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                              1,3,5-triazines

  Hiroko  INouE,' Shinpei OHKI, Eiji KoTAKA,  Nobuhiro KuBoyAMA,'  Aiko OHKI,

    Kazuya KolzuM[,t Hitoshi KoHNo,  Peter B6GERtt  and  Ko  WAKABAYASHI

  Graduate Schoot qf Agricuitural  Science. 7lamagawa  University, Machida, 7bkl'o i94-8610, Japan

              
'

 Tbmono  Agrica Co. Ltd, Shimada, Shisuoka 427-OIOi, Jopan
'tLehrstuhl

 .fZir Physiotogie und  Bioehemie der Rflanzen, Universitde't Konstan4 D-rs434 Konstanz, Germany

                  (Received July 21, 1999;Accepted January 24, 20oo)

   To investigate the substitution  etfect  of  the fluorine atom  on  methyl  group, a  methyl  group of
2-benzylamino-4,6-dimethyl-1,3,5-triazines was  replaced  with  fiuorornethyl, difluQromethyl and

trifluorometfiyl groups and  photosynthetic electron  transport  (PET) inhibitory and  herbicidal activities of
these (fluorinated methyl)-1,3,5-triazine  compounds  were  evaluated,  With increasing the number  of

fiuorine atom  of  fluorinated methyl  group, PET  inhibitory activity became higher. Furthermore by
introduction ofa  halogen atom  to the 4-position ofthe  benzyl group, PET  inhibitory activity was  much

improved compared  to the triazines having an  un-substituted  benzylamino group. The  (fluorinated
methyl)-1,3,5-triazine  derivatives with  higher PET  inhibitory activity  showed  also stronger  herbicidal

activity in soiL and  foliar application  tests.

Ke), words:  photosynthetic electron  transport  (PET), PET  inhibitory
(fluorinatedmethyl)-4-(4-haLogenobenzylamino)-6-methyl-1,3,5-triazines.actiyity,

 herbicidal activity,  2-

             INTRODUCTION

  Photosynthetic electron  transport (PET) inhibitory
activity  and  herbicidal activity  of  2-benzylamino-4-
methyl-6-trifiuoromethyl-1,3,5-triazines  haye already

been reported  by Kuboyama  et  at.i'2) in our  group,
Some  of  these compounds  showed  relatively  strong  activ-

ities and  especially  2-(4-chloro or  4-bromobenzylamino)-
4-methyl-6-trifluorornethyl-1,3,5-triazines exhibited  much

stronger  herbicidal activity  and  more  potent PET  inhibi-
tion than  simazine,  The trifiuoromethyl group on  the 1,
3,5-triazine ring  was  considered  to be important to the
both activities. However, the effects ofthe  fiuoromethyl
and  difluoromethyl groups replaced  in the place of

trifiuoromethyL greup on  the activities have not  been
discussed yet, In this study,  we  synthesized  2-(fluor-
inated methyl)-4-(4-halegenobenzylamino)-6-methyl-1,3,
5-triazines and  investigated the contribution  ofthe  fiuor-
inated methyl  group to PET  inhibitory and  herbicidal
actlvltles.

        MATERIALS  AND  METHODS

L Instrumentai Analysis

  Elementary analysis  was  performed with  a Perkin-
Elmer 240D elernental  analyzer.  IR and  mass  spectra

were  recorded  on  a JASCO  FT/IR-420 spectrophotom-

eter and  a JEOL  JMS-AX505W  mass  spectrometer,

respectively.  
iH

 NMR  spectra  were  measured  on  a

JEOL  JNM-GX400  spectrometer  at 400 MHz  using

tetramethylsilane (TMS) as internal standard.  Melting

points were  measured  with  a  Yanagimoto  Seisakusyo
melting  point apparatus,  Refractive index was  mea-

sured  with  an  ATAGO  Abbe  refractorneter.

*
 To whom  correspondence  should  be addressed.

2, Chemicals

  Fine chemicals  fbr assays  were  purchased from Kanto
Chemical Co., Inc., Tokyo, Tokyo  Kasei Kogyo  Co.,
LTD., Tokyo or  Sigma Chem. Co., Mtinchen, Germany.

