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Synthesis and  Structure-Activity Relationships of  Dinotefuran

Derivatives: Modification in the Tetrahydro･-3-furylmethyl Part
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The (± )-tetrahydro-3-fury]mcthyl moicty,  which  is a characteristic  part of  the novel  neonicotinoid  dinotefuran,

was  found by research  in whi ¢ h acety]choline  was  selcctcd  as  the ]ead compound.  SAR  (structure-activity re[a-

tionships) for the tetrahydrofuran part indicated that the non-substituted  moicty  shewed  thchighest ]evel ofactiv-

ity, 4- and  5-substitutcd moieties  showed  intermediate levels, and  2- and  3-subst{tuted moieties  lost the  actii,ity.

Confbrmational analysis  ofthese  compounds  indicatcd that the  substituents  changed  little the  hypothetical active

conformation  of  dinotefuran. Computational  analysis  proved that  dinotefuran, a  methoxypropyl  compound  and

other  nconicotinoids  wc]1  overlappea  and  dinotet'uran adopts  the active  eonformation  morc  easily  than the

methoxypropy]  compound.  @  Pesticide Scicnce Society ofJapan

Ke.vn,ords: neonicotinoids,  (± )-tetrahydro-3-fury]methyi, dinotefuran, acetylcholine,  structure-activity  rela-

          tionships(SAR),3D-QSAR.

INTRODUCTION

Neonicotinoid is a major  chemical  class  of  insecticidc, whose

sales have expanded  because of  its high level of  activity  and

residua]  control  properties, Seven neonicotinoids  have been

developed and  classified  based on structural differences ofa

hydrogen acceptor  site into three sub-classes: chloronicotinyt,

thianjcotinyl and  furanicotinyl (Fig, 1).i'!) The chloroni-

cotinyl  and  thianicotinyL cornpounds  have pyridine-like moi-

eties,  as  is the case  for the pyridine ring  in nicotine  (1), and

the  furanieotinyl compound  dinotefuran (2) has a  characteris-

tic(± )-tetrahydro-3-furylmethylmoiety,])
  The (± )-tetrahydro-3-furylmethyl moiety  was  detected by

cyclization  of  the 3-methoxypropyl moiety  which  was  led
from  acetylcholine  (Fig. 2). These moieties  and  the pyridine
ring  are  similar  in the location of  their oxygen  and  nitrogen

atoms  (Fig, 1), but the  details have not  been clarified,  In this

paper we  report  the SAR  (structure-activity relationships)  of

substituted  (tetrahydro-3-furyl)rnethy compounds  and  the mo-

lecular modeling  ofthese  derivatives, and  discuss the relation-

ship  between tetrahydro-3-furan moieties  and  the pyridine-
iike rnoieties,

          MMERIALS  AND  METHODS

i. InstrumentalAnalysis

Melting points were  obtained  on  a  Mettler FP62 me]ting  point
apparatus  and  were  uncorrected.  

iH
 NMR  spectra were

recorded  on  a  JEOL JNM-LA400  spectrometer  using  tetra-

methylsilane  as  an  internal standard.  IR spectra  were

recorded  on  a  JASCO  FTtlR-7300 spectremeten  Ana]ytica]

TLC  was  performed on  silica  gel 60 F,s, (Merck). Spots were

detected under  UV  light or  with  iodine.

"
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2, MotecularModeling

All computations  were  perfbrrned using  the molecular  model-

ing software  package SYBYL, version  6.9 (Tripos Associates,

lnc., St, Louis, MO,  USA). Energies were  calculated  with  the

Merck fbrce field (MMFF94S}4) and  MMFF94  charges.5'  A
dielectric permittivity of  £

,=
 1 and  a  non-cutofl'  were  used.  tn

this computational  analysis,  the (R)-enantiomer ofdinotefuran

was  used  because there is no  great difference in activity  be-

tween  (R) and  (S) (data not  shown).

  To obtain conformational  databases, each  compound  was

subjected  to a systematic  search  in which  alt rotatable

bonds were  allowed  to vary  in 30 steps  (acyclic bonds)

and  10 steps  (ring closurc  bonds). The remaining  structures

were  subsequent]y  minimized  with  an  electrostatic  term

until  the rms  (root-mean-square) gradient was  ]ess than

10-3kcalmol'iA'i. StructuFes that converged  to the same
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minimurn  were  oinitted  on  the basis of  their energies  and  by

an  rms  fitting procedure in which  all non-hydrogen  atoms

were  superirnposed  using  O.2 A as  a  similarity  cutoff  Thc re-

rnaining  confbrmers  were  stored  jn conformational  databases.

Furthermore, the conformations  of the nitroimino  parts were
filtered into one  eonfbrmation  (see Fig. 4), the rest  being ex-

cLuded  from the databases.

  To  obtain  pharmacophores among  actiye compounds  in a

multiconforrnation  structure  database, we  used  the DISCOb)

(DIStance COrnparison) program, an  algorithm  available  in

thc Sybyt sofhvare.  The first step  ofthe  DISCO  search  rou-

tine consists  of  identifying all potcntial pharmacophoric site

points in each  molecule.  The  site point assignrnents  include

aromatic  and  aliphatic  ring centroids,  functional groups with

a  hydrogen bond  donor er  acceptor  potentiat, and  external  site

points that represent  receptor-associated  hydrogen bond ac-
ceptors  or  donors. Sccondly, the DISCO  method  was  used  to

identify the most  probabLe active conformations.

