
EP 0 437 354 B1 Description This invention concerns the manufacture of
3-isothiazolones and in particular it is concerned with a process for
preparing 3-isothiazolones containing little or no salt ("salt-free"), and
also little or no water 5  ("water-free"). 3-Isothiazolones of the formula:
(err) 10 (err) wherein Y is an alkyl or substituted alkyl of 1 to 10 carbon
atoms; an unsubstituted or halogen substituted alkenyl or alkynyl of 2 to
10 carbon atoms; an aralkyl or halogen-, lower alkyl-, or lower
alkoxy-substituted aralkyl of up to 10 carbon atoms; X is hydrogen or a (C1
-C2)alkyl; and XI Is hydrogen, chlorine, or a (C1 - C2)alkyl are disclosed
In U.S-A-3,523,121 and 3,761,488. These 3-isothiazolones are well known as
microbicides and are employed in many industrial and household systems.
Since the 3-Isothiazolones in aqueous solutions are generally unstable,
stabilizing divalent metal salts as described in U.S.-A-3,870,795 and
4,087,878 are usually Incorporated. In certain applications, e.g.,
preservation of latex emulsion, these metal stabilization salts cause 26
problems which can reduce the performance or value of such systems. Another
problem with such metal stablization salts Is that they cause corrosion in
certain systems. For example, chloride salts have a corrosive effect on
many metals and are to be avoided where possible. In water treatment
systems where low cation and anion levels are important, it is desirable to
eliminate such salts. In the stabilization of plastic articles, salts may
contribute to deterioration of optical properties and/or 30  increase water
pickup and haze, levels. In some cosmetic formulations, it is also
important to eliminate inorganic salt, especially nitrate. isothiazolone
hydrochloride salts (isothiazolone-HCI) are generated in the general prior
art process for manufacturing isothiazolones. Such a process for the
manufacture of a mixture of 5-chloro-2-methyl-3- isothiazolone and
2-methyl-3-isothlazolone is described in U.S.-A-3,849,430 and EP-A-95907,
The as  isothiazolone. HCI is generated in the chlorination/cyclization
step of this process during which either a di- (or tri)thiodiamide or a
mercaptoamide is cyclized: (err) 40       (err) (err) (err) 0
(err)   other isothiazolones (err) 55 The chlorination slurry is then
filtered, and the isothiazolone-HCI cake is washed and reslurried or
dissolved in the same or different solvent. In aqueous systems, a
neutralizing agent such as magnesium oxide or calcium oxide is then added
to yield the free base Isothiazolone and a chloride salt: 2    EP0437364B1
neutralizing agent + solvent (err) 



10                                                    +      chloride salt
(err) 15     Certain organic amines have been suggested as neutralizing
agents in non-aqueous organic media In U.S.-A-4,824,957. Such organic
amines produce organic amine hydrohalide salts as byproduct neutralization
salts. The amount of organic amine required to neutralize the isothiazolone
hydrohalide salt is difficult to determine and thus the neutralization
endpoint cannot be controlled precisely. Any excess organic amine remains
in the organic solvent solution of the free base isothiazolone after
neutralization and contaminates 20  the final product solution, and
furthermore may also chemically react with the free base isothiazolone to
produce additional byproducts. In addition, these residual amines may also
act as a source of nitrosamine contaminants, if such free base
isothiazolone were to be formulated to aqueous solutions stabilized with
nitrate salts. The free base isothiazolone and amine hydrochloride salt
(amine-HCI) which are formed from the 25  neutralization reaction are
separated by filtering off the solid salt from the solution of free base
isothiazolone. However, amine* HCI salts are sparingly to appreciably
soluble in most solvents, and consequently the final isothiazolone product
may not be entirely salt-free. None of the prior art processes is able to
produce an isothiazolone which is substantially pure, salt-free, and
water-free. 30     It Is an object of the present invention to provide a
process which produces isothiazolones of high purity and in high yield,
which are substantially salt free and substantially water free. These
objects and others which will become apparent from the following disclosure
are achieved by the present invention which provides In one aspect a
process for preparing a 3-isothiazolone of the formula (err) (err) 40
(err) wherein 46     Y is alkyl of 1 to 10 carbon atoms, optionally
substituted, preferably with halogen or lower alkoxy; unsubstituted or
halogen-substituted alkenyl or alkynyl of 2 to 10 carbon atoms; or aralkyl
or halogen-, lower alkyl-, or lower alkoxy-substituted aralkyl of up to 10
carbon atoms; X Is hydrogen or a (C1 -C2)alkyl; and X1 is hydrogen,
chlorine, or a (C1 -C2)alkyl; comprising 50 55 3    EP O 437 354 B1 (a)
reacting anhydrous ammonia with an isothiazolone salt of the formula (err)
10                                               (err) wherein Z is
chlorine, bromine, sulfate -or fluorosulfonate; m is 1 when Z is chlorine.,
bromine, or fluorosulfonate and m is 2 whe n Z is sulfate; and (b)
separating the resultant (NH4)m.Z from the resultant free base
isothiazolone. Y is preferably methyl, ethyl, propyl, isopropyl, butyl,
hexyl, octyl, hydroxymethyl, chioromethyl, chloropropyl, benzyl,
4-methoxybenzyl, 4-chiorobenzyl, phenethyl, 2-(4-chlorophenyl)ethyl,
4-phenylbutyl, and most preferably (C1 -C8)alkyl, particularly methyl or
n-octyl. 



