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Maria José Lamus Becerra

Directora de Nuevas Creaciones
Superintendencia de Industria y Comercio
E. S. D.

Referencia: Solicitud de PCT Patente de Invencion denominada Forma
Cristalina del Protector Herbicida Isoxadifeno-Etilo, un Proceso para
su Preparacion y Composiciones que la Contienen.
Asunto: Respuesta al Requerimiento No. 6972 del 25 de julio de 2019.
Expediente No. NC2018/0002364
Juan Carlos Cuesta Quintero, mayor de edad, identificado como aparece al pie de mi
firma, obrando en mi calidad de apoderado de la sociedad Jiangsu Rotam Chemistry Co.
Ltd, doy respuesta al Oficio No. 6972 del 25 de julio de 2019, bajo los siguientes términos:

1. Titulo.

Se solicita respetuosamente a este Despacho se tenga en cuenta para la invencion el

siguiente titulo:

Forma Cristalina del Protector Herbicida Isoxadifeno-Etilo, un Proceso para sy

Preparacion y Composiciones que fa Contienen

2. Reivindicaciones.

e Reivindicacion 1:

El Examinador argumenta que deberian indicarse al menos 20 picos del
difractograma de rayos X de polvo registrado en el compuesto reivindicado para
identificar el cristal.

El solicitante, con todo el respeto, no considera que el requisito de incluir 20 picos
como minimo en el XRDP para un compuesto sea racional. No todos los cristales

tienen mas-de 20 picos distintivos en XRDP, depende de las propiedades del cristal.

No obstante, y con el fin tratar de superar la objecidn, la reivindicacion 1 se modifica
para incluir los 16 picos descritos en la solicitud. Cabe sefialar gue la reivindicacion

1 asi modificada presenta el mismo contenido que la reivindicacién 1 de la patente
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estadounidense correspondiente (US 10015967 B2, concedida el 10 de julio de
2018) (adjunta).

Reivindicacidén 7:

El Examinador indica que la reivindicacion 7 no es concisa porque indica un método,

pero no menciona las condiciones bajo las que se desarrollan los diferentes pasos.

Para contestar a esta objecion, la reivindicacion 9 se ha incorporado en la
reivindicacion 7 y el disolvente en el paso i) se ha limitado a metanol, acetonitrilo o
una mezcla de los mismos. El paso ii) de enfriamiento se ha limitado al rango de
temperatura 0-5°C, soportado en el ejemplo 2 y 3 de la solicitud originalmente

presentada.

Reivindicaciones 10 v 15:

El examinador argumenta que los términos: "herbicida de sulfonilurea”, "“auxiliar
aceptable para herbicida", "solvente", '"diluyente", "agente humectante"
"dispersante”, "agente espesante”, "agente antiespumante" no indican un
compuesto especifico por su nombre quimico o férmula, sino por la funcién o
actividad que realizan, lo que resulta en un niimero indefinido de composiciones que

no estan soportadas en la descripcion.

En el nuevo juego de reivindicaciones, la reivindicacién 17 se incorpora a la
reivindicacion 10 original (reivindicacién 5 actual), de modo que el herbicida de
sulfonilurea se define por compuestos con su nombre quimico. El auxiliar fambién

se define en base a los compuestos citados en los ejemplos 4,5y 6.

Se elimina la reivindicaciéon 15 con los términos "disolvente"”, "diluyente", “agente

humectante", "dispersante”, "agente espesante” v "agente antiespumante”.

Reivindicaciones 10 v 16:

El Examinador afirma que las expresiones: “"cantidad protectora", "cantidad efectiva

de herbicida", "aproximadamente" son imprecisas.

Estas expresiones se han eliminado en el juego de reivindicaciones propuesto.

Reivindicacidén 16:

El Examinador afirma que la expresion "en particular' hace que la caracteristica sea

opcional y no limita el alcance de la reivindicacion.
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Para superar esta objecion, se ha incluido una nueva reivindicacion dependiente

(reivindicaciéon 12) para este rango preferido.
e  La Reivindicacion 1 se ha modificado para incluir los 16 picos de XRDP.

» Las Reivindicaciones 2, 3 y 4 se han eliminado.

e El contenido de la Reivindicacion 9 se ha incluido en la Reivindicacion 7 y se ha

definido unrango de temperatura en la Reivindicacién 7.
» Las Reivindicaciones 8 y 9 se han eliminado.

e La Reivindicacién 17 se ha incorporado en la Reivindicacion 10 y el auxiliar se ha

definido en base a los ejemplos 4, 5 y 6 de la solicitud originalmente presentada.

s La Reivindicacion 15 se haeliminado.

e La Reivindicacibn 16 se ha modificado para eliminar los términos

“aproximadamente” y “en particular”.

¢ Se ha afiadido una nueva Reivindicacion 12.
3. Examen de patentabilidad.

Nivel Inventivo:

El Examinador ha citado dos documentos:

TN
AR R

AR R RARRRA 4 2
ted isoxazolines, process for

L
"Substitu
D1 US5516750 their preparation, composition containing 14 May 1996

them, and their use of safeners”

"Polymorphism and the Organic Solid
D2 Art. 1 State: Influence on the Optimization of 17 January 2013

Agrochemicals”

El Examinador argumenta que D1 revela la sintesis de isoxadifeno-etilo, un compuesto que
se usa como agente protector, que reduce la fitotoxicidad de los herbicidas en las plantas
de cultivo sin reducir la actividad herbicida contra las plantas dafinas y D2 ensefia como
las diferencias en las redes cristalinas de ingredientes activos, como los agroquimicos, son
responsables de las diversas propiedades fisicoquimicas. Por lo tanto, en su opinién, el

experto medio en la materia estaria motivado para aplicar el conocimiento sobre
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polimorfismo descrito en el documento D2 al compuesto de D1, para asi alcanzar el objeto

de la Reivindicacion 1.

En primer lugar, el solicitante quiere argumentar que en el estado de la técnica es
ampliamente conocido que el polimorﬁsmo es la capacidad de los materiales sdlidos de
existir en dos o mas formas cristalinas con diferentes disposiciones o conformaciones de
los constituyentes en la red cristalina. Aunque quimicamente iguales, los polimorfos tienen
diferentes estructuras reticulares y posteriormente difieren en las propiedades
fisicoquimicas. Las condiciones para formar polimorfos de un compuesto dado pueden
variar mucho en temperatura, solubilidad, presion, etc. Por lo tanto, un experto en la materia
no podria predecir las propiedades de una forma cristalina, como la solubilidad, el punto de
fusion, la estabilidad termodinamica y mecénica, a partir de una forma cristalina conocida

de ese compuesto.

