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Description

Field of the Invention

[0001] The present invention relates to a method for producing a sulfoxide which is useful as a medicament such as
an inhibitor of gastric acid secretion or an anti-ulcer agent or an intermediate for producing medicaments, as described
in JP-A 1-6270 (Example 32), JP-A 61-50978 (Example 2), JP-A 54-141783 (Example 21) or JP-A 61-22079, in a good
yield at a high purity with safety.

Prior Art

[0002] Conventionally, sulfoxide has been produced by oxidizing thioether with oxidants such as hydrogen peroxide,
m-chloroperbenzoic acid, sodium hypochlorite, and sodium bromite, as described in JP-A 1-6270 (EP-268956, US-
5045552), JP-A 61-50978 (EP-174726, US-4628098), JP-A 54-141783 (EP-5129, US-4255431) or JP-A 61-22079
(EP-166287, US-4758579). (See the following formula, wherein R1 to R4 have the same meanings as described below).

[0003] Among the above oxidants, from viewpoints of readiness in weighing, storage stability and reaction activity
and the like, m-chloroperbenzoic acid is frequently used.
[0004] In Example 32 of JP-A 1-6270, for example, thioether is oxidized by using 0.96 equivalent (on a purity basis)
of m-chloroperbenzoic acid, to produce sulfoxide at a yield of 80%, which is not an industrially satisfactory yield.
[0005] Depending on the reaction conditions, disadvantageously, the reaction does not ceased at the stage of sul-
foxide production but further proceeds to a side reaction where a part of the produced sulfoxide is furthermore oxidized
to sulfone as shown in the following reaction scheme. When sulfone is formed, there is a problem not only that the
yield of the objective sulfoxide is reduced, but also that it is difficult to separate and purify them, since there is a close
resemblance in physicochemical property between the two. (In the formula, R1 to R4 have the same meanings as
described below.)
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[0006] In JP-A 1-6270 and the like, additionally, the oxidation is conducted in dichloromethane (methylene chloride),
but from a viewpoint of environmental strategies, there is a problem that halogenated hydrocarbon solvents can never
be used industrially.
[0007] Additionally, since m-chloroperbenzoic acid is expensive, it is extremely disadvantageous from a viewpoint
of the production cost. Still additionally, m-chloroperbenzoic acid is listed as a dangerous material and therefore requires
deep attention for the use and storage thereof, inconveniently for large-scale handling.
[0008] EP-A-0 197 013 and US 4,045,563 relate to substituted benzimidazoles. The synthesis of these compounds
may involve the oxidation of a sulphur linkage group to the corresponding sulfinyl group using oxidants. In these ref-
erences, a large number of suitable oxidants, including N-halosuccinimide, is given. However, in the synthetic exam-
ples, m-chloroperbenzoic acid is used in all cases.
[0009] US 5,374,730 relates to omeprazole and lansoprazole, in particular, two novel synthetic methods for their
preparation. According to this document, amide analogues of the underlying thioether compounds are oxidized to the
corresponding sulfinyl compounds. Apart from hydrogen peroxide, a large number of oxidants is exemplified, among
those, N-bromo(-chloro)succinimide and 1,3-dibromo-5,5-dimethylhydantoin.
[0010] The scientific article by B. Staskun in J. Org. Chem., 1988, Vol. 53, pages 5287-5291, relates to "Azepino
[1,2-a]indole Synthesis from a 1,2,3,4-Tetrahydro-9(10H)-acridinone and Sodium Dichloroisocyanurate or Singlet Ox-
ygen". In the synthesis, substituted quinolinones are oxidized with dichloroisocyanurate as an oxidant.
[0011] EP-A-0 216 696 is concerned with a process for preparing cotarnine. The process for this compound involves
the oxidation of the amino group of a specific tetrahydroisoquinoline compound. N-bromosuccinimide and N-chloro-
succinimide are exemplified as oxidizing agents. A base is said to promote the reaction when used in combination with
the oxidizing agent.
[0012] As has been described above, no industrially excellent method for producing sulfoxide (II) has been estab-
lished yet. Accordingly, a novel excellent method for producing sulfoxide (II) has been required.

Disclosure of the Invention

[0013] The present inventors have made intensive investigations so as to solve the above-mentioned problems. As
a result, they have found that the objective sulfoxide (II) can be produced in a good yield with no formation of a byproduct
sulfone, safty, with no use of any halogenated hydrocarbon solvent. Thus, they have accomplished the present inven-
tion.
[0014] The present invention is a method for producing sulfoxide (II) represented by the following formula (II) :
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(wherein R1 to R4 have the same meanings as described below), which comprises the step of oxidizing thioether (I)
represented by the following formula (I):

