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Fig. 1 Development of pyrazolesulfonylurea herbi-
cides.
Table 1 Postemergence herbicidal activities of azolesul-
fonylureas.
Me
N
Az sozNHCONH—</:§
=
OMe
Activity®?
Az
a b c d e f g ho
Me
N:{ {
N 4 5 4 5 5 4 5 4
Me
Me
)
N
s 2 4 4 5 4 3 4 3
Me
N
%\ 1 2 2 2 2 2 1 2
Me
Me
g&\ 2 4 3 4 3 3 3 |
S
e 4 3 4 4 4 4 4 5
)
N
N Me
Me
Me 6o 2 o0 2 0 0 0 O
"\
N‘o Me

3 The dose of each compound is 630 g a.i./ha.

® Growth inhibition: 5, more than 90%; 0, less than 5%.

9 a: Digitaria adscendens, b: Cyperus microiria, c: Galin-
soga ciliate, d: Rorippa indica, e: Oryza sativa (rice), f:
Zea mays (corn), g: Triticum aestivum (wheat), h:
Glycine max (soybean).
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Fig. 2 Pyrazolesulfonylureas.
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Table 2 Postemergence herbicidal activities of pyrazolesulfonylureas.

N
R-SO,NHCONH—{

a

OMe

OMe
Compound Activity®®
No. R R! R? a b c d e f g h®
3a R H H 1 1 1 1 2 4 0 3
3b N’ \ Cl H 4 5 5 4 5 5 4 4
3c N R Br H 4 4 5 5 4 5 4 5
3d Me CO,Et H 2 3 3 3 4 4 4 4
4a R H H 0 2 | 1 1 2 1 1
4b N Me H 3 5 4 4 4 4 4 4
4c r|4 R Me Cl 1 3 3 2 3 2 2 3
4 Me Me CO,Et 4 5 5 4 4 5 3 5
""""""""""""""" R‘F@
5a A H Br 1 4 4 4 0 4 0 4
1 N.N H CO,Et 1 5 5 4 1 4 1 5
5b I Cl CO,Me 1 4 5 5 0 1 0 4
____________________________ L
2 Chlorsulfuron 2 4 5 5 4 4 2 5

a

) Growth inhibition: 5, more than 90%; 0, less than 5%.

The dose of each compound is 40 g a.i./ha.

o a: Digitaria adscendens, b: Cyperus microiria, c: Galinsoga ciliate, d: Rorippa indica, e: Oryza sativa (rice),
f: Zea mays (corn), g Triticum aestivum (wheat), h: Glycine max (soybean).

Table 3 Preemergence herbicidal activities of pyrazole-5-sulfonylureas in a paddy condition.

R? R X
4 N
Ne \5 so,NHoONH _\<z
| N=
R v
Compound Activity®?
No. R? R? R® X Y Z a b c d e
5¢ Me H Me OMe OMe CH 2 2 3 4 0
5a Me H Br OMe OMe CH 0 3 4 3 0
5d Me H CO,H OMe OMe CH 0 0 0 0 0
Se Me H CO,Me OMe OMe CH 3 4 5 5 0
1 Me H CO,Et OMe OMe CH 3 5 5 5 0
5f Me Me CO,Et OMe OMe CH 4 5 5 5 0
5g Me Et CO,Et OMe OMe CH 2 3 4 5 0
5h Me Cl CO,Et OMe OMe CH 2 4 5 5 0
5i Me CF, CO,Et OMe OMe CH 0 0 0 2 0
5 Me NO, CO,Et OMe OMe CH 0 1 2 4 1
5k Me OMe CO,Et OMe OMe CH 3 4 5 5 0
51 Me CO,Et CO,Et OMe OMe CH 0 0 0 0 0
5m Me H CO,Pr OMe OMe CH 0 4 5 5 0
5n Me H CO,Bu OMe OMe CH 0 0 0 0 0
50 Me H CONMe, OMe OMe CH 0 0 0 0 0
5p Me H SO,NMe, OMe OMe CH 3 5 4 5 5
5q Me H CN OMe OMe CH 0 0 0 0 0
5r Me H NO, OMe OMe CH 0 0 0 0 0
5s Me H COEt OMe OMe CH 1 2 3 3 0
5t H H CO,Et OMe OMe CH 1 4 4 4 1
Su Et H CO,Et OMe OMe CH 1 4 5 5 1
Sv Bu H CO,Et OMe OMe CH 0 0 0 0 0
Sw Ph H CO,Et OMe OMe CH 0 2 3 4 0
5x Me H CO,Et Me Me CH 0 0 0 3 1
5y Me H CO,Et Me OMe CH 1 4 4 5 0
5z Me H CO,Et OMe OMe N 0 0 0 0 |

& The dose of each compound is 5 g a.i./ha.

