
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  ofJapan

J. R,stic. Sci.,29(4}. 348-355 (2004)

1111"dllH:IHIdl.IMIMIIIIIFIHI"111111PPIHJIIPPH

 Originai Article
PFIIIPMH"HIMIIMM-HHHfIHM--IHII

Synthesis and  Structure-Activity

      Derivatives: Modificatibn inRelationships
 of  Dinotefuran

the Nitroguanidine Part

 Takeo WAKITA,* Katsutoshi KINosHiTA, Naoko  YAsul, Eiichi YAMADA,

               Nobuyuki KAwAHARA  and  Kenii KoDAKA

Functional ChemicaLy Labotutoo,, Mitsui Chefnicals, Inc., 1i44  llzgo ma)batzf, Chib. a 297-OOI  7, kpan

                 (Received May  19, 2e04; Accepted  June 23. 2004)

Dinotefuran ((RS)-1-methyi-2-nitro-3-(tetrahydro-3-furylmethyl)guanidine) is a new  neonicotinoid  which  has a
characteristic  (± )-tetrahydre-3-fury]mcthyl moiety  instead of  the  pyridinc-like rnoiety  of  other  neonicotinoids,

A  series  ofdinotcfuran  derivatives were  synthesized  and  tested against  hemiptera. SAR  {structure-activity re]a-

tionships} of thc  nitroguanidine  part ot' dinotefuran are  summarized  as  follows: (1) the mono-methyl  group as a

NLsubstituent gave the  best activity  for the acyclic  nitroimino  and  nitrornethylene  compounds,  (2) the acyc]ic
compounds  showed  the same  activity  as  the cyclic  compounds  against  Nephotettix c'incticeps  and  werc  superior

to thcm  against  Laodelphax striatetlus,  (3} N-acylation of  this series  scarce[y  changed  the level of  activity. On
the basis ofthese  results,  we  selected  dinotefuran for deve]opment. @  Pesticidc Science Society of'Japan

Ke.vwords/ dinotefuran, nconicotinoids,  (± )-tetrahydro-3-furylmethyl, structure-activity  rclationships  (SAR}.

                INTRODUCTION

Insecticides which  have a  structure  and  mechanism  similar to
nicotine  are  called  neonicotinoids,i)  Neonicotinoids are

highly insecticidal, are  systemic  in plants, and  now  account

for over  1O%  ofthe  insecticide market,

  Every neonicotinoid  has two sites, a cationic  site and  a  hy-

drogen acceptor  site, for binding to nicotinic  acetylcholinc  re-

ceptors.  In regard  to the hydrogen acceptor  site, a  chloropyri-

dine or a chlorothiazole  ring  had been considered  to be indis-

pensable for neonicotinoids  because of their structural simi-

larity to the pyridine part of nicotine.  Six neonicotinoids,

which  have the pyridine-like moicty,  have been commercial-

ized and  many  SARs  fbr thcse neonicotinoids  have been re-
ported (Fig. ]).2'4)

  1de started our  research  in 1992 to look for anove]  neoni-

cotinoid.  It resulted  in dinotefuran which  has a <± )-tetrahy-
dro-3-furylrnethy moiety  as the hydrogen acceptor  site  and

the nitroguanidine  rnoiety  as the cationic  sjte.S'S} In this re-

search, hundreds of  related  compounds  were  synthesized  and

the  SARs  for two  rnoieties  were  obtained.  Since pub]ication
of  our  research  on  dinotefuran, much  related  research  has
been reportea  but many  of the studics were  about  residue

analysis,g'iO)  metaboiismii']3)  and  mode  of  action,i4'i('}  and

there are  not  enough  reports  about  the SAR  of  dinotefu-
ran.S'iS･!i) ln this  paper we  describe the preparation of  four

types of( ±)-tetrahydro-3-furylmethy derivatives and  the SAR
for the  nitroguanidine  part of  dinotefuran.

          MMERIALS  AND  METHODS

1. InstrumentalAnalvsis

  Melting points were  obtained  on  a  Mettler FP62 melting

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  FTIIR-7300 spectrometer,  Analyt{cal
TLC  was  performed on  siiica  gel 60 F2,-4 (Merck). Spots were

detected under  UV  light or  with  iodine.

'
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2. Svnthesis

  Four types of  (± )-tetrahydro-3-furylmethy] compounds

were  synthesized  according  to the fbllowing fbur methods,  as

shown  in Fig. 2. Acyc]ic nitrornethy]ene  compounds  (iv)
were  prepared by substitution  of  nitroethylenes  (iii) with

amines  (Method A). Acyclic nitroimino  compounds  (vii)
were  prepared by substitution  of nitroisothieureas  (vi) with

amines  fo1]owed by acylation  or  a]ky]ation  (Method B), or

acylation  of  S-methyi-N-nitroisothiourea (viii) fo]lowed by

substitution with  amines  (i) (Method C). Cyclic nitroimino

and  nitromethylene  compounds  (xi and  xii) were  prepared by
condensation  of  diamines from (x) with  {li) or with  S-methyl-
N-nitro-N'-phtha]oylisothiourea (v) (Method D). The (tetra-
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Fig. 2.Synthcsisoftctrahydro-3-fury]rncthylcompeunds,iv-xiandxii.

hydro-3-fury1)methyl derivatives (i and  xS))  and  the iso-

thiourea  derivatives (yiS) and  yiiii9)) were  prepared according
to established  procedures. TYpical synthetic  procedures are

described as  follows.

 2.1. IJIpical s.vnthetic  procedures .for the actvclic  ni-

trometAp,lene compounds  ai{) (Method A)

 2.1.i. 1-Methytamino-2-nitro-i-fitetrahydro-3:fLtryO-

methylamino?eth.vlene  ew
A  solution of  3-(aminomethyl)tetrahydrofuran (i, O.70g,
6,9mmol)  and  1,1-bis(methylthio)-2-nitroethylene (ii, 1.25g,

7,56 mmol)  in acetonitrile  (15 rn1)  was  stirred  at  700C  for 5 hr.

