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Solicitante: E.l. DuPont De Nemours and Company

RESPUESTA AL AUTQO NOTIFICADO FOR FIJACION EN LISTA No. 137
DEL 8 DE ABRIL DE 2011, OFICIO NO. 06120 (EXAMEN DE FONDO} -

-

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi caricter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado por ese Despacho dentro del término de prérroga solicitado en mi
memorial 07-029888-00006-0000 de fecha 6 de julio de 2011:

1. Modificaciones a una solicitud en tramite

De conformidad con el articulo 34 de la Decision 486, se presenta un nuevo capitulo
reivindicatorio conformado por 7 reivindicaciones.

Las modificaciones hechas son limitaciones significantes al alcance de la invencion, y se -

-

efectuaron con ¢l fin de subsanar las observaciones de su Despacho.

-
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En particular las modificaciones se relacionan asi:

El compuesto b) de la reivindicacion 1 se modificd de tal forma que reclama al menos un

compuesto seleccionado de la formula 111.

Asi mismo, se modificé el componente opcional ¢) de la reivindicacion 1 que reclama

solamente epoxiconazol.
Se cancel6 la reivindicacidn 3.

Se agrego la siguiente reivindicacion:

“Una mezcla de la reivindicacion 1 donde el componente (h) es picoxistrobina)”. -
"

Por otro lado, se informa a su Despacho que las reivindicaciones 8 a 10 se cancelaron del

pliego reivindicatorio.

1.1 Titulo de Ia invencion:

Siguiendo la sugerencia de su Despacho se presenta un nuevo titulo el cual relaciona los

componentes especificos de la mezcla objeto de invencion:

“Una mezcla fingicida que comprende pentiopirad y al menos un compuesto seleccionado

de los compuestos de formuda 1l y opcionalmente epoxiconazol ™.

1.2 Descripcion:
Su Despacho considera que la descripcién no cumple con el requisito de divulgacion
completa ya que en la descripcion no presenta ensayos donde se incluyeran mezclas de tres

componentes, ni tampoco presentd ensayos en un rango amplio de proporciones.

Respetuosamente, se considera que con la modificacion hecha al capitulo reivindicatorio y
los datos biolégicos adicionales de sinergismo que se anexan en este memorial se supera

esta observacion.
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1.3 Claridad de la solicitud

Su Despacho asevera que la materia reclamada en el capitulo reivindicatorio es muy amplia
y no se encuentra enteramente sustentada en la descripcion el solicitante debe limitar el
alcance de su invencion y definir especificamente los componentes y proporciones de las
mezclas de inierés.
-

Su Despacho menciona que la mezcla de interés debera estar definida por ia combinacién de
ingredientes activos especificos y proporciones de combinaciones especificas, que en
conjunto provocan ¢l efecto técnico inesperado, entendido como sinergismo, de lo contrario

se le negara la patente.

Por 1ltimo, su Despacho menciona que las frases “una sal agricolamente adecuada, por lo
menos, cantidad fungicidamente efectiva” deben retirarse porque son imprecisas y no
definen el objeto ni el alcance de la invencidn,

Asi mismo, objeta las frases “que actian en el complejo bel del sitio de transferencia de
electrén respiratorio mitocondrial fingico” y “compuestos que actian en la enzima de las

desmetilasa del trayecto de la biosintesis del esterol”.

1.3.1 Respuesta a las observaciones de claridad

-

Como se informé anteriormente se presenta un pliego reivindicatorio, el cual se modificd

considerablemente. Asi mismo, se anexa datos bioldgicos adicionales de sinergismo.
Nétese que la expresion “una sal agricolamente adecuada™ se canceld del pliego
reivindicatorio, y la expresion “cantidad fungicidamente efectiva” se reemplazo por “0.01-

99.99 por ciento en peso”.

Asi mismo, se modificé la reivindicacién 1 de tal forma que incluye la palabra “sinérgica”

antes de la palabra “fungicida™.
1.3.1.1 Argumentos a favor de la expresion “ por lo menos™;

Con relacion al término “por lo menos”, mi representada respetnosamente considera que

~3
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dicha expresion si es precisa y claramente expresa el alcance de la invencidn y asegura que

las reivindicaciones estén acorde con su til alcance.

Dicha expresion claramente identifica que como minimo un compuesto de la lista puede

utilizarse en las mezclas de las reivindicaciones de la presente invencion.

Esta es una expresién que tiene un muy amplio uso en el lengnaje de patentes a nivel
mundial y es aceptada de manera generalizada y de hecho, muchas oficinas de patentes han
otorgado patentes equivalentes a la solicitud colombiana con dicha expresién. Se anexa la

lista de patentes otorgadas para su informacion.

Asi mismo, la Superintendencia de Industria y Comercio también ha aceptado esta

expresion.

El solicitante ademds desea manifestar que no esta de acuerdo con la observacion hecha a la

<

expresion “por lo menos” que aparece en el capitulo,reivindicatorio por cuanto dicha
expresion no es de ninguna manera imprecisa.

A este respecto me permito anotar la observacion que aparece en el Manual para el examen
de las solicitudes de patentes de invencion en las oficinas de propiedad industrial de los
paises de la Comunidad Andina en donde se dice que: “No se pueden admitir términos

” &

imprecisos del tipo “aproximadamente”, “alrededor de” y lo mismo términos relativos como

1393

“mayor”, “delgado”, “fuente”™”. De 1al forma que la guia establece que los términos relativos

(23

€ imprecisos no serian aceptables. La pregunta que sigue es la expresion o término “al

menos” es relativa o imprecisa ?.

Revisemos entonces el significado de la expresion. El Diccionario Prehispanico de dudas de
la Real Academia define la expresion “al menos™ de la siguiente forma:

“al menos, a lo menos. Locuciones adverbiales que introducen una rectificacién o salvedad
a lo que se acaba de decir: «No aparecian por alli casi nunca, al menos que yo recuerde
(Mendicutti Palomo [Esp. 1991]); «Eran [las estatuas] de gestos feos y disformes; a lo
menos, I[a}s que yo he visto, todas eran asi» (DHoy [Ec.] 12.12.96). También significan
‘aunque solo sea, como minimo’: «Ahora déjame, al menos, morir en paz» (Gasulla
Culminacién [Arg. 1975]); «En cada comuna existira, a o menos, una Oficina Inscriptoray»

(Hoy [Chile] 27.10-2.11.97). De las dos, la mas usada es al menos. Ambas son equivalentes

4



BAKER & MCKENZIE

de por lo menos.” (resaltado fuera de texto)

Y en cuanto a la definicidn de la palabra salvedad el Diccionario de la real Academia lo
define como:

“Razonamiento o advertencia que se emplea como excusa, descargo, limitacion o cortapisa
de lo que se va a decir o hacer.” (resaltado fuera de texto)

Por su parte el Diccionario de uso del espaiiol Maria Moliner establece lo siguiente en
relacion con la expresion “al menos™:

“Expresa la restriccion a un minimo de un algo que se pide.” Y luego dice: “Cuando menos,
por lo menos — Expresiones *restrictivas.” .
De acuerdo con lo anterior es claro que tenemos que la.expresion “por lo menos” es una
expresion que introduce una limitacion o restriccion. Cémo puede entonces una expresion
que introduce una limitacion ser imprecisa ?. Dicho de otra forma c6mo algo que esta
limitado puede ser indefinido ?. {L.a Real academia define la palabra impreciso como
indefinido).

Esta claro que hay una abierta y clara contradiccion. Esta contradiccion lo que muestra de
manera categérica es que la expresion “por lo menos” no es de ninguna manera una

expresion imprecisa. De hecho hace lo contrario: limita o restringe.

Ahora bien, con relacidn a las mezclas de tres ingredientes, respetuosamente se informa a su
Despacho que la caracteristica inventiva de la solicitud es la mezcla fungicida que
comprende los componentes (a) y {b) , una persona medianamente versada en la materia
conoce que no s¢ puede predecir facilmente un efecto sinérgico cuando se mezclan (los
fungicidas. Sin embargo, se conoce muy bien que los compuestos pueden ser mezclados y
luego muestran un espectro mas amplio de actividad en comparacién con los compuestos
utilizados solos. Por lo tanto, la mezcla de Ja presente invencion (es decir, el componente (a)
y (b) con ofro ingrediente activo no deberia de requerir de verificacién mediante resultados
experimentales ya que cada una de las reivindicaciones comprende la mezcla novedosa (es
decir ¢l componente (a) y (b) de la reivindicacion | como componente inventivo clave.

Por otro lado, se hace notar a su Despacho que aunque los ejemplos de la descripcion
demuestran una proporcion optima (es decir, 1:2 y 1:1) de la mezcla reivindicada, la
ensefianza general de la solicitud revela ef control del hongo por encima de un rango de

proporciones mas amplia.
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1.4 Unidad de Invencidn

Su Despacho establece que la materia objeto de invencidn podria contener dos grupos

inventivos, asi:

-Mezcla que comprende pentiopirad y trifloxistrobina

-Mezcla que comprende trifloxistrobina y epoxiconazol

Por lo tanto, concluye su Despacho que el capitulo reivindicatorio no relaciona un mismo

concepto comun inventivo.

Al respecto, se informa a su Despacho que el concepto comun inventivo en el pliego
reivindicatorio modificado es la mezela que comprende pentiopirad (es decir, ¢l derivado de
tiofeno de Formula I) y al menos un compuesto seleccionado de la formuta 111, Ya que esto
esld presente en todas las reivindicaciones, todas las reivindicaciones de hecho pertenecen a

esta (nica invencion.

Es claro que todas las reivindicaciones pertenecen a una mezcla que comprende pentiopigxd
y a un compuesto de la Formula I, todas las reivindicaciones comparten la misma
caracteristica inventiva y por lo tanto, se comprende una Gnica invencion. Las mezclas que
comprenden solamente trifloxistrobin y epoxiconazole estan por fuera del alcance de la

presente invencion.

Adicionalmente, con relacién al alcance de la Formula IIT (es decir, componente (b)) se
obscrva que todos los compuestos definidos dentro de la Formuia Ill tienen utilidad como
fungicidas. Por lo que se asevera que esta utilidad comin es una consecuencia de su funcién
comin como inhibidores de la respiracion mitocondrial al bloquear ¢l transporte del
electrones del complejo citocromo bel (Ellos se unen en el sitio ubihidroquinona:

citocromo-c oxidoreductasa.

Por lo tanto, se afirma que todas las alternativas del componente (b) tienen una utilidad
comin derivada de una activada o propiedad comin. Por lo tanto, se declara que las
alternativas que se abarcan en la Formula III también comparten varios eIemenTos
estructurales comunes unidos, los cuales, cuando se toman como un todo, se pueden

considerar que definen una estructura comin. Tipicamente se cree que los sustratos o
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inhibidores interactdan con las enzimas, (o como en este caso, con complejos de enzimas) al
unirse con una combinacién de interacciones electrostaticas, no polares (Van der Waals),
interacciones de enlaces de hidrégeno, o interacciones hidréfobas en una region de la
enzima conocida como el sitio de unién (por favor ver, por ejemplo, Enzyme Structure and
Modeling, W. H. Freeman and Co. San Francisco, 1977, pp 226-233); y que para una union
efectiva, estas interacciones deberian estar organizadas en una orientacion espacial
particular la cual puede estar descrita para fines de simplicidad como una relacién de “llave
y cerradura” entre la enzima y el inhibidor (ver por ejemplo, Fersht, p. 246, 260). De
conformidad con lo anterior, se afirma que uno podria esperar compuestos los cuales se
unan en el mismo sitio de union para tener caracteristicas estructurales similares; y que atn
fas estructuras de wnidn que a primera vista podrian ser de alguna manera diferente pue@n
de hecho exhibir propiedades bioldgicas similares al mantener una orientacion similar de
grupos de electrostitica, no polar (Van der Waals), con enlace de hidrégeno o grupos
hidrofobos (estructuras con estructuras de enlace no idénticas pero con funcion bioldgica

idéntica son comiinmente descritas como “bioisosteros”.

Con relacion a este caso en particular, mi representada argumenta que todos los compuestos
de la reivindicacion 1, componente (b) comparten varias caracteristicas estructurales que
son esenciales para su unién exitosa con, y de esta manera, la inhibicién del complejo

citocromo bhcl.

Notamos, que con relacion a lo anterior, el resumen en Sauter, et al (Angew. Chem. Int. Ed.
1999, 38, pp. 1328-1349). (Adjuntamos articulo para su informacién). Que incluye
descripciones de caracteristicas estructurales reconocidas como importantes para la
actividad biologica; consideramos que los compuestos del componente (b) en la

reivindicacién 1 se pueden visualizar con partes estructurales andlogas como sigue (por

favor, ver Sauter, p. 1334),

El puente aromatico que conecta los elementos 1T y 111.

L.a cadena lateral que consiste de una cadena de atomos corta rica en electrones y una
porcion mas hidréfoba que esta a menudo comprendida por una o mas estructuras ciclicas.
La caracteristica esencial de esta cadena lateral esta en que esta posicionado sobre ¢l puente
aromatico orto al elemento 11 (farmacéforo). Diferente a la posicién, podra haber

variabilidad considerable en la “preparacién/composicion quimica” en inglés “Chemical

pre
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makeup” de la cadena lateral (ver Sauter pg. 1343-4).

