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   Varieus trichloromethyl-1,S,5-triazines were  synthesized  and  effects  of  trichloromethyl-

1,3,5-triazines on  nitrification  in the  upland  soil  were  investigated, 2-Substituted-4,6-

bis(trichloromethyl)-1,3,5-triazines  were  prepared  by  trimerization or  cotrimerization  using

CCIsCN  in the presence  of  Norton-Wakabayashi  complex  cata]yst,  e,g,  AIBr3-HCI.  2-Amino-

4-substituted-6-trichloromethyl-1,3,5-triazines were  obtained  through  the haloform  type  of

reactions  of  trichloromethvl-1,3,5-triazines xvith  amines.  The  plse values  of  highly  active

trichloromethyl-1,3,5-triazines  were  4,5-5.5. Essentially they  have  a  CCIs-group  and  an

amino  or  alkylamino  group in the  three  substitucnts  ef  l,3,5-triazine ring.  9SAR  between

plso values  and  Iog P<S) parameters  were  investigated by  multi-parameter  regressioll  analysis,

Hydrophobic  parameters,  logP(S}  estimatecl  by  semi-empirical  calculation.  were  used  for

convcnience  instead oi  logP(H)  det/ermined hy  HPLC  in this 9SAI{ study.  The  eptimttm

log.P(S) was  calculated  as  2.91, a  little morc  hydrophobic  figure compared  with  the log. .P

value  (oa. 2,4) in our  previous papci. By  the  use  of  this value,  it will  become  possible to

design highly  active  t'richloromethyl-1,3,5-triazine nitrification  inhibitoTs,

             INTRODUCTION

  Nitrification is the process of  conversion  of

NH4+-N  into N03--N  via  NOLr-N. The  formed

N03--N  is soluble  in water  and  not  adsorbed

onto  the  soil  as  NH4+-N.  Consequently  a  con-

siderable  amount  of  nitrogen  is lost through
leaching. Then  tlie nitrification  may  result

in inefflcient crop  use  of  nitrogen  during

some  growth stages.  Therefore control  of

nitrification  should  lead to  increase in etiici-

ency  of  nitrogen  use  by  plants manifested  as

imprevement  in crop  growth, yield and

quality. The  control  can  be achieved  by in-

hibiting the nitrifying  bactcria with  chemicals,

The  ideal nitrification  inhibitor shoulcl  have

specificity  to nitrifyi'ng  bacteria. The  in-
hibitor should  also  be nontoxic  te other  soil

organisms,  fish, mammals,  crops,  and  be safe

in the environment.  It should  be effective

throughout  the nitrogen  fertilizer-soil reac-

tion zone  on  itg mobility  in soil, and  it should
be sufliciently  persistent in action  so  that

nitrification  is inhibited for an  adequate  period
ef  time.  Furthermore, such  a  chemical  should

be a low cost  additive  to fertilizer. It should

inhibit the  conversion  of  NH4+-N  to N02nt-N
i.e., inhibit Nitrosomonas growth  or  activity.

However,  it should  not  inhibit Nitrobacter

since  such  inhibition could  cause  an  undesira-

ble accumulation  of  nitrite,i)  It is reported

that  1,3,5-triazines may  have  nitrification
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inl]ibitor],' activity  by  inhibiting action  of

ainmonia-oxidizing  bacteria.2) In tlie rcport,

only  liinitecl nunibers  of  1,3,5-triazines svith

limited range  of  logP  values  were  discussed

eoncerning  cluantitative  structure-activity  re-

lationships (P.SAR), In this paper, we  at-

tempted  to  use  wider  range  of  log P  parame-
ters, in order  to obtain  more  precise 9. SAR,
and  more  active  nitrification  inhibitors.

        MATERIALS  AND  METHODS

1. S.v･nthesis of 1.3.b--7'r･ia2ines
1.1 2- {P - Chioroben2.ylthilo> 

-
 4. 6- bvls (trichloro-

     
･inethLvl)-1,3,5-triaxiine

 <9)
  A  mixture  of  CCI3CN  (31.0 g, O.22 mol),  P-
chlorot)enz.vl  thiocyanate  (20,Og, O,11 mol)

ancl  AIBrs (3,O g) were  plaeecl in a flask.
Anhydrous  1]Irdrogen chloride  was  gaturated  at

-20:C
 with  stirring,  The  reaction  mixture

was  kept  at  -100C  for 12 hr and  then at  room

temperature  for the  further 12 hr. Hydrogen

chloride  gas was  then removed  from the reac-

tion mixturc  by  a  water  pump  under  reducecl

pressure. After washing  with  cold  water,  tl'ie

residue  was  recrvstallized  from ethanol  to

give S5.7g  of  2-(P-chlorohenzylthio)-4,6-bis-
<trichloromethyl>-1,3,5-triazine (709,6), mp  91-

930C (lit.3' 91 -98nC). Anal. Founcl: C, 30.25;
H,  1.35; N, 8.95, Calcd. for Ci2H6N3C17S:  C,
30.50; H, l,28i N, 8.89%.  

iH
 NMR  68,.D,(,i3

ppm:  4.49 (2H, s, CH2), 7.30 {2H, d, 1=8.3
Hz,  H-2  and  H-6  of  phenyl), 7.43 (2H, d, .J=
8.3 Hz,  H-3  and  H-5  of  phenyi). 

