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(57) ABSTRACT 
A method of producing a controlled release form of an 
agricultural active material includes the provision of an 
organic liquid composition in Which the active is present, but 
Where the liquid composition is free from aromatic solvents 
and is maintained beloW the normal melting point of the 
active. The liquid composition is formed into small droplets 
and the droplets are enclosed by a non-Water soluble shell to 
provide microcapsules, the shell of Which is designed to 
release the agricultural active at a pre-selected controlled 
rate When the microcapsule is exposed to natural environ 
mental conditions. Controlled release forms of agricultural 
actives are also provided. 
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FEGURE 5. 
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FIGURE 7.‘ 

18 
g 10L . j 
i 14 > f‘ 

2 € 12 0/ . , 

‘a’: g 6 11 / +2.4n0u 
Li 4 é 
&’ 2 i 

O . , . 

0 . -1000 2000 " ~3000 ' 

Timé (hours) 

FIGURE 8. 

' ' 50 

g 45 
g" :1. 40 
lg ‘ 35 . 

i5 30' ' ' 

71> .6 25 +2.1.mu 
3g 20 +4.1,mu 
w ‘T’ 15 
(U . 0 

it; '10 . v 

0; 5 
0 

0‘ ‘5000 ‘1000 "1500 2000 

‘ Timekiiburs) 



Patent Application Publication Sep. 22, 2005 Sheet 5 0f 8 

FIGURE 9. 
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FIGURE ‘31. 
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FIGURE ‘13'. 
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METHOD OF MICROENCAPSULATING AN 
AGRICULTURAL ACTIVE HAVING A HIGH 
MELTING POINT AND USES FOR SUCH 

MATERIALS 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to methods for the 
microencapsulation of an agricultural active having a high 
melting point, and more particularly to methods for the 
microencapsulation of such material While maintaining the 
temperature of the agricultural active beloW its normal 
melting point and Without contacting the active With an 
aromatic solvent. 

[0003] (2) Description of the Related Art 

[0004] Materials that affect the groWth and development 
of agronomically important plants, or that provide some type 
of protection of plants from pests and diseases, are com 
monly referred to as agricultural actives. Such materials are 
Widely used in modern agriculture and provide bene?ts of 
increased yield, vigor and overall plant health. HoWever, 
some agricultural actives have harmful effects if they are 
ingested or otherWise contacted by humans or other animals. 

[0005] The most common method for using agricultural 
actives is direct application of the active to a plant, seed, or 
to the soil in Which the plant is to be groWn. But Wind, runoff 
and groundWater leaching can cause undesirable movement 
of the active, Which can result in its unintended contact With 
plants and animals in streams, neighboring ?elds and homes. 
Furthermore, such movement of the active from the Zone 
Where protection is desired can result in reduction of the 
concentration of the active to beloW ef?cacious levels by the 
time the target pest arrives. Irreversible binding of the active 
to components of soil exacerbates this problem. 

[0006] One method to improve the delivery and safety 
characteristics of agricultural actives is to include them as 
components of a controlled release composition. Many 
different types of such controlled release compositions are 
knoWn and include the encapsulation of droplets, the for 
mation of a coating on solid particles, and the inclusion of 
actives in matriX microparticles. Such formulations typically 
place coatings of a barrier material betWeen the active and 
the environment through Which the active must move in 
order to reach the environment. The rate at Which such 
transfer takes place depends upon the type of coating, its 
thickness, the chemical af?nity of the active for the matriX, 
as Well as many environmental parameters, such as tem 
perature, moisture levels, and the like. 

[0007] Thus, encapsulation of an active can improve its 
safety and stability, its dispersibility and even distribution, 
its handling characteristics, as Well as to control its release 
rate. 

[0008] Although both solid particles and liquids can be 
enclosed in coatings, the formation of microcapsules around 
liquid droplets is believed to have several advantages over 
the coating of solid particles. For example, microcapsules 
formed around liquid droplets have regular spherical geom 
etry, coatings of even thickness, and lack sharp edges and 
concave surfaces, Which can occur in coatings of solid 
particles, and Which could cause uneven coating thickness or 
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even lack of a coating on some parts of the active. Acoating 
having a regular geometry and an even thickness provides 
more predictable release characteristics than an uneven 
coating of varying thickness. 

[0009] A number of methods for the encapsulation of 
liquid droplets containing agricultural actives is knoWn in 
the art, and a summary of such methods is provided, for 
eXample, in Controlled-Release Delivery Systems for Pesti 
cides, H. B. Scher, Ed., Marcel Dekker, Inc., NeW York 
(1999); in Microencapsulation, S. Benita, Ed., Marcel Dek 
ker, NeW York (1996); and in Microencapsulation and 
Related Drug Processes, Patrick B. Deasy, Ed., Marcel 
Dekker, NeW York (1984). 

[0010] Matson, in US. Pat. Nos. 3,516,846 and 3,516,941 
and Sher et al., in US. Pat. No. 4,956,129, describe the 
formation of a urea-formaldehyde polymer coating around 
small liquid droplets. 

[0011] Another commonly used method for the encapsu 
lation of liquid droplets involves the generation of a poly 
urea shell around an active-containing core by interfacial 
polymeriZation at the surface of the droplets. Advantages of 
using a polyurea shell include that the material is generally 
non-phytotoXic, its permeability characteristics can be con 
trolled, and the shell can be formed at relatively loW 
temperatures—in fact, polymeriZation temperatures of 
loWer than 90° C. are almost alWays used, and temperatures 
of from about 40° C.-70° C., are preferred. 

[0012] In US. Pat. Nos. 4,285,720 and 4,643,764, Scher 
describes a process involving the blending of various pes 
ticides With an organic polyisocyanate to form an organic 
phase, Which is dispersed into small droplets into an aqueous 
phase. Some molecules of the organic polyisocyanate hydro 
lyZe to form amines, Which then can react With other 
isocyanates to form the polyurea shell. 

[0013] Chao, in US. Pat. No. 4,599,271, describes the use 
of tWo or more organic-in-aqueous emulsions for the for 
mation of a polyurea shell around a polyisocyanate contain 
ing droplet. 

[0014] Beestman (in US. Pat. No. 4,640,709) discloses 
the inclusion of an alkylated polyvinyl pyrrolidone polymer 
that acts as an emulsi?er in the aqueous phase of a tWo-phase 
system Which is capable of providing microcapsules having 
high levels of an enclosed Water-immiscible material. 

[0015] In US. Pat. No. 4,681,806, Matkan et al. describe 
particles containing a releasable ?ll material and having a 
polyurea surface layer that encloses a polyurea matriX 
having the ?ll material contained therein. 

[0016] Ohtsubo et al. (in US. Pat. No. 4,889,719) describe 
the microencapsulation of organophosphorous insecticidal 
compositions by the formation of a polyurea shell. Similar 
methods have been used for the microencapsulation of 
herbicidally active N-chloroacetylcycloheXeneamines and 
herbicidally active chloroacetanilide in a polyurea shell, and 
are described in US. Pat. No. 5,006,161, to Hasslin et al. 

[0017] In US. Pat. No. 4,738,898, Vivant describes 
microencapsulation of a variety of materials Within polyurea 
skin membranes by interfacial polyaddition involving a 
polyisocyanato hydrophobic liquid in an essentially aqueous 
medium. The polyisocyanato hydrophobic liquid contained 
the dissolved material to be encapsulated, an aliphatic diiso 
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cyanate and an isocyanurate ring trimer of an aliphatic 
diisocyanate. The isocyanate materials Were reacted With a 
polyamine to form a polyurea shell material. The microcap 
sules described by Vivant had leakproof Walls that Were 
designed for the microencapsulation of colorants and the 
production of pressure-sensitive carbonless paper, for 
eXample. The microcapsules Were designed to maintain the 
encapsulated material until the capsule Was ruptured, and 
Would not have been suitable for the controlled release of the 
encapsulated materials through the Walls of the capsule. 

[0018] Hasslin et al. (in US. Pat. No. 4,938,797) describes 
the encapsulation of a Water-immiscible pesticide in a poly 
urea shell. The method includes the use of an anionic 
dispersant, such as a salt of polystyrenesulfonic acid in the 
aqueous phase. A similar method is described in US. Pat. 
No. 5,310,721, to L0, but all of the agricultural active 
materials that are encapsulated are liquids at ambient tem 
perature. 

[0019] SeitZ et al. (in US. Pat. No. 5,925,595) disclose a 
process for the preparation of microencapsulated materi 
als—including loW-melting herbicides, such as acetanil 
ides—by combining a triisocyanate and a diisocyanate With 
a Water immiscible composition Which can include the 
herbicide; forming a dispersion of the core chemical and the 
blend of isocyanates in an aqueous liquid; and reacting the 
isocyanates With a polyamine to form microcapsules. 