Ademas, D1 no revela ninguna forma cristalina de isoxadifen-etilo. Aunque D2 brinda una
ensefianza general sobre como las diferencias en las redes cristalinas de ingredientes
activos, como los agroquimicos, son responsables de las diversas propiedades quimico-
fisicas, D2 no proporciona ningin dato sobre el proceso para preparar la forma de cristal
de isoxadifeno-etilo, especiaimente el proceso especifico para realizar la modificacién
cristalina | de isoxadifen-etilo en la presente invencion. El experto medio en la materia no
podria, a partir de las ensefianzas generales de D2, obtener la modificacion cristalina |
especifica de isoxadifen-etilo, la cual presenta una mejor estabilidad que la forma amorfa
de isoxadifen-etilo, sin llevar a cabo un trabajo de experimentacion que, en ningln caso,

podria considerarse obvio. Por lo tanto, la presente invencién presenta actividad inventiva.

En vista de todo lo anterior, ruego a usted estudiar nuevamente la solicitud con base en las

modificaciones realizadas y proceder de conformidad.

Cordialmente,

é / ?W&M Z

i

Juan Carlos Cuesta Quintero.
C.C. 79.339.809 de Bogota
T.P. 43273 del C.S. dela J.
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REIVINDICACIONES

1. Una modificacidn cristalina I de isoxadifeno-etilo,
que muestra cada uno de los siguientes reflejos, en cualqguier
combinacién, en un difractograma de rayos X de polvo registrado

usando radiacidén Cu—Ko a 25 °C:

26 = 11.027 £ 0.2 (1)
286 = 17.841 + 0.2 (2)
286 = 19.492 £+ 0.2 (3)
286 = 19.841 + 0.2 (4)
28 = 20.583 + 0.2 {(5)
20 = 22.151 + 0.2 (6)
26 = 22.920 + 0.2 (7)
286 = 23.541 £ 0.2 (8)
26 = 24.801 £ 0.2 (9)
26 = 25.775 £ 0.2 {(10)
20 = 26.895 + 0.2 (11)
20 = 27.813 £ 0.2 (12)
26 = 29.408 + 0.2 (13)
26 = 30.065 + 0.2 (14)
28 = 31.228 £ 0.2 (15)
26 = 33.502 + 0.2 (16)
2. La modificacidn cristalina I de isoxadifenoc-etilo de

acuerdo con la reivindicacién 1, gue muestra un espectro IR
con 1, 2, 3, 4 o 5 de las bandas caracteristicas a 2984.31,

2928.19, 2160.89, 1978.81 y 1716.65 cm™L.

3. La modificacidn cristalina I de isoxadifeno-etilo de
acuerdo con la reivindicacidén 1, que muestra un espectro DSC

gue tiene un pico endotérmico a 86.5 °C.
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4. Un proceso para la preparacidén de una modificacién
cristalina I de 1isoxadifeno-etilo de acuerde con la

reivindicacidn 1, que comprende:

i) disolver un isoxadifeno etilo amorfo en un
disolvente hasta su disolucidén completa, donde el
disolvente se selecciona de metanol, acetonitrilo vy
una mezcla de los mismos;

1i) enfriar la mezcla obtenida en el pasoc i} de 0 a 5°C
para permitir una cristalizacién completa; vy

1ii) centrifugar la mezcla obtenida en el paso 1ii) vy
posteriormente lavar la torta de filtro resultante

para obtener un cristal de isoxadifeno etilo puro.

5. Una composicidén que comprende la modificacién
cristalina I de isoxadifeno-etilo de acuerde con la
reivindicacidn 1, un herbicida de sulfonilurea, y un auxiliar,

donde el herbicida de sulfonilurea se selecciona del grupo

gue consiste en amidosulfurona, azimsulfurona, bensulfurona-

metilo, clorimurona-etilo, clorsulfurona, cinosulfurona,
ciclosulfamurona, etametsulfurona-metilo, etoxisulfurona,
flupirsulfurcna-metilo, flazasulfurona, foramsulfurona,

halosulfurona-metilo, imazosul furona, yodosulfurona-metilo,

mesosulfurona-metilo, metsulfurona-metilo, nicosulfurona,
oxasulfurona, primisulfurona-metilo, prosulfurona,
pirazosulfurona-etilo, rimsulfurona, sulfometurona-metilo,
sulfosulfurona, tifensulfurona-metilo, triasulfurona,

tribenurona-metilo, trifloxisulfurona, triflusulfurona-metilo
tritosulfurona y sales de los mismos, y mezclas de los mismos,
donde el auxiliar se selecciona de grupo que consiste en

lignosulfonato de sodio, alquilpolivinilpirrolidona, aceite de
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maiz, Acido naftalenosulfénico, acetato de sodio, carbonato de
sodio, emulsién acuosa no 1idénica de polidimetilsiloxanos,
manitol, sulfonato de alquil naftaleno, sacarosa y una mezcla

de los mismos.

6. La composicidédn de acuerdo con la reivindicacidn 5,
en forma de un concentrado de suspensidén (CS), un concentrado
de suspensidén de base oleosa (DO), un granulo soluble en agua
(GS), un concentrado dispersable (CD), un concentrado
emulsionable (CE), un recubrimiento de semillas en emulsidn,
un recubrimiento de semillas en suspensidn, un granulo (GR),
un microgranulo (MG), una suspoemulsidén (SE) o un granulo

dispersable en agua (GA).

7. La composicidén de acuerdo con la reivindicacién 6,

en forma de un concentrado de suspensidén de base oleosa (DO).

8. La composicién de acuerdo con la reivindicacidén 6,

en forma de un granulo soluble en agua (GS).

9. La composicién de acuerdo con la reivindicacidén 6,

en forma de un granulo dispersable en agua (GA).

10. La composicién de acuerdo con la reivindicacidén 5,
donde la relacidn ponderal del isoxadifeno-etilo a herbicidas

de sulfonilurea estd en un intervalo de 1:10 a 10:1.

11. La composicién de acuerdo con la reivindicacién 5,
donde el herbicida de sulfonilurea se selecciona del grupoc gue
consiste en bensulfurona-metilo, flupirsulfurona-metilo,

metsulfurona-metilo, nicosulfurona, rimsulfurona,
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sulfometurona-metilo, tifensulfurona-metilo, tribenurona-
metilo, halosulfurona-metilo, yodosulfurona-metilo,
mesosulfurona-metilo y sales de los mismos, y mezclas de los

mismos.

