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ABSTRACT

The present invention relates to tWo crystalline forms of 2-[2

chloro-4-methylsulfonyl-3-(2,2,2-tri?uoro-ethoxymethyl)
benZoyl]cyclohexan-l ,3-dione, Which is also known under
the common name tembotrione. The invention also relates to

a process for the production of these crystalline forms and
formulations for plant protection Which contain one of these

crystalline forms of tembotrione.
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CRYSTALLINE FORMS OF

sure, dissolution rate, stability against a phase change into a

2-[2-CHLORO-4-METHYLSULFONY
1-3-(2,2,2-TRIFLUOROETHOXYMETHYL)

different modi?cation, stability during grinding, suspension
stability, optical and mechanical properties, hygroscopicity,
crystal form and siZe, ?lterability, density, melting point,

BENZOYL] CYCLOHEXAN-1,3 —DIONE

stability to decomposition, color and sometimes even chemi

This application is a National Stage application of Interna
tional Application No. PCT/EP2008/053060, ?led Mar. 14,
2008, the entire contents of Which is hereby incorporated
herein by reference. This application also claims the bene?t
under 35 U.S.C. §ll9 of European Patent Application No.
071042758, ?led Mar. 15, 2007, the entire contents of Which

cal reactivity or biological activity.
The applicant’ s oWn attempts to convert tembotrione into a

crystalline solid by crystallization at ?rst resulted in amor
phous products or in complex mixtures of different crystal

modi?cations, Which could only be handled With dif?culty
and Whose stability against uncontrolled phase change Was

is hereby incorporated herein by reference.
The present invention relates to tWo crystalline forms of

unsatisfactory.

2-[2-chloro-4—methylsulfonyl-3-(2,2,2-tri?uoro-ethoxym

It has noW surprisingly been found that by suitable pro
cesses tWo previously unknoWn crystalline, stable modi?ca
tions of tembotrione Which do not display the disadvantages
of the amorphous tembotrione are obtained in high purity.

ethyl)benZoyl]cyclohexan-1,3-dione, Which is also knoWn
under the common name tembotrione. The invention also

relates to a process for the production of these crystalline

forms and formulations for plant protection Which contain
one of these crystalline forms of tembotrione.
Tembotrione is the herbicidal active substance of the for
mula I or the tautomers l' and I" and mixtures thereof.

These tWo modi?cations are also described beloW as form A

and form C.
20

In addition, the crystal forms A and C according to the
invention are easier to handle than the previously knoWn
o

0

amorphous tembotrione, since during production they are

(1)

c1

25

o/\c1r3

the pure form C display increased stability With regard to
conversion into another modi?cation. The stability of formu

o

o
o

0

lations Which contain tembotrione either in form A or form C

/s€
o/ CH3

is also markedly higher than the stability of formulations
30

(1')

c1

o/\c1r3
35

0

OH
0

OH

// \CH3
0

to the crystalline form A of tembotrione. Also an object is a
tembotrione Which at least 90 Wt. % in particular at least 95%

(1")
40

/

o/\cr3
o

o

Which contain mixtures of different modi?cations of tembot
rione. The terms “pure form A” and “pure form C” should be
understood to mean that the proportion of the modi?cation in
question, based on the total quantity of tembotrione, is at least
90 Wt. % and in particular at least 95 Wt. %.

Accordingly, a ?rst object of the present invention relates

5%

01

obtained in the form of discrete crystals or crystallites. Com
pared to mixtures of these forms both the pure formA and also

s//

// \CH3

0

45

consists of the crystalline form A.
The form A according to the invention can be identi?ed by
X-ray poWder diffractometry on the basis of its diffraction

diagram. Thus an X-ray poWder diffraction diagram recorded
using CuiKot radiation (1.54178 A) at 250 C. shoWs at least
3, often at least 5, in particular at least 7, and especially all of
the re?ections quoted in the folloWing table as 20 values or as

interplanar spacings d:
Tembotrione and a general procedure for its production are
knoWn from WO 00/21924. This procedure yields tembotri
one as an oil or as an amorphous solid. A liquid formulation of 50

tembotrione With isoxadifen Was recently introduced onto the
market.
For the production of active substances on the industrial
scale but also for the formulation of active substances, in

20

d [A]

5.5 I 0.2

15.92 I 0.07

8.9 I 0.2

9.97 I 0.07

many cases knowledge concerning the possible existence of

11.1 10.2

7.93 10.05

crystalline modi?cations (also described as crystalline forms)

14.0 I 0.2

6.32 I 0.05

or of solvates of the active substance in question, and knoWl

18.9 I 0.2

4.70 I 0.04

edge of the speci?c properties of such modi?cations and

23.4 I 0.2

3.79 I 0.03

solvates and of methods for their preparation are of decisive
importance. A range of active substances can exist in different

26.7 I 0.2

3.33 I 0.02

28.9 I 0.2

3.09 I 0.02

36.2 I 0.2

2.48 I 0.02

crystalline but also in amorphous modi?cations. Polymor

60

phism is the term used in these cases. A polymorph is a solid,

crystalline phase of a compound Which is characteriZed by a
speci?c, uniform packing and arrangement of the molecules
in the solid.
Different modi?cations of one and the same active sub

stance can sometimes have different properties, for example

differences in the folloWing properties: solubility, vapor pres

65

Studies on single crystals of form A demonstrate that the
underlying crystal structure is orthorhombic. The unit cell has
the space group Pna2(l). The characteristic data of the crystal
structure of formA (determined at —l70o C.) are compiled in
the folloWing table.

US 8,309,769 B2
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(2) Preparation of the tembotrione by a chemical reaction
and transfer of the reaction mixture, if necessary after
Crystallographic characteri tics of formA
Parameter

ForrnA
m

class

orthorhombic

space group
a

Pna2(1)
3114(2) A

b

1034(1) A

c

552(1) A

0t

90°

[3

90°

y

90°

volume
Z

crystalline forms of tembotrione and mixtures thereof, for
example the form C according to the invention described
beloW and the form B also described here, not according to the
invention, and mixtures of these forms.
The dissolution of the tembotrione is usually effected at

1778.0(2) A3
4

density (calculated)
R1; WR2

1.643 Mgm3
0.050; 0.101

Wavelength

1.54178 A

temperatures in the range from 20 to 160° C. In a preferred
embodiment of the invention, the dissolution of the tembot
rione is effected at elevated temperature, in particular at 50°

a, b, c = unit cell length

C. at least, and naturally the temperature used for dissolution
Will not exceed the boiling point of the solvent. The dissolu

01, [5, Y = unit cell angle
Z = number ofrnolecules in the unit cell

Form A displays a thermogram With a characteristic melt

20

temperatures of at most 100° C., in particular at most 60° C.
and more preferably at most 50° C.

The solution of the tembotrione can also be prepared by

range from 119 to 122° C. The values quoted here relate to

rate 10 K/min).
The production of the formA of tembotrione according to
the invention is effected by crystallization from a solution of
tembotrione in a suitable organic solvent. Suitable solvents
for the crystallization of form A are polar organic solvents
Which are selected from cyclic ethers such as tetrahydrofuran

25

30

crystallization and, if necessary a Workup is performed during
35

40

Which excess reagents and any catalysts present and any
unsuitable solvents present, for example Water and/ or metha
nol, are removed. The preparation of a solution of the tem
botrione by chemical reaction of a suitable precursor of tem
botrione can be effected by analogy to the methods Which are
described in the state of the art cited at the beginning, to Which
full reference is hereby made.
The crystallization of form A of tembotrione can be
effected as folloWs, for example
by cooling of the solution Which contains the dissolved

tembotrione,
45

range from 100 to 800 g/l. Suitable conditions can be deter

mined by the person skilled in the art by routine experiments.
Preferably the solution used for the crystallization contains

solvent suitable according to the invention. This can be
effected in such a manner that the reaction is performed in an
organic solvent or solvent mixture Which consists at least

partly, preferably at least 50 Wt. %, of a solvent suitable for the

ond step ii) crystallization of the tembotrione is effected.
The concentration of tembotrione in the solution used for
the crystallization naturally depends on the nature of the
solvent and the solution temperature and often lies in the

transferring a reaction mixture obtained by a chemical reac

tion, Which contains the tembotrione, if necessary after
removal of reagents and/or side products, into an organic

and dioxan, acetonitrile, methanol, nitromethane, acetic acid,
methyl ethyl ketone, pyridine and dimethyl sulfoxide and
mixtures thereof.
In order to obtain formA of tembotrione, the crystallization
is preferably effected at temperatures of at most 100° C., in
particular at most 60° C. and more preferably at most 50° C.
Crystallization of form A is preferably effected under con
trolled conditions, i.e. the conditions of the crystallization are
chosen to achieve a sloW crystallization rate.
For this, in a ?rst step i) a solution of tembotrione in one of
the aforesaid organic solvents is prepared, and then in a sec

tion is often effected at temperatures in the range from 50 to

140° C. It is, hoWever, preferred to effect crystallisation at

ing peak in the range from 1 10 to 135° C. The melting point,
determined as the onset of the melting peak, typically lies in
the range from about 118° C. to 124° C., in particular in the

values determined by differential calorimetry (differential
scanning calorimetry: DSC, aluminum closed cup, heating

removal of reagents and/or side products, into an organic
solvent suitable according to the invention.
For the preparation of the solution by dissolution of the
tembotrione, essentially any knoWn form of tembotrione can
be used. Often amorphous tembotrione or a mixture of dif
ferent crystalline modi?cations or a mixture of amorphous
and crystalline tembotrione Will be used. Also suitable are

by addition of a solubility-decreasing solvent to the solu
tion Which contains the dissolved tembotrione, in par
ticular by addition of a nonpolar organic solvent or by
addition of Water,
by concentration of the solution Which contains the dis

tembotrione in a purity of at least 85%, often at least 90%, in

solved tembotrione, or
by a combination of the aforesaid measures.
The crystallization is as a rule carried out until at least 80

particular at least 95%, i.e. the content of organic impurities

Wt. %, preferably at least 90 Wt. %, of the tembotrione used

Which are not organic solvents is not more than 15 Wt. %,
often not more than 10 Wt. %, and in particular not more than
5 Wt. %, based on the tembotrione present dissolved in the

crystallizes out.
If the crystallization of form A is effected by cooling, the
cooling rate is preferably less than 10 K/min.