3. Svnthesis    'Four
 types of  (± )-tetrahydro-3-furylmethyl compounds,

acyclic nitroimino  and  nitrornethy]ene  (xyi), cyclic  nitroimino

and  nitromethylene  (xvii) with  excelLent  insectjcidal activities

were  synthesjzed  according  to the fbllowing methods  (Fig. 3):
3- and  4-substituted derivatives (iv and  y)  were  prepared by

the reduction  of  triesters foIlowed by eyelizationi) of  triols

(iii), which  were  obtaincd  by the substitution  of  esters  (ii)
with  rnalonates  (i), fbllowed by mesylation  and  arnination,

Four- and  5-substituted derivatives (vii and  viii) were  pre-
pared by the same  method  as  iy and  v  using  vi  instcad of  ii,

and  5,5-dimethyl dierivatives (x and  xi)  were  prepared using
ix. The  2-methyl derivative (xiii) was  prepared by the reduc-
tion of  oxirne,  which  was  synthesized  from xiiS} and  a  2-

rnethoxy  derivative (xv) was  prepared by the  reduction  of

amide  whieh  was  synthesized  from xiv.g} AcycEic and  cyclic

(tetrahydro-3-fury1)methyl compounds  (xvi and  xvii)  wcre

synthesized  according  to published procedures,]) using

amines  (v, viii, xi, xM  and  xv)  and  mesylates  (iv, yii and  x).

T}Jpical procedures are  described as  fo11ows.

  3.1. 7itpical s.vnthesis  qf aq,clic  nitroimino  compoundg

Ctvij
  3,1.1. 1-Methylthio-2-nitro-1-U(4-eth.vijtetrahydro-3-

.fiit:Fl]meth.vlaminoletlylene (2q)
Tb a  stirred  solution  of  sodium  (3.55 g, 154mmol)  in EtOH
(100ml) at room  temperature,  diethyl malonate  (i, 24.6g,
154mmol)  was  added  dropwise, The  mixturc  was  stirred  at

700C  for 30min, then  ethyl 2-bromobutyrate (ii, 30.0g,
154mrnol) was  added  dropwise at  room  temperature.  Aftcr

stirring at 700C  for 5hr, water  (100ml) was  added  and  ex-

tracted with  EtOAc  {100mlX3). The  organic  layer was

washcd  with  brine, dried over  anhydrous  magnesiurn  sulfate,

and  eoncentrated  under  reduced  pressurc to give 44.2g of

crudc  cthyl  2-{bis(ethoxycarbonyl)methyl}butyrate as  an  oil,

iH
 NMR  6 (CDCI,): O.93 (3H, t, J=7.3  Hz), 1.22-1.31 (9H,

m),  1.53-1.68 {2H, m),  3.08 (IH, ddd  J;4.4  Hz, J=8,OHz,
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Fig. 3. Synthcsis ofsubstituted  tctrahydro-3-furylmethyl derivatives xvi  and  xyii.

J=  1 1.0 Hz), 3.75 (1H, d J=  1 1.0 Hz), 4.09-4,28 (6H, m).

 To a  stirred  mjxture  of  LiAIH, (12.0 g, 316mmol)  in THF

(240ml) jn an  iee-cold bath, crudc  ethy]  2-{bis(ethoxycar-

bonyl)methyl}butyrate (44.2g) was  added  dropwise. The

mixture  was  refluxed  for 9 hr and  cooled  to room  temperature.

Water (12.0 g), 3 M  NaOHaq.  (12.0 g) and  water  (36.0 g) were

added  carefu11y  in that order,  The  resulting  solid was  filtercd

off  and  washed  with  diethyl ether  (200 ml).  The combined  fi1-

tratc was  concentrated  under  reduced  pressure to give crude

2-ethyl-3-hydroxymethyl-1,4-butanediol (iii, 19.5 g) as  an  oil.

 A  solution  of  crude  2-ethyl-3-hydroxyrnethyl-1,4-butane-

diol (19,5g) and  polyphosphoric acid  (10ml) was  stirred  at

1OOOC fbr 4hr. Water (15 ml)  was  added  and  neutralized  with

potassium carbonate  and  extracted  with  diethyl ether

(100m]× 2). The  organic  layer was  washed  with  brine, dried

over  anhydrous  magnesium  sulfate,  and  concentrated  undcr

reduccd  pressure, The resulting  material  was  purified by sil-

ica gel column  chromatography  (hexane:EtOAc=4:l-1:1)
to give 14.5 g (73%, 3 steps)  of  3-ethyl-4-(hydroxymethyl)te-

trahydrofuran  as  an  oit. 
iH

 NMR  6 (CDCI,): O.93 (3H, C
J=7.3  Hz), 1.33-1.61 (2H, rn), 1.77-1.86 (IH, m),  2.00-2.IO

OH, m),  3.39 (IH, da J-7.3Hz, J:=8.8Hz), 3.56 (IH, dd
J=7.3Hz,  J=10.3Hz),  3.67-3.73 (2H, rn), 3,89 (IH, dd

