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3-Benzylidenemyosmine analogucs  with  substituents at the

ortho-.  tneta-, and  paru-positions of  the phenyl ring  and  3-cin-

namylidenerrryosmine  analogues  with  substituents  at aparu-posi-

tion of  the phenyl ring  werc  synthesized.  The aMnity  of  the syp-

thesized compounds  for nicotinic  acetylcholine  rcceptors

(nAChRs) in the nerve  cord  of  thc American cockroach  (R?ri-
planeta americana  L,) was  determined by radioligand  binding

assay  using  [3H]epibatidine. Ofthe compounds  testea 3-(2,4-di-

hydroxybenzylidene)myosmine 3 and  3-(4-hydroxybenzylidene)-
myosmine  4 displayed the highest potcncy, with  ICso values  of

O.l20 and  O,310ptM, rcspectively,  3-(4-Dimethylaminobenzyli-

dene)myosmine 15 with  a  pava-dimethylamino group on  the bcn-

zyLidene  meiety  displayed moderate  aMnity  (IC,,t-5.49 "M). On
the other  hanct cinnamylidene  analogues, 3-(4-dimethylamino-

cjnnamylidene)iTryosmjne  16 and  3-cinnamylidenemyosmine 17,

disptayed moderate  athnitM  with  ICsv values  of  2.07 and

3.S2"M, respectively.  
･O

 Pesticide Scjence Society of Japan

Kqnvorctsi nicotinic acety]choline  receptor.  3-benzylidene-

myosmine,  American cockroach.

Introduction

Nicotiplc acetylcholine  re ¢ eptors  (nAChRs), ligand-gated ion

channels  that mediate  rapid excitatory  neurotransmission,  have

drawn significant  attention  as ･eflective targets  for insecticides
since  insect-selective neonicotinoids  such  as  irnidacloprid were

discovcred.t･2)

  3-Benzylideneanabaseine analogues  are dcrived frem the ina-
rine  worm  toxin. anabaseine,  which  js a relatively nonselective
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mixed  agonistiantagonist  for multiple  nAChR  subtypes.]) 3-(2,4-

Dimethoxybenzyljdene)anabaseine (GTS-21) has agonist activity
at  vertebrate  a7  nAChR  and  antagonist  activity  at vertebrate

a4fi2  nAChR,  although  it is unknown  to what  extent  the a7  se-

lectivity of  GTS-21  results  from the addition ofthe  benzylidene
moiety  and  other  substituents  at the 2- or  4-position.46) While  the

benzylidene derivation of  anubaseine  is suMcient  to produce se-

lcctive agonist activity  fbr thc a7  receptor  subtype,  4-substitu-

tiens en the benzylidene ring modulate  botb the agonist  and  an-

tagonistproperties.6)

  We  have previously reported  that a series  of3-benzylidenean-

abaseine  (BA) analogues  and  6'-chloro-3-benzylideneanabaseine

(CBA) analogues,  which  have a  chlorine  atem  at the 6'-posjtion

ef  the pyridine ring,  display high aMnity  fbr nAChRs  of  the

Arnerican  cockroach  (R]riptaneta americana  L.),7'S) Structure-

activity  studies suggcsted  that both the electronic  and  steric prop-
erties  of  the paru-substitu¢ nt of  the phenyl group atfect  the po-
tency  ofCBA  anaLogues;  the greater the electron-donating ability

and  the smaUer  the minimum  width  of the substituents. the

higher the potency of  these analogues,S)

  Myosminc, which  was  isolated from IVicotina tabaettm, is

strueturally  related  to anabaseine;  myosmine  has a  pyrrolidine
heterocyclic ring, whjle  anabaseine  has a piperidinc ring.g)

  It has been found that 3-pyTidylmethylamine moiety,  contain-

ing a hjgh]y basic nitrogcn  atom  protonated at physiological pH,
is the essential  mojety  for nicotinoid toxicity. FO) Wb becanie inter-
ested  in the aMnity  of3-benzyLidcne-  and  3-cinnarnylidenemyos-
mine  analogues  for insect nAChRs,  even  if myosmine  itselt with

low basic nitrogen,  has littLe binding athnity  for housefly and

honeybeenAChRs.iO)

  This report  describes the binding activity  of  3-benzylidene-

and  3-cinnainylidenemyosmine analogues  fbr R  amexicana

nAChRs.･

Materials and  Methods

J, Adaterials
Melting points were  mcasured  with  a  Yinako MP-500D  micro

melting  point apparatus  and  are  uncorreeted.  
TH

 NMR  spectra

were  measured  with  a  JEOL  JNM-A400  spcctrometer  with

tetramethylsilane as an  internal standard;  chemical  shifts  are  ex-

pressed as 6 values.  Mass spectra were  determined on  a Hitachi

M80-B  spectrometer.