50

55

solvent.

The crystallization of form A can be promoted or acceler

ated by seeding With seed crystals of form A, for example by
adding seed crystals of formA before or during the crystalli

The solution used for the crystallization is preferably
essentially free from solvents other than those stated. In this
context, “essentially free” means that the concentration of
other solvents in the tembotrione-containing solution does

zation.
60

not exceed 10 Wt. %, often 5 Wt. %, based on the total quantity
of solvent.
The solution of tembotrione can for example be prepared

Wt. %, based on the dissolved tembotrione.

by the folloWing methods:
(1) Dissolution of the tembotrione, preferably in a form
different from form A, in one of the aforesaid polar
organic solvents, or

If seed crystals are added during the crystallization, the
quantity thereof is typically 0.001 to 10 Wt. %, often 0.005 to
5 Wt. %, in particular 0.01 to 1Wt.% and especially 0.05 to 0.5

65

If the crystallization is performed in the presence of seed
crystals of form A, these are preferably only added at a tem
perature at Which the saturation concentration of the tembot
rione in the solvent in question has been reached, i.e. at or

US 8,309,769 B2
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6

below that temperature at Which the dissolved quantity of

rione Which at least 90 Wt. %, in particular at least 95%
consists of the crystalline form C.
The form C according to the invention can be identi?ed by

tembotrione forms a saturated solution in the solvent in ques
tion. The person skilled in the art can determine the tempera
ture dependence of the saturation concentration in a solvent in

X-ray poWder diffractometry on the basis of its diffraction
diagram. Thus an X-ray poWder diffraction diagram recorded
using CuiKot radiation (1.54178 A) at 25° C. shoWs at least
3, often at least 5, and especially all of the re?ections quoted

routine experiments.
Alternatively, the crystallization can also be effected by
addition of a “non-solvent” (i.e. a solubility decreasing sol
vent) eg by addition of a nonpolar solvent or by addition of
Water, for example from 5 to 60 vol. %, in particular 20 to 55
vol. % and especially from 30 to 50 vol. %, based on the
volume of the polar organic solvent or solvent mixture used

in the folloWing table as 20 values or as interplanar spacings
d:

for dissolution of the tembotrione. The addition of the non
polar solvent or the addition of Water are preferably effected
over a prolonged period, for example over a period from 10
mins to 3 hrs, in particular over a period from 20 mins to 2.5

hrs. If the crystallization of formA is effected by the addition
of a “non-solvent”, the addition of the non-solvent is prefer
ably at a sloW rate, e.g. less than 10% v/v per minute, based on
the volume of the tembotrione solution. Often the addition

20

d [A]

7.4 1 0.2
10.8 1 0.2
14.8 1 0.2

12.00 1 0.07
8.22 1 0.05
6.00 1 0.05

16.6 10.2
211102
21.610.2
33.6 10.2

5341004
4.22 10.03
4.1110.02
2.67 10.02

20

Will be done in such a manner that the nonpolar solvent or

Water is added until the discemable onset of the crystalliza
tion and the mixture thus obtained is then left for a time,

during Which the crystallization of the form A proceeds. If
necessary, the mixture can then be cooled for completion of

25

the crystallization.
In particular, the addition of the nonpolar solvent or the
addition of Water and the addition of seed crystals can be
combined.
The addition of the nonpolar solvent can be effected in the
form of a pure nonpolar solvent or in the form of a mixture of
a nonpolar solvent With a solvent used for the dissolution.

Examples of nonpolar solvents are aliphatic and
cycloaliphatic hydrocarbons With preferably 5 to 10 C atoms
such as pentane, hexane, cyclopentane, cyclohexane, isohex
ane, heptane, cycloheptane, octane, decane or mixtures

Crvstallo Qranhic characteristics of form C

30

Parameter

class

space group
a
35

Form C

monoclinic

P2(1)/n
15.89(1) A

b

7.10(1) A

C

16.14(2) A

01

thereof.

The isolation of the form A from the crystallization prod
uct, i.e. the separation of the form A from the mother liquor,
is effected by usual techniques for the separation of solid

Studies on single crystals of form C demonstrate that the
underlying crystal structure is monoclinic. The unit cell has
the space group P2(1)/n. The characteristic data of the crystal
structure of form C (determined at —170° C.) are compiled in
the folloWing table.

95.91(1)°

y

90°

volume
40

components from liquids, for example by ?ltration, centrifu
gation or by decantation. As a rule, the isolated solid Will be

90°

[3

1811.3(4) nm3

Z

4

density (calculated)
R1; WR2

1.616 Mgm3
0.053; 0.124

Wavelength

1.54178 A

Washed, for example With the solvent used for the crystalli
zation, With Water or With a mixture of the organic solvent
used for the crystallization With Water. The Washing can be
effected in one or more steps, Washing With Water often being

a, b, c = unit cell length

01, [3, Y = unit cell angle

45 Z = number ofmolecules in the unit cell

used in the last Washing step. The Washing is typically
effected at temperatures beloW 30° C., often beloW 25° C. and
in particularbeloW 20° C., in order to keep the loss of valuable
product as small as possible. Next, the formA obtained can be

Form C displays a thermogram With a characteristic melt

ing peak in the range from 120 to 132° C. The melting point,
determined as the onset of the melting peak, typically lies in

dried and then supplied for further processing. Often, hoW

the range from about 121° C. to 125° C., in particular in the
range from 122 to 125° C. The values quoted here relate to

ever, the moist active substance obtained after Washing, in
particular an active substance moist With Water, Will be sup

values determined by differential calorimetry (differential
scanning calorimetry: DSC, aluminum closed cup, heating

50

plied directly for the further processing.
By means of the crystallization according to the invention,

55

the formA is obtained With a tembotrione content of as a rule

at least 90 Wt. %, often 94 Wt. %, in particular at least 96 Wt.
%. The content of form A, based on the total quantity of
tembotrione, is typically at least 90% and often at least 95%
or at least 96%.

rate 10 K/min).
The production of the form C of tembotrione according to
the invention is effected by
crystallization from a hot solution of tembotrione in 2,2

dimethylpropanol (tert. amyl alcohol); or
crystallization from a hot solution of tembotrione in an
60

aromatic solvent or in a mixture of an aromatic solvent

The preparation of the 2-[2-chloro-4-methylsulfonyl-3-(2,
2 ,2 -tri?uoroethoxy)methylbenzoyl] cyclohexan-1 ,3 -dione

With an aliphatic solvent.
For this, in a ?rst step i) a hot solution of tembotrione in is

used for the production of the form A can be effected by the
process described in WO 00/21924, to Which full reference is

prepared, and then in a second step ii) crystallization of the

hereby made.
A further object of the present invention relates to the
crystalline form C of tembotrione. Also an object is a tembot

tembotrione is effected by rapid cooling.
65

The term “hot solution” means a solution having a tem

perature of at least 80° C., in particular at least 90° C. and
more preferably at least 100° C.

US 8,309,769 B2
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7

Preferably, the crystallization is performed in a Way that

The concentration of tembotrione in the solution used for
the crystallization often lies in the range from 100 to 600 g/l,

the beginning of the crystallization process occurs at a tem

in particular 250 to 400 g/l.
Preferably the solution used for the crystallization contains

perature of at least 80° C., more preferably of temperature of
at least 90° C. in particular at least 100° C.

tembotrione in a purity of at least 85%, often at least 90%, in

The crystallization is as a rule carried out until at least 60

particular at least 95%, i.e. the content of organic impurities

Wt. %, preferably at least 80 Wt. %, of the tembotrione used

Which are not organic solvents is not more than 15 Wt. %,
often not more than 10 Wt. %, and in particular not more than
5 Wt. %, based on the tembotrione present dissolved in the

crystallizes out.
The crystallization of form C can be promoted or acceler

ated by seeding With seed crystals of form C, for example by

solution.

adding seed crystals of form C before or during the crystalli

According to a ?rst embodiment, form C is prepared by
crystallization from a hot solution of tembotrione in 2,2

zation.

dimethylpropanol (tert. amyl alcohol). The solution used for
the crystallization is then preferably essentially free from
solvents other than 2,2-dimethyl-propanol. In this context,
“essentially free” means that the concentration of solvents
including Water Which are different from 2,2-dimethylpro

panol in the tembotrione-containing solution does not exceed
10 Wt. % and often 5 Wt. %, based on the total quantity of
solvent.