X is preferably H, and X1 preferably H or Cl. 25     Z Is preferably
chlorine or bromine,and, most preferably chlorine. The expressions "lower"
alkyl, lower alkoxy, mean that the alkyl or alkoxy portion thereof has 1 to
2 carbon atoms. The process of the Invention comprises contacting the
isothiazolone salt or a solution/suspension thereof in organic solvent with
anhydrous ammonia, in an amount sufficient to neutralize the Hm Z present
to 30 form free base isothiazolone and an Insoluble (NH4m.Z salt, and then
separating the (NH4mZ salt from the mixture. The organic solvents are
selected such that the free base isothiazolone Is essentially soluble and
the (NH4)mZ salt is essentially insoluble therein. By the term "essentially
soluble" we mean that the free bas isothiazolone is sufficiently soluble In
the solvents used such that > 95% of the free base isothiazolone available
Is recovered after separation of the (NH4)mZ salt. By the term "essentially
insoluble" we mean that 35  the (NH4)mZ salt is sufficiently insoluble in
the solvent or solvent mixture used such that <0.5% (NH4mZ salt is found in
the isolated free base isothiazolone, and preferably <0.1%. Preferably the
solvent selected is also employed as the solvent in the preceding halogena-
tion/cylizatlon step of making the isothiazolone salt Suitable solvents for
the neutralization include alcohols, glycols, glycol ethers, aromatic
hydrocarbons, chlorinated aromatic hydrocarbons, aliphatic hy- 40
drocarbons, chlorinated aliphatic hydrocarbons, and acetate esters. Acetate
esters are preferred, particularly ethyl and butyl ace.t ate. Preferred
organic solvents for dissolving or suspending the salt are selected from
the group consisting of (C1 C5)alkyl alcohol, (C2-C8)alkylene glycol,
(C3-C10)alkylene glycol ether, (C6 )aromatic hydrocarbon, (C1
-C2)alkyl-substltuted aromatic hydrocarbon, chloro-substituted (C6
)aromatic hydrocarbon, chlorosub- 45 stituted (C1 -C2)alkyl-substituted
aromatic hydrocarbon, (C6 -C8)alkane, chloro-substituted(C1 -C3)alkane, and
(C1 -C4)alkyl ester of acetic acid. A particularly preferred group of
solvents is selected from the group consisting of ethylene glycol,
propylene glycol, 1,3-butanediol, dipropylene glycol, ethylene glycol butyl
ether, toluene, monochioroben- zene, heptane,dichloromethane,
1,2-dichloroethene, ethyl acetate, and butyl acetate. 50     During the
neutralization, the amount of ammonia introduced to the solution or
suspension of I salt should be less than or just equal to the
stoichiometric amount necessary to neutralize the salt. Excess ammonia
should be avoided to prevent reacting with the free base isothiazolone,
resulting in lower yields, generation of by products giving lower purity,
and high color. We have discovered that we are able to avoid excess
ammonia by monitoring for ammonia in the vapor space above the neutralized
I solution. We prefer 55  to use an ammonia gas sensing probe or moist
litmus paper to precisely control the amount of ammonia introduced for
neutralization so that little or no excess accumulates in the free base
isothiazolone solution once all of the HmZ has been neutralized. 4    EP 0
437 364 B1 Solvents which may be used in the isothiazolone. HmZ
neutralization step but not for the preceding halogenation/cyclization step
are alcohols, e.g., methanol; glycols, e.g., ethylene glycol,
1,3-butanediol, dipropylene glycol, and propylene glycol, and glycol
ethers, e.g., methyl and butyl ethers of ethylene glycol and diethylene
glycol. The final free base isothiazolone may be formulated in these
solvents, thereby 5  eliminating the need for a solvent removal step (via
vacuum stripping or distillation) after neutralization. These solvents may
also be used In combination, i.e., in mixtures, with the solvents used for
the halogenation/cyclization step. Depending upon the alcohol, glycol, or
glycol ether selected for the neu- tralization, greater concentrations of
(NH4)mZ salt than desired may be found in the intermediate free base 



isothiazolone solutions; these (NH4)mZ salt concentrations can be reduced
to acceptable, levels upon 10  formulation of the final free base
isothiazolone in selected solvents, e.g., dipropylene glycol, followed by
filtration. Other strong acid salts such as the (isothiazolone)2 (H2SO4) or
(isothiazolone)-.HFSO3 salts may be neutralized with anhydrous ammonia to
produce the free base isothiazolone and Insoluble ammonium sulfate or
fluorosulfonate. 15    In addition to using the process of this Invention
to obtain highly pure salt-free water-free formulations of isothlazolones
and Isothiazolone mixtures, the Invention may be used to obtain different
ratios of two or more isothiazolones initially present In an isothiazolone
salt mixture. A typical free base Isothiazolone is a mixture of
5-chloro-2-methyl-3-lsothiazolone and 2-methyl-3-isothiazolone preferably
in a ratio of from 92:8 to 3:97. But for example, a 3/1 mixture of
(5-chloro-2-methyl-3-isothiazolone/2-methyl-3-isothiazolone)m. HmZ 20  may
be only partially neutralized with ammonia, followed by isolation of the
free base Isothiazolone (after filtering off the remaining I and (NH4)mZ
salts). The free base isothiazolone obtained by this procedure will be
enriched in 5-chloro-2-methyl-3-isothiazolone relative to
2-methyl-3-isothiazolone due to the differences in basicity of the free
base isothiazolones. This enrichment procedure may be practiced with the
process of this Invention whenever there Is difference in basicities of the
isothiazolones in the initial mixture of I salts to 25  be neutralized.