J=7.3  Hz, J=8.8 Hz), 3,99 (IH, t, J=7.3  Hz),

  To  a stirred  solution  of  3-ethyl-4-(hydroxymethyl)tetrahy-
drofuran (11.5g, 88.3rnrnol) and  methanesulfonylchloride

(1O.1 g, 88.5 mmol)  in THF  (80ml) at room  temperature,  was

added  triethylamine (9.10g, 89.9rnmol) and  the mixture

was  further stirred  for 6hr. The mixture  was  quenched with

water  (50ml) and  extracted  with  EtOAc  (70mlX2). The

organic  layer was  dried over  anhydrous  rnagnesium  sulfate,

and  concentrated  under  reduced  pressure. The resulting  mate-

rial was  purifiecl by silica get column  chromatography

(hexane:EtOAc=8:1-1:1) to give 7.60g (41%) of  3-ethyl-

4-(methylsulfbnyloxymethyl)tetrahydrofitranasanoil,

  A  solution  of  3-ethyl-4-(methylsulfonyloxymethyl)tetrahy-

drofuran (2.93g, 14.lmmol)  and  potassium phthalimide

(2.70g, 14.6mmol) jn DMF  (15ml) was  stirred  at  600C  fbr

7ht  The mixture  was  quenched with  water  (50ml) and  ex-

tracted with  EtOAc  CIOOml). The organic  layer was  washed

with  water  (50mlX2), dried over  anhydrous  magnesjum  sul-

fate, and  concentrated  under  reduced  pressure, to give 3.00g

(82VG)ofN-[{(4-ethyL)tetrahydrofuran-3-y]}methy]]phtha]im-
ide as  an  oil.

 A  solution of  N-[{(4-ethyl)tetrahydrofuran-3-yl}methy]]ph-

thalimide  (2.98g, 11.5rnmol) and  25% NaOHaq.  (2.0g) in

water  (8ml) was  stirred  at  700C for 3hr and  the solution

added  to 10%  HCIaq. (8m]) at 700C and  stirred  fbr 4hr.

Toluene (15ml) was  added  and  stirred for 30min  at 700C,

then the  water  layer and  solid  werc  alkalified  with  SO%
NaOHaq.  The so]ution  was  extracted  with  chloroform

(80 ml × 3) dried over  anhydrous  magnesium  su]fate, and  con-

centrated under  reduced  pressure, to give 1,05g of  crude  3-
aminornethyl-4-ethyltetrahydrofuran  as  an  oil.

 A  solution  of  crude  3-aminomethyl-4-ethyltetrahydrofuran

(1.05g) and  1,l-bis(methylthio)-2-nitroethylene (1,20g, 7.26

mmol)  in acetonitrile  (1S ml)  was  stirred at 700C for 5 hr. The
mixture  was  concentrated  to dryness under  reduced  pressure.
The resulting  material  was  purified by silica gel column  chro-

matography  (hexane,EtOAc=1:1) to give 1.27g (45%,
2 steps)  of  1-methylthio-2-nitro-1-[{(4-ethyl)tetrahydro-3-

furyl}methylamino]ethylene as a yellow solid. 
]H

 NMR  6

(CDCI,): O.94 (3H, t, J=7.3Hz), 1.37-1.60 (2H, m),

1.81-1,92 (IH, rn), 2.15-2.27 (IH, m),  2.4S (3H, s).

3.37-3,48 (3H, m),  3.63 (IH, da  J=5,1 Hz, J=9.5Hz),  3.89

(IH, dd J==7.3 Hz,  J==9.5  Hz), 4.05-4.16 (IH, m),  6,58 (tH,
s), 10.6(1H, br). tR (KBr) cm-i,  3410, 1561.

 A  solution  of  1-methylthio-2-nitro-1-[{(4-ethyl)tetrahydro-

3-furyl}methylamino]ethylene (O.37g, 1.5mmol)  in 40%

MeNH!  (in MeOH,  1.0 g) was  stirred  at  room  temperature  for

1 hr. The mixture  was  purified by silica gel column  ehro-

matography  (EtOAc : MeOH=5  : ] ) to give O.27 g (79%) of  1-

methylamino-2-nitro-1-[(4-ethyl)tetrahydro-3-furyl}methyl-

amino]ethylene  (26) as  a  colorless  solid,  Mp  121-1240C. 'H

NII-Electronic  
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NMR  6 (CDCI,)i O.94 (3H, t, J==7.3Hz), 1.40-1.65 (2H, m),
1.82-1.92 (IH, br), 2.07-2.25 (IH, br), 2.82-2.95 (3H, br),
3.10-3,45 (4H, br), 3.70-3.8S (2H, br), 5,50-5.80 (1H, br).
6.58 (IH, s), 102-10,4 (IH, br). ]R (KBr) cm'  

[:
 3256. 1566.

 3.1.2. i-Meth.vt-2-nitro-3-l'(2-metltyijtetrahyd,v-3:fbcJ,l-

meth.vl?guanidine  (l4)
Oil. iH

 NMR  6 (CDCI,): 1.26 (3H, d, J==6,6Hz), 1.66-l.76
(2H, m),  2.09-2.27 (2H, m),  2,97 (3H, a J==5.1Hz),
3.35-3.39 (3H. m),  3.72-3.94 (3H, m).  IR (neat) crn'i: 3306,
1618.