El farmacdforo consiste en una disposicion generalmente plana de atomos con una
orientacion definida entre un grupo carbonilo (o de otro aceptor de enlace a hidrogeno
andlogamente ubicado). Se permite la variabilidad de los grupos y los 4tomos que se
conectan cerca al carbonilo, siempre y cuando se mantenga una relacion esencial de los
grupos con respecto a la distancia y al 4ngulo de orientacién. (Por favor ver Sauter' pagina
1342).

Estas tres partes estructurales se mwuestran para la trifloxistrobina y picoxistrobina a

continuacion:
il cide chain L aromatic bridge ii side chain i. aromatc bridge
CHj
FiC > 0 -
3 N ~. FiC '.\\ 0 ~
o] > 0 ]
Nl CH L 0 R O )
CH;
Q
B¢ e’
H1. pharmacephore 1i. pharmacophore
Trifloxystrobin Picos wstrobin i
e
1.5 Nivel inventivo:

Su Despacho considera que los documentos D1 (US 5747518) y D2 (US5238956) afectan el
nivel inventivo de las reivindicaciones | a 7 de la solicitud en estudio, principalmente por
las siguientes razones:

“La anterioridad DI divilga un derivado de tiofeno de formula (1) (el mismo componente a.
de la mezcla de esta invencidn) atil como fungicida (tabla 5, columnas 27-28 1.13).... Asi
mismo, divilga que dicho compuesto puede ser formulado con adyuvante y otros auxiliares
de formulacicn (columna 18, linea 40 a columna 19 tinea 38)... Por tiltimo DI divilga que

este documento puede ser formulado con otros fungicidas conocidos en el arte (columna 20,

! Strobilurins: Evolution of a New Class of Active Substances, Hubert Sauter, *Wolfgang Steglich,
and Timm Anke, Angew. Chem. Int. Ed 1999, 38, 1328-1349 -

e
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lineas 4-7).
El documento D2 divulga el compuesto trifloxistrobina como fungicida (columna 5, 127 A y
127 B columna §.......D2 enseiia que la trifloxistrobina puede ser fornmdada con otros
ingredientes activos conocidos observando sinergismo....
La diferencia entre la materia reclamada en esta solicitud y la materia conocida en el arte
radica en que las anterioridades citadas no divulgan especificamente la combinacion entre
pentiopirad y trifloxistrobina.
El efecto técnico que produce la diferencia radica en el sinergismo observado para esa
combinacion en particular.
Sin embargo, el estado del arte ya habia divulgado cada uno de estos ingredientes activos e
igualmente habia indicado su excelente actividad fungicida. Pero la enseilanza fundamental
del estado del arte radica, en que ya se habia sugerido que Ia combinacién de esos
JSimgicidas con ofros ingredientes activos conocidos en el arte, podria desarrollar
-
sinergismo. Por lo tanto, para un técnico medio en ki materia, teniendo en cuenta las
ensefianzas del estado de la técnica en su totalidad, seria obvio combinar pentiopirad y
trifloxistrobina (ingredientes activos conocidos), y esperar evidentemente una actividad
Jungicida mejorada.
En consecuencia, y teniendo en cuenta la amplitud del capitulo reivindicatorio y falta de
evidencia técnica en el capitulo descriptivo, se concluve que la mezcla reivindicada se
deriva de manera evidente del estado del arte, no representa un salto cualitativo en la

técnica y carece de nivel inventivo”.
1.5.1  Argumentos a favor del Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18 de la Decisién
486 y se establece cuando “si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

-

derivado de manera evidente del estado de Ia técnica”.
Contrario a lo que plantea el Examinador, el documento del arte previo citado no afecta el
nive! inventivo de la presente solicitud por cuanto no es posible derivar la presente

invencién a partir de las ensefianzas presentadas en los documentos D1 y D2,

Mi representada argumenta que la columna 20, lineas 4-7 de D1 solamente revela de manera
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genérica los compuestos de tiofeno sustituidos, alli se puede mezclar con otro ingrediente
fungicida, sin embargo, no hay una revelacion especifica de la combinacién del compuesto
tiofeno de la presente invencion (es decir, pentiopirad) y un compuesto de la presente
Formula Ill, o cualquier otro compuesto que controle la enfermedad por infeccién de
hongos mediante la inhibicion de la respiracion mitocondrial al bloquear la transferencia de
electrones en el complejo citocromo-bel. Adicionalmente, para llegar a las mezclas que
ahora se reivindican, es necesario hacer un nitmero de selecciones de la revelacion genérica

-,

del documento D1.

En primer lugar, la definicion de Ar se debe seleccionar para ser A2, la definicion de Q se
debe seleccionar para ser hidrogeno, R se debe seleccionar para ser 1,3-dimetilbutilo y
finalmente R1 se debe seleccionar para ser trifluorometilo. Este compuesto debe ser luego

combinado con otro ingrediente activo.

Este ingrediente activo se debe seleccionar para ser un fungicida, y ademas un fungicida de
Formula 11, y debido a que D1 no revela ning(in documento de Formula IIT una persona
medianamente versada en Ia técnica hubicra tenido que buscar en otro lado més. Por lo
tanto, mi representada afirma que mientras D2 revela ciertos inhibidores de complejos bel
incluyendo la trifloxitrobina, la revelacion en la columna 13, lineas 24-28 no sugieren

combinaciones de trifloxistrobina, o andlogos de estos, con pentiopirad.

r - - > a -
Sc observa que mientras D2 revela numerosos fungicidas como posibles parejas de mezclas,
ninguna incluye tanto el anilio de pirazol sustituido y un anillo de tiofeno sustituido unido
por un grupo carboxamida, tal como el compuesto de tiofeno de la presente Formula 1 (es

decir, pentiopirad).

Se asevera que las ensefianzas combinadas de D1 y D2 solamente sugieren a la persona
medianamente versada en la técnica que los compuestos respectivos revelados alli podrian
estar formulados con otros activos o podrian estar formulados sin otros activos , sin sugerir

si alguna alternativa deberia ser seleccionada.

Por lo tanto, no puede considerarse de ninguna manera como obvia las combinaciones
ventajosas que involucran el compuesto de tiofeno de Formula [ y un compuesto de Formula

Il de la presente solicitud. En particular, se observa que ciertas combinaciones de

40

10
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pentiopirad con trifloxystrobina, y picoxistrobina se han encontrado que exhiben sinergia
(Por favor ver tablas A-B).

oy
Adicionalmente, el solicitante ha encontrado que las mezclas reivindicadas presentes poseen
una actividad superior, sorprendente e inesperada para controlar Pyrenophora teres y

Puccinia sorghi cuando se compara con la revelacion general de D1 y D2.

Se presentan datos bioldgicos adicionales que demuestran la actividad superior sorprendente
de las mezclas de la presente invencion. Por faver, ver anexo adjunto.

Se observa que para calcular los niveles de control de sinergismo tedrico de la mezcla
fungicida utilizando los datos de la formula de Colby se necesita proporcionar para los
componentes solos de la mezela a la misma proporcion de aplicacion tal como se utiliza en
la mezcla. De conformidad con lo anterior, los resultados para el ensayo B en la tabla A de
la composicién 1+ 2 en la solicitud tal como se presento no pueden ser totalmente evaluada
porque la proporcion de aplicacion para la composicién 2 a 200 g/ha no se suministrd, Mi
representada declara que en la tabla A se pretendi incluir la proporcion de aplicacion p;ra

b

la composicién 2 a 200 g/ha.

Esta proporcion faltante fue un error sin intencion. Por lo que ahora se presenta la tabla B
(ver anexo adjunto) que demuestra ademas las propiedades sinérgicas de la composicién 1 +
2.

En este orden de ideas, tenemos que la invencién propuesta por el solicitante si cumple con
los requisitos de patentabilidad y de esta manera es susceptible de ostentar el titulo de

patente de invencidn.

2. Solicitudes concedidas en otros paises para esta misma invencién.

A manera informativa, pongo en conocimiento del Examinador que 43 oficinas de patentes
en el mundo otorgaron el privilegio de patente a la inVencién equivalente a la presente
solicitud Colombiana. Ain cuando entiendo que estas decisiones de ninguna manera
obligan al Despacho para decidir de igual forma, considero que por tratarse de una pregunta

Tactica la determinacion de la existencia de novedad, nivel inventivo y aplicacion industrial,

11
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solicitud Colombiana. A(n cuando entiendo que estas decisiones de ninguna manera
obligan al Despacho para decidir de igual forma, considero que por tratarse de una pregunta
factica la determinacion de la existencia de novedad, nivel inventivo y aplicacién industrial,
las decisiones de otras oficinas de patentes constituyen un antecedente persuasivo en la

materia. (Por favor, ver anexo adjunto).

-

En. virtud de lo anterior, solicilo que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencién para el

invento que se tramita en este expediente.

Ate n‘tamente,

I

’ .
ALV ARO CORREA ORDONEZ v

CL.No.79.143.366 de Usaquén
F.P.20.28]

Anexos: -Datos de prueba biologicos
-Capitulo reivindicatorio modificado
-Anexo con la lista que muesira las 43 patentes otorgadas.
-Articulo “Strobilurins: Evolution of a New Class of Active Substances”

ROGMGT/BOGDMS-775770-V1-P2007_000052-0720.C
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2 ‘BA9341 COPCT DATOS BIOLOGICOS

The data given below represents the tests directed to control of barley net blotch
and rust of maize for mixtures of penthiopyrad and trifloxystrobin or picoxystrobin of the
presently claimed invention.

Test suspensions comprising a single formulated active ingredicnt were sprayed to
demonstrate the control efficacy of the active ingredient individually. To demonstrate the
control efficacy of a combination, (a) the active ingredients were combined in the
appropriate amounts in a single test suspension, or (b) stock solutions of individual active
ingredients were prepared and then combined in the appropriate ratio, and diluted to the
final desired concentration to form a test suspension, (c) test suspensions comprising
single active ingredients were sprayed sequentially in the desired ratio or (d) test blends

of the formulations were prepared in the desired ratio and sprayed as a single application.

Composition 1 3
Ingredients Wt. %
Compound of Formula I, prepared as a 20 % 200 grams
suspension concentrate active /liter
Composition 2 ‘
Ingredients Wt %
trifloxystrobin (TWIST Fungicide), formulated as a 125 grams
suspension concentrate active /liter
Composition 3
Ingredients Wt. %
Picoxystrobin (ACANTO Fungicide), formulated as 125 grams
a suspension concentrate active /liter

Test compositions were first mixed with water. The resulting test suspensions

were then used in the follgwing field tests. Test suspensions were sprayed at a volume of
- 200 Iiters per heclare. Application rates were 100, 150, 200 or 250 grams of active

material per hectare.

TEST C
Established field plots of winter barley were sprayed when the flag leaf of the

barley plant is fully emerged. Three replications were used. Plots were evaluated

visually for control of symptoms of barley net blotch caused by Pyrenophora teres. The

results were reported as the average mean percent disease control of the three

replications.

12
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TEST D
Established field plots of spring barley were sprayed when the flag leaf of the
barley plant is fully emerged. Three replications werc used. Plots were evaluated
visually for control of symptoms of barley net blotch caused by Pyrenophora teres. The
results were reported as the average mean percent disease control of the three

replications. -

TEST E
Established field plots of field corn were spraycd at full tassel and again in 9 days.
Three replications were used. Plots were evaluated visually for control of symptoms of
common rust of maize caused by Puccinia sorghi. The results were reported as the

average mean percent disease control of the three replications.

TESTF ,
Established field plots of field corn were sprayed once at full tassel. Three
replications were used. Plots were evaluated visually for control of symptoms of
common rust of maize caused by Puccinia sorghi. The results were reported as the

average mean percent disease control of the three replications.

Table B lists results for Tests C-F. 1n Table B, a rating of 100 indicates 100%
disease control and a rating of 0 indicated no disease control (relative to the controls).

Columns labeled “Avg” indicated the average of the three or four replications.

Table B
Test Results
. Application Test C Test Test E Test F
Composition Rate

(g/ha) Avg | Exp Avg | Exp Avg | Exp Avg Exp

1 100 39 - - - - - - -

1 150 - - - - - - 27 _

1 200 - - - - 18 - - -

1 250 - - 26 - - - - -

2 200 44 - - - - - - -

3 150 - - - - - - 27 -

3 200 - - - - 43 _ _ _

3 250 - - 9 - - - - -

1+2 100 +200 70 66 - - - - - -
1+3 250 +250 ~ - 75 33 - - - -
1+3 200 +20_9 — - - - 83 65 - -
1+3 150+150 | - _ _ _ - _ 76 | 45
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The presence of a synergistic effect between two active ingredients is established
with the aid of the Colby equation (see S. R. Colby, “Calculating Synergistic and
Antagonistic Responses of Herbicide Combinations”, ¥ eeds,' 1967, 15, 20-22):

p=A+B- | AxDB
100

Using the method of Colby, the presence of a synergistic interaction between two
active ingredients is established by first calculating the predicted activity, p, of the
mixture based on activities of the two components applied alone. If p is lower than the
experimentally observed effect, synergism has occurred. In the equation above, A is the
fungicidal activity in percentage control of one component applied alone at rate x. The B
term Is the fungicidal activity in percentage control of the second component applied at
rate y. The equation estimates p, the fungicidal activity of the mixture of A at rate x with

B at rate y 1f their effects are strictly additive and no interaction has occurred.

