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Jopan

   Twenty-nine Af-[5-(substituted phenyl)-1,3,4-thiadiazol-2-yl]benzamides with  various  substituents

on  both benzene rings  were  synthesized.  Most  of  them  inhibited the incorporation of N-acetyl-[1-i`C]-
glucosamine into cultured  rice  stem  borer ( Chilo smpresssads  WALKER)  integument in the presence and
absence  ofa  metabolic  inhibitor for oxidative  degradation, piperony] butoxide. Variations in the actjyity
under  each  experimental  condition  were  quantitatively anaLyzed  with  physicochemical substituent parame-
ters and  regression  analyses. After the separation  of  the hydrophobic effect,  para  substituents  on  the

benzene ring  at the 5-position ofthe  thiadiazole ring showed  poculiar electronic and  steric  effbets  on  the
inhibitory activity,  The  greater the inductive component  of the eloctron-withdrawing  property and  the

molecular  hydrophobicity, the higher the activity,  Introduction ofelectron-donating  groups such  as OMe
and  Me  at  the ortho  position of  the benzoyl moiety  seemed  to be favorable to the  activity.  A  limited
number  of  compounds  showed  larvicidal activity  against  the inseets via  topical application.

             INTRODUCTION

  Arnong various  insect growth regulators,  the chitin

synthesis  inhibiting benzoylphenylureas such  as

difiubenzuron,i) triflumuron,2) chlorfiuazuron,3,4)  and

tefiubenzuron`) are  well  known, Isoprothiolane5) and

buprofezine5) are  also  chitin  synthesis  inhibitors, even

though  their mode  of action is diflerent ftom that of  the

benzoylphenylureas. Dibenzoylhydrazines, including
tebufenozide, mimic  molting  hormone'-iO) and  inhibit
chitin synthesis  at high concentrations.ii)  These insect

growth regulators  are commercially  available.

 We  have established  an  in vitro system  to measure  the

activity of  chitin synthesis  inhibitors'2･i3) and  molting

hormone-like compoundsii,i4)  in which  tbe incorpora-
tion of  N-acetylg]ucosamine (GluNAc) into cultured  rice

stem  borer (ChiZo st{lzpressalis  WALKER) integument was

measured.  For chitin synthesis  inhibitors, integument
fragments were  first treated with  20-hydroxyecdysone

(20-HE) to induce cuticle  formation and  cultured  in a
'
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previous paper, see  Ref. 14).

medium  containing  test compounds  and  radio-labeled

GluNAc.i2) They inhibited the  incoTperation in a  dose
dependentmanner,iZ,i3) Formoltinghormone-likecom-

pounds, including dibenzoylhydrazines, integument frag-
ments  were  treated with  test compounds  fbr 24 hr, then
cultured  in a medium  containing  radio-labeled

GluNAc.ii) Generally,theyenhancedtheincorporation
of  the radio-labeled  GluNAc  at  certain  lower concentra-
tions, whereas  they inhibited it at  higher concentrations.

 Q
XcioNH-t<Ns-'igy

 Q
X6oNHcoNHe

y

    X2 (I)                         X2 (ll)

  N-[5-(Substituted phenyl)-1,3,4-thiadiazol-2-yl]benz-
amide  derivatives (I) shew  the insecticidal efTect as

benzoylphenylureas (II) by preventing molting,i5)  One
of  the compounds  LY-131215 (I: Xi=X2=OMe,  Y=
OC2Fs) was  a more  potent larvicide than  diflubenzuron
(II: Xi=X2=E  Y=Cl)  against  spruce  budworms
(Choristoneura jumijlarana CLEMENs)i6) and  beet army-
wo[ms  (SPodoptera exigua  HUBNER),i'} Even though

no  quantitative analysis  has been done for N-[5-
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(substituted phenyl)-1,3,4-thiadiazol-2-yl]benzamide
derivatives, the favorable substitution  patterns required

for optimal  insecticidal activity for these two  classes of

compounds  seemed  to be much  diffbrent from each

Other.i5,is}

  In this study,  we  synthesized  a  set of  compounds  with

various  substituents  at both benzene rings  of  structure  I

and  measured  their chitin  synthesis  inhibiting activity in
our  cultured  integument system.  We  here report  the

effects ofY  on  the activity quantitatively. We  also  show

that the potency was  varied  drastically by changing  the

substituents  Xi and  X2.