20

If seed crystals are added during the crystallization, the
quantity thereof is typically 0.001 to 10 Wt. %, often 0.005 to
5 Wt. %, in particular 0.01 to 1 Wt. % and especially 0.05 to 0.5
Wt. %, based on the dissolved tembotrione. If the crystalliza
tion is performed in the presence of seed crystals of form C,
these are preferably only added at a temperature at Which the
saturation concentration of the tembotrione in the solvent in
question has been reached, i.e. at or beloW that temperature at
Which the dissolved quantity of tembotrione forms a saturated

According to a second embodiment, form C is prepared by

solution in the respective solvent (e.g. 2,2-dimethylpropanol

crystallization from a hot solution of tembotrione in an aro
matic hydrocarbon solvent or in a mixture of an aromatic

or hydrocarbon solvent/ solvent mixture). The person skilled
in the art can determine the temperature dependence of the
saturation concentration in a solvent in routine experiments.
The isolation of the form C from the crystallization prod
uct, i.e. the separation of the form C from the mother liquor,

hydrocarbon solvent With an aliphatic hydrocarbon solvent.
Suitable aromatic hydrocarbon solvents include, e.g., tolu
ene, xylenes, mesitylene, cumene (isopropylbenzene), ethyl
benzene, ethyltoluenes, cymenes (isopropyltoluenes) such as
m- and p-cymene, and mixtures thereof. Suitable aliphatic
hydrocarbon solvents include saturated linear, branched or

25

is effected by usual techniques such as are described in con
nection With form A.
30

cyclic hydrocarbons such as n-hexane, n-heptane, n-octane

and their branched isomers, cyclopentane, cyclohexane,
methylcyclohexane, cylcoheptane and cyclooctane. If a mix
ture of an aromatic and an aliphatic solvent is used, the

volume ratio of aromatic solvent to aliphatic solvent is pref
erably from 20:80 to 99:1, in particular from 30:70 to 95:5
v/v. The solutionused for the crystallization is then preferably
essentially free from solvents other than aromatic and ali

35

phatic hydrocarbon solvents. In this context, “essentially
free” means that the concentration of solvents including Water
Which are different from hydrocarbon solvents in the tembot
rione-containing solution does not exceed 10 Wt. % and often
5 Wt. %, based on the total quantity of solvent.

40

at least 90 Wt. %, often at least 94 Wt. %, in particular at least
96 Wt. %. The content of form C, based on the total quantity
of tembotrione, is typically at least 90% and often at least
96%.
In connection With the study on the crystallization of tem
botrione, a further modi?cation B Was found. Unlike the
modi?cations A and C, modi?cation B cannot be stably for
mulated.

The form B can be identi?ed by X-ray poWder diffractom
etry on the basis of its diffraction diagram. Thus an X-ray

poWder diffraction diagram recorded using CuiKot radia
tion (1 .54178 A) at 25° C. shoWs at least 3, often at least 5, and

For the preparation of the solution, essentially any knoWn
form of tembotrione can be used. Often amorphous tembot

By means of the crystallization according to the invention,
the form C is obtained With a tembotrione content of as a rule

45

especially all of the re?ections quoted in the folloWing table
as 20 values or as interplanar spacings d:

rione or a mixture of different crystalline modi?cations or a

mixture of amorphous and crystalline tembotrione Will be
used. Also suitable are crystalline forms of tembotrione and

mixtures thereof, for example the form A according to the
invention described above and the form B also described here,
not according to the invention, and mixtures of these forms.
The dissolution of the tembotrione in 2,2-dimethylpro
panol is usually effected at temperatures in the range from 80
to 150° C., in particular in the range from 90 to 130° C., in
particular from 100 to 120° C. and often at the boiling point of
the respective solvent or solvent mixture used for the crystal
lization of tembotrione, eg at the boiling point of 2,2-dim
ethylpropanol or at the boiling point of the hydrocarbon sol

55

d [A]

5.6 10.2

15.77 10.07

9.2 1 0.2

9.59 1 0.07

11.2 10.2

7.87 10.05

12.7 1 0.2

6.98 1 0.05

15.410.2

5.7410.03

18.5 1 0.2
22.6 1 0.2
25.5 1 0.2

4.79 1 0.03
3.92 1 0.02
3.49 1 0.02

Form B displays a thermogram With a characteristic melt

vent or solvent mixture.

The crystallization of form C of tembotrione is effected
according to the invention by cooling of the hot solution of
tembotrione in the respective solvent. According to a pre

20

50

60

ing peak in the range from 1 10 to 130° C. The peak maximum
typically lies in the range from 120 to 130° C. The melting
point, determined as the onset of the melting peak, typically
lies in the range from about 118° C. to 123° C., in particular

65

K/hr. Rapid cooling is not necessary, When seed crystals of

values determined by differential calorimetry (differential
scanning calorimetry: DSC, aluminum closed cup, heating

form C are used.

rate 10 K/min).

ferred embodiment, cooling is performed rapidly. This is

in the range 119 to 122° C. The values quoted here relate to

understoodto mean that the solution is cooled at a cooling rate

of at least 30 K/hr, for example at a cooling rate of 30 to 120

US 8,309,769 B2
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Preparation of Form A of Tembotrione by
Crystallization from an Organic Solvent by Addition

The production of the modi?cation B is effected analo

gously to the production of the modi?cation A, using n-pen
tanol instead of 2,2-dimethylpropanol as the solvent.
The following illustrations and examples serve to illustrate
the invention and should not be regarded as limiting.

of a 2'” Solvent

Examples 10 TO 13

FIG. 1 shoWs an X-ray poWder diffraction diagram of form
A. The X-ray diffraction diagram of form A Was recorded

A saturated solution of about 50 mg of tembotrione in the
1S’ solvent stated in Table 2 Was prepared at room temperature
in a test vessel. Next the 2'” solvent Was added dropWise until
the onset of crystallization. The test vessel Was sealed and left
at room temperature for 16 hrs. In this manner, tembotrione
Was obtained in the form of crystals, Which Were isolated and

With a Bruker-AXS Co. D-5000 diffractometer in re?ection
geometry in the range from 20:2°-40° With a step Width of

002° using CuiKot radiation (1 .54178 A) at 25° C.
FIG. 2 shoWs an X-ray poWder diffraction diagram of form
B. The X-ray diffraction diagram Was recorded under the
conditions stated for FIG. 1.
FIG. 3 shoWs an X-ray poWder diffraction diagram of form
C. The X-ray diffraction diagram Was recorded under the
conditions stated for FIG. 1.
The melting points Were determined using DSC With a
Mettler Co. Mettler Toledo DSC 25 With a heating rate of 10
K/min in the range from 25° to +140° C. The sample Weight

analyzed by X-ray poWder diffractometry (XRD). On the
basis of the characteristic re?ections, form A Was identi?ed.
TABLE 2
Example
20

Was 5 to 10 mg.

Single crystal X-ray diffraction. X-ray diffraction data Was

1“ Solvent

2'” Solvent

Crystal form

10

pyridine

n-heptane

prisms

11
12
13

dioxan
acetonitrile
dioxan

n-heptane
H2O
H2O

needles and prisms
prisms, needles
prisms

collected at 103 (2) K on a BrukerAXS CCD Detector, using

graphite-monochromated CUKO. radiation (7»:154178 A).
The structure Was solved With direct methods, re?ned, and

25

Preparation of Form A of Tembotrione by
Crystallization from an Organic Solvent With

Preparation of Form C of Tembotrione by

Crystallization from 2,2-Dimethylpropanol

expanded by using Fourier techniques With the SHELX-97
softWare package.

Example 14
30

150 mg of tembotrione Were dissolved in 0.50 ml of boiling
2,2-dimethylpropanol in a test vessel. The test vessel Was

Cooling

sealed and placed in an ice-Water bath and left there for about
40 mins. In this manner, tembotrione Was obtained in the form

Example 1
35

characteristic re?ections, form C Was identi?ed.

150 mg of tembotrione Were dissolved in 0.15 ml of boiling
methanol in a test vessel. The test vessel Was sealed and

placed in an ice-Water bath and left there for about 40 mins. In
this manner, tembotrione Was obtained in the form of crys

talline prisms, Which Were isolated and analyzed by X-ray
poWder diffractometry (XRD). On the basis of the character

Preparation of Form C of Tembotrione by
40

45

A saturated solution of about 50 mg of tembotrione in the
solvents stated in Table 1 Was prepared in a test vessel at the
boiling point of the solvent. The test vessel Was sealed and
placed in an ice-Water bath and left there for about 40 mins. In
this manner, tembotrione Was obtained in the form of crystals,

In a round bottom ?ask, 7.6 g of tembotrione Were dis
solved at 1 10° C. in 20 ml of toluene and the obtained solution
Was ?ltered at 1 10° C. Then 20 ml of n-octane Were added and
the mixture Was stirred at 110° C. until a clear solution Was
obtained. The solution Was cooled on an oil bath to 101° C.

and then some seed crystals of the form C (tip of a spatula)
50

Which Were isolated and analyzed by X-ray poWder diffrac
tometry (XRD). On the basis of the characteristic re?ections,
form A Was identi?ed.
55

Were added Without stirring. The turbid solution Was cooled
to room temperature and then stored over night at 6° C. A
solid precipitate Was ?ltered off and dried on ?lter paper. In
this manner, tembotrione Was obtained in the form of crys

talline material, Which Was analyzed by X-ray poWder dif
fractometry @(RD). On the basis of the characteristic re?ec
tions, form C Was identi?ed.