Columns labeled “Exp” in Table B indicate the expected value for each treatment
mixture using the Colby equation.

CONCLUSION

As is shown in Table B, application of the Colby equation reveals that the observed
control was higher than expected for the mixture of Composition 1 with Composition 2
(100 g/ha + 200 g/ha) for Test C, and for the mixture of Composition 1 with Composition
3 (250 g/ha + 250 g/ha) for Test D, (200 g/ha + 200 g/ha) for Test E and {150 g/ha + 150
g/ha) for Test F. The data in Table B demonstrate the superior activity with respect to the
control of barley net blotch and rust of maize when treated with the composition of the

present invention.
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REIVINDICACIONES

1. Una mezcla fungicida sinérgica que comprende:

{a) el derivado de tiofeno de fédrmula 1

{b) Por lo menos un compuesto seleccionado del grupo que

consiste de compuestos de Férmula IIT

W

m

En donde

W es uno de los siguientes grupos



&

w3 ﬁ/o /ﬁ\ ;
1 Co Cll
W ,-CHa N H00 Lty
H3CC‘/ = W H;CID/ N ¢ .T <
e - o -

Wes N O CH;
W? es NH, O o CHj;

W es O o CHy;

A es uno de los siguientes grupos ({(en donde el asterisco

(*) estd ligado al anillo fenilo de la Férmula III),

F
o 0
. EI/LY ‘/\O/N\\\l/ o XN \|/ )
Nt Hs CHy

B es 1,2-propancdiol-bis(0-metiloxim)-1-il; o <fenilo,
fenoxi o) piridinilo, cada uno se sustituyd
opcionalmente con 1 o 2 sustituyentes seleccionados

entre Cl, CN, metilo o trifluocrometilo; o

A yv B juntos son -CH,O(1l-[4-clorofenil]-pirazol-3-il) o -

CHzO{6- trifluorometil-Z-piridinil).

Yy opcionalmente



(c)

epoxiconazol.

La mezcla de la reivindicacién 1 en donde el componente

(b) es trifloxistrobina.

La mezcla de la reivindicacidén 1 en donde el componente

(b) es picoxistrobina.

Una composicidén fungicida que comprende 0.01-99.99% en
peso de la mezcla de cualgquiera una de las
reivindicaciones 1 a 3 y por lé menos un componente
adicional seleccionado del grupo que consiste de
tensoactivos, diluyentes sbélidos y diluyentes

ligquidos.

La composicidén de la reivindicacidén 4 en donde la
proporcién en peso del componente (b) al componente

{a) es de 100:1 a 1:100.

La composicidén de la reivindicacidén 5 en donde la
proporcidn en peso del componente (b} al componente

(a) es de 10:1 a 1:10.

20



7. Una composicién de 1la reivindicacidédn 6 en donde la
proporcidén en peso del componente (b) al componente

(a) es de 5:1 a 1:1.

MGTBOGDMS-779291-v1-P2007_000052-0720.D0C
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Strobilurins: Evolution of a New Class of Active Substanceé

Hubert Sauter,* Wolfgang Steglich, and Timm Anke

Dedicated to Professor Hans-Jiirgen Quadbeck-Seeger on the occasion of his 60th birthday

(Nature provides active substances, as
the result of special biosynthetic path-
ways, with the most diverse btological
activities. Many of these substances
perform functions that are important
to the survival of the organism in which
they are formed. For example, certain
fungi produce antifungal strobilurins
and oudemansins, agents to which the
producers themselves are not sensitive,
but which ward off other fungal species
that grow on the same substrates. The
period that followed the early break-
throughs in the 1970s—the discovery

mansins, the identification of the 8-
methoxyacrylate group as their com-
mon structural element, and the eluci-
dation of their mode of action—saw
the focus of research activities shift
away from the universities, ushering in
an era of intense competition between
rival industrial fungicide research
teams. Their goal was, and remains,
the development of fungicides with
practical applications in agricultural
crop protection. This review illustrates
methodological approaches in the op-
timization of lead structures and the
importance of understanding struc-

ture —activity relationships. The varia'\
tion of natural product lead structures
and the selection of suitable candidates
for development led to an across-the-
board evolution of the strobilurins as a
new class of active substance. Several
commercial products resulting from
this effort are now already on the
market, and more are expected to
follow: a most intriguing success story.

Keywords: active substance research
fungicides + natural products
strobilurins + structore - activity re-

Kof the natural strobilurins and oude-

lationships )

1. Introduction

Since time immemorial, fungi have played an important
part in the history of mankind, for example in the production
of foodstuffs such as cheese, bread dough, and soy sauce or in
alcoholic fermentation processes. In some Asian and Amer-
ican cultures fungi have been used by cults as the source of
hallueinogens, Alsc when it comes to delicacies, the fruiting
bodies of fungi (to the layman the actual, that is, visible,
manifestations of fungi) have been valued since olden times,
none more 50 than the trufiles prized by gourmets. However,
the importance of fungi as medicines was traditionally rather
low compared with that of plants. This situation remained
basically unchanged until the groundbreaking discovery of

[*] Dr. H. Sauter
BASF Aktiengesellschaft Hauptlaboratorium
Forschung Fungizide
-67056 Ludwigshafen (Germany)
Fax: (+49)621-60-21156
E-mail: hubert.sawter@basf-ag.de
Prof. Dr. W. Steglich
Institut filr Organische Chemie der Universitit
Butenandt Strasse 5-13/F, D-81377 Meanchen (Germany)
Prof. Dr. T. Anke
Fachbereich Biclogie, Lehrbereich Biotechnalogie
Paul-Ehrlich-Strasse, Gebiude 23
D-67663 Kaiserslantern (Germany)
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penicillin by Alexander Fleming in 1928 and its development
as the first highly active antibiotic obtained from a mold.
Since then the importance of fungi as sources of antibiotics
and other pharmacologically active natural products has
become ever more evident.!

2. The Natural Strobilurins and Gudemansins

2.1. Background

Strobilurins were first identified within the framework of a
program begun in late 1976 aimed at discovering new
antibiotic agents from basidiomycetes. This class of higher
fungi, which includes many familiar species such as fly agaric
and edible boletus, was in those days spurned by natural
product researchers. The often sluggish growth of mycelial
cultures of basidiomycetes meant they were regarded as being
more difficult to handle than the extremely active substance-
rich streptomycetes, which are classified as bacteria. Never-
theless, studies of the pigments and toxins of the fruiting
bodies!?! promised an original and diverse secondary metab-
olism in mycelial cultures too. In their work on the formation
of polyacetylenes in basidiomycetes, Jones and Thaller had
drawn parallels between the secondary metabolism of basi-
diomycetes and that of higher plants, notably Apiaceae and

1433-7851/99/3810-1329 § 17.50+.50/0 1329
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Asteraceae ] This followed from the pioncering work by the
groups of Anchel, Kavanagh, and Hervey® who in the 1940s
and 1950s had screened hundreds of extracts of fruiting
bodies, and in some cases of corresponding fungal mycelial
cultures too, for the formation of antibiotics. A pivotal
discovery to emerge from their studies was pleuromutilin, a
new antibacterial antibiotic with an intcresting site of
action,!*®) which was launched some years later by Sandoz as
the semisynthetic derivative tiamulin for usc as a veterinary
medicine.™¥ All of this, plus the congenial research environ-
ment offered by the Sonderforschungsbereich in Tiibingen
headed by Zéhner “Chemical Biology of Microorganisms”,
was the spur for one of us (T.A.) to commence work on
basidiomycetes. Among the first antibiotics discovered were
strobilurins A and B, obtained from fermentations of Strobi-
{urus tenacellus (a fungus that grows on pinecones).[® Up till
then no natural products had been isolated from this fungus.
Our first publication in 197718 reported the physical and
chemnical data of strobilurins A and B as well as their powerful
antibiotic activity against a range of fungal specics. The high
cytotoxic activity towards Ehrlich ascites tumor cells led
Douros of the National Cancer Institute (USA) to ask us later
the same ycar to provide samples of the strobilurins to screen
for antitumor activity, The first 117 mg of strobilurin A were
dispatched in 1978. Soon afterwards the exciting news came
that strobilurin A, although exhibiting only very weak anti-
tumot activity, showed no acute Loxicity in the tumor-bearing
Itice. _

The structure elucidation by the research group of one of us
(W.S.) showed the strobilurins to have an unusually simple

structure and apparently represent a new class of antifungal
antibiotics whose abundance in nature was not confined to the
genus Strobilurus. Strobilurin A has also been isolated from
Cyphellopsis cultures and from two Mycena species. This
compound was originally thought to have a side chain with an
all-trans 9E configuration, but this was later (1984) revised ta
9218 Strobilurin A was found to show great similarity to
mucidin, ar antifungal antibiotic published in 196919 and
patented in 19701 without a proposed structure; they had the
same empirical formula, the same UV spectrum, and equal
activity. I{owever, the optical activity reported for mucidin
(+33° (¢=10) at 546 nm) completely ruled out a common
identity with the strobilurin A. Mucidin, which was isolated
from Qudemansiella mucida (a fungus that grows on the
trunks of beech trees), found usc in Czechoslovakia as an
antifungal ointment (Mucidermin “Spofa™). To be more
certain that strobilurin A and mucidin were different com-
pounds, samples of . mucida were collected as starter
material for mycelial cultures, which were then investigated
for the formation of antifungal antibiotics. Te our surprise we
did not detect mucidin in these cultures, but instcad a novel
natural product, the crystalline, optically active oudeman-
stn A, and the oily strobijurin A" Like strobilurins A and B,
oudemansin A also exhibited powerful antifungal activity.
The quest to establish which compound corresponded to
“mucidin” proved to be highly protracted. Czech patents and
publications yielded contradictory information. One pat-
ent,? citing previous patents of the same origin'"¥ cor-
rectly described the structure as (92)-strobilurin A. No
reference was made in this work o the optical rotation

Hubert Sauter is Vice President, Re-
search at the Main Laboratory, Fungi-
cide Research at BASFAG. He started
studying chemistry in 1964 at Freiburg
im Breisgau (Germany) and addition-
ally studied philosophy and psychology
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1973 under the guidance of . Prinz-
bach, he worked as a postdoc at Har-
vard University (Cambridge, Massa-
chusetts} with R. B. Woodward for one
vear and joined BASF in 1976, Since
then he has been involved in the area of
fungicide research.
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previously reported for mucidin®® Then in 1981 with
reference to the earlier patents!'™ ! among them also the
patent stating the correct 9Z configuration, Sedmera et al.
confusingly reported the identity of mucidin as that of (9£)-
strobilurin A The optical rotation reported in the Czech
patentl'™ was referred to as a “printing error”. Final
clarification was ultimately furnished in a 1986 paper,/*l in
which a direct spectroscopic comparison established the
structures of (9Z)-strobilurin A and mucidin to be one and
the same.

2.2. Abundance in Fungi

Fungi that produce strobilurins and oudemansins are found
all over the world in all climate zones."™ With one exception
(Bolinea [utea, an ascomycete) all such species are basidio-
mycetesD3 Some of the structures (Scheme 1) are extremely
complex, as in the case of strobilurin E, which is characterized
by high antifungal activity and very high cytostatic activity.'§]
The structures of the 9-methoxystrobilurins K. and L, stro-
bilurin D, and hydroxystrobilurin D have since been re-
vised."") The antibacterial activity of 9-methoxystrobilurin L
published by the company Xenova has, like the proposed
structure, since been found to be erroneous.'8]

B W e e
2.3. Function af the Natoral Products for the Producers

In the search for new active substances, in the group of one
of us (T.A.) basidiomycetes are normalty grown on complex,
highly nutrient rich media to ensure good mycelial growth and
high production of secondary metabolites. However, because
these conditions in no way correspond to those of their natitral
substrates, such as soil, leaves, or (most commeonly) wood,
certain strobifurin producers were also grown on their natural,
presterilized substrates and then investigated for the forma-
tion of antibiotics. Formation of both oudemansin A and
strobilurins was observed in a Prerula species, a tropical
Favolaschia species, and in Mycena tintinnabulum" In
Mycena tintinnabulum strobilutin D was detected both in
the fruiting bodies (caps) and in the mycelially colonized
substrate (oak wood) in nature. The concentrations deter-
mined in the mycelially colonized oak wood were sufficient 1o
inhibit the growth of other fungal species. This finding and the
woridwide distribution of strobilurins and oudemansins leads
us to conclude that the production of these compounds affords
an advantage in terms of survival over other parasitic fungal
species or fungi colonizing the same substrate.