iSC
 NMR

6,C,?,Ci: ppm:  34.84 (td, 
ilcH=143.4,

 
aJci{;3,6

Hz,  SCH2),  94.37 (s, CCIs), 128.91 (dd, i.f"i
 =.-

165.4,, 2.IcTT=5.6Hz,
 C-3 of  phenyl), 130.58

(ddt, 7"{=161.8, 
21cH==3.7,

 
3Jc"==12.9Hz,

C-2 of  phenyl), I33.89 (td, 
2Jc]i=3.7,

 
31c･H=

12.9 Hz, C-1 of  pheny, 1), 134.12 (dd, 2.7r",H=3.7,

31cJ{=II.OHz,
 C-4 of  phenyl), 173.39 (s, C-4

and  C-6 uf  triazine), l86.17 (t, 3Jcii=5.5Hz,

C-2  ol  triazine). IR  v:?.'  cm-':  1540  (l,3,5-
triazine ring'), According to this procedure
1,3,/t)-triazines (1-8) were  prepared,
1.2 2-Afeth.vl-4-Pro?CvL,lamtl･no-6-tnlchloromethLvl-

     1.3.5-tria,tine (17)
  A  solution  of  7i-propylamine  (O.94g, O.Ol6
mol)  in 5ml  of  tetrahydrc)furan (THF) was

added  dropwisc at  O-5C'C to a  solution  of  2-
inethyl-4,6-bis(trichloromethyl)-1,3,5-triazine

(2) (3,3g, e,Olml) in 20ml  of  THF.  After

eg 4 ･E- SIZJi2 5 lti 11 fi

stirring  for 3 l}r at  room  temperature,  the  rcac-

tion solution  was  concentratcd  in a  vacuum

and  the  residue  was  recrvstallized  from 
･n-

hexane  to give 1,96 g of  the title compound  in

739,i yield, mp  77-800C  <lit." 75-760C). Anal.
Found:  C, 35.83; H, 4.l4; N, 20.74, Calcd. for
C,H,,N,Cl,: C, 35.60; H, 4,l4; N, 20.809,b,

MS  m/x:  268 OI'), 253 (M"-CH3) and  so  on,

tH
 NMR  S,C.P,Ci3 ppm:  O.98 and  1.00 (3H in

totaL  t, .1=7.88  and  Y=7.33Hz, together

CHs), 1.66 C2H, sextet,  1=7.33 Hz, CH2), 2,52
and  2.58 (3H in tetal, s, together CHs), 3.49
and  3.50 (2H in total, m,  together  NHCH:>,

5.94 and  6.13 <IH in total, bs, together NH).
i3C

 NMR  6.",P,Ci3 ppm:  11,BO (qt, 
'lc/i{=125,O,

SJcH=7,4
 Hz, CH2C.H3), 22,44 and  22,48 (each

t, iJcH=:126.9Hz,
 together CH2CH3), 42.78

and  42,92 (each t, 7ci{=:132.9 Hz, NHCH2),
95,92 and  96.18 (each s, together CC13), 165.76
and  166.15 (each s, together C-4 of  triazine),
172.47 and  173.08 (each s, together C-6 of

triazine), 177,28 and  l78,44 Ceach q, 
21c･"=

7,3Hz,  together C-2 of  triazine). IR  v.K.?.r

cmn':  1522, 1530  (l,3,5-triazine ring).  For

reference,  analvtical  data ef  2-methyl-4-rr)ethvl-            - - "

amino-6-trichloromethyl-1,3,5-triazine  (15) and

2-methyl-4-dimethylamino-6-trichloromethyl-
1,3,5-triazine <20) are  shown  below; the

triazine (15), Anal, Feund: C, 30.25; H, 2,66;
N, 22,89, Calcd, for C6H7N4C]s:  C, 29.90; H,
2.92; N, 23,209,',' , 'H

 NMR  6TC,lkCis ppm:  2,54
and  2,60 (3H in total, each  d, CHs), 3.10 and

3.12 (3H in total, d, J=4.88Hz, NHCHs),

6.29 and  6.:)4 (IH in total, each  bs, together
NH). 

r"C
 NMR  ST"/P,"i3 ppmi  27.87 and  28,04

(q, il"i=139,5
 Hz, NHCHs),  95.96 and  96.12

(each s, together CC13), 166.29 and  166,59

(each s, together C-6 of  triazine), 172.42 and

173.21 (each s, together C-4 of  triazine>, 177.14
and  178.56 (each s, 

21cH;::7,3Hz,
 together

C-2 of  triazine), IR  v.K,:i cmmi:  1540, 1620

(1,3,5-triazine ring),  and  ],3,5-triazine (20),
Anal. Found: C, 31.50; H, 3.62; N, 22,99,
Calcd. for CTHgN.C13: C, 32.90; H, 3.5`]; N,

21.939,,'. 
iH

 NMR  S.C,PsCi3 ppm:  2,54 (8H, s,

CH3), S.26 and  3.27 (each 3H,  each  s, N<glli).
i3C

 NMR  61',P,`;i3 ppm:  26.01 <s, 1=128.7 Hz,
C:H3), 36.56 and  36,60 (each s, J=137.9Hz,
N.S･k,i, 96.67 (s, CCI,), l65.13 (s, .1=7.3Hz,
C-4 of  triazine>, 172.48 (s, 1=!7.3Hz, C-6 of

triazine>, 177.49 (s, 1=7.3 Hz, C-2 of  triazine),

NII-Electronic  MbraryService
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IR  v::.' cniH`:  1540, 1620 (1,3,5-triazine ring).

