BIREIC S I L E#HR
Kr2Eet® /BRI OV, BERERCBVWTHLE
VB R KD, BABTE & DBIfRE AN L 2 S, Fig.8 D
HEPBLN, Lzh» T, BREEEDOFBBEIL RN
Bt #ARET ARG RV E LV EHICEBRT A & L A
Eho VA

72, BUEROVE SV EMC T 5 ERERIROE R
Mriz, X TRIND,

pECs, (None)
=0.98 log P+2.89 6> —0.78 6%, m,p(4)
—0.59 AV, °rho — .46 AV, e
—1.06 AV,P2TD—1.00 AV, 0Ho®
—1.25 A4V, "B —(0.85 AV, 2B + 438 (23)
n=37, 5=0.288, r=0934, F,,,=20.43

(23)iF, BBEHRCETS 22N LHUL T 5,
HESIZAD CHTRENS ARBOEFHG5 R R
(0Oomp) & AN BMEDADERIEDIEE E o728
Thd, Thbb, TNTHERNE CEHREDEAIIE
PRIz & - TR IAR TH B 2 &, AR TITE R
HMWEPFFE LW E LI L2 (23) RDOBATIC
Awvbirzibédihiz, ARECEREG—HEAIN T
5150 % 0T, LEBREKDOBRUFEEDETICLETH - 72
BEESOEIIBIN v, 013, Hammett @ o EFICHE T2
T\ 5 EHE L EheE L OEBHILESEOER I NS
BARICHWLNL LN TH B,
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8
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Molting Hormone Activity (pECsq)

Fig. 8 Relationship between larvicidal and molting hor-
mone activities against Chilo suppressalis.

3. BEFVECHERICEFBIIFLY BB
DFE—HIE B EERS

YaYa Nz KeCellp LB sNze L7 ) —F
KB AL 54 Y DFEATED» 5, DBH {32 7 o A
FRIDZ 7 74 Y Y HHEREITHZ LTI N T
B, ZAAAF 2 VEERERTCIIIA YV VEBL Y
DBH O A e v ER 2T 2 2 ¢ 0" TE 120
T, N6 2RNDIEMDEEE, R—0ic, »OER
HUCRIT S 5 Z & 2 A 72. §Ek 7 Hansch-Fujita g2V ¢
i3, LEREE LR R & < B 2168 M#E) QSAR f#
WIIREETH - 7245, 1988 4E| Cramer 5 L » THH 5
7> Comparative Molecular Field Analysis (CoMFA) %
HwaZ izl T, Bi—BLBNH»REE % - 72,

COoMFA Hiz DWW THiBg Iz ik~ 5 &, 3 kICZef T
FoR#E RicT 2{tAMBONAKELEL L X L A
BT icERAY, Ehfeia TR 3IRTEMICEET 5.
ZLT #NETNOG L FREDEOBENS L U
I EERRT > > » V25t B L, < OBTHEICBT
BINLHEERRT v v LOflD, HEHEEL ok

LERIBRICH Z 02BN T L HETH S, FFHD
oS H b WIdERENFKMEIC £ C BUKEAEEER
IANLF—ZOWTIE, WELCHEIRENTEY, 9F
SERDOBUKNY (log P) #MAIEHE L (aHEICHWbZ &
7%\, COMFABEIZBIT 24 - L b EELBREN—I
AR O E A Th S, DBH IS DTt RH-5849
(IX:X,=Y,=H), BLUZD ABOHFDOA L Mista
FTE#EINL 2-ClHK (IX: X,=2-C,Y,=H) & X ##
7T =2, 754V BV TIEXRICERH I N
7220-4 FuXL 754> X-BE& R T—

—DEZEOLEREE LT, HFETV YT ATALTH
% SYBYL (Ver. 6.0) #F\v, ZNZFNMHS TEEL#
£, FREBENS THEEPMIIC LTIy 75 A—
YarokElbEITk o2, Dok L TERELE R
T2 B e & o) RH-5849, 2-Cl4k (IX: X,,=2-Cl, Y,=H),

b

Fig. 9 X-ray structures of reference compounds.