% Growth inhibition: 5, more than 90%; 0, less than 5%.

o a: Echinochloa crus-galli, b: Scirpus juncoides, c: Monochoria vaginalis, d: Rotala indica, e: Oryza sativa (rice).
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DEDERED» S, EBOMNEICEZDERENA - 12D

FHRZ VKR > T 3 FOABRERED, KERFEORKD
NH3S0, R? SO,NH,  R?
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Fig. 3 Pyrazolesulfonamides.
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AW LIS TRIRER 22 L b1,

ANVEKEYT I F8aidFBitamTHY, bk
(Fig. 4) I LV ARWREE k72, L LAds, TER
Bk LTy, I, #8822 B8LU0TELET Rz
HTREr D72, FLORIGL— F OBRED & Tk
BES 24T, ERNEE L 2RREL e bRE
73— MzoWTUTFIcZ o5 (Fig. 5).
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A W BIERE (B FeAd Y—KE) Kb T
“ERAURRE MY L CHERATAFRARIETH 210, fE
RIRICHA TS KB EL, RTRELUBEONEY B
W, CHERBRILIGIC L VEREE 7Y — VRO S IcHiE
B (N ONFAE) PEATEHETH LY, BiFh
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ANVKTIF8arbbETVALTO Y ZFAANDE

2 R3 RZ R3
NaNO.
\ 2 i \ S0,
n N HCI N, + - cuct
N NH N N, Cl
R ,'q|

SO,CI

RZ
1 NaSH
) M E N
N SH
Il
7_S\ ) BuLi or LDA )_S\
2)S0, NCS

SO,Li

R? R3
R'= H, Alkyl, CHF,, CH,OMe,
NHOH -/ CH,SMe, CONMe,, Ph etc.
N\
N

R2= H, Alkyl, CI, OMe, SMe, CF,,

N"SONH, NMe,, CO,Et, NO, etc.
Y R®= Alkyl, CI, NO,, SO,NMe,,
8 CO4Et, CN, Ph, 2-Py etc.

Fig. 4 New synthetic methods for pyrazole-5-
sulfonamides.
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1) NaNO,, HCI, H,S0,aq
| 2) SO,, CuCl, AcOH
B) CO,Et O, CO,Et CO,Et CO,Et
i 1) NaNO,, HCI // ] /
&& NaNO, \\ NasH [/ TR R
,lq NH, 2)S50; Cl DMF SH H0 Ny so2 \N SOzNH,
| |
Me Me Me Me
9 10 8a
- CO,Et
OHC-CH-COAEt + NHp-N—CS,CH,Ph 1M /Y ___f
i R AN H,0
cl Me  (rBu) N~ SCH,Ph Hz
| (+-Bu)
Me
Fig. 5 Synthesis of sulfonamide 8a.
100 -
CO,E coer N 1
N//—X CICO,Me N//i 75+ Oryza sativa
K,CO 5
SN SO NH, 273 \I SO,NHCO,Me g
| £
Me sa Me 1" 2 50
3
@
Fig. 6 New synthetic method for pyrazosulfuron- £ 25 Cyperus serotinus
ethyl.
0 T T T T T T T
04 03 1 3 10 30  100(ppb)

KT, BEMRE L TCANVKR= VA — 22—} (11) 2§

HTA2H L WBEL2ER L7 (Fig 6). ARi3fekilt
BLTHEBLRRAY Y 2LEERT, BLhboE 7V AN
7uy I FINORWEY B,

