Pestici de Science Society of Japan

Original Article

J. Pesticide Sic. 18, 361-368 (1993)

Synthesis and Structure-Activity Relationship of
Newer Trichloromethyl-1,3,5-triazine
Nitrification Inhibitors

Natsuko OkaNO, Manabu Murakami, Yoshiko M1yAMoTO,*
Kazuya Koizuwmi, Hitoshi Ocawa
and Ko WAKABAYASHI

Graduate School of Agricultural Science, Tamagawa University,
Tamagawa-gakuen, Machida 194, Japan
*Departiment of Chemistry, School of Hygienic Science, Kitasato University,
Kitasato, Sagamihava 228, Japan

(Received May 12, 1993; Accepted July 21, 1993)

Various trichloromethyl-1,3,5-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
CCLCN in the presence of Norton-Wakabayashi complex catalyst, e.g. AlBrg-HCl. 2-Amino-
4-substituted-6-trichloromethyl-1,3,5-triazines were obtained through the haloform type of
reactions of trichloromethyl-1,3,5-triazines with amines. The pl;, values of highly active
trichloromethyl-1,3,5-triazines were 4.5-5.5. Essentially they have a CCls-group and an
amino or alkylamino group in the three substituents of 1,3,5-triazine ring. QSAR between
plso values and log P(S) parameters were investigated by multi-parameter regression analysis.
Hydrophobic parameters, log P(S) estimated by semi-empirical calculation, were used for
convenience instead of log P(H) determined by HPLC in this QSAR study. The optimum
log P(S) was calculated as 2.91, a little more hydrophobic figure compared with the log P

value (ca. 2.4) in our previous paper.

By the use of this value, it will become possible to

design highly active trichloromethyl-1,3,5-triazine nitrification inhibitors.

INTRODUCTION

Nitrification is the process of conversion of
NH,*-N into NOs™-N via NO2"-N. The formed
NO;™-N is soluble in water and not adsorbed
onto the soil as NH.+*-N. Consequently a con-
siderable amount of nitrogen is lost through
leaching. Then the nitrification may result
in inefficient crop use of nitrogen during
some growth stages. Therefore control of
nitrification should lead to increase in effici-
ency of nitrogen use by plants manifested as
improvement in crop growth, yield and
quality. The control can be achieved by in-
hibiting the nitrifying bacteria with chemicals.
The ideal nitrification inhibitor should have

specificity to nitrifving bacteria. The in-
hibitor should also be nontoxic to 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 its mobility in soil, and it should
be sufficiently persistent in action so that
nitrification is inhibited for an adequate period
of time. Furthermore, such a chemical should
be a low cost additive to fertilizer. It should
inhibit the conversion of NH.*N to NO:™-N
t.e., inhibit Nitrosomonas growth or activity.
However, it should not inhibit Niutrobacter
since such inhibition could cause an undesira-
ble accumulation of nitrite.> It is reported
that 1,3,5-triazines may have nitrification
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inhibitory activity by inhibiting action of
ammonia-oxidizing bacteria.® In the report,
only limited numbers of 1,3,5-triazines with
limited range of log P values were discussed
concerning quantitative structure-activity re-
lationships (QSAR). In this paper, we at-
tempted to use wider range of log P parame-
ters, in order to obtain more precise OSAR,
and more active nitrification inhibitors.

MATERIALS AND METHODS

1. Synthesis of 1,3,5-Triazines
1.1 2-(p-Chlovobenzylthio) - 4, 6 - bis (trichloro-
methyl)-1,3,5-triazine (9)

A mixture of CCLCN (31.0 g, 0.22 mol), p-
chlorobenzyl thiocyanate (20.0g, 0.11 mol)
and AlBr: (3.0g) were placed in a flask.
Anhydrous hydrogen chloride was saturated at
—20°C with stirring. The reaction mixture
was kept at —10°C for 12 hr and then at room
temperature for the further 12 hr. Hydrogen
chloride gas was then removed from the reac-
tion mixture by a water pump under reduced
pressure. After washing with cold water, the
residue was recrystallized from ethanol to
give 35.7g of 2-(p-chlorobenzylthio)-4,6-bis-
(trichloromethyl)-1,3,5-triazine (709,). mp 91—
93°C (lit.* 91-93°C). Anal. Found: C, 30.25;
H, 1.35; N, 8.95, Calcd. for Ci:HeNsCLl:S: C,
30.50; H, 1.28; N, 8.89%,. 'H NMR dns''s
ppm: 449 (2H, s, CH:), 7.30 (2H, d, /=83
Hz, H-2 and H-6 of phenyl), 7.43 (2H, d, J=
8.3 Hz, H-3 and H-5 of phenyl). *C NMR