[0020] In US. Pat. No. 6,133,197, Chen et al., describe the 
formation of quick release microcapsules containing an 
agriculturally active material and having a polyurea shell 
With relatively loW degree of cross-linking. 

[0021] Despite the advantages provided by microcapsules 
having polyurea shells that enclose liquid cores containing 
agricultural actives, the methods that are knoWn for the 
formation of these structures have certain limitations that 
limit their use With certain highly promising actives. For 
eXample, if the agricultural active has a melting point that is 
close to, or higher than, the preferred range of polymeriZa 
tion temperature for polyurea shell formation, it is dif?cult 
to liquify the active in order to form the microcapsule. A 
common solution to this situation has been to dissolve the 
active in an aromatic solvent. See, e.g., WO 00/27200, 
Where the formation of a sloW release capsule suspension is 
described Wherein a miXture of a fungicide (thienol[2,3-d] 
pyrimidin-4-one) and another agricultural active (selected 
from a list of possible materials) is blended With polyiso 
cyanates in an aromatic solvent. This organic phase is 
emulsi?ed in an aqueous liquid phase, and 1,6-diaminoheX 
ane is added to cause a polymeriZation reaction With the 
isocyanates to form microcapsules that enclose the mixture 
of agricultural actives. 

[0022] Since many aromatic solvents are phytotoXic, their 
use in controlled release formulations intended for applica 
tion to plants or seeds Would appear to be potentially 
harmful to the plant. 

[0023] One neW class of agricultural actives that appears 
to be very promising for fungicidal and other applications is 
described in US. Pat. Nos. 5,482,974, 5,486,621, 5,498,630, 
5,693,667, 5,693,667, 5,705,513, 5,811,411, 5,834,447, 
5,849,723, 5,994,270, 5,998,466, 6,028,101, and in publi 
cations WO 93/07751, and EP 0 538 231 A1. One such 
compound, in particular, is 4,5-dimethyl-N-(2-propenyl)-2 
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(trimethylsilyl)-3-thiophenecarboXamide, having a CAS 
registration number of 175217-20-6, and for Which the 
proposed ISO common name is “Silthiopham”. Silthiopham 
has a normal melting point of about 86° C.-88° C., Which has 
limited its incorporation into polyurea microcapsules by 
knoWn techniques. Further information about silthiopham 
can be found in US. Pat. No. 5,486,621. 

[0024] Accordingly, it Would be useful to provide a 
method for the formation of microcapsules enclosing such 
high-melting agricultural actives Where the method Was free 
of the use of aromatic solvents—and preferably free of any 
solvents—and Where the method could be carried out at a 
temperature that Was beloW the normal melting point of the 
active. It Would also be useful if such method alloWed for the 
use of a polyurea shell that could be designed to release the 
active from the microcapsule at a controlled rate When the 
microcapsule Was eXposed to natural environmental condi 
tions. 

SUMMARY OF THE INVENTION 

[0025] Brie?y, therefore the present invention is directed 
to a novel method of producing a controlled release form of 
a ?rst agricultural active having a normal melting point, the 
method comprising providing an organic liquid composition 
comprising a ?rst agricultural active having loW Water 
solubility Where the composition is free of aromatic sol 
vents; forming the liquid composition into small droplets 
While maintaining said liquid composition at a temperature 
beloW the normal melting point of the ?rst agricultural 
active; and enclosing each droplet in a non-Water soluble 
shell to form a microcapsule. When desired, the shell can be 
designed to release the ?rst agricultural active from the 
microcapsule at a pre-selected controlled rate When the 
microcapsule is exposed to natural environmental condi 
tions. 

[0026] The present invention is also directed to a novel 
controlled release form of an agricultural active comprising 
a compound having the formula 

A 
/ 

.--"Z1 

I,’ B : \zz/ 
‘\ye' '1' 
RI. ---- " 

[0027] Wherein Z1 and Z2 are C or N and are part of 
an aromatic ring selected from benZene, pyridine, 
thiophene, furan, pyrrole, pyraZole, thiaZole, and 
isothiaZole; 

[0028] A is selected from —C(X)-amine, —C(O)— 
SR3, —NH—C(X)R4, and —C(=NR3)—XR7; 

[0029] B is —Wm-Q(R2)3 or selected from o-tolyl, 
1-naphthyl, 2-naphthyl, and 9-phenanthryl, each 
optionally substituted With halogen or R4; Q is C, Si, 
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[0031] X is O or S; 

[0032] n is 0, 1, 2, or 3; 

[0033] In is 0 or 1; 

[0034] p is 0, 1, or 2; 

[0035] each R is independently selected from 

[0036] a) halo, forrnyl, cyano, arnino, nitro, thiocy 
anato, isothiocyanato, trirnethylsilyl, and hydroXy; 

[0037] b) Cl-C4 alkyl, alkenyl, alkynyl, C3-C6 
cycloalkyl, and cycloalkenyl, each optionally substi 
tuted With halo, hydroXy, thio, arnino, nitro, cyano, 
forrnyl, phenyl, C1-C4 alkoXy, alkylcarbonyl, alky 
lthio, alkylarnino, dialkylarnino, alkoXycarbonyl, 
(alkylthio)carbonyl, alkylarninocarbonyl, dialky 
larninocarbonyl, alkylsul?nyl, or alkylsulfonyl; 

[0038] c) phenyl, furyl, thienyl, pyrrolyl, each 
optionally substituted With halo, forrnyl, cyano, 
arnino, nitro, Cl-C4 alkyl, alkenyl, alkynyl, alkoXy, 
alkylthio, alkylarnino, dialkylarnino, haloalkyl, and 
haloalkenyl; 

[0039] d) Cl-C4 alkoxy, alkenoxy, alkynoxy, C3-C6 
cycloalkyloXy, cycloalkenyloXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylarnino, dialkylarnino, 
alkylcarbonylarnino, arninocarbonyl, alkylarninocar 
bonyl, dialkylarninocarbonyl, alkylcarbonyl, alkyl 
carbonyloXy, alkoXycarbonyl, (alkylthio)carbonyl, 
phenylcarbonylarnino, phenylarnino, each optionally 
substituted With halo; 

[0040] Wherein tWo R groups may be combined to 
form a fused ring; 

[0041] each R2 is independently selected from alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phe 
nyl, each optionally substituted With R4 or halogen; 
and Wherein, When Q is C, R2 may also be selected 
from halo, alkoXy, alkylthio, alkylarnino, and dialky 
larnino; 

[0042] Wherein tWo R2 groups may be combined to 
form a cyclo group With Q; 

[0043] R3 is Cl-C4 alkyl; 

[0044] R4 is Cl-C4 alkyl, haloalkyl, alkoXy, alkylthio, 
alkylarnino, or dialkylarnino; 

[0045] R7 is Cl-C4 alkyl, haloalkyl, or phenyl, 
optionally substituted With halo, nitro, or R4; or an 
agronornic salt thereof. 
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[0047] Wherein Z1 and Z2 are C or N and are part of 
an aromatic ring selected from benZene, pyridine, 
thiophene, furan, pyrrole, pyraZole, thiaZole, and 
isothiaZole; 

[0049] B is —Wm-Q(R2)3 or selected from o-tolyl, 
1-naphthyl, 2-naphthyl, and 9-phenanthryl, each 
optionally substituted With halogen or R4; Q is C, Si, 
Ge, or Sn; 

[0051] X is O or S; 

[0052] n is 0, 1, 2, or 3; 

[0053] In is 0 or 1; 

[0054] p is 0, 1, or 2; 

[0055] each R is independently selected from 

[0056] a) halo, forrnyl, cyano, arnino, nitro, thiocy 
anato, isothiocyanato, trirnethylsilyl, and hydroXy; 

[0057] b) Cl-C4 alkyl, alkenyl, alkynyl, C3-C6 
cycloalkyl, and cycloalkenyl, each optionally substi 
tuted With halo, hydroXy, thio, arnino, nitro, cyano, 
forrnyl, phenyl, Cl-C4 alkoXy, alkylcarbonyl, alky 
lthio, alkylarnino, dialkylarnino, alkoXycarbonyl, 
(alkylthio)carbonyl, alkylarninocarbonyl, dialky 
larninocarbonyl, alkylsul?nyl, or alkylsulfonyl; 

[0058] c) phenyl, furyl, thienyl, pyrrolyl, each 
optionally substituted With halo, forrnyl, cyano, 
arnino, nitro, Cl-C4 alkyl, alkenyl, alkynyl, alkoXy, 
alkylthio, alkylarnino, dialkylarnino, haloalkyl, and 
haloalkenyl; 

