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Fig. 1 General formula of the herbicidal phenoxyphenox- IREHMERICIES AR L 72, 2 2 THATIE 2 S BREEED
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Fig. 2 The structural analogy common in several herbicides and PGR.
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Fig. 3 Molecular designs of herbicidal phenoxyphenoxypyrimidines to reach methyl 2-(4-chloro-6-methoxypyrimidinyloxy)-
benzoate.
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Fig. 4 General formula of the herbicidal pyrimidinyl-
salicylic acids.

Table 1 Effect of substituents X on benzene ring of the pyrimidinylsalicylic acids on
herbicidal activity at post-emergence treatment.

X

0—,

Core
Nig

N /
OCH3
Herbicidal activity®
X ( lz?.?.s/eha) Crop Weed
Zea®  Gly®  Gos? Ech®  Abu®  Ipo®  Xan®
H 63 10 7 7 9 9 2 1
F 63 10 10 8 10 10 4 8
Cl 63 10 10 8 10 10 9 9
Br 63 10 10 7 10 10 10 10
I 63 10 10 8 10 10 10 10
CH, 63 10 10 4 10 10 4 2
C,H; 63 10 10 7 10 10 9 6
CF, 63 10 10 7 9 10 10 10
CO,CH; 63 9 9 6 8 5 4 0
OCH; 63 10 10 10 10 10 8 6
OC,H; 63 10 10 6 7 10 8 8
OCHF, 63 9 10 8 8 10 7 8
NH, 63 7 10 6 7 4 7 4
SCH, 63 7 10 9 5 10 8 7
NO, 63 7 10 3 9 9 4 5

) Rating scale: 0=no effect-10=complete control.
® Ech: Echinochloa crus-galli.
" Xan: Xanthium strumarium.

max. 9 Gos: Gossypium hirsutum.
theophrasti. ® Ipo: Ipomoea lacunosa.

) Zea: Zea mays. © Gly: Glycine

9 Abu: Abutilon
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Table 2 Effect of substitutions at bridge position W on
herbicidal activity at post-emergence treatment.

Cl

COOH ocH,
N=
W\ /

OCH,

Herbicidal activity®

w Post-emergence
Ech®  Dig®  Pol® Ama® Che®  Cyp?
0} 5 5 5 5 5 5
S 5 3 S 5 4 5
NH 0 0 0 3 0 0
SO 3 0 3 5 3 5
CH, 4 4 4 5 5 4

) Rating scale: 0=no effect-10=complete control. ® Ech:
Echnochloa crus-galli. © Dig: Digitaria adscendens. @ Pol:
Poligonum nodosum. © Ama: Amaranthus retroflexus. ©
Che: Chenopodium album. ® Cyp: Cyperus iria.
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Table 3 Effect of substituents X on benzene ring of the pyrimidinylthiosalicylic acids
on herbicidal activity at post-emergence treatment.

X
©:coon CH;§
<1
\
N /
OCH;
Herbicidal activity®
X (g E?Sﬁla) Crop Weeds
Zea®  Gby9  Gos?® Ech®  Abu®  Ipo®  Xan™
F 63 9 10 5 5 9 8 7
Cl 63 10 10 0 6 10 10 9
Br 63 10 9 0 5 10 8 9
I 63 10 9 0 5 10 9 9
CH;, 63 9 8 1 2 6 0 6
CF, 63 9 7 0 1 8 8 8
COCH;, 63 10 4 1 10 9 8 4
OCH, 63 9 9 3 7 10 5 9
OC,H; 63 10 8 8 4 10 6 6
OC,H, 63 9 9 6 0 10 4 4
0i-C;H, 63 6 7 5 0 5 0 2
SCH, 63 10 9 10 0 10 10 9
SC,H, 63 8 8 1 0 10 9 6
NO, 63 4 8 2 3 8 6 3

@ Rating scale: 0=no effect-10=complete control.

max. 9 Gos: Gossypium hirsutum.

theophrasti.  ® Ipo: Ipomoea lacunosa.

® Ech: Echinochloa crus-galli.