TABLE 1
Example

Crystallization from a Mixture of Toluene and
N-Octane

Example 15

istic re?ections, form A Was identi?ed.

Examples 2-9

of crystalline prisms, Which Were isolated and analyzed by
X-ray poWder diffractometry @(RD). On the basis of the

Solvent

Crystal form

2
3
4

acetic acid
acetonitrile
dioxan

5
6
7
8
9

tetrahydrofuran
ethyl methyl ketone
pyridine
dimethyl sulfoxide
nitromethane

small prisms, needles
prisms
needles and prisms
small prisms

Preparation of Form B of Tembotrione by
Crystallization from n-Pentanol (not According to
60

Comparative Example 1

prisms
prisms
small prisms, needles
prisms

Invention)

150 mg of tembotrione Were dissolved in 0.20 ml of boiling
65

n-pentanol in a test vessel. The test vessel Was sealed and

placed in an ice-Waterbath and left there for about 40 mins. In
this manner, tembotrione Was obtained in the form of crys

US 8,309,769 B2
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talline prisms, Which Were isolated and analyzed by X-ray
powder diffractometry (XRD). On the basis of the character

in a test vessel. Next hexane or Water as the 2'” solvent Was

added dropWise until the onset of crystallization. The test

istic re?ections, form B Was identi?ed.

vessel Was sealed and left at room temperature for 16 hrs. In

this manner, tembotrione Was obtained in the form of crystals,

Comparative Example 2

Which Were isolated and analyzed by X-ray poWder diffrac
tometry @(RD). In all cases mixtures of modi?cations A and

Analogously to Comparative Example 1, a saturated solu
tion of tembotrione in boiling ethyl acetate Was prepared and

B Were obtained.

cooled. In this manner, tembotrione Was obtained in the form

TABLE 5

of crystalline prisms and platelets, Which Were isolated and

analyzed by X-ray poWder diffractometry (XRD). On the

Comp. Ex. 1“ Solvent

basis of the characteristic re?ections, form B Was identi?ed.

Comparative Experiments on the Crystallization of
Tembotrione

2"‘1 Solvent

Crystal form Modi?cation

21

acetone

Water

needles

A+B

22
23

trichlorornethane
dichloromethane

n-hexane
n-hexane

prisms
needles &

A+B
A+B

prisms

Comparative Examples 3 -10
Studies on the Stability of the Modi?cations of
Tembotrione

A saturated solution of about 50 mg of tembotrione in the
solvents stated in Table 3 Was prepared in a test vessel at the

boiling point of the solvent. The test vessel Was sealed and
placed in an ice-Water bath and left there for about 40 mins. In
this manner, tembotrione Was obtained in the form of crystals,

20

The form in question or mixtures of different forms of
tembotrione Were suspended in a mixture of methanol With

Which Were isolated and analyzed by X-ray poWder diffrac

Water (volume ratio methanol:Water 1:9) at temperatures in

tometry (XRD). In all cases, mixtures of different modi?ca
tions Were obtained.

25

TABLE 3
Comp. Ex. Solvent
3
4
5
6
7
8
9
10

ethanol
1-propanol
1-butanol

2-propanol
1-hexanol
tetrachloromethane
toluene

xylene

Crystal form

Modi?cation

prisms
prisms, needles
prisms
needles, agglomerates
prisms
agglomerates, prisms
agglomerates, prisms
agglomerates, prisms

A+B
A+B
B+C
A+B
B+C
B+C
B+C
B+C

After 3 days, modi?cation B had converted completely into
modi?cation C.

Just like the known amorphous tembotrione, the forms A
and C of tembotrione are suitable as herbicides, hoWever it is
35

Comparative Examples 11-20
A saturated solution of about 50 mg of tembotrione in the
solvents stated in Table 4 Was prepared in a test vessel at the

40

boiling point of the solvent. The test vessel Was sealed and

Which Were isolated and analyzed by X-ray poWder diffrac

45

tometry (XRD). In all cases, mixtures of different modi?ca

Comp. Ex. Solvent

sion concentrates (so-called OD’s), and plant protection
agents in the form of poWders (so-called WP’s) and granules
(so-called WG’s) dispersible in Water. The invention also
Which is characterized in that the formA or C of tembotrione,
preferably as a suitable active substance preparation, is used
on plants, their habitat and/or on seeds.

The plant protection agents Which contain tembotrione in
the formA or C combat plant groWth, in particular monocoty
ledonous Weed species such as Avena, Lolium, Alopecurus,

tions Were obtained.

TABLE 4

superior to this as regards its handling and formulation prop
erties. The invention thus also relates to plant protection
agents containing the crystalline forms A or C and additives
usual for the formulation of plant protection agents, in par
ticular plant protection agents in the form of aqueous suspen
sion concentrates (so-called SC’s) or non-aqueous suspen

relates to a process for combating undesired plant groWth,

placed in polystyrene container and left there overnight. In
this manner, tembotrione Was obtained in the form of crystals,

the range from 10 to 300 C., and the temperature varied
cyclically at a rate of 0.33 K min_l.
After 2 days under these conditions, a mixture of forms A,
B and C had converted into form A.
After 8 days under these conditions, the pure modi?cations
A and C Were unchanged.

50

Crystal form

Modi?cation
A+B
A+B
B+C
A+B
B+C
B+C
B+C

55

B+C
B+C
B+C

60

Phalaris, Echinochloa, Digilaria, Selaria, Cyperus species,
Agropyron, Cynodon, Imparalo and Sorghum, and dicotyle
donous Weed species such as Galium, I/mla, Veronica,

11
12
13
14
15
16
17

ethanol
1-propanol
1-butanol
2-propanol
n-pentanol
2,2-dimethylpropanol
1-hexanol

prisms, agglomerates
prisms, needles
prisms
small prisms
prisms
small agglomerates
small prisms,

18
19
20

tetrachloromethane
toluene
xylene

agglomerates, prisms
agglomerates
agglomerates, prisms

Lamium, Slellaria, Amaranlhus, Sinapsis, lpomoea, Matri
caria, Abulilon, Sida, Convolvulus, Cirsium, Rumex andArZe
misia on non-cultivated areas very Well, particularly at high

application levels. In crops such as Wheat, barley, rye, rice,
maize, sugar beet, soya and cotton, they are active against
Weeds and noxious grasses, Without harming the crop plants
signi?cantly. This effect occurs above all at loW application

agglomerates

levels.

Depending on the particular application method, the forms
A and C of tembotrione or the plant protection agents con
taining them can also be used in a further number of crop

Comparative Examples 21 to 22

plants for the elimination of undesired plants. Possible crops
65

A saturated solution of about 50 mg of tembotrione in the
1 st solvent stated in Table 5 Was prepared at room temperature

for example include the folloWing:
Allium cepa, Ananas comosus, Arachis hypogaea, Aspara
gus o?icinalis, Avena saliva, Bela vulgaris spec. allissima,

US 8,309,769 B2
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Beta vulgaris spec. rapa, Brassica napus var. napus, Brassica
napus var. napobrassica, Brassica rapa var. silveslris, Bras

additives and/or carriers such as are usual for the formulation

of plant protection agents. In such plant protection agents, the

sica 0leracea, Brassica nigra, Camellia sinensis, Carlhamus

quantity of active substance, i.e. the total quantity of tembot

Zinclorius, Carya illinoinensis, CiZrus limon, CiZrus sinensis,

rione and of other active substances if necessary, normally
lies in the range from 1 to 98 wt. %, in particular in the range
from 10 to 95 wt. %, based on the total weight of the plant

Co?‘ea arabica (Cofea canephora, Co?‘ea liberica), Cucumis
salivus, Cynodon daclylon, Daucus carola, Elaeis guineen
sis, Fragara vesca, Glycine max, Gossypium hirsulum, (Gos

protection agent.

sypium arboreum, Gossypium herbaceum, Gossypium vilifo

All solid and liquid substances which are normally used as

lium), Helianlhus annuus, Hevea brasiliensis, Hordeum

carriers in plant protection agents, in particular in herbicide

vulgare, Humulus lupulus, lpomoea balalas, Juglans regia,

formulations are possible as carriers.
Solid carriers are for example mineral earths such as silicic