ESYZAL7AYIFLOKRESME

L & R #%

BV AT By TF)IA & L KBEEE L OficEE
BIRUZ AT 5, Fig. TIIKBEEEEC LY, 4 £ EARBZ
KAMEN—DTH B I ATY V) DEERKHTIETY
ZNT7uy FNORREZRFL2LDTH S, 15L&
2RAY ) ORI 300 fEDTEHEN TR I N2, %
NEIL, HWPICBT ABERENE, $4bbE) I
YERA M X EOBILHI A FOALRIGORE DR NIC &
LIl blro T3,

2. KfEARBREA: L TOBRK

eIV ANTO I, 7a T4, AERTALE
NERD SFEERE L T, £ OKBHEEIIHL TZ
b TRER CENREMRE KT 5 (Tabled), FE
I, BV 2Ly TR VIREORER,» HEB
TOWRLVAEEE AT 5, BENRBRICBNT, ¥
FYANT By LFIETERENFFRLETII /L
#BE 10gai/ha ITOERTHVIIREHT T3, £
BHMEICBWTY, ZOMRIBIZLEALEE > T,

IV ALT7OY ZFNLOMBRLENERHICL )R
Lotz MitEE, pH &BREEEOMICHEIZA SN
¥, REGTE L OMICH 2REOHEBEI S L1729,

Concentration of pyrazosulfuron-ethyl

Fig. 7 Selectivity of pyrazosulfuron-ethyl between
Cyperus serotinus and rice under water culture condi-
tion.

Table 4 Herbicidal activities of pyrazosulfuron-ethyl
against paddy weeds in greenhouse.

1,5 value (g a.i./ha)

Weed species Pro Post
Echinochloa crus-galli 13.0 18.0 (1.510)
Scirpus juncoides 8.3 13.0 210)
Monochoria vaginalis 2.7 27 350
Alisma canaliculatum 2.1 1.4 (3-41)
Sagittaria pygmaea 1.9 272D
Cyperus serotinus 09 1.9 (3-41)
Eleocharis kuroguwai 1.9 7.4 (10-20 cm)™

) Leaf stage of each weed.
) Plant height.

—7%, BHKRICHL T, BEBFEN% OBRERT
REHNRI LT WIRKEM L% 1em X3 H) RFME L
St (BHERE lem) TREFLL, EI9VALV7vrF
iz 2l g ai/ha DEEETHIT LA CEEZROLN
T, BB REEZRL Y,

Kz, €IV an7uerynFLoKRHBRERE L TO
BRI DWW CESREBR CHERE L 72 (Table5), ©7V 2)v
79y TNt 20~30gai/ha DMEE T, EHFHMET
D EZIZEREBRRET L 2L 0D, TR
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Table 5 The field trial of pyrazosulfuron-ethyl (NC-311) for transplanted rice in 1983.

Weed control®

Rice growth(%)®

g ai./ha Application

timing® Plant No. of

iming a b c d e f* height tillers

20 +3 98 97 100 100 95 98 104 100

20 +7 98 100 100 100 98 100 107 9

NC-311 30 +3 97 100 100 100 97 100 104 99
30 +7 98 100 100 100 98 100 104 99

0 410 9 93 93 100 95 97 102 101

30 415 8 97 97 100 95 97 101 105

Butachlor 1500 +3 98 100 90 100 27 63 106 99
1500 +7 100 88 43 8 20 70 103 93

@ Days after planting.
® Growth inhibition: 0 (no effect)-100 (completely killed).

9 a: Echinochloa crus-galli, b: Scirpus juncoides, c: Monochoria vaginalis, d: annual broad-leaf weeds, e: Sagittaria pygmaea,

f: Cyperus serotinus.
9 % of hand weeding plots.

TRTUIEbDHTEVHREZRL, BHEARA~OKEZ
FolKBboNLrot:, Fl2A T2ty b, T
aANT, TvFI7a—Ni k) ELiZERLHE EDE
Afic L, bW —ROEH L L COBHIF 5T
BThbIrd, FMBICHREINL IV AL70Y T
FIKRRO miEIC & 2BREBNZEIZIZEA L,
DX R=ATATOKRRIMZA T4 #5472 L HEA
BEET LI LML — THEOBSRBIC & - THER
nTw3o,

3. AB~OERN

BV ANT gy 2 FNVGKRREMC L FERE R L
#RMLEAL, TTR—BoZICRERILENTWS, &
(IS, ZHEBRL 1)) TR SEEBETH
NRATRE A7 IR L TEMERT.

