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A series of novel furan/thiophene and piperazine-containing 1,2,4-triazole Mannich bases and bis(1,2,4-triazole)
Mannich bases have been conveniently synthesized via Mannich reaction with triazole Schiff bases, various pipera-
zine derivatives, and formaldehyde as intermediates in good yields. Their structures were characterized by melting
points, "H NMR, "*C NMR, IR and elemental analysis. The preliminary bioassay showed that most compounds ex-
hibited significant in vitro and in vivo fungicidal activity against several test plant fungi. Among 32 new compounds,
the trifluoromethyl-containing compounds showed superior activity than the methyl-containing ones. Several com-
pounds, such as F8, F9, F10, G5, H7, HS8, 13 and 14, were comparable with some commercial fungicides against
different fungi during the present study and could be further structurally optimized. Meanwhile, several compounds
showed good herbicidal activity against Brassica campestris at 100 pg/mL and KARI inhibitory activity at 200
pg/mL. However, compounds exhibited poor insecticidal activity against oriental armyworm at 200 pg/mL in the
preliminary studies. The research results will provide useful information for the design and discovery of new agro-

chemicals with novel heterocyclic structures.
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Introduction

It is well known that the application of agrochemi-
cals has led to healthy crops, increased yields and eco-
nomic benefits. In view of the resistance and eco-bio-
logical problems associated with conventional pesti-
cides, the research and development of new leads with
novel structures, potent activities and eco-friendly
properties are urgently needed.!"*

Due to the interesting structural properties and ver-
satile biological activities, heterocyclic compounds have
attracted much attention in diverse areas. Particularly,
they are very important part in almost all kinds of agro-
chemicals. For examples, xazole fungicides Triadime-
fon and Triflumizole are an important class of hetero-
cyclic compounds that have long, protective, and cura-
tive activity against a broad spectrum of foliar, root, and
seedling diseases caused by many ascomycetes, basid-
iomycetes, and imperfect fungi.”> The carbamoyl tria-
zole herbicides are some of the most important agro-
chemicals for controlling grass in rice fields which are
widely used as pre-emergence herbicides to reduce
grass and some dicotyledonous weeds in oilseed rape,
soybean, maize, and other crop fields.!*” In spite of
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having been widely applied in pharmaceutical area, pi-
perazine-containing compounds also play an important
role in some agrochemicals, such as the systemic fungi-
cide Triforine, which has been found effective for the
control of a number of diseases in ornamentals, cereal
grains, fruits, and Vegetables.[g] Likewise, the furan and
thiophene rings are also associated with various useful
pesticidal activities, Pefurazoate and Trifensulfuron are
heterocyclic fungicide and herbicide containing a furan
ring and a thiophene ring, repectively.*'"!

Furthermore, there are several reports about the syn-
thesis and properties of heterocyclic ketone or thione
with substituted amino methyl at a-carbon, however
most of the researches focused on the pharmacological
activities of these heterocyclic Mannich bases, such as
antimicrobial,[“] antituberculous,“z] antitumor,m] and
anticancer activities.'" Overall, the researches of this
kind of compounds in agrochemical area are relatively
few, so further exploration for this topic might provide
novel agrochemical candidates. Therefore, it is neces-
sary to carry out extensive study on the various agro-
chemical activities of heterocyclic Mannich bases.

In our previous work, we reported some interesting
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1,2,4-triazole Mannich base structures containing tri-
fluoromethyl, piperazine and substituted phenyl groups
derived from heterocyclic Schiff base. Some of those
compounds displayed favorable herbicidal activity
against dicotyledon plant, and inhibitory activity against
ketol-acid reductoisomerase (KARI), one of the key
enzyme involved in the biosynthesis route of chain
amino acids leucine, isoleucine and valine.!"'" par-
ticularly, those compounds possessed significant fungi-
cidal activities against Pseudoperonospora cubensis,
Corynespora cassiicola and some other fungi as well,
which provided valuable information for us to further
structural modifications. The preliminary SAR studies
encouraged us to optimize the benzene ring and sub-
stituent on the piperazine ring.!"” In view of the purpose
to explore the biological activity related to agrochemical
properties of heterocyclic Mannich bases, a series of
novel methyl- and trifluoromethyl-containing triazole
Mannich bases with furan/thiophene and various sub-
stituted piperzaine moieties, and some novel bis(triazole)
Mannich bases were synthesized, the fungicidal, herbi-
cidal, KARI inhibitory and insecticidal activities of the-
se new compounds were investigated and the struc-
ture-activity relationships were discussed.

Experimental

Materials and methods

The melting points were determined on an X-4 bin-
ocular microscope melting point apparatus (Beijing
Tech Instrument Co., Beijing, China) and are uncor-
rected. 'H NMR spectra were measured on a Bruker
AC-P500 instrument (400 MHz) using TMS as an in-
ternal standard and DMSO-dg¢ or CDCl; as solvent. In-
frared spectra were recorded on a Nicolet MAGNA-560
spectrophotometer as KBr tablets. Elemental analysis
was performed on a Vario EL elemental analyzer. Par-
tial 4-substituted piperazine intermediates were pur-
chased from Aladin and Alfa Aesar reagent companies.
Anhydrous piperazine and other materials were pur-
chased from Nanjing Duodian Reagent Co. Ltd. All
solvents were dried by standard methods in advance and
distilled before use.

General synthetic procedure

4-Amino-5-methyl/trifluoromethyl-4H-1,2,4-
triaZ?I?—S—thiol D was prepared according to the litera-
ture.!"’

Preparation of 4-(2,4-disubstituted benzyl)piperazine
A

Referring to the literature method,!'®! to a solution of
anhydrous piperazine (50 mmol) in 20 mL 96% of eth-
anol was added con. HCI (25 mmol) (Scheme 1). The
mixture was stirred under reflux and substituted benzyl
chlorine (25 mmol) added dropwise over 5 min. The
mixture was refluxed for 4—=8 h with TLC monitoring,
then left overnight at room temperature. The solid pre-
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cipitated was filtered and washed with ethanol, the fil-
trate was evaporated in vacuum and the residue was
dissolved in 30 mL saturated K,COj; aq., extracted with
chloroform (8 mL X5). The chloroform solution was
dried with anhydrous Na,SO, and evaporated in vacuum.
The residue was then distilled under reduced pressure to
give compound A as a colorless liquid.

Al: yield 58%, b.p. 131—134 °‘C/10 mmHg; A2:
yield 41%, b.p. 138—141 ‘C/10 mmHg; A3: yield 36%,
b.p. 147—150 °‘C/6 mmHg.

Scheme 1 The synthetic routes of the intermediates A1—A3
and C1—C3

CH,CI Hel
+ HN NH ————
R2 R’ __/ EtOH, reflux
CH~N" ™
/©i K/NH
R R!

A1— A3
A1:R'=R?=H:; A2:R'=H, R?= CI; A3:
R'=R?=F
R3 R3
N N i i
j \%NHZ NaNO,, HCI Vi \%C Piperazine
—N ZnCI2, CH20|2 =N K2003, Hzo
R4 i~ 50 — 60 °C
B1—B3
R3
Vi N —
YN NH
=N
R4
c1—c3

B1,C1:R®=R*=H; B2, C2: R®=H, R*=Me; B3, C3:
R3=R*=Me

General synthetic procedures for 4-(4,6-disubstituted
pyrimidin-2-yl)piperazine C

2-Chloro-4,6-disubstituted pyrimidines B were pre-
pared by reaction of the diazonium salts of 4,6-disub-
stituted pyrimidin-2-amines with concentrated HCI and
ZnCL.M! Compounds C were prepared according to
reference!'® and the method was improved. To a stirred
solution of piperazine (45 mmol) and K,CO; (16.5
mmol) in water (20 mL), was added chloropyrimidine B
(18 mmol) in small portions at 50—65 “C. The mixture
was stirred for 1 h at 60—65 ‘C and cooled to 35 C.
The yellow solid, 1,4-bis(4,6-disubstituted pyrimidin-2-
yl)piperazine, was filtered off, and the filtrate was then
extracted three times with chloroform, dried over
Na,S0,, evaporated in vacuum to give C, which was
used for the following reactions without further purifi-
cation.

C1: yellow oil, yield 88%; C2: yellow solid, yield
81%, m.p. 45—48 C; C3: yellow solid, yield 79%, m.p.
82—84 C.
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General synthetic procedures for 4-[(furan/thiophen-
2-ylmethylene)amino]-5-methyl/trifluoromethyl-4 H-
1,2,4-triazole-3-thiol E

As shown in Scheme 2, Compound D (10 mmol) and
furan-2-carbaldehyde or thiophene-2-carbaldehyde (10.5
mmol) were mixed in acetic acid (15 mL). After having
been stirred and refluxed for 20 min, the reaction mix-
ture was cooled to room temperature. The resulting
crystals were filtered and washed with ethanol to give
Schiff base E.