 All the test compounds  were  synthesized  by the nucleo-

philic substitution  reaction  of  the corresponding

trichloromethyl-1,3,5-triazine derivatives with  the 4-
halogenobenzylamines, Two  starting  trichloromethyl-

1,3,5-triazines, 2,4-dimethyl-6-trichloromethyl-1,3,5-
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triazine (rnp 76-77"C, IRbtlEl cm-']  1528) and  2-methyl-

4-trichloromethyl-6-trifluoromethyl-1,3,5-triazine(bp73-
74CC/7 mmHg,  nB`=1,467I,  IRt, i::cm-i: 1555), were

prepared by condensation  reaction  of  IV-(acetimidoyl)-

trichloroacetamidine  with  (CH3CO)20 and  (CF3CO)20
in the yields of  91% and  70% respectively,i'3) 2-

Fluoromethyl-4-methyl-6-trichloromethyl-1,3,5-triazine
and  2-difiuorornethyl-4-methyl-6-trichloromethyl-1,3,5-
triazine were  obtained  by the similar  process (see, 2.i and

2.2).2.1
 S},nthesis of 2:fitioromethyl-4-methy-6-trichloro-

    methyl-I,3,5-triaiine

  Fluoroacetic pivalic anhydride  (bp 79"C/17 mmHg)

was  prepared from CH2FCOONa  and  (CH3)3CCOCI.
To a solution  of  N-(acetirnidoyl)-trichloroacetamidine

(7.9 g, 39 mmol)  in 20 ml  of  diethyl ether, fluoroacetic

pivalic anhydride  (9,l g, 56 mmol)  in 15 ml  of diethyl
ether  was  added  at O-5'C. After stirring at room  tem-

perature for 20 hr, the reaction  mixture  was  concentrated

under  reduced  pressure, The  residue  was  diluted with

saturated  brine and  extracted  with  CH2C12, After

drying over  anhydrous  sodium  sulfate, the organic  layer

was  evaporated  and  the residue  was  purified by column

chromatography  over  silica  gel using  benzene: hexane=

1 : 1 to give 2-fluoromethyl-4-methyl-6-trichloromethyl-1,

3,5-triazine as pale yellow liquid (ng5=1.5132). Yield:

4,33 g (45%).
 Anal. Found:C, 29,58;H, 2.08;N, 17.24. Calcd. for

C6HsCIsFNs:C, 29,47;H, 2,06;N, 17.19%, IRyza:l

cm-i:  1537, 1557 (1,3,5-triazine ring), 
iH

 NMRafllgis

ppm: 2.87 (3H, s, CH3), 5.57 (2H, d, J =:  46,4 Hz, CH2F),

MS  m/z:  243 (M'), 208 (M'-Cl) and  108 (CC12CN).
2.2 Synthesis of 2-dij7uoromethyl-4-methyl-6-tri-

    ehloromety"1,3,5-triazine

  2-Difluoromethyl-4-methyl-6-trichlorometyl-1,3,5-
triazine  was  prepared by the condensation  reaction  of

N-(acetimidoyl)trichloroacetamidine with  (CHF2CO)20
according  to the same  procedure mentioned  in section

2.L Yield: 28,1 g (54%).
  Bp: 66-68"C/3 rnmHg  (nB` =  i,4926). Anal. Foundi C,

27.50;H, 1.60;N, 16.02, Calcd. fbr C6H4C13F2N3:C,
27.45; H,  1.54; N, 16.01%. IRt,ll:l cm-':  1543, 1557 (1,3,
5-triazine ring).  

iH
 NMROfilgiS ppm: 2.93 (3H, s, CH3),

6.63 (IH, t, J=53.7  Hz, CHFz). MS  m/z:  261 (M'), 242
(M+-F), 226 (M'-Cl) and  108 (CC12CN).
2,3 Synthesis of 2-(4-chlorobenny;laminoj-4:fiuoro-

    methy-6-methy"1,3,5-triazine  (2-sp
  To a  solution  of  2-fluoromethyl-4-methy]-6-

trichloromethyl-I,3.5-triazine (1 .0 g, 4.1 mmol)  in 5 ml  of

THF,  4thlorobenzylamine (O.64 g, 4,5 mmol)  was

added,  After stirring over  night  at  room  temperature,

the reaction  mixture  was  concentrated  under  reduced

Table1  2-(Fluorinated methyl)-4-(un)substituted  benzylarnino-6-methyl-1,3,5-triazines synthesized.