         MATERIALS  AND  METHODS

1, Compounds

 2-(2,6-Disubstituted benzoylamino)-5-(4-substituted

pheny])-1,3,4-thiadiazoles (I) listed in Tables 1 and  2

were  synthesized  from substituted  benzoyl chlorides  and

2-amino-5-(4-substituted phenyl)-l,3,4-thiadiazoles by

stirring at O-250C in the presence of  NaH  in dry

tetrahydrofuran.i5}  In this study,  we  defined the benzene

ring  attached  to the 2- and  5-positions of  the thiadiazole

Table 1 Inhibition of  1,3,4-thiadiazoles in GluNAc  incor-

poration into the cultured  integument (plso) and  their lar-
yicidal  activity  against  Chilo stmpressatis (pLD,,)

          Qixi
X

!toNH-eNts-lil-O-a

No.Substituents
XiX,PIs,(M)a)  PB

  PLDsob)
{mmolfinsect) mp  ([C)
    PB

ring  as the 
"phenyl"

 and  
"benzoyl"

 moieties,  respective-

ly. The 2-aminothiadiazoles were  prepared either by

dehydrative cyclization  of  the corresponding  1-(4-

substituted  benzeyl)thiosemicarbazides in phosphoric
acid  at 20 to 500C or  by oxidative  cyclization  of 4-
substituted  benzaldehyde thiosemicarbazones  at 1OO"C in
the presence of  ferric chloride.  1-(4-Substituted ben-

zoyl)thiosemicarbazides  were  prepared by treatment  of

thiosemicarbazide with  appropriate  benzoyl chlorides  in

dry pyridine at room  temperature, Substituted benzal-
dehyde thiosemicarbazones  were  prepared from
thiosemicarbazide and  substituted  benzaldehydes by

refluxing  in methanol,  The  pTepared test compounds

are  listed in Tables 1 and  2 with  uncorrected  melting

points, Chemical structures  of  the test compounds  and

their inteTmediates were  analyzed  by infrared and  proton
magnetic  resonance  spectra,  The final compounds  were

also  confirmed  by the elemental  analyses.  The  unalyti-

cal yalues  fbr C, H, and  N  agreed  with  the calculated

values  within  O,3%. Piperonyl butoxide (PB) and  20-

HE  were  purchased from Tokyo Kasei Co,, Tokyo,
Japan and  Rohto Pharmaceutical Co., Osaka, Japan,
respectively.  N-Acetyl-D-[1-i`C]glucosamine ([r`C]-
GluNAc;  2.17× 109 Bqlmmol)  and  NCS,  a  tissue sol-

ubilizer, were  purchased from Amersham  International

plc., Buckinghamshire, England. [i`C]GluNAc was

diluted with  70% aqueous  ethanol  to about  6000  dpml#1.
Aquasol II, a cocktail  for liquid scintillation  counting,

was  purchased from DuPont-NEM  (Boston, MA,
U.S.A.),

123456789101112131415HFCIMeOMeFCIBrICF,NO,MeOMeOEtNEt,HFCIMeOMeHHHHHHHHHH<5.30CIO%)

<5.30(42%)
 6,42

 7.16
 7.23

 6.i4<5.30(37%)

<5,30(32%)

<5,30(I7%)
<4.78 (7%)
<5,30 (O%)
 6.SO

 7.27<5.30{23%)

<4.70(8%)

<S,60 (O%)
<4.60 (O%)
<5,oo(5%)
 5.48

 5.96<4.60
 (O%)

<4.60  (41%)
<4.60  (O%)
<4.60  (5%)
<4.60 (O%)
<4.60  (O%)
<4.60(O%)
 5.96<5.60(10%)

<5.00 (O%)

 238277-279

 29S263-265252-2S3257-261

 280
 268263-265255-258

 >3oo

 2S2227-230222-223172-L74

Difiubenzuron 7,72c) 6.64d}232-･233d)

a)
 VaLues in parentheses are  means  of  inhibition (%) of  the

 incorporation ef  GluNAc  at  the maximum  concentration

 indicated. See the text for details.
b)
 Measured against  the rice  stern  borer larvae in the presence

 ofPB.  The value  in parentheses is the mortality  (%) at  the

 maximum  dose indicated.
c)
 From Reft 13).

d)
 Frorn Reft 20).