12. La composicién de acuerdo con la reivindicacién 5, en
la gue la relacidn en peso de los herbicidas isoxadifen-etil a

sulfonilurea estd en el intervalo de 1:10 a 5: 1.
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REIVINDICACIONES
Habiéndose descrite la invencidén como antecede, se
reclama como propiedad lo contenido en las siguientes
reivindicaciones:
1. Una modificacién cristalina I de isoxadifeno-etilo,

o - e o 10 11 1 1% G4 16 o

que muestra Sy—dprBpmrfpFpertipe G b e et At s G

de los siguientes reflejos, en cualquier combinacién,

en un difractograma de rayos X de polvo registrade usando

radiacidén Cu—Ko a 25 °C:

26 = 11.027 £ 0.2 (1)

26 = 17.841 £ 0.2 (2)

26 = 19.492 £ 0.2 (3)

20 = 19.841 + 0.2 (4)

26 = 20.583 % 0.2 (5)

20 = 22.151 £ 0.2 (6)

20 = 22.920 £ 0.2 (7)

26 = 23.541 £ 0.2 (8)

26 = 24.801 £ 0.2 (9)

20 = 25.775 £ 0.2 (10)
28 = 26.895 £ 0.2 (11

26 = 27.813 £ 0.2 (12)
286 = 29.408 £ 0.2 . (13)

26 = 30.065 *+ 0.2 (14)
20 = 31.228 £ 0.2 (15)

28 = 33.502 % 0.2 (16)
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La modificacidén cristalina I de isoxadifeno-etilo

de acuerdc con la reivindicacién 1, que muestra un espectro
IRcon 1, 2, 3, 4 0o 5 de las bandas caracteristicas a 2984.31,

2928.19, 2160.89, 19278.81 y 1716.65 cm™?,

La modificacidn cristalina I de isoxadifeno-etilo

de acuerdo con la reivindicacidn 1, gue muestra un espectro
DSC gue tiene un pico endotérmico a 86.5 °C.
Un proceso para la preparacidn de una modificacidn

I de isoxadifeno-etilo de acuerde con la

dicacidn 1, gue comprende:

disolver un isoxadifeno etilo amorfo en un

disolvente hasta su disclucidn completa,

~.

iii) centrifugar la mezcla obtenida en el paso ii) y

posteriormente lavar la torta de filtro



ot
o

ot
w

20

25

30

3/4

resultante para. obtener un cristal de isoxadifeno

etilo puro.

composicién que comprende

la modificacidn cristalina I de isoxadifeno-

etilo de acuerdo con la reivindicacién 1, urs

un herbicida de sulfonilurea, y un auxiliar
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. La composicidén de acuerdo con la reivindicacién

en forma de un concentrado de suspensidén (CS), un
concentrado de suspensidén de base oleosa (DO), un granulo
soluble en agua (GS8), un concentrado dispersable {(CD), un
concentrado emulsionable (CE), un recubrimiento de semillas
en emulsidn, un recubrimiento de semillas en suspensidn, un
granule (GR), un microgrédnulo (MG), una suspoemulsidén (SE)

o un granulo dispersable en agua (GA).

. La composicidén de acuerdo con la reivindicacién

en forma de un concentrado de suspensidn de base oleosa

La composicidn de acuerdo con la reivindicacién

en forma de un grénulo soluble en agua (GS).

La composicidén de acuerdo con la reivindicacién

(GA) .

composicidn de acuerdo con la
donde la relacidén ponderal del

sulfonilurea estd en un

-
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composicidn de acuerdo con la

donde el herbicida de sulfonilurea se

selecciona del grupo gque consiste en bensulfurona-metilo,
flupirsulfurona-metilo, metsulfurcna-metilo, nicosulfurona,
rimsulfurcna, sulfometurona-metilo, tifensulfurona-metilo,
tribenurona-metilo, halosulfurona-metilo, yodosulfurona-
metilo, mesosulfurona-metilo y sales de los mismos, y mezclas

de los mismos.

i Con formato: Espaiiof (México)

on formato: Espafiol (México)
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&7 ABSTRACT

A crystalline form of isoxadifen-ethyl of formula (1), the
crystal preparation process, the analyses of the crystal
through various analytical methods and using the crystal to
prepare stable agrochemical formulation. The invention also
describes the use of various solvents towards the crystalline
form preparation conditions.
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1
FORM OF ISOXADIFEN-ETHYL, A PROCESS
FOR ITS PREPARATION AND USE OF THE
SAME

BACKGROUND

Field

The present disclosure relates to a crystalline form of
ethyl 4,5-dihydro-5,5-diphenyl-3-isoxazolecarboxylate
(isoxadifen-ethyl), to its preparation processes and to its use
in agrochemical preparations.

Description of Related Art

Ethyl  4,5-dihydro-3,5-diphenyl-3-isoxazolecarboxylate
(isoxadifen-ethyl) is a potent safener for sulfonylurea her-
bicides. Isoxadifen-ethyl has molecular formula of
C,4H,,NO;. Its chemical structure is:

@

It is typically used to reduce the phototoxicity of sulfo-
nylurea herbicides when applied on crops, such as maize,
wheat and cereals.

The commercially available isoxadifen-ethyl, which is
usually manufactured by the process described in U.S. Pat.
No. 5,516,750, which is incorporated herein by reference for
all purposes, is present in an amorphous state, the melting
point which is about 78° C.-81° C.

SUMMARY

It has been found that isoxadifen-ethyl in amorphous state
is highly unstable. It will generally undergo significant
hydrolysis when dissolved or dispersed in water. Further-
more, hydrolysis can occur during storage, particularly
where the compound is exposed to moisture. As a result, the
stability of isoxadifen-ethy! is of great concern with respect
to providing the commercially available formulations.
Therefore, there is a need to provide a novel form of
isoxadifen-ethyl with increased stability in formulations.

Accordingly, in an embodiment, the invention provides a
novel crystalline form of isoxadifen-ethyl, termed “crystal-
line modification 17, and a process for its preparation, as well
as agrochemical compositions containing it, and methods for
using it in agrochemical applications, such as methods for
applying it to plants, plant loci, and plant parts. The novel
crystalline modification I has been found to have increased
stability relative to the amorphous form. Accordingly, in an
embodiment, the invention also provides compositions for
controlling undesirable plant growth, such as weeds, com-
prising the crystalline modification 1 of isoxadifen-ethyl
with sulfonylurea herbicides, as a mixture with auxiliaries
and carriers. The use of the crystalline modification I of
isoxadifen-ethyl with sulfonylurea herbicides in the control
of undesired plant growth and a method for the same are also
provided by embodiments of the invention.
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2
BRIEF DESCRIPTION OF DRAWINGS

Various features and aspects of the embodiments of the
invention disclosed herein can be more clearly understood
by reference to the drawings, which are intended to exem-
plify and illustrate, but not to limit, the scope of the
invention, and wherein:

FIG. 1 is an infrared (IR) spectra of an embodiment of
crystalline modification I of isoxadifen-ethyl;

FIG. 2 is a powder X-ray diffractogram of an embodiment
of crystalline modification I of isoxadifen-ethyl;

FIG. 3 is a graph showing the results of a Differential
Scanning Calorimetry (DSC) scan of an embodiment of
crystalline modification I of isoxadifen-ethyl; and

FIG. 4 is a graph showing the results of a powder X-ray
diffractogram of amorphous isoxadifen-ethyl.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

The invention can be more clearly understood by refer-
ence to the following detailed description of specific
embodiments thereof, which is intended to illustrate, but not
limit, the scope of the appended claims.