[0059] d) C1-C4 alkoXy, alkenoXy, alkynoXy, C3-C6 
cycloalkyloXy, cycloalkenyloXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylarnino, dialkylarnino, 
alkylcarbonylarnino, arninocarbonyl, alkylarninocar 
bonyl, dialkylarninocarbonyl, alkylcarbonyl, alkyl 
carbonyloXy, alkoXycarbonyl, (alkylthio)carbonyl, 
phenylcarbonylarnino, phenylarnino, each optionally 

[0046] The present invention is also draWn to a novel Subsmuted Wlth halo; 

method of reducing the melting point of an agricultural 
active material having the formula 

[0060] Wherein tWo R groups may be combined to 
form a fused ring; 
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[0061] each R2 is independently selected from alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phe 
nyl, each optionally substituted With R4 or halogen; 
and Wherein, When Q is C, R2 may also be selected 
from halo, alkoXy, alkylthio, alkylamino, and dialky 
lamino; 

[0062] Wherein tWo R2 groups may be combined to 
form a cyclo group With Q; 

[0063] R3 is Cl-C4 alkyl; 
[0064] R4 is Cl-C4 alkyl, haloalkyl, alkoXy, alkylthio, 

alkylamino, or dialkylamino; 

[0065] R7 is Cl-C4 alkyl, haloalkyl, or phenyl, 
optionally substituted With halo, nitro, or R4; 

[0066] or an agronomic salt thereof, comprising miX 
ing said agricultural active material With tebucona 
Zole or simeconaZole. 

[0067] The present invention is also directed to a novel 
controlled release form of an agricultural active comprising 
a compound having the formula 

[0068] Wherein Z1 and Z2 are C or N and are part of 
an aromatic ring selected from benZene, pyridine, 
thiophene, furan, pyrrole, pyraZole, thiaZole, and 
isothiaZole; 

[0070] B is —Wm-Q(R2)3 or selected from o-tolyl, 
l-naphthyl, 2-naphthyl, and 9-phenanthryl, each 
optionally substituted With halogen or R4; 

[0071] Q is C, Si, Ge, or Sn; 

[0072] W is —C(R3)pH(2_p)—; or When Q is C, W is 

[0073] X is O or S; 

[0074] n is 0, 1, 2, or 3; 

[0075] m is 0 or 1; 

[0076] p is 0, 1, or 2; 

[0077] each R is independently selected from 

[0078] a) halo, formyl, cyano, amino, nitro, thiocy 
anato, isothiocyanato, trimethylsilyl, and hydroXy; 

[0079] b) Cl-C4 alkyl, alkenyl, alkynyl, C3-C6 
cycloalkyl, and cycloalkenyl, each optionally substi 
tuted With halo, hydroXy, thio, amino, nitro, cyano, 
formyl, phenyl, Cl-C4 alkoXy, alkylcarbonyl, alky 
lthio, alkylamino, dialkylamino, alkoXycarbonyl, 
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(alkylthio)carbonyl, alkylaminocarbonyl, dialky 
laminocarbonyl, alkylsul?nyl, or alkylsulfonyl; 

[0080] c) phenyl, furyl, thienyl, pyrrolyl, each 
optionally substituted With halo, formyl, cyano, 
amino, nitro, C1-C4 alkyl, alkenyl, alkynyl, alkoXy, 
alkylthio, alkylamino, dialkylamino, haloalkyl, and 
haloalkenyl; 

[0081] d) C1-C4 alkoXy, alkenoXy, alkynoXy, C3-C6 
cycloalkyloXy, cycloalkenyloXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, dialkylamino, 
alkylcarbonylamino, aminocarbonyl, alkylaminocar 
bonyl, dialkylaminocarbonyl, alkylcarbonyl, alkyl 
carbonyloXy, alkoXycarbonyl, (alkylthio)carbonyl, 
phenylcarbonylamino, phenylamino, each optionally 
substituted With halo; 

[0082] Wherein tWo R groups may be combined to 
form a fused ring; 

[0083] each R2 is independently selected from alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phe 
nyl, each optionally substituted With R4 or halogen; 
and Wherein, When Q is C, R2 may also be selected 
from halo, alkoXy, alkylthio, alkylamino, and dialky 
lamino; 

[0084] Wherein tWo R2 groups may be combined to 
form a cyclo group With Q; 

[0085] R3 is Cl-C4 alkyl; 
[0086] R4 is Cl-C4 alkyl, haloalkyl, alkoXy, alkylthio, 

alkylamino, or dialkylamino; 

[0087] R7 is Cl-C4 alkyl, haloalkyl, or phenyl, 
optionally substituted With halo, nitro, or R4; 

[0088] or an agronomic salt thereof, and 

[0089] a structure Which controls the release of said 
compound. 

[0090] The present invention is also directed to a novel 
microcapsule comprising a polyurea shell enclosing a core 
Which comprises silthiopham, Where the microcapsule has 
an average siZe of from about 2” to about 8p, Where the 
Weight ratio of the shell to the core is from about 15 :100 to 
about 301100, and Where the amount of silthiopham in the 
core is from about 30% to about 60%, by Weight. 

[0091] The present invention is also directed to a novel 
method of producing a microencapsulated form of a high 
melting material Which method is free of the use of solvents, 
the method comprising miXing a high melting material and 
a melting point depressant to form a composition Which is 
free of solvents; heating the composition to a temperature at 
Which the composition is a liquid, but Which temperature is 
beloW the normal melting points of both the high melting 
material and the melting point depressant; forming the liquid 
composition into small droplets While maintaining said 
liquid composition at a temperature beloW the normal melt 
ing points of both the high melting material and the melting 
point depressant; and enclosing each droplet in a non-Water 
soluble shell by interfacial polymeriZation to form a micro 
capsule. 
[0092] Among the several advantages found to be 
achieved by the present invention, therefore, may be noted 
the provision of a method for the formation of microcapsules 
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enclosing high-melting agricultural actives Where the 
method Was free of the use of aromatic solvents and Where 
the method could be carried out at a temperature that Was 
beloW the normal melting point of the active, and the 
provision of a method that alloWed for the use of a polyurea 
shell that could be designed to release the active from the 
microcapsule at a controlled rate When the microcapsule Was 
exposed to natural environmental conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0093] FIG. 1 is a release rate pro?le shoWing the release 
of silthiopham as a function of time and as a function of shell 
Wall thickness for microcapsules of the present invention 
having 40% silthiopham in the core, Where pro?les are 
shoWn for microcapsules having shell1core Weight ratios of 
151100, 201100, and 301100; 

[0094] FIG. 2 shoWs a release rate pro?le shoWing the 
release of silthiopham as a function of time and as a function 
of shell Wall thickness for microcapsules having 50% silth 
iopham in the core, Where pro?les are shoWn for microcap 
sules having shell1core Weight ratios of 151100, 201100, and 
301100; 
[0095] FIG. 3 shoWs a release rate pro?le shoWing the 
release of silthiopham as a function of time and as a function 
of shell Wall thickness for microcapsules having 60% silth 
iopham in the core, Where pro?les are shoWn for microcap 
sules having shell1core Weight ratios of 151100, 201100, and 
301100; 
[0096] FIG. 4 shoWs release rate pro?les for the release of 
silthiopham from microcapsules having a shell1core ratio of 
301100, Where release pro?les are shoWn as a function of the 
amount of silthiopham originally in the core; 

[0097] FIG. 5 shoWs release rate pro?les for the release of 
silthiopham from microcapsules having a shell1core ratio of 
151100, Where release pro?les are shoWn as a function of the 
amount of silthiopham originally in the core; 

[0098] FIG. 6 shoWs release rate pro?les for the release of 
silthiopham from microcapsules having a shell1core ratio of 
201100, Where release pro?les are shoWn as a function of the 
amount of silthiopham originally in the core; 

[0099] FIG. 7 illustrates the effect of particle siZe on the 
release pro?les for the release of silthiopham from micro 
capsules having a shell1core ratio of 301100, for microcap 
sules having an average siZe of 2.4” and 4.2”; 

[0100] FIG. 8 illustrates the effect of particle siZe on the 
release pro?les for the release of silthiopham from micro 
capsules having a shell1core ratio of 201100 and having a 
32% by Weight loading of silthiopham in the core, for 
microcapsules having an average siZe of 2.1” and 4.1”; 

[0101] FIG. 9 illustrates the effect on silthiopham release 
rate of the ratio of triethylene tetramine (TETA)-to-Jeffam 
ine T-403 (T-403, a tri-functional amine) that Was used in the 
interfacial polymeriZation to form a polyurea shell for 
microcapsules having a shell1core Weight ratio of 201100, 
and shoWs the release pro?les for the release of silthiopham 
for microcapsules produced With TETA/T-403 ratios ranging 
from 0/100 to 100/0; 