   R

  NAtsN

H,cJ4LNa"b-x

No.R x Yield (%)' mp  (oc)
 Characteristic absorption  of

1,3,5-triuzine (IR spectrum,  cm'i)

1'1 CHu

1-2 CH3

1-3 CH3

H4-Br4-Cl 522380 1]3-114(LitPl13-1[4)
   141,5-142

    133-134

1532, IS59
IS32, 1566

1531, 1566

2-1 CH2F  H

2-2 CH2F  4-Br

2-3 CH,F  4-Cl

534631 83-84 (Lit.4) 83 84)

   116-l18
   110-112

1542, L572

l550, l574
1542, 1570

3-1 CHF,  H

3-2 CHF2  4-Br

3-3 CHF2  4-Cl

723271 62-63 (Lit.4} 61 -63)

    61-64

    90-91

1543, 1577

l539, 1577
l549, ]577

3-4 CHF,  3-Cl

3-S CHF2  4-CHs

3-6 CHF,  4-NO,

3]9257  oil66-6899-101 1521, IS81

1520, 1578

1547, 1578

414-24-3CF,CF,CF3H4-Br4Cl 834989 57-59 (Lit,i) 45-47)

99-100 (Lit.i) 88-90)

74-76 (Lit.i) 74-76)

1547, 1583

1545, IS81
1548, 1581

4-44-54-6CF,  3-Cl

CF, 4-CH3
CF3 4-NO,

8sl)91il79i) 5g-61i,70-73i)54-58i) 1549, 1573i)

1546, IS78i}
1550, 157si}

'The
 figure indicates the yield of  arnination  step  of  trichloromethyl-1,3,5-triazines.
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pressure and  the residue  was  purified by column

chromatography  over  silica gel using  ethyl  acetate:  hex-
ane=1:1  to give 2-(4-chlorobenzylamino)-4-
fluoromethyl-6-methyl-1,3,5-triazine (2-3). Yield:O.34

g (31%),
  AnaL Found: C, 54.14;H, 4,60;N, 21,03, Calcd, fbr
C,,H,,CIFN,:C,  54.04;H,  4,54;N, 21.01%.
iH

 NMROf  lgiSppm:2,44 and  2,47 (total 3H, each  s,

CH3), 4.64 and  4,66 (total 2H, each  d, J=6,3  Hz  and  J =

6.4 Hz, CH2), S,21 and  5.23 (total 2H, each  d, J=46.9  Hz
and  J=46.6  Hz, CH2F), 6.05 (IH, br, NH),  7.29 (4H, m,
phenyl-H). MS  m/z:  266 (M') and  247 (M'-F),
  The  other  2-(fluorinated methyl)-4-(substituted

benzylarnino)-6-methyl-1,3,5-triazine derivatives (1-1, 1-
2, 1-3; 2-1, 2-2; 3-1, 3-2, 3-3, 3-4, 3-5, 3-6; 4-1, 4-2, 4-
3) were  prepared by the nucleophilic  substitution  reac-

tion of  the corresponding  trichloromethyl-1,3,5-triazine
derivatives with  the substituted  benzylamines according
to the methods  of  Kuboyama  et al,i'`) 

iH
 NMR  spectral

clata are  shown  below, The other  data are  shown  in
Table 1,
2.4 2-"-Bromoben4ylaminoj-46LdimethyPl,3,5-triazine

    a-ny
  iH  NMROFMnc,iSppm:2.39 and  2,43 (total 6H, each  s,

CH3), 4.68 (2H, d, J=6,3  Hz, CH2), 5.70 (lH, br, NH),
7,19 (4H, m,  phenyl-H).
2.5 2-(lf-Chlorobenrylaminoj-46Ldimethy-1,3;5-tritzzine

    (1-sp
  

'H
 NMRDF  IEi3 ppm:  2.39 and  2.43 (total 6H, each  s,

CH3), 4.64 (2H, d, J=6.I Hz, CH2), 5.62 (IH, br, NH),
7.29 (4H, m,  phenyl-H).
2.6 2-Benaylamino-4:f7uoromethyl-6-methy-1,3,5-tri-

    azine  (2-D
  

iH
 NMR6f  lgi3ppm:2.44 and  2.48 (total 3H, each  s,

CH3), 4.68 (2H, m,  CH2), 5.20 and  5.24 (total 2H, each  d,
J =46.9  Hz  and  46.9 Hz, CH2F), 5.94 (IH, br, NH), 7,32