It has been found.that an embodiment of the crystalline
modification I of isoxadifen-ethyl has a significant increase
in its stability when mixing with sulfonylurea herbicides in
formulations that are otherwise similar to current comumer-
cially available formulations, which contain the amorphous
form of isoxadifen-ethyl. In addition, it has been found that
the crystalline modification I of isoxadifen-ethyl is easier to
comminute or grain compared to amorphous isoxadifen-
ethyl prepared in accordance with the disclosure of U.S. Pat.
No. 5,516,750. This allows the preparation of commercial
formulations such as suspension concentrates (SC), oil-
based suspension concentrates (OD), water-dispersible gran-
ules (WG) and water-soluble granules (SG). Hence, it is
possible to prepare any formulations of isoxadifen-ethyl in
crystalline modification I when mixing with sulfonylurea
herbicides, as will be disclosed hereinafter.

By virtue of its high stability, the crystalline modification
1 of isoxadifen-ethy! when mixing with sulfonylurea herbi-
cides is highly suitable for' preparing compositions for
controlling undesirable weeds.

According to a first aspect of the invention, a crystalline
modification I of isoxadifen-ethyl is provided, exhibiting at
least 3 of the following reflexes as 20 values, in any
combination thereof, in an X-ray powder diffractogram
recorded using Cu—Ka radiation at 25° C.:

20=11.027+0.2

20=17.84120.2

26=19.49220.2 (3
26~19.841:0.2 4
26=20.58320.2 ()
26-22.15120.2 (6

20=22.92020.2 (7

26=23.5410.2 (8)
20=24.80120.2 )

20=25.77520.2 10)
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26=26.895£0.2 183}
26=27.8130.2 (12)
20=29.40820.2 (13)
20=30.06520.2 (14
2031.228+0.2 ~ (15)
26=33.50220.2 (16)

The crystalline modification I of isoxadifen-ethyl of an
embodiment of the invention is characterized by an X-ray
powder diffractogram having at'least three of the reflexes
indicated above, in any combination. This means that the
crystalline modification I of an-embodiment of isoxadifen-
ethyl can contain 3 or more of the reflexes indicated above
in any combination of reflexes. For example, the crystalline
modification I of an embodiment of isoxadifen-ethyl can
contain at least reflexes (1), (2), and (3), or at least reflexes
(2), (3), and (4), or reflexes (1), (3),-and (4), or any other
combination of at least three reflexes. Preferably, the crys-
talline modification I is one having at least four of the
aforementioned refléxes, more preferably at least five, six or
seven, or eight of said reflexes, again in any combination. An
X-ray powder diffractogram of the crystalline modification
1 of isoxadifen-ethyl is shown in FIG. 2, which will be
described in detail hereinafter.

According to a preferred embodiment the crystalline form
A exhibits at least 3, 4, or 5 or all of the reflexes, in any
combination, from the following:

26=11.027=0.2 €3]
20=17.841£0.2 @
26=19.492£0.2 (3
20=19.84120.2 @&
20=24.801+0.2 ®
| 28=25.77520.2 (iO)
20=26.89520.2 an

26=27.8130.2 (12

The crystalline modification I of isoxadifen-ethyl accord-
ing to an embodiment of the invention may: be further
characterized by Infrared (IR) spectroscopy. The IR spec-
trum of the crystalline modification I is showed in FIG. 1
with characteristic bands at one or more of 2984.31,
2928.19, 2160.89, 1978.81 and 1716.65 cm™. . }

All IR spectra were obtained using the following acqui-
sition parameters:

FT-IR spectrometer Bruker Tensor37
Diamond ATR unit from Specac
Wavelength range 550-4000 ¢!
Resolution 4om™!
Number of scans 16

The crystalline modification I of isoxadifen-ethyl accord-
ing to an embodiment of the invention may be further
characterized by differential scanning calorimetry (DSC)
(FIG. 3). The DSC spectrum of the crystalline modification
I of isoxadifen-ethyl exhibits an ‘endothermic peak at 86.5°
C. as shown in FIG. 3.
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Methods for preparing amorphous isoxadifen-ethyl are
known in the art. Amorphous isoxadifen-ethy! is manufac-
tured and available on a commercial scale. A particularly
suitable method for preparing amorphous isoxadifen-ethyl is
described in U.S. Pat. No. 5,516,750.

According to an embodiment of the invention, the crys-
talline modification I of isoxadifen-ethyl can be obtained by
the processes below:

Isoxadifen-ethyl in amorphous state is dissolved and then
crystallized from solvents.

In one aspect, the present invention provides a process for
preparing a crystalline modification I of isoxadifen-ethyl
comprising steps of:

1) preparing a solution of an amorphous isoxadifen-ethyl
in a solvent;

ii) effecting crystallization of isoxadifen-ethyl from the
solution to obtain a solid precipitate; and

iif) isolating the solid precipitate.

Suitable solvents for preparing isoxadifen-ethyl crystal-
line modification 1 include acetonitrile, halogenated hydro-
carbons (for example, chlorobenzene, bromobenzene,
dichlorobenzene, chlorotoluene and trichlorobenzene),
ethers (for example, ethyl propyl ether, n-butyl ether, ani-
sole, phenetole, cyclohexyl methyl ether, dimethyl ether,
diethy! ether, dimethy! glycol; diphenyl ether, dipropyl ether,
diisopropyl-ether, di-n-butyl ether, diisobutyl ether, diiso-
amyl ether, ethylene glycol dimethyl ether, isopropyl ethyl
ether, methy! tert-butyl ether, tetrahydrofuran, methyltetra-
hydrofuran, dioxane, dichlorodiethy! ether, methyl-tetrahy-
drofuran, polyethers of ethylene oxide and/or propylene
oxide}, nitrated hydrocarbons (for example, nitromethane,
nitroethane, nitropropane, nitrobenzene, chloronitrobenzene
and o-nitrotoluene), aliphatic; cycloaliphatic or aromatic
hydrocarbons (for example, pentane, n-hexane, n-heptane,
n-octane, nonane), cymene, petroleum fractionshaving a
boiling range of from 70° C. to 190° C., cyclohexane,
methylcyclohexane, petroleum ether, ligroin, octane, ben-
zene, toluene and xylene), esters (for example, malonates,
acetic acid n-butyl ester (n-buty] acetate), methyl acetate,
ethyl acetate, isobutyl acetate, dimethyl carbonate, diethyl
carbonate, dibutyl carbonate and ethylene carbonate), and
aliphatic alcohols (for example, methanol, ethanol, n-pro-
panol, isopropanol, n-butanol and tert-amyl alcohol), and
mixtures of any of these.