[0102] FIG. 10 illustrates the effect on silthiopham release 
rate of the ratio of triethylene tetramine (TETA)-to-Jeffam 
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ine T-403 (T-403, a tri-functional amine) that Was used in the 
interfacial polymeriZation to form a polyurea shell for 
microcapsules having a shell1core Weight ratio of 301100, 
and shoWs the release pro?les for the release of silthiopham 
for microcapsules produced With TETA/T-403 ratios of 
10/90 and 50/50; 

[0103] FIG. 11 is a scanning electron micrograph taken at 
2000>< of microcapsules of the present invention having a 
50% by Weight loading of silthiopham in the core and having 
a shell1core ratio of 301100; a 5g scale-bar illustrates the 
relative siZe of the microcapsules; 

[0104] FIG. 12 is a scanning electron micrograph taken at 
2000>< of microcapsules of the present invention having a 
32% by Weight loading of silthiopham in the core and having 
a shell1core ratio of 301100; a 5g scale-bar illustrates the 
relative siZe of the microcapsules; 

[0105] FIG. 13 is a plot of the melting point of a blend of 
silthiopham and tebuconaZole as a function of the relative 
amounts of each of the components in the blend, and shoWs 
that the mixture forms a eutectic having a melting point 
approximately 26° C. loWer than that of silthiopham at a 
ratio of about 50150 by Weight; 

[0106] FIG. 14 is a plot of the melting point of a blend of 
silthiopham and simeconaZole as a function of the relative 
amounts of each of the components in the blend, and shoWs 
that the mixture forms a eutectic having a melting point 
approximately 18° C. loWer than that of silthiopham at a 
ratio of about 80120 silthiopham1simeconaZole by Weight; 
and 

[0107] FIG. 15 is a plot of the melting point of a blend of 
silthiopham and ?uorophenyltriaZoleethanone as a function 
of the relative amounts of each of the components in the 
blend, and shoWs that the mixture forms a eutectic having a 
melting point approximately 60 C. loWer than that of silth 
iopham at a ratio of about 80120 silthiopham1?uorophenyl 
triaZoleethanone by Weight. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0108] In accordance With the present invention, it has 
been discovered that microcapsules containing a high-melt 
ing agricultural active material (as those terms are de?ned 
beloW) can be produced Without raising the temperature of 
the active to its normal melting point and Without the use of 
an aromatic solvent. The microcapsules can have an outer 
shell that is formed of polyurea and the microcapsules can 
be designed to release the active from the microcapsule at a 
pre-selected controlled rate When the microcapsule is 
exposed to natural environmental conditions. 

[0109] In one embodiment, this disclosure describes the 
microencapsulation of a ?rst agricultural active, such as 
silthiopham, in a polyurea shell, Where the encapsulation is 
achieved by an interfacial polymeriZation process. TWo 
processes are disclosed for preparing the emulsion necessary 
for the interfacial polymeriZation, one involves encapsula 
tion of the active in solution in a non-aromatic organic 
solvent and the other involves encapsulation of a blend of 
the active and a melting point depressant. 

[0110] The embodiment of the present invention involving 
the production of microcapsules that contain silthiopham in 
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the core and Which are free of non-aromatic solvents, is 
believed to be particularly advantageous. It is believed that 
such microcapsules, applied to Wheat seed in the fall, could 
provide an initial level of protection suf?cient to protect the 
seed from harmful biological activity until temperatures fall 
loW enough that biological pressure becomes insigni?cant 
for the Winter, but Would retain a suf?cient amount of the 
active so that it Would still be releasing at a suf?cient level 
in the spring to provide protection against the increasing 
biological pressure throughout sprouting and initial groWth 
of the plant. This type of protection from only one seed 
treatment With the novel microcapsules Would provide pro 
tection for the seeds and the plants and Would save at least 
one, and perhaps tWo, conventional ?eld applications of a 
pesticide. 

[0111] As Will be discussed in detail beloW, it has been 
found that the novel microcapsules can be designed to 
provide a pre-selected controlled rate of release of an 
enclosed active, by controlling, among other parameters, the 
active loading in the core, the thickness of the shell Wall, the 
particle siZe, and the composition of the shell Wall. This 
ability to control the release pro?le permits the tailoring of 
the microcapsules to meet a Wide range of application 
demands. As Would be understood by one having skill in the 
art, the release rate of the encapsulated active material Would 
be affected by such environmental parameters as tempera 
ture and moisture. HoWever, one can use the controllable 
parameters described above to provide a desired release rate 
for any particular set of environmental conditions. For 
example, if one kneW the geographic location in Which the 
novel material Was to be used, it Would be possible to predict 
the temperature to be expected during the different seasons, 
and to design a material that Would provide a certain release 
rate at the predicted temperatures. 

[0112] One embodiment of the present invention advan 
tageously extends the state of the art to include the encap 
sulation of almost any high melting solid by a method that 
includes interfacial polymeriZation, but Without the neces 
sity of using a solvent to dissolve the high melting solid. In 
US. Pat. No. 5,310,721, to L0, it is taught that microcap 
sules prepared by interfacial polycondensation can advan 
tageously contain materials Which have a variety of uses, 
such as for dyes, inks, color formers, pharmaceuticals, 
cosmetics, ?avoring materials, agricultural chemicals, and 
the like. The L0 patent states that any liquid, oil, loW melting 
solid, or solvent-soluble material into Which a ?rst Wall 
forming material can be dissolved and Which is non-reactive 
With said Wall-forming material may be encapsulated With 
this technique. 

[0113] The present invention extends the state of the art to 
include the encapsulation of almost any high melting solid 
by forming a mixture of the high melting solid With a 
melting point depressant that is a solid at conventional 
interfacial polymeriZation temperatures (for polyurea for 
mation, this is about 50° C.-90° C.), but is capable of 
combining With the high melting solid to form a eutectic 
mixture, Where the melting point of the eutectic mixture is 
sufficiently loW to permit the mixture to be encapsulated by 
knoWn interfacial polymeriZation techniques, such as 
referred to in the L0 patent. It is preferable, but not required, 
that the melting point depressant is a material of the same 
type as the high melting solid. For example, it is particularly 
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advantageous When both are dyes, inks, pharmaceuticals, 
?avoring materials, agricultural chemicals, and the like. 

[0114] As used herein, a “material having a high normal 
melting point”, Which is also referred to herein as a “high 
melting material”, is a material Which has a normal melting 
point temperature that is higher than the upper limit of the 
temperature range that is conventionally used to carry out 
the interfacial polymeriZation method that is being used to 
form the encapsulating shell around the material. For 
example, When the interfacial polymeriZation method com 
prises the formation of a polyurea shell, the preferred 
temperature range that is conventionally used is about 50° C. 
to about 90° C., more preferably, about 50° C. to about 80° 
C., even more preferably, about 50° C. to about 70° C., and 
yet more preferably, about 50° C. to about 60° C. Therefore, 
a high melting material, in this instance, is one having a 
normal melting point that is above 90° C., or above the upper 
limit of another of the preferred ranges. 

[0115] It is preferred that the ?rst agricultural active, the 
high melting material, and the melting point depressant, are 
materials that have a loW Water solubility. When it is said 
that such a material has a “loW Water solubility”, or is 
“non-Water soluble”, it is meant that such material has a 
solubility in Water at 25° C. of less than about 1%, by 
Weight. It is preferred that the Water solubility is less than 
about 0.1%, by Weight, more preferred that it is less than 
about 0.01% by Weight, yet more preferred that it is less than 
about 0.001% by Weight, and even more preferred that it is 
less than about 0.0001% by Weight. 

[0116] When the material having a high normal melting 
point is an agricultural active, the terms “high-melting point 
agricultural active”, or “high-melting active”, as used 
herein, mean an agricultural active having a normal melting 
point that is the same as described above for a high melting 
material. In general, a high-melting agricultural active mate 
rials is one that is dif?cult to encapsulate neat by conven 
tional methods for forming a polyurea shell around a core of 
the active. 

[0117] The “normal melting point” of a material, as those 
terms are used herein, refers to the temperature at Which the 
solid form of the material is in equilibrium With the liquid 
form at atmospheric pressure. It is understood that such 
terms include the description of materials—such as some 
polymers—Which sometimes have a range of temperature 
over Which melting occurs. In these cases, the normal 
melting point of a polymer can be understood to be any 
temperature Within the normal melting range for the poly 
mer; commonly it is a temperature at or near the mid-point 
of the melting range. For example, a material having a 
normal melting range of 86° C.-88° C., could be said to have 
a normal melting point of about 87° C. 