(wherein R1 represents hydrogen atom, methoxy group or difluoromethoxy group; R2 represents methyl group or meth-
oxy group; R3 represents 3-methoxypropoxy group, methoxy group or 2,2,2-trifluoroethoxy group; and R4 represents
hydrogen atom or methyl group) with an N-halosuccinimide, 1,3-dihalo-5,5-dimethylhydantoin or dichloroisocyanurate
in the presence of a base.
[0015] More specifically, thioether (I) is a compound which is identical to 2-{[4-(3-methoxypropoxy)-3-methylpyridin-
2-yl]methylthio}-1H-benzimidazole described in JP-A 1-6270 (Example 31), the compound described in JP-A 61-50978
(Example 1) (R1=H, R2=CH3, R3=H, R4=CH2CF3 and n=0; chemical name: 2-{[4-(2,2,2-trifluoroethoxy)-3-methylpyri-
din-2-yl]methylthio}-1H-benzimidazole), 5-methoxy-2-[(4-methoxy-3,5-dimethyl-2-pyridyl)methylthio]-1H-benzimida-
zole as a precursor of the compound described in JP-A 54-141783 (Example 21) or 5-difluoromethoxy-2-[(4,5-dimeth-
oxy-2-pyridyl)methylthio]-1H-benzimidazole as a precursor of the compound described in JP-A 61-22079, and is a
starting material of the present invention. All the compounds can be produced by the methods described in each
publication.
[0016] More specifically, sulfoxide (II) is identical to 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-
1H-benzimidazole (general name: Rabeprazole free base) described in JP-A 1-6270 (Example 32), the compound
described in JP-A 61-50978 (Example 2) (R1=H, R2=CH3, R3=H, R4=CH2CF3 and n = 1; general name: Lansoprazole;
chemical name: 2-{[4-(2,2,2-trifluoroethoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole), 5-methoxy-
2-[(4-methoxy-3,5-dimethyl-2-pyridyl)methylsulfinyl]-1H-benzimidazole (general name: Omeprazole) described in
JP-A 54-141783 (Example 21) or 5-difluoromethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-1H-benzimidazole
(general name: Pantoprazole) described in JP-A 61-22079, and is the objective compound of the present invention.
[0017] More specifically, sulfoxide (II) includes for example the following compounds:
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[0018] The method of production of the present invention is now described in detail.
[0019] The type of N-halosuccinimide which is used as an oxidant is not limited, but generally, N-chlorosuccinimide
(CAS Registration No. 128-09-6) or N-bromosuccinimide (CAS Registration No. 128-08-5) ispreferable. Additionally,
N-halosuccinimide is also commercially available as a reagent and an industrial raw material and the like.
[0020] The amount of N-halosuccinimide to be used is not also limited, but generally it is used in the range of from
0.8 to 1.7 equivalents, more preferably from 0.85 to 1.6 equivalents and further preferably from 0.9 to 1.5 equivalents
to thioether (I).
[0021] Next, the type of 1,3-dihalo-5,5-dimethylhydantoin is not also limited, but generally, 1,3-dichloro-5,5-dimeth-
ylhydantoin (CAS Registration No. 118-52-5) or 1,3-dibromo-5,5-dimethylhydantoin (CAS Registration No. 77-48-5) is
preferable. Additionally, 1,3-dihalo-5,5-dimethylhydantoin is also commercially available as a reagent and an industrial
raw material and the like.
[0022] The amount of 1,3-dihalo-5,5-dimethylhydantoin is not also limited, but generally it is used in the range of
from 0.3 to 1.0 equivalent, more preferably from 0.35 to 0.9 equivalent, further preferably from 0.4 to 0.8 equivalent to
thioether (I).
[0023] The type of dichloroisocyanurate used is not also limited, but generally, sodium dichloroisocyanurate (CAS
Registration No. 2893-78-9) or potassium dichloroisocyanurate (CAS Registration No. 2244-21-5) is preferable. Fur-
thermore, the dichloroisocyanurate is also commercially available as reagents and industrial raw materials and the like.
[0024] The amount of dichloroisocyanurate to be used is not limited, but generally it is used in the range of from 0.3
to 1.0 equivalent, more preferably from 0.35 to 0.9 equivalent, further preferably from 0.4 to 0.8 equivalent to thioether
(I).
[0025] The base used is not limited so long as it is inert to thioether (I), sulfoxide (II) or oxidants, but generally,
inorganic bases are preferable. More specifically, the base includes for example sodium hydroxide, potassium hydrox-
ide, lithium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogencarbonate, potassium hydrogencar-
bonate, sodium phosphate, potassium phosphate, sodium hydrogenphosphate, sodium formate, potassium formate,
sodium acetate, potassium acetate and the like, and additionally includes mixtures of two or more thereof.
[0026] The amount of base to be used is not limited, but generally, it ranges from 0.8 to 4.0 equivalents, more pref-
erably 0.85 to 3.5 equivalents and further preferably 0.9 to 3.0 equivalents to N-halosuccinimide.
[0027] Additionally, the base is generally used in an amount of 0.4 to 2.0 equivalents, more preferably 0.4 to 1.75
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equivalents and further preferably 0.4 to 1.5 equivalents to 1,3-dihalo-5,5-dimethylhydrantoin or dichloroisocyanurate.
[0028] For the reaction, any solvent inactive to thioether I, sulfoxide II, further the oxidant or base may be used singly
or in combination, with no limitation. Preferable results are brought about by using one or more of N,N-dimethylforma-
mide, acetonitrile, toluene, tetrahydrofuran, lower fatty acid esters and water. The solvent may be a mixture.
[0029] As the solvent, a combination of one or more solvents selected from N,N-dimethylformamide, acetonitrile,
toluene, tetrahydrofuran and lower fatty acid esters in the presence of water is further preferable, and it brings about
more excellent results.
[0030] The amount of water to be used is not limited, but generally, it ranges in amount from 0.1 to 50 ml, more
preferably 0.25 to 20 ml and further preferably 0.5 to 10 ml per 1 g of thioether (I).
[0031] The lower fatty acid esters are not limited so long as they are formed by dehydrating together a lower fatty
acid having 6 or less carbon atoms and a lower alcohol having 6 or less carbon atoms. The concrete examples thereof
include methyl formate, ethyl formate, propyl formate, butyl formate, amyl formate, methyl acetate, ethyl acetate, n-
propyl acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate, t-butyl acetate, n-amyl acetate, i-amyl acetate, sec-
amyl acetate, t-amyl acetate, n-butyl propionate, ethyl butyrate, i-propyl butyrate, methyl isobutyrate, ethyl isobutyrate,
methyl valerate, ethyl isovalerate, ethyl pivalate and the like. Ethyl acetate is more preferable.
[0032] When the solvent is a mixture, the ratio of the mixed solvents is not limited, but the reaction may be conducted
at an optionally ratio of the mixed solvents.
[0033] The amount of the solvent is not also limited, but generally, it ranges from 1 to 100 ml, more preferably from
5 to 50 ml, further preferably from 10 to 30 ml per 1 g of thioether (I).
[0034] The reaction temperature is not also limited, but generally, the reaction is conducted at -50 °C to room tem-
perature, more preferably at -30 °C to 20 °C, further preferably at -20 °C to 10 °C.
[0035] The sequence of adding the each reagent (raw material) for the reaction is not also limited, but the following
sequence, for example, can bring about more preferable results.