Lens culinaris, Linum usiZaZissimum, Lycopersicon lycoper
sicum, Malus spec, Manihol esculenla, Medicago saliva,

acids, silica gels, silicates, talc, kaolin, limestone, lime, chalk,

Musa spec, Nicoliana Zabacum (N. ruslica), Olea europaea,

bole, loess, clay, dolomite, diatomaceous earth, calcium and

Oryza saliva, Phaseolus lunalus, Phaseolus vulgaris, Picea

magnesium sulfate, magnesium oxide, ground plastics, fer

abies, Pinus spec, Pislacia vera, Pisum salivum, Prunus
armeniaca, Prunus avium, Prunus cerasus, Prunus dulcis,

tiliZers such as ammonium sulfate, ammonium phosphate,
ammonium nitrate, ureas and plant products such as cereal

Prunus domeslica, Prunus persica, Pyrus communis, Ribes
sylveslre, Ricinus communis, Saccharum o?icinarum, Secale

?our, tree bark, wood and nutshell ?our, cellulose powder and
other solid carriers.
Liquid carriers, as well as water, are also organic liquids,

cereale, Sinapis alba, Solanum Zuberasum, Sorghum bicolor
(S. vulgare), Theobroma cacao, Trifol ium pralense, Trilicale,
Trilicum aeslivum, Trilicum durum, l/iciafaba, VlZlS vinifera

20

of plant or animal origin, aliphatic, cyclic and aromatic

and Zea mays.
In addition, tembotrione in the form A or C or the plant

hydrocarbons, for example para?ins, tetrahydronaphthalene,
alkylated naphthalenes and derivatives thereof, alkylated

protection agents containing them can also be used in crops

which through breeding including genetic engineering meth

for example mineral oil fractions of medium to high boiling
point such as kerosene and diesel oil, also coal tar oils and oils

25

benZenes and derivatives thereof, including aromatic and

non-aromatic hydrocarbon mixtures, for example the prod

ods are tolerant towards the action of herbicides.
Further, tembotrione in the form A or C or the plant pro

ucts marketed under the trade names Exxsol and Solvesso,

tection agents containing them can also be used in crops

alcohols such as propanol, butanol and cyclohexanol, ketones

which through breeding including genetic engineering meth
ods are tolerant towards insect or fungal attack.
The forms A and C of tembotrione are also just as suitable

as the known amorphous tembotrione for the defoliation and
desiccation of plant parts, for example for crop plants such as
cotton, potato, rape, sun?ower, soya bean or ?eld beans, in
particular cotton. In this regard, embodiments of the inven

30

35

tion also relate to agents for the desiccation and/ or defoliation

of plants, processes for the production of these agents and
methods for the desiccation and/or defoliation of plants using
the forms A and C of tembotrione.
The forms A and C of tembotrione are in particular suitable
as desiccants for the desiccation of the aboveground parts of
crop plants such as potato, rape, sun?ower and soya bean, but

olives or other species and varieties of pomaceous, stone and
shelled fruit. The same mechanism, i.e. the promotion of the
formation of separation tissue between fruit or leaf and shoot

of the plants is also signi?cant for well-controlled defoliation
of useful plants, in particular cotton.
In addition, the shortening of the time interval in which the
individual cotton plants become ripe leads to heightened ?ber
quality after the harvest.

40

tion, or 0.5 to 100 wt. %, based on the total quantity of solid
45

active substances in the formulation. Preferably, the surface
active substance include at least one anionic surface-active
substance and at least one nonionic surface-active substance,

and the proportion of anionic to nonionic surface-active sub
stance typically lies in the range from 10:1 to 1:10.
50

Examples of anionic surfactants include alkyl aryl-sul
fonates, aromatic sulfonates, for example ligninsulfonates

(Borresperse types, Borregaard), phenylsulfonates, naphtha
55

directly sprayable aqueous solutions, powders, suspensions
and also high concentration aqueous, oily or other suspen
60

agents or granules by spraying, misting, dusting, scattering or
pouring. The use forms are determined by the use purposes; in

each case, they should ensure the ?nest possible distribution
of the active substances according to the invention.
The plant protection agents according to the invention con
tain tembotrione either in formA or in form C, i.e. in a purity,
based on the modi?cation in question, of at least 90 wt. %, and

Possible surface-active substances are preferably anionic
and nonionic surfactants. Protective colloids are also suitable
surface-active substances.
The quantity of surface-active substances will as a rule be
0.1 to 50 wt. %, in particular 0.5 to 30 wt. %, based on the total

weight of the plant protection agents according to the inven

Tembotrione in the forms A or C or the plant protection
agents containing them can for example be used in the form of

sions, oil suspensions, pastes, dusting agents, scattering

ticular those wetting agents, emulsi?ers and dispersant (addi
tives) normally used in plant protection agents, and also vis
cosity-modifying additives (thickeners and rheology
modi?ers), antifoaming agents, antifreeze agents, pH adjust
ing agents, stabilizers, anticaking agents and biocides (pre

servatives).

also cereals. This enables completely mechanical harvesting
of these important crop plants.
Also of scienti?c interest is the facilitation of harvesting
which is enabled by the time-concentrated dropping or reduc
tion of the strength of attachment to the tree with citrus fruits,

such as cyclohexanone, and strongly polar solvents, for
example amides such as N-methyl-pyrrolidone.
Typical additives include surface-active substances, in par

lenesulfonates (Morwet types, AkZo Nobel), dibutylnaphtha
lenesulfonates (Nekal types, BASF), alkyl sulfates, in par
ticular fatty alcohol sulfates, lauryl sulfates, and sulfated
hexadeca-; heptadeca- and octadecanols, alkylsulfonates,
alkyl ether sulfates, in particular fatty alcohol (poly)glycol
ether sulfates, alkyl aryl ether sulfates, alkyl polyglycol ether

phosphates, polyarylphenyl ether phosphates, alkyl-sulfos
uccinates, ole?n sulfonates, paraf?n sulfon-ates, petroleum
sulfonates, taurides, sarcosides, fatty acids, alkylnaphthale
nesulfonic acids, naphthalene-sulfonic acids, ligninsulfonic
acids, condensation products of sulfonated naphthalenes with
formaldehyde, condensation products of sulfonated naphtha

65

lenes with formaldehyde and phenol and optionally urea and
condensation products of phenolsulfonic acid with formalde
hyde and urea, lignin sul?te waste liquor, alkyl phosphates,

US 8,309,769 B2
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alkyl aryl phosphates, for example tristyryl phosphates, and

acids and salts thereof, foam suppressants of the aqueous Wax

polycarboxylates such as for example polyacrylates, maleic

anhydride/ole?n copolymers (for example Sokalan® CP9,

dispersion type, solid foam suppressants (so-called Com
pounds) and organo?uorine compounds and mixtures

BASF), including the alkali metal, alkaline earth, ammonium
and amine salts of the aforesaid substances. Preferred anionic

thereof. The quantity of antifoaming agent is typically 0.1 to
1 Wt. %, based on the total Weight of the plant protection

surface-active substances are those Which bear at least one

agent.

sulfonate group and in particular the alkali metal and ammo
nium salts thereof.
Examples of non-ionic surface-active substances are alky

The plant protection agents according to the invention can
also contain preservatives for stabiliZation. Suitable preser
vatives are those based on isothiaZol-ones, for example
Proxel® from lCl Co., orActicide® from Thor Chemie Co. or
Kathon® MK from Rohm & Hass Co. The quantity of pre
servative is typically 0.05 to 0.5 Wt. %, based on the total

lphenol alkoxylates, in particular ethoxylates and ethoxylate
copropoxylates of octylphenol, isooctylphenol, nonylphenol
and tributylphenol, di- and tristyrylphenol alkoxylates, alco
hol alkoxylates, in particular fatty alcohol ethoxylates and
fatty alcohol ethoxylate-copropoxylates, for example alkoxy
lated isotridecanol, fatty amine alkoxylates, polyoxyethylene
glycerol fatty acid esters, castor oil alkoxylates, fatty acid
alkoxylates, fatty acid amide alkoxylates, fatty acid polydi
ethanolamides, lanolin ethoxylates, fatty acid polyglycol
esters, isotridecyl alcohol, ethoxylated fatty acid amides,

ethoxylated fatty acid esters, alkyl polyglycosides, ethoxy
lated alkyl polyglycosides, sorbitan fatty acid esters, ethoxy
lated sorbitan fatty acid esters, glycerol fatty acid esters,
loWer molecular Weight polyalkylene oxides such as polyeth
ylene glycol, polypropylene oxide, polyethylene oxide co
propylene oxide di- and tri-block copolymers, and mixtures

Weight of the SC.
Aqueous plant protection agents, i.e. those With an a aque
ous carrier, often contain antifreeze agents. Suitable anti

freeZe agents are liquid polyols, for example ethylene glycol,
propylene glycol or glycerine, and urea. The quantity of anti
freeZe agent is as a rule 1 to 20 Wt. %, in particular 5 to 10 Wt.