 3.J,3. 1-iVbth.1,l-2-nitro-3-i'(2-methox.IVtetralo'drt)-3rfin1},l-

meth.yijguanidine  (15)
Oi]. iH

 NMR  6 (CDCI,): 1.6e-1,75 (IH, m),  2.20-2.33 (IH,
m),  2.42-2.57 (1H, m),  2.95-2.97 (3H, m),  328-3.40  (2H,
m),  3.36 (2/3×3H, s), 3.39 (1/'3X3H, s), 3.88-4.12 (2H, rn),

4.81<2/3× IH,dJ=2.2Hz),5.10(1/3XIH,qJ=2.2Hz).

 3.1.4. 1-Metdy,l-2-nitro-3-ir3-meth.vijtetralrydro-3ifii,yt-

metdyVguanidine  a6)
Oi[, iH

 NMR  6 (CDCI,): 1.19 (3H, s), L.78･-1.92 (IH, m),
2.93 (3H, q J-5.1 HzL  3,15-3.40 (3H, m),  3.77-3.91 (2H,
m). 4.04 (IH, dt, J=::5.IHz, J=8.gHz).  IR (neat) crn  

i:

3340, 1645,

 3.1.5. 1-MethJ,l-2-nitro-3-f4-meth.vOtet,zihydro-3ifitr)Fl-

meth.vl7gttanidine  (1 rp
OjL TH

 NMR  6 (CDCI,): 1,05 (1/10× 3H, dJ=6.6Hz), 1.11
(9110X3H, d, J=6,6Hz),  1.86 (2H, br), 2.01-2.14 (2H, m),

2.95-2.98 (3H.m), 3.28-3.38 (3H, m).  3.67 (9110× IH, dd

J=4.4Hz, J=8.8Hz), 3.74 (YIOXIH, dd  J=4,4Hz,

J=8.8  Hz), 3.90-4,07 (2H, t, m).  IR (neat) cm'i:  3304, 1618.

 3,].6. 1-MetAu,l-2-nitro-3-f(IS-ethyijtett'ah.vdro-3:fli-,l-

metlp)4guanidine  (18)
Oil. iH

 NMR  6 (CDCI,)i O.94 (3H, t, J==7.3Hz), 1.38-1.59
(2H, m),  1.82-1.95 (IH, rn),  2.15-2.27 (IH, m),  2.95 (3H, ct
J=5.IHz),  3.30-3.43 (3H, m),  3.69 (IH da  J=3.7Hz,

J= 9.5 Hz), 3.81 (IH, dd, J=6.6Hz,  J=9.5 Hz), 4.09 (3H, t,
J=8.1 Hz). IR (neat) crn'i:  33e5, 1618.

 3.1.7. 1-Metbyl-2-nitro-3-t'r,3,4-dimethyijtetrahydro-3-

.fiirpVmetlu,Uguanidine rl ep
Oil. ]H

 NMR  6 (CDCI,): O.96-l.OO (3H, rn), 1.02 (3/5× 3H,

s), 1.027 (2t5 ×3H, s). 2.042.22  (1H, rn),  2.91-2.96 (3H, m),
3.05-3.21 (IH, m),  3.32-3.58 (3H, m).  4.71-4.90 (IH, m),

4.11-4.24 (IH, m).  [R (neat) cm-]:  3339, 1643.

 3,i,S. i-Methyt-2-nitro-3-t(5-metJtyVtetrahydro-3Tfaryt-

meth.vlfguanidine  (2op
oil. iH

 NMR  6 (CDC],): 1,22 (112× 3H, d J=6.6Hz),  129

(112× 3H, d J=6.6Hz),  1.54-1,88 (2H, m),  2.05 (3H, s),

2.88-2.96 (2H, rn),  3.33-4.20 (4H, m).  IR (neat) cm-i:  3313,

1619.

 3,1.9. f-Mbthyl-2-nitro-3-,f(5iphe,u]ijtetrahydro-3Tfurp't-

meth.vijguanidine  (21)
OiL iHNMR

 6(CDCI": 1.52-i.63 (V2× IH, m),  1.99-2.22

(112× IH+IH,  rn),  2.51-2.61 (112× IH, m),  2.67-2.80

(lf2× IH, m),  2.84 (112× 3H, d ,J==5. 1 Hz), 2.95 (112× 3H, d
J=5,1 Hz), 3.41 (2H, q J=5.1 Hz), 3.70-3.78 (lf2× IH,  m),
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3.86-4.01 (IH, m),  4.08-4.23 (112× IH, rn), 4.84-4.89

(1/2× IH, m),  5.01-5.07 (112× IH, m).  7.23-7,36 (5H, m).

IR (neat) cm-i:  3301, 1617.