1. A base is added to a solution or suspension of thioether (I), to which is then added N-halosuccinimide at low
temperature, followed by stirring.
2. A solution of thioether (I) and a base is added to a solution of N-halosuccinimide at low temperature, followed
by stirring.
3. A base solution is added dropwise into a solution of thioether (I) and N-halosuccinimide.
4. A base is added to a solution of thioether (I), followed by the addition of 1,3-dihalo-5,5-dimethylhydantoin at low
temperature and stirring.
5. A solution of thioether (I) and a base is added to a solution of 1,3-dihalo-5,5-dimethylhydantoin at low temper-
ature, followed by stirring.
6. A base solution is added dropwise into a solution of thioether (I) and 1,3-dihalo-5,5-dimethylhydantoin, followed
by stirring.
7. A base is added to a solution of thioether (I), followed by the addition of a dichloroisocyanurate and subsequent
stirring.
8. A solution of thioether (I) and a base is added to a solution of a dichloroisocyanurate at low temperature, followed
by stirring.
9. A base solution is added dropwise into a solution of thioether (I) and a dichloroisocyanurate, followed by stirring.

[0036] In the practice of the procedures (1) to (9) described above, more preferable results can be observed by
confirming that the pH of the reaction solution is always at basicity, more preferably at pH 12 or higher, under monitoring.
[0037] The reaction time varies, depending on the amount of the solvent used, the reaction temperature, and the
type and amount of an oxidant, but generally, the reaction is completed in about 30 min to 6 hr.
[0038] The treatment after the completion of the reaction is not also limited, and for example, sodium hydrosulfite
and additionally adding reducing agents such as sodium hyposulfite and sodium thiosulfate to decompose excess
reagents and, if necessary, adjusting the pH of the aqueous layer and the aqueous layer is extracted with the solvent.
Furthermore, the mixture is evaporated, or the resulting crystals are collected by filtration.
[0039] The resulting sulfoxide (II) can be purified by conventional methods such as crystallization, recrystallization,
column chromatography and the like.
[0040] If necessary, the sulfoxide (II) may be converted into a salt according to known methods.
[0041] Furthermore, Tetrahedron Letters, 29(24), 2967-2968, 1988 discloses a reaction comprising oxidation of olefin
with sodium perborate · tetrahydrate in the presence of an acetic anhydride in methylene chloride, to give epoxide or
α,β-diol · monoacetate, however the reaction is totally different from the reaction of the present invention comprising
oxidation of thioether to give sulfoxide.
[0042] JP-A 54-141783 (EP-5129, US-4255431) describes that the following oxidants can be used for the oxidation
of thioether into sulfoxide; nitric acid, hydrogen peroxide, peracid, perester, ozone, dinitrogen tetraoxide, iodobenzene,
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1-chlorobenzotriazole, tert-butyl hypochlorite, a complex of diazo-bicyclo [2,2,2] octane with bromine, sodium meta-
periodate, selenium dioxide, manganese dioxide, chromic acid, ceric ammonium nitrate, bromine, chlorine and sulfuryl
chloride, as well as N-halosuccinimide. However, m-chloroperbenzoic acid which is a peracid is the only one specifically
disclosed in the Examples of the above-mentioned JP-A 54-141783. Any description that only N-halosuccinimide is
specifically excellent among the above various oxidants is never found in the entirety of the specification or any de-
scription suggesting the excellency is absolutely never found therein. Further, any description that the presence of a
base is essential or preferable is absolutely never found therein.
[0043] Accordingly, the description about oxidants in JP-A 54-141783 is regarded as a mere example of general
oxidants, with no influence on the novelty of the present invention.
[0044] In J.O.C., 33 (10), 3976-7, 1968, the reaction which relates to the oxidation of sulfide (thioether) with N-
halosuccinimide is described. However, the sulfide specifically disclosed in the reference includes only six compounds,
namely dimethyl sulfide, diethyl sulfide, di-n-propyl sulfide, dibenzyl sulfide, benzyl phenyl sulfide and diphenyl sulfide,
and is entirely different from the thioether (I) of the present invention in structure.
[0045] Consequently, to describe the present invention more in detail, Examples and Referential Examples will be
given below. However, it is needless to say that the present invention is not limited thereto.

Examples 1 to 9: Oxidation with N-halosuccinimide

Examples 10 to 13: Oxidation with 1,3-dihalo-5,5-dimethylhydantoin

Example 14: Oxidation with dichloroisocyanurate

[0046]

Example 1: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0047]

[0048] 2-{[4-(3-Methoxypropoxy)-3-methylpyridin-2-yl]methylthio}-1H-benzimidazole (5. 0 g, 14.6 mmol; referred to
as Compound I hereinafter) was dissolved in 20 ml of N,N-dimethylformamide, followed by the addition of a 2N aqueous
solution of sodium hydroxide (18 ml). A solution (10 ml) of N-chlorosuccinimide (2.71 g, 20.3 mmol) in N,N-dimethyl-
formamide was added dropwise to the solution at -20 °C to -10 °C. The reaction mixture was reacted at -15 °C to -7°C
for 1.5 hr. To the reaction mixture was added a 10% aqueous solution of sodium thiosulfate (5 ml), stirred for 2 min
and then, a solution (60 ml) of ammonium acetate (23.1 g) in water was added thereto. 60 ml of ethyl acetate and 10
g of sodium chloride were added thereto to extract the reaction mixture, and the aqueous layer was further extracted
with ethyl acetate (40 ml). The organic layers were combined, washed with a 15% aqueous solution of sodium chloride
(80 ml) for three times and then, the solvent was evaporated. To the resulting oil was added 12 ml of ethyl acetate, 28
ml of hexane and 10 ml of toluene, followed by stirring at room temperature for 1 hr. The resulting crystals were collected
by filtration, washed with a solvent mixture (10 ml) of 30% ethyl acetate and hexane for two times and then, dried under
reduced pressure, to give the title compound (4.7 g, yield; 90.6%) as grayish white crystals.

Conditions for HPLC analysis

Solid phase NUCLEOSIL 5C18 (4.6 mm I.D. 3 150 mm, 5µm)
Mobile phase MeOH/0.05M phosphate buffer (pH 7) = 3 : 2

Flow rate 1.0 ml/min
Temperature 25 °C

Detector UV detector at 290 nm
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1H-NMR (400MHz, DMSO-d6); δ (ppm) 1.10(t,J=7.2Hz,3H), 2.13(s,3H), 3.50(q,J=7.2Hz,2H), 3.71(m,2H), 4.16(m,2H),
4.70(d,J=13.6Hz,1H), 4.78(d,J=13.6Hz,1H), 6.96(d,J=5.6Hz,1H), 7.28(m,2H), 7.62(m,2H), 8.20(d,J=5.6Hz,1H).