%, based on the total Weight of the aqueous plant protection
20

modi?cationA or C are used for seed treatment, they can also
contain normal components such as are used for seed treat

ment, for example in dressing or coating. In addition to the
25

thereof. Preferred nonionic surface-active substances are

fatty alcohol ethoxylates, alkyl polyglycosides, glycerol fatty
acid esters, castor oil ethoxylates, fatty acid ethoxylates, fatty
acid amide ethoxylates, lanolin ethoxylates, fatty acid polyg
lycol esters, ethylene oxide propylene oxide block copoly

Water and also dyes soluble in Water are usable here. As
30

35

teins such as casein, polysaccharides such as Water-soluble

starch derivatives and cellulose derivatives, hydrophobically
modi?ed starches and celluloses, for example methylcellu
lose, and also polycarboxylates such as polyacrylic acid,
acrylic acid copolymers and maleic acid copolymers (BASF
Sokalan types), polyvinyl alcohol (MoWiol types from Clari

Pigment Blue 15:4, Pigment Blue 15:3, Pigment Blue 15:2,
Pigment Blue 15: 1, Pigment Blue 80, Pigment YelloW 1,
Pigment YelloW 13, Pigment Red 48:2, Pigment Red 48:1,
Pigment Red 57:1, Pigment Red 53:1, Pigment Orange 43,
Pigment Orange 34, Pigment Orange 5, Pigment Green 36,
Pigment Green 7, Pigment White 6, Pigment BroWn 25, Basic

40
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colorant Will normally not constitute more than 20 Wt. % of
the formulation and preferably lies in the range from 0.1 to 15
Wt. %, based on the total Weight of the formulation.
All binders normally usable in dressings come under con
sideration as adhesives. Examples of suitable binders include

done copolymers, polyvinyl amines, polyethyleneimines
(Lupasol types from BASF) and higher molecular Weight

thermoplastic polymers such as poly-vinylpyrrolidone, poly
vinyl acetate, polyvinyl alcohol and tylose and also polyacry

lates, polymethacrylates, polybutenes, polyisobutenes, poly

The plant protection agents according to the invention can
also contain one or more additives modifying the viscosity

(rheology modi?ers). These are understood in particular to

examples, the dyes and pigments knoWn under the names
Rhodamin B, CI. Pigment Red 112 and CI. Solvent Red 1,

Violet 10, Basic Violet 49, Acid Red 51, Acid Red 52, Acid
Red 14,Acid Blue 9,AcidYelloW 23, Basic Red 10, Basic Red
10 and Basic Red 108 may be mentioned. The quantity of

ant), polyalkoxylates, polyvinylpyrrolidone, vinylpyrroli
polyalkylene oxides such as polyethylene glycol, polypropy
lene oxides, and polyethylene oxide co-polypropylene oxide
di- and tri-block copolymers.

aforesaid components, these include in particular colorants,
adhesives, ?llers and plasticizers.
All the dyes and pigments usual for such purposes are
possible as colorants. Both pigments of loW solubility in

mers and mixtures thereof.

Protective colloids are typically Water-soluble,
amphiphilic polymers Which unlike the aforesaid surfactants
typically have molecular Weights over 2,000 daltons (number
average). Examples thereof are proteins and denatured pro

agent.
If the plant protection agents containing the crystalline

50

mean substances and substance mixtures Which impart modi
?ed ?oW behavior to the formulation, for example a high

styrene, polyethylene amines, polyethylene amides, the
aforesaid protective colloids, polyesters, polyether esters,
polyanhydrides, polyester urethanes, polyester amides, ther
moplastic polysaccharides, for example cellulose derivatives

viscosity in the resting state and loW viscosity in the moving

such as cellulose esters, cellulose ethers, cellulose ether

state. The nature of the rheology modi?er is determined by the
nature of the formulation. As examples of rheology modi?ers,

esters, including methylcellulose, ethylcellulose, hydroxym
ethylcellulose, carboxymethylcellulose, hydroxypropyl cel

55

inorganic substances, for example layer silicates and organi

lulose and starch derivatives and modi?ed starches, dextrins,

cally modi?ed layer silicates such as bentonites or attapulg

maltodextrins, alginates and chitosans, and also fats, oils,
proteins, including casein, gelatin and Zein, gum Arabic and

ites (for example Attaclay®, Engelhardt Co.), and organic
substances such as polysaccharides and heteropolysaccha
rides such as Xanthan Gum® (KelZan® from Kelco Co.),

60

shellac. The adhesives are preferably plant-compatible, i.e.
they exhibit no, or no signi?cant, phytotoxic effects. The

adhesives are preferably biodegradable. The adhesive is pref

Rhodopol® 23 (Rhone Poulenc) or Veegum® (R.T. Vander
bilt Co.) should be mentioned. The quantity of the viscosity

erably selected such that it acts as a matrix for the active

modifying additives is often 0.1 to 5 Wt. %, based on the total

components of the formulation. The quantity of adhesive Will

Weight of the plant protection agent.

normally not constitute more than 40 Wt. % of the formulation
and preferably lies in the range from 1 to 40 Wt. % and in
particular in the range from 5 to 30 Wt. %, based on the total

Examples of antifoaming agents are the silicone emulsions
knoWn for this purpose (Silikon® SRE, Wacker Co. or

Rhodorsil® from Rhodia Co.), long-chain alcohols, fatty

65

Weight of the formulation.
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In addition to the adhesive, the formulation for seed treat
ment can also contain inert ?llers. Examples of these are the

face-active substances Will as a rule be 1 to 50 Wt. %, in

particular 2 to 30 Wt. %, based on the total Weight of the
aqueous SCs according to the invention. Preferably the sur

aforesaid solid carriers, in particular ?nely divided inorganic
materials such as clays, chalk, bentonite, kaolin, talc, perlite,
mica, silica gel, diatomaceous earth, quartz poWder and
montmorillonite but also ?ne-particle organic materials such

face-active substances include at least one anionic surface
active substance and at least one nonionic surface-active sub

stance, and the proportion of anionic to nonionic surface
active substance typically lies in the range from 10:1 to 1:10.

as Wood ?our, cereal ?our, active charcoal and the like. The

Concerning the nature and quantity of the antifoaming
agents, thickeners, antifreeZe agents and biocides, the same

quantity of ?ller is preferably selected such that the total
quantity of ?ller does not exceed 70 Wt. %, based on the total

Weight of all non-volatile components of the formulation.
Often, the quantity of ?ller lies in the range from 1 to 50 Wt.
%, based on the total Weight of all non-volatile components of

applies as aforesaid.
If necessary, the aqueous SCs according to the invention
can contain buffers for pH regulation. Examples of buffers are
alkali metal salts of Weak inorganic or organic acids, such as

the formulation.
In addition, the formulation for seed treatment can also
contain a plasticiZer Which increases the ?exibility of the

for example phosphoric acid, boric acid, acetic acid, propi

coating. Examples of plasticiZers are oligomeric polyalky

and succinic acid.

lene glycols, glycerine, dialkyl phthalates, alkylbenZyl phtha

According to a second preferred embodiment, the liquid
phase consists of non-aqueous organic solvents in Which the

onic acid, citric acid, fumaric acid, tartaric acid, oxalic acid

lates, glycol benZoates and comparable compounds. The
quantity of plasticiZer in the coating often lies in the range
from 0.1 to 20 Wt. %, based on the total Weight of all non

20

volatile components of the formulation.
A preferred embodiment of the invention relates to liquid

These include in particular aliphatic and cycloaliphatic
hydrocarbons and oils, in particular those of plant origin, and

formulations of the forms A or C. In addition to the solid

active substance phase, these have at least one liquid phase, in
Which tembotrione is present in form A or C in the form of

also C l-C4 alkyl esters of saturated or unsaturated fatty acids
25

dispersed ?ne particles. Possible liquid phases are essentially
Water and those organic solvents in Which the form A or form

C is only slightly soluble, or insoluble, for example those
Wherein the solubility of the form A or form C at 250 C. and
1013 mbar is not more than 1 Wt. %, in particular not more
than 0.1 Wt. %, and especially not more than 0.01 Wt. %.

30

phase. The siZe of the active substance particles, i.e. the siZe
35

20 um. Advantageously, in the non-aqueous suspension con
centrates, at least 40 Wt. % and in particular at least 60 Wt. %

alkanols such as isopropanol or polyols such as glycol, glyc
40

formulations are also referred to beloW as suspension concen

trates (SCs).
45

aqueous phase. The siZe of the active substance particles, i.e.
the siZe Which 90 Wt. % of the active substance particles do
not exceed, here typically lies beloW 30 pm, in particular
beloW 20 um. Advantageously, in the SCs according to the
invention, at least 40 Wt. % and in particular at least 60 Wt. %
of the particles have diameters beloW 2 pm.

agents, agents to modify the rheology and stabiliZers (bio
50

of surface-active substances Will as a rule be 1 to 30 Wt. %, in

particular 2 to 20 Wt. %, based on the total Weight of the
non-aqueous SCs according to the invention. Preferably the
55
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combination With a protective colloid. The quantity of sur

stance, and the proportion of anionic to nonionic surface
active substance typically lies in the range from 10:1 to 1:10.
The forms A and C of tembotrione according to the inven
tion can also be formulated as solid plant protection agents.