 3.1,iO. 1-Methyl-2-nitro-3-t'(5,5-dimethyOtetrah.vdro-3-

.fii,:v,tmeth)'lfgtianidine(2ny
Oil. 'H

 NMR  6 (CDCI,): 1.22 (3H, s), 1.33 (3H, s), 1.43 (IH,
dd, J=7.3Hz,  J=12,5Hz),  2.01 (IH, dd. J=7.3Hz,
J=12.5Hz),  2.68 (IH, septet,  Ji[7,3Hz), 2.97 (3H, a
J==4.4 Hz), 3.35 (IH, t, J==4.4Hz), 3.62 (IH, dd  J-:4.4Hz,

J=8.8Hz),  3.95 (IH, dct J=7.3Hz, J=8.8Hz). IR (neat)
cm-i:  3305, 1616.

 3.1.11. i-Metbylamino-2-nitro-1-"O-meth.yijtetralrydro-

3fiir.vemetlt}'laminofeth.ylene (23)
Mp  127-128eC. iH

 NMR  6 (CDCI,)/ 1.26-1.33 (3H, br),
l.64-1.76 (2H, br), 2.142.30  (2H, br), 2.88-2.96 (3H, br),
3.20-3,26 (2H, m),  3.71-3.98 (3H, m),  6.59 (IH, s). 1O.3 (1H,
br). IR (KBr) cm-i:  3277, 1626.

 3,i.12, f-Metlo,lamino-2-nitro-1-A'(2-methox.y)tehulry-

dro-3:far.v4Smeth.vlaminctletltytene (24[)
oiL tHNMR

 6(DMSO):  l,45-1.60 <IH, br), 1,90-2.10 (IH,
br), 2.70-2.80 (1 H, br), 3.21 (3H, s), 3.34 (3H, s), 3.30-3.40
(2H, br). 3,75 (IH, q, J=8,1 Hz), 3.90 (1H, br), 4.83 (IH, br),
6,46 (IH, br), 7.25-7.73 (IH, br), 9.96-10.1 (IH, br).

 3.1.13, 1-Metltytamino-2-nitro-i-""-metlo,Otetrah.vdro-

3ifiioJUmeth.vtaminofetJoJlene(25)
Mp  127-1290C. iH

 NMR  6 (CDCI,): O,95 (lflOX3H, q
J=6.6Hz),  1.00 (9/10× 3H, d, J=6.6Hz).  I.90-2.05 (2H, m),
2.65-2.85 (2H, br), 3.15-3.45 (4H, br), 3.75-3.90 (4H, m),

6.47 (IH, br), tO.1 (IH, br), IR  (KBr) crn-i: 3273, 1628.
 3.J.14. 1-MetAu,tamine-2-nitro-1-((6-meth.vijtet,uhydro-

3:fiiny)･'lf meth.vlaminoleth.vtene  r2 rp
Mp  1141200C.  

iH
 NMR  6 (KBr): 1.12-1.30 (4H, m),

1.68-l.88 <IH. m), 2.19-2.29 (IH, m),  2.64 (IH, br), 2.87
(1/2× 3H, d J=5.IHz),  2,99 (112×3H, d J=5.IHz),
3.20-3.45 (2H, br), 3.72-4.10 (3H, br), 6.60 (IH. s), 10.2

(IH, br),

 3,l.15, 1-lhth.vlamino-2-nitro-i-(g(5,5-dimetdyijtetrulry-

dro-3ifutpJijmetdylaminQletiu,tene(2S)

Mp  132-1330C. iH
 NMR  6 (CDCI,): 1.22 (3H, s), 1.33 (3H,

s), 1.44-1.54 (IH, m),  2.02 (1H, dd  J:=8.1 Hz, J=12.5Hz),
2.69 (IH, septet,  J=7.3Hz), 2,87 (lf2X3H, 4, J=4.4Hz),
3.00 (112× 3H, d J=4.4  Hz), 3.20-3.36 (2H, m),  3.56-3.62

(2H, rn),  3,94-4.00 (2H, m),  6.32 (112×  IH, br), 6.60 (1H, s),
6.61(112X IH, br), 10.3 (IH, br). IR  (KBr) cm-i:  3192, 1616.

 3.I.i6. 2-Nitrometh.ylene-1-Ua-methyVtetrah.vdro-3-

.fittylfmetbyijhexaltycbvnyrimidine(2SV
Mp  94-g7Qc. 

]H
 NMR  6 (CDCI,): 1.01 (1!10× 3H, a

J=  6.6Hz), 1.10 (9AOx3H, d J=6.6Hz), 1.62-2.10 (3H, m),
2.14-227  (IH, m),  3.09 (IH, dd, J=8.8Hz,  J=14.7Hz),

3,30-3.48 (6H, m),  3.56 (IH, dq  Jtt5.9 Hz, J=8.8Hz),  3.90

(IH, dd, J=6.6Hz,  J=8.8Hz),  4.05 (IH, dd J=7.3Hz,
J=8.8Hz),  6.63 (IAOXIH, s), 6.65 (9110× IH, s), 10.1 (IH,
br). IR (KBr) cm'i:  3490, 1585.
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  3,i.17. 2-Nitromethylene-1-({(4-eth.vrptetrahydro-3-

.fit,:yemeth.vijhexah.vd}vrvrimidine (3e)
Oil. iH

 NMR  6 (CDCI,): O,93 (3H, t, J=7.3 Hz), 1.33-1.59

(2H, m),  i.71-1.82 (IH, m), 2.01-2.09 (2H, m),  2.21-2.32

(lH, rn), 3.10 (IH, da  J=8.8 Hz, J=14.7Hz),  3,31 (IH, dd
J=6.6Hz,  J=14.7Hz), 3.35-3,48 (4H, m),  3.56 (IH, da
j==5.1 Hz, J=8.8Hz),  3.72 <1H, q, J=7.3 Hz), 3.81 (IH, dd
J=7.3Hz, J=8.8Hz),  4.06 (IH, dd J=7.3Hz,  J=8.8Hz).