  3-Benzylidenemyosmine analogues  were  prepared according  to

thc  rnetheds  described by Zoltewicz et aL  (Fig. 1),]') The fo11ow-
ing procedure for the preparation of  3-(4-hydroxybenzylidene)-
iTryosmine  4 is typica] ,

  A mixture of  myosminei2)  (O.300g, 2.05mmol), 4-hydroxy-

benzaldehyde (e.580g, 4.73mmol), conc.  HCI (5 drops) in abs.
EtOH  (3.5ml) was  heated at 600C fbr 2 days. Aftcr thc solution
was  ceoled  to room  temperature, the solution was  neutralized

with  sat, NaHCO]  solution  and  concentrated.  The residue  was

purified by chromatograpby  on  silica  gel, eluting  with
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Fig. 1, Synthesjs of3-benzylidene-  and  3-cinnamylidenemyosmine analogucs.

fiux, b) arylaldehyde,  cone,  HCI, abs. EtOH, 600C; c) arylaldehyde  or  cinnama

600c.

Reagents and  conditions:  a) i) NaH, THF, refiux, ii) aq, HCI, rc-
ldehyde, O.6M  acetic  acia  O.2M sedium  acetate,  abs, MeOH,

CH,Ct,IMeOH (30:1) to give 4 a$  a  ycLlow solid  (O,220g,
43.5Y6), mp  180.9-181.70C. [H  NMR  fi (CD,OD): 8,74 (IH, dd,
J=2.2, O.7Hz), 8,69 (IH, dd J=4.9, 1.7Hz), 8.04 (IH, ddd
J=7.8. 2.2, 1.7 Hz), 7.59 (IH, ddd J=7.8. 4.9, O.7 Hz), 7.35 (2H,
a J=8,5Hz), 6.82 (2H, a J=8,5Hz), 6.69 (IH, t J=2.7Hz),

4,19-422 (2H, m),  3.11-3,14 (2H, m),  MS  mt2  (%): 250 (M',
100), 118 (43).

2. Biologicalassap?s

  2.1. Preparation of memhranes  from P  americana  nerve

      cords

Membranes  from R americana  nerve  cords were  prepared ac-

cordlng  to  the  method  of  Orr et  al, 
Tj)

 and  modified  as  described

previously.7) American eockroaches  were  dissectcd in icc-cold

50mM  Tris-HCI buffer containing  200mM  sucrose  and  1 mM
EDTA,  pH  7,4 (buffer A), The isolated nerve  cords  were  homog-
enized  on  ice with  a  glass-Teflon homogenizer (25 strokes)  in

buffer A  (2ml), The homogenate was  then centrifuged  at

25,OOO× e fbr 30 min,  The supcrnatant  was  removea  and  the sur-

face of  the resulting  pellet was  wasbed  with  buffbr A  (2ml), The

pellet was  then suspended  in bufier A  (7 ml), and  the suspension

was  centrifuged  as above. The supernatant was  removed  and  the

surface of the rcsulting  pellet was  washed  with  buffer A  (2ml)
again.  The pellet was  then suspended  in ice-cold 50mM

Tris-HCI containing  120mM  NaCl, pH 7,4 (buffer B) and  stored

at 
-800C,

 The protein concentration was  determined by the

Bradford  method  using  bovine serum  aibumin  (BSA) as a  stan-

dard.

  2.2 Bindingassa.vs with  fiHlqpibatidine
The procedure of  this assay  is generally based on  the method  of

Orr et  al,i3) as  rcported  previously7) Either a  20-ltl aliquot  of

buffer B for the determination oftotal  binding, a  20-ul aliquot  of

buffer B containing  unlabeled  (±)-epibatidine (final conc, 5 uM)

for the deterrnination of  non-specific  binding, or a 20-"L aliquot

of  buffer B containing  a test compound  fbr the determination of

inhibitory activity  was  added  to tcst tubes, Beth buffer B (1OO ltL)
containing  2nM  (finaL eonc.)  of  [3H](±)-epibatidine (Amershain
Biosciences UK  Limited 1.96 TBqlmmol)  and  buffer B (80ul)
eontaining  nerve  cord membranes  (4eug protein) were  added  to

all test tubes, which  were  then incubated at 240C fbr 2hr. Test
eompounds  were  formulated in dimethyl sulfoxide  (DMSO) and

then diluted serially in buffer B, The final concentration  of

DMSO  in the binding cxperiments  was  maintained  at O.IY6,

which  did not  affect  the binding actjvi ty ofmcmbranes,

  The reaction  was  terminated by rapid  filtration under  reduced

pressure, using  a Brande] M-24  ceLL  harvester through Whatman

GFIC fitters presoaked with  buffer B eontaining  10mg  of

BSA/ml  for 2 hr. The filters were  rapidly  washed  twice with  2 ml

of  cold  (1 OOC) buffer B  containing  2 mg  of  BSAtml. Filter disks
were  removed  and  placed in toluene-Methyl  Cellosolve-based
scintillation  fluict and  bound radioactivity was  determined using

a  Beckman  LS  6000SE  liquid scintMation  counter.  Each experi-

ment  was  performed in duplicate and  repeated  at least twice. ICso

va!ues  were  estimated  by the Probit method,

Results and  Discussion

Myosminc  <1}, 3-bcnzyl{denemyosmine analogucs  <2-15) and  3-
cinnamylidenemyosmine  analogues  (16 and  17) inhibited the spc-

cific binding of [3H]epibatidine to R  amet'icana  nerve  cord  mem-

branes. ICso values of these cornpounds  are  presented in Tab]e 1 .