Y Zea: Zea mays. © Gly: Glycine

O Abu: Abutilon

W Xan: Xanthium strumarium.
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O—jS}
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X: CFy Cl iy
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X CO.H alkoxy, etc. = OCHg
@: 2 Bz : CHQ‘@ DMSP : CHasOQ'(N:/?OCH
3
YH DMSP / Base (K,CO; or NaH)
X : NOy, halogen,
alkyl, etc.
Y:0,S
Fig. 5 Synthetic schemes for the herbicidal pyrimidinyl (thio) salicylic acids.
X CH(OCH X CHO X CO,H
@[ (OCHa)2 1) bvsp / 1ci,0k C[ . OCH;  KMnO, Ej: Q‘N OCH,
R T E——— — ————————- =
2 H
OH 0—( 0—4
Nj/z N /_
OCH3 OCHj
Cl Cl Cl
CO.H CO,CH,0C,H5 CO,H
2 1) DMSP / LDA* OCH3 aq. HCl OCHg
—_— N= —_— N=
CHs 2) CICH,0C,Hs / K,CO3 CHz'(\ / CHQ'(\ p
N N
OCHj3 OCH,
N OCHj;
X X j§ cl
HS¢ )/ NaOH
[:Ejicoﬂ* NaNO, / HCl COH N=ocH, [:E]:COJL OCH,
————————— =
NH,HCI N HCI s /
N
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* LDA : Lithiodiisopropylamine

Fig. 6 Synthetic schemes for other pyrimidinyl (thio) salicylic acids and their derivatives.
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Fig. 7 Synthetic route for pyrithiobac-sodium.
o] Cl 0]
CHs  (cH,c0o),0 CH, 1) KMnO, @:COOH
_— D
NH, NHCOCH, 2 HC! NH,HCI
9
cl_ ,CO0H ¢l
1) NaNO, / HCI 1) Na25204 COOH
—_— S—S—< >
2) NayS, 2) HCl SH
Hooc” CI
5
Fig. 8 Retrospective synthetic method of 2-chloro-6-mercaptobenzoic acid (5).
Cl Cl
C[CN Na,S C[ aq NaOH COONa
Cl SNa
11
Fig. 9 Synthetic method of disodium 2-chloro-6-sulfidobenzoate (11).
CHUMATELN S SV =AFAH ) FARBBZD  9)1,
HETERINT, £72, ZOMDILAMDEHIZOWT —7%, 613, Fig. 10{ZRT &) icFARE (12) 254
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Lo L2t 24400 5 D Apkiklt, AFHEER 3-7 0o BB L UER
AFAT =N 9) 2FERET 2 NELL—FThoTe — &Y F 45927+ } ) 244, pyrithiobac-
(Fig. 8), ZZTCAFES L 26-v7nuxy =} sodium (ISO)
(10) 2 FkE LT, bTH2ITRTLY L ENETHHET R§ ah & @ Staple® , [#RfEo#iME (Lint) |, [FBx |0
52T M)ITLETHE2-700-6-2 07 4 FRBER WA H B,

—F U 7a (1) 2RLERABRELRREL 2 (Fig Bt £ : KIH-2031, KIH-8921 (parent acid), DPX-PE350