E1 (X=0, RSZH): The compound was obtained in
84.6% yield as colorless crystals; m.p. 177—179 °C.'H
NMR (400 MHz, DMSO-dg) J: 13.73 (s, 1H), 9.87 (s,
1H), 8.05 (s, 1H), 7.33 (d, J/=3.4 Hz, 1H), 6.76 (dd, J=
3.3, 1.7 Hz, 1H), 2.31 (s, 3H).

E2 (X=S, R°=H): The compound was obtained in
89.1% yield as colorless crystals; m.p. 165—167 C.'H
NMR (400 MHz, DMSO-ds) o: 13.75 (s, 1H), 10.08 (s,
1H), 7.96 (d, J=4.9 Hz, 1H), 7.81 (d, J=3.5 Hz, 1H),
7.28 (t, J=4.3 Hz, 1H), 2.32 (s, 3H).

E3 (X=0, R’=F): The compound was obtained in
80.5% yield as colorless crystals; m.p. 146—148 C. 'H
NMR (400 MHz, DMSO-ds) J: 14.85 (s, 1H), 9.75 (s,
1H), 8.11 (s, 1H), 7.44 (d, J=3.6 Hz, 1H), 6.80 (dd, J=
3.0, 1.6 Hz, 1H).

E4 (X=S, R’=F): The compound was obtained in

88.6% yield as colorless crystals; m.p. 178—180 °C.'H
NMR (400 MHz, DMSO-dg) o: 14.85 (s, 1H), 10.05 (s,
1H), 8.01 (d, J/=5.2 Hz, 1H), 7.87 (dd, J=4.8, 3.6 Hz,
1H), 7.28 (dd, J/=5.0, 4.0 Hz, 1H).

General synthetic procedures for 1-[(4-(2,4-disubsti-
tuted benzyl)piperazin-1-yl)methyl]-4-(furan/thio-
phen-2-ylmethylene)amino-3-methyl/trifluoromethyl-
1H-1,2,4-triazole-5(4H)-thione F

As shown in Scheme 2, Schiff base E (1 mmmol),
37% formalin (1.5 mmol) were dissolved in ethanol (15
mL), and the mixture was stirred at room temperature
for 5 min. A solution of 4-(2,4-disubstituted ben-
zyl)piperazine A (1 mmol) in ethanol (2 mL) was slow-
ly added dropwise. Then the reaction mixture was
stirred for 2—3 h and placed at room temperature or in
a refrigerator overnight. The resulting precipitate was
filtered and recrystallized from ethanol to give novel
1,2,4-triazole Mannich base F.

F1: The compound was obtained in 60.1% yield as
colorless crystals; m.p. 105—106 C. '"H NMR (400
MHz, CDCl;) 6: 10.38 (s, 1H), 7.67 (d, J/=1.5 Hz, 1H),
7.32—7.20 (m, 5H), 7.04 (d, J=3.4 Hz, 1H), 6.59 (dd,
J=3.5, 1.8 Hz, 1H), 5.11 (s, 2H), 3.49 (s, 2H), 2.85 (br
s, 4H), 2.47 (br s, 4H), 2.44 (s, 3H); °C NMR (101
MHz, CDCl;) 6: 162.64, 148.87, 148.09, 147.77, 146.71,
138.00, 129.17, 128.20, 127.05, 118.58, 112.55, 68.67,

Scheme 2 The synthetic routes of compounds F1—F10, G1—G10 and H1—HS8
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G10: R®*=R*=Me,R°=F, X=S
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63.05, 52.97, 50.49, 11.08. Anal. calcd for C,0H4N¢OS:
C 60.58, H 6.10, N 21.20; found C 60.39, H 6.14, N
21.13.

F2: The compound was obtained in 67.9% yield as
colorless crystals; m.p. 117—118 ‘C. '"H NMR (400
MHz, CDCl;) o: 10.38 (s, 1H), 7.67 (s, 1H), 7.36 (dd,
J=10.6, 5.2 Hz, 2H), 7.18 (dd, J=8.3, 2.1 Hz, 1H),
7.04 (d, J=3.4 Hz, 1H), 6.59 (dd, J=3.5, 1.7 Hz, 1H),
5.11 (s, 2H), 3.55 (s, 2H), 2.85 (br s, 4H), 2.52 (br s,
4H), 2.45 (s, 3H); *C NMR (101 MHz, CDCl;) 6
162.66, 148.84, 148.07, 147.83, 146.72, 134.76, 134.56,
133.00, 131.37, 129.12, 126.85, 118.56, 112.55, 68.66,
58.61, 52.99, 50.50, 11.11. IR (KBr) v: 2939, 2813,
1612, 1588, 1517, 1471, 1170 cm'. Anal. caled for
CyoH2,CLNgOS: C 51.62, H 4.76, N 18.06; found C
51.16, H4.99, N 17.65.

F3: The compound was obtained in 61.8% yield as
yellow crystals; m.p. 143—145 “C. 'H NMR (400 MHz,
DMSO-dg) 6: 9.97 (s, 1H), 7.97 (d, J=5.0 Hz, 1H), 7.82
(d, J/=3.3 Hz, 1H), 7.37—7.09 (m, 6H), 5.02 (s, 2H),
3.42 (s, 2H), 2.71 (br s, 4H), 2.34 (br s, 7H); *C NMR
(101 MHz, CDCly) o: 162.72, 154.30, 147.68, 138.02,
137.46, 134.21, 131.40, 129.17, 128.21, 128.03, 127.06,
68.68, 63.04, 52.98, 50.49, 11.02. IR (KBr) v: 2949,
2815, 1610, 1518, 1495, 1452, 1171 cm™". Anal. calcd
for CyoHp4NgS,: C 58.22, H 5.86, N 20.37; found C
57.99,H 6.26, N 20.20.

F4: The compound was obtained in 71.5% yield as a
light yellow solid; m.p. 142—144 ‘C. '"H NMR (400
MHz, CDCly) 6: 10.67 (s, 1H), 7.60—7.51 (m, 2H), 7.38
—7.34 (m, 2H), 7.19—7.14 (m, 2H), 5.11 (s, 2H), 3.55
(s, 2H), 2.86 (br s, 4H), 2.53 (br s, 4H), 2.44 (s, 3H); °C
NMR (101 MHz, CDCl3) d: 162.75, 154.28, 147.73,
137.45, 134.76, 134.60, 134.20, 133.01, 131.41, 131.36,
129.13, 128.03, 126.86, 68.68, 58.62, 53.01, 50.52,
11.05. Anal. calcd for C,yH»CLLNgS,: C 49.89, H 4.61,
N 17.46; found C 49.54, H 4.68, N 17.30.

F5: The compound was obtained in 64.7% yield as
white crystals; m.p. 134—136 ‘C. 'H NMR (400 MHz,
CDCl3) o: 10.20 (s, 1H), 7.71 (s, 1H), 7.30—7.24 (m,
5H), 7.12 (d, J=3.2 Hz, 1H), 6.61 (s, 1H), 5.21 (s, 2H),
3.49 (s, 2H), 2.86 (br s, 4H), 2.47 (br s, 4H); *C NMR
(101 MHz, CDCly) o: 165.12, 150.71, 147.58, 147.55,
147.42, 138.28 (m, Triazole-Cs), 129.29, 128.29, 127.23,
119.60, 119.54, 116.82 (q, J=271.69 Hz, CF3), 112.78,
69.92, 62.99, 52.85, 50.26. Anal. calcd for
CyH,1F5NgOS: C 53.32, H 4.70, N 18.66; found C
53.01, H 4.86, N 18.32.

F6: The compound was obtained in 80.3% yield as
white crystals; m.p. 99—100 ‘C. 'H NMR (400 MHz,
CDCly) o: 10.21 (s, 1H), 7.71 (s, 1H), 7.27—7.21 (m,
4H), 7.12 (d, J=2.8 Hz, 1H), 6.61 (s, 1H), 5.20 (s, 2H),
3.45 (s, 2H), 2.84 (br s, 4H), 2.45 (br s, 4H); *C NMR
(101 MHz, CDCly) o: 165.14, 150.64, 147.54, 147.44,
138.78 (q, J=42.42 Hz, Triazole-C;), 136.47, 132.84,
130.41, 128.39, 119.46, 116.83 (q, J=272.7 Hz, CF;),
112.77, 69.93, 62.21, 52.86, 50.33. Anal. calced for
CyoH2CIF3NgOS: C 49.54, H 4.16, N 17.33; found C
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49.13,H4.29, N 17.22.