But how do the fungi that produce strobiluring or oude-
mansins protect themselves against their own antifungal
toxins, which are often produced in considerable quantities?
We investigated this matter in collaboration with the group of

R? N Xy o o~
R :
R? o, 2 O\. o 3 O‘\ R ~ =

/0 /0 . R? o] - O\

strobilurin A: Rl- 2=y hydroxystrobilurin A Pe]

strobilurin B: Rl = OCHy, Ry = Cl oudemansin A: R! = R?2= H

strxobilurin C: R! = OCH,-CH=C(CH,),, oudemansin B: R! « OCH,, R* = rl
R?2 = H i

. . - oudemansin X: R! = H, R? = OCH

strobilurin F-2: Rl = H, o ?
R? = -0CH,-CH=C(CH,)}, [y

strobilurxin F-1: R*= QH, R*a H o ~.0

strobilurin H: R! = H, R? = OCH, ~

N
~<_\0 SOSN
L, PN N
A

strobilurin D (rev.): X = H

{=strobilurin G)

O/
X %@ A
(o] *
hydroxystrobilurin D (rev.): X = OH o 0 20,
. p

S-methoxystrobilurin A

O/
s
(o]
ﬁ\ll o oy O\
A2

ocudemansin L

9-methoxystrobilurin K

X
%O PN
o 0. S Ny
Pre.
strobilurin E: X = H
9-methoxystrobilurin E: X = OCH,

0/
Q N N N
ﬂ o O AR O F N g | %, -CONH,
A

9-methoxystrobilurin L

myxothiazel A

Scheme 1. The natural strobilurins and oudemansingd™ %l and myxothiazole A.2% The steracenters whose configurations are unknawn are marked with an

asterisk.
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Brand and von Jagow, and found that in Strobilurus tenacellus
the site of action in the cytochrome b protein (sec Section 2.4)
i¥ madified such that the binding of strobilurins and cude-
mansins becomes much more difficult. This is essentially due
to the substitution of a small amino acid (alanine or
threonine) in position 127 by a larger isoleucine residue. This
resisfance-inducing exchange occurs in a region that is highly
preserved in the species sensitive to strobilurin-type toxins. In
§. tennacellus an additional small amino acid in position 254 is
replaced by glutamine, with the asparagine in position 261
being replaced by aspartic acid. All these amino acid residues
are located in the binding envelope of the reduced coen-
zyme Q.1

2.4, Mode of Action

Studies on the mode of action of strobiluring and oude-
mansins revealed very early on that these compounds inhibil
the respiration of fungi. Investigations with Ehrlich ascites
carcinoma cell cultures showed that the site of action lay
exclusively in the respiratory chain (Figure 1). Other effects

outer  FEFE=WEMinner (matrix}
2o

4 H- 4H
strobilurins
cudemansins

ap complex TI1 21

be,

Figure 1. The site of action of strobilurins and oudemansins in the
mitochendrial respiratory chain.

such as the complete inhibition of protein, RNA, and DNA
synthesis were attributed by one of us (T.A) to the resulting
intracellular defliciency in ATP. The oxygen uptake and ATP
synthesis of rat liver mitochondria were inhibited with both a-
ketoglutarate and succinate as substrates; hence the site of
action had to be in cither complex IT1 or 1V of the respiratory
chain.l A fortunate turn of events led us to find in von Jagow
a collaboration partner of the utmost compctence, who
succeeded in localizing fairly exactly the site of action of the
strobjlurins and oudemansins in the mitochondrial bec, com-
plex. In our first joint publication we reported that strobilur-
ins A and 13, oudemansin A, and myxothiazole, a compound
isolated by the groups of Reichenbach and Hofle at the
Gesellschaft fiir Biotechnologische Forschung (Socicty for
Biotechnological Research) in Braunschweig,2?] all bind at
the same site of action.P™ A common structural element of
these compounds that is clearly essential to their mode of

1332

action is an (£)-B-methoxyacrylate subunit, Strobilurins,
oudemansins, and myxothiazole bind reversibly to the ubihy-
droquinone oxidation (Qp) center of the b, complex, a
tinding that has helped further our understanding of the
siructurc and function of this part of the respiratory chain. [
Antimycin, an antifungal antibiotic commonly found in
streptomycetes that is toxic o mammals, binds 1o the other
center of the be; complex, the Qn center. The crystal structure
of the be, complex from bovine heart tissuc was recently
solved by the Deisenhofer group, and the binding sites for
myxothiazole and antimycin A were identifiec.|

“The first patent application for strobilurin A was submitted
in collaboration with Hoechst®! and described the synthesis
of strobilurin A, which scemed like it might find use as an
antimycotic agent in human medicine, However, the com-
pound compared poorly with other antimycotics on the
markel, and this patent was later relinquished. Several total
syntheses of the natural strobilurins and oudemansins have
been described and discussed in review articles.H7 24

3. Lead Structure Optimization in Rival Industrial
Research Programs

3.1. First Structueral Variants

With their rare combination of favorablc molecular and
biclogical properties, the two natural products strobilurin A
and oudemansin A were immediately seized upon as candi-
dates for model compounds on which to base further synthetic
modifications.! A clear attraction was the simplicity of their
structures, which is a rarity in bicactive natural products.
Moreover, the presence of the g-methoxyacrylate group in
both natural products gave us a clue that these were not
merely solitary active substances in isolation, but were instead
part of a proup of active compounds. Secondly, their
antifungal activity in laboratory tests proved to be attractively
high, which together with their “novel” mode of action—
inhibition of respiration combined with low toxicity towards
mammalian cells—therefore gave us a powerful boost.

Consequently, syntheses of molecular variants of strobilur-
in A were underway as early as 1977 in the research group of
one of us (W.5.). The goal was casily accessible analogues with
antibiotic activity that was similar or enhanced as far as
possible, )

The f-methoxyacrylate group, whose heteroatoms are
capable of intermolecular, polar interactions, was regarded
as essential (ie., as the pharmacophore) and was initially
modified merely for the usual comparison purposes. The ather
regions of the molecule were judged to hold greater promise
for structural variation. Such considerations gave rise not only
to simple phenyl derivatives such as 1-3, but also to
norstrobilurin A (5} and the “shortencd” analogue 6
{Scheme 2).2+ %]

Although such compounds showed a lower level of activity
than the naturally occurring model compound in laboratory
tests, some did show detectable, albeit weak, activity against
Penicilliunt notatum as a representative fungal species both in

Angew. Chem. lnt, Ed. 1999, 38, 1528 - 1349

Y



o/
o) S 0\ o N
Q N O\
- AN
-~
1: R=H 2 3
weakly active inactive weakly active
(la: R=CH,)
S
2
o] Y /0\ S . .
.
~
- O S 0\
-~
-~
4 5 6
weakly active inactive weakly active

Scheme 2. Structure and activity of simple strobilurin analogues. Activities
were determined on the basis of the inhibition of respiration of and the agar
diffusion test with Penicillium notatn B4 31

testing for inhibition of respiration and in the agar diffusion
test.

From these results we were able 1o deduce some initial
important structure - activity relationships.* %] The E con-
figuration of the pharmacophore as in 1 is essential, as the Z
isomer 2 was inactive. Substituents in the aryl ring such asin 3
appeared to be “allowed”; even a C/N exchange in the enol
ether group, which provided the oxime ether 4, did not result
in any appreciable reduction in activity. A loss of activity was
observed for the more linear (9E)-norstrobilurin A (5) and in
the similarly shaped variant &; lacking in both compounds is
the characteristic conformation of strobilurin A and oude-
mansin A, in which twisting of the central single bond results
in an almost right-angled orientation of the S-methoxyacry-
late pharmacophore relative to the phenyl-substituted side
chain (Figure 2). In the variants 1—4 the side chain is missing
completely.

In parallel to these variations of the lead structure,
collaborations were sought with industrial partners with the
aim of probing the usefulness of this class of active substances
for the optimization of structure and activity under the
viewpoint of potential applications as agricultural fungicides
or clinical antimycotics, The response from industry to our
overtures was, owing to other more pressing priorities, for the
most part low-key. In 1982 Zeneca (then still part of ICI)
requested a sample of oudemansin, which they obtained from
one of us (T.A.). Interest shown by BASF in 1983 within the
framework of a publicly funded joint project® in collabo-
ration with several university research groups led to a sample
of strobilurin A being provided for in vivo greenhouse testing
on plants infected with fungal pathogens. The test results were
disappointing: The activity of strobilurin A was surprisingly
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Figure 2. Computer-generated space-filling and stick models of strobil-
urin A (left) and the enol ether stilbene 7a (right). Carbon: black, oxygen:
red, hydrogen: white, (We are grateful to Dr. W, Altenhofen, BASF, for the
calculations and the computer graphics.)

-

weak, being barely perceptible against only two out of six
phytopathogenic fungal species at high application concen-
trations.” This was contrary to expectations after the very
good results in agar diffusion tests in the laboratory, and the
question was posed as to what might be the possible causes.

Together with Schirmer, who at the time was responsible at
BASF crop-protection research for collaboration with uni-
versity research (eams, we arrived at the hypothesis that the
triene system of strobilurin A might have been the cause of a
rapid photolytic and/or oxidative breakdown of the natural
product, leading to a rapid loss of activity under the conditions
of the greenhouse tests. The apparent plausibility of this
hypothesis led us to dispense for the time being with
venfication through analytical experimentation. A different
approach appeared more attractive: The idea we came up
with was to stabilize the triene system with an aromatic bridge
and, in the hope of improved in vivo activity, to synthesize and
carry out tests on the “enol ether stilbene” 7a. The synthesis
was swiftly accomplished in the Steglich research group
{Scheme 3).21

As it turned out, we hit the bull’s-eye with 7a. Not only did
it exhibit an activity against P notatum in the inhibition-of
respiration test that was at least ten times higher than that of
strobilurin A<l jts potency and spectrum of activity in in
vivo greenhouse tests in plants infected with fungal pathogens
fulfilled our ambitious expectations. Good (<15% infection)
to very good activities (<5% infection) at application
concentrations of 63ppm, and in some cases even at
16 ppm, were recorded for the following fungal discases:
powdery mildew of wheat (Erysiphe graminis), wheat brown
rust (Puccinia recondita), rice blast discase (Pyricularia
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Scheme 3. Synthesis of the enol ether stilbene 72l AIBN=27'"-
azohisisobutyronitrile, NBS = N-bromosuccinimide.

oryzae), barley net blotch (Drechslera teres), grapevine downy
mildew (Plasmopara viticola), and late blight (Phyrophthora
infestans).

The bridging by the central arene subunit in the enol ether
stilbene 7a did not result in a reduction of affinity for the
mitochondrial target, it was if anything even increased, and
clearly bestowed on the molecule—as hoped—the required
stability. Thus, compared with strobilurin A, 7a represented a
modified, nmore potent, and overall more promising lead
structure.

3.2. "A Further Generation of Strobilurin Variants

Guided by this result, and with BASF broadening their
involvement in the project, we turncd our attention to the
synthesis of some further variants of 7, for example §-12
{Scheme 4). In laboratory tests these compounds all showed
activities comparable to that of strobilurin A, and exceeded
this distinctly in the grecnhouse tests. Some of the new
derivatives exhibited even higher activity than the enol ether
stilbene 7a, depending on the test fungus.Y

In the design of strobilurin variants a conceptual subdivi-
sion of the enol ether stilbene lead structure intoc three
molecular regions proved useful: side chain, arene bridge, and
pharmacophore (Scheme 5). Through variation of the side
chain we succeeded in obtaining compounds of type 78U 8,
9 and 10, and 11,°% each the subject of separate patent
applications.

3.3. Initial Field Trials at BASF

The next step was the biological evaluation of presclected
candidates under outdoor conditions. In the course of
optirflization of a lcad structure the transition from grecn-
house tests to field trials demands particularly close attention.
Thrce aspects are of prime importance here:

o The quantities of active substance required, and hence
the outlay on their synthesis, rise dramatically. Ior in vitro
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testing and other laboratory tests a few milligrams are
normally sufficient. Even for an extensive series of dilutions
in the greenhouse tests the amount of active material required
is only about 100mg in total. Thousands of individual
structural variants can be tested per year as a matter of
routine without undue difficulty. In contrast, with application
0f 100—-1000 gha™!, preliminary ficld trials—normally in smal}
plots of one square meter—require between 1 and 10 g per
indication depending on the plant species, fungal pathogen,
and number of treatments, that is, up to 100 g of each active
substance must be supplied. Additional amounis of active
substance are also required for the develapment of formula-
tions suitable for application under outdoor conditions, for
example as emulsion concentrates, suspension concentrates,
or watcr-dispersible powders or granules.