trs ¢ ppm: 34.84 (td, 'Jcu=1434, *[cu=3.6
Hz, SCH:), 94.37 (s, CCls), 128.91 (dd, *Jen=
165.4, *Jcn=5.6 Hz, C-3 of phenyl), 130.58
(ddt, 'Jen=161.8, *Jen=3.7, *Jcu=12.9 Hz,
C-2 of phenyl), 133.89 (td, *2Jcu=3.7, *Jeu=
12.9 Hz, C-1 of phenyl), 134.12 (dd, 2Jcu=3.7,
*Jen=11.0 Hz, C-4 of phenyl), 173.39 (s, C-4
and C-6 of triazine), 186.17 (t, *Jcn=5.5 Hz,
C-2 of triazine). IR wmic cm™: 1540 (1,3,5-
triazine ring). According to this procedure
1,3,5-triazines (1-8) were prepared.

1.2 2-Methvl-4-propviamino- 6-trichloromethyl-
1,3, 5-triazine (17)

A solution of n-propvlamine (0.94 g, 0.016
mol) in 5ml of tetrahydrofuran (THF) was
added dropwise at 0-5°C to a solution of 2-
methyl-4, 6-bis(trichloromethyl)-1, 3, 5-triazine
(2) (3.3g, 0.0l ml) in 20ml of THF. After

stirring for 3 hr at room temperature, the reac-
tion solution was concentrated in a vacuum
and the residue was recrystallized from n-
hexane to give 1.96 g of the title compound in
73%, yield. mp 77-80°C (lit.# 75-76°C). Anal.
Found: C, 35.83; H, 4.14; N, 20.74, Calcd. for
CsHuN.Cls: C, 35.60; H, 4.14; N, 20.809,.
MS m/z: 268 (M*), 253 (M+*—CHs) and so on.
'H NMR d0ng™'s ppm: 0.98 and 1.00 (3H in
total, t, /=7.88 and [J=7.33 Hz, together
CHs), 1.66 (2H, sextet, /=7.33 Hz, CH:), 2.52
and 2.58 (3H in total, s, together CHs), 3.49
and 3.50 (2H in total, m, together NHCH:),
5.94 and 6.13 (1H in total, bs, together NH).
BC NMR 08¢’ ppm: 11.80 (qt, 'Jcu=125.0,
8Jen=7.4 Hz, CH.CHs), 22.44 and 22.48 (each
t, 'Jen=126.9 Hz, together CH:.CH:), 42.78
and 42.92 (each t, 'Joun=132.9 Hz, NHCH:),
95.92 and 96.18 (each s, together CCls), 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 178.44 (each q, *Jcu=
7.3 Hz, together C-2 of triazine). IR wiis
cm™': 1522, 1330 (1,3,5-triazine ring). For
reference, analytical data of 2-methyl-4-methyl-
amino-6-trichloromethyl-1,3,5-triazine (15) and
2-methyvl-4-dimethylamino- 6 -trichloromethyl-
1,3,5-triazine (20) are shown below; the
triazine (15), Anal. Found: C, 30.25; H, 2.66;
N, 2289, Caled. for CeH:N4Cls: C, 2990, H,
292; N, 23.209%,. 'H NMR dn’'s ppm: 2.54
and 2.60 (3H in total, each d, CHs), 3.10 and
3.12 (3H in total, d, J=4.88 Hz, NHCHs),
6.29 and 6.54 (I1H in total, each bs, together
NH). C NMR d7s’"s ppm: 27.87 and 28.04
(q, *Jen=139.5 Hz, NHCH3), 95.96 and 96.12
(each s, together CCls), 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, ®Jcn=7.3 Hz, together
C-2 of triazine), TR wviglf cm™: 1540, 1620
(1,3,5-triazine ring), and 1,3,5-triazine (20),
Anal. Found: C, 31.50; H, 3.62; N, 22.99,
Caled. for C:HeN.Cls: C, 32.90; H, 3.55; N,
21.939,. 'H NMR J0n’'s ppm: 2.54 (3H, s,
CHas), 3.26 and 3.27 (each 3H, each s, N<@i3).
BC NMR d7’'s ppm: 26.01 (s, J=128.7 Hz,
CHs), 36.56 and 36.60 (each s, J=137.9 Hz,
N<én, 96.67 (s, CCls), 165.13 (s, J=7.3 Hz,
C-4 of triazine), 17248 (s, J=7.3 Hz, C-6 of
triazine), 177.49 (s, J=7.3 Hz, C-2 of triazine),
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IR vl em™: 1540, 1620 (1,3,5-triazine ring).