F7: The compound was obtained in 72.1% yield as
white crystals; m.p. 97—99 ‘C. '"H NMR (400 MHz,
CDCly) o: 10.21 (s, 1H), 7.71 (s, 1H), 7.38—7.12 (m,
4H), 6.61 (s, 1H), 5.21 (s, 2H), 3.56 (s, 2H), 2.86 (br s,
4H), 2.53 (br s, 4H); °C NMR (101 MHz, CDCLy)
165.15, 150.65, 147.56, 147.41, 138.79 (q, J=42.42 Hz,
Triazole-Cs), 134.82, 134.34, 133.16, 131.46, 129.18,
126.94, 119.51, 116.83 (q, J=272.7 Hz, CF3), 112.78,
69.95, 58.58, 5291, 50.36. Anal. calcd for
CyH9C1LF5NgOS: C 46.25, H 3.69, N 16.18; found C
45.88, H3.91, N 16.02.

F8: The compound was obtained in 66.8% yield as
white crystals; m.p. 135—137 °C. '"H NMR (400 MHz,
CDCly) o: 10.50 (s, 1H), 7.64 (d, J=4.8 Hz, 1H), 7.59
(d, J/=3.6 Hz, 1H), 7.30—7.26 (m, 5H), 7.17 (t, J=4.8
Hz, 1H), 5.21 (s, 2H), 3.49 (s, 2H), 2.86 (br s, 4H), 2.48
(br s, 4H); °C NMR (101 MHz, CDCL) &: 165.16,
156.10, 137.85 (m, Triazole-Cs), 136.45, 135.16, 132.80,
132.75, 129.23, 128.26, 128.13, 127.16, 116.79 (m,
CF3), 69.91, 63.02, 52.88, 50.31. Anal. calcd for
CyoHy F3NgS,: C 51.49, H 4.54, N 18.01; found C 49.99,
H4.90,N 17.95.

F9: The compound was obtained in 78.9% yield as
white crystals; m.p. 132—133 °C. 'H NMR (400 MHz,
CDCly) o: 10.50 (s, 1H), 7.64 (d, J=4.8 Hz, 1H), 7.59
(d, J/=3.6 Hz, 1H), 7.27—7.16 (m, 5H), 5.21 (s, 2H),
3.45 (s, 2H), 2.85 (br s, 4H), 2.45 (br s, 4H); °C NMR
(101 MHz, CDCl3) o: 165.19, 156.08, 138.68 (q, J=
42.42 Hz, Triazole-Cs), 136.50, 136.44, 135.16, 132.82,
132.78, 130.41, 128.39, 128.15, 116.82 (q, J=272.7 Hz,
CF;), 69.91, 62.21, 52.86, 50.33. Anal. calcd for
C20H20C1F3N5SQZ C 4795, H 402, N 1677, found C
47.50, H 4.49, N 16.72.

F10: The compound was obtained in 77.6% yield as
white crystals; m.p. 121—122 C. 'H NMR (400 MHz,
CDCly) 0: 10.51 (s, 1H), 7.64 (br s, 1H), 7.60 (br s, 1H),
7.38—7.17 (m, 4H), 5.21 (s, 2H), 3.56 (s, 2H), 2.86 (br
s, 4H), 2.53 (br s, 4H); °C NMR (101 MHz, CDCl;) §:
165.21, 156.07, 138.71 (q, J=42.42 Hz, Triazole-C;),
136.45, 135.16, 134.81, 134.45, 133.13, 132.78, 131.42,
129.18, 128.16, 126.94, 116.83 (q, J=272.7 Hz, CF3),
69.97, 58.61, 5295, 50.40. Anal. caled for
CyoH19ClLF5NgS,: C 44.86, H 3.58, N 15.70; found C
44.53,H4.11, N 16.06.

General synthetic procedures for 1-[(4-(4,6-disubsti-
tuted pyrimidin-2-yl)piperazin-1-yl)methyl]-4-(furan/
thiophen-2-ylmethylene)amino-3-methyl/tri-fluorom
ethyl-1H-1,2,4-triazole-5(4H)-thione G

It was similar with that of F using pyrimidyl-pipera-
zine C as amine material (Scheme 2).

G1: The compound was obtained in 64.9% yield as a
white solid; m.p. 119—120 ‘C. '"H NMR (400 MHz,
CDCl;) o: 10.38 (s, 1H), 8.13 (d, J=5.0 Hz, 1H), 7.67
(d, J/=1.6 Hz, 1H), 7.04 (d, J=3.4 Hz, 1H), 6.59 (dd,
J=3.5, 1.8 Hz, 1H), 6.34 (d, /=5.0 Hz, 1H), 5.16 (s,
2H), 3.92—3.78 (m, 4H), 2.92—2.79 (m, 4H), 2.43 (s,
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3H), 2.30 (s, 3H); °C NMR (101 MHz, CDCly) &:
167.53, 162.65, 161.51, 157.16, 148.86, 148.04, 147.85,
146.71, 118.57, 112.53, 109.38, 68.84, 50.54, 43.52,
24.29, 11.07. Anal. calcd for C;sH,,NgOS: C 54.25, H
5.57,N 28.12; found C 54.03, H 5.65, N 28.08.

G2: The compound was obtained in 65.2% yield as a
white solid; m.p. 146—147 ‘C. '"H NMR (400 MHz,
CDCl;) o: 10.37 (s, 1H), 7.66 (d, J=1.5 Hz, 1H), 7.03
(d, J=3.4 Hz, 1H), 6.58 (dd, J=3.5, 1.7 Hz, 1H), 6.23
(s, 1H), 5.15 (s, 2H), 3.93—3.78 (m, 4H), 2.93—2.78
(m, 4H), 2.42 (s, 3H), 2.25 (s, 6H); °C NMR (101 MHz,
CDCl3) d: 166.90, 162.58, 161.52, 148.75, 147.99,
147.74, 146.70, 118.54, 112.54, 108.79, 68.81, 50.57,
43.46, 24.05, 11.06. IR (KBr) v: 2939, 2877, 1569, 1502,
1448, 1167 cm™". Anal. caled for CjoH4N30S: C 55.32,
H 5.86, N 27.16; found C 55.20, H 5.88, N 27.02.

G3: The compound was obtained in 68.5% yield as
yellow crystals; m.p. 147—149 ‘C. "H NMR (400 MHz,
DMSO-dg) 0: 9.94 (s, 1H), 8.17 (d, J=4.8 Hz, 1H), 7.96
(d, J/=4.8 Hz, 1H), 7.82 (d, J=2.8 Hz, 1H), 7.27 (dd,
J=4.9, 3.8 Hz, 1H), 6.48 (d, J=4.8 Hz, 1H), 5.09 (s,
2H), 3.74—3.72 (m, 4H), 2.75—2.72 (m, 4H), 2.32 (s,
3H), 2.24 (s, 3H); °C NMR (101 MHz, CDCly) o:
167.57, 162.72, 161.51, 157.17, 154.37, 147.78, 137.39,
134.25, 131.42, 128.02, 109.40, 68.85, 50.54, 43.53,
24.32, 11.02. Anal. caled for C;gH,NgS,: C 52.15, H
5.35,N 27.03; found C 52.11, H 5.20, N 26.98.

G4: The compound was obtained in 71.8% yield as
light yellow crystals; m.p. 143—145 ‘C. '"H NMR (400
MHz, DMSO-ds) d: 9.95 (s, 1H), 7.96 (d, J/=4.0 Hz,
1H), 7.81 (s, 1H), 7.27 (d, J=3.3 Hz, 1H), 6.35 (s, 1H),
5.09 (s, 2H), 3.73 (br s, 4H), 2.72 (br s, 4H), 2.31 (s,
3H), 2.19 (s, 6H); C NMR (101 MHz, CDCl;) ¢
166.99, 162.76, 161.63, 154.31, 147.73, 137.44, 134.18,
131.38, 128.01, 108.83, 68.91, 50.65, 43.52, 24.06,
11.00. IR (KBr) v: 2913, 2843, 1600, 1575, 1496, 1157
cm ', Anal. calcd for CioH4NgS,: C 53.25, H 5.64, N
26.15; found C 53.17, H 5.48, N 25.94.