Preferred solvents include acetonitrile, ethers, aromatic
hydrocarbons (such as benzene, toluene, xylene, chloroben-
zene), esters and aliphatic alcohols and mixtures thereof.
Particularly preferred solvents or solvent mixtures include
isopropancl, toluene, methyl-tetrahydrofiran, diethyl car-
bonate, chlorobenzene, n-butyl acetate, isobutyl acetate,
n-butanol, methanol, ethanol, ethyl malonate, methyl t-butyl
ether, and mixtures of these, particularly mixtures of toluene
and butanol, mixtures of toluene and n-butyl acetate, mix-
tures of ethyl malonate and methy] t-butyl ether, as well as
mixtures of butyl acetate and methy! t-butyl ether. Solvent
mixtures of more than 2 or 3 or 4 components are also
envisaged by embodiments of the invention.

In the irivention, it is preferred that the solvent comprises
an alcohiol ‘and/or acetonitrile, including mixtures thereof,
with other solvents or particularly with each other.

Hence, according to a preferred embodiment in step (i),
amorphous isoxadifen-ethyl is dissolved in a solvent com-
prising methanol, or acetonitrile, or a mixture thereof.

In step (ii), isoxadifen-ethyl is crystallized from the
solution. Techniques for effecting crystallization of isox-
adifen-ethyl from the solution are kunown to those skilled in
the art. For example, in an embodiment where the solution
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in step (i) is formed at elevated temperatures, crystallization
may be effected by cooling the solution to room or ambient
temperature. In one preferred embodiment, crystallization is
effected by concentrating the solution formed in step. (i) of
the process by removal of solvent. Altematively, or.in
addition thereto, seed crystals, in particular seed crystals of
the aforementioned crystalline modification I of isoxadifen-
ethyl, may be added to the solution formed in step (i), to
facilitate and/or enhance crystallization.

It is preferred that the solid precipitate of isoxadifen-ethyl
recovered during the crystallization stage is washed with a
solvent for one or more times. Preferably, the solvent
employed in the washing stage consists of one or mare
components of the solvent employed for forming the solu-
tion in step (i), as described hereinbefore. Methanol and
acetonitrile, and mixtures thereof are particularly suitable
solvents for washing the recovered solid of isoxadifen-ethyl.

The invention, in an embodiment, also relates to.a com-
position comprising the crystalline modification I of isox-
adifen-ethyl and a herbicidally effective amount of sulfony-
lurea herbicides. The weight ratio of the isoxadifen-ethyl 1o
sulfonylurea herbicides varies within wide limits and is
preferably in a range of about 1:10 to about 10:1, in
particular in a range of about 1:10 to about 5:1.

The amount of sulfonylurea herbicides in the formulation
can be less than about 70% by weight of the formulation,
preferably less than about 50% by weight of the formulation,
particularly preferably about 25% by weight of the formu-
lation.

The use of amorphous isoxadifen-ethyl as a safener for
sulfonylurea herbicides is known in the art and is used on a
commercial scale. The crystalline modification I of isox-
adifen-ethyl is also active in reducing the phototoxicity of
sulfonylurea herbicides when controlling weeds. Techniques
of formulating and applying amorphous isoxadifen-ethyl
and sulfonylurea herbicides are known in the art. Isoxadifen-
ethyl in the crystalline modification I of the present inven-
tion may be formulated and applied in an analogous manner
with sulfonylurea herbicides.

Accordingly, in a further aspect, the invention provides a
herbicidal composition comprising isoxadifen-ethyl in.the
crystalline modification I, as defined hereinbefore, with
sulfonylurea herbicides.

Accordingly, an embodiment of the invention furthermore
provides processes for preparing compositions for control-
ling weeds using the crystalline modification I of isoxadifen-
ethyl together with sulfonylurea herbicides.

The crystalline modification I of isoxadifen-ethy! together
with sulfonylurea herbicides can be incorporated in a known
manner to the customary formulations, such as suspension
concentrates (SC), oil-based suspension concentrates (OD),
water-soluble granules (SG), dispersible concentrates (DC),
emulsifiable concentrates (EC), emulsion seed dressings,
suspension seed dressings, granules (GR), microgranules
(MG), suspoemulsions (SE) and water-dispersible granules
(WGQG) using herbicidally acceptable auxiliaries, carriers and
solvents.

These formulations are prepared by mixing the crystalline
modification I of isoxadifen-ethyl and sulfonylurea herbi-
cides in amounts of each analogous to those used for
amorphous isoxadifen-ethy! with customary additives, for
example, liquid diluents, solid diluents, wetting agents,
dispersants, thickening agents, antifoaming agent and other
formulation ingredients.

Sulfonylurea herbicides suitable for safening by the crys-
talline modification I of isoxadifen-ethyl include, but are not
limited to, amidosulfuron, azimsulfuron, bensulfuron-
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methyl, chlorimuron-ethyl, chlorsulfuron, cinosulfuron,
cyclosulfamuron, ethametsulfuron-methyl, ethoxysulfuron,
flupyrsulfuron-methyl, flazasulfuron, foramsulfuron, halo-
sulfuron-methyl,  imazosulfuron, iodosulfuron-methyl,
mesosulfuron-methyl, metsulfuron-methyl, nicosulfuron,
oxasulfuron, primisulfuron-methyl, prosulfuron, pyrazosul-
furon-ethyl, rimsulfuron, sulfometuron-methyl, sulfosulfu-
ron, thifensulfuron-methyl, triasulfuron, tribenuron-methyl,
trifloxysulfuron, triflusulfuron-methyl, tritosulfuron and
salts thereof, and mixtures thereof.

The following sulfonylureas are preferred for safening by
the crystalline-modification T of isoxadifen-ethy! in accor-
dance with an embodiment of the invention: bensulfuron-
methyl, - flupyrsulfuron-methyl, -metsulfuron-methyl, nico-
sulfuron, rimsulfuron, sulfometuron-methyl, thifensulfuron-
methyl, tribenuron-methyl, halosulfuron-methyl,
iodosulfuron-methyl,”  mesosnlfuron-methyl  and  salts
thereof, and mixtures thereof.