T
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CAS No. : 123343-16-8 for sodium salt
123342-93-8 for parent acid EYFFXy 77 b YT LRORERME
it % 4  sodium 2-chloro-6-[(4,6-dimethoxypyrimidin-2- 1. 7RI HOEBRE L TOHH
yl)thio]benzoate imZENRERB % Table 4 (2R L, BSERBHERY LBH
49 F 3 T C3H,,CINNaO,S N FA2y 7 ) TLEOREART F T 4%
4 F =2 348.74 Table 7 2 % & 7z, AT TBMBIZANTT ZICHBH T
OB AERBEK Bt r AL, 8 35~70gai/ha TY F NEEHE
B 247.7°C (4fE) THHT A I (Amaranthus spp.), FERDFITIXFK
w FE 1 1.609 g/ml L#r 72T 2 A X 3V (Sida spinosa), * A=
# A £ 4.80x10*mPa (25°C) XV 77 (Euphorbia maculata), 4 ¥ (Abutilon theophras-
KIEMEE 760 g/1 (20°C) i) FIZEOBREMRERT. 2T A4 (Ipomoea
spp.), B & U4k o3 (Digitaria sanguinalis) <o FHH:
DA X2 vy (Sorghum halepense) S0 RAF &
R\
0 OH OH
NH, 0 CH30Na N= (CH;):S04 N= POCI;
s+ ——> NaS—{ ) — CHs8—4 ) —
NH, O N N
0 OH OH
12 R
Cl OCHj4 OCH,
N— NaOH H202
g ey
N CH:;O
Cl OCHj OCH3;
6
Fig. 10 Synthetic method of 4,6-dimethoxy-2-methanesulfonylpyrimidine.
Table 4 Herbicidal efficacy and crop injury: pyrithiobac-sodium pre-emergence treatment in greenhouse.
Pyrithiobac-sodium Crop injury (%) Weed control (%)
Rate (g a.i./ha) Cotton Amaranthus retroflexus Xanthium strumarium  Echinochloa crus-galli
150 0 96 40 86
125 0 96 40 80
100 0 96 10 70
75 0 96 10 70
50 0 96 10 70

Visual assessments were made at 21 days after treatment. Rating scale: 0=no effect, 100=complete control.

Table 5 Herbicidal efficacy and crop injury: pyrithiobac-sodium pre-emergence treatment in greenhouse.

Pyrithiobac-sodium Crop injury (%) Weed control (%)
Rate (g a.i./ha) Cotton Ipomoea lacunosa ~ Amaranthus retroflexus Echinochloa crus-galli

1000 50 100 100 96

300 30 100 96 96

100 0 100 96 80

30 0 96 90 50

10 0 80 80 40

3 0 30 20 10

Visual assessments were made at 21 days after treatment. Rating scale: 0=no effect, 100=complete control.
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Table 6 Herbicidal efficacy and crop injury: pyrithiobac-sodium post over-the-top treatment in field.

R Crop injury (%) Weed control (%)

Treatment (g a.?.t/eha) Cotton Amaranthus Sida Ipomoea Ipomoea Xanthium
retroflexus spinosa lacunosa hederacea  strumarium

Pyrithiobac-sodium 100.0 6 100 97 100 99 100

50.0 3 94 88 98 98 100

25.0 2 92 60 100 99 100

12.5 3 82 57 98 99 92

Cyanazine 895.0 82 37 42 100 48 100

Fluometuron 895.0 15 45 35 25 18 32

Visual assessments were made at 22 days after treatment. Rating scale: 0=no effect, 100=complete control.

Table 7 Weed spectrum of pyrithiobac-sodium at pre-
emergence treatment.

Weed species

Controlled Suppressed
Abutilon theophrasti Cassia occidentalis
Amaranthus hybridus Chenopodium album
Amaranthus palermi Datura stramonium
Amaranthus retroflexus Digitaria sanguinalis
Amaranthus tuberculatos  FEleusine indica
Anoda cristata Ipomoea coccinea
Euphorbia maculata Ipomoea hederacea
Hibiscus trionum Ipomoea lacunosa
Salvia reflexa Ipomoea trichocarpa
Sida spinosa Panicum dichotomiflorum

Polygonum pensylvanicum
Setaria faberi
Sorghum halepense (seedling)

Table 8 Weed spectrum of pyrithiobac-sodium at post-emergence treatment.