4. FHA B

B2V AT ey TFNVRHERD AN K= LT L TH
FfRicN) >, AV e v RT3 BEARKIC
B5§5T742b7 77— aBiBEE (ALS) %BHET 2,
DT ENREMRDO—KIERBRTH D L#HEL T D,
Table 6icE V270> F LD invitrolz BT 5
ALS HEERZRT,

£ ¢ #

7V 2ANT7 ey 2 FVEROEIEIMIC T b 2R
BoOfER% Table 7R, SRBRICBWTHESIZEE
A C, E@ic L L7z, 27, BREEE, BhE,
R M, BHEYE, IR, BREM, —BREHOLR
BlcbwligME: 22RO LN L
f: 20).

EIV2ANT7 0y 2 FIVRRDE AR I3 TRER

N

Table 6 Inhibition of acetolactate synthase extracted from
paddy weeds and rice for pyrazosulfuron-ethyl.

. I, value
Species (nm)
Cyperus serotinus 20.4
Echinochloa crus-galli 16.2
Oryza sativa 13.8

Table 7 Toxicity studies of pyrazosulfuron-ethyl.

Toxicity studies Animals Results
Acute oral Rat LD;, (M,F): > 5000 mg/kg
Mouse LD, (M,F): > 5000 mg/kg
dermal Rat LD;, (M,F): >2000 mg/kg
inhalation  Rat LC;, (MJF): >3.9mg/l
Dermal irritation Rabbit No irritant
Eye irritation Rabbit No irritant

Dermal sensitization Guinea pig Negative

M: male, F: female.

BOBREILUTOEBY) THS, a4, LAFH, =V
A, VT, AVIE, IV anBMEICHT 2L TlmfE
(48hr, 3> a3 3hr) FTXT4Oppm U ETHY, f
FEHRIFEE BT 7IcaBEINL, 2, EBES
bERDLN Lo, IYNF, A ahrnRRERA~
DEBLRDHLNEh 72, 2 HEBLUY XTI 6EGER
TS HE#EZERS L7z & LCy flii3 5620 ppm L) |
ThHY, BE~OBBLBEI N -T2,

ot EIVALT Ry ZF VLSS L U&
BEREAWICN L & bD THEEES, BEOFERLET
BEREWICHERI W EEZ Lk,
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Pyrazosulfuron-ethyl

CO,E

: j SO;NHCONH-<\:>

OMe
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/—& OMe
N N SO;NHCONH—<\:>

OMe

BN

Acid

Demethyl

COOH

Fig. 8 Proposed metabolic pathways of pyrazosulfuron-ethyl.

R#ELBE LUBRE

(7Y —n-5-4C] BLU [B) 32>-5-4C] » 2%
HoERbAwE Av-C8h, fY, TEFICB0 2R3
PREEFANL, HEEIND B LM% Fig. 812
AL,

EIVANTO Y ZF VR Ty FicRORE I N,
FULAME L CESP RIS Lz, RN Nk, F&
LTHTR#EE2%ZT, R8BI UBEIT2AL TEPIC3H
PIRICIIZEeic BRil S fL 7z, AU R o0 it i3
T7~9hr TH Y, M OB D REBic BB a2 &
7 CERHICTER L, BEBESERERED bk - 12,
PR EIAS I3 RNDIT ) D0k EH - 72hs, Erpdkihid R
ICHBRL BN, RIERRE LUk e, ERB TR
EIvaLTary F T EAERIBEINT, FELR

FMEOHIIZEY IV VBRA N X ENE A F L (Demeth-

yl) Thot2, MUzt ) I Y U8R SMoKkERL (5-OH), #
VKRBT AT NVOMKGHE (Acid) B & FIRFEFHE DM
K5M# (SAE, SAA, AP) 7c KA s 722y,

AFRIC BT ORI, ERricE) ISP VERA D
XV EOB A F UL EZITTRH# S L2, BSRARICBT
PBBRBORLE, IXhovrivyain7uriFdbk
R34 (Demethyl, Acid, SAE, SAA, AP) MBBRIEIZR
WIS (Sppb) LLTFTH - 7222,