Example 2: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0049] The Compound I (5.0 g, 14.6 mmol) was suspended in 20 ml of acetonitrile, followed by the addition of a 2N
aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was added dropwise a solution (8 ml) of N-
chlorosuccinimide (2.13 g, 16.0 mmol) inN,N-dimethylformamide at -18 °C to -8 °C. The reaction mixture was reacted
at -15 °C to -0 °C for 1.5 hr. To the reaction mixture was added a 10% aqueous solution of sodium thiosulfate (5 ml),
and stirred for 2 min, followed by the addition of a solution (60 ml) of ammonium acetate (10 g) in water. Ethyl acetate
(60 ml) and sodium chloride (10 g) were added thereto to extract, and further the aqueous layer was extracted with
ethyl acetate (40 ml). The organic layers were combined, washed with a 15% aqueous solution of sodium chloride (80
ml) for three times, and then the solvent was evaporated. Ethyl acetate (12 ml), hexane (28 ml) and toluene (12 ml)
were added to the resulting oil, and the resulting mixture was stirred at room temperature for 1 hr. The resulting crystals
were collected by filtration, washed with a solvent mixture (10 ml) of 30 % ethyl acetate and hexane for two times, and
then dried under reduced pressure, to give the title compound (4.68 g, yield; 90.0%) as white crystals.

Example 3: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0050] The Compound I (5.0 g, 14.6 mmol) was suspended in a solvent mixture of toluene (20 ml) and acetonitrile
(10 ml), followed by the addition of a 2N aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was
added dropwise a solution (8 ml) of N-chlorosuccinimide (2.13 g, 16.0 mmol) in N,N-dimethylformamide at 0 °C to 9
°C. The reaction mixture was reacted at 0 °C to 15 °C for 1.5 hr. To the reaction mixture was added a 10% aqueous
solution of sodium thiosulfate (5 ml) and stirred for 2 min, followed by the addition of a 2N aqueous solution of sodium
hydroxide (14.5 ml). After adding toluene (10 ml) thereto to separate the organic layer, acetic acid (2.2 ml) was added
to the aqueous layer to adjust it to pH 8.5. Ethyl acetate (60 ml) and sodium chloride (5 g) were added thereto to extract
and further the aqueous layer was extracted with ethyl acetate (40 ml). The organic layers were combined, washed
with a 15% aqueous solution of sodium chloride (80 ml) for three times and then the solvent was evaporated. Ethyl
acetate (10 ml), toluene (10 ml) and t-butyl methyl ether (20 ml) were added to the resulting oil and the mixture was
stirred at room temperature for 1 hr. The resulting crystals were collected by filtration, washed with t-butyl methyl ether
(10 ml) for two times, and then dried under reduced pressure, to give the title compound (3.9 g, yield; 74. 8%) as
grayish white crystals.

Example 4: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0051] The Compound I (5.0 g, 14.6 mmol) was suspended in 20 ml of tetrahydrofuran, followed by the addition of
a 2N aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was added dropwise a solution (8 ml)
of N-chlorosuccinimide (2.13 g, 16.0 mmol) in N,N-dimethylformamide at 0 °C to 9 °C. The reaction mixture was reacted
at 5 °C to 0 °C for 1 hr. To the reaction mixture was added 5 ml of a 10% aqueous solution (5 ml) of sodium thiosulfate
was added to the reaciton mixture and stirred for 2 min, followed by the addition of a 2N aqueous solution (14.5 ml) of
sodium hydroxide. 40 ml of toluene was added to separate the organic layer, 2.2 ml of acetic acid was added to the
aqueous layer to adjust it to pH 8.5. Ethyl acetate (60 ml) and sodium chloride (4 g) were added thereto to extract and
further the aqueous layer was extract with ethyl acetate (40 ml). The organic layers were combined, washed with a
15% aqueous solution of sodium chloride (80 ml) for three times, and then the solvent was evaporated. Ethyl acetate
(10 ml), toluene (10 ml) and t-butyl methyl ether (20 ml) were added to the resulting oil, and stirred at room temperature
for 1 hr. The resulting crystals were collected by filtration, washed with t-butyl methyl ether (10 ml) for two times, and
then dried under reduced pressure, to give the title compound (3.9 g, yield; 74.8%) as grayish white crystals.

Example 5: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0052] The compound I (5.0 g, 14.6 mmol) was suspended in 20 ml of acetonitrile, followed by the addition of a 2N
aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was added dropwise a solution (8.5 ml) of
N-chlorosuccinimide (2.32 g, 17.4 mmol) in N,N-dimethylformamide at -5 °C to 5 °C. During the dropwise addition, the
pH of the reaction mixture was monitored, and a 2N aqueous solution of sodium hydroxide (10 ml) was simultaneously
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added dropwise thereto so as not to lower the pH value of the reaction solution below pH 12. After the completion of
the dropwise addition, the mixture was reacted for further 45 min at -3 °C to 0 °C. After adding a 10% aqueous solution
of sodium thiosulfate (10 ml) to the reaction mixture and strring the mixture for 2 min, water (60 ml) was added thereto.
The resulting mixture was adjusted to pH 9.2, by adding about 2.5 ml of acetic acid thereto, followed by the addition
of ethyl acetate (60 ml) and sodium chloride (12 g) to extract. Further, the aqueous layer was extracted with ethyl
acetate (40 ml). The organic layers were combined, washed with a 15% aqueous solution of sodium chloride (80 ml)
for three times, and then the solvent was evaporated. Ethyl acetate (12 ml), hexane (28 ml) and toluene (10 ml) were
added to the resulting oil, and the mixture was stirred at room temperature for 1 hr. The resulting crystals were collected
by filtration, washed with a solvent mixture (10 ml) of 30% ethyl acetate and hexane for two times, and the dried under
reduced pressure, to give the title compound (4.76 g, yield; 91.3%) as grayish white crystals.