The rnixture  was  conccntrated  to dryness under  reduced  pres-
sure.  The resutting  material  was  purificd by silica  gel column

chromatography  (hexane:EtOAc=1:1) to give 1,1Og (73%)
of1-methylthio-2-nitro-1-{(tetrahydro-3-furyl)methylamino}-

ethy]ene  (1, iii) as  a  yellow solia  rnp  85-860C. iH
 NMR  6

(CDCI,): 1.62-1.74 (1H, m),  2.09-2.20 (IH, m),  2.4S (3H. s),
2.63 (IH, septet,  J=6.6Hz),  3.39 (IH, da  J=6.6Hz,

J=13.9  Hz), 3.49 (IH, dd  J=6.6Hz,  J=  13.9Hz), 3.61 (IH,
dd, J-5.1 Hz, J=8,8Hz), 3,73-3.88 (2H, m),  3.95 (IH, dt,

J=5.1 Hz, J=8.8Hz),  6.58 (IH, s), 10.6 (IH, br). IR (KBr)
cm-i:  3149, 1574,

  A  solution  of  1 (O.40g, 1.8mmol)  and  40%  MeNH,  (in
MeOH,  O.60g, IOmrnol) in MeOH  (10ml) was  stirred  at

room  temperature for 2 hr, The  mixture  was  concentrated  to

dryncss under  reduced  pressure. The resulting  material  was

purified by silica gel column  chromatography  (EtOAc:
MeOH=9  : 1) to give O.30 g (81%) of  1-methylamino-2-nitro-

1-{(tetrahydro-3-fury1)rnethylamino}ethylene (5, iv) as a

white  solid  mp  140-1410C. 'H
 NMR  6 (DMSO)/ 1,51-1.63

(IH, rn),  1.94-2.05 (IH, m),  2.50 (IH, br), 2.72 (3H, br),
3.09-328 (2H, m).  3.43 (IH, br), 3,59-3.81 (3H, m),  6.47

(IH, s), 7,26 (IH. br), 10.1 (IH, br). IR  (KBr) cm-':  3186,

1637.

  2,1.2. 1-Meth.vtthio-2-nitro-f-2'NLmetAryt-(tetrabj'dro-3-

.far.vijmeth.vlamin(ijetAu;tene (Z)
OiL 

iH
 NMR  6 (CDCI,): 1.53-1.65 (IH, m),  2.02-2.11 (IH,

m),  2.45 (3H, s), 2.64-2.74 (IH, m),  3.13 (3H, s}. 3,5e {1H,
dd  J=5.1 Hz, J=8.1 Hz), 3.62 (2H, dct J=2.2  Hz, J=8.1 Hz),

3.72-3.91 (3H, m),  6.73 (1H, s). IR (neat) crn-i: 1548, 1266,
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  2.I.3. i-Etiv]lamino-2-nitro-i-ttftetvah.vd}o-3rfiifyijmetiu;l-

amino}eth.vtene  (6)

OiL iH
 NMR  6 (CDCI,)/ 1,21-1,41 (3H, m), 1.65-1,82 (1H,

m),  2.05-2.20 (IH, m).  2.55-2.71 (IH, m),  3.02-3.34 (3H,
m),  3,55-4.01 (4H, m),  6.58 (IH, s), 10.5 (IH, br), IR (neat)
cm-':  3274, 1615.

  2.J.4. 2-Nitro-1-pronvtamino-i-i'itetrah.vdro-3Vitr.vij-

meth./  lamincVeth.vlene (rp
Oil. iH

 NMR  6 (CDCI,): 1.00 (3H, br), 1.65-1.74 (3H, rn),
2.]O-2.30 (IH, m),  2.5S-2.69 (IH, m),  3.05-3.25 (4H, m),

3.55-4.05 (4H, m),  6,57 <IH, s), 10.5 (IH, br), IR (neat)
cm'i:  3274, 1616.

  2.1.5. 2-M'tro-1-p,vpacglJl-i-{itetrah.vdro-3Tfii(vijnietilj;t-

amino,teth.ylene  (bV
Mp  135-1360C. iH

 NMR  6 (CDCI,): 1.60-1.72 (]H, m),

2.05-2.21 (lH, rn), 2.54-2.70 (1H, m), 2.65 (1H, s), 3.22 (2H,
s), 3.52-4,20 (6H, rn), 6.66 (IH, s), 7.41 (IH, s), 10.4 (IH,
br), IR (KBr) cm-i:  322I, 1577,

  2,i,6. i-Meth.ylamino-2-nitro-1-{N-metlryl-aetrahydro-3-

.fatyijmetlu,tamino7eth.vlene (9)
Oil. iH

 NMR  6 (CDCI,): l,48-1.58 (1H, m),  2.01-2.12 (IH,
m),  2.61-2.70 (1H, m),  2.93 (3H, s), 3.01 (3H, ct J=5.1 Hz),

3,20 (2H, dd J= 1.5 Hz, J=8.8 Hz), 3,48 (1H, dd  J=5.1 Hz,

J=8,8Hz),  3.71-3,82 (2H, m),  3.89 (IH, dt, J=5,IHz,
J=8.8  Hz), 6.53 (IH, s), 9.73 (1H. br), ]R (neat) cm'i/  3420,

1616.

  2.i.7. 1-Meth.vtamino-2-nitro-1-tNLeth.vt-aetrah.ydro-3-

.fitrp,ijmethylaminofeth.vlene rlW
Oil. iH

 NMR  6 (CDCI,): 1.20 (3H, t, J=7.3Hz},  1.47-1,62

(tH, rn), 1.97-2.10(IH, m),  2.54--2.67 (IH, m),  3.01 (3H, d
J=5.1 Hz), 3.05-3.17 (2H, m),  3,25 (2H, q, J==7.3 Hz), 3.49
(IH, da  J=5.] Hz, J=8.1 Hz), 3.69-3,79 (2H, m),  3.89 (IH,
dt, J=5.1Hz, J=7.3Hz}, 6.55 (IH, s). 9.89 (IH, br). IR

(neat) cm-':  3422, 1602.