1,3,:-)-Triazines (10-l6, 18-26) were  prepared
in a  similar  manner.

I.3 2-(P-Chlorophen.vlanulno)-4-meth;vltkio-(;L

    tr･ichloromethTvl-1.a5-tria.-ilne (29)
  A  mixture  of  2-mett)ylthio-4,6-bis(trichloro-
methyl)-1,3,5-triazine  (3.6g, O.Olmo]), P-
chloroaniline  (1.3g, O.Ol mol),  triethyiamine

(!.5g, O,O15mol) and  100ml  of  chloroform

was  refiuxed,  with  stirring,  for 48hr. After
excess  triethy]amine and  chloroform  were

removed  by  disti]latien, the resulting  brown
oil  was  purified by silica  gel coluinn  chroinatog-

raphy  to give 2,Og of  the title compound  jn
539/t/ yield. mp  122-l240C, ,ALnal.  Found: C,

35.94; H, 2.16; N, 15.14, Calcd, for CiiHsN4-
Cl,S: C, 35.70; H, 2.18; N, 15.149/S. MS  ml:･i

368 (M') and  so  un.  
iH

 NMR  6TCMDsCi3 ppm:
2.77 (3H, s, SCH.,), 7,32 (2H, d, J=9,O Hz,
H-2  and  H-6  of  phenyl), 7.60 (IH, bs, NH),
7.62 {2H, d, 1=9.0Hz, H-3 and  II-5 of

phenyl). 
i3C

 NrvIR  6･Rs)i,Ci3 ppm:  13,67 (q, .J;
141.85 Hz, SCH,), 95.56 (s, CCI,), 121,77 <d,
i.1'cH==164.94rHz,

 C-2 of  phenyl), l29.04 (d
i.lcH=164.14Hz,

 C-3 of phenyl), 129.77 {sl
C-4 of phenyl), 135.58 (s, C-1 ef  phenyl), 162.82

(s, C-2 of  triazine), 171.70 (s, C-6 of  triazine),
184.53 (s, C-4 of  triazine). IR  v::.r cm-i:

1510, 1560 (1,3,5-triazine ring),  According to
this procedure, 1,3,5-triazines (27 and  28) wcre

prepared,
1.4 2-A･mino-4-Phe･7iLylthio-6-trichloroinethtvl-
    L3:5triu.Tine <33)
  A  mixture  of  2-phenylthio-4,6-bis(trichloro-
methyl)-1,3,5-triazine  (4,24g, O.Ol mol)  and

2.5 ml  of  concentrated  ammoniurn  hydroxide
was  stirred  at  OOC for 1hr. The  formed  soild

was  recrystallized  from ethanol  to give 2.83 g
of  title compound  in 889,'6 yield, mp  122-
1233C  (lit.5' 122-1240C>, Anal, Found:  C,

37.11; H, l,94; 17,35, Calcd. for CioH7N`C13S:
C, 37.35; H, 2,19; N, 17.480//,, 

tH
 NMR

S,C)PsC]3 ppm:  5.95 and  6.22 (2H, each  bs, NH2),

7.41 (3H, Tn, phenyl), 7.58 (2H, m,  phenyl).
iaC

 NMR  61',?,Ci3 ppm:  95,32 (s, CC13), 127.14

(t, SJcHi=:7.3Hz,
 C-1 of  phenF,rl), 129.15 (dcl,

iJcii
 =:  161 .8, 81c

 ii 
==t  ll.O Hz, C-4 of  pheny･ 1),

]29,79 (dd, ilcH
 ==  161.8, C-3 of phenyl), l35.B5

<dd, 31cH=163.7,
 C-2 of  phenyl), 166.13 (s,

C-2 of triazine), 172,ll (s, C-6 of triazine),
183.94 (s, C-4 of  triazine>, IR  vF.:.r cm-i:  1545,

1504 (triazine ring),  1,3,5-Triazines (30-32,
34-37) were  obtained  in a  similar  manner

described above.

J,5 2-IL･irethoxJJ-4, (i-bis(tT･ichlorometh)'l)-1. 3. 5-

    triazine (38)
  F]'fteen gram  of  triethylaminc was  added  at

OOC  to the solution  of  2,4,6-tris(trichloro-
meth.vl)-1,3,5-triazine  (21,7 g, O,05 n]ol)  in 100
ml  of  methanol,  The reaction  mixture  was

kept between  OOC  and  50C  for 5hr. After a

s.mall  amount  of  solid  material  was  filtered off,
the  triethvlamine, excess  methanol  and  chloro-

form formed  were  removed  bv  vacuum  dis-
tillation at  room  temperature.  The residue

was  purified by  silica  gel column  chroma-

tography  to give 10.4g of  2-methoxy-4,6-bis-

<trichloromethyi)-1,3,5-triazine in 609,6 >･'ield,
mp  45-460C (lit.6' 460C). Anal. Found: C,
20,70; H, O.95; N,  12.33, Calcd. for CeH3NsC16-