Example 6: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0053] The Compound I (5.0 g, 14.6 mmol) was suspended in 20 ml of acetonitrile, followed by the addition of a 2N
aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was added dropwise 8.5 ml of a solution of
N-chlorosuccinimide (2.32 g, 17.4 mmol) in N, N-dimethylformamide at -5 °C to 5 °C. During the dropwise addition,
the pH of the reaction solution was monitored, and 10 ml of a 2N aqueous solution of sodium hydroxide (10 ml) solution
was simultaneously dropwise added to the reaction solution so as not to lower the pH value of the reaction solution
below pH 12. After the termination of the dropwise addition, the reaction solution was reacted at -3 °C to 0 °C for further
45 min. To the reaction mixture was added a 10% aqueous solution of sodium thiosulfate (10 ml), stirred for 2 min and
then, the acetonitrile was evaporated. The resulting solution was adjusted to pH 9.1, by adding 85 ml of water and
about 1.2 ml of acetic acid to the solution, followed by stirring at 4 °C for 12 hr. The resulting crystals were collected
by filtration, washed with water (20 ml) for three times and dried under reduced pressure, to give the title compound
(3.97 g, yield; 76.2%) as grayish white crystals.

Example 7: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0054] The Compound I (5.0 g, 14.6 mmol) was suspended in 20 ml of acetonitrile, followed by the addition of a 2N
aqueous solution of sodium hydroxide (14.5 ml). To the resulting solution was added dropwise 8.5 ml of a solution of
N-chlorosuccinimide (2.32 g, 17.4 mmol) in N,N-dimethylformamide at -5 ° C to 5 °C. During the dropwise addition,
the pH of the reaction solution was monitored, and a 2N aqueous solution of sodium hydroxide (10 ml) was simulta-
neously dropwise added to the reaction solution so as not to lower the pH value of the reaction solution below pH 12.
After the completion of the dropwise addition, the reaction solution was reacted at -3 °C to 0 °C for further 45 min. To
the reaction mixture was added a 10% aqueous solution of sodium thiosulfate (10 ml), stirred for 2 min and then, 60
ml of water was added thereto. The resulting solution was adjusted to pH 9.2, by adding about 1.3 ml of acetic acid to
the solution, followed by the addition of 50 ml of isopropyl acetate and 50 ml of hexane. Then, the resulting mixture
was stirred at 4 °C for 12 hr. The resulting crystals were collected by filtration, washed with 10 ml of a solvent mixture
of 30 % isopropyl acetate and hexane, and dried under reduced pressure, to give the title compound (3.47 g, yield;
66.6%) as grayish white crystals.

Example 8: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0055] The Compound I (15.0 g, 43.7 mmol) was suspended in 75 ml of acetonitrile, followed by the addition of 75
ml of a 2N aqueous solution of sodium hydroxide. To the resulting solution was added dropwise N-chlorosuccinimide
(6.42 g, 48 mmol) little by little at -5 °C. The reaction mixture was reacted at -5 °C for 1.5 hr. To the reaction mixture
was added 5 ml of a 1 M aqueous solution of sodium thiosulfate solution, followed by stirring for 2 min and washing
with toluene (10 ml) for two times. Subsequently, 4.2 g of formic acid was added to the aqueous layer at 5 °C, to adjust
the aqueous layer to pH 9.0. The resulting mixture was stirred as it was at the same temperature for about 15 hr, and
then the resulting slurry was filtered. The resulting solid was dried, to give the title compound (14.00 g, yield; 89.2%,
purity; 99.8%) as white crystals.
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Example 9: Synthesis of 2-{[3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Lansoprazole)

[0056]

2-{[3-Methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl]methylthio}-1H-benzimidazole (1.0 g, 2.83 mmol) was suspend-
ed in 8 ml of acetonitrile, followed by the addition of 3.5 ml of a 2N aqueous solution of sodium hydroxide. A solution
(2 ml) of N-chlorosuccinimide (453 mg, 3.40 mmol) in N,N-dimethylformamide was added dropwise to the solution at
-4 °C to 3 °C. The reaction mixture was subsequently reacted at -3 °C to 0 °C for 1.5 hr. To the reaction mixture was
added a 10% aqueous solution of sodium thiosulfate (2 ml) was added to the reaction mixture and the resulting mixture
was stirred for 2 min, followed by the addition of water (20 ml) and acetic acid (0.4 ml) to adjust the solution to about
pH 8.5. Ethyl acetate (20 ml) and sodium chloride (3 g) were added thereto to extract and the aqueous layer was further
extracted with ethyl acetate (10 ml). The organic layers were combined, washed with a 15 % aqueous solution of
sodium chloride (10 ml) for three times, and the solvent was evaporated. Ethyl acetate (3 ml), hexane (7 ml) and toluene
(2.5 ml) were added to the resulting oil, and then stirred at room temperature for 1 hr. The resulting crystals were
collected by filtration, washed with a solvent mixture (3 ml) of 30 % ethyl acetate and hexane for two times, and then
dried under reduced pressure, to give the title compound (0.88 g, yield; 84.1%) as grayish white crystals.
1H-NMR (400MHz, DMSO-d6); δ (ppm) 2.16(s, 3H), 4.74(d,J=13.7Hz,1H), 4.87(d,J=13.7Hz,1H), 4.88(d,J=8.8Hz,1H),
4.91(d,J=8.8Hz,1H), 7.08(d,J=5.9Hz,1H), 7.29(m,2H), 7.56(m,1H), 7.70(m,1H), 8.27(d,J=5.9Hz,1H), 13.55(s,1H).