(1) 20-Hydroxyecdysone, (2) RH-5849 (IX: X,=Y,=H),
(3) IX: X,=2-Cl], Y,=H (Reproduced with the permission
of American Chemical Society).

BIU20-f Fuxi 7854y DiKiiEld Fig 9
KWRTEB) ThbH, 20y DBH BERFEKE L '
754 DREBRICOWTL, INH5NAY T A—
YarESZHLEBEY L LicERRELEIT
oz,
:@;5&E§i:y7zx—>aV%ETé%ﬁ%
—EDNERIZLY, Lo bEL ) OREY “RIFT
6&7_EhébﬁéﬂmHﬁmE%fu,#o@«/t
VB OB C-CON-NCO-C %, =7 %4V v HME
FHZOWTIEAT o — VIR (AO0X#&KTE) &7
X WO @R 2 Ehab¥ 7, DBHE L 2754y
YHEERADLEDIEA, TNTNOMNEESEICBT 5
Ul ) #ERAIcEB LT, Fig 10I2RT 2@ okt
(Superimposition-A, B) #H\>72, Fig. 102 B W TEHT
BRRAHT & W72 TRR DA DB 55T & 5721
T AL 91, Fig 11 IZRENTWE LI icEREE
T o72, 72, AT 0—LDBEROANK=)L¥% DBH
BN—H DA NRKR=NEZ, BERLED a, -FHaHIFESD 2
8o sp? jkFE%, DBHEOE FF 27 2o N FFic, &
b2, AT a—? 14470 OH Ee3% % DBH ¥ 1-Bu #

Superimposition-A *
OH
Ho 2 o ¥
I‘OH SN
o
HO' Ay * T
Superimposition-B  § ol * ;
Ho ¢
P = . N Y
¥/\/\4-—1 ?\OH H, ,E :
H 2 Pru—
oH C I LO ©
HO' o f f

Fig. 10 Superimpositions between 20-hydroxyecdysone
and RH-5849 referring to three-dimensional bending struc-
tures (Reproduced with the permission of American Chemi-
cal Society).
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Superimposition-A

Superimposition-B

Fig. 11 Stereoviews for superimpositions A and B between
RH-5849 and 20-hydroxyecdysone (Reproduced with the
permiossion of American Chemical Society).
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Superimposition-C (Figs. 12, 13) [z 2W T L REH 2z 7.
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D87 x—F—% L TEEL, COMFA f##7 % 177 - 72%,
3181 0 CoMFA R DR 6, SRRSO Ll
Niz7H L THE4aL 72 Superimposition-A 3 & U B 7%,
Superimposition-C (Z b~ T R #f 7% 3 K6 QSAR AT #5 R
%5 2 727%, Superimposition-A B L U BORIc £y
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PIZDOWTIIHMEICIZ T b - 72, 22T, DBH BN
WP —H DR LU BRET VXL (C,-C,) TEEH#
2R RN oAb E R AL, BB R VE S RRENE & B

Fig. 12 Two dimensional similarity between 20-
hydroxyecdysone and RH-35849 and the reference atoms
circled for superimposition-C (Reproduced with the permis-
sion of American Chemical Society).

Fig. I3 Stereoviews for superimposition-C between RH-
5849 and 20-hydroxyecdysone (Reproduced with the permis-
sion of American Chemical Society).
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Quantitative Structure-Activity Relationships of
Molting Inhibitors

INTRODUCTION

Compounds which inhibit the insect metamorphosis
including molting are well known as the insect growth
regulators (IGRs), which are thought to be safe to
mammals. IGRs are broadly classified into juvenile
hormone mimics, chitin synthesis inhibitors, and molting
hormone mimics, among which pyriproxyfen,
diflubenzuron, chlorfluazuron, tebufenozide, and some
others have been commercialized. Diflubenzuron and
chlorfluazuron belong to the benzoylphenylureas (BPU,
I), and tebufenozide to the dibenzoylhydrazines (DBH,
II).