GS5: The compound was obtained in 60.6% yield as
white crystals; m.p. 141—143 ‘C. "H NMR (400 MHz,
CDCl) o: 10.21 (s, 1H), 8.28 (d, J=4.7 Hz, 2H), 7.71
(d, J/=1.3 Hz, 1H), 7.12 (d, J=3.5 Hz, 1H), 6.60 (dd,
J=3.5, 1.7 Hz, 1H), 6.47 (t, J=4.7 Hz, 1H), 5.26 (s,
2H), 3.87—3.85 (m, 4H), 2.90—2.87 (m, 4H); "°C
NMR (101 MHz, CDCl;) J: 165.15, 161.52, 157.73,
150.65, 147.54, 147.43, 139.52 (m, Triazole-Cs), 119.46,
116.79 (q, J=272.7 Hz, CF3), 112.76, 109.96, 70.12,
50.37, 43.55. Anal. calcd for Cy7H;7F5NgOS: C 46.57, H
3.91, N 25.56; found C 46.67, H 4.05, N 25.23.

G6: The compound was obtained in 69.2% yield as
white crystals; m.p. 126—128 ‘C. "H NMR (400 MHz,
CDCl;) o: 10.21 (s, 1H), 8.14 (d, J=4.8 Hz, 1H), 7.70 (s,
1H), 7.12 (d, J/=3.2 Hz, 1H), 6.61 (bs, 1H), 6.36 (d, J=
4.8 Hz, 1H), 5.27 (s, 2H), 3.87—3.86 (m, 4H), 2.88—
2.87 (m, 4H), 2.31 (s, 3H); °C NMR (101 MHz, CDCls)
0. 167.66, 165.14, 161.49, 157.20, 150.65, 147.54,
147.42, 138.83 (q, J=42.42 Hz, Triazole-C;), 119.47,
116.79 (q, J=272.7 Hz, CF3), 112.76, 109.57, 70.15,
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50.44, 43.51, 24.29. Anal. calcd for C;gH;9F5NgOS: C
47.78, H 4.23, N 24.77; found C 47.53, H 4.23, N 24.40.

G7: The compound was obtained in 60.5% yield as
white crystals; m.p. 132—134 ‘C. 'H NMR (400 MHz,
CDCl) 6: 10.21 (s, 1H), 7.71 (br s, 1H), 7.12 (d, J=3.2
Hz, 1H), 6.60 (br s, 1H), 6.24 (s, 1H), 5.27 (s, 2H),
3.88—3.87 (m, 4H), 2.88—2.87 (m, 4H), 2.26 (s, 6H);
C NMR (101 MHz, CDCLy) 6: 167.09, 165.11, 161.56,
150.65, 147.55, 147.39, 138.79 (q, J = 42.42 Hz,
Triazole-C3), 119.55, 116.78 (q, J=272.7 Hz, CF;),
112.77, 109.04, 70.17, 50.50, 43.45, 24.06. Anal. calcd
for CioH, F3NgOS: C 48.92, H 4.54, N 24.02; found C
48.80, H 5.01, N 23.85.

G8: The compound was obtained in 64.1% yield as
white crystals; m.p. 140—142 °C. 'H NMR (400 MHz,
CDCly) o: 10.50 (s, 1H), 8.28 (d, J/=4.8 Hz, 2H), 7.63
(d, J=4.4 Hz, 1H), 7.59 (d, J=4.4 Hz, 1H), 7.17 (t, J=
4.4 Hz, 1H), 647 (t, J=4.8 Hz, 1H), 5.26 (s, 2H),
3.87—3.85 (m, 4H), 2.90—2.87 (m, 4H); *C NMR
(101 MHz, CDCls) o: 165.20, 161.49, 157.74, 156.12,
138.77 (q, J=42.42 Hz, Triazole-C;), 136.41, 135.18,
132.78, 128.15, 116.78 (q, J=273.7 Hz, CF3), 109.96,
70.09, 50.36, 43.54. Anal. calcd for C;7H;7F3NgS,: C
44.92, H 3.77, N 24.65; found C 44.60, H 4.03, N 24.23.

G9: The compound was obtained in 62.7% yield as
white crystals; m.p. 129—131 ‘C. 'H NMR (400 MHz,
CDCl;) o: 10.50 (s, 1H), 8.14 (d, J=4.8 Hz, 1H), 7.63
(d, J=3.6 Hz, 1H), 7.59 (d, J/=3.6 Hz, 1H), 7.16 (br s,
1H), 6.36 (d, J=4.8 Hz, 1H), 5.27 (s, 2H), 3.87—3.85
(m, 4H), 2.88—2.86 (m, 4H), 2.31 (s, 3H); °C NMR
(101 MHz, CDCly) o: 167.67, 165.19, 161.48, 157.21,
156.11, 138.75 (q, J=42.42 Hz, Triazole-C;), 136.43,
135.15, 132.77, 128.14, 116.78 (q, J=272.7 Hz, CF3),
109.57, 70.13, 50.44, 43.50, 24.30. Anal. calcd for
CisH 9F3NgS,: C 46.14, H 4.09, N 23.92; found C 45.88,
H4.47,N 23.92.

G10: The compound was obtained in 66.1% yield as
white crystals; m.p. 150—151 ‘C. 'H NMR (400 MHz,
CDCly) ¢: 10.49 (s, 1H), 7.63 (d, J=3.6 Hz, 1H), 7.59
(d, J=3.6 Hz, 1H), 7.17 (t, J=3.6 Hz, 1H), 6.24 (s, 1H),
5.27 (s, 2H), 3.87 (br s, 4H), 2.88 (br s, 4H), 2.26 (s,
6H); °C NMR (101 MHz, CDCl3) 6: 167.09, 165.19,
161.57, 156.10, 138.71 (q, J=42.42 Hz, Triazole-C;),
136.44, 135.15, 132.76, 128.14, 116.78 (q, J=272.7 Hz,
CF;), 109.03, 70.17, 50.52, 43.47, 24.06. Anal. calcd for
C19H21F3N882: C 4729, H 439, N 2322, found C 4765,
H 4.05, N 22.95.

General synthetic procedures for 1-[(4-phenyl/(py-
ridin-2-yl)piperazin-1-yl)methyl]-4-(furan/thiophen-
2-ylmethylene)amino-3-methyl/trifluoro-methyl-1H-
1,2,4-triazole-5(4H)-thione H

It was similar with that of F using 4-phenyl-pipera-
zine or 4-(pyridine-2-yl)piperazine as amine material
(Scheme 2).

H1: The compound was obtained in 83.5% yield as
colorless crystals; m.p. 110—111 ‘C. '"H NMR (400
MHz, CDCl;) 0: 10.40 (s, 1H), 7.69 (d, J/=1.5 Hz, 1H),
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7.32—17.20 (m, 2H), 7.07 (d, J=3.4 Hz, 1H), 6.93 (d,
J=17.9 Hz, 2H), 6.88 (t, J/=7.3 Hz, 1H), 6.62 (dd, J=
3.5, 1.8 Hz, 1H), 5.19 (s, 2H), 3.26—3.17 (m, 4H), 3.05
—2.95 (m, 4H), 2.48 (s, 3H); *C NMR (101 MHz,
CDClL) o: 162.73, 151.34, 149.01, 148.07, 147.95,
146.77, 129.11, 119.89, 118.68, 116.37, 112.57, 68.65,
50.53, 49.34, 11.11. Anal. calcd for C;9H»NgOS: C
59.66, H 5.80, N 21.97; found C 59.58, H 5.83, N 21.75.

H2: The compound was obtained in 85.6% yield as
colorless crystals; m.p. 144—145 C. 'H NMR (400
MHz, CDCls) d: 10.37 (s, 1H), 8.17 (dd, J/=4.9, 1.2 Hz,
1H), 7.67 (d, J=1.6 Hz, 1H), 7.46 (ddd, /=8.9, 7.1, 2.0
Hz, 1H), 7.05 (d, J=3.4 Hz, 1H), 6.72—6.51 (m, 3H),
5.16 (s, 2H), 3.62—3.48 (m, 4H), 3.00—2.89 (m, 4H),
2.44 (s, 3H); *C NMR (101 MHz, CDCL) 6: 162.65,
159.29, 148.95, 148.01, 147.89, 146.74, 137.41, 118.61,
113.22, 112.56, 107.08, 68.71, 50.33, 45.12, 11.08. Anal.
caled for C1gH,1N;OS: C 56.38, H 5.52, N 25.57; found
C 56.20, H 5.54, N 25.33.