Example 10: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0057] The Compound I (10.0 g, 29.1 mmol) was dissolved in 80 ml of dimethylformamide, followed by the addition
of a solution of potassium hydrogen carbonate (2.91 g, 29.1 mmol) in water (20 ml). The resulting mixture solution was
stirred under ice-cooling. At the same temperature, a solution of 1,3-dichloro-5,5-dimethylhydantoin (4.01 g, 20.37
mmol) in dimethylformamide (15 ml) was added dropwise thereinto over 3 min, and stirred as it was at the same
temperature for 70 min. Additionally, 1,3-dichloro-5,5-dimethylhydantoin (0.34 g; 8.73 mmol) was added to the resulting
mixture, and then it was stirred for 40 min. An aqueous solution (10 ml) of sodium hyposulfite (5.13 g, 40.74 mmol)
was added to the resulting mixture, stirred for 5 min, and then a 2M aqueous solution of sodium hydroxide (6 ml) was
added thereto to adjust the solution to pH 8. Water (80 ml) was added thereto, and the resulting aqueous layer was
extracted with ethyl acetate (200 ml) for two times and with 100 ml thereof once, and the extracted aqueous layers
were combined together. The organic layer was washed with a 10% aqueous solution of brine for two times. The organic
layer was evaporated, and to the resulting residue were added ethyl acetate (30 ml), toluene (30 ml) and n-hexane
(30 ml), and the resulting mixture was stirred at -15 °C for 11 hr. The resulting crystals were filtered under reduced
pressure, washed with t-butyl ethyl ether (25 ml) for two times and then dried to give the title compound (7.33 g, yield;
70.0%, an HPLC purity; 98.9%) as a white solid.

Example 11: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0058] The Compound I (10.0 g, 29.1 mmol) was dissolved in 80 ml of dimethylformamide, followed by the addition
of a solution (20 ml) of sodium hydrogencarbonate (2.46 g, 29.2 mmol) in water. The resulting mixture was stirred under
ice-cooling. At the same temperature, a solution (20 ml) of 1,3-dichloro-5,5-dimethylhydantoin (4.01 g, 20.37 mmol) in
dimethylformamide was added dropwise thereinto over 10 min and stirred at the same temperature for 80 min. Further,
1,3-dichloro-5,5-dimethylhydantoin (115 mg, 0.58 mmol) was added thereto and stirred for 20 min. A 1.0 M aqueous
solution of sodium thiosulfate (30 ml) was added thereto and stirred for 5 min. Then, 30 ml of brine was added thereto
and the extracted with ethyl acetate (100 ml 3 2). The organic phase was rinsed in 100 ml of an aqueous 15 % sodium
chloride solution and in 15 ml thereof and concentrated under reduced pressure. Toluene (15 ml), ethyl acetate (15
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ml) and t-butyl methyl ether (15 ml) were added to the resulting residue, and the mixture was stirred at -10 °C for 13
hr. The resulting crystals were filtered under reduced pressure, washed with t-butyl methyl ether (50 ml) for two times,
and then dried, to give the title compound (7.05 g, yield; 67.0%) as a white solid.

Example 12: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0059] The Compound I (5.0 g, 14.5 mmol) was dissolved in 25 ml of ethyl acetate, followed by the addition of a
solution of sodium hydrogencarbonate (3.21 g, 32.1 mmol) in water (25 ml). The resulting mixture solution was stirred
under ice-cooling. At the same temperature, 1,3-dichloro-5,5-dimethylhydantoin (2.87 g, 14.6 mmol) was added thereto,
and then stirred for 2 hr. Additionally, the resulting mixture was stirred at -10 °C for 30 min. The resulting crystals were
filtered under reduced pressure, washed with water (10 ml32) and t-butyl methyl ether (10 ml32), and then dried, to
give the title compound (2.79 g, yield; 53.3%, an HPLC purity; 98.8%) as white crystals.

Example 13: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0060] The Compound I (10.0 g, 29.1 mmol) was dissolved in 40 ml of ethyl acetate, followed by the addition of a
solution of sodium hydrogencarbonate (13.9 g, 140 mmol) in water (55 ml). The resulting mixture was stirred at -5 °C.
At the same temperature, a solution of 1,3-dichloro-5,5-dimethylhydantoin (6.88 g, 34.92 mmol) in ethyl acetate (60
ml) added thereto. After stirring for 2 hr, a 10% aqueous solution of sodium hydrosulfite (50 ml) was added, and then
stirred for 10 min. A mixture solution (110 ml) of n-hexane/toluene (1:1) was added thereto and the resulting mixture
was stirred at -20 °C for 1.5 hr. The resulting crystals were collected by filtration, washed with water (50 ml34) and t-
butyl methyl ether (25 ml32), and then dried, to give the title compound (7.09 g, yield; 68%, an HPLC purity; 98.2%)
as white crystals.

Example 14: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yly]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base)

[0061] The Compound I (5.0 g, 14.5 mmol) was dissolved in 20 ml of acetonitrile, followed by the addition of a 2M
aqueous solution of sodium hydroxide (29.1 ml). The resulting mixture solution was stirred at -15 °C. At the same
temperature, a solution of sodium dichloroisocyanurate (2.24 g, 10.2 mmol) in water (15 ml) was added dropwise
thereinto over 10 min. During the addition, the temperature of the reaction mixture was raised from -15 °C to -5.6 °C.
After stirring for 15 min at the same temperature, a solution (5 ml) of sodium hydrosulfite (0.50 g) in water was added
thereto, stirred for 30 min, and the insoluble matters were filtered off. The filtrate was adjusted to pH 7, by adding about
3 ml of formic acid thereto. The aqueous layer was extracted with ethyl acetate (25 ml) once and with 10 ml thereof
once. The organic layer was washed with brine (10 ml) and evaporated. Ethyl acetate (20 ml), toluene (12 ml) and n-
hexane (20 ml) were added to the resulting residue, followed by stirring at -15 °C for 11 hr. The resulting crystals were
filtered under reduced pressure, washed with t-butyl methyl ether (20 ml) for two times, and then dried, to give the title
compound (3.71 g, yield; 70.8%, an HPLC purity; 97.3%) as pale yellowish white crystals.
[0062] Next, to show the excellent effect of the present invention, Reference Examples in which the oxidants (nitric
acid, sodium metaperiodate) disclosed in JP-A 54-141783 are used as comparative controlls, and sodium borate and
sodium chlorate are used as other oxidants, to produce the sulfoxide (II) of the present invention.
[0063] The oxidants excerpt the above oxidants disclosed in JP-A 54-141783 are disadvantageously unstable, dan-
gerous (explosive), unavailable at large volume and expensive, and cause pollution. Thus, these oxidants are not
applicable as industrial raw materials.