. CONHCONH—C/'\
xn/\(‘:’>_ o Ty,

Even though the exact mode of action differs between
BPU and DBH analogs, both series of compounds affect
the integument growth by regulating the chitin synthesis.
Thus, we developed systems using cultured integumental
fragments from rice stem borers (Chilo suppressalis) to
measure the in vitro activities of chitin synthesis
inhibitors? and molting hormone mimics.? We synthe-
sized a number of BPU*-® and DBH analogs”® having
various substituents on the benzene rings and measured
the in vitro activities*'? as well as the larvicidal activity
against C. suppressalis,*~® silkworms, Bombyx mori,'V
and common cutworms, Spodoptera litura’ The
quantitative analyses of the substituent effects on the
activity in terms of the Hansch-Fujita method'? dis-
closed the physicochemical properties of compounds and
substituents determining not only the intrinsic activity,
but also factors participating in the transport and meta-
bolic process. This article is an abbreviated review of
the quantitative structure-activity (QSAR) studies of
BPU and DBH.

t-lliu
XXA/ CONNHCO—@Y
n

" an

QSAR FOR BENZOYLPHENYLUREAS

The effects of substituents in the benzoyl moiety on the
larvicidal activity against C. suppressalis was quantita-
tively analyzed showing that the higher the total hydro-
phobicity, the higher the electron withdrawal from the
side chain, and the lower the total steric bulkiness of
ortho substituents, the higher is the activity.”? We also
examined QSAR for the larvicidal activity against B.
mori and S. litura, and found that they are similar to that
for C. suppressalis.*V

The QSAR result for the effects of para-substituents in
the phenyl moiety showed that the larvicidal activity
against C. suppressalis is enhanced with the introduction
of electron withdrawing and hydrophobic substituents,
but decreased with the introduction of broad groups.*®
For the expanded set of compounds, in which not only
mono-ortho, -meta and -para substituted, but also a
variety of multisubstituted compounds are included, a
similar QSAR result was obtained along with the
position-specific steric and hydrophobic effects for ortho-
and meta-substituents.®

In the course of the QSAR study for the phenyl sub-
stituent effects on the larvicidal activity, we found that
the contribution of the electronic effect to the activity
variations changes significantly between conditions with
and without synergists against C. suppressalis. The
value of the regression coefficient of the electronic param-
eter term in QSAR correlation equations with and with-
out piperonyl butoxide (PB) was 1.06 and 2.94, respec-
tively, as shown in Table 1.9 Differing from the QSAR
results obtained for the benzoyl substituent effects,'” the
phenyl substituent effects on the larvicidal activity
against C. suppressalis are not similar to those against B.
mori and S. litura. The electronic parameter term in
QSAR equations for the larvicidal activity against C.
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Table 1 Comparison of electronic parameter terms in the
QSAR equations derived for the larvicidal activity against
Chilo suppressalis, Bombyx mori, and Spodoptera litura.

Insect species None With PB With DEF®
C. suppressalis 2.94 oy 1.06 o; nd®

B. mori —1.38¢ —-125¢ —-135¢

S. litura nd® 0 nd®

2 DEF: §, S, S-tributylphosphorotrithioate.
® Not determined.

suppressalis, B. mori and S. litura under various syner-
gistic conditions were summarized in Table 1.!" For
the activity against B. mori, the regression coefficient of
the electronic parameter term is stable irrespective of the
synergistic conditions, and the regular electronic parame-
ter ¢ instead of ¢y gave the significant results. The
electronic effect was insignificant in the QSAR for the
larvicidal activity with PB against S. litura.'V These
results suggest that the electron withdrawing substituents
play a role to suppress the oxidative metabolism in the
phenyl moiety, and the electron donating groups are
favorable to the intrinsic activity.