H3: The compound was obtained in 87.2% yield as
white crystals; m.p. 109—111 ‘C. 'H NMR (400 MHz,
CDCl) o: 10.66 (s, 1H), 7.57 (dd, J=7.1, 4.4 Hz, 2H),
7.28—7.24 (m, 2H), 7.17—7.14 (m, 1H), 6.92—6.84 (m,
3H), 5.17 (s, 2H), 3.27—3.14 (m, 4H), 3.03—2.91 (m,
4H), 2.44 (s, 3H); °C NMR (101 MHz, CDCly) &:
162.78, 154.52, 151.33, 147.89, 137.40, 134.34, 131.49,
129.13, 128.05, 119.92, 116.39, 68.64, 50.52, 49.34,
11.07. Anal. calcd for Ci9H»NgS,: C 57.26, H 5.56, N
21.09; found C 57.09, H 5.39, N 21.22.

H4: The compound was obtained in 88.2% yield as a
white solid; m.p. 152—154 ‘C. '"H NMR (400 MHz,
DMSO-dg) d: 9.96 (s, 1H), 8.07 (d, J/=4.0 Hz, 1H), 7.97
(d, J=4.8 Hz, 1H), 7.82 (d, J/=3.2 Hz, 1H), 7.49 (t, J=
7.2 Hz, 1H), 7.27 (t, J=4.4 Hz, 1H), 6.80 (d, /=8.8 Hz,
1H), 6.62—6.59 (m, 1H), 5.10 (s, 2H), 3.48 (br s, 4H),
2.78 (br s, 4H), 2.33 (s, 3H); °C NMR (101 MHz,
CDClL3) ¢d: 162.73, 159.31, 154.46, 147.93, 147.83,
137.44, 137.36, 134.29, 131.48, 128.04, 113.24, 107.11,
68.74, 50.35, 45.15, 11.04. Anal. calcd for CigH»1N5S5:
C 54.11, H 5.30, N 24.54; found C 53.89, H 5.23, N
24.69.

HS: The compound was obtained in 82.4% yield as
colorless crystals; m.p. 121—122 ‘C. '"H NMR (400
MHz, CDCl;) d: 10.21 (s, 1H), 7.71 (s, 1H), 7.28—7.24
(m, 2H), 7.14 (d, J=3.5 Hz, 1H), 7.03—6.71 (m, 3H),
6.61 (dd, J=3.4, 1.7 Hz, 1H), 5.27 (s, 2H), 3.25—3.11
(m, 4H), 3.09—2.90 (m, 4H); “C NMR (101 MHz,
CDCl3) ¢d: 165.18, 151.26, 150.76, 147.62, 147.39,
138.88 (q, J=42.42 Hz, Triazole-Cs), 129.16, 120.14,
119.64, 116.83 (q, J=272.7 Hz, CF3), 116.51, 112.82,
69.89, 50.43,49.41. IR (KBr) v: 2945, 2829, 1602, 1484,
1455, 1317, 1213, 1172 cm”'. Anal. caled for
CioH9F5NgOS: C 52.29, H 4.39, N 19.26; found C
52.07, H 4.55,N 19.16.

H6: The compound was obtained in 79.6% yield as
colorless crystals; m.p. 86—87 C. 'H NMR (400 MHz,
CDCl) o: 10.20 (s, 1H), 8.17 (dd, J=4.8, 1.2 Hz, 1H),
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7.71 (d, J=1.3 Hz, 1H), 7.46 (ddd, J=8.8, 7.2, 1.9 Hz,
1H), 7.13 (d, J=3.5 Hz, 1H), 6.71—6.53 (m, 3H), 5.27
(s, 2H), 3.61—3.51 (m, 4H), 2.97—2.87 (m, 4H); "°C
NMR (101 MHz, CDCl3) d: 165.15, 159.26, 150.79,
147.95, 147.61, 147.36, 138.85 (q, J=42.42 Hz,
Triazole-Cs), 137.53, 119.63, 116.80 (q, J=272.7 Hz,
CFs), 113.46, 112.80, 107.20, 70.01, 50.26, 45.17. Anal.
caled for CigHigsFsN;OS: C 4942, H 4.15, N 22.41;
found C 49.15, H 4.48, N 22.22.

H7: The compound was obtained in 84.3% yield as
white crystals; m.p. 131—133 ‘C. 'H NMR (400 MHz,
DMSO-dg) 6: 9.99 (s, 1H), 8.03 (d, J=4.2 Hz, 1H), 7.91
(s, 1H), 7.30 (s, 1H), 7.19 (t, J=7.4 Hz, 2H), 6.92 (d,
J=17.8 Hz, 2H), 6.77 (t, J=7.0 Hz, 1H), 5.24 (s, 2H),
3.13 (br s, 4H), 2.90 (br s, 4H); C NMR (101 MHz,
CDCls) 6: 165.24, 156.22, 151.26, 138.81 (q, J=42.42
Hz, Triazole-C3), 136.42, 13521, 132.84, 129.16,
128.17, 120.13, 116.81 (q, J=272.7 Hz, CF3), 116.50,
69.88, 50.44, 49.41. IR (KBr) v: 2944, 2829, 1597, 1522,
1500, 1461, 1314, 1214, 1172 cm™'. Anal. caled for
C19HoF3NgS,: C 50.43, H 4.23, N 18.57; found C 50.33,
H 4.25, N 18.24.

HS8: The compound was obtained in 87.1% yield as a
white solid; m.p. 124—126 ‘C. '"H NMR (400 MHz,
DMSO-dg) 6: 9.97 (s, 1H), 8.08 (d, J=4.0 Hz, 1H), 8.03
(d, J=4.4 Hz, 1H), 7.91 (s, 1H), 7.51 (t, J=7.2 Hz, 1H),
7.30 (s, 1H), 6.81 (d, J=8.4 Hz, 1H), 6.61 (t, J=6.0 Hz,
1H), 5.24 (s, 2H), 3.50 (br s, 4H), 2.84 (br s, 4H); “C
NMR (101 MHz, CDCl3) §: 165.22, 159.27, 156.20,
147.98, 138.78 (q, J=42.42 Hz, Triazole-Cs), 137.50,
136.41, 135.20, 132.82, 128.16, 116.79 (q, J=272.7 Hz,
CFs), 113.44, 107.16, 70.01, 50.27, 45.16. Anal. calcd
for CigH sF3N;S,: C 47.67, H 4.00, N 21.62; found C
47.42,H 4.15, N 21.39.

General synthetic procedures for 1,1'-[piperazin-
1,4-diylbis(methylene)]bis[4-(furan/thiophen-2-
ylmethylene)amino-3-methyl/trifluoromethyl-1H-1,2,
4-triazole-5(4H)-thione] 1

As shown in Scheme 3, Schiff base E (1.8 mmmol),
37% formalin (2.5 mmol) were dissolved in ethanol (30
mL), and the mixture was stirred at room temperature
for 5 min. A solution of piperazine (0.9 mmol) in etha-
nol (2 mL) was slowly added dropwise. Then the reac-
tion mixture was stirred for 2—3 h at room temperature.
The resulting precipitate was filtered and recrystallized
from ethanol to give novel bis(1,2,4-triazole) Mannich
base 1.

I1: The compound was obtained in 80.3% yield as
colorless crystals; m.p. 216—217 ‘C (Dec.). 'H NMR
(400 MHz, DMSO-dg) ¢: 9.74 (s, 2H), 8.08 (s, 2H), 7.38
(d, J=3.6 Hz, 2H), 6.79 (t, J/=3.6 Hz, 2H), 4.99 (s, 4H),
2.70 (s, 8H), 2.35 (s, 6H); °C NMR (101 MHz, CDCl5)
o: 162.57, 14898, 148.04, 147.86, 146.75, 118.73,
112.56, 68.63, 50.39, 11.07. Anal. caled for
C22H26N100282: C 5018, H 498, N 2660, found C
50.03, H5.17, N 26.28.
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I2: The compound was obtained in 84.5% yield as a
white solid; m.p. 198—200 ‘C (Dec.). 'H NMR (400
MHz, CDCl;) 0: 10.63 (s, 2H), 7.53—7.57 (m, 4H), 7.14
(t, J=4.0 Hz, 2H), 5.06 (s, 4H), 2.84 (s, 8H), 2.41 (s,
6H); C NMR (101 MHz, CDCl;) &: 162.65, 154.45,
147.79, 137.41, 134.30, 131.43, 128.03, 68.63, 50.39,
11.01. IR (KBr) v: 2939, 2823, 1600, 1526, 1451, 1171
cm ', Anal. caled for CHyeNj0S4: C 47.29, H 4.69, N
25.07; found C 46.94, H 4.73, N 24.84.