(5H, m,  phenyl-H),
2,7 2-"-Bromobenrylamino)-4v7uoromethyL6-methyl-

    1,3,5-triazine (2-V
  

iH
 NMROfllg'sppm:2.45 and  2.47 (total 3H, each  s,

CH3), 4.63 (2H, t, J=27.8  Hz, CH2), 5,17 and  5.28 (total
4H, each  d, J=46.9  Hz and  J= 46.6 Hz, CH2F), 5,99
(IH, br, NH), 7.26 (4H, m,  phenyl-H).
2,8 2-Benrylamino-4-dij7uoromethyl-6-methyFl,3,5-tri-

    azine (3-O
 

iH
 NMROFMegi:ppm:2.49 and  2.54 (total 3H, each  s,

CH3), 4.70 and  4.70 (total 2H, each  d, J=5.9 Hz  and  J =

5.9 Hz, CH2), 5.95 (IH, br, NH),  6.26 and  6,31 (total IH,
each  t, J=54,3  Hz  and  J=54.3 Hz, CF2H), 7.34 (5H, m,
phenyl-H).
2,9 2-(4-Bromobenzylamino)-4-dijluoromethy-6-

    methyPl,3,5-tri`uine  (3-D
 

iH
 NMROfMnc,iSppm:2.49 and  2.53 (total 3H, each  s,

CH3), 4.65 and  4.66 (total 2H, each  d, J=5.9  Hz  and

5.9 Hz, CH2), 6,13 and  6.16 (total 1H, each  br, NH),  6,27

and  6.30 (total IH, each  t, J=54.4  Hz  and  54,4 Hz,
CHF2), 7,20 and  7,21 (total 2H, each  d, J=8.3  Hz and

J=8,3  Hz, H-2 and  H-6 of  benzene ring), 7,48 (2H, d,
J=8.3  Hz, H-3 and  H-5 of  benzene ring).
2.10 2-(L4-Chlorobenzylamino)-4-dijiuoromethyl-6-

     methy-L&5-triazine  (3-sp
  

iH
 NMROfiDIC,i3ppm:2.48 and  2,53 (total 3H, each  s,

CH3), 4.66 and  4.67 (total 2H, each  d, J=4,O  Hz and

4.0 Hz, CH2), 5.90 and  5.97 (total IH, each  br, NH),  6.27
and  6.30 (total IH, each  t, J=54.4  Hz  and  J=54,4 Hz,
CHF2), 7.258 and  7,263 (total 2H, each  d, J=8.6 Hz  and

8.6 Hz, H-2 and  H-6 ofbenzene  ring),  7.32 (2H, d, J=
8.3 Hz, H-3 and  H-5 of  benzene ring),
2,IJ 2-(3-Chlorobenzylamino)-4-dij7uoromethyt-6-

     methy-L3,5-triazin  (3-D
  

iH
 NMROf  igia ppm: 2.49 and  2.54 (total 3H, each  s,

CH3), 4.68 and  4.69 (total 2H, each  d, J=4.2  Hz  and

4.2 Hz, CH2), 6.03 (total 1H, each  br, NH), 6,27 and  6.31
(total IH, each  t, J=59,3 Hz and  J=59.3 Hz, CHF2),
7.26 (4H, m,  phenyl-H)
2.12 2-Dij7oromethyl-4-methyt-6-(4-nitorobenzyl-

     aminoj-1,a5-triazine  (3-op
  

iH
 NMROf  lgisppmi2.51 and  2.52 (total 3H, each  s,

CH3), 4,82 (total 2H, each  d, J=4.l  Hz, CH2), 6.09 (total
IH, br, NH), 6.28 and  6.29 (total 1H, each  t, J=59.3 Hz
and  J=59,3 Hz, CHF2), 7,26 (4H, m,  phenyl-H)
2,13 2-Dij7uoromethyl-4-methyl-6-(4-methylbenzyl-

     aminoj-LS5-triazine  (3-bj
  

iH
 NMR6:uelg]3 ppm:2,35 and  2,47 (total 6H, each  s,

CH3), 4,15 and  4.20 (total 2H, each  d, J=4,O Hz CH2),
5,89 (total IH, br, NH), 6,26 and  6,31 (total IH, each  t,

J=54.3 Hz and  J=54.3  Hz, CF2H), 7.20 (4H, m,

phenyl-H).