7 8

7a (X = H) Ba {X - H)
7b (X = 3-F) 8b (X = 3-C1)
e (X = 4-F Be (X = 3-Me)
7d (X = 2-c1 8d (X = 3-CF,)
Te (X = 2-Me) 8e (X = 0O-Ph)
7f (X = 4-Me) 8f (X = 3-0CH,Ph}
79 (X = 4-CF,)
o s
X X o] > O
‘©/ 0 S O\ E: ~
- ' -
9 10
%a (X = H) 10a (X = H)
0 /’\/\/L\\/\o
X 0 0 0 S
. ~ ~
~ ~

11 12
lla (X = H)

Scheme 4. Strobilurin variants based on the enol ether stilbene 7at 3-3

aromatic bridge

side chain

pharmacophore

Scheme 5, Structuraily modified regions of the enol ether stilbene lead
structure,
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o For these and other practical reasons the number of
compounds that can be tested under outdoor conditions is
restricted to barely more than one hundred per year. This
means that compounds that fail to make it to the field trial
stage are essentially dropped as individual candidates in the
optimization process.

e Years of experience have shown the model tests in the
greenhouse to be of only limited value as a predictor of the all-
important activities in field trials under real-life conditions.
Clearly discrepanciesi®™! are possible in the sense of false
positive and false negative greenhouse results* particularly
when an attempt is made to assess the order of potency within
individual families of active compounds.’%] This special
situation is evident from the values shown in the bottom line
of Table 1. Here, the rank correlation coefficientsP? between
the field trial and greenhouse test results range from usable
values (0.74 for powdery mildew of wheat, 0.6 for late blight)
to values of little prognostic usefulness (for example — 0.3 for
net blotch disease).

In this respect the selection of the “right” candidates for the
field trials, which due to seasonal growing cycles are only
possible at certain times of the year, ] becomes the critical
rate-determining step, and hence also the decisive step for the
overall successP® of the lead structure optimization process
(see Figure 4, Section 4.4).

Of the roughly 100 strobilurin derivatives synthesized up to
December 1985 at BASE, a first batch of 15 compounds was
selected for. small plot trials in the 1986 season and tested in
various indications according to the resulis obtained in the
earlier greenhouse tests. Table 1 summarizes these com-
pounds and the results obtained.”d

In field trials against powdery mildew of wheat a clear
disparity is evident between the pood results with the four
dihydrostilbenes 8 and the lack of activity of the stilbenes 7.
This seems plausible in view of the known photolability of
stilbenes, which can undergo E—Z isomerization and sub-
sequent facile photocyclization to dihydrophenanthrenes
followed by further reactions such as oxidative aromatiza-
tion.*" Overall the rank correlation with the greenhouse test
results of the family of compounds tested is good (1, =0.74),
though the inferiority of the stilbenes 7 in the greenhouse tests
is not so pronounced as under the more severe photochemical
conditions in the ficld trials. Particularly noteworthy was the
activity of 8d against powdery mildew of wheat in field trials,
The activity of 8d at maximum infection pressure {100%
infection in the untreated plots), albeit at higher rates of
application (1000 g), exceeded that of the standard reference
substance, Corbel—a most encouraging result.

In tests against net blotch disease even the three stilbenes 7
tested here proved to have somc activity at a lower infection
pressure (35%). By contrast, the sole dihydrostilbene tested,
84, again showed distinctly higher activity, exceeding—albeit
at double the rate of application—the level of the standard
Desmel.

In tests against glume blotch on wheat 84, the front runner
against powdery mildew of wheat, again showed high activity,
this time, however, closely followed by stilbene 7e. The tests
against wheat brown rust were not especially fruitful, owing to
the particularly low infection pressure (18%) and the
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relatively weak activity of the five dihydrostilbenes tested.
In tests against late blight at a high infection pressure, The
dihydrostilbene 8a proved to be the best, although two of the
stilbenes also showed rneasurable activity. In the case of
activity against apple scab stilbene 7a was in first place and on
the level of the standard. In summary, from a structure-
activity viewpoint the photolabile stilbenes were distinctly
inferior to the dihydrostilbenes under outdoor conditions. The
former did, however, show some activity in tests in which the
interval between the application of the active substance and
the evaluation of the test was relatively brief {applications
against glume blotch, late blight, and apple scab), that is
8 days compared with about 30 days in the other tests. For the
structure types 9 and 10 only a single example of each
underwent field trials, hence a full, experimentally-based
assessment of these structure types was not possible at that time.

The first results from these small-plot trials under outdoor
conditions, which were of decisive importance to the assess-
ment of the overall structure type, were obtained in May 1086.
Even at this early stage some results were highly encouraging,
for example the first indication that the activities of 8a, 8h,
and 8d were very good and of the same order as that of the
standard reference material Corbel. In addition, initial results
from tests against net blotch disease in barley, for exam_ple
after treatment with 8§h, gave rise to high expectations and
much euphoria. Not only had our good fortune seemingly
seen us through the birth of this new class of fungicidal active
substances, we were able to look ahead to the further
development of the baby full of hope and confidence.

In the midst of our elation at this breakthrough we came
face to face with a most unpleasant surprise. At the end of
Aprit 1986 a comprehensive patent application had been
published by ICI (now Zeneca),"l which was brought to our
attention a short time later. The first priority date was
October 19, 19844 The basic formula 1 of what was an
extremely broad and general claim is shown in Scherne 6. R!
and R? represent a wide variety of substituents ranging from
hydrogen to “optionally substituted” alkyl, aryl, cycloalkyl-
alkyl, and other groups.*! Even richer in variants were the
definitions for X, Y, and Z. On the other hand, the actual core
element of these structures was defined in subclaim 741
(formula XI1 in Scheme 6). Additional subclaims were sub-
mitted for structures of type 13. As individual compounds
“our” enol ether stilbene 7a and the hydrogenated variant 82
that had already attracted attention in our field trials, had
been the subjects of specific claims. What was striking were
the parallels with our ideas and concepts that Jay at the heart
of this application. All the BASF applications for the enol
ether strobiturinsP!- were hit by this patent—a disaster that
set us back all the more at the time, as our field trial results
had led us to the brink of verifying the great potential of the
strobilurins, not to mention their potential practical applica-
tions.

Back in the laboratory we had some hard questions to ask
oursclves. How could such a thing had happened? Had we
been caught napping? Had indiscretions, espionage even,
played a part? The answer was soon in coming and was plain
to see: All this had taken place in the context of a fair contest
between rival research groups.
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Table 1. Test results and order of activity of strobilurins against fungal diseases in 1936 field trialst™ and greenhouse tests !

Compotind Powdery mildew of wheatl®! Net blotchl!! Wheat leaf spotl
.o infection[%] R Rgleel infectionlel|%] R R infectionW[%] R, R
7n 28 5 2 30 6 1
7h 100 7 9 25 4 3
Te 100 7 7
7d 22 3 1
Te 100 7 3 10 2 4.5
7t 100 7 8
g 100 7 6 61 7 8
8n 22 2.5 1 18 5 4.5
8h 22 2.5 3 4 1 4 13 4 4.5
8c - 3 4. 4 12 . 3 4.5
84 15 1 2 8 1 4.5
Be 68 g 4.5
Bf
9a

10a 18 2 5

untreated 100 35 71

siandard 18 ) 5

riel 0.74 —0.30 0.23

Compound Wheat brown rustl* Late bight!® Apple scabl

infection™[%] R/ Rl infectionlrl [%] R Rl infection™ %] R/ R
7a 68 3 1 5 1 3
7h
Te
7d
Te
7f 61 2 2
T
8a 8 5 4 33 1 3
8h 10 1.5 2
8c 16 1.5 4
8d 12 3 4
8e 84 5 5 8 2 2
8r 77 4 4 15 3 1
%a 15 4 1

102

untreated 18 ' 84 77

standagd 9 14 ]

ol 0.13 0.6 -1.0

[a] Erysiphe graminis £ sp. tritici. |b] Small plot trials in winter wheat; spontaneous infection; treatment alter 2.5% preinfection, in each case with 750 gha™!
of aclive substance; evaluation 31 days after treatment; standard refercnce substance: Corbel, 750 gha-l [¢] Rp=ranking in fie!d trials according to the
definition in ref. [3%] within the tested family of compounds (vertical columns), [d) R = ranking in greenhouse tests, in each case determined from & number
of tests after treatment with various spray concentrations. f¢] Determination of Ry based an greenhouse tests with spray concentrations of 16, 8, 4, 2, and
I ppm, The ranking changes in the corresponding curative tests in the greenhouse; as might be expected, the resulls of these tests give a better rank
correlation with the resulis of the (in some cases curative) field trials: r,=0.87. [{] Pyrenophora teres f sp. hordei {barlcy net blotch). [g] Small-plot trial in
winter barley; infection carried out twice 5 and 2 days before treatment with 1000 gha— of active substance; evaluation 36 days after treatment; standard:
Desmel 500 gha~". [h] Determined from protective greenhouse tests after treatment with spray concentrations of 250, 125, 63, and 31 ppm. [i] Leptosphaeria
nodortm (glume blotch) on wheat. [j] Small-plot trial in winter wheat. Artificial infection 3 days after treatment with 1000 gha=! of active substance;
standard: Desmel 250 gha=L [k] Determined from protective greenhouse tests afler treatment with spray concentrations of 125, 63, and 3 ppm. [1] Puccinia
recordita (wheat brown rust), [m] Small-plot trial in winter wheat; spontancous infection: treatment without preinfection with 750 gha~! of aclive substance;
evaluation 32 days after treatment,; standard: Impact 125 gha', {n] Determined from curative preenhouse tests after treatment with spray concentrations of
250, 63, and 16 ppm. [o] Phytephthora infestans [p] Smali-plot trial in potatoes: spontaneous infection; treatment carried out three times at weekly intervals
with 1000 gha~! of active substance without preinfection; evaluation 30 days after last treatment; standard: Polyram-Combi (80%) 500 gha™,
[q] Determined from prolective greenhouse tests in tomato plants after treatment with spray concenirations of 63, 31, and 16 ppm. [r] Venturia inaequalis.
[s] Tests an apple trees, strain Golden Delicious; spontaneous infection; treatment carried out 18 time at weekly intervals with 210 gha~! of active substance
without preinfection; evaluation 7 days afier last treatment; only the infection on the leaves present at the start of treatment was cvaluated: standard: Baycor
140 gha~'. [t] Determined (rom curative greenhouse tests on apple seedlings after treatment with spray concentrations of 75 and 31 pput. [u] r, is the
Spearman rank correlation coefficient ™ Only the rankings of rows R; and Ry are correlated against one another.

3.4, The Route of the Zeneca Rescarch Team 1o the course of these activities Baldwin, a biochemist working in
Azoxystrobin!* ) the Zeneca fungicides team, had become aware of the work
. alrcady described abovel™ on the common structural ele-

Al the beginning of the 1980s Zeneca had embarked on a ments and comimon mode of action of cudemansin, strobilur-
systematic and intensified research program looking into ins A and B, and myxothiazole. Zeneca subsequently asked
natural products as possible lead structures for fungicides. In ane of us (T.A.) to provide them with a sample of oudeman-
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Scheme 6. Formulae from the claims in the ICI patent apglication for enal
ether strabiluringt'l. See text for details,

sin A for greenhouse testing, and in June 1982 had been sent
4 mg of the crystalline substance. Zeneca's greenhouse test
results*®! against cight different pathogens were highly
impressive. Unlike strobilurin A, oudemansin A is sufficicntly
stable under greenhouse conditions and consequently shows
very high fungicidal activities and a strikingly broad spectrum
of activity even at the low application concentration of
33 ppm. This activity proved reproducible at Zeneca, and,
spurred on by their impressive test results, the Zeneca team
headed by Clough swiftly took to the topic of strobilurins—
then still classified under the banner of S-methoxyacrylates—
on a wide front. Their endeavors led among other things to the
design and realization of stereoselective syntheses for both
(9E)- and (92)-strobilurin A ] thereby providing independ-
ent confirmation once again of the configuration we had
correctly assigned to the natural product strobilurin A.
Subsequent analytic investigations revealed the inadequate
activity of the synthetic (9Z)-strobilurin A in the greenhouse
tests to be due, in addition to its relatively high volatility, to its
extremely high photolability, !4 b]

Considerations similar to ours likewise soon led the
Zeneca team to the enol ether stilbene 7a. In parallel to this,
however, a range of other active, easily accessible, stabilized
variants had also been synthesized, for example 14-16
{Scheme 7).