1,3,5-Triazines (10-16, 18-26) were prepared

In a similar manner.

1.3 2-(p-Chlorophenviamino)- 4 -methvithio-6-
trichlovomethyl-1,3 5-triazine (29)

A mixture of 2-methylthio-4,6-bis(trichloro-
methyl)-1,3,5-triazine (3.6 g, 0.01 mol), p-
chloroaniline (1.3 g, 0.01 mol), triethylamine
(1.5g, 0.015mol) and 100 ml of chloroform
was refluxed, with stirring, for 48 hr. After
excess triethylamine and chloroform were
removed by distillation, the resulting brown
oil was purified by silica gel column chromatog-
raphy to give 2.0 g of the title compound in
539% yield. mp 122-124°C. Anal. Found: C,
35.94; H, 2.16; N, 15.14, Calcd. for CiiHsN-
CLS: C, 35.70; H, 2.18; N, 15.149,. MS m/z:
368 (M*) and so on. 'H NMR 458" ppm:
2.77 (3H, s, SCHs), 7.32 (2H, d, J=9.0 Hz,
H-2 and H-6 of phenyl), 7.60 (1H, bs, NH),
762 (2H, d, J=9.0Hz, H-3 and H-5 of
phenyl). "*C NMR 8:if’'s ppm: 13.67 (q, J=
141.85 Hz, SCHs), 95.56 (s, CCls), 121.77 (d,
'Jeu=164.94 Hz, C-2 of phenyl), 129.04 (d
'Jon=164.14 Hz, C-3 of phenyl), 129.77 (s
C-4 of phenyl), 135.58 (s, C-1 of phenyl), 162.82
(s, C-2 of triazine), 171.70 (s, C-6 of triazine),
184.53 (s, C-4 of triazine). IR ik cm™:
1510, 1560 (1,3,5-triazine ring). According to
this procedure, 1,3,5-triazines (27 and 28) were
prepared.

1.4 2-Amino-4-phenvithio- 6 -trichloromethyl-
1,3, 5-triazine (33)

A mixture of 2-phenylthio-4,6-bis(trichloro-
methyl)-1,3,5-triazine (4.24 g, 0.0l mol) and
2.5ml of concentrated ammonium hydroxide
was stirred at 0°C for 1 hr. The formed soild
was recrystallized from ethanol to give 2.83 g
of title compound in 889, yield. mp 122-

123°C  (lit.» 122-124°C). Anal. Found: C,
37.11; H, 1.94; 17.35, Calcd. for CioH7N4ClsS:
C, 37.35; H, 2.19; N, 17.48%. 'H NMR

dnrs s ppm: 5.95 and 6.22 (2H, each bs, NHz),
7.41 (3H, m, phenyl), 7.58 (2H, m, phenyl).
BC NMR dats’s ppm: 95.32 (s, CCL), 127.14
(t, *Jen=7.3 Hz, C-1 of phenyl), 129.15 (dd,
Jen=161.8, ®Jon=11.0 Hz, C-4 of phenyl),
129.79 (dd, *Jcx=161.8, C-3 of phenyl), 135.35
(dd, *Jcu=163.7, C-2 of phenyl), 166.13 (s,
C-2 of triazine), 172.11 (s, C-6 of triazine),
183.94 (s, C-4 of triazine). IR vl cm™: 1545,

1504 (triazine ring). 1,3,5-Triazines (30-32,

34-37) were obtained in a similar manner

described above.