I3: The compound was obtained in 72.9% yield as
white crystals; m.p. 199—200 C (Dec.). 'H NMR
(400 MHz, CDCl3) o: 10.21 (s, 2H), 7.71 (s, 2H), 7.13
(d, J/=3.2 Hz, 2H), 6.61 (d, J=3.2 Hz, 2H), 5.17 (s,
4H), 2.86 (s, 8H); “C NMR (101 MHz, CDCly) &:
165.08, 150.68, 147.58, 147.40, 138.86 (q, J=42.42 Hz,
Triazole-Cs3), 119.57, 116.80 (q, J=272.7 Hz, CF;),
11279, 6985, 50.28. Anal. calcd for C22H20F6N1()0282§
C 41.64, H 3.18, N 22.07; found C 41.37, H 347, N
21.99.

I4: The compound was obtained in 78.4% yield as
white crystals; m.p. 207—208 C (Dec.). 'H NMR
(400 MHz, CDCl;) ¢: 10.51 (s, 2H), 7.59—7.65 (m, 4H),
7.17 (t, J=4.0 Hz, 2H), 5.17 (s, 4H), 2.86 (s, 8H); "°C
NMR (101 MHz, CDCl,) o: 165.14, 156.14, 138.78 (m,
Triazole-Cs), 136.43, 135.19, 132.80, 128.16, 116.79 (m,
CF3), 6985, 50.28. Anal. calcd for C22H20F6N10841 C
39.63, H 3.02, N 21.01; found C 39.17, H 3.49, N 20.78.

The in vitro fungicidal activity assay

The in vitro fungicidal activity of compounds F, G,
H and I against Gibberella sanbinetti, Alternaria solani
Sorauer, Cercospora arachidicola, Physalospora piri-
cola, Fusarium omysporum and Rhizoctonia cerealis
were evaluated using the mycelium growth rate test.[2
The method for testing the primary biological activity
was performed in an isolated culture.

The in vivo fungicidal activity assay

The in vivo fungicidal activity of compounds against
Corynespora cassiicola, Pseudomonas syringae pv. la-
chrymans, Ascochyta citrallina Smith, Pseudoperono-
spora cubensis, and Sclerotinia sclerotiorum were
evaluated according to the reference,”" and a potted
plants test method was adopted. Six commericial fungi-
cides, Chlorothalonil, Dimethomorph, Thiophanate-
methyl, Iprodione, Validamycin and Zhongshengmycin
were evaluated as contrasts at the same condition. The
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in vivo fungicidal activities of compounds against Puc-
cinia sorghi Schw. were tested according to the refer-
ence,”?! and the commercial fungicides Triadimefon and

Azoxystrobin were used as contrasts.

The herbicidal activity assay

The in vivo herbicidal activity of compounds F, G, H
and I was determined by the inhibition of the root-
growth of rape (Brassica campestris) and inhibition of
the seedling-growth of barnyardgrass (Echinochloa
crusgalli) tests according to the reported method.!*!

KARI inhibitory activity assay

The cloning of rice KARI has been described previ-
ously,”"! and enzyme expression and purification fol-
lowed that protocol. KARI activity was measured with a
continuous assay method,** following the consumption
of NADPH at 340 nm and 30 “C. Assay solutions con-
tained 0.2 mmol/L NADPH, 1 mmol/L. MgCl,, 0.1
mmol/L substrate (2-acetolactate), and inhibitor (syn-
thesized compounds or CPD), in 0.1 mol/L phosphate
buffer (pH 8.0). Inhibitors were preincubated with the
enzyme, NADPH and MgCl, in phosphate buffer at 30
‘C for 10 min. The reaction was then started by adding
the substrate. The percentage of the inhibition was cal-
culated.

Insecticidal activity assay

The larvicidal activities of the selected compounds
F5, F8, G5, G6, G7, G8, G9 and contrast Chloran-
tranili-prole against oriental armyworm (Mythimna
separate Walker) were tested according to the leaf-dip
method using the reported procedure.”>2% Assessments
were made on a dead/alive basis, and mortality rates
were corrected using Abbott’s formula.l*”!

Results and Discussion

Synthesis and spectroscopy

The synthesis procedures for piperazine inter-medi-
ates and target compounds F, G, H and I were shown in
Scheme 1, Scheme 2 and Scheme 3. The Schiff base
intermediates (E1—E4) were prepared by the condensa-
tion of 4-amino-5-methyl/trifluoromethyl-4H-1,2,4-tri-
zole-3-thiol (D1—D2) and furfural or 2-thenaldehyde in
acetic acid, according to the similar method reported in
Lit."") These intermediates can be efficiently obtained
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with yields 84%—89% and reaction time 20 min. The
Mannich reaction of Schiff base E with formaldehyde
and benzylpiperazine A, or pyrimidylpiperazine C, or
4-phenyl/pyridylpiperazine in ethanol at room tempera-
ture led to novel triazole heterocyclic Mannich bases F,
G and H, respectively in satisfying yields. Under condi-
tions of excess formaldehyde and 2 I 1 molar ratio of
Schiff base E and piperazine, bis heterocyclic Mannich
base I was synthesized also with high yield (72% —85%)
at room temperature. The attempts to obtain the possible
mono heterocyclic Mannich base with different mole
ratio of E and piperazine (1 : 1—1 : 3) indicate that the
major product obtained still was bis-Mannich base. This
may be due to that after the produce of mono-Mannich
base (the tertiary amine part introduced) the activity of
the secondary amine part on piperazine ring would be
enhanced, which makes it easier to undergo further
Mannich reaction than piperazine.

Compounds F, G, H and I were identified by melt-
ing point, 'H NMR, BC NMR and IR spectra. The
measured elemental analyses were also consistent with
the corresponding calculated ones. In 'H NMR, the
—CH=N— proton appeared at J 9.75—10.08 as a
singlet in the Schiff base E, which shifted downfield to
0 9.94—10.67 in most of Mannich bases F—1. As hav-
ing a —NH—C(=S)— function of thioamide, the
Schiff bases E can exist either as a thione or the thiol
tautomeric forms or as an equilibrium mixture of both
forms. In view of the chemical shift at § 13.73—14.85
as a singlet in E which is due to SH proton, it can be
inferred that E did not exist as thione but as the thiol
tautomeric forms in solution.">') In the '"H NMR spec-
tra of the Mannich bases products, neither a NH signal
nor a thiol SH signal is visible. The signal of CH, pro-
tons neighboring to the triazole ring was observed at ¢
4.99—5.27 as a singlet. The piperazine ring proton (CH;)
in Mannich bases F, G, and H appeared at 6 2.71 —3.93
and 2.34—2.93 as two broad singlets or multiplets, re-
spectively. Whereas in the case of bis-Mannich base I,
the piperazine ring proton appeared at 6 2.70—2.86 as a
singlet due to the symmetric structure. In the BC NMR
spectra of compounds F, G, H and I, the typical carbon
resonance at 6 162.57—167.67 was indicative of a thio-
carbonyl group (C=S). The carbon signals of —CH=
N— group in furan-containing compounds and thio-
phene-containing compounds were observed at 6 146.70
—147.44 and 126.94—128.17, respectively. The piper-
azine carbons appeared at 0 50.28 —50.39 as one singlet
in compounds I1—14 owing to the symmetric structure
of bis-Mannich base, while they appeared at 6 50.26—
53.01 and 0 43.45—50.52 as two singlets in other com-
pounds. The signals of Cs in triazole ring and carbon
adjacent to it were observed at 6 139.52—157.17 and
11.00—11.11 (CHs) as singlet respectively in F1—F4,
G1—G4, H1—H4, 11 and 12, while at 6 ~138.53 and
~116.80 (CF3) as quartet or multiplet, respectively in F5
—F10, G5—G10, H5—HS, 13 and 14, which is due to
the “F” splitting of the latter.
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The IR spectra of representative compounds F2, F3,
G2, G4, H5, H7 and 12 showed bands at 1569—1612
cm' for C=N stretching. The characteristic stretching
vibrations v(C — F) (for trifluoromethyl-containing
compounds) and w(C = S) appear at 1314 — 1317,
1213—1214 and 1157—1172 cm ', respectively.

Fungicidal activity

The in vitro fungicidal results of the Mannich bases
F, G, H and bis-Mannich base I in inhibiting the myce-
lial growth of six test fungi were listed in Table 1. The
commercial fungicides Triadimefon, Carbendazim and
Chlorothalonil were used as contrasts. As indicated in
Table 1, most of compounds showed obvious in vitro
funicidal acitivity against several tested fungi at 50
pg/mL, especially for Physalospora piricola. In most
cases, trifluoromethyl-containing compounds at 3-posi-
tion of triazole ring exhibited higher activity than those
of methyl-containing compounds, and thiophene-con-
taining compounds exhibited higher activity than those
of furan-containing compounds with same R’ and
piperazine substituents, such as F1 vs. F5, F4 vs. F10.
Furthermore, trifluoromethyl-containing compounds F5
—F10 also showed good activity against Cercospora
arachidicola with inhibitory rate 50%—71%, and F8,
F9, F10 whose data excessed 70% were more active
than Triadimefon. In addition, several compounds such
as H7 and H8 exhibited good fungicidal activity against
Rhizoctonia cerealis, with inhibitory rate 86.3% and
92.2%, respectively. F10 against Fusarium omysporum
and H1 against Physalospora piricola possessed 80.0%
and 83.3% activity respectively, which were more active
than Triadimefon. It was worthy of note that F8, F10,
H7 and HS8 exhibited higher and wider fungicidal activ-
ity than others, and were comparable with those of con-
trast fungicides Triadimefon and Chlorothalonil.