Indeed, one may use the process of the invention to isolate a highly
enriched 5-chloro-2- methyl-3-isothiazolone mixture from a mixture of
5-chloro-2-methyl-3-isothiazolone/2-methyl-3-isothiazolone. The remaining
isothiazolone salt may then be treated with additional ammonia to liberate
the free base isothiazolone and thereby isolate a highly'enriched
2-methyl-3-isothiazolone mixture. As can be seen from the preceding
disclosure and following examples, the process of the invention 30 provides
a highly advantageous process of producing free base isothiazolone which Is
substantially free of water and salt. The preferred Isothiazolones contain
less than about 0.1% water and less than about 0.1% (NH4)mZ based on weight
of isothiazolone. The following examples Illustrate the process of the
present invention; they are illustrative only. 35  Example 1 Preparation of
3:1 Mixture of 5-Chloro-2-Methyl-3-lsothiazolone and
2-Methyl-3-lsothiazolone This example Illustrates using ethyl acetate as
the organic solvent for both the chlorination/cyclizatlon 40 and
neutralization and anhydrous ammonia as the neutralizing agent; the
chlorination/cyclization Is carried out following the process of
U.S.-A-3,849,430 and EP-A-95907. The same solvent is used for both
chlorination/cyclization and neutralization. Step 1: Chlorination of
N-Methyl-3-Mercaptopropionamide (MMPA) A 1-liter jacketed kettle with a
bottom take-off was equipped with an overhead agitator, a thermom- 45
eter, a chlorine inlet, an Inlet for a 28% solution of MMPA in ethyl
acetate, and a condenser connected to a caustic scrubber. To this kettle
was charged ethyl acetate. To the heel of ethyl acetate were co-fed
chlorine and the 28% MMPA solution over a 1-3 hour period while maintaining
good mixing and temperature control. The resultant chlorination slurry of
isothiazolone. HCI salts was filtered to isolate the isothiazolone HCI
cake. The isothiazolone- HCI cake was washed thoroughly with ethyl acetate
to yield a 60    highly pure, mixture of isothiazolone.HCI salts (99.9% by
HPLC and HCI analyses, 73.5% 5-chloro-2- methyl-3-isothiazolone/26.5%
2-methyl-3-isothiazolone or 2.8:1 ratio). Step 2: Neutralization of the
Isothiazolone. HCI Salt The mixture of isothiazolone-1HCI salts was
reslurried in fresh ethyl acetate (25% solids) and anhydrous ammonia was
passed gradually through the slurry at a temperature of 10-22-C until free
55    ammonia could be detected in the head space of the container by an
ammonia gas sensing probe. The isothiazolone- HCI salt mixture absorbed
22.3 g of ammonia before the free ammonia was detected in the gas head
space. The resultant slurry of ammonium chloride in a solution of free base
isothiazolone was then filtered on a vacuum Buchner funnel and the filter
cake was thoroughly washed with fresh ethyl 



EP 0 437 354 B1 acetate. Step 3: Solvent Strip The filtrate and the ethyl
acetate washings were combined and stripped under reduced pressure (40 C/20
mm Hg to 50 C/2 mm Hg) to yield 176.8 g of high purity, free base
Isothiazolone product: 6    76.4%  5-chloro-2-methyl-3-isothiazolonet23.4%
2-methyl-3-lsothiazolone (ratio of 3.3:1), 99.8%  purity (<0.1% NH4Cl).
Overall yield was 84.2 mole % based on starting MMPA. Step 4: Formulation
of 5-chloro-2-methyl-3-lsothiazolone/2-methyl-3-isothiazolone in
Dipropylene Glycol (err) The above highly pure free base isothiazolone
mixture was dissolved in an appropriate amount of 10    DPG to give 5%
isothiazolone (active ingredient) in DPG solution. The formulation
containing 5% active Ingredient was then added to various latex emulsions
at 30-100 ppm (active ingredient) providing excellent protection against
biological fouling without causing any gel formation in the latex. is
Example 2 Preparation of 3:97 Mixture of
5-Chloro-2-Methyl-3-lsothiazolone/2-Methyl-3-lsothiazolone In a manner
similar to Step 1 of Example 1, an isothiazolone. HCI salt was obtained
having purity of 98.2% and a
5-chloro-2-methyl-3-isothiazolone/2-methyl-3-isothiazolone ratio of 2:98.
Following the procedure of Step 2 of Example 1, the Isothiazolone-HCI salt
was neutralized with ammonia and the resultant free base isothiazolone was
obtained in 98.2% purity (5-chloro-2-methyl-3-
lsothiazolone/2-methyl-3-isothiazolone ratio of 3:97. <0.1% NH4Cl) and an
overall molar yield of 86.4%. 25 Example 3 Preparation of 92:8 Mixture of
5-Chloro-2-Methyl-3-lsothiazolone/2-Methyl-3-lsothiazolone Step 1:
Chlorination of MMPA 30       Following the procedure of Step 1 of Example
1, an isothiazolone*HCI salt sample was obtained having a 99.9% purity (91%
5-chloro-2-methyl-3-lsothiazolone/9%  2-methyl-3-4sothiazolone or 10.1:1
ratio) based on HPLC and HCI analyses.: Step 2: Neutralization of the
isothiazolone. HCI Salt This step was repeated as in Step 2 of Example 1 to
give 181 g of the free base isothiazolone 35   (99.5%, <0.1% NH4Cl) in a
ratio of 92% 5-chloro-2-methyl-3-isothiazolone/8% 2-methyl-3-lsothiazolone
(11.4:1). The overall isothiazolone yield based on starting MMPA was 82
mole %. Example 4 40  Preparation of
5-Chloro-2-Methyl-3-lsothiazolone/2-Methyl-3-lsothiazolone Mixtures with
Toluene Solvent Step 1 of Example 1 was repeated except the ethyl acetate
solvent was replaced with toluene. The isothiazolone HCI obtained had a
purity of only 89% (5-chloro-2-methyl-3-isothiazolone/ 2-methyl-3-
lsothiazolone ratio of 3.7:1). 45     Fol lowing the. procedure of Step 2
of Example 1, the isothiazolone.HCI salt was neutralized with ammonia to
produce the free base isothiazolone in 88% purity (<0.1% NH4CI) and
5-chloro-2-methyl-3- isothiazolone/2-methyl-3-isothiazolone ratio of 4.4:1.