  2.1.8. 1-Meth.vlatnino-2-nitro-1-tN}prtlpu,t-ftetraig,dro-3-

,far},Vmeth.vtamino7ethyleneal?
OiL ]H

 NMR  6 (CDCI,)i O.91 (3H, t, J=7.3  Hz), 1.47-1.66

(3H, m),  1.97-2.07 (IH, m),  2.63 (1H, septet,  J=6.6  Hz), 3.00

(3H, d J=5.IHz),  3,11-3.18 (4H, m),  3.48 (IH, dd
J=5.1Hz, ,J=8.IHz), 3.69-3.84 (2H, mL  3.88 (IH, dt,

J=5.1 Hz, J=8.8  Hz), 6,55 (IH, s), 9.88 (IH, br). IR (neat)
cm-T:  3258, 1593.

  2.1.9. 1-Dimethylamino-2-nitro-I-t(tetrah.ydro-3-

,fiio,ijmeth.vtaminojeth.vtene(ll)
OiL 

iH
 NMR  6 (CDC],): 1.57-1.69 (IH, rn), 2.I1-2.29 (IH,

m),  2.51-2.68 (IH, m),  2.94 (6H, s), 3.19-3.35 (2H, m),

3.54-3.59 (1H, m),  3.70-3.9S (3H, m),  6.51 (1H, s), 9.63 (1H,
br}. IR (neat) cm'i:  3260, 1615.

  2,1,IO, j-Dimethytamino-2-nitro-f-flVLmeth.i,l-(tetrah.y-

d}v-3Tfur: ijmeth.vlaminQlethytene (lirp
Oil. [H

 NMR  6(CDCI,)i 1.42-l,57 (lH, m),  2.00-2.12 (1H,
m),  2.59-2.71 (IH, m),  2,95 (6H, s), 2.96 (3H, s), 3.17-3.2S

(2H, m),  3.42 (1H, dd  J=5.1 Hz, J=8.8Hz),  3.68-3.87 (3H,
m),  6.34 (IH, s). IR (neat) cm-[:  1524, 1256,

Jeurnaiofllesti('ideScience

  2.2, Z]{pical synthetic procedures .for the  ac.vctic  ni-

rroimino  compounds  (ViV (Method Eij

  2.2.j. 1,3-Diacet.yi-1-meth.1,t-2-nitro-3-(tetrah.vdro-3-

.farytmetlp]Vguanidine(25)
Tb a  solution  of  S-methyl-N-nitro-N'-phthaloylisothiourea (v,
3.00 g, ] 1,3 rnmo])  in dichloromethane (20mi) in an  ice-cotd

bath, 3-(aminomethyl)tetrahydrofuran (i, 1.]4g,  11.3mmol)

in dichloromethane <1Oml) was  added  dropwise. The tnixture

was  stirred  at room  temperature for 3 hr. The resufiting  solid

was  filtered off  and  the filtrate was  concentrated  under

reduced  pressure. The obtained  material  was  purified by

silica  gel column  chromatography  (hexane:EtOAc==1:1) to

give 2,10g (85%) of  S-methyl-N-nitro-N'-{(tetrahydro-3-

furyl)methyl}isothiourea {3, vi)  as a white  so]id mp  69-7tOC.
]H

 NMR  6 (CDCI,): 1.61-1,78 (IH, m),  2.09-2.27 (IH, m).
2.53 (3H, s), 2.54-2.72 (IH, m),  3.37-3.S2 {2H, m),

3.55-4.02 (4H, m),  10.2 (IH, br), IR (KBr) cm'i:  3354,
1562.

  A  solution  of 3 (],50g, 6.85 mmol)  and  409t6 MeNH,  (in
MeOH,  1.00g, 12.9mniol) in MeOH  (10ml} was  stirred  at

room  temperature  for 1 hn The mixture  was  concentrated  to

dryness under  reduced  pressure and  the solid was  washed

with  ether  (15ml), and  then  dried to give 1.25g (90%) of

]-methyl-2-nitro-3-(tetrahydro-3-furylmethyl)guanidine  (15,
yii, dinotefuran) as  a white  solid  mp  94.5-1O1,50C. iH

 NMR

fi {CDCI,): 1.62-1.74 (1H, m),  2.09-2.22 (IH, m),  2.59-2,79

(IH, m),  2,96 (3H, d. J= 5.1HzX 3.35 (2H, t, J=5.1Hz),
3.66-3.80 (3H, m),  3.924.08 (IH, m).  IR (KBr) cm-F:  3303,

16]9, 1239.

  To a  stirred  mixture  of  60Y6 NaH  (O.40 g, 1Ommol)  in ace-
tonitrile (10ml) at  room  temperature,  15 (O.80g. 4,Omme])

was  added. The mixture  was  stirred  for 30min, then  acetyl

chloride  (O.89g, 1 1,3 mmol)  in DMF  (5 ml)  was  added  drop-

wise  at  OOC. After stirring  at room  temperature  for l hr, the

solid  was  filtered off  and  the filtrate was  concentrated  under

reduced  pressure. The resulting  material  was  purified by sil-

ica gel column  chromatography  (hexane:EtOAc=1:1) to

give O.86g (75%) of  1,3-diacetyl-1-methyl-2-nitro-3-(tetrahy-

dro-3-furylmethyl)guanjdine (23, vii)  as a oi]. 
iH

 NMR  6
(CDCI,): 1.52-1.68 (IH, m), 2.02-2.14 (1H, m), 220  (3H, s).
2,40 (3H, s), 2.62-2.78 (lH, m),  3.16 (3H, s), 3.48-3.95 (6H,
m).  IR (neat) cm":  1 706, 1558.

  2.2.2. S-Meth.vt-N-methyi-N'-nih'o-N-it(tetrahydf'o-3-

.furyVmeth.vij isothiourea (4)
OiL 

iH
 NMR  6 (CDCI,): 1.58-IJI {IH, m),  2.0]-2.14 (IH,

m),  2,5S (3H, s), 2,62-2.74 (IH, m),  324 (3H, s), 3.52-3,63
(2H, m),  3.70-3.85 (3H, m),  3.94 (IH. dt, J=5.IHz,

J=8,8Hz}. IR<neaO  cm'T:  1735, 1451.