O: C, 20.84; H, O,87; N, l2.l59,･6. 
iH

 NMR
S,C.D,Ci3 ppm!  4,29 <s, 3H, OCH,), iSC

 NMR
STCM)s"ts ppm:  57.02 (q, 7c.=149,O Hz, OCHs),
94.20 {'s, CC13>, 172,80 (s, C-4 and  C-6 of  tri-

azine>,  176.80 (s, C-2 of  triazine>. IR  vg:.r

crn'i:  ]568, 1545 (1,3,5-triazine ring),

1,6 2-(P-ChloroPhenoay)-4, 6-bis(trichlorometh-

    yg)-1.3.5-triaxine (39)
  The starting  material,  2-chloro-4,6-bis(tri-
chloromethyl)-1,3,5-triazine,  was  prepared by
the chlorination  reaction  of  2-hydroxy-
4,6-bis(trichloromethyl>-1,3,5-triazine usjng

POC13, the furmer being obtained  b.v･ the halo-
form reaction  of  2,4,6-tris(trichloromethyl)-

1,3,5-triazine with  water  in the presence of

triethvlamine.T) A  solution  of  2-chloro-
4,6-bis(trichloromethyl)-],3,5-triazine (1.25g,
O.OO5 mol)  in 10ml  of  THF  was  added  drop-
wise  at  room  temperature  to a  solution  of  P-
chlorophenol  (O.65 g, O,O05 mol)  and  triethyl-
amine  (O,5g, O.O05niol) in l5ml  of  THF.

After stirring  for 2hr,  triethylaminc  hydro-
chloride  formed  was  filtered off  and  the solvent

was  evaporated  in vac7.t･o,  The  residue  was

purified by silica  gel column  chromatography

to give 1.55g  of  2-(P-chlorophenox.v)-4,6-bis-

(trichloromethyl)-1,3,5-triazine in 709f.' yield.
mp  85-950C. Ana]. Found:C,  30.12; H, 1.02;
N, 9.25, Calcd. for CiiH,N3CITO: C, 29.86; H,
O.9I; N, 9.50%. MS  m/x:  439 CM') and  se  on.

iH
 NMR  a,C･,?,Ci3 ppm:  2.27 (d, J=8.79 Hz, H-2

and  H-6  of  phenyl), 7.45 (d, 1==8,79 Hz, H-3
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 and  H-5 of  phenyl), 
iaC

 NMR  68:M"gSi3 ppm:
 93.89 (s, CC13>, 122,35 <dd, 

iJciJ
 =167.S,  

2JcH=:

 3,7Hz,  C-2 of  pheny]>, 129.92 (dd, 
iYoH=

 169.1, 
2JcH=5.6Hz,

 C-3 uf  phenyl), 132.37

 (dd, L7mi=3.7,
 

3J..:t
 11.0 Hz,  C-4 of  phenyl),

 149.61 (dd, 2JcH==3.7,
 

3JrcH=11.0Hz,
 C-1 of

 phenyl), 172.13 (s, C-4 of  triazine), 177.34 (s,
 C-2 and  C-6 of  triazine), IR  v:r.r cm-i:  1560

 (1,3,5-triazine ring>.  1,3,5-Triazines (27, 28)

 were  prepared in a  similar  method  using  cor-

 respending  2-chloro-4-substituted-6-trichloro-

 methvl-1,3,5-triaz･ine  and  anilines.

   All the reaction  products were  purified by

 recrystallizatien  andxror  column  chromatog-

 raphy,  and  their structures  were  confirmed

 by IR-, NMR-,  mass-spectroscopy  and  ele-

 mentar},  analysis  of  C, H, and  N, and  melting

 points are  uncorrected.  IR  spectra  were

 recorded  on  a  Shimadzu IR-420 spectrophoto-

 meter,  The  
±H  and  

iSC
 NMR  spcctra  were

 determined in CI)C13 or  DMSO-d6  solution  on  a

 JMN-EX400 spectrometer  operating  at  400

 MHz.  The  mass  spectra  (75 eV)  were  reeorded

 on  a  JEOL JMS DIOO  mass  spectrometer.

 2. E'valuation of ATt'trijication Jnhib-itor-v Ac-

    tivi4)'

   Ten  gram  of  sterilized  soil  (1500C, 2 hr) and

 62.5 mg  of  eacli  1,3,5-triazine were  mixed  to

 prepare 125 ppm  stock  treatment  formulation.

 The  upland  soil  was  preincubated for 5 days

 under  the same  conditions  as  in the experi-

 ment.  The  properties of  the  soil  are  shown  in

 Table l, In each  wide  rnouthed  culture

 fiask, 25g  of  the upland  soi],  l6.5mg  of  urea

 and  the appropriate  amount  of  the  l,3,5-
 triazine formulation were  added  and  niixed

 well.  Then  the  moisture  of  test soil  mixture

 in the  flask was  adjusted  to 509/. ef  the fielcl

 capacity,  by  adding  water  and  pH  of  thc soil

 to 6.8 with  CaCOs.  The  flasks were  sealed

 with  cap  with  :5 heles, whose  diamcter  was  2

 mm,  and  incubated in a  dark  room  at  28:'C for

                     Table  1

ng4E-

14 davs. The  molar  Iso value  of  each  1,3,5-
triazin"e was  calculated  according  to the

method  described bv Murakami  et al.2) To

discuss the  nitritication  inhibitory activity  of

1,3,5-triazines, plso values  (negative loga-
rithms  of  the  molar  Iso) were  useci  as  nitrifica-

tion inhibitorv indices in this paper.