Example 5 60 Preparation of
5-Chloro-2-Methyl-3-lsothiazolone/2-Methyl-3-lsothiazolone Mixtures
Employing Butyl Acetate Step 1 of Example 1 was repeated, except the ethyl
acetate solvent was replaced with BuOAc. The 55  isothiazolone' HCl
obtained had a purity of 99% (5-chloro-2-methyl-3-isothiazolonel
2-methyl-3-isothiazolone 



ratio of 3.9:1). Following the procedure of Step 2 of Example 1, the
isothiazolone-HCI salt was neutralized with ammonia to produce the free
base isothiazolone in > 99% purity and a
5-chloro-2-methyl-3-isothiazolone/2- 6    EP 0437 354 B1
methyl-3-isothiazolone ratio of 4.7:1 (<0.5% NH4CI). Example 6 5
Preparation of a 4:1 Mixture of
5-Chloro-2-Methyl-3-lsothiazolorie/2-Methyl-3-lsothlazolone This example
Illustrates the process of the invention using ethyl acetate as the solvent
in which only the chlorination/dyclization step was carried out, and in
which the neutralization step using anhydrous ammonia was carried gut in a
mixture of a glycol and ethyl acetate as cosolvents. to     The
isothiazolone. HCI obtained had a purity of 98.3% and the
5-chloro-2-methyl-3-isothiazolone/2- methyl-3-isothiazolone ratio was 4:1.
Step 2: Neutralization of the Isothiazolone- HCI Salt The isothiazolone-HCI
wet cake (68.4 g) was reslurried in 126.6 g of ethyl acetate and 85.8 g of
dipropylene glycol (DPG). The stirred slurry was then neutralized by
passing ammonia gas through the 15    mixture until free ammonia was
detected in the head space (5.5 g of ammonia were required for
neutralization). The resultant slurry of free base isothiazolone and
ammonium chloride was then filtered and washed thoroughly with fresh ethyl
acetate. Step 3: Solvent Strip The filtrate and the ethyl acetate washings
were combined and to this was added 12.1 g triethyl 20    orthoformate
stabilizer. Ethyl acetate was then stripped off from this mixture at 50 *
C/20 to 5 mm Hg to give 132.3 g of a DPG liquid mixture containing 26.4%
5-chloro-2-methyl-3-isothlazolone, 6.6% 2-methyl- 3-isothiazolone (411
ratio), <0.5% NH4CL. Step 4: Formulation of
5-chloro-2-methyl-3-isothiazolone/2-methyl-3-isothiazolone in DPG The above
solution was further diluted by adding 150.5 g of DPG and filtered to give
a final 28   formulation of 15.2%
5-chloro-2-methyl-3-isothiazolone/2-methyl-3-isothiazolone In DPG. Example
7 Preparation of 2-Octyl-3-lsothiazolone 30 This example illustrates the
process of the invention using butyl acetate as the solvent in which both
the chlorlnation/4 yclization and neutralization 'are carried out, and
anhydrous ammonia used as the neutralizing agent. Step 1: Colorination of
N-Octyl-3-Mercaptopropionamide (OMPA) 35       A 1-liter jacketed kettle
with a bottom take-off was equipped with an overhead agitator, a thermom-
eter, a chlorine inlet, an inlet for a 28% solution of OMPA In butyl
acetate, and a condenser connected to a caustic scrubber. To this kettle
was charged butyl acetate. To the heel of butyl acetate were co-fed
chlorine and the. 28%  OMPA solution over a 1-2 hour period while
maintaining good mixing and temperature control. The resultant chlorination
slurry of 2-octyl-3-isothiazolone. HCI was filtered to Isolate 40   the
2-octyl-3-lsothiazolone. HCI cake. The 2-octyl-3-isothiazolone- HCI cake
was washed thoroughly with butyl acetate to yield a highly pure
2-octyl-3-isothiazolone- HCI salt. An aliquot of 2-octyl-3- isothiazolone.
HCI was dried and analyzed by GC (gas chromatography) for
2-octyl-3-isothiazolone and by potontiometric titration for HCl, which were
85.3% and 14.5%, respectively, bringing the total 2-octyl- 3-isothiazolone-
HCI purity to 99.8%. 