  2.2,3. 2-Nit,v-i-ftet,ubydro-3rfii,pJimetlo1)gitanidine (14)
Mp  119-1230C, 'H

 NMR  6 (CDCa,): 1.60-1.65 (IH, m),

2.00-2.15 (IH, m),  2.49-2.64 {IH, m),  3.26 (2H, t,

J=6.6Hz), 3.48-3.62 (IH, m),  3.68-3.95 (3H, m),  7,80 (2H.
br), 8.]7(I H, s). IR (KBr) cm'i:  3321, 1592.

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

Nbl, 29, No. 4, 348-355  (2004)

  2.2.4. i-Eth.vl-2-nitro-3-fretralp,dro-3Tfany);lmethyl)guani-

dine ablOil.
 

iH
 NMR  6 (CDCI,): 1.26 (3H, t, J=7.3Hz).  1.59-1.71

(IH, m).  2.02-2.18 (IH, m),  2.49-2.66 (IH, m).  3.21-3,38

(4H, rn), 3.59-3.94 (4H, m),  IR  (ncat) cm-':  3289, 1614.

  2,2,5. 1-Benayl-2-nitro-3-rtetrahydro-3ifany,lmeth.vt)-

guanidine aD
Mp  108-1160C. iH

 NMR  6 (CDCI,): 1.40-1.55 (IH, m),

1,85･-･2.00 (IH, m),  2.40-2.57 (IH, m),  327 (2H, a
J=S.9Hz), 3.38-3.86 (4H, m),  4.49 (2H, d  J=5.IHz).

7.27-7.4S (5H, rn). IR (KBr) cm-i:  3330, 1636.

  2,2.6. 1,3-Ditneth.vl-2-nitro-3-itetraio,dK)-3ifiti;vlmetbyij-

guanidine (JS)
Mp  g3-g6oc. [H

 NMR  6 (DMSO): 1.45-1.57 (IH, m),

1,83-1.96 (IH. m),  2,45-2.57 (IH, rn),  2.72 (3H, d,

,J=5.1 Hz), 2.98 (3H, s), 3.30-3.47 (3H, m),  3,58-3.73 (3H.
rn),  8,18 (IH. br). IR (KBr) cm-i:  3218, 1632.

  2.2.7. 1-Ethyl-3-methyl-2-nitro-l-(tetrahydro-3:fur.vl-

meth.vijguanidine  aop
Oil, iH

 NMR  5 (CDCI,): 1.25 (3H, t, ,J==7.3Hz), 1.58-1.69

(IH. m),  2.03-2.14 <IH, m),  2.5S-2.71 (1H, m),  2.98 (3H, d,
J=5.1Hz),  3.22 (IH, dd J=9.5Hz, ,J=14.7Hz),  3.39 (IH,
dd  ,J=7.3 Hz, J=  14.7 Hz), 3.47 (2H, q. J=7.3 Hz), 3.62-3.7 1

(2H, m),  3.81 (IH, dt, J=5.9Hz,  J=8.8Hz).  3.98 (IH. dt,
J=S.9  Hz, J=8.8  Hz), 6.79 (1H, br). IR (neat) crn-i:  3281,
1623.

  2.2.8. 1,1-Dimeth.yl-2-nib'o-3-ftett'alu,dro-3ifitr.vtmethJ,ip-

guanidine r20)
Mp  127-1290C. 'H

 NMR  6 (CDCI,): 1,55--1.68 (IH. m),

2,06-223 (IH, rn), 2.48-2.60 (IH, m),  3.10 C6H, s),

3.29-3.50 (2H, m).  3.5S-3.S2 (3H, m),  3.854.00  (IH, m),

6.77 (1H, br). IR (KBr) cm'i:  3274, 1637.

  2.2.9. 1-Ethyt-1-tnethyl-2-nitr'o-3-rtetrahydro-3:f}ir.yl-

ntetlij,l)gttanidine  (2I)

OiL 
iH

 NMR  6 (CDCI,)i 125 (3H, t, J=7.3Hz), 1.58-1,70

(IH, m),  2.04-2.17 (1H, m),  2,55-2.66 (tH, m),  3.04 (3H, s),
3,30-3.47 (2H, rn), 3.643.85 (3H, m),  3.95 (IH. dt,

J=5,IHz,J=8.IHz>.6.56{IH,br).

  2.2.JO. 1,1,3-7>'imeth.vl-2-nitro-3-(tetrah.vdrv-3ifinr.vl-

meth.vijguanidine  2ev
OiL ]H

 NMR  6 (CDCI,): 1.50-1.62 (IH, m),  1.9S-2.10 (IH,
m),  2.56-2.69 (IIL m).  2.96 (6H, s). 2.99 (3H, s), 326-3.40

(2H. m),  3,47 (1H, dd J=5.1 Hz, J=  8.8Hz), 3.70-4.02 (3H,
m).  IR (neat) cm-i:  1734, ]439.

  2.2.iJ. I,3-Diacetyl-1-eth.vl-2-nitro-3-aetrabydt'o-3ifi";vt-

meth.vijguanidine  eop
Oil, iH

 NMR  6 (CDCI,): 120-1.40 C3H, m).  1.51-1,68  (IH,
m),  2.00-2.35 (4H, m),  2.41 (3H, s), 2.65-2,84 (IH, rn).

3.25-4,OO (gH, m}.  IR (neat) cm-':  l705, 1560,

  2.2.i2. 1.3-Dibenzo.vi-i-meth.yt-2-nibv-3-ftetrahydrr)-3-

.fao?lmeth.vijgttanidine r25)
Mp  133-13SOC. iH

 NMR  S (CDCI,): 1.60-1.75 (IH, m),

 1.87-2,Ol (IH, m},  2.51 (3H, s}, 2.57-2.70 (IH, m),

3.03-3.12 (IH, m),  3.19-327  (IH, m),  3.37-3,54 (IH. m).