3. Determinatilon of H.vdroPhobic-it.IJ Para-nie-

   ters; log P(H) and  log P(S)

.?.1 Lo.cr P(H)  b.v HPLC  method

  Hydrophobicity  parameters, logP(H),  of

twe}ve of  1,3,5-triazines C2, 6, 10, 14, 22, 26,
27, 29, 30, 32, 34, 39) were  dctermined by,
HPLC  method  using  ODS  celumn  (Inertsil
ODS  4.6× 250 mm)  and  methanel-water  (8: 2)
as  mobile  phase.S)
3.2 Log  P(S)  b.y semi-emPirical  metltod

  Since it was  rather  hard works  to determine
logP(H) for all thirtv-nine 1,3,5-triazines
even  bv  HPLC  method,  we  tried to estimate

log P(S') for triazines in this study,  using  semi-

enipirical  method  based upon  the additive

property･ of  n  value.  In the first place, the

"  value  <3.03) ef  trichloromethyl-1,3,5-triazine

moietv  was  estimated  as  the mean  of  the z

values  for the  twel}Te l,3,5-triazines. The ir

values  were  calculated  by the Eq. (1) using

logP<H)  values  fur twelve 1,3,5-triazines de-

scribed  in 3.1 and  the  substituent's  -  values  of

Rekker.9) Then  log P(S) values  of  all thirty-

nine  1,3,5-triazines in this paper  were  calculat-

ed  according  to  the  Eq.  (2) (see the column  ef

log P(S) in Table  2>.

        Rl

[og p8:,c  k<)t()R':. rt (Ri)L"( Rp )!n{cF,c tNil } ( i )

                           R3

= '},,,ek<)Lil.  ) ' fi [F 3) '  r (Rg} = pog p8E,c  kANJ( 
R,
 ) =3'o3  ( 2 )

  For reference,  see  the log P(S> and  log P(H)
for twelve  1,3,5-triazines; Compd.  2, 4,.07 and

ilZnt 5 lf 11 E

1)hysical and  chemical  properties of  soil  tested.

pll (H20)
      (KCI}
Total C (?'o')
Total  N  (9'6)
CfN

5,675,461

 1 , ,t,8O,62

 18,7

C;I], C

NH,+-NN03--N

(meqllOO g soil)

(rngtlOO g soil)

{mgl100 g soil)

l8,28

 l.25

 1.72
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3,78; 6, 6.17 and  6.67; 10, 4.19 and  4,09; 14,

4.86 and  4.9S; 22, 4.17 and  3.87; 26, 3.26 and

3.33; 27, 4.33 and  4.39; 29, 5,60 and  5.71; 30,

2.45 and  2.48; 32, 4.0! and  3.91; 34, 4,92 and

4.51 and  39, 5.57 and  5.67. The  estimated

logP(S)  values  were  well  correlated  with

]og P(H)  as  shown  in the Eq, (3),

     log P(S) :=  O.884 1og P(H)  +O.538  ( 3 )
                    .123)                 (± o

        [n=l2, y=O.981,  s=O,211]

4, et-tantitatiz,e Stntct･u･re-Activi't", RelationshiP

    (2SAR) for 1,3,5-Trilaxine ATitr(lfcution

    Jnhilbitor

  9SAR between plsn values  and  iogP(S)

parameters  were  investigated by multi-I)arame-

ter regression  analysis.  H},'drophobic parame-
ters, log P(S), were  used  instead of  log l'(H) in

thjs 9SAR study.

        RESULTS  AND  DISCUSSION

1. 5ynthesis of L3,5-Triak･th2es
1.1 Trimerixatio-n and  cotvilmeri:･ation  of

     CCI,cAT

  Trichlorometh.vl-1,3,5-triazines (2-9) were

prepared  by  trimerization  or  cotritnerization

using  CC13CN in the  presence of  Norton-

XVakabayashi  complex  catalyst,  e.g.  iXIBr3-

HC).iO) Although  trimerization of CC13CN

was  extremels･,  slow  in the  presence ef  HCI  in

centrast  to aromatic  nitriles  trimerized readily

in tbe atmospheric  pressure, the addition  of  a

small  amount  of  anhydrous  AIBr3 with  HCI

in trimerization of  CC13CN  greatl>' activates

the reaction,  reducing  time  required  for curri-

pletion of  the reactioR  to un].y  a  few  hours,

Also in the cotrimerization  of  CC13CN with

other  cyanides,  the complex  catal}'st  gave good
results,  ancl  onlv  2-substituted-4,6-bis(tri-
chloromethyl)-1,3,5-triazines  were  obtained

when  molar  ratio,  CC13CN,iother cyanidc=2/1,

was  used,  The mechanisms  of  (co)trimeriza-
tion  are  very･  comp]icated  and  experiments  are