In the progress made at Zeneca a decisive role was played
by the diphenyl ether 13a (Scheme 8). Its photostability was
even higher than that of the enol ether stilbene 7a, it showed

[}
/N\ = —e
o] . O
~

0 . 0\

-
-~
14[43:] 15[47]

lslubl

Scheme 7. Stabilized, active strobilurin variants from the early phase of the
lead structure optimization at Zenecal**]
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high activity in greenhouse and field trials, and it exhibited a
broad spectrum of activity*! It also possessed a molecular
property that was a specific focus of Zencca’s biological
screening program: the systemic transport of the active
substance through the xylem and occasionally the phloem of
the treated plants. This means that once applied, instead of
being merely confined to the sprayed surface of the plant, a
systemic active substance will penetrate the plant, thus
allowing it to undergo transportation in solubilized form !
Systemic transport of a fungicide ultimately means that its
activity will not just remain localized, but, as a consequence of
the distribution process, can extend to the unsprayed parts of
the plant teo. Zeneca concluded that although the systemic
distribution of the diphenyl ether 13a was the reason for the
good performance as a fungicide in field trials, it was also
responsible for the slight phytotoxic damage sustained by
some sensitive plant species. Further optimization work was
consequently pursued with the aim of keeping the lipophi-
licity of the new structural variants sufficiently low to permit
systemic transport, ] but without any accompanying phyto-
toxicity. The introduction of heteroatoms as in compounds 37
and 18 proved advantageous in this respect. Compound 13b
represented a further step forward from another viewpoint:
Its activity in greenhouse tests was superior to that of 13a,
poeinting to more efficient docking at the mitochondrial be,
complex. However, the additional phenoxy substituents
enhanced the lipophilicity of the compound to such a degree
it was no longer able to undergo systemic transportation 19 ]
With the introduction of hydrophilic structural elements into

L L

Q N/ Q
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13a" 17150, 53
O
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O\
-~
1gi5tl 13p e
NF N
@OMO
o (o) S O\
-~
19152
azoxystrobin

(ICI A 5504)

Scheme 8. Strobilurin analogues with variations in the side chain and
aromatic bridge on the Zeneca route {0 azoxystrobin [l
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the lipophilic side chain of 13b, the lead structure optimiza-
tion fmally bore fruit in the form of compound 19. This
cbinpbund, initially developed under the code number
LCLA5504, possessed the desired physicochemical and hio-
logical properties, and was subsequently christened with the
conunon name azoxystrobin before being launched onto the
German market in February 1996 under the trade name
Amistar** Details of its biological action profile in compar-
ison with that of other strobilurins are given in Section 5.3.

3.5. The Second Phase of the Lead Structure
Optimization at BASE: The Route to Kresoxim-methyl2

With the submission of the enol ether basic application, and
espectally after its publication in April 1986, the Zeneca
team was in a relatively comfortable position from a patent
point of view and could turn its attention to the aptimization
of the side chain while retaining the enol ether pharmaco-
phore. In contrast, the BASF fungicide team was faced with a
very different situation in May 1986. The claims published by
Zeneca appeared watertight, the only real gaps that were
immediately perceptible being in the arene bridge. There was
a very real danger™ that all our efforts to date had been in
vain, for us at least. Nevertheless, the recent, immensely
promising BASF field trial results {see Table 1) left us no
alternative: A way out had to be found. The biological
potcntial of the new class of active substances seemed too
tempting, as did the wide latitude in the variation of the arene
bridge and side chain discernible inter alia from the Zeneca
patent claims."" #1The BASF team consequently elected to go
for the sole realistic loophole that still remained and to modify
the pharmacophore as a way of getting around the tight
confines of the Zencca patent claims. 0

Variation of the pharmacophore in a class of active
substance always carries a very high risk of a drastic loss of
activily. This assumes that the pharmacophere is, by defini-
tion, the commen functional group which through intermo-
lecular interactions gives the class of active substances a
decisive energetic boost for docking at the target. In practice
this nearly always means the involvement of heteroatoms with
their pessibilities for polar interactions and unique vectorial—
spatial arrangements relative to the rest of the active
substance molecule. The enol ether pharmacophore contains
three such heteroatoms, each of them oxygen. Nothing was
known at the time about their function in the binding process
at the be; complex.

In the BASF team Wenderoth and Rentzea had already
embarked on the task of substituting the enol ¢ther group of
the pharmacophore by an oxime ether unit. From a pharma-
cophore analysis vicwpoint all three original hetcroatoms
were still retained, as were, in all probability, their vectorial
orientation possibilities; this was evident even without the
benefit of computer models. The sole requircment was
preservation of the E configuration of the double bond,
which was known to be essential (see Scheme 2, 1 versus 2).
Only the sp*-hybridized nitrogen atom was new. The first
representatives (Z0a and 21a) of structure types 20 and 21
(Scheme 9) had already been synthesized and subjected to

-
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greenhouse tests. From the good results obtained in vitro and
with initial greenhouse tests we were confident of the high
biological polential of these oxime cther structures. In
respnnse to the situation with our known competitors at
Zeneca, a corresponding patent application® was very

' o
Y © Y‘©/ o )
0 -0 TN
P e

20a: ¥ = H 2la: Y = H
20hy: Y = 2-CH, 21h: ¥= 2-CH,
20c: ¥ = 2-C1 21c: ¥ = 2-C1
21d: ¥ = 2-Br
2le: Y = 3-CH,
21f: ¥ = 3-C1
21g: Y = 3-CF,
21h: ¥ = 4-CH,
N 0 21i: ¥ = 4-Cl
| “‘ 213; Y = 4-ph
= 0 \N/O\ 21k: ¥ = 2,4-(CH3)2
-
22
O
X
Q \N,O\ o} \N/D\
- -~
23 21b

kresoxim-methyl
(BAS 490 F)

Scheme 9. The first strobilurins (2022} with an oxime ether pharmaco-
phore of general structure 23 synthesized at BASF on the way to kresoxim-
methyl.

quickly submitted in July 1986—a stroke of luck for us, as we
{ater discovered. What we did not know at the time, but must
have feared all too well, was that the Zeneca group had
already been pursuing the same idea and had themselves been
in the process of submitting a patent application for the oxime
ethers®® We then had to get through the usual nerve-
wracking 18-month waiting period following the submission
of our patent.®”] Finally in January 1988 it emerged that this
time we had got there first with our submission, by a mere two
days—it looked like round two of the contest may well have
gone decidedly in our favor,

In the meantime further progress had been made at BASF
with the optimization of the oxime ethers. For the 1988 field-
trials season two derivatives of 20 (20b and 20¢) had been
penciled in for small-plot trials on the basis of their good
activity against powdery mildew of wheat in the greenhousc
tests. This activity was confirmed, and was comparable to that
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of the standard Corbel and thus approached the level required
for a viable competing product.

A decisive factor in our continuing efforts towards opti-
mization of the lead structure was that from June 1987
onwards a biochemical test was available at BASF) which
compared with the established greenhouse tests, or the field
trials for that matter, was able to provide much more direct

answers to the question of how effectively the strobilurin -

variants bind to the mitochondrial be, complex. This test
utilized submitochondrial preparations of veast cells as model
systems for the respiratory chain of fungi. The end result
quantifies the inhibitory activity of the test substance towards
the be, complex in the form of an [y, value, which is the
concentration of the active substance necessary to achieve
50% inhibition: the lower the Iy, value, the more active the
compound %)

With the aid of this test, we were soon able to deduce some
very clear structure—activity relationships (see also Sec-
tion4.1). A series of comparisons between pairs of enol
ethers and oxime ethers with identical side chains—the arene
bridge was a phenylene moiety in all cases—showed the two
pharmacophore types to have equal affinities on the target
level, giving rise to no appreciable differences in activity. The
two pharmacophores thus bind equally strongly—a pivotal
finding. Something else that emerged quite clearly, again from
a series of pairwise comparisons, was that derivatives of type
21 were on average about ten times more active than the
corresponding regioisomers 20, This result could not have
been deduced so clearly, if at all, from greenhouse tests in
which the striking differences were blurred by the effects of
various factors arising from the more complex study designs,
thus being hidden so to speak by background noise.!

These results were of crucial importance to our future
studies. First and foremost, they swung things in favor of the
oxime ethers 21 with a phenoxymethyl side chain for
development within our synthetic program. Secondly, they
led us to focus on variants of the more active structure type 21
in the selection of the candidates for field trials during the
1989 season. Ten variants (21b-21k) plus the heterocyclic
derivative 22 were subjected to field trials. Expectations were
high, as remarkable results had already been obtained in the
1988 field-trials season with two derivatives of type 20 that
had shown lower activity on the target level. These expect-
ations were borne out in full: All variants of type 21 proved
active to a lesser or greater degree in the field trials,
particularly towards cereal mildew, but also towards other
cereal infections such as wheat leaf spot and leaf blotch.
Comparisons with 20b and 20¢, the two compounds of the
previous generation with a benzyloxy side chain, demonstrat-
ed clearly the superiority of the new type 21 over 20 under
outdoar conditions. Furthermore, in the tests against powdery
mildew of wheat the activity of the oxime ethers 21 was clearly
greater than that of some of the enol ethers employed for
COMPAarison purposes.

Of the outstandingly effective active substances of type 21,
it was 21h (later named kresoxim-methyl) that far economic
and other reasons was selected as the candidate for develop-
ment. This compaund represented an optimal combination of
high fungicidal performance and a favorable outlook for a
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cost-effective commercial synthesis, the sole synthon required
for the construction of the side chain being the cheap bulk
chemical o-cresol.¥

Compound 21b, initially developed under the code number
BAS490F, was later given the common name Kkresoxim-
methyl and, again in competition with Zeneca, was subse-
quently registered by the German authorities and launched
onto the market in February 1996 a few days before
azoxystrabin. Details of its biological properties and resultant
market positioning are presented in Section 5.3.

3.6, The Eniry of the Shionogi Team into Strobilurin
Chemistry!®?

Rather by chance, and from another direction and different
route entirely, fungicide researchers at Shionogi focused on
the strobilurins. In their case it was not the natural products
strobilurin A and oudemansin A with their extremely prom-
ising biclogical activitics that had been the starting point, but
a totally different, “in-house™ class of compounds, the
carbamoylisoxazoles 24 (Scheme 10).% These compounds

Rl.
RJ
=3 :
"o o) ~ _0
o W —, N)\N’ gt
NHR?
NHR?

24 25
X
o \N/D\R‘:> o} \N,o\
NHR? _AH
26 27

Scheme 10. Steps in Shionogi’s sequence of thoughts for the synthesis of

oxime ether amides 2781
-

had shown fungicidal activity against rice diseases, but there
was no apparent connection with strobilurins. Compounds of
type 24 lack two of the properties typical of strobilurins: their
broad fungicidal spectrum of activity and their characteristic
mode of action in the inhibition of respiration. In the variation
of structures of type 24, trains of thought set in motion largely
by purely chemical structural considerations and the efficient
deployment of in-house synthetic know-how led to new
structures and biological testing in the Shionogi team,
culminating in the oxime ether amides of type 26 by the
route outlined in Scheme 1018 The structure of these
compounds already resembled that of the oxime ether
strobilurins very closely (see, for example, 4, 20-23), hence
it is no surprise that systematic variation by the Shionogi team
ultimately led to compounds of type 27 and to the recognition
of their biclogical potential and the connection with the BASF
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and Zeneca strobilurins, In the knowledge'™ of the oxime
ether patents published in carly 1988(% %] and of the other
strobiurin patents published at that time, the Shionogi group
submitted their own patent application,!*!) based in ¢ssence on
the general structurc 27 With 27 a new type of pharmaco-
phore, in the shape of the oxime ether methyl amide, had been
discovered that was tsosteric with the oxime ether mcthyl
esters,

in the course of their own studics on lead structure
optimization, the BASF tcam had, in modifying the oxime
ether pharmacophore, likewise turned their attention to the
corresponding amides. However, they arrived on the scene
late, as the optimization of the side chain in the development
of BAS490F had been the top priorily.

As the first and initially solitary variant of type 27,
compound 27b, with the side chain that in the case of 21b
had proved optimal in the oxime ether series, was specifically
selected and synthesized in late 1989 by BASE The green-
house test results were good, but not outstanding, and in the
yeast test the [5; value of 27b was more than ten times lower
than that of 21b. Because of this, and in the face of more
attractive alternatives, it secimed unnecessary at the time to
attach particular priority to this type of compound—a colossal
crror. It was only after further derivatives with better
activities had come to light, though before the publication
of the Shionogi claim,/® that a corresponding patent appli-
cation was filed by BASF in late 1990.1%! This led once more to
patent interferences in the strobilurin field.

The efforts of the Shicnogi team ultimately led to a
development product with the code number SSF 12615
(Scheme 11). This compound, subsequently received the
common name mectominostrobin, was launched onto the
Japanese market in 1998 under the trade name oribright as a
fungicide active against rice diseases.

©/0
<
Q \N/O\\ Q \N/O\\
Bl
T P

27a 27b
metominostrebin
SS8F 126

Scheme 11. The Shionogi strobilurin 27a and the first variant synthesized
at BASF with an oxime ether amide pharmacophore (27b).