Referential Examples

Referential Example 1: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: nitric acid)

[0064] The Compound I (2 g, 5.82 mmol) was dissolved in 20 ml of methanol, followed by the dropwise addition of
61% nitric acid (0.6 g, 5.82 mmol) at room temperature. After the dropwise addition, reacting the resulting mixture at
room temperature for 2 hr. Subsequently, the change of the reaction mixture was confirmed by TLC (methanol/ethyl
acetate=1/6; refer to the same hereinafter). Consequently, no formation of the title compound was observed.
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Referential Example 2: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: sodium metaperiodate)

[0065] The Compound I (2 g; 5.82 mmol) was dissolved in 50 ml of methanol and the solution was cooled to 0 °C.
After cooling, sodium metaperiodate (1.26 g, 5.82 mmol) dissolved in water (25 ml) was added dropwise thereto. After
the dropwise addition, reacting the mixture at room temperature for 22 hr.
Subsequently, the change of the reaction mixture was confirmed by TLC. Consequently, no formation of the title com-
pound was confirmed.

Referential Example 3: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: sodium bromate)

[0066] The Compound I (2 g, 5.82 mmol) was dissolved in 30 ml of dioxane, followed by the dropwise addition of
sodium bromate (1.69 g, 8.14 mmol) dissolved in water (5 ml). After the dropwise addition, reacting the mixture at room
temperature for 1.5 hr. Subsequently, the change of the reaction mixture was confirmed by TLC. Consequently, no
formation of the title compound was observed.

Reference Example 4: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: sodium bromate)

[0067] The Compound I (2 g, 5.82 mmol) was dissolved in 40 ml of methanol, followed by the dropwise addition of
sodium bromate (1.69 g, 8.14 mmol) dissolved in water (20 ml). After the dropwise addition, reacting the mixture at
room temperature for 16 hr. Subsequently, the change of the reaction mixture was confirmed by TLC. Consequently,
no formation of the title compound was observed.

Referential Example 5: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant : sodium chlorate)

[0068] The Compound I (5 g, 14.6 mmol) was dissolved in a solvent mixture of ethyl acetate (75 ml), methanol (25
ml) and water (30 ml), followed by the dropwise addition of a 5% aqueous solution of sodium chlorate (22 g, 14.6 mmol)
at 5 °C. 1 hr after the dropwise addition, the change of the reaction mixture was confirmed. Consequently, the formation
of a slight amount of the title compound at a slight amount was confirmed, but great quantities of byproducts were also
observed, although no raw materials remained.

Referential Example 6 : Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: manganese dioxide)

[0069] The Compound I (1 g, 2.9 mmol) was dissolved in dichloromethane (10 ml), followed by the addition of active
manganese oxide (5 g) at room temperature. After reacting at room temperature for 21 hr, the change of the reaction
solution was confirmed by HPLC. Consequently, no formation of the title compound was confirmed.

Referential Example 7: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: pyridinium dichromate)

[0070] The Compound I (1 g, 2.9 mmol) was dissolved in dichloromethane (10 ml) , followed by the addition of py-
ridinium dichromate (1.1 g, 2.9 mmol) at room temperature. After reacting at room temperature for 21 hr, the change
of the reaction mixture was confirmed by HPLC. Consequently, the formation of 3.2% (yield) of the title compound was
confirmed but 96 % of the Compound I still remained unreactive.

Referential Example 8: Synthesis of 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methylsulfinyl}-1H-benzimidazole
(Rabeprazole free base) (oxidant: cerium diammonium nitrate)

[0071] The Compound I (1 g, 2.9 mmol) was suspended in a solvent mixture of acetonitrile (20 ml) and water (10
ml), and then, cerium diammonium nitrate (1.59 g, 2.9 mmol) was added dropwise thereinto. After reacting at room
temperature for 20 hr, the change of the reaction mixture was confirmed by HPLC. Consequently, the formation of 0.5%
of the title compound was observed, but 98 % of the Compound I still remained unreactive.
[0072] The above results apparently indicate that the objective sulfoxide (II) can be obtained in a good yield and
safety by the present invention.
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[0073] Further, N-halosuccinimide, 1,3-dihalo-5,5-dimethylhydantoin and dichloroisocyanurate are not dangerous
materials and are also handled easily at a greater amount. Thus, the present invention is proved to be an industrially
excellent method for producing sulfoxide (II).

Claims

1. A method for producing a sulfoxide (II) represented by the following formula (II):

(wherein R1, R2, R3 and R4 have the same meanings as defined below), which comprises the step of oxidizing a
thioether (I) represented by the following formula (I):

(wherein R1 represents a hydrogen atom, methoxy group or difluoromethoxy group; R2 represents a methyl group
or methoxy group; R3 represents a 3-methoxypropoxy group, methoxy group or 2,2,2-trifluoroethoxy group; and
R4 represents a hydrogen atom or methyl group) with an N-halosuccinimide, a 1,3-dihalo-5,5-dimethylhydantoin
or a dichloroisocyanurate in the presence of a base.

2. The method as claimed in Claim 1, wherein the N-halosuccinimide is N-chlorosuccinimide or N-bromosuccinimide.

3. The method as claimed in Claims 1 or 2, wherein the N-halosuccinimide is used in an amount of 0.9 to 1.5 equiv-
alents to the thioether (I).

4. The method as claimed in Claim 1, wherein the 1,3-dihalo-5,5-dimethylhydantoin is 1,3-dichloro-5,5-dimethylhy-
dantoin or 1,3-dibromo-5,5-dimethylhydantoin.

5. The method as claimed in Claims 1 or 4, wherein the 1,3-dihalo-5,5-dimethylhydantoin is used in an amount of
0.4 to 0.8 equivalents to the thioether (I).

6. The method as claimed in Claim 1, wherein the dichloroisocyanurate is sodium dichloroisocyanurate or potassium
dichloroisocyanurate.

7. The method as claimed in Claims 1 or 6, wherein the dichloroisocyanurate is used in an amount of 0.4 to 0.8
equivalents to the thioether (I).