[0118] Agricultural active materials that are suitable for 
use in the present invention include the compounds 
described in Us. Pat. Nos. 5,482,974, 5,486,621, 5,498,630, 
5,693,667, 5,693,667, 5,705,513, 5,811,411, 5,834,447, 
5,849,723, 5,994,270, 5,998,466, 6,028,101, and in publi 
cations WO 93/07751, and EP 0 538 231 A1. In particular, 
such compounds are described in Us. Pat. No. 5,693,667 
and in European Patent Application No. 0 538 231 A1, 
Which describe compounds having the formula 
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[0119] wherein Z1 and Z2 are C or N and are part of 
an aromatic ring selected from benzene, pyridine, 
thiophene, furan, pyrrole, pyraZole, thiaZole, and 
isothiaZole; 

[0120] A is selected from —C(X)—amine, —C(O)— 
SR3, —NH—C(X)R4, and 

[0122] B is —Wm-Q(R2)3 or selected from o-tolyl, 
1-naphthyl, 2-naphthyl, and 9-phenanthryl, each 
optionally substituted With halogen or R4; 

[0123] Q is C, Si, Ge, or Sn; 

[0125] X is O or S; 

[0126] n is 0, 1, 2, or 3; 

[0127] m is 0 or 1; 

[0128] p is 0, 1, or 2; 

[0129] each R is independently selected from 

[0130] a) halo, formyl, cyano, amino, nitro, thiocy 
anato, isothiocyanato, trimethylsilyl, and hydroxy; 

[0131] b) Cl-C4 alkyl, alkenyl, alkynyl, C3-C6 
cycloalkyl, and cycloalkenyl, each optionally substi 
tuted With halo, hydroxy, thio, amino, nitro, cyano, 
formyl, phenyl, Cl-C4 alkoxy, alkylcarbonyl, alky 
lthio, alkylamino, dialkylamino, alkoxycarbonyl, 
(alkylthio)carbonyl, alkylaminocarbonyl, dialky 
laminocarbonyl, alkylsul?nyl, or alkylsulfonyl; 

[0132] c) phenyl, furyl, thienyl, pyrrolyl, each 
optionally substituted With halo, formyl, cyano, 
amino, nitro, Cl-C4 alkyl, alkenyl, alkynyl, alkoxy, 
alkylthio, alkylamino, dialkylamino, haloalkyl, and 
haloalkenyl; 

[0133] d) Cl-C4 alkoxy, alkenoxy, alkynoxy, C3-C6 
cycloalkyloxy, cycloalkenyloxy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, dialkylamino, 
alkylcarbonylamino, aminocarbonyl, alkylaminocar 
bonyl, dialkylaminocarbonyl, alkylcarbonyl, alkyl 
carbonyloxy, alkoxycarbonyl, (alkylthio)carbonyl, 
phenylcarbonylamino, phenylamino, each optionally 
substituted With halo; 

[0134] Wherein tWo R groups may be combined to 
form a fused ring; 

[0135] each R2 is independently selected from alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phe 
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nyl, each optionally substituted With R4 or halogen; 
and Wherein, When Q is C, R2 may also be selected 
from halo, alkoxy, alkylthio, alkylamino, and dialky 
lamino; 

[0136] Wherein tWo R2 groups may be combined to 
form a cyclo group With Q; 

[0137] R3 is Cl-C4 alkyl; 
[0138] R4 is Cl-C4 alkyl, haloalkyl, alkoxy, alkylthio, 

alkylamino, or dialkylamino; 

[0139] R7 is Cl-C4 alkyl, haloalkyl, or phenyl, 
optionally substituted With halo, nitro, or R4; 

[0140] or an agronomic salt thereof. 

[0141] The term “amine” in —C(X)—amine means an 
unsubstituted, monosubstituted, or disubstituted amino radi 
cal, including nitrogen-bearing heterocycles. Examples of 
substituents for the amino radical include, but are not limited 
to, hydroxy; alkyl, alkenyl, and alkynyl, Which may be 
straight or branched chain or cyclic; alkoxyalkyl; haloalkyl; 
hydroxyalkyl; alkylthio; alkylthioalkyl; alkylcarbonyl; 
alkoxycarbonyl; aminocarbonyl; alkylaminocarbonyl; 
cyanoalkyl; mono- or dialkylamino; phenyl, phenylalkyl or 
phenylalkenyl, each optionally substituted With one or more 
Cl-C6 alkyl, alkoxy, haloalkyl, C3-C6 cycloalkyl, halo, or 
nitro groups; Cl-C4 alkyl or alkenyl groups substituted With 
heterocycles, optionally substituted With one or more Cl-C4 
alkyl, alkoxy, haloalkyl, halo, or nitro groups. Examples of 
such nitrogen-bearing heterocycles, Which are bonded at a 
nitrogen to —C(X)—, include, but are not limited to, 
morpholine, piperaZine, piperidine, pyrrole, pyrrolidine, 
imidaZole, and triaZoles, each of Which may be optionally 
substituted With one or more Cl-C6 alkyl groups. 

[0142] Speci?c examples of the amino radicals useful in 
the present invention include, but are not limited to, ethy 
lamino, methylamino, propylamino, 2-methylethylamino, 
1-propenylamino, 2-propenylamino, 2-methyl-2-propeny 
lamino, 2-propynylamino, butylamino, 1,1-dimethyl-2-pro 
pynylamino, diethylamino, dimethylamino, N-(methyl 
)ethylamino, N-(methyl)-1,1(dimethyl)ethylamino, 
dipropylamino, octylamino, N-(ethyl)-1-methylethylamino, 
2-hydroxyethylamino, l-methylpropylamino, chloromethy 
lamino, 2-chloroethylamino, 2-bromoethylamino, 3-chloro 
propylamino, 2,2,2-tri?uoroethylamino, cyanomethyl, 
methylthiomethylamino, (methylsulfonyl)oxyethylamino, 
2-ethoxyethylamino, 2-methoxyethylamino, N-(ethyl)-2 
ethoxyethylamino, 1-methoxy-2,2-dimethylpropylamino, 
cyclopropylamino, cyclobutylamino, cyclopentylamino, 
cyclohexylamino, methoxymethylamino, N-(methoxymeth 
yl)ethylamino, N-(l-methylethyl)propylamino, 1-methyl 
heptylamino, N-(ethyl)-1-methylheptylamino, 6,6-dim 
ethyl-2-hepten-4-ynylamino, 1,1-dimethyl-2 
propynylamino. Further examples include benZylamino, 
ethylbenZylamino, 3-methoxybenZylamino, 3-(tri?uorom 
ethyl)benZylamino, N-methyl-3-(tri?uoromethyl)benZy 
lamino, 3,4,5-trimethoxybenZylamino, 1,3-benZodioxol-5 
ylmethylamino, phenylamino, 3-(1 
methylethyl)phenylamino, ethoxyphenylamino, 
cyclopentylphenylamino, methoxyphenylamino, nitrophe 
nylamino, l-phenylethylamino, N-(methyl)—3-phenyl-2-pro 
penylamino, benZotriaZolylphenylmethyl, 2-pyridinylm 
ethylamino, N-(ethyl)—2-pyridinylmethylamino, 
2-thienylmethylamino, and furylmethylamino. Further 
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examples of amino radicals include methylhydraZino, dim 
ethylhydraZino, N-ethylanilino, and 2-methylanilino. The 
amine may also be substituted With diethyl N-ethylphos 
phoramidic acid, t-butoxycarbonyl, methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, etc. Of these examples of 
the amino radical, ethylamino is preferred. 

[0143] Examples of B include, but are not limited to, 
trimethylsilyl, ethyldimethylsilyl, diethylmethylsilyl, trieth 
ylsilyl, dimethylpropylsilyl, dipropylmethylsilyl, dimethyl 
1-(methyl)ethylsilyl, tripropylsilyl, butyldimethylsilyl, pen 
tyidimethylsilyl, hexyldimethylsilyl, 
cyclopropyldimethylsilyl, cyclobutyldimethylsilyl, cyclo 
pentyldimethylsilyl, cyclohexyldimethylsilyl, dimethylethe 
nylsilyl, dimethylpropenylsilyl, chloromethyldimethylsilyl, 
2-chloroethyldimethylsilyl, bromomethyldimethylsilyl, 
bicycloheptyldimethylsilyl, dimethylphenylsilyl, dimethyl 
2-(methyl)phenylsilyl, dimethyl-2-?uorophenylsilyl, and 
other such silyl groups of the formula Si(R2)3; any such silyl 
group connected to the Zl-Z2 ring by a methylene group; and 
any of these groups Wherein germanium or tin is substituted 
for silicon. Of these examples of B, trimethylsilyl is pre 
ferred. 