1.5 2-Methoxy-4, 6-bis(trichlovomethvi) - 1, 3, 5-
triazine (38)

I"ifteen gram of triethylamine was added at
0°C to the solution of 2,4,6-tris(trichloro-
methyl)-1,3,5-triazine (21.7 g, 0.05 mol) in 100
ml of methanol. The reaction mixture was
kept between 0°C and 5°C for 5 hr. After a
small amount of solid material was filtered off,
the triethylamine, excess methanol and chloro-
form formed were removed by vacuum dis-
tillation at room temperature. The residue
was purified by silica gel column chroma-
tography to give 10.4 g of 2-methoxy-4,6-bis-
(trichloromethyl)-1,3,5-triazine in 609%, yield.
mp 45-46°C (lit.* 46°C). Anal. Found: C,
20.70; H, 0.95; N, 12.33, Calcd. for CeHsNsCle-
O: C, 20.84; H, 0.87; N, 12.15%,. 'H NMR
dnis’s ppm: 4.29 (s, 3H, OCHs). *C NMR
dnrs s ppm: 57.02 (q, 'Jen=149.0 Hz, OCHs),
94.20 (s, CCls), 172.80 (s, C-4 and C-6 of tri-
azine), 176.80 (s, C-2 of triazine). IR wE3;
cm™: 1568, 1545 (1,3,5-triazine ring).

1.6 2-(p-Chlorophenoxy)- 4, 6-bis(trichlorometh-
yl)-1,3 5-triazine (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 using
POCls, the former being obtained by the halo-
form reaction of 2,4,6-tris(trichloromethyl)-
1,3,5-triazine with water in the presence of
triethylamine.” A solution of 2-chloro-
4,6-bis(trichloromethyl)-1,3,5-triazine  (1.25 g,
0.005 mol) in 10 ml of THIF was added drop-
wise at room temperature to a solution of p-
chlorophenol (0.65 g, 0.005 mol) and triethyl-
amine (0.5g, 0.005mol) in 15ml of THF.
After stirring for 2 hr, triethylamine hydro-
chloride formed was filtered off and the solvent
was evaporated in wvacuo. The residue was
purified by silica gel column chromatography
to give 1.55 g of 2-(p-chlorophenoxy)-4,6-bis-
(trichloromethyl)-1,3,5-triazine in 709, vield.
mp 85-95°C. Anal. Found: C, 30.12; H, 1.02;
N, 9.25, Caled. for Ci1H«NsCl-O: C, 29.86; H,
0.91; N, 9.50%,. MS m/z: 439 (M*) and so on.
'H NMR 0nis’" ppm: 2.27 (d, /=8.79 Hz, H-2
and H-6 of phenyl), 7.45 (d, /=8.79 Hz, H-3
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and H-5 of phenyl). 3#*C NMR d7’® ppm:
93.89 (s, CCls), 122.35 (dd, *Jen=167.3, * Jcu=
3.7 Hz, C-2 of phenyl), 129.92 (dd, 'Jen=
169.1, *Jen=5.6 Hz, C-3 of phenyl), 132.37
(dd, 2Jen=3.7, *Jer=11.0 Hz, C-4 of phenyl),

149.61 (dd, *Jecu=3.7, *Jcu=11.0 Hz, C-1 of
phenyl), 172.13 (s, C-4 of triazine), 177 34 (s,
C-2 and C-6 of triazine). IR v em™: 1560

(1,3,5-triazine ring). 1,3,5-Triazines (27, 28)
were prepared in a similar method using cor-
responding  2-chloro-4-substituted-6-trichloro-
methyl-1,3,5-triazine and anilines.