6.65 (1H, s), 9.75 (IH, br). IR (neat) cm":  3428, 15g9.

  3.J,18. 2-?Vitrometh.vtene-l-U(5-meth.yijtetrahydro-3-

jur.vemetbyijhexah.ydmpvrimidine (3 1)
Mp  g2-g3ec. iH

 NMR  6 (CDCI,): 1.23 (lf2× 3H, d
J=6.6Hz),  1,29 (V2× 3H, d J=6.6Hz),  l,60-l.81 (2H, m),
2.01-2.09 (2H, m),  2.63-2,76 (1H, m),  3.08-3.35 (2H, m),

3.40-3.48 (SH, m),  3,59-3.63 (1/3× IH, m),  3,76-3.82

(1/2× IH, m),  3.894,Ol (lt2× IH, m),  4.094.21  (213× IH,

m),  6.65 (IH, s), 10.3 (IH, br). IR (KBr) cm'i:  3448. I589.

  3.1,19. 2-Nitromethytene-1-(f(5,5-dimetdyVtetrahydro-3-

Jittyijmeth:JijhexaA-sdopvrimidine (3g)
Mp  119-121eC. iH

 NMR  6 (CDCI,): 1,21 (3H, s), 1.32 (3H,
s), 1.43 (IH. dd J=8.IHz, J=12.4Hz),  2.04 (IH, da
J=8.IHz,  J= 12.5Hz), 2.IO (2H. quintet, J=5.9Hz),  2.73

(1H, septet,  J==8.1 Hz), 3.21 (1H, dd, J=8.1 Hz, .J=14,7Hz),

3.32 (1 H, dd  J=6.6  Hz, J=  14.7 Hz), 3.42-3.48 (4H, m),  3,52

(IH, dct J==6,6Hz, J=8.8Hz),  3.98 (IH, dct J==7.3Hz,

J=-8.8Hz), 6.62 (IH, s), 9.88 (1H, br). IR (KBr) cm-i:  t585,

1431.

  3,J,20. 2-Nitroimino-1-tt(4-meth.vijtetrah.Fdro-3ifber.vij-

meth.vUhexah.vdr(\zi,rimidine  (35)
OiL 

TH
 NMR  6(CDCI,): 1.01 (1110× 3H, d, J=6,6Hz),  1.07

(9flOX3H, d J#6.6Hz).  1.67-2.10 (3H, m), 2.14-2.27 (lH,
m),  3.31-3.53 (6H, rn), 3.58 (IH. da  J=6.6Hz,  ,J==8.8Hz),

3.68 (IH, dd, J=6.6Hz,  J= 13.7 Hz), 3.92 (IH, dd  J=7.3  Hz,

J=8.8Hz),  4.02 (1H, t. J=7.3 Hz), 9.78 (1H, br). IR (neat)
crn''i:  3276, 1735.
  3.1.21. 2-?Vitroiminv-J-UC5-meth.vijtetrahydro-3:furyij-

meth.vUhexah.vdmpFrimidine  C34)
OiL 

iH
 NMR  6 (CDCI,): 1.23 (1/2× 3H, d J=  6.6Hz), 1.27

(112×3H, ct J=6.6Hz),  1.55-1,86 (2H, m),  2.01-2.15 (2H,
m),  2.69-2.86 (1H, rn),  3.32-3.50 (5H, m),  3.57-3.84 (2H,
m),  3.92-4.00 (IH, m),  4.08-4,18 (1H, m),  9.78 (1H. br). IR

(neat) cm'  
':
 3275, 1592,

  3.1.22. 2-Nitroimino-i-U(5,5-dimeth.vUtetrahydro-3-

,fiir.vllmeth.vUhexalcydmpyrimidine (35)
OiL 

iH
 NMR  6 (CDCI,): 121 (3H, s), 1.31 (3H, s), 1.47 (IH,

da  J=8.8Hz,  J=12.5Hz), 1.91 (IH, dq  J=8.8Hz,

J=12.5Hz),  2,Ol-2,09 (2H, m),  2.71-2.88 (IH, m),

3.4()-3.67 (7H, m),  3.94 (1H, dct J=7.3 Hz, J==8.8Hz), 9.78

(LH, br), IR (neat) crn-i/  3285, 1592.

4. Biotagical llests

 4.i. Insects

Biological tests were  conducted  against the small  brown plant-
hopper. Laodeiphax siriatethts  Fallen, and  the green rice

,fournaiafllestic'ideScience

leathopper, Nephotettix cincticeps.

 All tests were  replicated twice  and  cione at  25(± 2)OC, at
65(±5)%  RH  and  under  a  16 / 8 h ]ight / dark photoperiod.