THEIcBWwTE I Y 2L 7oy 2 F U 1S BEL
WAL, ERBRGIE S AKEBILLINE T v b &k
Thotz, MEBEREDS 3 HEEAEREE L), —
iz gy 2 ERILI NS, EIVALTIRYZFLD
S fEMEIZ N o 12 A, HEA, WIAKFRTIEEELT
RFERFEOFRRIC L VB E NI,

B35 1) 5K, T, HEXK, WIIKORERERN
FER, et T— 7 LRAEL T CIChBE 4 221l
%(, EFHATLRETH D Z LM INT,

5 b U

BV 2N T7uy )N E b TEREE TRER DK
HESICEWHIRLRL, BrOKMICNT 2FmWEE
HEETLHITH 2,

L7245 T, brEICBY TKBRERESASHOER
o Twbr—RENERME L THERATAZ EHTE
5., T T2/ E LA BRERZHAG LY 6 HINE
HibEn, F7BAELE2DBARINBERME,IERS N
TWa, LTV AT ay 2 F )UIBHREARRIC N
Z, ERARICOEELRBIREZ2ETLZ L5, HEB
& U [ 8 7 IR KRFRSE~ DB RETH ),
AERO EICKWICERT 2 2 LEIRTE 3,
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Development of a New Rice Herbicide,
Pyrazosulfuron-ethyl

INTRODUCTION

Pyrazosulfuron-ethyl is a new rice herbicide. This
herbicide is highly effective for controlling paddy weeds,
especially annual and perennial broad-leaf weeds and
sedges, without phytotoxicity to rice. Combination of
low application rates and excellent toxicological profiles
makes this compound attractive from an environmental
view point.

Pyrazosulfuron-ethyl is used in 18 countries as of 1995

after commercialization in Japan in 1990.
This report describes a short history of its discovery,
synthesis, herbicidal activities and safety.

DISCOVERY OF PYRAZOSULFURON-ETHYL

Our target of research was to develop new herbicides
with both mammalian and environmental safety and
excellent herbicidal activities. Sulfonylurea herbicides
were selected as a lead compound for our research
because of their promising characteristics such as high
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R, . X Table 1 Herbicidal activities of pyrazosulfuron-ethyl
N—\< against paddy weeds in greenhouse.
T SO,NHCONH :‘</ Z  Sulfonylurea herbicides
: 1 P N=( ) I,; value (g a.i./ha)
' : Y Weed species
ARYL | BRIDGE | HETEROCYCLE Pre Post
R? N X Echinochloa crus-galli 13.0 18.0 (1.5 )®
//‘h_so NHCO 7\ Scirpus juncoides 8.3 13.0 (2 1)
N , 2NHCONH _<N_ ? Pyrazolesulfonylureas Monochoria vaginalis 27 27 (3-51)
LR Y Alisma canaliculatum 2.1 1.4 (3-41)
, Sagittaria pygmaea 1.9 27 (21
R} R X Cyperus serotinus 09 19 (3-41)
T \; N—\< Eleocharis kuroguwai 1.9 7.4 (10-20 cm)®
N\N SO,NHCONH —</ Z  Pyrazole-5-sulfonylureas
I N=< 8 Leaf stage of each weed.
R 3 Y ® Plant height.

Pyrazosulfuron-ethyi:
R'=Me, R%=H, R®=COLEt, X,Y=OMe, Z=CH

Fig. 1
cides.

Development of pyrazolesulfonylurea herbi-

herbicidal activities and low toxicities to mammal.

The sulfonylurea herbicides 1 consist of three major
parts in the structure, ie. aryl, bridge and heterocycle
parts. In the aryl ‘part, various heterocycles were
introduced to 1 to examine their herbicidal activities.
Some of the compounds having a pyrazole ring as the
aryl part (pyrazolesulfonylureas: 2) showed higher activ-
ities. Then, we extensively investigated a series of com-
pounds 2 and found that several compounds, in which
the sulfonylurea bridge was bound to the 5-position of
the pyrazole ring (pyrazole-S-sulfonylureas: 3), had selec-
tivity to rice plants in paddy weeds. Further evaluation
under a paddy condition on a series of compounds 3 was
carried out in order to find out a paddy rice herbicide.”
By optimization, pyrazosulfuron-ethyl was finally
selected to be developed as a rice herbicide (Fig. 1).