All the reaction products were purified by
recrystallization and/or column chromatog-
raphy, and their structures were confirmed
by IR-, NMR-, mass-spectroscopy and ele-
mentary 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 **C NMR spectra were
determined in CDCls or DMSO-ds solution on a
JMN-EX400 spectrometer operating at 400
MHz. The mass spectra (75 eV) were recorded
on a JEOL JMS D100 mass spectrometer.

2. Evaluation of Nitrification Inhibitory Ac-
tivity

Ten gram of sterilized soil (150°C, 2 hr) and
62.5 mg of each 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 1. In each wide mouthed culture
flask, 25 g of the upland soil, 16.5 mg of urea
and the appropriate amount of the 1,3,5-
triazine formulation were added and mixed
well. Then the moisture of test soil mixture
in the flask was adjusted to 509%, of the field
capacity by adding water and pH of the soil
to 6.8 with CaCOs. The flasks were sealed
with cap with 5 holes, whose diameter was 2
mm, and incubated in a dark room at 28°C for

14 days. The molar Is;0 value of each 1,3,5-
triazine was calculated according to the
method described by Murakami et al® To
discuss the nitrification inhibitory activity of
1,3,5-triazines, plso values (negative loga-
rithms of the molar Is,) were used as nitrifica-
tion inhibitorv indices in this paper.

3. Deteyrmination of Hvdrophobicitv Parame-
ters, log P(H) and log P(S)

3.1 Log P(H) by HPLC method

Hydrophobicity parameters, log P(H), of
twelve of 1,3,5-triazines (2, 6, 10, 14, 22, 26,
27, 29, 30, 32, 34, 39) were determined by
HPLC method using ODS column (Inertsil
ODS 4.6 x 250 mm) and methanol-water (8: 2)
as mobile phase.®
3.2 Log P(S) bv semi-empirical method

Since it was rather hard works to determine
log P(H) for all thirty-nine 1,3,5-triazines
even by HPLC method, we tried to estimate
log P(S) for triazines in this study, using semi-
empirical method based upon the additive
property of m value. In the first place, the
7 value (3.03) of trichloromethyl-1,3,5-triazine
moietvy was estimated as the mean of the =
values for the twelve 1,3,5-triazines. The 7
values were calculated by the Eq. (1) using
log P(H) values for twelve 1,3,5-triazines de-
scribed in 3.7 and the substituent’s 7 values of
Rekker.” 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 of
log P(S) in Table 2).

log P ( /T\AlN - mR)-m (R )=n( N/KP ) (1)
CliC \N/k R, e A )\
R

NN
g CRNEPN ¢ Net

IFor reference, see the log P(S) and log P(H)
for twelve 1,3,5-triazines; Compd. 2, 4.07 and

Table 1 Physical and chemical properties of soil tested.
pH (H,0) 5.67 CEC (meq/100 g soil) 18.28
(KC1) 5.46
Total C (%) 11.58 NH+-N (mg/100 g soil) 1.25
Total N (%) 0.62 NO;—N (mg/100 g soil) 1.72
C/N 18.7
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3.78; 6, 6.17 and 6.67; 10, 4.19 and 4.09; 14,
4.86 and 4.93; 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, 4.01 and 3.91; 34, 4.92 and
451 and 39, 5.57 and 5.67. The estimated
log P(S) values were well correlated with
log P(H) as shown in the Eq. (3).
log P(S)=0.884log P(H)+0.538  (3)
(£0.123)
(n=12, »=0.981, s=0.211]

4. Quantitative Structure-Activity Relationship
(QSAR) for 1,35-Triazine Nulrification
Inhibitor

QSAR between pls values and log P(S)
parameters were investigated by multi-parame-
ter regression analysis. Hydrophobic parame-
ters, log P(S), were used instead of log P(H) in
this QSAR study.