2 Ineorporation of' ['`C]GluNAc into Cultured

   Integument ftagments

 Procedures fbr the culture  of  integument fragments of

the insects and  measurements  of  incorporated [i`C]-
GluNAc  were  essentially  the same  as those described

previously.ii･iZ) Diapause larvae of the rice stem  borer

were  obtained  by aseptic  rearing  on  an  artificial diet

under  short-day  photoperiods (8L: 16D) at 250C, Each

ofsix  pieces ofintegument  excised  from the  dorsal part of
the larvae was  cultured  first at 28± 3'C in 1 ml  ofGrace's

medium  containing  2.2nmol of  20-HE. After 24hr,
each  fragment was  transferred to another  culture  well

containing  1 ml  of  medium  with  3"1 of  70% aqueous

ethanol  solution  containing  [i`C]GluNAc (1,O× 10-;e

mol)  and  1 "1  of  a test compound  in dimethyl sulfbxide

(DMSO) at various  concentrations.  The fragments were

incubated at 28± 3"C for another  72 hr. In some  experi-

ments,  incubation with  ['`C]GluNAc was  performed in

the presence of  20"M  PB. After the incubation with

[i`C]GluNAc, the cultured  medium  was  removed  and

the integument fragments were  washed  three times with

O.5 ml  ofwater.  After keeping the fragments in O.5 ml  of

NCS,  the radioactivity  incorporated into the integument

fragments was  measured  in Aquasol II with  a  liqujd
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Table 2 Inhibition ef  1,3,4-thiadiazoles in GluNAc  incorporation into the
activity  against  Chilo st(prpressads (pLDso).

                                G,
O

,::',i"-("Ls-igy

cultured  integument (plso) and  their larvicidal

P]se(M)

No. Y None PB
  pLDsoC)

(mmoVinsecO
   PB

mp  (OC)
Obsd.Calcd.a) Obsd.Calcd.b)

161718192052122asM25th27rs29HMei-Prt-BuFCIBrICF,NO,CNOMeOEtPhNEt25,535.916.406.047.017,277.187.057.316.456.685,656,196.716,135,315.596.136.316.937.137,107.096.976.476,706,276,376,686,206,557,076,746.287.057.237.347.017256.576.706,787.026.936,176,866.856.766,566.907.137.137.087.356.427.086.706.786.716.39<s.oo (o%)
 5.00
 d}

 d)<5.oo(14%)

 5,96
 5,57
 d)

 d)<5.00

 (O%)
 d)<s,oo

 (o%)
<S.oo<6%)
 d)

 d)

265-267
 238278-280

 25I
 253252-253

 233

 249

 233
 255

 270
 257227-23t

 245242-243

Diflubenzuron 7.6ge) 7.72e) 6,64f) 232-233f)

a)b)c)

d)e)e

Calculated using Eq. (3).
Calculated using  Eq. (4).
Measured against  the  rice  stem  borer larvae in the  presence
rnaximum  dose indicated.
Not determined,

From Refi 13).
From  Refi 20).

of  PB, The value  in parentheses is the mortality  (%) at the

scintillation  counter,  Radioactivity was  expressed  as

mean  disintegrations per minute  (dpm) from three  experi-

mental  runs.

3. Larvicidal 7lests

  The rice stem  borer larvicidal tests were  performed as

previously described.i9･20) The third-instar, non-

diapause larvae were  reared  on  an  artificial  diet under

long-day photoperiods (16L : 8D) fbr approximately  10
days after hatching, They were  initially kept on  a  diet
containing  PB  at 100 #M  at least for I hr, then each  larva

was  topically exposed  to a  O,5yl aliquot  of  DMSO
containing  various  amounts  of  each  compound.  For
each  concentration  of  each  test chemical,  20 larvae were
used.  After five days rearing  at  28nC on  the PB-
containing  diet under  the long-day photoperiod  condi-

tion, the pLDso  value,  the  log of  the  reciprocal  of  the

median  lethal dose (mmol/larva), was  calculated  by use
of  the probit transformation method.ZLZ2)  The pLD,,
values  for each  compound  are listed in Tables 1 and  2.