Both  myesmine  and  3-benzylidenemyosmine showed  [ittle aMn-

ity, regardless  of  the additien  of  a benzylidene moiety  to the 3-

pesition of  myosmine.  This finding js in contrast  to the previous
observation  that 3-benzyEideneanabaseine displayed high aMnity

for R  americana  nAChRs,  whereas  anabaseine  showed  tittle

afinity,

  Of  the compounds  testea analogues  (3 and  4) with  a pam-hy-

drexyl group on  the benzylidene moiety  displayed the highest

aMnity, with  LC,o valucs  ofO.120  and  O.31O stM, respectivcLy,  for
R americana  nAChRs.  On  the other  hana  an  analogue  (6) wjth
an  ortho-bydroxyl  group on  the benzylidene moiety  of3-bcnzyli-

denemyesmine displayed moderate  aMnity  and  an  analogue  (5)
with  a meta-hydroxyl  group on  the benzylidene moiety  showed

littleaMnity,

  Compounds  with  a  methoxy  group of  tbe benzylidene moiety

9, 10, and  11, alse  showed  little aMnity  (IC,, >le"M).  Ana-

logues (7, 8) having electron-donating  ortho-  and  para-sub-
stitucnts  on  the benzene ring displayed modcrate  aennity.

  Analogues with  an  elcctron-wjthdrawing  cyano  group, 14,

those with  a  halogenous (chlorine and  fluorine> atom  at the 4-po-

sition  ofthe  phenyl group of3-benzylidenemyosmine,  12 and  13,

showed  little aMnity.

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

Xk)1. 31, No. 4. 417 419  (2006) Affinity of  3-benzylidenemyosmine analogues  forR americana  nAChRs  419

Thb]e 1. Potencies of  BA, CBA,  myesmine,  3-benzylidcne-
and  3-cinnamylidenc rnyosmine  ana]egues  in the inhibition of

[3H]cpibatidine binding te R  americana  ncrve  cord  membranes
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>10(27.3)u)
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O,120CO,100-O,144)h,

O,310(0243-O,3gs)h)

>10(32.1)a)

6,90(4.90-g.72)b)
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4,55(3,76-s,so)b･)

>10(3].4)a)

>10(23.6)a]

>10(4g.s)a)

>10(22.3)a)

>tO(21.5)n)

>1O<31,4)c,)

5,49(4.84.624)b)

2,07{[.7Y-2.3s)b)

3.52(3.0S-4.o2)h}

on  %  at tO"M,  
b)
 95%  confidence  limit,

ence  of  ejther  a  hydroxyl or  methoxy  group as patu-substituent
enhances  the aMnity  for nAChRs.

  3-(4-Dimethylaminocjnnatnylidene)anabaseine was  found to

be a  selective  vertebrate  a7  nAChR  agenist.4} To compare  the cf-

fect of  the benzylidene moiety  of  3-benzylidencmyosmine with

that of cinnamylidene  moiety,  we  perfOrmcd a binding assay fbr
R  aine"ieana  nAChRs.  An  analogue,  15, with  thepara-dimethy-

lamino group of  the benzylidene moicty  displayed moderatc

athnity (ICso=:5.49uM). On  the othcr  hand, cinnamylidene  ana-

logues, 16 and  17, displaycd moderate  aMnitM  with  IC,-, values

of2.e7  and  3.52stM, respectjvely.  We  anticipated  that cinnainyli-

dene anarogues  may  not  indicate higher aMnity  fbr R  americana

nAChRs  than 2 because of  steric  hlndrance between bulky cin-
namylidenc  moiety  and  an  nAChR  binding site; however, 17
showed  higher potency than 2 (ICI,-o >  1OyM>,

  Further structure-activity  relationship  studies  ef  3-benzyli-

dene- and･3-cinnamylidenemyosmine  analogues  are  now  in

progress. In addition,  it is necessary  to examine  whether  3-ben-

zylidenemyosmine  arialogues  exhibit  insecticidal activity  against

American cockroaches,

")Inhibiti

  Our data indicate that the introduction of  the pava-hydroxyl

group into the phenyl moiety  of  3-benzylidenemyosmine in-

creases the binding aMnity  to R americana  nAChRs.  One  possi-
ble cause  might  be that the addition  of  the para-hydroxyl group
to the benzylidene moiety  has a  suMcient  electron-donating  ef

fect to increase tbc  ncgative  charge  ef  the imine nitrogen  of

rnyosmine  by the inductive and  resonance  efTect  of  the sub-

stituents.  Furthermore, the results  also indicate that occupation  of

the ortho-positien with  an  electron-donating  group on  the ben-
zylidenc  moiety  of 3-benzylidenemyosmine analogue  in the pres-
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