under  wav  to elucidate  them  in our  labora-         J
tory.1.2

 Halofbrm tT17bc･' Q,f reacttlons  of tricitloro-

    ･inethvl-1,8,5-triatt･ines ne'ith ain･iites or  til-       y

    cohols

  The  amino-1,3,5-triazines  {10-37) were  pre-

pared by the reaction  of  2-substituted-4,6-bis-

(trichloromethyl)-1,3,5-triazines (1-9, 30, 38)

with  appropriate  amines.  Although the CC13-

group  in 2-substituted-4,6-bis(trichloromethyl)-
1,3,5-triazines was  readily  repla.ced  by means

of concentrated  ammoniuni  hvdroxidc or  al-

kvlamines to give 2-amino-4-substituted-6-
trichloromethyl-1,3,5-triazines  {10-26, 30-37),
2-arvlamino-4-substituted-6-trichloromethvl-

1,3,5-triazines (27-29) were  obtained  through

the  reaction  of  trichloroniethvl-1,3,5-triazines

with  arylamines  only  in the presence of  tri-

alkvlamine,  Since chlorc)form  was  evolvecl  in

the reactions,  it was  considered  that CCI3-

group was  replaced  by amino  group vi"  halc-

form  type of  reactions.  In the reaction  of

2,4,6-tris<trichloromethyl}-1,3,5-triazine with

ammonia  or  amines,  one  or  two  uf  the CC13-

group could  be replaced,  but  the third was

resistant  to attack  bv the amines.  The  re-

placement  of  the first CCIs-grQup took  place at

O-10CC, while  the second  group rel)laced  at

20-300C. 2-Methoxy-4,6-bis(trichloromethyl)-
1,3,5-triazine was  prepared by the reactien  of

2,4,6-tris(trichloromethyl>-1,3,5-triazine Cl)
vNJith methanol  in the presence of  triethyi-

amine  at  OOC, through  the similar  haloform

type  ef  reaction  of  the 1,3,5-triazine (1) with

amlnes.

  The  
iH

 NMR  spectrum  of 2-methyl-4-

inethviarriino-6-trich]oroniethvl-1,3,5-triazine

(15) in CDC13 showed  a  set  of  resonance  for the

particular protons, 
･i.e.,

 two  signals  at  6 2,54

and  2.60 for the 2-methyl  protons, two  signals

at  6 3.10 <d, J:-4.88 Hzl} and  3.12 (d, 1-4.88
Hz) for the N-n]ethy･1 protons and  two  signa]s

at  6 6.29 and  6.54 for the NH  proton. 
']'he

iaC
 N:YIR spectrum  of  the  compound  15 also

showed  a  similar  spectral  charactenstic  t.e.,

two  signals  at  S 25.49 <q, .1=:128.7 Hz) and

25.90 {q, .1==128.7 Hz) for the 2-methyl
carbon,  two  signals  at  6 22.87 (q, 1=  139.5 Hz)

and  28,04 (q, .1=139,7  Hz)  for the  N-methyl

carbon,  and  two signals  at  O95.96 and  96.l8

for the trichloromethyl carbon,  t-'o signals  at

a 166.29 and  l66.59 for the C-4 carbon,  two

signals  at  6 172.42 and  l73.21 for the C-6

carbon  and  t"Jo signals at  S 177,14 and  178.56

for the C-2 carbon,  However, the  cliinethyl-

amino  anaiog  (20) did not  exhibit  s.uch  sets  of

resonances  in both iH
 and  

iBC
 NMR  spectra

(see iH
 and  

i3C
 NMR  data described in

MATERIALS  AND  }IETHoDs  1.2), The  observed
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spectral  cliaracteristic  ol  compound  15 may

be explained  jll terms  of  the non-equivalency

of  the observed  nuclei  caused  by t]ic molecular
unsymmetry  and  the restricted  rotatioti  be-
tween  the ring  carbon  (C-4) and  methy]amino

nitrogen  bond. The strong  electron-witli-

clrawing  property of  the trichlorometl]yl group
can  attract  the  n-electrons  on  the triazine
ring  and  further the lone electron  pair on  thc
meth.vlamino  nitrogen,  rendering  the  bond
between  C-4 and  nitrogen  a  kind  of  partial-
double bond  character.  Accerdingly several

sets  of  two  resonances  in 'H  and  i3C  NMR
spectra  can  be observed  due to  a  sort  of  syn-

anti  isomerism  of  C-N  bond  occured  in mag-

netic  field.
1.3 Reacttlon tif 2-chloro-4, 6Lbis(trichloroineth-

    :1'l>-1.S.5-triagine w,ith  Phenol
  Sincc the  haloform  reaction  of  2,4,6-tris.-
<trichlorumeth}Jl)-l,3,5-triazine (1) with  phenol
did not  take place even  in the presence of tri-
ethylamine,  2-(P-chlorophenoxy)-4,6-bis(tri-

chloromethyl)-1,3,5-triazine  (39> xN'as prepared
by･ the reaction  oi  2-chlore-4,6-bis(trichloro-
meth.vl>-1,3,5-triazine  with  P-chlorophenol. By
the reaction  of  2-chloro-4,6-bis(trichloro-
methyl)-I,3,5-triazine  with  anilines,  1,3,5-tri-
azines  (27-29) were  also  prepared.