3. Phytotoxic Assays
3.1 DeterminatiOn of PET  inhthitocy activity

  According to, the methods  reported,S-')  thylakoids

prepared from spinach  (5Pinacia oleraeea)  leaves were

used  for the assay  for PET  inhibitory activity  of  the 1,3,
5-triazines synthesized.  PET  inhibition Qf  the com-

pounds was  determined with  the system  H20  
->

 fer-
ricyanide,  uncoupled  by NH4Cl,7'8) The freshly-

prepared thylakoids suspension  was  added  to the mixture

centaining  O.1 M  of  sucrose,  50 mM  of  Tricine (pH8.0),
5 mM  ofMgC12,  1 mM  ofNH4Cl  and  1 mM  ofpotassium

ferricyanide, to prepare chlorophyll  content  15"g/ml.
And the final concentration  of  the solvent  (MeOH) in
which  each  1,3,5-triazine compound  was  dissolved was

kept below 1% (v!v). The  oxygen  fbrmed was  rneasured

with  the oxygen  electrode  (Rank Brothers Bottisham,
Cambridge, England). The  molar  concentration  (Iso)
requirod  fbr 50% inhibition of  PET  was  calculated  fbr
each  compound  by the probit method,  The  plso value  is
the  logarithm of  the reciprocal  Iso, The results  of  PET
inhibitory activity  are  shown  in Table 2,
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Table 2 PET  inhibitory actiyity  of  2-(fluorinated methyl)-4-(un)substituted  benzylamino-6-methyl-1,3,

5-triazines.

   R

  N.LtsN

H,cJ(Na"
℃

-x

No,R X plsc (Spinach}' No.R x plso {Spinach)'

1-11-21-3212-22-33-13-23-3CH,CH,CH3CH,FCHzFCH,FCHF2CHF2CHF2H4Br4-ClH4-Br4ClH4-Br4-Cl4.20 (Lit,2)4.19)
   5.98

   5.78

   4.98

   6.48

   6,I5
   5.63

   6.94
   6.62

3-43-53-64-14-24-34-44-54-6CHF2CHF2CHF2CF,CF,CF,CF,CF,CF,3-Cl4-CH,4-NO!

 H4-Br4-Cl3-Cl4-CH34-NOz

   6,43
   6,45

   6.49
6.86 (Lit.2)6.85)
6.92 (Lit.2)6.94)
6.97 (Lit.2)6.98)
   7.21

   6.74
   7.16

Simazine 6,28

*plso=-log]so{Ise
 , SO% inhibition concentration  for PET)

Table3  Herbicidal activity  of  2-(fiuorinated rnethyl)-4-(un)substituted  benzylamino-6-methyl-1,3,5-triazines.

                       ,Jl,,

                    Hsc'U`N`L"
℃

-x

Soil applieation  test Feliar application  test Paddy  application  test

No.R x
 Doseg
 a.L!10a

                 Dose
Ec Dc  Ca  Pl Al
               g a.iV10aEe

 Dc  Ca  Pl
 Dose
      Eo  Sj Mv  Ri
g a.L!10a

1-1 CH3H 800oo  o 
-

 
-4oooooo8oo3061

2-1 CH,F  H

2-2 CH2F  4-Br

2-3 CH,F  4-Cl

4004oo400143 1524
4S55

3544

400400400O164

4566
4466

4oo4oo400 oooo

S556

5456

3-1 CHF2  H

3-2 CHF2  4-Br
3-3 CHF,  4.Cl

400momo 544 466  
･4

5665
5665

4004004003466
6666

6666

4004oo4oo4565

6666
5666

3-4 CHF,  3-Cl

3-5 CHF2  4-CH,

3-6 CHF,  4-NO,

4004oo400434 4554

4554
4555

4004oo4oo3466

4466

4566

4004004004555

4555
5556

4'1 CFz
4-2 CF,
4-3 CF,

H4-Br4-Cl4004004oo253 365555 456 4oo4004oe346-

4666
4666

momo4oo 3064

4655
6666

Simazine 1oo235-5

Abbreviation (weeds>; Ec: Echinoehloa cnts-gaM  (L) Beauv. var.  crus-gaut,  Dc: Digitaria ciliaris, Ca: Chenopodium  athum,  Pl:
PoLxgenum longisetum, Al: Amaranthus  lividus, Eo: Echinochloa ot7,zicola,  Sj: Scirpus juncoides Roxb, var.  hetarui Chwi, Mv:

Monochoria vaginads,  Ri: Rotala indica. EvaLuation; 6: 100% weed  control (complete kill), 5: 91 to 99% weed  control,  4: 76 to

90% weed  control,  3: 51 to 75% weed  control,  2: 26 to 50% weed  control, 1: 1 to 25% weed  control,  e/ O%  weed  control  (no effect).