Modification in the Nitroguanidine Part ofDinotefuran  35]

3.64-3.90 (3H, m), 7.43-7.75 (10H. m).  IR (KBr) cm  
i:

i698. 1545.

  2.2.13. i,3-Bis(methox},carbon.y?l-i-meth),l-2-nitro-3-

aet,uhvdro-3Tfio;vlmetlo'4)gttanidine(2bl
Oil. LH

 NMR  6 (CDCI,): 1.52-1.69 (IH, m),  2.07-2.19 (1H.
m),  2.65-2,80 (1H, m),  3.10-3.36 (4H, br), 3.47-3,62 (2H,
br), 3.81 (3H, s), 3.84 (3H, s). 3.71-3.94 (3H, m).  IR (neat)
cm'i:  1743, 1542.

  2,2.i4. i,3-Dibeniyt-1-meth},t-2-nitro-3-itetrahydro-3-

.fitrp･lmeth.yeguanidine2ny
OiL 

iH
 NMR  6(CDCI,): 1.46-1.57 (IH. m),  1.98-2,11 (]H,

m),  2.61-2.75 (IH. m),  2,79 (3H, s), 3.12-329 (2H, m),

3.44-3.49 (IH, m),  3.66-3.87 (3H, m),  4.41 (2H, q
J=2.9 Hz). 4.48 (2H, s), 7. 19-7.43 (1OH, m).  IR (neat) cm-'/

1714,1540.

  2,2,i5, 1-Acet.vl-3-methony,carbon.vl-1-tneth.vl-2-nitro-3-

fretrahydro-3Tflit:},lmeth.yijguanidine(2S)
Oil. iH

 NMR  6(CIDCI,): 1.61-1.80(IH, m).  2.08-2.25 (IH,
m),  2.15 (3H, s), 2.70-2.89 (IH, m),  3.08 (3H, s), 3.514.00
(6H, m),  3,89 (3H, s). IR (neat) cm  

i:
 1749,1705, 1564.

  2.2.J6. i-Benzayl-3-methox.ycat'bon.vl-i-metlt},t-2-nitro-3-

itetn]hvdiv-3rfai{vltnetlp,Vguanidine(2Sl)
Oil. iH

 NMR  6(CDCI,)i 1.43-1.58(IH, m),  1.83-2.01 (IH,
m),  2,44-2.60 (IH, m),  3.06-3.24 (2H, m),  325-3.39  (IH,
m),  3.36 (3H, s), 3,643.86 (3H, m),  3.76 (3H, s). 7,43-7,66
(5H, m).  IR (neat) cm'i:  1748, 1697, 1558.

  2,3, ZLpicai sy'nthetic procedures .fof the ac:)clic  nitro-

imino cotnpounds  O,iij ewethod Cl)

  2.3.i. 1-Benzoyl-2-nitro-3-(tetrahydro-3rfittl},ltneth.yO-

guanidine  rsD
To  a  solution  of  S-methyl-N-nitroisothiourea (viii, 1.20g,

8.89rnmol) in pyridine (4ml) in an  ice-cold bath, ben-

zoylchloride  (1.45g. 10.3rnmol) was  added  dropwise. The

mixturc  was  stirred  at room  temperature  for 2ht  The  mixture

was  poured into water  (30ml) and  extracted  with  EtOAc

(30mlX2). The  organic  layer was  washed  with  brine, dried

over  anhydrous  magncsium  sulfate,  and  concentrated  under

redueed  pressure to give 2.IOg (999ta) of  S-methyE-NLbenzoyl-

N'-nitroisothiourea (ix) as a white  solia  mp:  107-1  120C. iH

NMR  6 (acetone-d4): 2,51 (3H. s), 7.45-7.76 (5H, m).  IR

(KBr) cm-i:  3275, 1703, 1635.

  A  solution  of  ix (O.80g. 3.3mmol)  and  3-

(aminomethyl)tetrahydrofuran (i, O.50g, 5.0mmoL)  in acc-

tonitrile (1Oml) was  stirred at rooin  temperature  fbr 1 hr. The

mixture  was  concentrated  to dryness under  reduced  pressure.
The resultjng  rnaterial  was  purified by silica  gcl column  chro-

 matography  (hexane:EtQAc=:1:1) to give O,30g (31%) of

 L-benzoyl-2-nitro-3-(tetrahydro-3-furylmethyl)guanidine (31,
vii>  as  an  oil, 

iH
 NMR  6 (CDCI,): 1,64-1,76 (IH,'m).

 2.12-2.23 (IH, m).  2.60-2,75 {IH, mL  3.54 (2H. dct

Jt5.9Hz.  J==7.3Hz), 3.63 (]H,dd J=4.4Hz,  J=8.8Hz),

 3,74-3.99 (3H, m), 7.55-7.60 {2H. m),  7.68 7.73 (IH, m),

 7,93-7,96 (2H, m),  9.81 (1H, br). IR (neat) crn'i:  3271, 1695,

 1581.
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  2,3.2. 1-Acetyl-2-nitro-3-itehuh.vdtv-3Vit,1?lmethyijguani-
dine 6op
Mp  96-980C. 

iH
 NMR  6 (CDCI,): 1,60-l.70 (IH, m),

2.042.18  (IH, m),  2,32 (3H, s), 2.56-2.67 (IH, m),  3.45(

2H, dd  J=5.9Hz,  j==7.3Hz), 3,57 (IH, dd J=5.9Hz,

J=7.3Hz), 3.71--3.94 (3H, m),  9.Sl (IH, br.). IR (KBr)
cm-i:  3266, 1707, 1621.

  2.3.3. N-Methoxycarbonyl-N'-nitro-N'L(tetrahydro-3-

.fit,ylmethy'ijgrtanidine(3ny
Mp  68--770C. iH

 NMR  6 (CDCI,)/ 1.54-1,71 (IH, m),

2,06-2.19 (IH, m),  2,57-2.69 (1H, m),  3.44-3.49 (2H, m),

3,57-3.61 (1H, m),  3.72-3.97 (3H, m),  3.89 (3H, s), 8.76 (1H,
br). IR(KBr)  cmLi:  3293, i743, 1580.