[0144] Further examples of B include 1 ,1 -dimethylethyl, 
1 ,1 -dimethylpropyl, 1 ,1 -dimethylbutyl, 1 ,1 -dimethylpentyl, 
1 -ethyl- 1-methylbutyl, 2,2-dimethylpropyl, 2,2-dimethylbu 
tyl, 1-methyl-1 -ethylpropyl, 1 ,1 -diethylpropyl, 1 ,1 ,2-trim 
ethylpropyl, 1, 1,2-trimethylbutyl, 1 ,1 ,2,2-tetramethylpro 
pyl, 1 ,1 -dimethyl-2-propenyl, 1 ,1 ,2-trimethyl-2-propenyl, 
1 ,1 -dimethyl-2-butenyl, 1 ,1 -dimethyl-2-propynyl, 1 ,1 -dim 
ethyl-2-butynyl, 1 -cyclopropyl- 1 -methylethyl, 1 -cyclobu 
tyl-1 -methylethyl, 1 -cyclopentyl-1 -methylethyl, 1 —(1-cyclo 
pentenyl)- 1 -methylethyl, 1 -cyclohexyl- 1-methylethyl, 1-(1 - 
cyclohexenyl)- 1-methylethyl, 1 -methyl- 1-phenylethyl, 1 ,1 - 
dimethyl-2-chloroethyl, 1, 1-dimethyl-3 -chloropropyl, 1 ,1 - 
dimethyl-2-methoxyethyl, 1 ,1 -dimethyl-2 
(methylamino)ethyl, 1,1-dimethyl-2-(dimethylamino)ethyl, 
1 ,1 -dimethyl-3-chloro —2-propenyl, 1 -methyl- 1-methoxy 
ethyl, 1-methyl-1 -(methylthio)ethyl, 1 -methyl- 1-(methy 
lamino)ethyl, 1-methyl-1 -(dimethylamino)ethyl, 1 -chloro 
1 -methylethyl, 1 -bromo- 1-methylethyl, and 1 -iodo-1 - 
methylethyl. Of these examples of B, 1, 1-dimethylethyl is 
preferred. 

[0145] Further examples of B are 1,1-dimethylethylamino, 
1,1-dimethylpropylamino, 1,1-dimethylbutylamino, 1,1 
dimethylpentylamino, 1-ethyl-1-methylbutylamino, 2,2 
dimethylpropylamino, 2,2-dimethylbutylamino, 1-methyl 
1 -ethylpropylamino, 1 ,1 -diethylpropylamino, 1 ,1 ,2 
trimethylpropylamino, 1,1,2-trimethylbutylamino, 1,1,2,2 
tetramethylpropylamino, 1,1-dimethyl-2-propenylamino, 
1,1,2-trimethyl-2-propenylamino, 1,1-dimethyl-2-buteny 
lamino, 1,1-dimethyl-2-propynylamino, 1,1-dimethyl-2-bu 
tynylamino, 1-cyclopropyl-1-methylethylamino, 1-cyclobu 
tyl-1-methylethylamino, 1-cyclopentyl-1 
methylethylamino, 1-(1 -cyclopentenyl)-1 - 
methylethylamino, 1-cyclohexyl-1-methylethylamino, 1-(1 
cyclohexenyl)- 1-methylethylamino, 1-methyl 
1phenylethylamino, 1,1-dimethyl-2-chloroethylamino, 1,1 
dimethyl-3-chloropropylamino, 1,1-dimethyl-2 
methoxyethylamino, 1 ,1 -dimethyl-2 
(methylamino)ethylamino, 1 ,1 -dimethyl-2 
(dimethylamino)ethylamino, and 1,1-dimethyl-3-chloro-2 
propenylamino. Any of these groups may also have a methyl 
substitution on the nitrogen, as in N-(methyl)-1,1-dimeth 
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ylethylamino and N-(methyl)-1,1-dimethylpropylamino. Of 
these examples of B, 1,1-dimethylethylamino and N-(me 
thyl)-1,1-dimethylethylamino are preferred. 
[0146] Further examples of B include 1,1-dimethylethoxy, 
1,1-dimethylpropoxy, 1,1-dimethylbutoxy, 1,1-dimethyl 
pentoxy, 1-ethyl-1-methylbutoxy, 2,2-dimethylpropoxy, 2,2 
dimethylbutoxy, 1-methyl-1-ethylpropoxy, 1,1-diethylpro 
poxy, 1,1,2-trimethylpropoxy, 1,1,2-trimethylbutoxy, 1,1,2, 
2-tetramethylpropoxy, 1,1-dimethyl-2-propenoxy, 1,1,2 
trimethyl-2-propenoxy, 1,1-dimethyl-2-butenoxy, 1,1 
dimethyl-2-propynyloxy, 1,1-dimethyl-2-butynyloxy, 
1-cyclopropyl-1-methylethoxy, 1-cyclobutyl-1-methyl 
ethoxy, 1-cyclopentyl-1-methylethoxy, 1-(1-cyclopentenyl) 
1-methylethoxy, 1-cyclohexyl-1-methylethoxy, 1-(1-cyclo 
hexenyl)-1-methylethoxy, 1-methyl-1-phenylethoxy, 1,1 
dimethyl-2-chloroethoxy, 1,1-dimethyl-3-chloropropoxy, 
1,1-dimethyl-2-methoxyethoxy, 1,1-dimethyl-2-(methy 
lamino)ethoxy, 1,1-dimethyl-2-(dimethylamino)ethoxy, 1,1 
dimethyl-3-chloro-2-propenoxy. Of these examples of B, 
1,1-dimethylethoxy is preferred. 

[0147] Further examples of B include 1 methylcyclopro 
pyl, 1-methylcyclobutyl, 1-methylcyclopentyl, 1-methylcy 
clohexyl, 1-methylcyclopropylamino, 1-methylcyclobuty 
lamino, 1-methylcyclopentylamino, 
1-methylcyclohexylamino, N-(methyl)-1-methylcyclopro 
pylamino, N-(methyl)-1-methylcyclobutylamino, N-(me 
thyl)-1-methylcyclopentylamino, and N-(methyl)-1-methyl 
cyclohexylamino. 

[0148] RD may be any substituent(s) Which do(es) not 
unduly reduce the effectiveness of the compounds to func 
tion in the method of disease control. Rn is generally a small 
group; “n” is preferably 1 for benZene rings and 2 for furan 
and thiophene. R is more preferably methyl or halogen, and 
more preferably is located adjacent to A. 

[0149] When Z1 and Z2 are part of a benZene ring, the 
folloWing are not included as useful active agents of the 
present invention: 1) n is not Zero When B is trimethylsilyl 
and Ais N,N-diethylaminocarbonyl, N,N-bis(1-methylethy 
l)aminocarbonyl, N-methylaminothiocarbonyl, N-ethylami 
nocarbonyl, 1-piperidinylcarbonyl, or N-phenylaminocarbo 
nyl; or When B is orthotolyl and A is N,N 
diethylaminocarbonyl, N,N-bis(1 
methylethyl)aminocarbonyl, N-methylaminocarbonyl, or 
O-methylcarbamyl; or When B is 1,1-dimethylethyl and Ais 
N,N-dimethylaminothiocarbonyl or N-phenylaminocarbo 
nyl; or When B is trimethylstannyl and A is N,N-diethylami 
nocarbonyl or O-(1,1-dimethylethyl)carbamyl; 2) When B is 
2-trimethylsilyl and A is N,N-diethylaminocarbonyl, Rn is 
not 3-?uoro-6-formyl, 3-?uoro-6methyl, 3-chloro-6-formyl, 
3-?uoro, 3-chloro, 3-chloro-6-methyl, 6-trimethylsilyl, or 
6-methyl; 3) When A is O-(1,1-dimethylethyl)carbamyl and 
B is 2-trimethylsilyl, Rn is not S-tri?uoromethyl; 4) When A 
is N-phenylaminocarbonyl and B is 2,2-dimethylpropyl, Rn 
is not 3-methyl; and 5) R is not isothiocyanato When A is 
—C(O)-amine and Wm is —O—. 