3.2 Evaluation of herhicidal activity

 Each compound  was  formulated as  10% wettable  pow-
der including the condensation  product ofnaphthalensul-

fbnic acid  and  fbrmalin (I%), polyoxyethylene alkyl-

phenol  ether  (O.5%), white  carbon  (O.5%) and

diatomaceous earth  (88%). Evaluation was  carried  out

in soil (pre-emergence), foliar (post-emergence) and

paddy (pre-emergence) application  tests. Weeds used  in

soil and  foliar applications  were  commonly  Echinochloa

crus-gaUi  (L) Beauv. var.  crus-gatii,  Digitaria ciliaras;

Chenopodium athum,  Po4}tgonum longisetum, but Amar-

anthus  fividus was  added  only  in soiL application  test.
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While, weeds  used  in paddy application  test were  Echino-
ehloa  ei:yzicola, Mbnochoria vaginalis;  Scitlpus juncoidas
Roxb. var.  hotarui Ohwi  and  Rotala indica, Suspen-
sion,  which  was  prepared by dilution of  the wettable

powder  ofeach  test compound,  was  sprayed  onto  the soil,

weed  leaves and  water  surface  modeled  in paddy condi-

tion, Three weeks  after  the  treatments, herbicidal activ-

ity was  evaluated  by visua]  observation  of  treated  weeds

in comparison  with  the untreated  controls  on  the scale of

O-6, where  6 indicates the complete  kill oftest  weeds  and

zero  indicates no  eflbct. The results are  shown  in Table
3.

           RESULTS  AND  DISCUSSION

 1, PET  Inhthito,:y Activio' of the 2-avuorinated

    methyO-4-(u,z)substituted  benrylamino-6-methy"1.3.
    5-triazines

  Table 2 shows  PET  inhibitory activity  of  the  I,3,5-
triazme compounds,  The order  of  PET  inhibitory

potency of  the 2-benzylamino-1,3,5-triazines tested was

CF3->CHF2->CH2FL>CH3-1,3,5-triazines, 2-Benzyl-
amino-4-methyl-6-trifiuoromethyl-1,3,5-triazine  (4-1)
had about  460 times stronger  activity  than  2-
benzylamino-4,6-dimethyl-1,3,5-triazine (1-1) and  17
times  stronger  activity  than  2-benzylamino-4-
difluoromethyl-6-methyl-1,3,5-triazine (3-1). On  the

other  hand,  2-(4-halogenobenzylamino)-4-
fluoromethyl-6-methyl-1,3,5-triazines (2-2 and  2-3) had
only  about  2-3 times  stronger  activity  than  2-(4-
halogenobenzylamino)-4,6-dimethyl-1,3,5-triazines (1-2
and  1-3) and  2-(4-halogenobenzylamino)-4-(fiuorinated
methyl)-6-methyl-1,3,5-triazines  had not  so much

diflerences in plso-values <6,15-6.97) caused  by introduc-
tion of  the fluorine atom(s),  compared  to 2-benzylamino-
4-(fluorinatedmethyl)-6-methyl-1,3,5-triazinederivatjves.
Therefore, introduction ofthe  two  or  three fiuorine atoms
to a  methyl  group of  2-(4-halogeno)benzylamino-4,6-
dimethyl-1,3,5-triazines revealed  much  to improve PET
inhibitory activity. And  the  activity  of  2-benzylamino-
4,6-dimethyl-1,3,5-triazine which  has unsubstituted  ben-
zylamino  group was  gradually improved with  the

increase of  the  number  of  fiuorine atoms.