These include poWder, scattering and dusting agents but also

named surface-active substances. Preferably the aqueous
plant protection agents according to the invention contain at
necessary one or more nonionic surfactants, if necessary in

surface-active substances include at least one anionic surface
active substance and at least one nonionic surface-active sub

Water-dispersible poWders and granules, for example coated,
impregnated and homogenous granules. Such formulations

Possible surface-active substances are the previously

least one of the previously named anionic surfactants and if

Possible surface-active substances are preferably the pre

viously named anionic and nonionic surfactants. The quantity

Weight of the suspension concentrate.
In addition to the active substance, aqueous suspension
concentrates typically contain surface-active substances, and
also if necessary antifoaming agents, thickeners (:rheology

modi?ers), antifreeZe agents, stabiliZers (biocides), agents
for adjusting the pH and anticaking agents.

of the particles have diameters beloW 2 pm.
In such ODs, the quantity of active substance, i.e. the total
quantity of tembotrione and of other active substances if
necessary, usually lies in the range from 10 to 70 Wt. %, in
particular in the range from 20 to 50 Wt. %, based on the total
Weight of the non-aqueous suspension concentrate.
In addition to the active substance and the liquid carrier,
non-aqueous suspension concentrates typically contain sur
face-active substances, and also if necessary antifoaming

cides).

In such SCs the quantity of active substance, i.e. the total
quantity of tembotrione and of other active substances if
necessary, usually lies in the range from 10 to 70 Wt. %, in
particular in the range from 20 to 50 Wt. %, based on the total

Which 90 Wt. % of the active substance particles do not

exceed, here typically lies beloW 30 pm, in particular beloW

such as tetrahydrofuran, methyl glycol, methyl diglycol,

Such suspension concentrates contain tembotrione as form
A or as form C in a ?nely divided particulate form, Wherein
the particles of the form A or C are present suspended in an

protection in the form of a non-aqueous suspension concen
trate, Which Will also be referred to beloW as OD (oil-disper
sion). Such ODs contain the formA or form C of tembotrione
the form A or C are present suspended in a non-aqueous

miscible With Water, for example ethers miscible With Water

erine, diethylene glycol, propylene glycol and the like. Such

or fatty acid mixtures, in particular the methyl esters, for
example methyl oleate, methyl stearate and rape oil methyl
ester, but also para?inic mineral oils and the like. Accord
ingly, the present invention relates also to agents for plant

in a ?nely divided particulate form, Wherein the particles of

According to a ?rst preferred embodiment, the liquid phase
is selected from Water and aqueous solvents, i.e. solvent mix
tures Which in addition to Water also contain up to 20 Wt. %,
preferably hoWever not more than 10 Wt. %, based on the total
quantity of Water and solvent, of one or more organic solvents

solubility of the form A or C of tembotrione at 250 C. and
1013 mbar is not more than 1 Wt. %, in particular not more
than 0.1 Wt. %, and especially not more than 0.01 Wt. %.

can be produced by mixing or simultaneous grinding of the
65

forms A or C of tembotrione With a solid carrier and if nec

essary other additives, in particular surface-active substances.
Granules can be produced by binding of the active substances
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to solid carriers. Solid carriers are mineral earths such as

VI. Aqueous Suspension Concentrate:

silicic acids, silica gels, silicates, talc, kaolin, limestone, lime,
chalk, bole, loess, clay, dolomite, diatomaceous earth, cal
cium and magnesium sulfate, magnesium oxide, ground plas

20 parts by Weight of form A or form C are ground to a ?ne
active substance suspension in a stirred ball mill With the

addition of l 0 parts by Weight of dispersants and Wetting
agents and 70 parts by Weight of Water. On dilution in

tics, fertilizers such as ammonium sulfate, ammonium phos
phate, ammonium nitrate, ureas and plant products such as
cereal ?our, tree bark, Wood and nutshell ?our, cellulose

Water, a stable suspension of the active substance is
obtained. The active substance content in the formula

poWder or other solid carriers. Solid formulations can also be

tion is 20 Wt. %.

VII. Water-Dispersible and Water-Soluble Granules
50 parts by Weight of form A or form C are ?nely ground
With the addition of 50 parts by Weight of dispersants and
Wetting agents and formulated as Water-dispersible or
Water-soluble granules by means of industrial devices

produced by spray drying, if necessary in the presence of
polymeric or inorganic drying aids, and if necessary in the
presence of solid carriers. For the production of solid formu
lations of tembotrione of form A or C, extrusion processes,

?uidized bed granulation, spray granulation and comparable

(for example extrusion, spray toWer, ?uidized bed). On

technologies are suitable.
Possible surface-active substances are the previously

dilution in Water, a stable dispersion or solution of the
active substance is obtained. The formulation has an
active substance content of 50 Wt. %.

named surfactants and protective colloids. The quantity of
surface-active substances Will as a rule be 1 to 30 Wt. %, in

VIII. Water-Dispersible and Water-Soluble PoWder

particular 2 to 20 Wt. %, based on the total Weight of the solid
formulation according to the invention.

In such solid formulations, the quantity of active substance,
ie the total quantity of tembotrione and of other active sub

75 parts by Weight of form A or form B are ground in a
20

stances if necessary, usually lies in the range from 10 to 70 Wt.
%, in particular in the range from 20 to 50 Wt. %, based on the

total Weight of the solid formulation.

The folloWing formulation examples illustrate the produc

25

rotor-stator mill With the addition of 25 parts by Weight
of dispersants and Wetting agents and also silica gel. On
dilution in Water, a stable dispersion or solution of the
active substance is obtained. The active substance con
tent of the formulation is 75 Wt. %.
IX. Gel Formulations:

20 parts by Weight offormA or form C, 10 parts by Weight
of dispersant, 1 part by Weight of gelling agent and 70

tion of such preparations:
I. Water-Dispersible PoWder:
20 parts by Weight of formA or form C are mixed Well With

parts by Weight of Water or an organic solvent are ground

3 parts by Weight of the sodium salt of diisobutylnaph
thalenesulfonic acid, 17 parts by Weight of the sodium

to a ?ne suspension in a ball mill. On dilution in Water, a
30

salt of a ligninsulfonic acid from a sul?te Waste liquor

stable suspension is obtained. The active substance con
tent of the formulation is 20 Wt. %.

and 60 parts by Weight of powdered silica gel and ground

X. Directly Usable Granules (GR, FG, GG, MG)

in a hammer mill. In this manner, a Water-dispersible

0.5 parts by Weight of the form A or form C are ?nely
ground and combined With 99.5 parts by Weight of car
riers. Common processes here are extrusion, spray dry
ing or ?uidized bed. Granules for direct application With

poWder Which contains the form A or C is obtained.

II. Dusting Agent

35

5 parts by Weight of the form A or form C are mixed With

95 parts by Weight of ?nely divided kaolin. In this man

0.5 Wt. % active substance content are thus obtained.
The application of the form A or form C or the herbicidal

ner, a dusting agent Which contains 5 Wt. % of the form
A or C is obtained.

III. Non-Aqueous Suspension Concentrate:

40

20 parts by Weight of form A or form C are mixed inti

mately With 2 parts by Weight of the calcium salt of

containing the form A or form C With Water. The spray ?uids
can also contain other components in dissolved, emulsi?ed or

dodecylbenzenesulfonic acid, 8 parts by Weight of fatty
alcohol polyglycol ether, 2 parts by Weight of the sodium
salt of a phenolsulfonic acid urea formaldehyde conden

suspended form, for example fertilizers, active substances of
45

sate and 68 parts by Weight of a para?inic mineral oil. A
stable, non-aqueous suspension concentrate of the form
A or C is obtained.

or bacteria, and also mineral salts Which are used for the
50

the addition of 10 parts by Weight of dispersants and
Wetting agents and 70 parts by Weight of a paraf?nic
mineral oil. A stable, non-aqueous suspension concen
trate of the formA or C is obtained. On dilution in Water,
a stable suspension of the active substance is obtained.
The active sub stance content in the formulation is 20 Wt.
%.

55

emergence or in a post-emergence method. If tembotrione is

60

by Weight of a poly(ethylene glycol)(propylene glycol)
block copolymer, 2 parts by Weight of a phenolsulfonic
acid formaldehyde condensate and about 1 part by
Weight of other additives (thickeners, foam suppres
sants) in a mixture of 7 parts by Weight of propylene
glycol and 63 parts by Weight of Water.

elimination of nutritional and trace element de?ciencies, and
non-phytotoxic oils and oil concentrates. As a rule, these
components are added to the spray ?uid before, during or
after the dilution of the formulations according to the inven
tion.
The application of the form A or form C or of the plant
protection agents containing them can be effected in a pre

less tolerable for certain crop plants, application techniques

V. Aqueous Suspension Concentrate:
10 parts by Weight of formA or form C are formulated as an
aqueous suspension concentrate in a solution of l 7 parts

other herbicidal or groWth-regulating active substance

groups, other active substances, for example active sub
stances for combating animal pests or phyto-pathogenic fungi

IV. Non-Aqueous Suspension Concentrate:
20 parts by Weight of form A or form C are ground to a ?ne
active substance suspension in an agitator ball mill With

agents containing them is effected, if the formulation is not
already ready for use, in the form of aqueous spray ?uids.
These are prepared by dilution of the aforesaid formulations

can be used Wherein the herbicidal agents are sprayed using
the spraying equipment in such a manner that the leaves of the
sensitive crop plants are as far as possible not hit, While the
active substances reach the leaves of undesired plants groW
ing under them or the uncovered soil surface (post-directed,

lay-by).
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The quantities of tembotrione applied are 0.001 to 3.0 kg
active substance per hectare, preferably 0.01 to 1.0 kg active
substance (a.S)/ha, depending on the treatment aim, season,

target plants and groWth stage.
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2. The crystalline form A of claim 1 With a content of

In a further embodiment, the application of the form A or

2-[2-chloro-4-methylsulfonyl-3-(2,2,2-tri?uoroethoxym

form C or the plant protection agent containing them can be
effected by treatment of seed.
Treatment of seed essentially includes all techniques With
Which the person skilled in the art is familiar (seed dressing,

ethyl)benZoyl]cyclohexan-l,3-dione of at least 94 Wt. %.