RESULTS AND DISCUSSION

1. Synthesis of 1,3,5-Triazines

1.1 Trimerization and
CCI,.CN

Trichloromethyl-1,3,5-triazines (2-9) were

prepared by trimerization or cotrimerization
using CCLCN in the presence of Norton-
Wakabayashi complex catalyst, ¢.g. AlBrs-
HCL.'® Although trimerization of CCI:CN
was extremely slow in the presence of HCI in
contrast to aromatic nitriles trimerized readily
in the atmospheric pressure, the addition of a
small amount of anhydrous AlBrs with HCI
in trimerization of CCLCN greatly activates
the reaction, reducing time required for com-
pletion of the reaction to only a few hours.
Also in the cotrimerization of CCLCN with
other cyanides, the complex catalyst gave good
results, and only 2-substituted-4,6-bis(tri-
chloromethyl)-1,3,5-triazines were obtained
when molar ratio, CClsCN/other cyanide=2/1,
was used. The mechanisms of (co)trimeriza-
tion are very complicated and experiments are
under way to elucidate them in our labora-
tory.

1.2 Haloform tvpe of reactions of trichloro-
methyl-1,3,5-triazines with amines or al-
cohols

The amino-1,3,5-triazines (10-37) were pre-
pared by the reaction of 2-substituted-4,6-bis-

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

cotrimerization  of

with appropriate amines. Although the CCls-
group in 2-substituted-4,6-bis(trichloromethyl)-
1,3,5-triazines was readily replaced by means
of concentrated ammonium hydroxide or al-
kylamines to give 2-amino-4-substituted-6-
trichloromethyl-1,3,5-triazines (10-26, 30-37),
2-arvlamino-4-substituted- 6 - trichloromethyl-
1,3,5-triazines (27-29) were obtained through
the reaction of trichloromethyl-1,3,5-triazines
with arylamines only in the presence of tri-
alkylamine. Since chloroform was evolved in
the reactions, it was considered that CCls-
group was replaced by amino group via 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 of the CCls-
group could be replaced, but the third was
resistant to attack by the amines. The re-
placement of the first CCls-group took place at
0-10°C, while the second group replaced at
20-30°C.  2-Methoxy-4,6-bis(trichloromethyl)-
1,3,5-triazine was prepared by the reaction of
2,4, 6-tris(trichloromethyl)-1, 3, 5-triazine (1)
with methanol in the presence of triethyl-
amine at 0°C, through the similar haloform
type of reaction of the 1,3,5-triazine (1) with
amines.

The 'H NMR spectrum of 2-methyl-4-
methylamino-6-trichloromethyl-1, 3, 5- triazine
(15) in CDCls showed a set of resonance for the
particular protons, i.c., two signals at ¢ 2.54
and 2.60 for the 2-methyl protons, two signals
at 8 3.10 (d, J=4.88 Hz) and 3.12 (d, /=4.88
Hz) for the N-methyl protons and two signals
at ¢ 6.29 and 6.54 for the NH proton. The
3C NMR spectrum of the compound 15 also
showed a similar spectral characteristic z.e.,
two signals at & 2549 (q, /=128.7 Hz) and
2590 (q, J=128.7Hz) for the 2-methyl
carbon, two signals at § 22.87 (q, J=139.5 Hz)
and 28.04 (q, J=139.7 Hz) for the N-methyl
carbon, and two signals at 4 95.96 and 96.18
for the trichloromethyl carbon, two signals at
& 166.29 and 166.59 for the C-4 carbon, two
signals at & 172.42 and 173.21 for the C-6
carbon and two signals at ¢ 177.14 and 178.56
for the C-2 carbon. However, the dimethyl-
amino analog (20) did not exhibit such sets of
resonances in both 'H and *C NMR spectra
(see 'H and *C NMR data described in
MATERIALS AND METHODS .2). The observed
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spectral characteristic of compound 15 may
be explained in terms of the non-equivalency
of the observed nuclei caused by the molecular
unsymmetry and the restricted rotation be-
tween the ring carbon (C-4) and methylamino
nitrogen bond. The strong electron-with-
drawing property of the trichloromethyl group
can attract the =m-electrons on the triazine
ring and further the lone electron pair on the
methylamino nitrogen, rendering the bond
between C-4 and nitrogen a kind of partial-
double bond character. Accordingly several
sets of two resonances in 'H and *C NMR
spectra can be observed due to a sort of syn-
anti isomerism of C-N bond occured in mag-
netic field.
1.3 Reaction of 2-chloro-4, 6-bis(trichlorometh-
vl)-1,3,5-triazine with phenol

Since the haloform reaction of 2,4,6-tris-
(trichloromethyl)-1,3,5-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) was prepared
by the reaction of 2-chloro-4,6-bis(trichloro-
methyl)-1,3,5-triazine with p-chlorophenol. By
the reaction of 2-chloro-4,6-bis(trichloro-
methyl)-1,3,5-triazine with anilines, 1,3,5-tri-
azines (27-29) were also prepared.