45    Step 2: Neutralization of the 2-Octyl-3-lsothiazolone- HCI Salt The
2-octyl-3-isothiazolone-HCI salt was reslurried In fresh butyl acetate (25%
solids) and anhy- drous ammonia passed gradually through the slurry
(maintained at 10-22 C) until free ammonia could be detected in the head
space of the container by either wet litmus indicator paper or by an
ammonia gas sensing probe. The resultant slurry of free base
2-octyl-3-isothiazolone and ammonium chloride was then 50   filtered on a
vacuum Buchner funnel and the filter cake thoroughly washed with fresh
butyl acetate. Step 3: Solvent Strip The filtrate and the butyl acetate
washings were combined and stripped under reduced pressure to yield high
purity (>99%) free base 2-octyl-3-isothiazolone product, <0.5% NH4Cl. Step
4: Formulation of 2-Octyl-3-isothiazolone in Propylene Glycol 55
2-Octyl-3-isothiazolone (266 g) was dissolved in 1,2-propylene glycol (312
g) to give a 46% active ingredient solution. This formulation may be added
to a commercial acrylic latex paint formulation, such that the paint will
exhibit good storage stability in the can against bactericidal attack and
will exhibit excellent resistance to mildew upon application to exterior
surfaces. 7    EP 0 437 354 B1 Example 8 Partial Neutralization of
Isothiazolone- HCI Salt Mixture with Ammonia 5     This example describes
the process of obtaining a mixture of the two isothiazolones in different
ratios than they were present In the initial isothiazolone- HCI mixture. A
95 g mixture of 5-chloro-2-methyl-3-isothiazolone' HCI and
2-methyl-3-isothiazolone' HCI (in 75.4:24.6 ratio) in 400 g ethyl acetate
was partially neutralized at 10 C, using 95% of theoretical ammonia (6.2 g)
needed to fully neutralize 5-chloro-2-methyl-3-isothiazolone' HCI. The
resultant slurry, containing ammonium 10  chloride and the
isothlazolone-HCI salts mixture as solids and free base isothiazolone In
solution was filtered on a vacuum Buchner funnel and the cake was washed
with ethyl acetate. The combined filtrate was stripped under vacuum (50'
C/20 mm Hg) to give 55.3 g of a free base containing essentially
5-chloro-2-methyl-3-isothiazolone (96.1%) with only a small amount of
2-methyl-3- isothiazolone (1.1%). 15    The above wet cake of
NH4CI/isothiazolone.HCI salts mixture was reslurried in 275 g ethyl acetate
and was neutralized completely. It adsorbed 2.8 g NH3 before NH3 was
detected In the head space. The resultant slurry. was filtered and washed
on a vacuum Buchner funnel. The filtrate on stripping in vacuum at 50 *
C/20 mm Hg) provided 23.9 g of a free base mixture containing
5-chloro-2-methyl-3-isothiazolone and 2-methyl-3-isothiazolone in a 25:75
ratio. 20 COMPARATIVE EXAMPLES EXAMPLES 9 and 10 25     Examples 9 and 10
illustrate the use of prior art practices with triethylamine (TEA) and
pyridine (PYR) as neutralizing agents. Final product purity was lower when
these organic amines were used, resulting In 2% or more amine' HCI salt
(TEA- HCI or PYR- HCI) impurity being present compared to <0.5% ammonium
chloride impurity In Examples 1-7. 30  Example 9 (Comparative) Preparation
of a 4/1 Mixture of
5-Chloro-2-Methyl-3-Isothiazolone/2-Methyl-3-lsothiazolone Using (err) 35
A sample of isothiazolone- HCI wet cake (83.2 g) obtained following the
procedure of Step 1 of Example 



6 was reslurried In 383.5 g of ethyl acetate and 43 g of TEA was added
dropwise to a stirred slurry of the isothiazolone' HCI wet cake while
maintaining the temperature at 8-12' C. At the end of the neutralization,
the resultant slurry was allowed to warm to 23* C and then filtered on a
Buchner funnel. The solid TEA- HCI was washed with 300 g of ethyl acetate.
The filtrate and washings were combined and the solvent was 40  stripped
off at 50* C: at 20 to 5 mm Hg to give 57.0 g of free base Isothiazolone,
containing 78.3% 5-chloro- 2-methyl-3-isothlazolone/1 9.8%
2-methyl-3-isothiazolone/2.0% TEA- HCI. Example 10 (Comparative) 45
Preparation of a 4/1 Mixture of
5-Chloro-2-Methyl-3-lsothiazolone/2-Methyl-3-lsothiazolone using Pyridine A
sample of isothiazolone' HCI wet cake (74.4 g) obtained according to Step 1
of Example 6 was reslurried in 410 g of ethyl acetate and 29.3 g of PYR was
added dropwise to a stirred slurry of the 50  Isothiazolone ' ICI wet cake
while maintaining the temperature at 10 -C. At the end of the
neutralization, the resultant slurry was allowed to warm to 25e C and was
divided into two equal portions. One portion of the resultant slurry (246
g) was then filtered on a Buchner funnel. The solid PYR- HCI was washed
with 250 g of ethyl acetate. The filtrate and washings were combined and
the solvent was stripped off at 50 * C at 20 to 5 mm Hg to give 26.2 g of