Liquid- diluents  include, but are not limited to, water,
N,N-dimethylmamide, dimethy! sulfoxide, N-alkylpyrroli-
done, ethylene glycol, polypropylene glycol, propylene car-
bonate, dibasic esters, paraffines, alkylbenzenes, alkyl naph-
thalenes, glycerine, triacetine, oils of olive, castor, linseed,
sesame, ¢orn, peanut, cotton-seed, soybean, rape-seed and
coconut, ketones such as cyclohexanone, 2-heptanone, iso-
phorone “and ' 4-hydroxy-4-methyl-2-pentanone, acetates
such as hexyl acetate, heptyl'acetate and octyl acetate, and
alcohols such methanol, cyclohexanol, decanol, benzyl and
tetrahydrofurfuryl alcohol, and mixtures of these.

Solid ‘diluents can be water-soluble or water-insoluble.
Water-soluble solid diluents include, but are not limited to,
salts such as alkali metal phosphates (e.g., sodium dihydro-
gen phosphate), alkaline earth phosphates, sulfates of
sodium, potassium, magnesium and zine, sodium and potas-
sium chloride, sodium acetate, sodium carbonate and
sodium benzoate, and sugars and sugar derivatives such as
sorbitol, lactose, sucrose and mannitol, and mixtures thereof.
Examples of water-insoluble solid diluents include, but are
not limited to clays, synthetic and diatomaceous silicas,
calcium and magnesium silicates, titanium dioxide, alumi-
num, calcium and zine oxide, and mixtures of these.

Wetting agents include, but are not limited to, alkyl
sulfosuccinates, laureates, alkyl sulfates, phosphate esters,
acetylenic diols, ethoxyfluornated alcohols, ethoxylated sili-
cones, alkyl phenol ethyoxylates, benzene sulfonates, alkyl-
substituted benzene sulfonates, alkyl a-olefin sulfonates,
naphthalene sulfonates, alkyl-substituted napthalene sul-
fonates; condensates “of naphthalene sulfonates and alkyl-
substituted naphthalene sulfonates with formaldehyde, and
alcohol ethoxylates, and mixtures of these. Alkyl naphtha-
lene sulphonates, sodium salts are particularly useful for the
composition of the invention

Dispersants include, but are not limited to, sodium, cal-
cium and ammonium salts of ligninsulfonates (optionally
polyethoxylated); sodium and ammonium salts of maleic
anhydride copolymers; sodium salts of condensed phenol-
sulfonic acid; and naphthalene sulfonate-formaldehyde con-
densates, and mixtures of these. Ligninsulfonates such as
sodium ligninsulfonates are particularly useful for the com-
position of the invention. Naphthalene sulfonate-formalde-
hyde condensates, such as naphthalenesulfonic acid, poly-
mers with formaldehyde, and sodium salts are particularly
useful for the composition of an embodiment of the inven-
fion

Thickening agents include, but are not limited to, guar
gum, pectin, casein, carrageenan, Xanthan gum, alginates,
methylcellnlose, hydroxyethylcellulose, hydroxypropylcel-
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lulose, and carboxymethylcellilose, and mixtures of these.
Synthetic thickening agents include derivatives of the for-
mer categories, and also polyvinyl alcohols, polyacrylam-
ides, polyvinylpyrrolidones, various polyethers, their copo-
Iymers as well as polyacrylic acids and their salts, and
mixtures of these. Alkylpolyvinylpyrrolidones are particu-
larly useful for the composition of the present invention

Other formulation ingredients can also be used in the
present invention such as dyes, defoamers; drying agents,
and the like. These ingredients are known to one skilled in
the art.

The crystalline modification I of isoxadifen-ethyl accord-
ing to an embodiment of the invention can be present in
formulations and in its use forms, prepared from these
formulations, and as a safener to reduce the phototoxicity of
sulfonylurea herbicides.

All plants, plant parts, and plant loci can be treated in
accordance with the invention: In the present context, plants
are to be understood as meaning all plants and plant popu-
lations such as desired and undesired wild plants or crop
plants (including naturally -occurring crop plants). Crop
plants can be plants which can be obtained by conventional
breeding and optimization methods, by biotechnological and
genetic engineering methods, or by combinations of these
methods, including the transgenic plants and the plant cul-
tivars which can or cannot be protected by plant breeders’
rights. Plant parts are to be understood as meaning all parts
and organs of plants above and below the ground, stch as
shoot, leaves, needles, stalks, stems, flowers, fruit bodies,
fruits, seeds, roots, tubers and rhizomes.. Harvested materi-
als, and vegetative and generative propagation materials, for
example, cutting, tubers, meristem tissue, rhizomes, offsets,
seeds, single and multiple plant cells. and any other plant
tissues, are also included. Loci of plants include the envi-
ronment near the plant and/or plant propagation materials,
such as the soil in which the plant grows or will be sown, or
the plant’s surroundings.

As used herein, the term.“about,” when used in connec-
tion with a numerical amount or range, means somewhat
more or somewhat less than the stated numerical amount-or
range, to a deviation of %10% of the stated numerical
amount or endpoint of the range.

The term “herbicidally effective amount™ as used herein,
refers to the quantity of such a compound or combination of
such compounds that is capable of producing a controlling
effect on the growth of plants. The controlling effects include
all deviation from the natural development of the target
plants, for example killing, retardation of one or more
aspects of the development and growth of the plant, leaf
burn, albinism, dwarfing and the like. Treatment of the
plants and plant parts with the compositions or formmulations
of the inventions according to the invention is carried out
directly or by allowing the compositions or formulations to
act on their loci, habitat or storage space by the customary
treatment methods. Examples of these customary treatment
methods include dipping, spraying, vaporizing, fogging,
broadcasting, painting on in the case of propagation mate-
rial, and applying one or more coats particularly in the case
of seed.

The benefits of the invention are seen most when the
herbicidal composition is applied to kill weeds in growing
crops of useful plants, such as maize (com) including field
corns, pop corns and sweet corns, cotton, wheat, barley, rye,
triticale, rice, oats, potatoes, sugar beets, plantation crops

‘(such as bananas, fruit trees, rubber trees, tree nurseries ),
vines, asparagus, bushberries (such as blueberries), caneber-
ries, cranberries, flax, grain sorghum, okra, peppermint,
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rhubarb, spearmint and sugarcane. In this invention, treat-
ment of growing crops of maize and potatoes are particularly
beneficial.

All percentages are given in weight % unless otherwise
indicated. Embodiments of the invention will now be
described by way of the following examples which are
provided for illustrative purposes only, and not intended to
limit the scope of the disclosure or of the appended claims.