2. Relation between Structure and Nitrification
Inhibitoryv Activity of 1,3,5-Triazines

Various trichloromethyl-1,3,5-triazines and
their nitrification inhibitory activity are listed
in Table 2. The plso values of highly active
trichloromethyl-1,3,5-triazine  were 4.5-5.5.
Compounds 17 and 30 were the most potent
nitrification inhibitors, compounds 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 moderately
active inhibitors. Less activity was observed
with other compounds tested. Essentially
they have a CCls-group and an amino or
alkylamino group in the three substituents of
1,3,5-triazine ring. For example, the com-
pound (10-37) with amino group(s) are more
active than the compound (1-9, 38, 39) without
amino group. Especially compound 10, 17
and 26 were most potent inhibitors. Intro-
duction of short chain (Ci-Cs) alkyl group in
amino substituent improved the inhibitory

activity. Introduction of aryl group in amino
substituent gave less active compounds (27—
29). This fact indicates that some suitable
hydrophobicity is necessary for the activity.
The third substituent in the active 2-amino-4-
trichloromethyl-1,3,5-triazine should be methyl
(15-18, 20, 21, 31) or methoxyl (24-26) for
high activity. It is summarized that the sub-
stituents combination consisted of a CCls-
group, a short chain alkyl amino group and
methyl or methoxyl group increase the nitri-
fication inhibitory activity. OSAR study was
also carried out to obtain the best combination
of three substituents of 1,3,5-triazine ring.
Electronic parameters, ¢.g. Hammett o con-
stants, and steric parameters, e.g. Verloop
sterimol parameters, were omitted from QSAR
study, because the inhibitory effect was not
correlated with parameters mentioned above.
The best correlation obtained was expressed
by the Eq. (4) using log P(S).

pIsoZ —0118Llog P(S)]Z

(+0.036)
+0.626 log P(S)+4.078 (4)
(£0.318)  (£0.686)

=39, »=0.903, s=0.217]

In this equation, n stands for the number of
data, » the correlation coefficient and s the
standard deviation. The figures in paren-
thesis are the 959%, confidence intervals. The
Eq. (4) indicates that hydrophobic parameters,
or log P(S), play an important role in deter-
mining the activity, as we predict in the quanti-
tative consideration on the inhibitory-activity
mentioned previously.” To confirm whether
the log P relates aggregately to the perme-
ability of the compounds in soil environment or
directly to the action mechanism of the in-
hibitors against the nitrifying microorganisms
in soil, further study has started already in our
laboratory.'»** Here, the log P(H) values of
the 1,3,5-triazines were estimated by rather
laborious HPLC determination. If log P values
are alwayvs available and used conveniently by
svnthetic chemists, the molecular design of
the active 1,3,5-triazine nitrification inhibitors
will proceed rapidly. Therefore we designed
and estimated log P(S) values according to a
semi-empirical method described in MATERIALS
AXD METHODS 3.2. The optimum log P(S) in
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Table 2 pls and log P values of 1,3,5-triazines.

CClg
2
N7 |N
BN R,

No. R, R, mp (°C) plso log P(S)
1 CCly CCl; 94-95 4.48 3.70
2 CCl, CH; 96-97 5.17 4.07
3 CCl; CH;S 71-72 5.12 4.21
4 CCly CeH; 97-98 4.19 5.26
5 CCl;, C¢H,-Cl-p 158-159 3.89 6.03
6 CCl, S-CgHj 65-67 4.70 5.40
7 CCl; S-CeH -Cl-p 68-69 3.67 6.17
8 CCl, SCH,-C¢Hj 84-85 3.74 5.93
9 CCl, SCH,-C¢H4-Cl-p 91-93 3.28 6.69