4, Substituent Parameters

  Thesubstituentparametersfor2,6-dimethoxy-IV-[5-(4-

substituted  phenyl)-1,3,4-thiadiazol-2-yl]benzamides (I ;
Xi=X2=OMe)  used  here are  listed in Table 3. The q
is Charton's electronic  parameter.23) As the steric

parameter, the van  der Waals volume,  Vl,,, calcu]ated

according  to Bondi was  used.2`} In the analyses,  the

value  relative  to that  of  H, AKv, was  scaled  by O.1 to
make  it comparable  to that ofthe  other  parameters, The
molecular  hydrophobicity values,  log P, of  compounds

5, 16, 17, 20, 21 and  24-27 were  measured  using  the

1-octanolfwater partitioning system  (Table 3), The rr

value  was  calculated  by subtracting  the log P  value  for
each  compound  by the log P  value  for cempound  16

(Table 3). Excluding the value  fbr compound  24, rr

values  were  correlated  very  well  with  ordinal  hydro-

phobic substituent  constants  (zyiphH) taken  from
monosubstituted  benzenes25･26) as shewn  in Eq. (1), even

though  the slope  of  the zyiphH  term  is much  smaller  than

unity.

   z=O.580( ± O,122)z,,,,,-O.O02(± O.062) (1)
     n=  8, s=O.061,  r=O.979,  F=135,3

  The constant  term  in Eq. (1) was  reasonably  close  to
zero. When  compound  24 is included in the above
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Table 3 Molecular hydrophobicity and  substituent  parameters for ?V-[5-(para-substituted phenyl)-1,3,4-thiadiazol-2-yl]-
benzamides.

                             G,
O

,EA8y

3}ii,toy

Hyd[ophobicity

No. Y
log P

n
   b)JVt･sphH O[c) AVk

Obsd, Calcd.a)

16171819205212223M252627rs29HMei-Prt-BuFCIBrICF,NO,CNOMeOEtPhNEt,3.503.85d)d}3.503.963.92d)d)2.S43,143.563J5d)d) o.oo
 O.35
 d)

 d)

 o.oo
 O.46

 O.42
 [i)

 d)-O,96e)-O,36

 O,06

 O.25
 d)

 d)

 o,oe
 O,32

 O.89
 L15

 O,08
 O,41

 o,so

 O.6S
 e.sl-O.16-O.33-O,Ol

 O,22
 1.13

 O.42

 o.oo

 O.56
 1.53

 1,98
 O,14

 O.71

 O,86
 1,12

 O,S8-O.28-O.57-o.e2

 O.38

 196

 O,73

 o.oo-O,Ol

 O.Ol-O.Ol

 O.54

 e.47
 O.47

 O.40

 O,40
 O,67

 O.S7

 O.30
 O.2S

 O.12

 O.17

o.oo1,123,164,18O,33O.951261.711941,431221.442.464.334.96

  
n)
 Calculated usjng  Eq, (1),

  
b)
 Taken from Ref. 26).

  
c}
 Taken from Refi 23).

  d) Not  measured.

  
e)
 Not used  to deriye Eq, {1).

correlation  analysis,  the correlation  equation  was  poor
(s=O.268, r=O,830).  In this and  the fo11owing equa-

tions, n is the number  of  compounds,  s is the standard

deviation, r is the correlation  coeMcient,  and  F is the
value  of  the ratio  between regression  and  residual  vari-

ances.  The figures in parentheses are  95% confidence

intervals of  the regression  coeMcient.  Experimental

measurement  of  the log P value  was  diMcult for some
compounds  because of  their extremely  high hydro-

phobicity, so  we  estimated  their rr values  via Eq, (1)
(Table 3), In the fbllowing analyses,  the calculated  z

values  were  used  for compounds  without  the experimen-

tally measured  value.