CHEMICAL AND PHYSICAL PROPERTIES

Common name : Pyrazosulfuron-ethyl

Commercial name: Sirius® (for rice), Agreen® (for
turf)

Experimental name : NC-311

Chemical name: Ethyl 5-(4,6-dimethoxypyrimidin-2-
ylcarbamoylsulfamoyl)-1-methylpyrazole-4-carboxylate

Molecular formula : C,,H;{N;O,S

Molecular weight : 414.40

Physical state : White crystalline powder

Specific gravity : d2°=1.44

Melting point : 181-182°C

Vapor pressure : 1.1 X 107" mmHg (20°C)

Solubility (water) : 1.45X 1072 g/ (20°C)

Partition coefficient : log Pow=1.3 (n-octanol/water)

SYNTHESIS

There were very few reports on synthesis of
pyrazolesulfonamides which were the key intermediates
for the compounds 2. Three new methods? were devel-

Table 2 Toxicity studies of pyrazosulfuron-ethyl.

Toxicity studies Animals Results
Acute oral Rat LD;, (M,F): >5000 mg/kg
Mouse LD, (M,F): > 5000 mg/kg
dermal Rat LDs, (M,F): >2000 mg/kg

inhalation  Rat LCy, (M,F): >39mg/!
Dermal irritation Rabbit No irritant
Eye irritation Rabbit No irritant

Dermal sensitization Guinea pig Negative

M: male, F: female.

oped for the synthesis of pyrazole-5-sulfonamides, as the
key intermediates for the compounds 3. The new
methods made it possible to design and synthesize vari-
ous compounds 3 and led to discover pyrazosulfuron-
ethyl.

In investigating a manufacturing process of
pyrazosulfuron-ethyl,? six new practical synthetic routes
for the intermediate sulfonamide and a new industrial
process for pyrazosulfuron-ethyl from the sulfonamide
were developed.

HERBICIDAL ACTIVITIES

Pyrazosulfuron-ethyl shows extremely high activities
against annual and perennial broad-leaf weeds and
sedges with pre and post emergence applications. The
dosage for 75% control against paddy weeds including
Echinochloa crus-galli was less than 18 g a.i./ha in
greenhouse tests (Table 1). Pyrazosulfuron-ethyl was
very safe to transplanted rice at 21 g a.i./ha even under
water leaching and shallow planting conditions.®

In field trials in Japan, pyrazosulfuron-ethyl at the rate
of 20-30 g a.i./ha resulted in excellent control of most
weed species with no phytotoxicity to transplanted rice at
various application timings.*

Pyrazosulfuron-ethyl is also selective to wheat and
some kinds of turf.

MODE OF ACTION
Pyrazosulfuron-ethyl, like other sulfonylurea herbi-
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cides, inhibits plant enzyme acetolactate synthase
involved in branched-chain amino acid biosynthesis.

SAFETY

Toxicity of pyrazosulfuron-ethyl on mammal was very
low (Table 2). Pyrazosulfuron-ethyl did not show
mutagenic, teratogenic, reproductive and oncogenic
effects. Pyrazosulfuron-ethyl showed low or negligible
toxicity to fish, birds and beneficial insects.

The metabolism studies were carried out with two
types of *C-labeled pyrazosulfuron-ethyl. In rat, ad-
ministered pyrazosulfuron-ethyl was absorbed rapidly,
and almost of all the dosed *C was excreted into urine
and feces within three days. In rice plant,
pyrazosulfuron-ethyl was deactivated by the oxidative
demethylation of the methoxy group in the pyrimidine
moiety. In soil, pyrazosulfuron-ethyl gradually

degraded, and was finally mineralized to CO,. In the
field studies using non-radiolabeled pyrazosulfuron-
ethyl, the residue levels were very low in rice grain and
paddy field soil. Thus, pyrazosulfuron-ethyl is consid-
ered to be safe, and has a minimal impact on the environ-
ment.
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