[0150] When Z1 and Z2 are part of a thiophene, furan or 
pyrrole ring, the novel compounds of the present invention 
do not include B equal to trimethylsilyl When A is (diethy 
lamino)carbonyl. 
[0151] Useful agricultural actives of the type described 
above have also been described in Us. Pat. No. 5,998,466 
as a compound having the formula 
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[0152] wherein Z1 and Z2 are C or N and are part of 
an aromatic ring Which is thiophene; 

[0153] Ais selected from —C(X)-amine, Wherein the 
amine is substituted With a ?rst and a second amine 
substituent or With an alkylaminocarbonyl and a 

hydrogen, —C(O)—SR3, —NH—C(X)R4, and 
—C(=NR3)—XR7; 

[0154] the ?rst amine substituent Which is selected 
from the group consisting of Cl-C1O straight or 
branched alkyl, alkenyl, or alkylaryl groups or miX 
tures thereof optionally substituted With one or more 
halogen, hydroXy, alkoXy, alkylthio, nitrile, alkylsul 
fonate, haloalkylsulfonate, phenyl, C3-C6 cyclo 
calkyl and CS-C6 cycloalkynel; phenyl optionally 
substituted With one or more Cl-C4 straight or 
branched alkyl, alkenyl, or alkynyl groups or miX 
tures thereof, cycloalkyl, cycloalkenyl, haloalkyl, 
alkoXy and nitro; C3-C6 cycloalkyl, CS-C6 cycloalk 
enyl, alkoXy, alkenoXy, alkynoXy, dialkylamino, and 
alkylthio; 

[0155] and the second amine substituent Which is 
selected from the group consisting of hydrogen; 
Cl-C6 straight or branched alkyl, alkenyl, or alkynyl 
groups or miXtures thereof optionally substituted 
With one or more halogen; hydroXy, alkylcarbonyl, 
haloalkylcarbonyl, alkoXycarbonyl, and dialkylcar 
bonyh 

[0156] B is —Wm-Q(R2)3 or selected from o-tolyl, 
1-naphthyl, 2-naphthyl, and 9-phenanthryl, each 
optionally substituted With halogen or R4; 

[0157] Q is C, Si, Ge, or Sn; 

[0159] X is O or S; 

[0160] n is 2; 

[0161] m is 0 or 1; 

[0162] p is 0, 1, or 2; 

[0163] Wherein tWo R groups are combined to form a 
nonheterocyclic ring fused With the thiophene ring, 
Which is not a benZothiophene other than a tetrahy 
drobenZothiophene, said tWo R groups being 
selected from the group consisting of Cl-C4 alkyl, 
alkenyl, C3-C6 cycloalkyl and cycloalkenyl, each 
optionally substituted With hydroXy, thio, phenyl, 
Cl-C4 alkoXy, alkylthio, alkylsul?nyl, or alkylsulfo 
nyl; 
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[0164] each R2 is independently selected from alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phe 
nyl, each optionally substituted With R4 or halogen; 
and Wherein, When Q is C, R2 may also be selected 
from halo, alkoXy, alkylthio, alkylamino, and dialky 
lamino; and further When Q is C, then tWo R2 groups 
may be combined to form a cycloalkyl group With Q; 

[0165] R3 is Cl-C4 alkyl; 

[0166] R4 is Cl-C4 alkyl, haloalkyl, alkoXy, alkylthio, 
alkylamino, or dialkylamino; and 

[0167] R7 is Cl-C4 alkyl, haloalkyl, or phenyl option 
ally substituted With halo, nitro, or R4; 

[0168] or an agronomic salt thereof. 

[0169] The terms “amine”, “alkyl”, “alkoxy”, “alkoXy 
alkyl”, “monoalkylamino”, “dialkylamino”, “haloalkyl”, 
and “halo”, and B, Rn, and the features of Z1 and Z2, are as 
described above. 

[0170] Agricultural actives that are useful in the present 
invention can also be selected from those described in US. 

Pat. No. 5,482,974, namely, a compound having the formula 

0 NHRZ 

R4 A 

R3 

[0171] Wherein R2 is ethyl, iso-propyl, propyl or 
allyl; 

[0172] Ais N(CH3)1_DHDR5 or OR6 Wherein n is 0 or 
1, R5 is (CH3)m(CH3CH2)3_mC, 1-methyl-1-cyclo 
pentyl, l-methyl-l-cyclohexyl or 2,3-dimethyl-2-bu 
tyl Wherein m is 0, 1, 2 or 3 and R6 is independently 
R5, or 2,3,3-trimethyl-2-butyl; 

[0173] R3 is H or independently R4; and 

[0174] R4 is halo or CH3; 

[0175] With the proviso that When A is N(CH3)1_ 
nHnRs, if R3 is H and R5 is 1-methyl-1-cycloheXylor 
(CH3)m(CH2 CH3)3_mC, Where m is 0 or 3, or if R3 
is halo and R2 is (CH3)m(CH3CH2)3_mC, Where m is 
3, then R2 cannot be ethyl; 

[0176] and With the proviso that When A is OR6 then 
m is equal to or less than 2, and if R3 is H or halo and 
R2 is ethyl or isopropyl, then R6 is 
(CH3)M(CH3CH2)3_MC Where m is 1; or an agro 
nomic salt thereof. 

[0177] Active agents that are useful in the present inven 
tion can also be selected from those described in US. Pat. 
No. 5,994,270, namely, a compound having the formula 
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(a) 

(b) 

(C) 

(d) 

(e) 

(g) 

(h) 

(D 
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-continued 
0') 

RH B 

\/\ \ 
| A 
/ N 

C1— C4 alkyl 

[0178] Where A is —C(X)-amine; B is —Wm 
Q(R2)3; and Acan be B When B is A except When the 
formula is i), then Q cannot be Si; 

[0179] Q is C or Si; 

[0181] X is O or S; 

[0182] m is 0 or 1, provided that m is 0 When Q is Si; 

[0183] 
[0184] p is 0, 1 or 2, and n plus p is equal to or less 

than 3; each R is independently selected from 

[0185] a) halo, formyl, cyano, amino, nitro, thiocy 
anato, isothiocyanato, trimethylsilyl, and hydroXy; 

[0186] b) C1-C4 alkyl, alkenyl, alkynyl, C3-C6 
cycloalkyl, and cycloalkenyl, each optionally substi 
tuted With halo, hydroXy, thio, amino, nitro, cyano, 
formyl, phenyl, C1-C4 alkoXy, alkylcarbonyl, alky 
lthio, alkylamino, dialkylamino, alkoXycarbonyl, 
(alkylthio)carbonyl, alkylaminocarbonyl, dialky 
laminocarbonyl, alkylsul?nyl, or alkylsulfonyl; 

[0187] c) phenyl, furyl, thienyl, pyrrolyl, each 
optionally substituted With halo, formyl, cyano, 
amino, nitro, C1-C4 alkyl, alkenyl, alkynyl, alkoXy, 
alkylthio, alkylamino, dialkylamino, haloalkyl, and 
haloalkenyl; 

[0188] d) C1-C4 alkoXy, alkenoXy, alkynoXy, C3-C6 
cycloalkyloXy, cycloalkenyloXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, dialkylamino, 
alkylcarbonylamino, aminocarbonyl, alkylaminocar 
bonyl, dialkylaminocarbonyl, alkylcarbonyl, alkyl 
carbonyloXy, alkoXycarbonyl, (alkylthio)carbonyl, 
phenylcarbonylamino, phenylamino, each optionally 
substituted With halo; each R2 is independently 
selected from alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl and phenyl, each optionally substituted 
With R4 or halogen; and Wherein, When Q is C, R2 
may also be selected from halo, alkoXy, alkylthio, 
alkylamino, and dialkylamino; Wherein tWo R2 
groups may be combined to form a cyclo group With 
Q; R4 is C1-C4 alkyl, haloalkyl, alkoXy, alkylthio, 
alkylamino, or dialkylamino; or an agronomic salt 
thereof. 

nis0,1,2,or3 

[0189] The term “amine” in —C(X)-amine means an 
unsubstituted, monosubstituted, or disubstituted amino radi 
cal, including nitrogen-bearing heterocycles. Examples of 
substituents for the amino radical include, but are not limited 
to, hydroXy; alkyl, alkenyl, and alkynyl, Which may be 
straight or branched chain or cyclic; alkoxyalkyl; haloalkyl; 
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hydroxyalkyl; alkylthio; alkylthioalkyl; alkylcarbonyl; 
alkoxycarbonyl; aminocarbonyl; alkylaminocarbonyl; 
cyanoalkyl; mono- or dialkylamino; phenyl, phenylalkyl or 
phenylalkenyl, each optionally substituted With one or more 
C1-C6 alkyl, alkoxy, haloalkyl, C3-C6 cycloalkyl, halo, or 
nitro groups; C1-C4 alkyl or alkenyl groups substituted With 
heterocycles, optionally substituted With one or more C1-C4 
alkyl, alkoxy, haloalkyl, halo, or nitro groups. Examples of 
such nitrogen-bearing heterocycles, Which are bonded at a 
nitrogen to —C(X)—, include, but are not limited to, 
morpholine, piperaZine, piperidine, pyrrole, pyrrolidine, 
imidaZole, and triaZoles, each of Which may be optionally 
substituted With one or more C1-C6 alkyl groups. 