EXAMPLES
Example 1

Preparation of Amorphous Isoxadifen-ethyl in
Accordance with the Disclosure of U.S. Pat. No.
5,516,750

13.52 g (0.075 mol) of 1,1-diphenylethene and 5.06 g
(0.05 mol) of triethylamine are dissolved in 200 ml of ether
at 0° C,, and 7.58 g (0.05 mol) of ethyl 2-chloro-2-hydroxi-
minoacetate, dissolved in 100 ml of ether, are subsequently
added dropwise in the course of approximately two hours.
After stirring has been continued for one hour at room
temperature, 100 ml of H,O are added, and the mixture is
subsequently extracted using ether. After drying over a
MgSO,, the ether is distilled off and the residue is purified
over a silica gel column (eluent: n-heptane:ethyl acetate=8:
2). In this way, 12.7 g of product of melting point 78° C. to
81° C. are obtained.

As shown in FIG. 4, the X-ray powder diffraction pattern
of the resulting isoxadifen-ethy! products prepared above
has no significant signals, which indicates the isoxadifen-
ethyl product prepared in accordance with the disclosure of
U.S. Pat. No. 5,516,750 is amorphous.

Example 2

Preparation of the Crystalline Modification 1 of
Isoxadifen-ethyl

Crystallization from Methanol

10 m! methanol was charged into the reactor to dissolve
crude, amorphous isoxadifen-ethyl prepared in Example 1
under stirring. This process lasted for 2 hours under room
temperature, and white solid precipitate appeared. The mix-
ture was then cooled down to 0° C.-5° C. and maintained at
this temperature for 1 hour to allow complete crystallization.
After that, the mixture was centrifuged. The filter cake was
washed with methanol. The resulting solid was dried under
high vacuum to give crystals of pure isoxadifen-ethyl tech-
nical (Purity: 98%).

The crystals were characterized as being of the crystalline
modification I of isoxadifen-ethyl using both IR spectrom-
etry, X-ray powder diffraction and DSC.

The IR spectrum of the crystalline modification I of
isoxadifen-ethyl is set out in FIG. 1. The IR spectrum
exhibits characteristic peaks at 2984.31, 2928.19, 2160.89,
1978.81 and 1716.65 cm™'.

The melting point of the product was measured by DSC
and exhibits a peak at 86.5° C. as shown in FIG. 3.

The crystalline modification I of isoxadifen-ethyl has the
X-ray powder diffractogram shown in FIG. 2 with the
reflexes listed in Table 1 below.



TABLE 1
Crystalline modificarion I
26 (%) d(4)
11,027 = 0.2 231 £ 0.05
17.841 = 0.2 377 = 0.05
19492 = 0.2 528 = 0.05
19.841 = 0.2 5.19 = 0.05
24.801 + 0.2 4.17 = 0.05
25775 £ 0.2 4.01 £ 0.05
26.895 = 0.2 3.85 £ 0.05
27.813 £ 0.2 372 £ 005

Example 3

Preparation of the Crystalline Modification I of
Isoxadifen-ethyl

Crystallization from Acetonitrile

10 ml acetonitrile was charged into the reactor to dissolve
crude, amorphous isoxadifen-ethy! prepared in Example 1
under stirring. This process lasted for 2 howrs under room
temperature, and white solid precipitate appeared. The mix-
ture was then cooled down to 0° C.-5° C. and mamtained at
this temperature for 1 hour to allow complete crystallization.
After that, the mixture was centrifuged. The filter cake was
washed with some acetonitrile. The resulting solid was dried
under high vacuum to give crystals of pure isoxadifen-ethyl
technical (Purity: 98%).

The crystals were characterized as being the crystalline
madification I of isoxadifen-ethy! using IR spectrometry,
X-ray powder diffraction and DSC as described in Example
2.

Example 4

Preparation of Oil Based Suspension Concentrate
(OD) Formulation

All the components listed in Table 2 below were mixed
uniformly and ground with a Dyno-Mill (manufactured by
Willy A. Bachofen AG) to obtain an oil based suspension
concentrate.

TABLE 2
Ingredients Weights % Function
Isoxadifen-ethyl, crystalline 10.20 0.00 Safener
modification I, 98% (prepared in
Example 23
Amorphous isoxadifen-ethyl 0.00 10.20 Safener
{prepared in Example 1}
Tribenuron-methyl, 98% 40.80 40.80 Active compound .
Sedium lignosulfonate (REAX ® 12.00 12,00 Dispersing agent
§8B)
Alkylpolyvinylpyrrolidone 10.00 10.00 Thickening agent
Corn oil Balance Balance Carrier

© 100% to 100%

Example 5
Preparation of Soluble Granules (SG)
All the components listed in Table 3 below were mixed,

blended and milled in a high-speed rotary mill. Sufficient
water was added to obtain an extrudable paste. The paste
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was extruded through a die or screen to form an extrudate.
The wet extrudate was dried at 70° C. in a vacuum oven and
then sifted through 0.71 mm-2 mm screens 1o obtain the
product granules.

TABLE 3
Ingredients Weights %  Function
Isoxadifen-ethyl, crystalline 7.14 0.00 Safener
modification I, 98% (prepared in
Example 2)
Amorphous isoxadifen-ethyl 0.00 7.14 Safener
{prepared in Example 1)
Metsulfuron-methyl, 98% 2551 25,51 - Active compound
Lignosulfonic acid, sodium salt, 1500 = 13.00  Dispersing agent
(REAX ® 88B)
Naphthalenesulfonic acid, polymer 6.00 6.00 . Dispersing agent
with fornaldehyde, sodiwmn salt
(TAMOL ® NN:8906)
Sodium acetate 4.00 4,00 Filler
Sodium carbonate 4.00 400 Filler
Non-ionic aqueous emulsion of 1.00 1.00 Antifoaming
Polydimethylsiloxanes agent
Mannitol Balance Balance carrier

t0-100% to 100%

Example 6
Preparation of Water Dispersible Granules (WG)

All the components listed in Table 4 below were mixed,
blended and milled in a high-speed rotary mill. Sufficient
water was added to ‘obtain an extrudable paste. The paste
was extruded through a die or screen to form an extrudate.
The wet extrudate was dried at 70° C. in a vacuum oven and
then sifted through 0.71 mm-2 mm screens to obtain the
product granules. .