         RESULTS  AND  DISCUSSION

I. Inhthitot:v Activity for Glu7VAc Incoi;poration into
   Cuttured Intagument

  Compound 22 inbibited the incorporation of  GluNAc
into the rice  stem  borer cultured  integument in a

concentration-dependent  manner  where  the radioactivity

at each  concentration  is an  average  for three runs  (Fig.
1), The background in this system  was  about  3000-

4000 dpm. We  have shown  that this amount  of  radio-

activity  corresponds  to the non-chitinous  components

that  do not  participate in the growth of  the  new

cuticle.''･i2) By taking the difference of  radioactivity

counted  without  test compounds  from the background

counts  as  the  full scale, we  determined the median  inhibi-

a  gooovaUE

 7ooo8,:t

 6coOg,"

 sooovo"a-g

 4mmgE

  3000

         S

                     log (T50}

 Fig. 1 Concentration-response relationship  for compound

 22 in the  GluNAc  incorporation assay.

 The  integument pieces were  first incubated with  2.2ptM

 20-HE for 24 hr. They were  incubated for another  72 hr in

 a  culture  medium  containing  the test compound.

tory concentration  (Iso (M)) by use  of  the probit transfor-
mation  method,2i･22)  The inhibitory activity  of  com-

pounds was  expressed  as pl,, yalues,  which  is the log of

the reciprocal  ofI,o,  The pls, values  for the te'st com-

pounds are listed in Tables 1 and  2, The most  potent
compound  was  compound  23 and  weaker  than

diflubenzuron by a  factor of  2,3,

NII-Electronic  
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2, ELfi2icts qf' Substituents X} and  Xb  on  the Jhhibitot:y

   Activity for GluMc  Incorporation

  Among  compounds  listed in Table 1, the inhibitory
activity in terms of  pl,o was  determinable only  for six
compounds  3-6, 12 and  13, Other compounds  gave
unmeasurably  low activity.  When  the definitive value

was  not  determinable because of  limited solubi]ity, the

activity  was  expressed  with  the 
`'less

 than" sign  along

with  the maximum  inhibition percentage at the highest
concentration  tested, as listed in Table 1. To  calculate

the value,  the dpm  yalue  measured  with  2"M
diflubenzuron, which  was  included in each  series of

experiments  as a  positive control,  was  taken as the back-

ground leve] based on  our  previous results,i2) Interest-
ingly, ortho-monomethoxy  compound  13 was  equipotent

to that of2,6-dimethoxy  compound  5. In contrast,  the

ortho-monomethoxy  deriyative ef  benzoylphenylureas

(II: Xi=H,  X,=OMe,  Y=Cl;  pl,,=6.07) had much

weaker  inhibitory potency than  the dimethoxy derivative

(II: Xi=X2=OMe,  Y=Cl; plso=7,22) in our  cultured'

integument system.i3)  For the present series of  com-

pounds, no  significant  correlation  equation  could  be
formulated, because the number  of  compounds  with  a

definitive pl,o value  was  too small.

3. ELOZ,cts of Substituents Y on the Ihhthito,:y Activity

   for GlulVAc Incorporation
  Compound  5 was  one  of  the most  potent compounds
tested (Table 1), so  we  decided to analyze  the effect of

substituent  Y of  the compound  and  its derivatives. In
the series  of  compounds  listecl in Table 2, compounds  5,
21, and  23 showed  the highest level ofinhibitory  activity

in the absence  of  PB, although  they were  about  three

times less active  than  difiubenzuron (II: Xi =X2=  F, Y=
Cl), Their inhjbitory activity values  were  not  much

increased by PB. The inhibitory activity  values  ofcom-

pounds 16, 17, 26 and  27 were,  however, significantly
enhanced  by theaddition  ofPB.  Except fbr compounds
19 and  29, introduction of  substituents  at the para posi-
tion of  the benzene ring  was  favorable to the inhibitory
activity in the presence of  PB,

  Substituent efTbcts on  the inhibitory activity measured

witheut  PB  was,  first, analyzed  for nine  compounds,

where  n  values  were  calculated  from the experimentally

measured  log P  (Table 3), to give Eq. (2),

plso (nonc)=O,928 (±O.676)rr+2.791 (± 1.252)q

          +5.387( ±O,529) (2)
  n=9,  s=O,307,  r=O.914,  Iih,,=15.17

  By the addition  of  the rernaining  six compounds,  Eq,
(3) was  fbrmulated, where  the z  values  determined by
Eq. (1) were  used for these six compounds.

    n=l5,  s=O,266,  r=O,908,  4,,,=28.12

  The correlation  did not  change  very  much  from Eqs,

(2) and  (3). Equations (2) and  (3) show  that as hydro-

phobicity is increased, inhibitory activity  also  is in-
creased,  The q represents  the inductive component  of

the total electronic  effect. These equations  show  that as

the electron-withdrawing  property of  substituents  is in-
creased,  the inhibitory activity increases as well.