  2.4. Z}tpical synthetic pivcedures  .for cyclic nitroimino

and  nitromethylene  compounds  Cri and  xiV  ewethod Q)
  2.4.1. 1-Acetyl-2-nitroimino-3-}'itetrah.vdro-3:f'utlyip-

metdyllhexaltydmpvrimidine  (41)
A  mixture  of3-(methylsu]  fbnyloxymethyl)tetrahydrofuran (x,
2.61g, 14.5mrnol), 1,3-diaminopropane (10rn1), petassium
carbonate  (4.01 g, 28,9mmo])  and  sodium  iodide (O.iOg) in
acetonitrile (80ml) was  stirred  at 700C  for4hr. The  resulting

solid  was  filtered off  and  the filtrate was  concentrated  under

reduced  pressure to give crude  N-(tetrahydro-3-furyt)methyl-

1,3-diarninopropane(2.90g).

  A  solution  of  S-methyl-IV-nitro-N'-phthaloylisothiourea (v,
4.90g, 18.5mmol)  and  crude  N-(tetrahydro-3-furyl)rnethyl-

1,3-diaminopropane (2,90g) in EtOH  (20 ml)  was  refiuxed  fbr

3 hr. EtQAc  (20 ml)  was  added  and  the resulting  solid was  fi1-
tered off  The mixture  was  concentrated  to dryness under  re-

duced pressure. The resulting  material  was  purified by silica

gel eolumn  chromatography  (acetone:EtOAc=1:2) to give
2.02g (61% from x)  of  2-nitroimino-1-{(tetrahydro-3-

fury1)methyl}hexahydropyrimidine (37, xi}  as  a colorless

solia  mp  88-91OC. 
iH

 NMR  6 (CDCI,): 1.56-1.72 (1H, m),
1.96-2.12 (3H, m),  2.67-2.82 (IH, m),  3.32-3,57 (5H, m),

3.62-3.95 (5H, m),  9.79 (lH, br), IR (KBr) cm-':  3256, 1593.

 To a stirred mixture  of 60%  NaH  (O.20 g, 5,O mmel)  in ace-

tonitrige (20ml) at  room  temperature, 37 (1.00g, 4.39mmol)
was  added,  The  rnixture  was  stirred  for 30min, then  acetyl

chloride  (O.39g, 11.3 mmol)  in acetonitrile  (5 ml)  was  added

at OOC. After stirring  at room  temperature  for 1 hr, the solid

was  filtered off  and  the filtrate was  concentrated  under  re-

duced pressure. The  resulting  material  was  purified by silica

gel column  chromatography  (chloroform : MeOH=20  : 1) to

give O.82g (69%) of  1-acetyl-2-nitroimino-3-{(tetrahydro-3-

fury1)methyl}hexahydropyrimidine (41, xii)  as  an  oil. 
iH

NMR  6 (CDCI,): 1,59-1.77 (1H, m),  1.99-2.28 (3H, m),  2.32

(3H, s), 2.63-2.85 (IH, m),  3.41-3.62 (4H, m),  3,67-3.98

(6H, rn). IR (neat) cm-':  1706, 1569.

 2.4.2. 2-Nitrometh.vlene-1-ketrahydro-3rjuEyVmethyl?-

imidaiolidine (3sp
Oil. tH

 NMR  6 (CDCI,): 1,44-1.62 (IH, m),  2,Ol-2.10 (IH,
m),  2,46-2.58 (IH, m),  3.26-3.96 {10H, m),  6,57 (IH, s),

10.6 (1H, br). IR (neat) cm-t:  1568.

lournal qfRisticide Scienc'e

  2.4.3. 2-Nitrometh.vtene-1-ltaetrah:)dro-31fiio,ijmeth.yl,t-

hexah.vdrqtryrimidine 64
OiL iH

 NMR  6 (CDCI,): l.51-1,68 (IH, m), 2.00-2.18 (3H,
m),  2.58-2.72 (IH, m),  3.13 {1H dd, J=7.3 Hz, J=  14,1 Hz),

3.27 (IH, dd, J=7.3Hz, J=14,1 Hz), 3.35-3.59 (5H, m),

3.70-3,82 (2H, m),  3.88-3,99 {1H, m),  6.66 (1H, s), 1O.9 (1H,
br). {R (neat) cm-i:  1589,

  2,4,4, 2-Nitromettp,lene-J-ftetreiAu,dro-3rfbcvemetiryl-i,3-

diazac.yclohqptane (13sy
OiL iH

 NMR  6(CDCI,}: 1.52-1.68 (IH, m),  1,69-1.86 (4H,
m),  2.02-2.19 (IH, m),  2.56-2.72 <IH, m), 3.10-3.58 (7H,
m),  3.68-3.98 (3H, m),  6.56 (]H, s), lO,1 (1H, br). IR (neat)
cm'i:  3449, 1584.

  2.4.5, 2-Nitroimino-1-faetrah.vdro-3ijur.vijmeth.vt}imicla-

zolidine  (36)
OiL 

iH
 NMR  6(CDCI,)i 1.58-1.71 (IH, m), 1.99-2.09 {IH,

m),  2.60 (IH, septet,  J= 7.3Hz), 3.33 (IH, dd  J==7.3Hz,

J=14,OHz),  3,51 (IH, da  J=5,9Hz,  J=8.8Hz), 3.62-3.94

(7H, m),  8.15 (IH, br). tR (neat) cm'i:  3412, 1619.

  2.4.6. 2-Nitroimino-1-ftetrah.vdro-3rfuil/,l,)meth.yl-l,3-di-

aiacycioheT)tane  6&
Oil. iH

 NMR  6 (CDCI,)i 1,57-1.75 (IH, m),  1.79-1.90 (4H,
m),  1.99-2.]4 (IH, m),  2.60-2.80 (IH, m),  3.30-3.62 (7H,
in), 3.68-3.95 (3H, m),  9,33 (1H, br). IR (neat) cmri:  3586,

1671,1560.