  Among  the  1,3,5-triazines having the same  fiuorinated
methyl  group, 4-halogenobenzylamino derivatives had
much  stronger  activity  than  that of  unsubstituted  ben-
zylamino  derivatives. As Kuboyama  et al. reported2)

that introducrion ofthe  halogen atom  to the 4-position of

the benzene ring  of  2-benzylamino-4-methyl-6-
trifluoromethyl-1,3,5-triazine was  effective  to enhance

PET  inhibitory activity,  the similar  etfect was  observed

in the case  of  the fiuoromethyl-1,3,5-triazine,
difiuoromethyl-1,3,5-triazine and  2,4-dimethyl-1,3,5-
triazine derivatives, Especially 2-{4-bromobenzyl-
amino)-4-fluoromethyl-6-methyl-1,3,5-triazine  (2-2) and

2-difiuoromethyl-4-(4-halogenobenzylamino)-6-methyl-l,

3,5-triazine derivatives (3-2 and  3-3) showed  higher PET
inhibition than  that  of  simazine  as well  as the

trifluoromethyl  derivatives (4-2 and  4-3), And  also,

2-difluoromethyl-4-methyl-6-substituted benzylamino-1,
3,5-triazine derivatives (3-4, 3-5 and  3-6) showed  a

similar  effect that oftrifluoromethy]  derivatives (4-4, 4-5
and  4-6). However, difluoromethyl derivatives (3-4, 3-
5 and  3-6) were  more  effective  to gave a  high PET
inhibitory activity  for 2-benzylamino-4-difiuoromethyl-
6-methyl-1,3,5-triazine (3-1) than  that of  trifluoromethyl

derivatives (4-4, 4-5 and  4-6). For the strong  PET
inhibitory activity  of  2-(4-halogeno)benzylamino-4-

(fluorinated methyl)-6-methyl-1,3,5-triazines,  the

difluoromethyl group was  considered  to be the effective
substitutent  as  well  as  the trifiuoromethyl group.

2. Hlerbicidal Activity of the 2-(E(uorinated methyij-4-

    (4-haiQgenojbenzylamino-6-methy-1,3,5-triazines 
'

  Herbicidal activity  of  2-(fluorinated methyl)-4-(4-

halogeno)benzylamino-6-methyl-1,3,5-triazines are

shown  in Table 3. In the soil, foliar, and  paddy applica-

tion  tests, the trifluoromethyl derivatives (4-1-4-3),
which  had the strongest  PET  inhibitory activity  showed

higher herbicidal activity, Furthermore 2-(4-chloro or

4-bromo benzylamino)-4-difluQromethyl-6-rnethyl-1,3,5-
triazine (3-2 and  3-3), of  which  PET  inhibitory activity

was  almost  equal  to that of  2-benzylamino-4-methyl-6-
trifluoromethyl-1,3,5-triazine <4-l), showed  90 to 100%
weed  control  at the dose of  4oo g a.i./10  a in the three
application  tests, Herbicidal activity  of  2-difiuoro-
methyl-4-methyl-6-substituted  benzylamino-1,3,5-triazine
derivatives (3-4, 3-5 and  3-6) were  not  so  much  as

herbicidal activity  of  2-(4-halogene)benzylamino-4-
difiuoromethyl-6-methyl-1,3,5-triazine derivatives(3-2
and  3-3). Accordingly, introduction of  halogen atom
to the 4-position of  the benzene ring  of  2-benzylaminQ-4-
difluoromethyl-6-methyl-1,3,5-triazine was  more  suitable

than that ofother  substituents.  Comparing  between two
compounds  with  lower PET  inhibitory activity  (plso<
5,OO), te, 2-benzylamino-4,6-dimethyl-t,3,5-triazine (1-1)
and  2-benzylamino-4-fluoromethyl-6-methyl-1,3,5-
triazine (2-1), the fluoromethyl derivative (2-1) showed

strong  activity  especially  to the broad-leaf weeds  at  the

dose of  400 g a,i.110  a, whereas  the unfluorinated  methyl

derivative (1-1) had no  herbicidal activity  against  all

weeds  tested eyen  at  the twice  dose of  800 g a.i./10  a

except  streng  control  of  Monochoria vaginads  in paddy
application  test. Consequently, it was  considered  that

the fluorine atom(s)  on  the methyl  group extremely

contributed  to enhancing  the herbicidal activity.  It was
obvious  that herbicidal activity  of  difiuoromethyl-1,3,
S-triazine (3-3) and  trifiuoromethyl-1,3,5-triazine (4-3)
were  found to be most  active. The  activity  of  the tri-

azine  (3-3) in soil'and  fbliar application  tests was  supe-

rior  to that in the paddy application  test, It was  also
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noted 　that　all　compounds 　with 　any 伽 orinated 　methyl