Replacement of  the ot term in Eq. (3) by the regular

Hammett  cr term  or ak and  addition  ofthe  ok term to Eq.

(3) resulted  in equations  of  less significance,  The plso
values  calculated  with  Eq. (3) are listed in Table 2,

  The substituent  effbcts on  the inhibitory activity mea-

sured  in the presence ofPB  was  analyzed  as shown  in Eq.

(4).

    pl,, (PB)=O,581 (± O,35l)z+O.899 (± O,737)q

             
-O,182(

±O,112)AP,k,+6J60(± O.372)

                                         (4)
      n=15,  s=O.226,  r=O,818,  4,ii=7.40

  Equation (4) was  highly statistically significant,

although  the correlation  coeMcient  was  not  as great as
desired. This was  probably due to the narrow  range  of

variations  in the pl,, (PB) value.  The greater the hydro-

phobicity and  the greater the electron-withdrawing  prop-
erty  ofthe  substituents,  the greater the inhibitory actiyity.

As steric bulkiness decreased, inhibitory activity in-
creased,  Replacement  of  the ot term  in Eq, (4) by the

regular  Hammett  a term or  ok and  addition  ofthe ok term
to Eq. (4) resulted  in equations  of  less significance,  The

plso values  calculated  with  Eq. (4) are  listed in Table  2.
No  significant  correlation  between inhibitory activity

and  any  single  parameter or  combinations  of  parameters
was  observed,  so the deyelopment of  Eq. (4) was  not

presented. The degree of  collinearity  of  independent
variables  for Eqs, (3) and  (4) is shown  in Table 4.

  Previously, we  quantitatiyely analyzed  the substituent

eflects of  15 benzeylphenylureas (II: Xi =X2=  F) posses-
sing  various  substituents  (Y) on  the inhibitory activity in
the GluNAc  incorporation system,'3) As the electron-

withdrawing  effect of  substituent  Y  increased, the inhibi-
tory activity  also  increased, The electronic  effect in
terms of  ot, however, was  decreased in the presence ofPB.

Since oxidation  is a type of  electron  abstraction,  we  felt
that an  introduction of  an  electron-withdrawing  sub-

stituent would  be unfavorable  for oxidative  metabolic

degradation, yielding a compound  with  increased inhibi-

Table 4 Squared correlation  (r2) matrix  for the variables

used  to derive Eqs. (3) and  (4).

= q

plso (none)=O,906 (± O.363)n+2.925 (±O.857) ct
          +5.346 (± O.371) (3)

ojti
 V;v

O,399O,356
O,189
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tory  activity.  When  the oxidative  metabolic  detoxica-

tion mechanism  was  blocked by use  of  PB, the

significance  of  the electronic  effect  was  diminished and

ultimately  reversed.i3] The decreased significance  ofthis

electronic  effect in Eq, (4) compared  to Eq, (3) may  be
rationalized  similarly,

4. Larvicidot Activity against  Rice Stem Borer
 The treated larvae became b[own  and  dark, and  were

irnmobilized after days. Thus, development of  the

symptoms  was  very  slow.  These symptoms  were  similar

to those observed  with  diflubenzuron,

 The larvicidal activity of  the thiadiazoles for the rice
stem  borer in terms of  pLD,, is listed in Tables 1 and  2.