  2.4,7, 1-Meth.yt-2-nitromethytene-3-faetrabydro-3rfur.yij-

tneth.v4fheTalu,drorvrimidine  (39)
Oi]. [H

 NMR  6(CDCI,): 1.58-1.74 (IH, m),  1.95-2.25 (3H,
m),  2.47-2.65 (IH, m),  3.22 (3H, s), 3.30-3.99 (10H, m),

6.36 (IH, s). IR (neat) cm-i/  1593.

  2.48. 3-Methyl-2-nitroimino-l-fftetrahydro-3:firryO-

metlp,"hexabydrc\v,rimidine(lfe)

OiL ,H
 NMR  6 (CDCI,): 1.58-1.74 (IH, m),  1.96-2.21 (3H,

m),  2.52-2.71 (IH, m),  3,12 (3H, s), 3.38 (1H, dd  J=8,1 Hz,

J==13,9Hz), 3.50 (4H, t, J= 5.9Hz), 3.45-3.93 (3H, m).  IR

(neat) cm-i:  1612.

  2.4. 9. 1-Acet.vl-2-nitroimino-3-f(tetrah.1;dro-3:fber: ip-
tneth./ lfhexaiu)divrn,rimidine (4J)
Oi]. ]H

 NMR  6 (CDCI,): 1.59-1.77 (IH, m),  1.99-2.28 (3H,
m),  2.32 (3H, s), 2.68-2,85 (IH, m),  3.41-3.62 (4H, m),

3.67-3.98 (6H, m). IR (neat) cm-i:  I706, 1569.

  2,4.10, 1-Benzoyl-2-nitroimino-3-t(tetrahydro-3-

.fiiryijmeth.vl}hexahydronvrimidine (4ny

OiL 
iH

 NMR  6 (CDC],): 1.57-].73  (IH, m),  I.98-2.]5(IH,

m),  2.23-2.38 (2H, m),  2.65-2.83 (]H, m),  3,41-3.99 (10H,
m),  7.42-7,SS (5H, m).  IR (neat) cm-i:  1689, 1563.

3. Biolagical fests
 3.1. Insects

Biological tests were  condueted  against  the small  brown plant-
hopper, Laodeiphax stt'iateltus  Fallen and  the green rice

leathopper, Nephotettix cincticeps,

 All tests were  replicated  twice and  done at 25(± 2)eC, at

65(± 5)%  RH  and  under  a 16 / 8 hr light : dark photoperiod.
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 3,2, Contacdileeding activity  in L. striatellus  and  A[ cinc-

ticepsA

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

sprayed  with  water+acetone  <4+1 by volurne)  containing  the

test compound  at a  concentration  of  1, 1O, 1OO or  1OOOpprn.

After drying, the treated seedlings  were  covered  with  a rnetal

gauze cylinder,  and  1O one-  to three-day-old  male  adults  ofL,

striatellus  or  N. cincticeps  were  released  into the  cylinder.

Mortality was  checked  3 days later.

 Insecticidal activity  was  graded as  fbLlows/ O: LC7o

>1000ppm,  1: 1000-100ppm,  2: 100-]Opprn, 3: 10-1ppm,
4: 1-O.1 ppm,

        RESUIITS  AND  DISCUSSION

Insecticidal activities  of  the precursors (1-4), the acyclic  ni-

tromethylene compounds  (5-13), the acyclic nitroimino  com-

pounds (14-32) and  the cyclgc  nitroimino  and  nitromethylene

Table1.  Insecticidal actiyities  ofprecu]'sor  iii and  vi

   oCv:' Ys-
     iii andvi  

XNNo
                 2

No. Rl x LS NC

1234 HMeHMe CHCHNN oe2o oo2e

LS/Laodeiphexstr'iatellus

NC/ IVophotettix cincticeps

Table  2. Insecticidal

compounds  iv

activities of  acyclic  nitromethy]ene

o<J)

y, 
:it:i(.,

           N02

No.Rl ee R3LSNC

5678910111213HHHHMeEtPrHMeHHHI-IHHHMeMe  Me

  Et

  Prpropargy]

  Me

  Me

  Me
  Mc

  Me

421o33243421o32232

Abbreviations, sce  fable t,
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compounds  (33-42) are shown  in Tlables 1-4. The  SARs  of

the four types, exeept  for inactive precursors. are  descrjbed

below,

 Table 3. Insecticidal activities of  acyclic  nitroimino  corn-

 pounds  vii

           oV NBx"

Tr"xB2R3
               vii 

NNNo
                        2

Ne.Rl R2 R3 LSNC

14151617181920212223242526272829303132 H

 H

 H

 H

 Me

  Ht

 H

  H

  Me

  Ac

  Ac

  BzCOOMe

  BzlCOOMecooMe

  H

  H

  H

HHHHHHMeEtMeAcAcBzCOOMe

  Bzl
  Ac

  Bz

  H

  H

  H

 H

 Me

 Et

 Bzl

 Me

 Me

 Me

 Me

  Me

  Me

 Et

  Me

  Me

  Me

  Me

  Me

  Ae

  BzcooMe

e41o323224233233oeo142o324224244244eo2

Bzl/ benzyl, Bz: benzoyl.

[[lable 4. Insecticidal

pounds  xi  and  xii

Other abbrcviations.  see  Table 1.

activities ofcyclicnitroimino

rk  )n-d

com-

o

xi (R4 =H)
 and  xii1xXNO2

4

No.x n R4 LSNC

33343536373839404142CHCHCHNNNCHNNN2342343333HHHHHHMeMeAcBz23223121224433422244

Abbreyiations, see  Tablc 1.
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 oV NdiyNt",'1 n 3>2>4
x:cH=N  XN  R3:Me>Et>H  x:cH=N                                               XN
            N02  NO,

 Rl:H,Ac',Bz',COOMe'>Me>Et>Pr  R4:H>Ac',Bz')Me

                                                           
-(X=N)

      Fig. 3. Structure-activity relationships  ofthe  acyclic  and  cyclic  compounds.