[0190] Speci?c examples of the amino radicals useful in 
the present invention include, but are not limited to, ethy 
lamino, methylamino, propylamino, 2-methylethylamino, 
1-propenylamino, 2-propenylamino, 2-methyl-2-propeny 
lamino, 2-propynylamino, butylamino, 1,1-dimethyl-2-pro 
pynylamino, diethylamino, dimethylamino, N-(methyl 
)ethylamino, N-(methyl)-1,1-(dimethyl)ethylamino, 
dipropylamino, octylamino, N-(ethyl)-1-methylethylamino, 
2-hydroxyethylamino, 1-methylpropylamino, chloromethy 
lamino, 2-chloroethylamino, 2-bromoethylamino, 3-chloro 
propylamino, 2,2,2-tri?uoroethylamino, cyanomethyl, 
methylthiomethylamino, (methylsulfonyl)oxyethylamino, 
2-ethoxyethylamino, 2-methoxyethylamino, N-(ethyl)-2 
ethoxyethylamino, 1-methoxy-2,2-dimethylpropylamino, 
cyclopropylamino, cyclobutylamino, cyclopentylamino, 
cyclohexylamino, methoxymethylamino, N-(methoxymeth 
yl)ethylamino, N-(1-methylethyl)propylamino, 1-methyl 
heptylamino, N-(ethyl)-1-methylheptylamino, 6,6-dim 
ethyl-2-hepten-4-ynylamino, 1,1-dimethyl-2 
propynylamino. Further examples include benZylamino, 
ethylbenZylamino, 3-methoxybenZylamino, 3-(tri?uorom 
ethyl)benZylamino, N-methyl-3-(tri?uoromethyl)benZy 
lamino, 3,4,5-trimethoxybenZylamino, 1,3-benZodioxol-5 
ylmethylamino, phenylamino, 3-(1 
methylethyl)phenylamino, ethoxyphenylamino, 
cyclopentylphenylamino, methoxyphenylamino, nitrophe 
nylamino, 1-phenylethylamino, N-(methyl)-3-phenyl-2-pro 
penylamino, benZotriaZolylphenylmethyl, 2-pyridinylm 
ethylamino, N-(ethyl)-2-pyridinylmethylamino, 
2-thienylmethylamino, and furylmethylamino. 

[0191] Further examples of amino radicals include meth 
ylhydraZino, dimethylhydraZino, N-ethylanilino, and 2-me 
thylanilino. The amine may also be substituted With diethyl 
N-ethylphosphoramidic acid, t-butoxycarbonyl, methoxy 
carbonyl, ethoxycarbonyl, propoxycarbonyl, etc. Of these 
examples of the amino radical, ethylamino, propylamino, or 
allylamino is preferred. 

[0192] Examples of B include, but are not limited to, 
trimethylsilyl, ethyldimethylsilyl, diethylmethylsilyl, trieth 
ylsilyl, dimethylpropylsilyl, dipropylmethylsilyl, dimethyl 
1-(methyl)ethylsilyl, tripropylsilyl, butyldimethylsilyl, pen 
tyidimethylsilyl, hexyldimethylsilyl, 
cyclopropyldimethylsilyl, cyclobutyldimethylsilyl, cyclo 
pentyidimethylsilyl, cyclohexyldimethylsilyl, dimethylethe 
nylsilyl, dimethylpropenylsilyl, chloromethyldimethylsilyl, 
2-chloroethyldimethylsilyl, bromomethyldimethylsilyl, 
bicycloheptyldimethylsilyl, dimethylphenylsilyl, dimethyl 
2-(methyl)phenylsilyl, dimethyl-2-?uorophenylsilyl, and 
other such silyl groups of the formula Si(R2)3. Of these 
examples of B, trimethylsilyl is preferred. 
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[0193] Further examples of B include 1,1-dimethylethyl, 
1,1-dimethylpropyl, 1,1-dimethylbutyl, 1,1-dimethylpentyl, 
1-ethyl-1-methylbutyl, 2,2-dimethylpropyl, 2,2-dimethylbu 
tyl, 1-methyl-1-ethylpropyl, 1,1-diethylpropyl, 1,1,2-trim 
ethylpropyl, 1,1,2-trimethylbutyl, 1,1,2,2-tetramethylpro 
pyl, 1,1-dimethyl-2-propenyl, 1,1,2-trimethyl-2-propenyl, 
1,1-dimethyl-2-butenyl, 1,1-dimethyl-2-propynyl, 1,1-dim 
ethyl-2-butynyl, 1-cyclopropyl-1-methylethyl, 1-cyclobu 
tyl-1-methylethyl, 1-cyclopentyl-1-methylethyl, 1-(1-cyclo 
pentenyl)-1-methylethyl, 1-cyclohexyl-1-methylethyl, 1-(1 
cyclohexenyl)-1-methylethyl, 1-methyl-1-phenylethyl, 1,1 
dimethyl-2-chloroethyl, 1,1-dimethyl-3-chloropropyl, 1,1 
dimethyl-2-methoxyethyl, 1,1-dimethyl-2 
(methylamino)ethyl, 1,1-dimethyl-2-(dimethylamino)ethyl, 
1,1-dimethyl-3-chloro-2-propenyl, 1-methyl-1-methoxy 
ethyl, 1-methyl-1-(methylthio)ethyl, 1-methyl-1-(methy 
lamino)ethyl, 1-methyl-1-(dimethylamino)ethyl, 1-chloro 
1-methylethyl, 1-bromo-1-methylethyl, and 1-iodo-1 
methylethyl. Of these examples of B, 1,1-dimethylpropyl, 
1,1-diethylethyl or 1-methyl-1-cyclopentyl is preferred. 

[0194] Further examples of B are 1 ,1 -dimethylethylamino, 
1 ,1 -dimethylpropylamino, 1 ,1 -dimethylbutylamino, 1 ,1 - 
dimethylpentylamino, 1 -ethyl- 1 -methylbutylamino, 2,2 
dimethylpropylamino, 2,2-dimethylbutylamino, 1-methyl 
1 -ethylpropylamino, 1 ,1 -diethylpropylamino, 1 ,1 ,2 
trimethylpropylamino, 1,1,2-trimethylbutylamino, 1,1,2,2 
tetramethylpropylamino, 1 ,1 -dimethyl-2-propenylamino, 
1,1,2-trimethyl-2-propenylamino, 1,1-dimethyl-2-buteny 
lamino, 1 ,1 -dimethyl-2-propynylamino, 1 ,1 -dimethyl-2-bu 
tynylamino, 1 -cyclopropyl- 1-methylethylamino, 1 -cyclobu 
tyl- 1 -methylethylamino, 1-cyclopentyl-1 - 
methylethylamino, 1 -(1 -cyclopentenyl)-1 - 
methylethylamino, 1 -cyclohexyl-1 -methylethylamino, 1 -(1 - 
cyclohexenyl)-1 -methylethylamino, 1 -methyl-1 - 
phenylethylamino, 1, 1-dimethyl-2-chloroethylamino, 1 ,1 - 
dimethyl-3-chloropropylamino, 1 ,1 -dimethyl-2 
methoxyethylamino, 1 ,1 -dimethyl-2-(methylamino) 
ethylamino, 1 ,1 -dimethyl-2-(dimethylamino)ethylamino, 
and 1 ,1 -dimethyl-3-chloro-2-propenylamino. Of these 
examples of B, 1 ,1 -dimethylpropylamino, 1 ,1 -ethylethy 
lamino or 1 -methyl- 1-cyclopentylamino is preferred. 

[0195] Further examples of B include 1,1-dimethylethoxy, 
1,1-dimethylpropoxy, 1,1-dimethylbutoxy, 1,1-dimethyl 
pentoxy, 1-ethyl-1-methylbutoxy, 2,2-dimethylpropoxy, 2,2 
dimethylbutoxy, 1-methyl-1-ethylpropoxy, 1,1-diethylpro 
poxy, 1,1,2-trimethylpropoxy, 1,1,2-trimethylbutoxy, 1,1,2, 
2-tetramethylpropoxy, 1,1-dimethyl-2-propenoxy, 1,1,2 
trimethyl-2-propenoxy, 1,1-dimethyl-2-butenoxy, 1,1 
dimethyl-2-propynyloxy, 1,1-dimethyl-2-butynyloxy, 
1-cyclopropyl-1-methylethoxy, 1-cyclobutyl-1-methyl 
ethoxy, 1-cyclopentyl-1-methylethoxy, 1-(1-cyclopentenyl) 
1-methylethoxy, 1-cyclohexyl-1-methylethoxy, 1-(1-cyclo 
hexenyl)-1-methylethoxy, 1-methyl-1-phenylethoxy, 1,1 
dimethyl-2-chloroethoxy, 1,1-dimethyl-3-chloropropoxy, 
1,1-dimethyl-2-methoxyethoxy, 1,1-dimethyl-2-(methy 
lamino)ethoxy, 1,1-dimethyl-2-(dimethylamino)ethoxy, 1,1 
dimethyl-3-chloro-2-propenoxy. Of these examples of B, 
1,1-dimethylpropyloxy, 1,1-diethylethyloxy or cyclopenty 
loxy is preferred. 




