2. Relatilo7i betve)een Strttctttre and  Nitrijicatilon

   Inhibitorvv Actiwilt.v of 1.B,5-Triagi"es
  Various trichloromethvl-1,3,5-triazines and

their nitrification  inhibit6rN' actii,ritv  are  listed
in Table  2. The plsp valiles  of  hig.hly actjve

trichlorometlJvl-1,3,5-triazine were  4.5-5,5,
Compounds  17 and  30 werc  tha  most  pote]'it
nitrification  inhibitors, compeunds  2, 3, 26, 31
and  38 were  also  active,  followed by  11, 15, 16,
20, 21, 24, 25, 32, 33 and  35. Compounds  6,
12, 14, 22, 23, 27, 28 and  34 were  moderatelN'

active  inhibitors, I.ess activitv  was  observea

yrith  othcr  compounds  tested, Essentially
thevv have  a  CC13-group and  an  amino  or

alkyiamino  group in the three substituents  of

1,3,5-triazine ring.  For example,  tlie com-

pound  (10-37) with  amino  group(s) are  more

active  than thc conipound  (1-9, 38, 39) witheut
amino  group. Especially compound  10, 17
and  26 were  most  potent inhibitors. Intro-
duction of  short  chain  (Ct-C3) alk}rl  group  in
amino  substituent  improved the inhibitery

ng 4 E･ SiZh2  5 lil 11 H

activitvv.  Introduction ef  aryl  group jn amino
substituent  gave less active  compounds  (27-
29), Tliis fact indicates that s{)me  suitable

h.vdropiiobicity is necessary  for the aetivity.

The  third substituent  in the  active  2-amino-4-
trichlorometh}･'1-1,3,5-triazine should  be methyl

(15-18, 20, 21, 31) or  methex>Jl  (24-26) for
high activity,  It is summarizcd  that  the sub-

stituents  combination  consisted  of  a  CC;13-

group, a  short  chain  alkyi  amino  gruup ancl

methyl  or  methoxyl  group increase the nitri-

lication inhibitory activity.  2SAR  study  was

also  carried  out  to obtain  the  best combination
of  three  substituents  of  1,3,5-triazine ring,

EIectronic parameters, e,g.  Hammett  a  con-

stants,  and  staric  paraineters, e,g.  VeTloop
sterimoi  parameters,  were  omitted  frem 9SAR
study,  because the  inhibitory effect  was  not

correlated  with  parameters  mentiuned  above.

The  best correlation  obtained  was  expresb'ed

by the Eq. (4) using  log PCS),

      plso=-O.118LlogP(S>]u
               (± 0,036)

           +O.6261ogPCS)+4.078  (4)
              C± O.318)                          (± O,686>

         ,,t･=39,
 r=O.903,  s=O.217i

  ln this equation,  n  stands  for the  nuinber  of

data, r the correlation  coeflicient  and  s tlie
standard  deviation. Tlie figures in paren-
thcsis  are  the  959,6 confidence  intervals, The
Eq. (4) indicates that hydrophobic pa]'ameters,
or  log P(S), play an  important  role  in deter-

mining  the activit.y,  as  we  predict in the quanti-
tatiiv'e consideration  oll the  inhibitorv-actii,'itv
nientioned  previvusly.2) To  confirni  whethcr

the logP  relates  aggregately  to the perme-
ability  of  the con'ipounds  in soil  enxJironnient  or

directlv to the action  mechanism  of  the in-

hibitors against  the nitrifying  microorganisms

in soil, further studi/  has started  already  jn our

laberatory.ii,i2) Here, the log 1'(H> values  of

the 1,3,i)-triazincs were  estimatcd  bv rather

laborious HPLC  determination. If log 
"P

 values

are  alwavs  available  and  used  eonN'enientlv  by
synthetii  chen)ists,  the inolecular  desigfi (;f

the active  1,3,5-triazine nitrification  inliibit()rs.
will  proceed  rapidly.  Therefore we  designed
ancl  cstimated  legP(S) values  accerding  to a

seini-en]piri{:al  inetliod  described in MATERiALs

AND  METHoDs  3.2. T]ie optimum  log I'(S) in

NII-Electronic  
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Tablc  2plso  and  log P  values  of  1,3,5-triazines.

        CC13

       NelXrsi

     Rl-lkxNts  R2

367

No. Rl

1234567s9101112131415161718192021222324252627282930313233343536373839CCI,cCl,CCI,CCI,CC13C(;1,CCI,cC;1,CCI,CCI/sCC13CCI,CCI/sC;Cli,CH3CH3CH:sCII3CH,CHsCH3CH3SCH2SCH,()CH30CH30CC13CHaCH,SCC.I3CH/+C6HsC6Hs.Sp-Cl-C,H4-S

C6IIs-CH,S

p-Cl-C,H,-CH,S
NH,CCI,CCI,

   R2cCl,Cll3cr,H3sC611,CfiH,-Cl-b

s-C6H,S-CfiHg(;1-p

SCHs-C6H,

SCH,,-C16I{4-Cl-p
NHC,IIs

NHCsl{T

NHC,H,

NHCsHii

NH.CH2-C61Is

NHCH3NHC,,Hs

NHCsHT

NIICsHti

NHC7His

N(CH,},

NH-CH2-C6Hs

NHC,Hs
NHC3H,

NIICH3

NHCzHs

N(CHa)z

NHe,,H,

NHCliHs

NIIC6Ht-Cl-P

NH,NH,.NH:NH,,N

 }-{,NH,NHzNH,,OCH3O-C6II4TCI-p

111p  (CC)94-9596-97

 71-7297-98158-15965-6768-6984-85

 91-93
 79-8145-47LiquidLiqujd

 95-97I26-127

 53-54

 75-76Liquid46-47

 58-60

 4(F4B

 54-56

 51-5313<L-l3{.]