Weed species

Controlled Suppressed

Abutilon theophrasti Ipomoea hederacea Cassia obtusifolia
Acanthospermum hispidum Ipomoea hirsutula Cyperus esculentus
Amaranthus albus Ipomoea lacunosa Euphorbia dentata
Amaranthus hybridus Ipomoea trichocarpa Euphorbia maculata
Amaranthus palermi Ipomoea triloba Portulaca oleacea
Amaranthus pspinosus Jacquemontia tamnifolia Sorghum halepense
Amaranthus retroflexus Melochia corchorifolia Tribulus terrestris

Amaranthus tamariscinus ~ Physalis wrightii
Amaranthus tuberculatos ~ Polygonum pensylvanicum

Anoda cristata Proboscidea louisianica
Cassia occidentalis Rumex crispus

Cleome spinosa Salsola iberica
Cucumis melo Sablvia reflexa

Datura stramonium Sesbania exaltata
Desmodium tortuosum Sida spinosa
Euphorbia heterophylia Solanum nigrum
Helianthus annuus Solanum sarrachoides
Helianthus petiolaris Vigna sinensis
Ipomoea coccinea Xanthium strumarium
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Table 9 The inhibition of acetolactate synthase by pyrithiobac.

Enzyme source

Concentration required for 50% inhibition (nM)

Ipomoea lacunosa 19
Abutilon theophrasti 70
Sorghum halepense 15
Cotton 20
Corn 20
Soybean 42
Rice (cv. Kinmaze) 15
Wheat 21
Table 10 Toxicology data of pyrithiobac-sodium.
Study Animal Result
Acute oral Rat LD, 3200 mg/kg
Acute dermal Rabbit LDg,: >2000 mg/kg

Acute inhalation

Dermal irritation Rabbit
Eye irritation Rabbit
Dermal sensitizer Guinea pig

Rat (4-hr exposure)

LC;p: >6.9mg/!
Non-irritant
Irritant, positive
Not sensitizer

Table 11 Ecotoxicology of pyrithiobac-sodium.
Study Animal Result

Aquatic Bluegill sunfish 96-hr LCq: >930 mg//
Rainbow trout 96-hr LCso: >1000 mg//
Daphnia magna 48-hr ECgy: >1100 mg/!/
Sheephead minnow 96-hr LCqy: > 145 mg/!
Mysid shrimp 96-hr LCy,: >140 mg/!

Bird Bobwhite quail Oral LD;,: 1599 mg/kg
Bobwhite quail Dietary 5-day LC;,: >5620 ppm
Mallard duck Dietary 5-day LC;,: >5620 ppm

Bee Honey bee Contact LDy, >25 pug/bee
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Development of a New Cotton Herbicide, Pyrithiobac

INTRODUCTION

Pyrithiobac-sodium, represents a new pyrimidinyl-
salicylic acid chemistry with the ability to inhibit the
enzyme acetolactate synthase, is a new cotton herbicide
for the control of many broadleaf weeds with over-the-
top treatment.

It was first synthesized by K-I Chemical Research
Institute Co., Ltd., in 1987, followed by the series of
biological evaluations conducted by Kumiai Chemical
Industry Co., Ltd. Then, Ihara Chemical Industry Co.,
Ltd., develeped the industrial production process for the
compound.

Since 1991, the compound was jointly developed by
Kumiai Chemical Industry Co., Ltd. and E. I. du Pont de
Nemours and Company in major cotton production
coutries, and first registered in USA in 1995 under the
trade name of Staple®.

This paper describes the history of discovery, synthesis,
process development, herbicidal performances and safety
of pyrithiobac-sodium.

DISCOVERY

Elimination of weeds from cotton is necessary to
optimise yield, increase cotton quality, and reduce har-
vest interference. In the past, many weeds, such as
morningglories (I[pomoea spp.), spotted spurge (Euphor-
bia maculata), prickly sida (Sida spinosa), and velvetleaf
(Abutilon theophrasti) can be controlled only by mechan-
ical means or by use of directed herbicide sprays.
Herbicides available in late 1980s can often reduce vig-
our and cause injury when applied post-emergence to the
cotton crop.!®

The phenoxyphenoxypyrimidines (and triazines)
shown in Fig. 1 were found to be strong Hill reaction
inhibitors.”  The structural analogy among acifluorfen-
methyl, imazametabenz-methyl and an auxin transporta-
tion inhibitor indicated that the introduction of alkox-
ycarbonyl group into neighboring position to electron
withdrawing group possibly enhance the herbicidal activ-
ity of the lead (Fig. 2).