free base lsothlazolone, containing 77.6%
5-chloro-2-methyl-3-isothiazolone/19.4% 55  2-methyl-3-isothlazolone/2.5%
PYR. HC. The second portion of the resultant slurry (244 g) was then
treated with an additional 4.4 g of PYR and then filtered on a Buchner
funnel. The solid PYR- HCI was washed with 250 g of ethyl acetate. The
filtrate and washings were combined and the solvent was stripped off at 50
* C at 20 to 5 mm Hg to give 25.0 g of free base isothiazolone, containing
74.3%  5-chloro-2-methyl-3- 8    EP 0 437 354:B1 isothiazolone/20.0%
2-methyl-3-isothiazolone/4.4% PYR-HCI. Claims 5  1. A process for preparing
a 3-isothiazolone of the formula (err) 10 15 wherein. Y is alkyl of 1 to 10
carbon atoms, optionally substituted, preferably with halogen or (C1
-C2)alkoxy; unsubstituted or halogen-substituted alkenyl or alkynyl of 2 to
10 carbon atoms; or aralkyl or halogen-, 20    (C1 -C2)alkyl-, or (C1
-C2)alkoxy-substituted aralkyl of up to 10 carbon atoms; X Is hydrogen or a
(C1 -C2) alkyl; and XI is hydrogen, chlorine, or a (C1 -C2) alkyl:
comprising (a) reacting anhydrous ammonia with an isothiazolone salt of the
formula 25 .0 (err) 30                                           (err)
(err) 35 wherein 40            Z Is chlorine, bromine, sulfate or
fluorosulfonate, preferably chlorine or bromine; m is 1 when Z is chlorine,
bromine or fluorosulfonate, and m is 2 when Z is sulfate, which
isothiazolone is dissolved or suspended in organic solvent, said solvent
being selected such that the 



(NH4)mZ is essentially insoluble therein and the free base isothiazolone
essentially soluble therein; and 45        (b) separating the resultant
(NH4)mZ from the. resultant free base isothiazolone. 2. Process according
to Claim 1 wherein. said solvent is an alcohol, glycol, glycol ether,
acetate ester, aliphatic hydrocarbon, chlorinated aliphatic hydrocarbon,
aromatic hydrocarbon, or a chlorinated ar- omatic hydrocarbon solvent,
preferably a (C1 -C5)alkyl alcohol, (C2-C8)alkylene glycol, (C3-C1
o)alkylene 50     glycol ether, (C6 )aromatic hydrocarbon, (C1
-C2)alkyl-substituted aromatic hydrocarbon, chloro-substi- tuted
(C6)arornatic hydrocarbon, chlorosubstituted (C1 -C2)alkyl-substituted
aromatic hydrocarbon, (C6- C8)alkane, chloro-substituted(C1 -C3)alkane, and
(C1 -C4)alkyl ester of acetic acid, and more preferably ethylene glycol,
propylene glycol, .1,3-butanediol, dipropylene glycol, ethylene glycol
butyl ether, toluene, monochlorobenzene, heptane, dichloromethane,
1,2-dichloroethane, ethyl acetate, or butyl 55     acetate. 3  Process
according to claim 1 or 2 wherein the head space above the solution or
suspension of isothiazolone salt is monitored during the reaction so as to
determine when a sufficient amount of 9    (err) (err) isothiazolone/20.0%
2-methyl-3-isothiazolone/4.4% PYR-HCI. Claims 5  1. A process for preparing
a 3-isothiazolone of the formula (err) N-Y 15 wherein Y is alkyl of 1 to 10
carbon atoms, optionally substituted, preferably with halogen or
(C1-C2)alkoxy; unsubstituted or halogen-substituted alkenyl or alkynyl of 2
to 10 carbon atoms; or aralkyl or halogen-, 20     (C1 -C2)alkyl-, or (C1
-C2)alkoxy-substituted aralkyl of up to 10 carbon atoms; X is hydrogen or a
(C1-C2) alkyl; and X1 is hydrogen, chlorine, or a (C1 -C2) alkyl;
comprising (a) reacting anhydrous ammonia with an isothiazolone salt of the
formula 25 (err) (err) 30 x 35 wherein 40           Z is chlorine, bromine,
sulfate or fluorosulfonate, preferably chlorine or bromine; m is 1 when Z
is chlorine, bromine or fluorosulfonate, and m is 2 when Z is sulfate,
which isothiazolone is dissolved or suspended in organic solvent, said
solvent being selected such that the (NH4)mZ is essentially insoluble
therein and the free base isothiazolone essentially soluble therein; and 45
(b) separating the resultant (NH4)mZ from the resultant free base
isothiazolone. 2. Process according to Claim 1 wherein said solvent is an
alcohol, glycol, glycol ether, acetate ester, 



aliphatic hydrocarbon, chlorinated aliphatic hydrocarbon, aromatic
hydrocarbon, or a chlorinated ar- omatic hydrocarbon solvent, preferably a
(C1-C5)alkyl alcohol, (C2-Cs)alkylene glycol, (C3-Co)alkylene 50     glycol
ether, (C6 )aromatic hydrocarbon, (C1-C2)alkyl-substituted aromatic
hydrocarbon, chloro-substi- tuted (C )aromatic hydrocarbon,
chlorosubstituted (C1-C2)alkyl-substituted aromatic hydrocarbon, (C6-
C8)alkane, chloro-substituted(C1-C3)alkane, and (C1 -C4)alkyl ester of
acetic acid, and more preferably ethylene glycol, propylene glycol,
1,3-butanediol, dipropylene glycol, ethylene glycol butyl ether, toluene,
monochlorobenzene, heptane, dichloromethane, 1,2-dichloroethane, ethyl