 4.2. Contact(7Zieding activity  in L, striatetlus  and  N. cinc-

tlCepSA

 bundle of  rice seedlings  (about third-leaf stage)  was

sprayed  with  water+acetone  (4+1 by volume)  containing  the

test compound  at  a  concentration  of  1, 1O, 1OO or 1OOO ppm,

After drying, the treated seedlings were  covered  with  a  meta]

gauze cylinder, and  1O one-  to three-day-old male  adu]ts of  L.

striatellus  or  N. cincticeps  were  released  into the cylinden

Mortality was  checked  3 days later.

 Insecticidal activity  was  graded as  foliows: O: LC7o

>1000  ppm, 11 1000-100 ppm, 21 100-10ppm,  3: ]O-1 ppm,
4: !-O.1 ppm.

        RESUIITS  AND  DISCUSSION

1. CbqformationalAna(Fsis ofDinotqfit,un (Z), Ctothian-

idin (sp, ihiidacloprid ew and  a  3-Methox.lp,om,t Cbm-

pound  aop
When  the 3-rnethoxypropyl moiety  was  cyclized  to the (±)-
(tetrahydro-3-fury1)methyl moiety,  dinotefuran (2) exhibited

more  than  a  100-fo]d higher level of  activity  than the 3-

methoxypropyi  compound  (10) against  IV cincticeps. We  as-

sumed  that dinotefuran and  other  neonicotinoids  have a  com-

mon  3D-pharmacophore forbinding to nicotinic  acetylcholine

rccepters  because of  their structural  similarity and  mode  of

action,iO)  and  that it would  be diMcult for 1O to have the same

conformation  because of  its weak  activity.  In order  to test this

hypothesis, a  confbrmational  analysis  of  neonicotinoids

(dinotefuran (2), clothianidin  (3), imidacloprid (5)) and  the 3-
methoxypropyl  cornpound  (1O) was  carried  out,

  First of  all, we  generated individual conformer  databases
according  to the procedure described in the methods.  The

conformational  databases were  then entered  into the DISCO

program to perfbrm the superimposition  of  the four com-

pounds. The different superimposition  rnodels  proposed by
DISCO  were  grouped into three types that showed  a good

overlay of  the cornpounds  (Fig, 4). Superposition A, B and  C

shown  in Fig, 2 correspond  to the active  confbrmation  models

proposed by Okazawa  et aLiT']2>  and  Samaritoni et al.,T3) re-

spectively.  In ali superposition  rnodels,  the hypothetiea] re-

ceptor-associated  hydrogen bond acceptor  sites generated
from the tetrahydro-3-furan, pyridine and  thiazole rings  are

located in the same  place. Thus, the oxygen  atom  in the

tetrahydro-3-furan  group of  dinotefuran (2) can  function as

the hydrogen acceptor  site in place of  the nitrogen  atoms  in

the pyridine or  thiazole rings.

  At the end  of  the  conformational  search,  we  obtained  16

and  78 energy-minimized  conformers  fbr dinotefuran (2) and
compound  10 with  energy  ranges  (the energy  difference be-
tween  the highest and  the lowest energy  conformer)  of4.5  and

8.]kcaVrnol, respectively.  Three conformations  out  of  16

have the recepter-associated  hydrogen bond acceptor  within
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2A  from that ofthe  active  conformer  when  the imidazolidine

parts are superposed  onto  superposition  A, IWenty-fbur per-
cent  of  all encrgy-minimized  conformations  took  superposi-

tion A  on  the basis of  the  Boltzmann  probability distribution

at room  temperature  (300 kelvin). On  the other  hand, six  con-

fbrmations among  78 can  take the conformation  (superposi-
tion A)  in 10, but this was  only  4.5Y6,

  Thc straight-chain  ether  is so  flexible that le has to ]ose

Superposition A Superposition B

Superposition C

F;g, 4, Molecular superpesitions  orknown  neonicontinoids  and  the 3-methoxypropyl compound  (10) using  a  hydrogen-devoid backbone-type
rcprescntation.  The  carbens  ofdinotefuran  (2). clothianidin  (3), imidacloprid (5) and  10 are  shown  in white,  green, orange  and  cyan,  respec-

tively. The  oxygen,  nitrogen  and  sulfar are  shown  in red  blue and  yel]ow, respectively.  Thc  hydrogen acceptor  site defined ln DISCO  is also

shewn  in magenta.  Hydrogen atoms  are  not  shown.

R.pt,

 "yX.
          XN
            N02   X:CH,N

Ro"

X: CH,  N

ANyNH
  XN
    N02

R=H>4-Me,5-Me>5,5-diMe>4-Et
 >5-Ph,3-Me,2-Me,2-MeO

R=H,4-MeCX=CH),5-Me{X ± N)
>  4-Me  {X =  N), 5-Me  (X =  CH), 5,5-diMe
)4-Et

Fig. 5. SARsoftheacyc]icandcycliccompounds.