Drastic structural modifications were done according
to the hypothesis in order to pursueing more active
compound with the ability to translocate in plants. As
a result, several herbicidal symptoms common in the
plants treated with either sulfonylureas or imid-
azolinones were observed on redroot pigweed (Amar-

anthus retroflexus) sprayed with the compound (4)
which was confirmed to have ALS inhibition activity by
in vitro study later (Fig. 3).2'®

Highly active compounds such as 0-(4,6-
dimethoxypyrimidine-2-yl)salicylic acid were found and
none of them had crop safety.

Further investigations were carried out by focusing on
the benzene ring substituent (X) and the bridge part (W)
between the two rings in Fig. 4. Then S-
pyrimidinylthiosalicylic acids exhibited distinctive safety
on cotton crop while O-pyrimidinylsalicylic acids didn’t.
Finnaly 2-chloro-6-[(4,6-dimethoxypyrimidin-2-yl)
thio] benzoic acid (KIH-8921) was selected as a cotton
herbicide candidate.*!%!1

The evaluation of KIH-8921 in USA was started in a
few university extention services and private field
contructors from 1988.1%1316) T ater Kumiai Chemical
Industry Co., Ltd., switched the development compound
from the parent acid to its sodium salt (KIH-2031) due to
potential risk of eye irritation.

SYNTHESIS

The synthetic schemes of the O-pyrimidinylsalicylic
acids and S-pyrimidinylthiosalicylic acids were shown in
Figs. 5 and 6.

INDUSTRIAL PROCESS DEVELOPMENT

Pyrithiobac-sodium (8) is synthesized by the condensa-
tion of 2-chloro-6-mercaptobennzoic acid (5) and 4,6-
dimethoxy-2-methanesulfonylpyrimidine (6) (Fig. 7).

The synthesis of 5 was an issue due to low yield of the
reaction and the availability of 3-chloro-2-methylaniline
(9) (Fig. 8). Then the new cost effective 2 step synthesis
method of disodium 2-chloro-6-sulfidobenzoic acid (11)
starting from 2,6-dichlorobenzonitrile (10) was devel-
oped (Fig. 9).1617

The purification process of 6 synthesis scheme, shown
in Fig. 10, was optimized.'®!® The condensation proc-
ess was improved to allow the direct use of the reaction
mixture of 11 in order to enhance productivity. The
final process of sodium salt formation was also improved
in productivity by using a combination of sodium meth-
ylate with a low polar organic solvent.

PHYSICAL AND CHEMICAL PROPERTIES

Common name: pyrithiobac-sodium (ISO)
Commercial name: Staple ®
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Code name: KIH-2031, DPX-PE350, KIH-8921 (for
parent acid)

CAS No.: 123343-16-8 for sodium salt, 123342-93-8 for
parent acid

Chemical name: sodium 2-chloro-6-[(4,6-dimethoxypy-
rimidin-2-yl)thio ] benzoate

Molecular formula: C,;H,,CIN,NaQ,S

Molecular weight: 348.74

Appearance: white solid

Melting point: 247.7°C (decomposition)

Density: 1.609 g/ml

Vapor pressure: 4.80 X 10~°mPa (25°C)

Solubility (water): 760 g/! (20°C)

HERBICIDAL ACTIVITY

The weed spectrum of pyrithiobac-sodium at pre-
emergence is shown in Table 1. Many important weeds
including pigweeds (Amaranthus spp.), prickly sida
(Sida spinosa), spotted spurge (Euphorbia maculata)
and velvetleaf (Abutilon theophrasti) were controlled
without injurying cotton crop.

The excellent crop safety and herbicidal activity were
exhibited at post-emergence application of pyrithiobac-
sodium (Tables 2 and 3). The weed spectrum of
pyrithiobac-sodium at post-emergence is shown in Table
4. Most of the broadleaf weeds in cotton!* including
pigweeds (Amaranthus spp.), morningglories (Ipomoea
spp.), cocklebur (Xanthium strumarium), prickly sida
(Sida spinosa), spotted spurge (Euphorbia maculata)
and velvetleaf (Abutilon theophrasti) and several grass

weeds were controlled or suppressed.