acetate, or butyl 55     acetate. 3  Process according to claim 1 or 2
wherein the head space above the solution or suspension of Isothiazolone
salt Is monitored during the reaction so as to determine when a sufficient
amount of 9    EP 0 437 354 B1 (err) ammonia has been added. 4. Process
according to any preceding claim wherein said ammonia is added in an amount
sufficient to neutralize said salt, and preferably addition of excess
ammonia beyond that which is necessary to 5      neutralize said salt is
avoided. 5. Process according to any one of claim 1 to 3 wherein less than
a stoichiometric amount of ammonia is reacted with said salt so as to
Incompletely neutralize said salt, and the free base Isothiazolone
resulting therefrom removed before the addition of further ammonia to
neutralize the remaining salt. 10 6. Process according to any preceding
claim wherein the Y substituent is (C1-C8)alkyl, preferably methyl or
n-octyl; X is H; and X` is H or Cl. 7. Process according to Claim 6 wherein
said resultant free base isothiazolone Is a mixture of 5-chloro-2- 15
methyl-3-isothiazolone and 2-methyl-3-isothiazolone preferably in a ratio
of from 92:8 to 3:97. 8  Process according to any preceding Claim wherein
said free base isothiazolone contains less than 0.5%, preferably less than
0.1% (NH4 )mZ based on weight of isothiazolone. 9. Process according to any
preceding Claim wherein said resultant free base isothiazolone contains
less than 0.1% water. Patentansprthche 26 1. Verfahren zum Herstellen eines
3-Isothiazolons der Formel X          ~~0 30              ;C .:    C
N-Y 35 In der Y Alkyl mit 1-10 Kohlenstoffatomen, gegebenenfalls
substituiert, vorzugsweise mit Halogen oder (Ct- C2)-Alkoxy' nicht
substitulertes oder mit Halogen substituiertes Alkenyl oder Alkynyl mit
2-10 Kohlen- 40     stoffatomen oder Aralkyl oder mit Halogen, (CI
-C2)-Alkyl oder (CI -C2)-Alkoxy substituiertes Aralkyl mit bis zu 10
Kohlenstoffatomen ist, X Wasserstoff oder eine (C1 -C2)-Alkylgruppe ist,
und XI Wasserstoff, Chlor oder (Ci -C2)-Alkyl ist, durch (a) Umsetzen von
wasserfreiem Ammonlak mit einem Isothiazolonsalz der Formel 45 



x     00 50              * c -c C            N-Y        -HrZ 10    * C   L
M   5 in der Z Chlor, Brom, Sulfat oder Fluorsulfonat, vorzugsweise Chlor
oder Brom, ist, m ist 1, wenn Z Chlor, Brom oder Fluorsulfonat ist, und m
ist 2, wenn Z Sulfat ist, wobel das Isothiazolon in einem organischen
L6semittel gelost oder suspendiert ist und das Ldsemittel so 6
ausgewahIt ist, daB das (NH4)mZ im wesentlichen darin unloslich und die
frele Isothiazolonbase im wesentlichen darin ldslich ist, und, (b)
Abtrennen des erhaltenen (NH4)mZ von der orhaltenen frelen
Isothiazolonbase. 2. Verfahron nach Anspruch 1, 10     dadurch
gekennzelchnet, daB das Losemittel ein Alkohol, Glycol, Glycolether,
Acetatester, allphatischer Kohlenwasserstoff, chlorierter aliphatischer
Kohlenwasseirstoff, aromatischer Kohienwasserstoff oder ein chloriertes
aromati- sches Kohlenwasserstoffibsemittel let, vorzugswelse eln (C,
-Cs)-Alkylalkohol, (C2-Co)-Alkylenglycol, (Cs-C1o)-Alkylenglycolether,
(C6)-aromatischer Kohlenwassertoff, (Ci-C2)-alkylsubstituterter aromati- 16
aclher Kohlenwasserstoff, chlorsubstitulerter (Cs)-aromatlscher
Kohlenwasserstoff, chlorsubsUtulerter (CI -02)-alkylsubstituierter
aromatlscher Kohlenwasserstoff, (C6-CG )-Alkan, chlorsubstituiertes (Ci
-Ca)-Alkan und (Ci-C4)-Alkylester von Essigslure und, ganz besonders
bevorzugt, Ethylenglycol, Propylenglycol, 1.3-Butandclol, Dipropylenglycol
, Ethylenglycolbutylether, Toluol, Monochiorbenzol, Heptan, Dichiorme-
than, 1-2-Dichlorethan, Ethylacetat odor Butylacetat ist. \ 20 9 Verfahren
nach Anspruch 1 oder 2, dadurch gekennzelchnet, dal der Kopfraurn Uber der
L6sung oder Suspension des Isothiazolonsalzes w~hrend der Reaktlon
Uberwacht wird, um festzustellen, wann eine ausreichende Menge Ammoniak
zugesetzt wurde. 25 4. Verfahren nach einem der vorstehenden Ansprfche,
dadurch gekennzelchnet, dal das Ammoniak in einer zum Neutralisieren des
Salzes ausreichenden Menge zugesatzt wird und vorzugswelse Zusatz von
Oberschup Ammoniak Uber die zur Neutralisation des Salzes erforderliche 30
Menge vermieden wird. S. Verfahren nach einem der Ansprtche 1-3, dadurch
gekennzelochnet, daB werniger als eine stochiometrische Menge Ammoniak mit
dem Salz umgesetzt wird, um das Salz 36     unvollstindig zu
neutralisieren, und die erhaltene frele Isothiazolonbase vor der Zugabe
weiteren Ammonlaks zum Neutralisieren des verblelbenden Salzes entfernt
wird. 6. Verfahren nach einem der vorstehenden AnsprUche, daduroh
5ekennzelchnet, 40     daB Y (Ci -Ce)-Alkyl, vorzugsweise Methyl oder
n-Octyl ist, X Wasserstoff ist und X Wasserstoff odor Chlor ist. 