In view of the comparatively favorable fungicidal
activity of trifluoromethyl-containing compounds, sev-
eral of them were further investigated for the in vivo
fungicidal effect. From Table 2, we can see that most of
tested compounds exhibited significant control effect
against Corynespora cassiicola, Pseudomonas syringae
pv. lachrymans, Ascochyta citrullina Smith, Pseudop-
eronospora cubensis and Sclerotinia sclerotiorum at a
test concentration of 500 pg/mL. Compounds F8 and I3
had 66.21% and 70.58% activity against Corynespora
cassiicola, better than contrast Iprodione (53.52%). For
Pseudomonas syringae pv. lachrymans, contrasts
Chlorothalonil, Dimethomorph, Iprodione and Valida-
mycin did not exhibit good control effect (<<39%),
whereas most of tested compounds possessed 53%—
77% activity. Especially F10 and G5 whose control ef-
fects were 76.07% and 71.27% were more effective than
all the contrasts including Thiophanate-methyl (54.15%)
and Zhongshengmycin (69.69%). For Ascochyta citrul-
lina Smith, F9, F10, I3 and 14 had control effect of
76.93%, 73.73%, 77.62% and 85.34%, more effective
than the contrast Validamycin. For Pseudoperonospora
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cubensis, all the compounds showed 63.41% —84.52%
activity, better than most of the contrasts. Among them,
I3 had 84.52% of control effect and was more effective
than the best active contrast Dimethomorph (83.75%).

For Sclerotinia sclerotiorum, F5, F6, F7, F8, F9, and
F10 possessed 74%—83% activity, similar to those of
Chlorothalonil (74.89%), Thiophanate-methyl (83.39%)
and Zhongshengmycin (84.43%).

Table 1 The biologicial activity data of compounds (% inhibiton)

In vitro fungicidal activity

Herbicidal activity In vitro

Gibberella  Alternaria Cercospora  Physalospora Fusarium Rhizoctonia  Brassica Echinochloa gll?ill:iltory
Compd sanbinetti  solani Sorauer arachidicola piricola omysporum  cerealis campestris  crusgalli activity

50 pg/mL 50 pg/mL 50 pg/mL 50 pg/mL 50 pg/mL 50 pg/mL ;Z?nEiO) ;Z?ngiO) i(g)?mL
F1 24.4 15.8 25.0 30.2 19.4 37.5 0 10.0 nt®
F2 34.1 10.5 20.0 51.2 16.1 28.6 13.8 5.0 nt
F3 36.8 26.7 333 63.8 3.7 nt 0 10.0 (5.0) nt
F4 31.7 15.8 15.0 48.8 16.1 339 0 0 nt
F5 30.5 31.2 51.4 10.1 30.0 nt 334 15.0 0
Fo6 21.0 30.0 50.2 40.4 50.4 nt 345 10.0 42.0
F7 20.2 40.4 60.0 11.3 313 nt 40.8 10.0 42.7
F8 70.3 61.2 70.2 50.2 60.4 nt 45.0 (4.5) 25.0(5.0) 7.23
F9 21.3 313 70.4 214 20.0 nt 493(13.0) 0 20.1
F10 50.4 50.0 70.3 50.5 80.0 nt 61.9 (2.2) 10.0 38.8
G1 24.4 10.5 25.0 37.2 16.1 33.9 14.5 25.0(5.0) nt
G2 24.4 10.5 30.0 25.6 16.1 37.5 5.5 25.0(5.0) nt
G3 21.1 40.0 23.8 44.7 3.7 nt 0 0 nt
G4 458 56.3 42.1 49.0 10.3 19.6 494 0 nt
G5 25.0 17.6 0.0 55.6 14.3 nt 61.3 (43.5) 145 32.7
Go6 0.0 5.9 0 66.7 19.0 nt 0 18.9 (3.6) 0
G7 0.0 17.6 18.2 66.7 23.8 nt 30.1 2.3 47.4
G8 31.3 353 18.2 77.8 28.6 nt 68.1 (54.7) 109 71.9
G9 37.5 353 27.3 61.1 19.0 nt 0.4 26.5 0
G10 375 29.4 18.2 38.9 28.6 nt 0 11.2 (1.1) 58.1
H1 43.8 23.5 9.1 83.3 19.0 nt 42.0 5.0 nt
H2 50.0 17.6 27.3 66.7 143 nt 32.7 10.0 nt
H3 57.9 46.7 23.8 42.6 3.7 nt 37.4 15.0 nt
H4 26.3 46.7 23.8 57.4 18.5 nt 0 0 nt
H5 50.0 23.5 27.3 50.0 143 nt 37.2 10.0 nt
H6 50.0 17.6 9.1 66.7 14.3 nt 29.5 0 nt
H7 70.8 375 15.8 72.5 17.2 86.3 42.5 5.0 nt
HS8 54.2 43.8 42.1 58.8 10.3 92.2 36.7 10.0 nt
n 18.8 11.8 27.3 61.1 23.8 59.2 429(3.3) 10.0 nt
2 37.9 23.8 50.0 62.5 11.1 55.1 0 10.0 nt
13 313 5.9 27.3 61.1 23.8 nt 20.0 20.0 (10.0) 0
14 313 17.6 9.1 66.7 9.5 nt 23.8 5.0 0
C-1 146 15.8 25.0 30.2 19.4 26.8 76.8 (40.2) 7.0 (2.0) 100
Cc-2°  nt nt nt nt nt nt 80.4 (76.0) 29.9 (8.2) nt
C-3 313 52.9 63.6 66.7 71.4 98.0 nt nt nt
c-4Y 100 nt nt 100 nt nt nt nt nt
C-5° nt 72.2 75.0 nt 100 nt nt nt nt
c-6 nt 94.4 87.5 nt nt nt nt nt nt

@ CPD; * Chlorsulfuron; ¢ Triadimefon; ¢ Carbendazim; ¢ Chlorothalonil;” Thiram; € nt=not tested.

1132 www.cjc.wiley-vch.de © 2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Chin. J. Chem. 2015, 33, 1124—1134



Novel Furan/Thiophene and Piperazine-Containing (Bis)1,2,4-triazole Mannich Bases

CHINESE JOURNAL OF
CHEMISTRY

Table 2 In vivo fungicidal activity data of compounds at 500 pg/mL (% relative control efficacy)

Compd Cory.r.zespora Pseudomonas syringae pv. Asc?chyta citrullina Pseudog)eronospora Sclerotf'nia
cassiicola lachrymans Smith cubensis sclerotiorum
F5 27.50 62.62 43.76 64.69 77.16
F6 24.57 54.92 36.01 79.23 82.48
F7 =3.77 58.22 58.88 72.38 75.60
F8 66.21 53.57 63.00 63.41 74.17
F9 42.34 67.43 76.93 71.06 81.80
F10 37.83 76.07 73.73 71.16 78.56
G5 39.35 71.27 30.35 62.98 47.87
G6 -16.31 49.00 3.67 67.17 48.09
G7 9.27 56.37 34.70 68.28 30.74
G8 41.96 68.66 31.54 76.05 33.11
G9 31.50 40.40 57.27 71.16 69.30
G10 31.98 56.13 50.83 74.05 51.06
13 70.58 53.95 77.62 84.52 36.06
14 53.15 26.27 85.34 72.88 54.32
Chlorothalonil 95.16 26.88 nt 45.22 74.89
Dimethomorph 95.31 13.98 98.35 83.75 98.35
Thiophanate-methyl 78.75 54.15 100.00 68.71 83.39
Iprodione 53.52 38.49 98.35 55.92 97.84
Validamycin 78.20 —-11.42 48.82 56.31 26.89
Zhongshengmycin ~ 90.15 69.69 100.00 62.57 84.43

In Table 3 it showed that compounds F10, H7 and
HS8 against Puccinia sorghi Schw. at 200 pg/mL exhib-
ited good fungicidal activity, with control efficacy of
90%, 98% and 60%, respectively. Especially F10 has
the same fungicidal level with Triadimefon at lower test
concentrations (100 pg/mL and 50 pg/mL). The fungi-
cidal effects of F10, H7, CK and contrasts were illus-
trated in Figure 1.