 50-51143-14Sll2-114107-108122-l24IS4158160.l61175-176122-l2S149-150145-147

120-122235-23645-46

 92-94

plso4.4e5,175,12tl.I93,894.7U3.673.743.285.184.884.614.324.555.054.985.284.493.81r)

 .ol4-.824.734.504･.894.895.ILt4.684.734.015.315.]74.794･.824.684･.864.394,6il5.144.il･1

 log P(S)
m

 

'g.io

  tl.07

  4.21
  5,26
  (i.03

  5,40

  6,17
  5,93
  6,69

  3.66

  4,19

  4.72

  5,25

  4.86

  3.50

  4,e3

  4,56

  5.61

  6,66

  3,71

  .:) , 22
  4,17

  4,70

  3.04

  3.57

  3,2fi

  4,33
  -,70

  .'),{io

  2.･l5

  2.82
  4,el

  4,lr)

  4.92

  4,68

  5,45

  1.21

  3,6I

  5.57

tlie Eq. <4) was  calculated  as  2.91, a  little

inore  liydruphobic coinpared  with  thc log P
value  (ca, 2.4) in our  previous paper.2) Ac-

cordingly,  it is considered  that the activity  of

trichloromethi}Tl-1,3,i)-triazine nitrification  in-

hibiters mav  become  maximum  "']]en  ]u.cr. 1'

value  is belew 3.0. Bx' the use  of  this value,

it will  beconie to  pussible to design highl>'

active  1,3,5-triazine nitrification  inhibitors.

Design  and  synthetic  studies  of  1,3,5-tnazme

nitrification  inhibitors using  P.SAR have  yet
to be investigated furthcr before we  make  sure



Pesticide Science Society of Japan

NII-Electronic Library Service

Pestioide 　Soienoe 　Sooiety 　of 　Japan

368 日本農薬学会誌 第 工8 巻 第 4 弓
．

平成 5 年 工1 月

how 　this　approach 　usillg 　QSAR　can 　be 包pplicd
widely 　iT） the 　development 　of　 Ilew 　n ｛trification　　　12｝

inhibitors，
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要 約

　新規 トリク ロ ロ メチ ル ー1
，
3

，
5 一トリ ア ジ ン 系 硝

　酸化成抑制剤の合成 と構造 活性相関

　　　　　　　　　　　岡野夏子 ， 村上　学 ， 宮本美子

　　　　　　　　　　　小泉和也 ， 小川 人士 ， 若林　攻

　 トリ ク 卩 ロ メ チ ル
ー1，3，5一ト リ ア ジ ン 系化合物 は，硝

酸化成抑制剤 と し て の 効果 が 知 られ て い る．本研究 で

は ，新規 トリ ク ロ ロ メ チ ル
ー1，3，5一ト リア ジ ン 系硝酸イ匕

成抑制剤 を 求 め て ，合成，硝酸化成抑制効果 の 測定お よ

び 定 量的構造活性相関を 行 な っ た ． ト リ ク ロ ロ メ チ ル
ー

L3 ，5一ト リ ア ジ ン 系 化合 物 は， ル イ ス 酸触媒を 用 い た

〔共）三 量化反応 お よ び ト リ ク ロ ロ メ チ ル
ー1，3，5 ト リ ァ

ジ ン 系化合物 の 求核置 換 反 応 に よ り合成 した ．硝酸化 成

抑制効果 は ，畑土壌 を 用い て 硝酸菌 に 対す る 阻害効果を

測定する こ と に よ っ て求め た．高活性を示す化合物は ，

1）lsoが 4．5〜5．5 で あ り，（ア ル キ ル ）ア ミ ノ 基 お よ び ト

リ ク ロ ロ メ チ ル 基 を 必ず ・つ もつ もの で あ っ た．ま た ，

半経験的計算法に よ っ て 求 め た 疎水性 パ ラ メ ータ logP

〔s＞と ， 硝 酸 化成抑制効va　pl ・・ と の 問 に 良好 な 相関 が

見 られ ，最適 logP （S）は 2．91 で あ る こ とが わ か っ た ，

ま た 前報 で の 最適 k）gP が 約 2．4 で あ っ た こ と か ら ，

今後 ト リ ク ロ ロ メ チ ル
ー1，3，5一ト リ ア ジ ン 系硝駿化成抑

制剤 を検索す る に あ た っ て は， LogP （S｝が 3 以 下の 化

合物 を 分子設計する こ と に よ り，高活性 の 化合物を得る

こ とが 期待で き る ．
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