7. Verfahren nach Anspruch 6, dadurch gekennzelchnot, 46     dal3 die
erhaltene freie Isothiazolonbase eine Mischung von
5-Chlor-2-methyl-3-isothiazolon und 2- Methyl-3-isothiazolon, vorzugsweise
in einem Verhaltnis von 92:8 bis 3:97, ist. a  Verfahren nach ainem der
vorstehenden Ansprliche, dadurch gekennzelchnet, so     daB die :frele
Isothiazolonbase weniger als 0,5 %, vorzugsweise weniger als 0,1 %,
(NN4),Z, bezogen auf Gewicht des Isothiazolons, enthah. 9. Verfahren nach
einem der vorstehenden Anspruche, dacurcli gekennwIchnet, 5B    d40 die
erhaltene freole Isothiazolonbase weniger als 0,1 % Wasser enth~lt. 4
11    * C   L  M   S 1. Proced6 de preparation d'une 3-isothiazolone de
formule 0 - -AC-C C            N-Y 10
z dans laquelle Y est un groupe alkyle de 1 a 10 atomes de carbone,
dventuellement substitu6, de prdfdrence avec un atome d'halogbne ou un
groupe alcoxy(en C, -C2); un groupe alcdnyle ou alkynyle 15    floh
substitu6 ou substitue par un halogpne de 2 a 10 atomes de carbone; ou un
groupe aralkyle ou un groupe aralkyle substitue par un atome d'halogbne, un
groupe alkyle(en Ci-C2), ou alcoxy(en Ci-C2) ayant jusqu'% 10 atomes de
carbone; X est un atome d'hydrogbne ou un groupe. alkyle(en Ci -C2); et Xi
est un atome d'hydrogene, de chlore, ou un groups alkyle(en Ci-02);
comprenant les etapes Ur o      consistant (a) a faire r6agir de I'ammoniac
anhydre avec un sel d'Isothiazolone de formule 25 xx c-c 30HZ C
N-Y    HmZ 36 dans laquelle Z esat un atome de chlore, de brome, un sulfate
ou un groups fluorosulfonate, de pr~fdresnce un atome de chlore ou de
brome; nm vaut 1 lorsque Z est un atome de chlore, de brome ou un groupe
fluorosulfonatb, et m vaut 2 40       loreque Z est un sulfate,
Isothiazolone qui est dissous ou mis en suspension dans un solvant
organique, lWdit solvant etant choisi de fagon que (NH4),mZ y soit
essentielloment Insoluble et quo I'i5QthiezolonI sous forme de base libre y
soit essentiellement soluble; et (b) a sdparer (NH4),m Z resultant de
l'lsothiazolone r6sultants sous forme de base libre. 48  2. Proc~d6 selon
la revendication 1, dans lequel ledit solvant est un alcool, un glycol, un
glycolether, un ester d'actate, un hydrocarbure aliphatique, un
hydrocarbure aliphatique chlorO, un hydrocarbure sromatique, ou un solvant
hydrocarbon6 aromatique chlore, de pr~fdrence un alcanol (en C,-CS), un
alkylene(en C2-C8)glycol, un alkylbne(en Ca-Cio)glycolther, un hydrocarbure
aromatique (en C6), un 



hydrocarbure aromatique substitud par un alkyle (en C1-C2), un hydrocarbure
aromatique (en Cr) 60     substituO par un chlore, un hydrocarbure
aromatique substitu6 par un alkyle (en Ci -C2) substituW par un chlore. un
alcane (en Cs-C2), un alcanew(en C, -C3) substitud par un chlore, et un
ester alkylique (en Ci - 04) d'acide ac~tique, et de fagon plus
p'articulierement pr6f~rse 1'6thylbneglycol, le propylene-glycol, le
1,3-butanediol, le dipropylbneglycol, l'4ther butylique d'ethyleneglycol,
le toluene, le monochlorobenze- no, I'heptane, le dichloromdthane, le
1,2-dichlorodthane, I'acdtate d'ethyle ou I'acstate de butyle. 56 3 Proc6dd
selon la revendication 1 au 2, ,dans lequel l'espace libre de r~servoir
au-dessus de la solution ou de la suspension du sei d'isothlazolone est
surveill4 au cours de la r~action de fagon a determiner le moment oO I'on a
ajout6 une quantit6 suffisante d'ammoniac. 12    EP 0 437 354 B1
1 1111111111   11111 I    C   L  M   S   I 4. Proc~d6 selon l'une
quelconque des revendications pr6c~dentes, dans loquel on ajoute l'ammoniac
en une quantitd suffisante pour neutraliser ledit sel, et de pr6ference
l'addition d'un excbs d'ammoniac au dela de ce qui est necessaire pour
neutraliser ledit sel est b .viter. 5  5. Prockddg selon l'une quelconque
des revendications I A 3, dans lequel on fait reagir mons d'une quantit4
.stoechiomrtrique d'aminoniac avec ledit sel de fagon h neutrallser
incomplbtement ledit sel, et on flimrnoe lisothiazolone sous formO de base
libre r~sultante avant l'addition d'ammonlac supplemen- tire pour
neutralisr le sel restant. ?0  6. Procedd selon l'une quelconque des
revendications pr4cddentes dans loquel le substituant Y est un groupe
alkyle (en Ci -Ca), de pr6f6rence un groupe m4thyle ou n-octyle; X est un
atome d'hydrogbne; et X' est un atome d'hydrogbne ou de chlore. 7. Procede
selon la revendication 6, dans lequel ladite isothiazolone r4esultante sous
forme de base libre 16     est un melange de
5-chloro-2-mdthyl-3-isothiazolone et de 2-methyl-3-isothlazolone de
pr4ference selon un rapport de 92:8 a 3:97. 8  Proced6 selon l'une
quelconque des revendications pr~cedentes dans lequel ladite isothiazolone
sous forme de base libre contient mons de 0,5%, de prdfdrence moins de 0,1%
de (NH4)mZ par rapport au K   20     poids d'isothiezolone. 9. Proccd4
selon l'une quelconque des revendications prec~dentes, dans lequel ladite
isothiazolone resultante sous forme dq base libre contient moins de 0,1%
d'eau. 25 30 35 40 45 50 55 13    