3.7, The Roule of Novartis to Their Qwn Strobilurins

Four completely different aspects of this route merit
particular aitention:

o In the course of studies aimed at the identification of
new, biologically active natural products, scientists at Ciba-
Geigy had already isolated strobilurins in the 1980s and
identified their antifungal activity!® but at the time had
elected not to follow them up any further.
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o Quite independently, and clearly soon after the publica-
tion of the Zeneca basic application on the cnol ethers,'Y a
fungicide synthesis group at Maag, at the time still a subsidiary
of Hoffmann-La Roche, had discovered a gap in the Zeneca
claims, and after charging through this gap with their own
program of research, had submitted their own application at
the turn of 1988/1989.16" Company acquisitions then saw the
Maag synthesis group along with the patents they held
transferred first in 1990 1o Ciba-Geigy and then, following
the merger with Sandoz in 1996, to Novartis: a happy
homecoming of the strobilurins to the former Ciba-Geigy 718
o The core of the Maag application!™ is illustrated by
structures 28— 28D (Scheme 12), and comprises the introduc-
tion of a new side chain into the enol ether—classic “me too”

28 2Ba

28b: R' = CH,, R? = heteroaryl

F.,C =~ O
] \N,O\
-~

trifloxystrobin
CGA 279202

Scheme 12, Strobiluring with the new oxime ether side chain. Structures
23-28b illustrate the core of the two conflicting patent applications
submitted by Zenecal®™ and Maag ¥™ oaly five weeks apart.

chemistry.[®] Although it is disputable whether the side chain
in 28 sidesteps the term “oplionally substituted alkyl™ used in
the Zeneca basic application™® and is therefore safe from
legal challenge, it is undeniably a substituted methy! group.
What is most striking about the strobilurins with an oxime
cther side chain is their somewhat higher biolegical activity,™
which, particularly in the case of derivatives of type 28a,
compares well even with the earlier, previously optimized
phenoxy and phenoxymethyl side chains (for example 27a, b,
Scheme 11).

e [rom a patent point of view, the period that followed saw
a curious state of confusion develop around this oxime ether
side chain, The Zeneca group had in the meanwhile also
identified the high potential of this side chain, and had
submitted a corresponding pateni applicationl®*l—based on
the enol ether pharmacophore-—some five weeks ahead of the
Maag tcam. Further competitors joined in this almost
grolesque competition, all completely in the dark as to the
timing of the rival applications.*? All of a sudden the whole
world seemed to have discovered the oxime ether side chain.

Angew. Chen. Int, Ed, 1999, 38, 1328-1349
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Within barely more two years eight patent applications had
appeared from five different companies (Table 2).05% What
was clear was that the development of the new pharmaco-
phore variants had, with the usual time lag, in each case led to

Table 2. The first patents for strobilurin with an oxime ether side chain
(see structures 28-28b in Scheme 12).

First priority date  Patent holder (applicant) Pharmacophore Ref.
Nov. 21, 1988 Zeneca (ICI) enol etherf [67a]
Dec. 29, 1988 Novartis (Maag) enol ether [67b]
Aug. 22, 1989 Nihon Nohyakn enol ether [67c]
Nov. 2, 1089 Ube enol ether [67d]
June 5, 1990 Naovartis (Maag) oxime ether esterl
thioenol ethertl [67¢c]

June 27, 1990 BASF oxime ether esterll
oxime ether amidel® [67f]
oxime ether ester  [67g]

oxime ether amide  [67h]

Aug. 22, 1990
Jan. 30, 1991

Zeneca {(1CI)
Zeneca (ICI)

{a] See structure XII'in Scheme 6. [b] See structure 23 in Scheme 9. [c] The
pharmacophare has the E-configured formula ~C{COOCH,}=CHSCH,.
[d] At the priority date the Zeneca enol ether application’ had already
been published (date of publication May 1990). The claims for the enol
ether initially included in the BASTF application were for the most part
withdrawn during the patent examination process. [e] See structire 27 in
Scheme 10.

the submission of corresponding patent applications for the
oxime ether side chain. An important point for Novartis was
that the Maag team had managed to submit their applica-
tion!¥™] for the combination of an oxime ether ester pharma-
cophore and an oxime ether side chain three weeks ahead of
BASF®! and eleven weeks ahead of Zeneca %8 The question
of the Novartis compounds being dependent on the first, in
the general claims very broadly defined, Zeneca patent on the
strobilurins with an oxime ether pharmacophorel™® was
seftled in favor of Novartis, as the Zeneca patent™ had
recently been revoked by the Board of Appeal of the
European Patent Office. An active substance from this group
that is in the advanced stages of development at Novartis
under the code number CGA2792020" has been given the
name trifloxystrobin (Scheme 12) and is currently in the
process of registration in the USA.

4. Structure — Activity Relationships as a Driving
Force in the Lead Structure Optimization

4.1. Molecular Characteristics and Activity Variables

The activity of a fungicide under real-life conditions in a
complex system of the fungal pathogen, the plant, and the
environment is determined by a multitude of quite different
influencing factors." In the optimization of the lead structure
it is useful to separate the complex of such influencing factors
and the associated molecular properties in two parts!™ A
decisive factor on the one hand is the affinity of the respective
active substance for its molecular target in the fungus. In the
case of the strobilurins this is primarily determined by the
binding affinity of the substance for the bc, complex of the
respiratory chain. On the other hand, just as important for the
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in vivo activity under real-life conditions is how much of the
active substance actually succeeds in reaching its target. Of
critical importance here is the biokinetic behavior of the
active substance, that is, the particular characteristics of the
molecule that govern its absorption, transportation, break-
down, and, where appropriate, excretion.

Changes to the lead structure affect not only the target
affinity of the active substance, but also, in a varicty of ways,
the biokinetic properties of the molecule. This ultimately
influences the activity towards fungal pathogens in vivo, and
has consequences for both the selectivity towards nontarget
organisms (for example plants and beneficial insects) and for
the environmental behavior {for example degradation and
translocation in the soil and volatilization).

For a rationally conceived lead structure optimization it is
important to consciously separate all these influencing factars,
and wherever possible to experimentally establish at an early
stage the associated molecular characteristics and their effects
on target activity and the individual biokinetic parameters,
and to exploit them in the optimization of the active substance
structures with respect to their activity and environmental
tolerability. Of particular importance for structure —activity
analyses are the following, easily measurable molecular
properties:

o The melting point to assess the rate of dispersion and
bioavailability.

e The vapor pressure as a measure of the volatilization
profile and quasisystemic mobility (see below) on the
surface of the leaf.

e Lipophilicity and water solubility to determine the absorp-
tion and transportation behavior,

# The photostability to establish the lifetime of the active
substance, especially under outdoor conditions.

With regard to the observable biological effects the
following individual and complex parameters are of particular
interest:™
& The activity on the level of the molecular target. For the

strobilurins this means the binding constant for the be,

complex or—a more easily measurable option—the actjve
substance concentration necessary for 50 % inhibition of an
appropriale enzyme preparation (the Iy, value, for example
from the test on yeast mitochondria used as a model

system;[® see Section 3.5).

o The activity on the cellular ievel of the taraet organisms, for
example the inhibition of respiration or of the growth of
fungal cultures on artificial nutrient media in the labora-
tory. '

e The rate of metabolic degradation (half-life) of the active
substance in plant or fungal cell culture models or in whole
plants.

e The proportions of the active substance on the surface and
in the interior of the treated leaf and in untreated leaves of
the plant after application onto a particular lzaf as a
function of time.

e The activity in greenhouse tests on plants infected with
fungal pathogens.

o The fungicidal activity under outdoor conditions.

¢ The effects on aquatic and terrestrial nontarget organisms
in laboratory tests.
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o Degradation rates and translocation behavior in the soil

(laboratory model).
aThis complex interplay between a multitude of variables
means that particular caution must be exercised in the
interpretation of test results. Structure - activity trends can
often be discerned or guessed at only with great difficulty. For
practical reasons it is hardly feasible to investigate all new test
substances™ from every possible angle. At BASF only the
yeast mitochondria test and the greenhouse tesis are carried
out routinely for all strobilurins. Of paramount importance
therefore is the reasoned and systematic selection of candi-
date active substances for screening in additional, more
elaborate test models.

Several examples based on different molecular variables
have been published of structure —activity relationships for
strobilurins in some of the tests mentionegd. [ #53-¢. 7]

4.2. Variation of the Pharmacophore

In the identification of new pharmacophore variants the
yeast mitochondria test has proved to be an extremely useful
tool. To ensure the individual results were comparable, all test
series were screened using a reference standard, the enol
ether stilbene 7a, against which the I, value obtained for a
test substance was referred:

_ {40 {test substance)
- Ly {T2)

By definition, F=1 for 7a, and hence the smaller the F
value, the higher the activily. Scheme 13 shows a small
sclection from the wealth of concejvable pharmacophore
variants and should give some impression of the structure -
activity relationships which are discussed here with respect to
just a few, though important, aspects,|”’]

e What is most astonishing is the latitude with which the
structures can be varied without incurring any fundamental
loss of target activity. On a similar level of activity as the
“classical” enol ether 9b and oxime ether 21 b are the crotonic
ester 30,7 the ketones 33 and 34, and the N-methoxycar-
bamate 40.5% The variants 271,16 651 41,1800 42 B and 4382 a5
well as the mandelic acid derivatives 44" and 45 also show
remagkable activity,

& A drastic loss of activity is observed to a lesser or greater
degrec when the bulk of the substituents on either side of the
periphery of the pharmacophore is increased (cf. 31/32 versus
21b). The optimal size is clearly shown by truncated variants
such as 30 {cf. 29) and 40 (cf. 39). The E configuration of the
central double bond cannot be changed without suffering a
catastrophic loss of activity, as shown by a comparison of (E)-
215 and (Z)-21b.

e As is the case with the side chain variants (see
Section 4.3, Figure 3), the activity of the pharmacophore
variants is distinctly dependent on the lipophilicity of the
molecule. Up to an optimum of lgP,, >4, the activity
increases with increasing lipophilicity, as exemplified by the
isosteric esterfamide pairs 210/27b, 40/41, and 44/45. In each
of these cases the ester is (.7 Ig P, units more lipophilic and
shows correspondingly higher activity. In an assessment of the
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Scheme 13. Strobilurins with the kresoxim-methyl side chain and varia-
tions on the pharimacophore. Their relative activities on the target level are
given below the formula; F is inversely proportional {o the activity (see
text).

activity of the pharmacophore variants, the lipophilicity of the
entire molecule must therefore be taken into account.

& The only cssential heteroatom in the pharmacophore is
the carbonyl oxygen atom, or an equivalent which also
functions as a hydrogen-bond acceptor at the target. This is
illustrated particularly clcarly by the distinct loss of activity
observed on going from C=0 to C=§ (cf. 21b and 35) and
C=CH, "

e The question of whether the C=0 bond points to the
“northwest” (s-trans conformation} relative to the second
double bond or to the “south” (s-cis conformation) is settled
unequivocally in favor of the s-frans conformalion, as
evidenced by the high activity shown by the cyclic, fixed-
geametry variant 42,%12)
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With regard to the biophysical and biokinetic properties of
the individual pharmacophores, some impaortant trends can
likewise be discerned, that have consequences for the
respective biological activities.

e When the remainder of the molecule is kept constant
(®, sec Scheme 13), the lipophilicity of the pharmacophore
variants increases in the following order: cyclic variants (such
as 42, Ig P, =2.3) < oxime ether amide (27h, lg P, =2.8) <
oxime ether ester (21b, Ig P, = 3.5) < N-methoxycarbamate
(40, lg P,,=3.7) =eno! ether (9b, Ig P, =3.7) < methyl ke-
tone (34, 1g P, =4.0) < crotonic ester (30, le P, =4.4). The
overall lipophilicity of the molecule not only influences the
activity on the mitochondrial target level, but also has a
considerable influence on absorption and transportation; this
had to be taken into consideration in the design of new
variants. Thus, in order to be in a lipophilicity area where
systemic transport in plants is possible (lgP,, <4, the
lipophilic crotonic esters require side chains that are more
hydrophilic than the intrinsically more hydrophilic oxime
cther amides.

o The vapor pressure of the compounds is also determined
to a considerable degree by the pharmacophore type. For
example, in the case of the strongly polar oxime ether amides
the vapor pressure is more than an order of magnitude lower
than that of the corresponding oxime ether esters {21b: 2.3 x
1072 hPa; 27b: 7.5 x 1071 hPa).P*] Because the vapor pres-
sure correlates with the quasisystemic mobility of the active
substance on the surface of the leaf!®") it has a decisive
influence on the distribution of strobilurins on the plants
requiring protection. Consequently, a key practical consid-
eration—particularly after protective application of a fungi-
cide®l—is to achieve a protective film that is as even as
possible. Furthermore, for a larger number of strobilurins a
correlation has also been demonstrated between vapor
pressure and activity against powdery mildew of wheat!®] in
more curatively oriented®* field trials, Since powdery mildew
of wheat is a fungal pathogen that grows largely on the surface
of the teaf, this 1s understandable. Also understandable is the
failure to observe—at least in curatively oriented studies—
any corresponding correlation in the case of wheat brown rust,
which prefers to grow inside the leaf.

o Likewise, for the rates of degradation of strobilurins in
the soil and in plant and fungal cell cultures some general
trends emerge in relation to the pharmacophore. The
degradation rates tend to increase in the following order:
cyclic variant (type 42) < oxime ether amide <« enol ether <
melhoxycarbamate < crotonic ester < oxime ether ester. A
consequence of this is that oxime ether amides that show
extreme metabolic stability are characterized by a long
duration of action under outdoor conditions. However, this
is accompanied by a correspondingly high persistence
in the soil—the reverse side of the coin. This long dura-
tion of action in the treated crops is ideal for systemic
transport. Conversely, although the rapid metabolization of
the oxime ether ester to the practically inactive carboxylic
acid (cf. 37, Scheme 13) prevents any marked systemic effects,
it guarantees a particularly rapid degradation in the soil that is
highly desirable, with half-lives ranging from hours to a few
days.[#0]
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4.3. Variation of the Side Chain and the Arene Bridge

On the level of the target, clear, quantitative structure—
activity relationships have been established in accordance
with a bilinear equation (Figure 3) for a series of oxime ethers
of type 21.1%%- 81 Similar correlations have been deduced for

g Py —=

Fipure 3. Targel-level activity of a series of strabilurin oxime ethers21asa
function of the lipophilicity of the substituents X. ply, is the negative
logarithm of the Iy value from the yeast mitochondria test. Each point
represents a variant of structure 211

enol ethers of type 9, oxime ether amides, and crotonic esters
and methoxycarbamates!® Thus, it is clearly the overall
lipophilicity of the molecule—modified by the substituents X
in the side chain—that is the critical influencing factor.
Significant “underperformers™ with respect to the curve
shown in Figure 3 arise if, on account of certain substituents
or substitution patterns X, the steric bulk of the side chain no
longer permits optimal docking at the target.l

The influence of the arene bridge and the side chain on the
biokinetic properties is illustrated, for example, by the rapte
outlined in Section 3.4 followed by the Zeneca team in the
optimization of the diphenyl ether 13a to azoxystrobin s d g
key element of their approach was the introduction of
heteroatoms to specifically lower the lipophilicity of the
molecule enough to allow systemic transportation, while
keeping the attendant reduction in activity on the target level
as low as possible.