10 CCl, NHCyHj 79-81 5.18 3.66
11 CCl; NHC;H, 45-47 4.88 4.19
12 CCly NHC,H, Liquid 4.61 4.72
13 CCl, NHCsH;y, Liquid 4.32 5.25
14 CCl; NH-CH,-C¢H; 95-97 4.55 4.86
15 CH, NHCH; 126-127 5.05 3.50
16 CH, NHC,H; 53-54 4.98 4.03
17 CH; NHC;H; 75-76 5.28 4.56
18 CH; NHC:Hy, Liquid 4.49 5.0l
19 CH, NHC:Hy; 4647 3.81 6.66
20 CHj N(CHs;), 58-60 5.01 3.71
21 CH;, NH-CH;-C¢Hs 46-48 4.82 5.22
22 CH;S NHCH; 54-56 4.73 4.17
23 CH,S NHC;H, 51-53 4.50 4.70
24 CH,;0 NHCH, 134-136 4.89 3.04
25 CH;0O NHC,H; 50-51 4.89 3.57
26 CH,;O N(CHs;)s 143-145 5.12 3.26
27 CCly NHCgHs 112-114 4.68 4.33
28 CH; NHC¢H; 107-108 4.73 4.70
29 CH;S NHCH-Cl-p 122-124 4.01 5.60
30 CCly NH,; 154-158 5.31 2.45
31 CH, NH,; 160-161 5.17 2.82
32 CeH; NH, 175-176 4.79 4.01
33 CeH;s-S NH, 122-123 4.82 4.15
34 p-Cl-CeH4-S NH; 149-150 4.68 4.92
35 CeH5-CH,S NH; 145-147 4.86 4.68
36 p-Cl-CeH,4-CH,S NH; 120-122 4.39 5.45
37 NH, NH; 235-236 4.64 1.21
38 CCly OCH; 45-46 5.14 3.61
39 CCly 0O-Ce¢H4-Cl-p 92-94 4.41 5.57

the Eq. (4) was calculated as 2.91, a little
more hydrophobic compared with the log P
value (ca. 2.4) in our previous paper.” Ac-
cordingly, it is considered that the activity of
trichloromethyl-1,3,5-triazine nitrification 1in-
hibitors may become maximum when log P

value is below 3.0. By the use of this value,
it will become to possible to design highly
active 1,3,5-triazine nitrification inhibitors.
Design and synthetic studies of 1,3,5-triazine
nitrification inhibitors using QSAR have yet
to be investigated further before we make sure
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how this approach using QSAR can be applied
widely in the development of new nitrification
inhibitors.
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FRMV/O00LFL-1,3,5-b U7V R
MALSHAHIRIDO & B & & EE1ER
MBETF, b % =2AKETF
INFEF, DAL, #Ek &

Y smaxFou-1,35-0) 7o o RBEWE, Gl
BARIDHEHE & L TOBR L AL TS, KR T
2, RN 2aa 2570-1,8,5-Y 7o R EEL
BREE R A KD T, Bk HEBAERIDEIZROBIE S L
OEBMEEEEERR Y T/ -7, MY et Fou-
,L3,5-ru 7o rR{6a8mis, w4 2B A Buvic
(=B ERIEELO Y 7eax5701-1,3,5- Y 7
O URMCEYORBBHIIGITL D BR L. HERLR
MEIRRIZ, WY A CHBE YT A HESE A
HET D Sk »Tkdic. BEELZRTRLEDE,
plso 28 45~55 ChH v, (Faxn) 73 /7 EEBIOH
JraaXFuEYRT D23 08DTH 7. £,
MBI EEIC L o TROCEUKE RS # — % log P
(S) &, HhHRERIFIZIE plso & D M IC BIF 7o HEIMN
Rbh, B#log P(S) X291 ThbHI Endbdoic.
FEIBTCOBEIogP 73\ 24 Tholol &b,
S b) o xFou-1,3,5- ) 7 oA R
HiFlZ BRT DT Hiz-Tid, log P(S) M3 LUFDL
BYESTFRITHILCLD, GEEOLAEY LB
ZENHIRFTE .
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