3.
2-[2-chloro-4-methylsulfonyl-3 -(2,2,2-tri?uoro
ethoxymethyl)benZoyl]cyclohexan-l,3-dione consisting of

seed coating, seed dusting, seed soaking, seed ?lm coating,
seed multilayer coating, seed encrusting, seed dripping and

at least 90 Wt. % of crystalline formA of claim 1.

seed pelleting) on the basis of tembotrione in form A or C, or

claim 1, comprising:

4. A process for the production of the crystalline formA of

agents prepared therefrom. Here the plant protection agents

i) preparing a solution of 2-[2-chloro-4-methylsulfonyl-3
(2,2,2-tri?uoro-ethoxymethyl) -benZoyl] cyclohexan-l ,

can be applied diluted or undiluted.

The term seed includes seed of all types, for example

3-dione in a polar organic solvent Which is selected from

grains, seeds, fruits, tubers, cuttings and similar forms. Pref

the group consisting of cyclic ethers, acetonitrile,

erably, the term seed here describes grains and seeds.
As seed, seed of the crop plants mentioned above but also
the seeds of transgenic plants or those obtained by conven

methanol, nitromethane, acetic acid, methyl ethyl
ketone, pyridine and dimethyl sulfoxide, and
ii) effecting a crystallization of 2-[2-chloro-4-methylsul

fonyl-3-(2,2,2-tri?uoro-ethoxymethyl)-benZoyl]cyclo

tional breeding methods can be used.
For the seed treatment, tembotrione is normally used in

quantities of 0.001 to 10 kg per 100 kg of seed.
To broaden the spectrum of action and to achieve synergis
tic effects, the forms A or C can be mixed and applied together
With many members of other herbicidal or groWth regulating

hexan-l ,3 -dione

thereby obtaining the crystalline form A of 2-[2-chloro-4
20

Zoyl]cyclohexan-l ,3 -dione.
5. A crystalline form C of 2-[2-chloro-4-methyl-sulfonyl
3 -(2,2,2-tri?uoroethoxymethyl) -benZoyl] -cyclohexan- l ,3 -

active sub stance groups. In addition, it can be advantageous to

formulate or apply tembotrione together With safeners.

For example,

l,2,4-thiadiaZoles,

l,3,4-thiadiaZoles,

25

amides, aminophosphoric acids and derivatives thereof, ami

dione, Which in an X-ray poWder diffraction diagram at 25 ° C.
and CuiKot radiation displays at least 3 of the folloWing

re?ections, quoted as 26 values: 7.4:0.2°, l0.8:0.2°,
l4.8:0.2°, l6.6:0.2°, 2l.l:0.2°, 21 .61020 and 33.6:0.2°.

notriaZoles, anilides, aryloxy-/heteroaryloxyalkanoic acids
and derivatives thereof, benZoic acid and derivatives thereof,

benZothiadiaZinones, 2-(heteroyl-/aroyl)- l ,3-cyclohexanedi
ones, heteroaryl aryl ketones, benZylisoxaZolidinones, meta

methylsulfonyl-3-(2,2,2-tri?uoroethoxymethyl)-ben

6. The crystalline form C of claim 5 With a content of

2-[2-chloro-4-methylsulfonyl-3-(2,2,2-tri?uoroethoxym
30

CF3-phenyl derivatives, carbamates, quinolinecarboxylic

ethyl)benZoyl]cyclohexan-l,3-dione of at least 94 Wt. %.

acid and derivatives thereof, chloracetanilides, cyclohex

7.
2-[2-chloro-4-methylsulfonyl-3-(2,2,2-tri?uoro
ethoxymethyl)benzoyl]-cyclohexan-1,3 -dione consisting of

anone oxime ether derivatives, diaZines, dichloropropionic

at least 90 Wt. % of crystalline form C of claim 5.

acid and derivatives thereof, dihydrobenZofurans, dihydrofu

ran-3-ones, dinitroanilines, dinitrophenols, diphenyl ethers,

35

dipyridyls, halogen-carboxylic acids and derivatives thereof,
ureas, 3-phenyluracils, imidaZoles, imidaZolinones, N-phe

i) preparing a hot solution having a temperature of at least
80° C. of 2-[2-chloro-4-methylsulfonyl-3-(2,2,2-trif

nyl-3,4,5,6-tetra-hydrophthalimides, oxadiaZoles, oxiranes,
phenols, aryloxy- and heteroaryloxyphenoxypropionic acid
esters, phenylacetic acid and derivatives thereof, 2-phenyl
propionic acid and derivatives thereof, pyraZoles, phe
nylpyraZoles, pyridaZines, pyridinecarboxylic acid and
derivatives thereof, pyrimidyl ethers, sulfonamides, sulfony
lureas, triaZines, triaZinones, triaZolinones, triaZolecarboxa
mides, uracils and phenylpyraZolines and isoxaZolines and
derivatives thereof are possible mixing partners. Particularly

luoroethoxymethyl) -benZoyl] cyclohexan- l ,3-dione in
40

phatic hydrocarbon, and

fonyl-3-(2,2,2-tri?uoroethoxymethyl)-benZoyl]cyclo
45

hexan-l,3-dione by cooling of the solution
thereby obtaining the crystalline form C of 2-[2-chloro-4

methylsulfonyl-3-(2,2,2-tri?uoroethoxymethyl)-ben
Zoyl]cyclohexan-l ,3 -dione.
9. A plant protection agent containing 2-[2-chloro-4-me

laZin, bromoxynil, the sodium salt thereof and esters thereof

With C4-C8 carboxylic acids, dicamba, S-metolachlor or

thylsulfonyl-3-(2,2,2-tri?uoroethoxymethyl)-benZoyl]cy
50

clohexan-l,3-dione Which consists of at least 90 Wt. % of the
crystalline form A of claim 1, and one or more additives

customary for the formulation of plant protection agents.

further plant protection agents, together for example With
agents for combating pests or phytopathogenic fungi or bac
teria. Also of interest is the miscibility With mineral salt

2,2-dimethyl-propanol or in an aromatic hydrocarbon or
in a mixture of an aromatic hydrocarbon With an ali

ii) effecting a crystallization of 2-[2-chloro-4-methylsul

suitable as mixing partners are coherbicides such as terbuthy

pethoxamid, and safeners such as isoxadifen.
In addition, it can be of value to apply the formA or C alone
or in combination With other herbicides also mixed With still

8. A process for the production of the crystalline form C of
claim 5 comprising:
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solutions Which are used for the elimination of nutritional and
trace element de?ciencies. Additives such as non-phytotoxic
oils and oil concentrates can also be added.

10. The plant protection agent of claim 9 in the form of an
aqueous suspension concentrate.
11. The plant protection agent of claim 9 in the form of a
non-aqueous suspension concentrate.
12. The plant protection agent of claim 9 in the form of a
poWder or granules dispersible in Water.

13. A plant protection agent containing 2-[2-chloro-4-me
The invention claimed is:

60

thylsulfonyl-3-(2,2,2-tri?uoroethoxymethyl)-benZoyl]cy

1. A crystalline form A of 2-[2-chloro-4-methyl-sulfonyl

clohexan-l,3-dione Which consists of at least 90 Wt. % of the

3-(2,2,2-tri?uoroethoxymethyebenZoyl]-cyclohexan-l,3-di

crystalline form C of claim 5 and one or more additives

one, Which in an X-ray poWder diffraction diagram at 250 C.
and CuiKot radiation displays at least 3 of the folloWing

customary for the formulation of plant protection agents.

re?ections, quoted as 26 values: 5610.20, 8.9:0.2°,

ll.l:0.2°, l4.0:0.2°, l8.9:0.2°, 23.4:0.2°, 26.7:0.2°,
28.9:0.2° and 36.2:0.2°.

14. The plant protection agent of claim 13 in the form of an
aqueous suspension concentrate.
15. The plant protection agent of claim 13 in the form of a
non-aqueous suspension concentrate.
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16. The plant protection agent of claim 13 in the form of a
poWder or granules dispersible in Water.
17. A method for combating undesired plant groWth,

18. A method for combating undesired plant growth,
Wherein 2-[2-chloro-4-methylsulfonyl-3-(2,2,2-tri?uoroet
hoXymethyl)-benZoyl]cyclohexan-l,3-dione consisting of at

Wherein 2-[2-chloro-4-methylsulfonyl-3-(2,2,2-tri?uoroetleast 90 Wt. % of the crystalline form C of claim 5 is used on
hoxymethyl)-benZoyl]cyclohexan-l,3-dione consisting of at 5 plants, the habitat thereof and/or on seeds.
least 90 Wt. % of the crystalline form A of claim 1 is used on
plants, the habitat thereof and/or on seeds.
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