1. insecticidal Activities of'Actyclic Nitiwmethytene Com-

poundg  av)
Ilable 2 shows  the effects of N-substituents on the nitroethyl-

ene  moiety.  The mono-methyl  compound  (R3=methyl, 5)

showed  the highest level of  activity among  these compounds

and  the activity was  reduced  as the size of the N-substituents

increased (see 5-7 and  9-11). Another methylation  of  the

guanidine reduced  the activity (5, 9, 12 and  13).

2. Jnsecticiclat Activities oj' Ac.vctic Nitroimino Com-

pottnds (Viij
fable 3 shows  the effects  ofMsubstituents  on  the nitroguani-

dine moiety  of the  acyc]fc nitrojmino  compounds  (14-32).
These compounds  can  be divided into three derivatives: alkyl

derivatives (14-22), their double-protectcd derivatives

(23-29) and  single-protected derivatives (30-32).
  The  SARs  fbr the alky]  deriyatives (14-22) and  the acyclic

nitromethylene  derivatives (5-13) are  almost  the samc,  The

mono-methyl  compound  (R3=methyl, l5)  showed  the highest

level of  activity  ofthe  acyclic  nitroimino  compounds.  and  the

activity was  reduced  as  the number  of  substituents  and  the

size ofRl,  R2  and  R3  increased.

  The double-protected derivatives (23-29), except  for 27,

were  as effective as  the unsubstituted  compounds  (15, 16), re-
spectively,  against  N  cincticqps,  but they  were  sljghtly  infe-

rior  to 15 and  16 against  L. striatellus,  The activity  ofthe  di-

benzyl cornpound  (27) was  100-fbld lower than  15 against

both insects.

  The single-protected  derivatives (30-32), which  have no  N-

alkyl substituent  
were

 significant]y ]ess active against
 both･i'lnsects,

 
'

3. Insecticidnl Activities qf' C.vclic IVitroimino and  Ni-

trometlo?tene  Compounds (ti and  xiV

fable 4 shows  the  effects  ofthe  N-substituent of  the cyclic  ni-

troimino  and  nitromcthylene  compounds  (33-42). Both types

showed  the  samc  trend  ofactivity,  so  these conipounds  can  be

divided into three derivatives of  the R4-substituent: hydrogen

derivatives (33-38), methyl  derivatives (39 and  40) and  acyl

derivatives (41 and  42).

  Six-membered  ring  cornpounds  (34, 37) showed  the  highest

levels of  activity  arnong  five- to seven-membered  ring  com-

pounds.  Thcsc cyclic  compounds  disptayed the same  activity

level as  the acyclic  compounds  (5, 15) against  N  cincticeps,

but were  1O-fold less active  against  L. striateUus,

  The  methyl  clerivatives (39 and  40) showed  1O- to 1OO-fold

less activity  than  the other  cyclic  derivatives,

  The acy] derivatives (41 and  42) have the  same  ]evels ofac-

tivity as  the unsubstituted  compound  (37) against  against  N.

cincticeps,  but were  1O-fold less active  against  L. striaiellus.

4. Simiiarities ofActivities bebveen Ac.vciic M'troimino
and  Nitrometbylene Conlpouncts av and  viV

The acyclic  nitroimino  compounds  (14-22) and  the acyc]ic

nitrornethylene  compounds  (5-13) are  simi]ar  in SAR  and  ac-

tivity leve]. Both derivatives have the same  clear trend for de-
creased  activity  with  increasing size  of  the N-alkyl sub-

stituents.  The mono-methy]  compounds  (IS) and  {5). which

showed  the highest levels of activity among  these compounds,

had the same  activity  level. Removal of  the methyl  sub-

stituent  on  the guanidine of 15 strongly reduced  the activity

(see 14), These  results  indicate that the mono-methyl  group
as  the  NLsubstituent gave the best activity  for the acyclic  ni-

troimjnoandnitromethy]enecompounds.

5. Similarities and  Di17brences of' Actii,ities hetH,een

Ac.v'clic and  C.vctic Nitioimino Compounds (Vii xi and  xiij

The acyclic  nitroimino  compounds  (14-32) and  the cyclic  ni-

troimino  compounds  (37 and  40-42) also showed  simi]ar

trends  in activity  and  SAR.  But against  L. sn'iatelttts. the

cyclic  compounds  were  less active  than the acyclic  com-

pounds. As  for tri-substituted compounds,  acyclic tri-methy[

compound  (22) showed  the same  activity  ]cvel as  cyc]ic  N-

methyl  compound  (40).

6, Simitarities of'Activities  hebt,een AcFlated and  tVon-

protected Ninvimino  Compounds 6iii, xi andxiij

The non-protected  acyc]ic  compounds  (14-22) and  cyclic  ni-

troimino  compound  (37) showed  almost  the same  activity  as

their acy]  andlor  carbamate  compounds  (23-26. 28, 29 and

30-32), respectively.  This suggests that  these compounds

would  show  activity  after c]eavage  of acy] and  carbamate

groups  by metabolism  in the insect body andlor  in plants,
This correlation  does not  apply  to di-benzyl substitutions

(27). The activity  is about  100-fold lower than that of 15
probably because of  the djficulty ofmetabolic  debenzylation.

7. Seiection ofDinotefitran  (Isy ,for Devei(rpment Com-

poundThe
 SAR  fbr the acyclic  and  cyclic  conipounds  against  L.
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striateUus  and  IV. cincticeps  are summarized  in Fig, 3. The

acyclic  nitromethylene  compound  (5), the acyclic  nitroimino

compound  (15), its acylated  cornpounds  (25, 26, 28 and  29)

and  the cyclic compounds  (34, 37) showed  the highest levels

of  insecticida1 activity,  The  acylated  compounds  were  nearly

as  active  as  the  other  compounds,  but none  of  thern signifi-

cantly excelled, and  all of  them  would  be more  expensive  to

prepare commercially.  XNle chose  four compounds  (5, 15, 34
and  37) as  candidates  and  based on  further considerations  of

activity,  safetM  residual  control  properties and  production
costs,  selected  the acyclic  nitroimino  compound  (IS, dinote-
furan) for development.
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