Fig. 6. Mo]ecular supcrpositions  ofthe  acyclic  nitroimino  compounds  with  the  Superposltion A  conformation.

are  sho-m  in white,  red  and  blue, respectively.  Hydrogen  atoms  are not  shoifo'n, Dinotefuran is shown  in green.Carbon,

 oxygen  and  nitrogen
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more  entropy  upon  binding. On  the other  hand  cyclization  of

the ether  group in dinotefuran (2) restricts  the conformational

degree of  freedom and  then reduces  the entropy  loss upon
binding. 

iW ℃ speculate  that the reduced  loss of  confbrma-

tional entropy  of  2 upon  binding (structural rigidity)  cen-

tributes considerab]y  to the activity as compared  with  10.
However, 2 was  over  100-fold more  active  than  10 (data not

shown).  These results suggest  that the weak  activity of  10
wou}d  be caused  by the interaction with  the receptor.

2. S14Rfor the 7letrudydro-3:fitran Ptirt ofDinotojliran
Four types of  insecticidal activities;  aeyclic  nitroimino  cem-

pounds (2 and  14-22), acyclic  nitromethylene  compounds  (1 1
and  23-28), cyclic  nitroimino  compounds  (13 and  33-35) and

cyclic  nitrornethylene  compounds  (12 and  29-32), are  shown

in Tables 1-3. In gencral, all fbur types have a similar SAR
for the tetrahydro-3-furan  part (Fig. 5). The 2- or  3-substitu-

tions on  tetrahydro-3-furan  were  detrimental to the activity,

and  the 4- and  5-substitutions reduced  the activity to sorne ex-

tent but there is a  size  limitation. The details are  as  fo11ows.

  Unsubstituted eompounds  (2 and  11-13) showed  the high-

est  level ofactivity  for each  type. The 2-Me  or  3-Me  substi-

tuted compounds  (14-16, 19 and  23-24) lost activity.  In re-

gard to the 4- andfor  5-substituted compounds,  various  leve]s
of  activity  were  observed.  As  for acyclic  nitroimino  com-

pounds, 4-Me  and  5-Me  substituted  compounds  (17 and  20)

were  100-fold less active  against  L. striatellus  and  10-fold

less active  against  N  cincticups  than  2. Increasing the size  of

lllab]e 1. Insecticidal activities of  acyclic  n{troimino  com-

pounds xvi

              R 4

xvio2

HH

,YxN.

  N02

No. Rl-R5 LS NC

2141516171819202122H2-Me"2-MeOb3-Me4-Met4JEtd3-Me,4-MeC

5-Mef5-phenylgS-Me,5-Me

4eoo2oo2ol 4ooo31o3o3

LS:Laodelphaxstriatellus.

NC/  Naphotettix cincticeps.

a'!
 Diastereo mixtures  (determincd by iH  NMR.  

a
 trans,  

b(2
 : 1),

c(g:1),dtrans,e(3:2),f(1/1),g(1:1)).

fournaloj'ResticideScience

the substituent from a methyl  to ethyl, phenyl or dimethyl
lowered the level of  activity  (18, 21 and  22). Acyclic ni-

tromethylene  eempounds  showecl  the same  SAR  but the activ-

ity of  cyc]ic  compounds  was  not  as  weak  as  that of  acyc]ic

types. For example,  the 4-Me-substituted nitromethylene

compound  (29) and  the S-Me-substituted nitroimino  com-

pound (34) showed  the  same  level of  activity  as  each  unsub-

stituted eompounds  (12 and  13), and  the other Me-substituted

compounds  did not exhibit a drop in activity ofmore  than 1O-

fold (31-33 and  35) either.

3. Structural Ana(Fsis of Substituted (fetraltydro-3-
.fii,:yOmethyl Compouncts

The  conformationa]  search was  also performed with  acyclic

nitroimino  compounds  (Fig. 6; 14, 16-18 and  20). The sub-

stituent on  the tetrahydrofuran  ring, which  has the trans con-

  Rib]e 2. Insecticidai activities of  acyclic  nitTomethylene

  cornpounds  xvi

                R 4

                          HH
                  o

             xvi
 2 l

                               02

No. R2-RS LS NC

11232425262728H2-Mea2-MeOb4-MeC4-Etd5-Mef5-Me,

 5-Me

4oo3o22 4oo3133

Abbreviations, see fable ] ,

Table 3.Insecticida1 activities of  cyc}ic  compounds  xvii

      R 4

xvii

o
AN
    NHV.

    NO2

No.X R4, R5 LSNC

12293031321333343SCHCHCHCHCHNNNNH4-Mec4.EtdS-Mef5-Me,

 5-Me

H4-Met5-Mef5-Me,

 5-Me

33]333232 44o334443

Abbreviations, see  Table 1 .
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figuration, was  used.  The confbrrnational  databases were  then

entered  into the DISCO  program to perform the superimpesi-
tion ofall  compounds  with  dinotefhran, clothianidin  and  imi-

dacloprid. All compounds  could  satisfy  the conditions  ofsu-

perpositions A, B and  C with  the energy-minimized  confor-

mations,  A  typical example  of  superposition  A  is shown  in
Fig. 5. Their potential energies  in vacuo  are  relatively  low

(within 3kcalmol"t frorn the  lowest energy  confbrTnation).

Thus, the weak  activity  of  compounds  14 and  16 might  be
caused  not by the dirnculty in adopting  the active  conforma-

tion but by other  factors, such  as  the interaction with  the re-

ceptor  and  so  on.
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