Table 3 In vivo fungicidal activity data of compounds against
Puccinia sorghi Schw. (% control efficacy)

Compd 200 pg/mL 100 pg/mL 50 pg/mL
F10 90 50 20

H7 98 40 0

H8 60 nt nt
Azoxystrobin 99 (20 pg/mL) nt nt
Triadimefon 95 70 30

Herbicidal and KARI inhibitory activity

To investigate the herbicidal activity and KARI in-
hibitory activity of the compounds referring to those of
triazole Mannich bases we reported before during our
search for novel KARI inhibitors,[16’28] herbicide Chlor-
sulfuron and 1,1-cyclopropanedicarboxylic acid (CPD),**!
potent inhibitor of KARI in vitro, were used as con-
trasts.

It was observed from Table 1 that most of com-
pounds showed obvious herbicidal activity according to
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Figure 1 Fungicidal effect of compounds against Puccinia sor-
ghi Schw.: (a), (b) CK; (c) F10, 90% (200 pg/mL); (d) H7, 98%
(200 pg/mL); (e) Triadimefon, 95% (200 pg/mL); (f) Azox-
ystrobin, 99% (20 pg/mL).
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the rape (Brassica campestris) root and barnyardgrass
(Echinochloa crusgalli) cup tests, especially in the for-
mer. Trifluoromethyl-containing compounds with sub-
stituted benzylpiperazine group F5—F10 displayed sig-
nificantly better herbicidal activity than methyl-con-

taining compounds F1—F4 against the dicotyledon rape.

G5 and G8 containing both a trifluoromethyl group on
triazole and a pyrimidine moiety on piperazine ring
possessed 61.3% and 68.1% activity against rape, which
are close to that of the contrast CPD at 100 pg/mL.
While the activities of these two compounds are higher
than that of CPD at 10 ug/mL. For phenylpiperazine-
and pyridylpiperazine-containing compounds H1—HS,
most of them showed moderate inhibitory activities for
the growth of rape root, but there is no great activity
difference. Several compounds were tested the in vitro
inhibitory activity on rice KARI enzyme. From Table 1
we can see that some compounds exhibited significant
KARI inhibitory activity at 200 pg/mL, such as F6, F7,
F9, F10, G5, G7, G8 and G10 (20%—72%), and there
are some relativity reflected between in vivo and in vitro
herbicidal activity to a certain extent.

Insecticidal activity

It was found that compounds F5, F8, G5, G6, G7,
G8 and GY displayed death rate of 10%—20% at a test
concentration of 200 pg/mL against the oriental army-
worm larvae, which indicates such structure may lead to
weak insecticidal activity.

Conclusions

In summary, a series of novel furan/thiophene and
piperazine-containing 1,2,4-triazole Mannich bases and
bis(1,2,4-triazole) Mannich bases have been conven-
iently synthesized via Mannich reaction in good yields
and structurally confirmed. The preliminary bioassay
showed that most compounds exhibited significant in
vitro and in vivo fungicidal activity towards several test
plant fungi. Especially, F8, F9, F10, G5, H7, HS, I3
and 14, were comparable with the contrast commercial
fungicides against different fungi during the present
study and could be further structurally optimized.
Meanwhile, several compounds showed good herbicidal
and KARI inhibitory activity. However, compounds
displayed weak insecticidal activity against oriental
armyworm at 200 pg/mL. The research in this manu-
script will provide useful information for the design and
discovery of new agrochemicals with novel heterocyclic
structures.

Acknowledgement

This work was supported by the National Natural

1134 www.cjc.wiley-vch.de

©2015 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Science Foundation of China (No. 21372133) and “111”
Project of Ministry of Education of China (No.
B06005).

References

[1] Tanaka, K.; Tsukamoto, Y.; Sawada, Y.; Kasuya, A.; Hotta, H.;
Ichinose, R.; Watanabe, T.; Toya, T.; Yokoi, S.; Kawagishi, A.;
Ando, M.; Sadakane, S.; Katsumi, S.; Masui, A. Annu. Rep. Sankyo
Res. Lab. 2001, 53, 1.

[2] Kramer, W.; Schirmer, U. Modern Crop Protection, Wiley-VCH,
Weinheim, Germany, 2007.

[3] Crofton, K. M. Toxicol. Lett. 1996, 84, 155.

[4] Sheehan, D. J.; Hitchcock, C. A.; Sibley, C. M. Clin. Microbiol. Rev.
1999, 72, 40.

[5] Song, Z.; Nes, W. D. Lipids 2007, 42, 15.

[6] Sakamoto, T.; Honma, T. JP 7173020, 1995 [Chem. Abstr. 1995,
123,220839].

[7] Honma, T.; Sakamoto, T.; Teramura, M. JP 7173016, 1995 [Chem.
Abstr. 1995, 123, 220838].

[8] Bourke, J. B.; Nelsen, T. R.; Eichler, D. J. Agric. Food Chem. 1977,
25, 36.

[9] Liu, B.; Zhu, F.; Huang, Y.; Wang, Y.; Yu, F.; Fan, B.; Yao, J. J.
Agric. Food Chem. 2010, 58, 2673.

[10] Wilson, R. G.; Desprez, B.; Edwards, M. T. Weed Technol. 2007, 21,
537.

[11] Bayrak, H.; Demirbas, A.; Karaoglu, S. A.; Demirbas, N. Eur. J.
Med. Chem. 2009, 44, 1057.

[12] Pandeya, S. N.; Sriram, D.; Yogeeswari, P.; Ananthan, S. Chemo-
therapy 2001, 47, 266.

[13] Chen, Y.; Wang, G.; Duan, N.; Cao, T.; Wen, X.; Yin, J.; Wang, W.;
Xie, S.; Huang, W.; Hu, G. Chin. J. Appl. Chem. 2012, 29, 1246 (in
Chinese).

[14] Ahmed, S. A.; Hamdy, M.; Abdel, R. N. Bioorg. Med. Chem. 2006,
14, 1236.

[15] Wang, B.-L.; Shi, Y.-X.; Ma, Y.; Liu, X.-H.; Li, Y.-H.; Song, H.-B.;
Li, B.-J,; Li, Z.-M. J. Agric. Food Chem. 2010, 58, 5515.

[16] Wang, B.-L.; Liu, X.-H.; Zhang, X.-L.; Zhang, J.-F.; Song, H.-B.; Li,
Z.-M. Chem. Biol. Drug Des. 2011, 78, 42.

[17] George, T.; Mehta, D. V.; Tahilramani, R.; David, J.; Talwalker, P.
K. J. Med. Chem. 1971, 14, 335.

[18] Zlatoidsky, P.; Maliar, T. Eur. J. Med. Chem. 1996, 31, 669.

[19] Adams, R. R.; Whitmore, F. C. J. Am. Chem. Soc. 1945, 67, 735.

[20] Liu, Z.; Yang, G.; Qin, X. J. Chem. Technol. Biotechnol. 2001, 76,
1154.

[21] Shi, Y. X.; Yuan, L. P.; Zhang, Y. B.; Li, B. J. Chin. J. Pestic. Sci.
2007, 9, 126 (in Chinese).

[22] Xie, Y.-Q.; Huang, Y.-B.; Liu, J.-S.; Ye, L.-Y.; Che, L.-M.; Tu, S.;
Liu, C.-L. Pest Manag. Sci. 2015, 71, 404.

[23] Wang, B.-L.; Duggleby, R. G.; Li, Z.-M.; Wang, J.-G.; Li, Y.-H.;
Wang, S.-H.; Song, H.-B. Pest Manag. Sci. 2005, 61, 407.

[24] Lee, Y. T.; Ta, H. T.; Duggleby, R. G. Plant Sci. 2005, 168, 1035.

[25] Wu, Y. D.; Shen, J. L.; Chen, J.; Lin, X. W.; Li, A. M. Plant
Protection 1996, 22, 3 (in Chinese).

[26] Zhou, S.; Yan, T.; Zhou, S.; Hua, X.; Wang, B.; Gu, Y.; Xiong, L.;
Li, Y.; Li, Z. Chin. J. Chem. 2014, 32, 567.

[27] Abbott, W. S. J. Econ. Entomol. 1925, 18, 265.

[28] He, F.-Q.; Liu, X.-H.; Wang, B.-L.; Li, Z.-M. J. Chem. Res. 2006,
(12), 809.

(Cheng, F.)

Chin. J. Chem. 2015, 33, 1124—1134




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