groups　showed 　high　activity　against 　Chenopodium
album 　in　f（）liar　apPlication 　test．　ln　our 　laboratory，
control 　of　the　atrazine −resistant 　Chen（）podium　album

using 　compounds 　3−3　and 　4−3　has　already 　been　lnves −

tigated．

　As　 well 　 as　the 　 PET 　 inhibition　 activity ，
　 herbicidal

activity　of （4−chlorobenzylamino ）
−1，3，5−triazine　 deriva−

tives　 was 　 much 　stronger 　 than　that　 of　 unsubstituted

benzylamino −1，3，5−triazines．　And 　generally　2−

（fluorinated　methyl ）−4−（4−halogenobenzylamino ）−6−

methyl −1，3，5−triazines　synthesized 　had　stronger 　herbicldal

activity　to　broad−leaf　weeds 　than 　grass　weeds ．

　In　both　PET 　inhibitory　and 　herbicidal　activity　tests，

the　introduction　ofthe 　halogen　atom 　at　the　4−position　of

the　 benzyl　 group　in　 2−（fiuorinated　methyl ）−4−benzyl−

amino −6−methyl −1，3，5−triazines　 cnhanced 　 the　 activities，

especia 【ly　2−difluoromethyl　and 　trifluoromethyl−4−（牛

halogenobenzylamino）−6−methyl −1，3，5−tnazlnes　werc 　con
−

sidered 　to　be　most 　 e幵
’
ective ．　The　activities　of　 2−

fluoromethyl−4−（4−ha｝ogenobenzylarnino ）−6−methyl −1，3，5−

triazines　could 　never 　surpass 　those　of　2−difluoromethyl
and 　trifluoromethy1 −4−（4−halogenobenzylamino ）−6−

methyl −1，3，5−triazines．　 Therefbre
，
　 the　difluoromethyl

and 　trifluoromethyl　group　were 　considered 　to　be　impor−

tant　fbr　the　both　activities．
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要 約

2一フ ッ 素置換メチ ルー4一ベ ン ジ ル ア ミ ノー6一メ チ ル ー

　1，3，5一トリア ジ ン系化合物の 光合成電子伝達（PET ）

　阻害活性及 び除草活性

　井．ヒ裕子，大氣新平，小高英二 ，久保 山信弘，大木愛．
予

　　　　　　 小泉和也，河 野 　均，Peter　B6ger，若林　攻

　高 い PET 阻害活性を有する 2一ベ ン ジ ル ア ミノー4一メ チ

ル
ー6一トIlフ ル オ ロ メ チ ル

ー1，3，5
一
トリア ジ ン 系化合物に お

い て
，

フ ッ

．
素原子 の 置 換効果 を調べ る た め に， トリ フ ル オ

ロ メチ ル 基 をジ フ ル オ ロ メ チ ル 基 ，
フ ル オ ロ メチ ル 基，メ

チル 基に変換した化合物を合成 し， それ ら化合物の PET 阻

害活性 を測定 した．その 結果 ，
PET 阻害活性は ，

フ ヅ 素原

子数の 増加と と もに 増大す るこ とが 分か り，全体的に は 活

性 の 強さ は CF3−≧ CHF2 −＞ CH2F −＞ CH ，
一誘 導体 の 順 で

あっ た．高い PET 阻害活性 を附与させ る た め に は トリア ジ

ン 環 の 置換基 の 1つ として 2個以上の フ ッ 素原了 で 置換 さ

れ た メチ ル 基す なわち，トリフ ル オ ロ メ チル 基 または ジ フ

ル オ ロ メ チ ル 基を導入する必要性が確認 され た。また，ベ

ン ジ ル ア ミノ 基の ベ ン ゼ ン 環 4 位 に ハ ロ ゲ ン 原子を導入 し

た 化合物 は 無置換の 化合物 よ り も高 い PET 阻 害活性 を示

した，こ れ らの 化合物の 除草活性 を土 壌，茎葉，湛 水処 理

試験 によっ て評価した と こ ろ，
PET 阻害活性 の 高い 化合物

が 強 い 除草活性を示 した．例えば，2−（4一プ ロ モ ベ ン ジ ル ア

ミ ノ）
−4一ジ フ ル オ ロ メ チル

ー6一メ チル
ー1，3，5一トリア ジ ン は ，

非常に 強 い PET 阻害活性及び 除草活性を示 した．

N 工工
一Eleotronio 　Library 　