Pyrithiobac-sodium offers new weed control options
such as application flexibility, excellent crop safety, con-
trol of weed species not controlled by previous standards,
and reduced need for hand weeding for the cotton
farmer.>!"

SAFETY

Toxicity of pyrithiobac-sodium on mammal was very
low. Ecotoxicity studies showed low or negligible tox-
icity to environmental species such as birds, fish or bee.

The use of pyrithiobac-sodium would have no

Table 1 Weed spectrum of pyrithiobac-sodium at pre-
emergence treatment.

Weed species

Controlled Suppressed

Cassia occidentalis
Chenopodium album
Datura stramonium
Digitaria sanguinalis
Eleusine indica

Ipomoea coccinea
Ipomoea hederacea
Ipomoea lacunosa
Ipomoea trichocarpa
Panicum dichotomiflorum
Polygonum pensylvanicum
Setaria faberi

Sorghum halepense (seedling)

Abutilon theophrasti
Amaranthus hybridus
Amaranthus palermi
Amaranthus retroflexus
Amaranthus tuberculatos
Anoda cristata
Euphorbia maculata
Hibiscus trionum

Salvia reflexa

Sida spinosa

Table 2 Herbicidal efficacy and crop injury: pyrithiobac-sodium pre-emergence treatment in greenhouse.

Pyrithiobac sodium Crop injury (%)

Weed control (%)

Rate (g a.i./ha) Cotton Ipomoea lacunosa ~ Amaranthus retroflexus  Echinochloa crus-galli
1000 50 100 100 96
300 30 100 96 96
100 0 100 96 80
30 0 96 90 50
10 0 80 80 40
3 0 30 20 10

Visual assessments were made at 21 days after treatment.

Rating scale: 0=no effect, 100=complete control.

Table 3 Herbicidal efficacy and crop injury: pyrithiobac-sodium post over-the-top treatment in field.

Crop injury (%)

Weed control (%)

Treatment (g sit/eh a) Cotton Amaranthus Sida Ipomoea Ipomoea Xanthium
retroflexus spinosa lacunosa hederacea  strumarium
Pyrithiobac-sodium 100.0 6 100 97 100 99 100
50.0 3 94 88 98 98 100
25.0 2 92 60 100 99 100
12.5 3 82 57 98 99 92
Cyanazine 895.0 82 37 42 100 48 100
Fluometuron 895.0 15 45 35 25 18 32

Visual assessments were made at 22 days after treatment.

Rating scale: 0=no effect, 100=complete control.
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Table 4 Weed spectrum of pyrithiobac-sodium at post-emergence treatment.

Weed species

Controlled

Suppressed

Abutilon theophrasti
Acanthospermum hispidum
Amaranthus albus
Amaranthus hybridus
Amaranthus palermi
Amaranthus pspinosus
Amaranthus retroflexus
Amaranthus tamariscinus
Amaranthus tuberculatos
Anoda cristata

Cassia occidentalis
Cleome spinosa

Cucumis melo

Datura stramonium
Desmodium tortuosum

Ipomoea hederacea
Ipomoea hirsutula
Ipomoea lacunosa
Ipomoea trichocarpa
Ipomoea triloba
Jacquemontia tamnifolia
Melochia corchorifolia
Physalis wrightii
Polygonum pensylvanicum
Proboscidea louisianica
Rumex crispus

Salsola iberica

Salvia reflexa

Sesbania exaltata

Sida spinosa

Cassia obtusifolia
Cyperus esculentus
Euphorbia dentata
Euphorbia maculata
Portulaca oleacea
Sorghum halepense
Tribulus terrestris

Euphorbia heterophylla
Helianthus annuus
Helianthus petiolaris
Ipomoea coccinea

Solanum nigrum
Solanum sarrachoides
Vigna sinensis

Xanthium strumarium

significant effects on the health or the environment.
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