TABLE 4
Ingredients Weights % Function
Isoxadifen-ethyl, crystalline 7.14 0.00 -~ Safener
. modification 1, 98% (prepared in
Example 2)
Amorphous isoxadifen-ethyl 0.00 7.14  Safener

(prepared in Example 1)

Metsulfuron-methyl, 98% 2551 25,
Alkyl naphthalene sulphonate, 2 2
sodium salt (Akzo Nobel)

Active compound
Wetting agent

Lignosulfonic acid, sodium salt, 15 15 Dispersing agent
REAX ® 88B)

Naphthalenesulfonic acid, polymer [ 6 Dispersing agent
with formaldehyde, sodium salt

(TAMOL ® NN8S(6)

Sucrose 10 10 Filler

Non-ionic agueous emulsion of 1 1 Antifoaming
Polydimethylsiloxanes sgent

Mannitol Balance Balance Carrier

10.100% 10 100%

Example 7
Stability Test

The stability of the isoxadifen-ethyl in these compositions
was determined by aging samples in heated ovens having the
same atmosphere “therein, and then. comparing the isox-
adifen-ethyl content before and after aging to determine
relative percentage of hydrolysis (RPH). RPH was calcu-
lated by the following equation:
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(The final weight % of isoxadifen— ethyl—
The initial weight % of isoxadifen~ ethyl)

teok
The nitial weight % of Jsoxadifen—ethyl < 007

RPH =

Isoxadifen-ethyl content was determined by assaying the
compositions with high-pressure liquid chromatography
(HPLC) using reverse phase columns and eluants.

Samples prepared in Examples 4, 5 and 6 were stored at
54° C. for 1 week. The procedures are followed according to
CIPAC MT 46.3. The concentration of isoxadifen-ethyl was
measured at the end of each storage time by HPLC. The
results are listed in Table 5.

TABLE 5
Weight (%) of

Sarmple Compound Isoxadifen-ethyl RPH %
Example 4 Isoxadifen-ethyl, crystalline 10 0

medification I

Amarphous isoxadifen-ethyl e 50
Example 5 Isoxadifen-ethyl, crystalline 7 Q

modification I

Amorphous isoxadifen-ethyl 7 40
Example 6 Isoxadifen-ethyl, crystalline 7 0

modification I

Amorphous isoxadifen-ethyl 7 45

The invention claimed is:

1. A crystalline modification I of isoxadifen-ethyl, exhib-
iting each of the following reflexes, in any combination, in
an X-ray powder diffractogram recorded using Cu—XKa
radiation at 25° C.:

20=11.027=0.2 1)
26=17.84120.2 @
20=19.49220.2 3
20=19.841:0.2 4
28=20.583=0.2 ()]
26=22.15120.2 (6)
20=22.920:0.2 (7
20=23.54120.2 ®
20~24.80120.2 (]
236=25.77520.2 (10}
26-26.895:0.2 (€29
20=27.81320.2 (12}
20=29.40850,2 13
28=30.06520.2 (14)
26=31.228+0.2 (15
26~33.50220.2 (16).

2. The crystalline modification I of isoxadifen-ethyl
according to ¢laim 1, exhibiting an IR spectrum with one or
more of the characteristic bands at 2984.31, 2928.19,
2160.89, 1978.81 and 1716.65 cm .
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3. The crystalline modification I of isoxadifen-ethyl
according to claim 1, exhibiting a DSC spectrum having an
endothermic peak at 86.5° C.

4. A process for the preparation of a crystalline modifi-
cation I of isoxadifen-ethyl according to claim 1, compris-
ing:

i) preparing a solution of an amorphous isoxadifen-ethyl
in a solvent, wherein the solvent is methanol, acetoni-
trile, or a mixture thereof;

ii) effecting crystallization of isoxadifen-cthy! from the
solution to obtain a solid precipitate; and

iii) isolating the solid precipitate.

5. The process according to claim 4, wherein the solvent
comprises acetonitrile.

6. The process according to claim 5, wherein the solvent
comprises methanol.

7. A composition comprising a safening amount of the
crystalline modification 1 of isoxadifen-ethyl according to
claim 1, a herbicidally effective amount of at least one
sulfonylurea herbicide, and at least one herbicidally accept-
able auxiliary.

8. The composition in claim 7, in the form of a suspension
concentrate (SC), an oil-based suspension concentrate (OD),
a water-soluble granule (SG), a dispersible concentrate
(DC), an emulsifiable concentrate (EC), an emulsion seed
dressing, a suspension seed dressing, a granule (GR), a
microgranule (MG), a suspoemulsion (SE) or a water-
dispersible granule (WG).

9. The composition according to claim 8, in the form of
an oil-based suspension concentrate (OD).

10. The composition according to claim 8, in the form of
a water-soluble granule (SG).

11. The composition according to claim 8, in the form of
a water-dispersible granule (WG).

12. The composition according to claim 7, wherein the
auxiliary is selected from one or more of a sclvent, a diluent,
a wetting agent, a dispersant, and a thickening agent and an
antifoaming agent.

13. The composition according to claim 7, wherein the
weight ratio of the isoxadifen-ethyl to sulfonylurea herbi-
cides is in a range of about 1:10 1o about 10:1.

14. A method of controlling unwanted plant growth,
comprising applying to the plant an effective amount of a
composition according to claim 7.

15. The composition according to claim 7, wherein the
sulfonylurea herbicide comprises one or more selected from
the group consisting of amidosulfuron, azimsulfuron, ben-
sulfuron-methyl, chlorimuron-ethyl, chlorsulfuron, cinosul-
furon, cyclosulfamuron, ethametsulfuron-methyl, ethoxy-
sulfuron, flupyrsulfuron-methyl, flazasulfuron,
foramsulfuron, halosulfuron-methyl, imazosulfuron, iodo-
sulfuron-methyl,  mesosulfuron-methyl,  metsulfuron-
methyl, nicosulfuron, oxasulfuron, primisulfuron-methyl,
prosulfuron, pyrazosulfuron-ethyl, rimsulfuron, sulfo-
meturon-methyl, sulfosulfuron, thifensulfuron-methyl, tria-
sulfuron, tribenuron-methyl, trifloxysulfuron, triflusulfuron-
methyl, tritosulfuron and salts thereof, and mixtures thereof.

16. The composition according to claim 15, wherein the
sulfonylurea herbicide comprises one or more selected from
the group consisting of bensulfuron-methyl, flupyrsulfuron-
methyl, metsulfuron-methyl, nicosulfuron, rimsulfuron, sul-
fometuron-methyl,  thifensulfuron-methyl, tribenuron-
methyl, halosulfuron-methyl , iodosulfuron-methyl,
mesosulfuron-methyl and salts thereof, and mixtures
thereof.
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17. The composition according to claim 13, wherein the
weight ratio of the isoxadifen-ethyl to sulfonylurea herbi-
cides is in particular in a range of about 1:10 to about 5:1.