A similar role is played by the hetercatoms in the oxime
ether side chains already mentioned in Section 3.7, for
example in compounds of type 28a. Here, the side chain is
two atoms longer than the phenoxymethyl side chains in 9,
without an accompanying drastic increase in lipophiicity (87
lg P, is 3.2 for 9a and is only slightly higher at 3.6 in the case
of 28a (with Y=H). The extension of this principle to
strobilurins with “double oxime ether” side chains such as in
46 led to derivatives with comparatively low lipophilicity
{lgP,,==32 for 46a) and very good activities in field
trials!® #l Even more hydrophilic side chains are present in
472" (1g P, =2.6) and 476" (1g P, = 1.5).

The diverse range of variants that is possible without any
fundamental loss of activity is illustrated by 48°" and 49,7
chosen more or less arbitrarily from the wealth of derivatives
so far known (Scheme 14).

-
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Scheme 14, Examples of steobilurins with variations of the side chain and
aromatic bridge.

4.4, Variation of the Lead Structure and Selection of
Candidates

In the evolution of a new class of active substance—as here
with the strobilurins—an analogy can be drawn between the
variations on the lead structure and the mutations that occur
in the course of evolution in nalure. The seleclion of
individuat compounds as candidates for the development of
one or a handful of individual active substances to the point of
marketability thus parallels the “survival of the fittest”
(Figure 4), In the variation of the lead structure as well as in
the selection of development candidates, optimal compro-
mises must be found with regard to all the properties of the
aclive substance. In both cases data obtained from studies of
structure —activity relationships represent an important cle-
ment of feedback control.
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AN /

siructure—acnvny

selection relationships
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Figure 4. Schematic representation of the evolution process in the course
of a lead structure eptimization.
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Here it is necessaty to analyze and, particularly with respect
lo the net effects under real-life conditions, develop an
understanding of the impact that structural variations within
the various regions of the molecule have on the individual
observables al various levels {c.g. targct level, bickinetics).
This is primarily a challenge for the chemist planning his
synthetic program. No less critical, however, is the consid-
eration of such structure —activity relationships in the sub-
sequent selection process, Mere, as before, the complex
network of interrelationships means that it is often less a
question of clearly derivable, conclusive inferences, but of
provisional decisions based on “soft” duta or mere estimates,
or even outright speculation. Empirical social research has
shown that in such situations the assessments and decisions of
a team arc fundamentally superior to those of even the most
apt individual®™ Therefore, in this selection process during
the optimization of the lead structure, it makes sense to
exploit this “team advantage™®l to the full through the
assembly of interdisciplinary teams.

5. Biological Properties of the Strobilurins
5.1. Importance of the Mode of Action

For the biological action profile of strobilurins, their mode
of action (the inhibition of respiration) is of decisive
importance from a number of perspectives. In all eukaryotes
the be; complex forms part of the mitochondrial respiratory
chain. This poses the question as to the extent to which the
structure of the be, complexes of different species affect the
binding affinities of individual strobilurin variants and hence
result in selective toxicity on the target level. The submotlec-
ular intricacies of this question can be expected from knowl-
edge of bc, complexes through crystal structure determina-
tions at increasingly higher resolutiont® %! The relevant
amino acid sequences known so far for various species show
a high degree of preservation in the region of the binding
envelope.F™ %) With submitochondrial enzyme preparations
of various species (fungi, housefly, rat, and maize), tests
carricd out on 14 strobiluring plus myxothiazole showed that
no appreciable contributions to species sclectivity can be
expected at the target levell® ¥ On the other hand, the
natural abundance of fungi species resistant to be, inhibitors
clearly derives from mutalions of the be, complex that prevent
the docking of strobilurins in the binding envelope.l®

Consequently, the appearance of resistant plant pathogens
in which similar mulations are present cannot be ruled out.
The question of whether, and to what extent, this will be of
importance in the development of serious resistance towards
strobilurins under the selection pressure of continued strobi-
lurin treatments in agricultural practice will only be answered
through experience in the field over the coming yearsi®l

5.2. Physiological Conscquences of the Mode of Action

On the biochemical level the mode of action for the
inhibition of respiration results in the arrest of ATP forma-
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tion, which is coupled to the respiratory chain. The conse-
quence on the physiological level is a particularly pronounced
inhibition of growth processes that are strongly energy-, and
hence, respiration-dependent. These include not only the
growth of tumor cell lines, but in particular the germination of
fungal spores. The strobiturin BAS490F has been shown in
several fungal species to completely inhibit spore germination
at considerably lower active substance concentrations (factors
of between 10 and 10000) than are required for 50%
inhibition of mycelial growth in the same species.”™] Since
among cukaryotes spore germination occurs almost exclu-
sively in fungi,™! this accounts on the physiological level for
the selectivity that is so important for practical applications.

5.3. Action Profiles and Practical Applieations of
Strobilurins

Because of the high vulnerability of the fungal spore
germination to strobilurins, these compounds generally show
a remarkably broad action potential against virtually all
phytopathogens, particularly when applied early as a protec-
tive measure. Nevertheless, the maximum activities achiev-
able in practical use as an agricultural fungicide and the
associated ecological profile will depend to a considerable
degree on the biophysical and bickinetic characteristics of the
active substance in question,

e Kresoxim-methyl stands out in this respect on account of
two properties. The still measurable vapor pressure (2.3 x
10~ hPa) and relatively high lipophilicity (IgP,, =3.5) of
the active substance allow distribution processes between the
lipophilic waxy cuticle of the plant and the gas-phase
“boundary layers” immediately above. Although the bioki-
netic properties of kresoxim-methyl prevent it from under-
going systemic transport within the plant (see Section 4.2),
diffusion into the gas phase is sufficient for migration and
distribution processes to take place on the surface of the plant,
thereby imbuing it with quasi-systemic mobility/®! The
second outstanding property of kresoxim-methyl is its rapid
metabolic breakdown in nontarget organisms to the virtually
inactive carboxylic acid. Thus, the inability to undergo
systemic transportation within the plant is offset by high
selectivity and a favorable ecological profile [

In its practical applications kresoxim-methyl is character-
ized—particularly if applied protectively—by a broad spec-
trum of activity against a wide range of phytopathogens.!*]
Peak activities—even for curative application after an in-
fection—are achieved against cereal mildew, which grows on
ithe surface of the leaf, and against apple scab at application
rates of below 125 gha™, Its key practical advantage is the
increase in yields achievable particularly in cereal cultivation,
which are distinctly higher than might be expected on the
basis of its fungicidal effects alone ¥

Kresoxim-methyi finds use in commercial products such as
Discus {marketed as Stroby in Japan) as the sole active
ingredient particularly in fruit production, in Brio and Mentor
as a mixiure with the BASF amine fungicide fenpropimorph
for the control of cereal mildew, and in a three-component
mixture with Fenpropimorph and the BASF triazole fungicide
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epoxiconazole in the broad-spectrum cereal fungicide Juwel
Top. The use of kresoxim-methyl in mixtures serves both to
expand the activity profile of the preduct and to help prevent
the potential development of resistance.

e Azoxystrobin possesses distinctly different biophysical
and biokinetic properties and a different, to a certain degree
complementary, spectrum of activity.!** 1% Iis vapor pressure
is constderably lower (1.1 x 10-12hPa at 25°C). and conse-
quently its activity, against cereal mildew, is only moderate. A
slower rate of metabolic breakdown in the plant and the
relatively low lipophilicity (g P,, = 2.5) allows systemic trdhs-
port in the treated plants. Marketed under trade names such
as Amistar, Bankit, and Heritage, azoxystrobin is used to
combat a wide range of phytopathogens ir. numerous
agricultural crops.

e Metominostrobin possesses an even lower lipophilicity
(lg P,,=2.3) than azoxystrobin, and is about 20 times more
soluble in water.2% ™I Jts oxime ether amide group endows
the pharmacophore with particularly high metabolic stability.
After application onto the water surface of rice paddies or
onto the soil of seedling boxes it is absorbed through the roots
into the rice plants, where, foliowing systernic transportation,
it is able to fight off fungal pathogens from within.U'o" It is used
in Japan under the trade name Oribright particularly against
blast disease Pyricitlaria oryzae and other diseases of rice.

o Like kresoxim-methyl, CGA 27 92 02 (trifloxystrobin)
has an oxime ether ester pharmacophore. Compared with
kresoxtm-methyl it has higher lipophilicity (lgP,,=4.5), a
similar vapor pressure (3.4 x 10-® hPa), and similar transport
and distribution properties. It is used under the trade name
FLINT against a range of fungal diseases in various agricul-
tural crops.™

6. Industrial Strobilurin Syntheses

A summarizing account describes the known processes for
the construction of enol ether, oxime ether, and oxime ether
amide pharmacophores as well as palladium-catalyzed cou-
plings of entire pharmacophores to the bridging arznes ortho
to preexisting side chains.** Key steps in an elegant synthesis
of kresoxim-methyl are the irreversible lactone ring opening
of phthalide with cresolate under alkaline conditions and the
Pinner reaction of an acyl cyanide during the subsequent
construction of the pharmacophore. 19 In an interesting
synthetic variant yielding compounds of the trifloxystrobin
type, the coupling of the side chain and pharmacophore is
achieved simultaneously with the construction of the arcne
bridge by means of a Diels- Alder reaction./®

7. Economic Importance, Summary, and Outlook

What is already quite clear is that the strobilurin class of
active substances represents one of the most significant
product innovations in crop protection. A consequence of
this is that virtually all the important crop-protection com?)a-
nies are now engaged in research in this field. Over 500
international patent applications have been published to date
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from mere than 20 companies and research institutes (Fig-
ure 5 and reference [45e]). Worldwide, industrial chemists
hate PBrobably synthesized, as a conservative estimate, well
over 30000 strobiturin analogues so far,
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Figure 5. Number of published international strobilurin patent applica-
tions froan 1986 Lo 1997
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The mode of action, which is novel for-a fungicide, is based
on injiibition of the cellular respiration of the fungal pathogen
and thus a valuable asset in the management of resistance to
cstablished fungicides. It is also the reason for the particularly
high vulnerability of the strongly respiration dependent spore
germination of the fungus towards these active substances;
this helps account for the selectivity of their action against
fungi as the target organisms, a decisive factor for the
gencrally very pood environmental tolerability of strobilurins,

With their broad spectrum of activity, long duration of
action, high activity at low rates of application, and out-
standing environmental tolerability, the strobilurins have set
new standards in the control of fungal diseases, thercby
making a key contribution to integrated crop-protection
strategies. Agricultural enierprises have taken this imnovation
on board with enthusiasm.U'™ Estimates of its future market
potential are correspondingly high. By 2006—that is, ten years
after the market launch of the first two strobilurins kresoxim-
methyl and azoxystrobin—annual sales worldwide may well
total over two billion German marks, if we include all the
future products expected to arise from the international
competition. This figure represcnts approximately a 20%
share of the world fungicide market. Thus, provided there is
no unexpecied counterproductive development of resistance,
the strobilurins might in the near future assume the pumber
one position in the market, which is curreaily still held by the
triazoles as the largest class of fungicidal active substances.

The story of strobilurin research is in many respects also a
tale of applied chemistry. It describes the evolution of a new
class of active substance, and is both exciting and stimulating.
It is full of impulses and results, as the researcher might wish,
but it is also packed with wrong turns, false dawns, disappoint-
ments, and questions that remain unanswered. These chal-
lenges as well as the provision of natural product lead
structures of the strobilurin type should be regarded as a gift
of nature.
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In the spirit of the concluding words of this review, nature
deserves our sincere gratitude. Qur special thanks niust,
however, be reserved above all for those scientifically inspired
colleagues and co-swurkers of var rescur ol growps ientivned in
the text as well as in the notes and literature citations.
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