None  ofour  test compounds  were  as potent as a represen-

tative chitin  synthesis  inhibitor, diflubenzuron (II[ Xi=

X,:::F, Y=Cl).  The larvicidal activity  of  the thiadi-

azoles  was  much  lower than  that expected  from the

inhibitory activity in the GluNAc  incorporation, One
of  the reasonings  may  be their poor ability to penetrate
through  cuticle. Among  compounds  having various

substituents  at the benzoyl moiety,  only  three compounds

4, 5 and  13 yielded definitive pLD,, values  (Table 1),

For 2,6-disubstituted compounds  (I), the order of the

larvicidal activity  against  the Mexican bean beetle (EPila
chna  varivestis ) and  the southern  armyworm  (iipodoptera
eridonia)  is as fo11ows; 2,6-(OMe)2>-Me2>-C12>-F2,i5)

Our findings for the rice stem  borer are  compatible  with

these results, Rernoval  of  one  of  the  ortho-methoxy

groups of  compound  5 to give compound  13 did not

affect inhibitory activity, whereas  replacement  of  both
ortho-methoxy  groups by methyl  groups (compound 4)

reduced  the activity slightly, Among  the tested com-

pounds in Table 2, the actiyity  ofthe  para-bromo deriva-

tive (compound 21) was  closest  to that of  compound  5,

 In conclusion,  most  ofthe  N-[5-(substituted phenyl)-1,
3,4-thiadiazol-2-y]]benzamides inhibited the incerpora-

tion ofGluNAc  into the rice stem  borer cultured  integu-

ment.  A  limited number  of  compounds  showed  the

laryicidal activity  against  these insects, Although the

two  activities of  all  of  the compounds  tested were  lower
than those of  diflubenzuron, the primary toxic mecha-

nism  of  this class  of  compounds  was  assumed  to be due

to inhibition of  new  cuticle  formation. Structural con-

version  of  a -CONH-  group of  benzoylphenylureas to a

thiadiazole  ring  has been suecessfu11y  carried  out  to yield

pharmaceuticals,27) Three-dimensional comparative

molecular  field analysis  (CoMFA)28) is now  in progress
in our  laboratory for a group of  N-(5-aryl-1,3,4-

thiadiazol-2-yl)benzamides and  benzoylphenylureas.
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要 約

　殺 幼 虫 性 1V−［5−（substituted 　 phenyl）．1，3，
4−thi−

　adiazo1 −2−yl］benzamide類 の 培 養表皮 へ の N 一ア セ

　チル グル コ サ ミン の取込 み阻害におけ る定量的構造

　活性相関

　　　　　　中川 好秋，西村勁一郎，泉　恵
一

， 木下勝敏

　　　　　　　　　　　 木村　隆，栗原紀夫 ， 藤 出稔夫

　二 つ の ベ ン ゼ ン 環上 に さ ま ざ まな置換 基 をもっ N ・［5・

（substituted 　phenyl）−1，
3

，
4−thiadiazol −2−yl］benzamide類 を

29種類合成 し，
ニ カ メ イチ ュ ウ の培養表皮系を用 い て N 一

ア セ チル グ ル コ サ ミン の取込み 阻害活性 を求め，活性に及

ぼ すベ ン ゼ ン 環置換基の 効果を定量的に解析した．その 結

果，チ ア ジア ゾー
ル の 5 位に結合 したベ ン ゼ ン 環 Eの 置換

基の 電子求引性お よび疎水性 が高い ほど活性は上昇するこ

とが 明 らか となっ た．
一
方，ベ ン ズ ア ミ ド部を置換 した も

の に つ い て は 阻害活性を示す化合物が 少なか っ た た め，有

意な相関式 を得 るこ とが で きなか っ た．こ の 場合，ベ ン ゾ

イル フ ェ ニ ル ウレ ア類 の ベ ン ズ ア ミド部で得られ た結果 と

は 異な り，定性的 で はあるが ， 活性上昇 に と っ て メ チル 基

や メ トキ シ基な どの 電子供与性置換基の 導入が 好ましい こ

とが 明 らか になっ た．また ，酸化代謝阻害剤 で あ る ピペ ロ

ニ ル ブ トキシ ドを併用するこ とに よ っ て、ア ル キル 置換体
の 活性 が 顕著に 上昇 した．局所投与法 に よ っ て ニ カ メイ

チ ュ ウ に対する殺虫活性を測定 した とこ ろ，
ノ〉一ア セ チ ル グ

ル コ サ ミン の 取込 み 阻害活性 の 高 い もの は殺虫活性 を示 し
た が ，

ベ ン ゾ イル フ ェ ニ ル ウ レ ア類 に 比べ ると， 殺虫活性

は それ ほ ど高い もの で は なか っ た，
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