To ascertain the above suggestions, we examined the
substituent effects on the in vitro activity, in terms of the
inhibition of the incorporation of N-acetylglucosamine,
the precursor of chitin, into the cultured integumental
fragments, with and without PB.® The QSAR result for
the activity without PB showed that the electron-
withdrawing ability in terms of the inductive o7 is favor-
able to the activity. With PB, however, the sign of the
electronic term was reversed and the regular Hammett ¢
worked much better than ¢;.  Under conditions with S,
S, S-tributylphosphorotrithioate (DEF), the pl;, value
did not vary significantly suggesting that hydrolytic
metabolic mechanism is not important even for com-
pounds with strongly electron-withdrawing substi-
tuents.” Similar results were founds in the QSAR for
the phenylthiadiazolylbenzamides (IIT).'®
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QSAR FOR DIBENZOYLHYDRAZINES

The larvicidal activity against C. suppressalis™® and
the in vitro molting hormonal activity in terms of the
stimulation of N-acetylglucosamine incorporation into
the cultured integument!? were measured for a number of
DBHs (II). PB and DEF scarcely synergized both in
vivo and in vitro activities.”!? The larvicidal activity
was correlated with the in vitro activity as shown in Fig.
1, indicating that the substituent effects on the activity are
similar between in vivo and in vitro activities against C.
suppressalis.'® The stimulation of the immature molt-
ing seems to be closely related to the larvicidal activity of

Larvicidal Activity (pLD5()

T T T T T

4 5 6 7 8 9
Molting Hormone Activity (pECsq)

Fig. 1 Relatioship between larvicidal and molting hor-
mone activities against Chilo suppressalis.

DBHs.

The effects of substituents on the two benzene rings
were quantitatively analyzed to indicate that the activity
is increased with an increase in the molecular hydro-
phobicity as well as by introducing the electron donating
groups into the A-ring with some electron withdrawing
effect of ortho substituents.’® As far as the steric effects
is concerned separately, however, the introduction of
substituents at any position is unfavorable to the activity.

Even though there is a large difference between DBH
and ecdysone structures, it has been shown that DBH
analogs are bound to the ecdysone binding site.'¥ Thus,
we sought for the three-dimensional structural similarity
between these two series of compounds. There is a

Superimposition-A

Superimposition-B

Fig. 2 Stereoviews for superimpositions A and B between
RH-5849 and 20-hydroxyecdysone (Reproduced with the
permission of American Chemical Society).
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similarity in three-dimensional structures of unsubstitut-
ed dibenzoylhydrazine (RH-5849) and 20-hydroxy-
ecdysone as shown in Fig. 2, in which two structures
were superimposed on the basis of their bending geome-
try in two different manners, A and B.?¥

After superimposing 37 DBHs!®? and 5 ecdysone
analogs'® according to the MLS (minimum least
squares) procedure, for distances between some selected
atoms in RH-5849 and their counterpart atoms in other
DBH analogs as well as in ecdysones, similar to those
indicated in Fig. 2, we quantitatively analyzed the in
vitro activity using comparative molecular field analysis
(CoMFA).'” Even though a slightly better result was
obtained with the procedure of the superimposition-B,
there is no distinct difference between superimpositions-
A and B,'® as far as the DBH analogs presently used are
concerned.

To determine which superimposition procedure is
more probable, we synthesized compounds in which
either A- or B-ring of tebufenozide (IL: X,=3,5-Me,,
Y, =4-Et) is replaced with short alkyl chains (C,-Cy),
and measured their in vitro activity. Compounds in
which the B-ring moiety is replaced were about 1000
times more active than the other. Thus, we could sug-
gest that the B-ring moiety of DBH compounds corre-
sponds to the alkyl side chain of 20-hydroxyecdysone.
Among compounds synthesized, IV was 20 times more
active than 20-hydroxyecdysone, but less active than
tebufenozide in terms of the in vitro activity.'®

Me t-lllu
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