8. The method as claimed in any one of the preceding Claims, wherein the base is an inorganic base.

9. The method as claimed in any one of the preceding Claims, wherein the base is at least one selected from the
group consisting of sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium carbonate, potassium car-
bonate, sodium hydrogen carbonate, potassium hydrogen carbonate, sodium phosphate, potassium phosphate,
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sodium hydrogen phosphate, sodium formate, potassium formate, sodium acetate and potassium acetate.

10. The method as claimed in any one of the preceding Claims, wherein the base is used in an amount of 0.9 to 3.0
equivalents to the N-halosuccinimide, and of 0.4 to 1.5 equivalents to the 1,3-dihalo-5,5-dimethylhydantoin or
dichloroisocyanurate salt.

11. The method as claimed in any one of the preceding Claims, wherein the oxidation is conducted in a solvent which
is at least one selected from the group consisting of N, N-dimethylformamide, acetonitrile, toluene, tetrahydrofuran,
lower fatty acid esters and water.

12. The method as claimed in any one of the preceding Claims, wherein the oxidation is conducted in a solvent which
is at least one selected from the group consisting of N, N-dimethylformamide, acetonitrile, toluene, tetrahydrofuran
and lower fatty acid esters, in the presence-of water.

Patentansprüche

1. Verfahren zur Herstellung eines Sulfoxids (II) mit der folgenden Formel (II) :

(worin R1, R2, R3 und R4 dieselben Bedeutungen haben wie nachstehend definiert), welches den Schritt der Oxi-
dation eines Thioethers (I) mit der folgenden Formel (I) :

(worin R1 ein Wasserstoffatom, eine Methoxygruppe oder Difluormethoxygruppe bedeutet; R2 eine Methylgruppe
oder Methoxygruppe bedeutet; R3 eine 3-Methoxypropoxygruppe, Methoxygruppe oder 2,2,2-Trifluorethoxygrup-
pe bedeutet; und R4 ein Wasserstoffatom oder eine Methylgruppe bedeutet) mit einem N-Halogensuccinimid, ei-
nem 1,3-Dihalogen-5,5-dimethylhydantoin oder einem Dichlorisocyanurat in Gegenwart einer Base umfasst.

2. Verfahren gemäss Anspruch 1, wobei das
N-Halogensuccinimid N-Chlorsuccinimid oder
N-Bromsuccinimid ist.

3. Verfahren gemäss Anspruch 1 oder 2, wobei das N-Halogensuccinimid in einer Menge von 0,9 bis 1,5 Äquivalenten
zum Thioether (I) verwendet wird.

4. Verfahren gemäss Anspruch 1, wobei das 1,3-Dihalogen-5,5-dimethylhydantoin 1,3-Dichlor-5,5-dimethylhydan-
toin oder 1,3-Dibrom-5,5-dimethylhydantoin ist.

5. Verfahren gemäss Anspruch 1 oder 4, wobei das 1,3-Dihalogen-5,5-dimethylhydantoin in einer Menge von 0,4 bis
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0,8 Äquivalenten zum Thioether (I) verwendet wird.

6. Verfahren gemäss Anspruch 1, wobei das Dichlorisocyanurat Natriumdichlorisocyanurat oder Kaliumdichloriso-
cyanurat ist.

7. Verfahren gemäss Anspruch 1 oder 6, wobei das Dichlorisocyanurat in einer Menge von 0,4 bis 0,8 Äquivalenten
zum Thioether (I) verwendet wird.

8. Verfahren gemäss mindestens einem der vorstehenden Ansprüche, wobei die Base eine anorganische Base ist.

9. Verfahren gemäss mindestens einem der vorstehenden Ansprüche, wobei die Base mindestens eine ist, ausge-
wählt aus der Gruppe aus Natriumhydroxid, Kaliumhydroxid, Lithiumhydroxid, Natriumcarbonat, Kaliumcarbonat,
Natriumhydrogencarbonat, Kaliumhydrogencarbonat, Natriumphosphat, Kaliumphosphat, Natriumhydrogenphos-
phat, Natriumformiat, Kaliumformiat, Natriumacetat und Kaliumacetat.

10. Verfahren gemäss mindestens einem der vorstehenden Ansprüche, wobei die Base in einer Menge von 0,9 bis
3,0 Äquivalenten zum N-Halogensuccinimid und von 0,4 bis 1,5 Äquivalenten zum 1,3-Dihalogen-5,5-dimethylhy-
dantoin oder Dichlorisocyanuratsalz verwendet wird.

11. Verfahren gemäss mindestens einem der vorstehenden Ansprüche, wobei die Oxidation in einem Lösungsmittel
durchgeführt wird, welches mindestens ein Vertreter ist, ausgewählt aus der Gruppe aus
N,N-Dimethylformamid, Acetonitril, Toluol, Tetrahydrofuran, niederen Fettsäureestern und Wasser.

12. Verfahren gemäss mindestens einem der vorstehenden Ansprüche, wobei die Oxidation in einem Lösungsmittel
durchgeführt wird, welches mindestens ein Vertreter ist, ausgewählt aus der Gruppe aus
N,N-Dimethylformamid, Acetonitril, Toluol, Tetrahydrofuran und niederen Fettsäureestern, in Gegenwart von Was-
ser.

Revendications

1. Procédé pour produire un sulfoxyde (II) représenté par la formule (II) suivante :

(dans laquelle R1, R2, R3 et R4 ont la même signification que celle définie ci-dessous), qui comprend l'étape
d'oxydation d'un thioéther (I) représenté par la formule (I) suivante :

(dans laquelle R1 représente un atome d'hydrogène, un groupe méthoxy ou un groupe difluorométhoxy ; R2

représente un groupe méthyle ou un groupe méthoxy ; R3 représente un groupe 3-méthoxypropoxy, un groupe
méthoxy ou un groupe 2,2,2-trifluoroéthoxy ; et R4 représente un atome d'hydrogène ou un groupe méthyle) avec
un N-halosuccinimide, un 1,3-dihalo-5,5-diméthylhydantoïne ou un dichloroisocyanurate en présence d'une base.
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2. Procédé selon la revendication 1, dans lequel le N-halosuccinimide est le N-chlorosuccinimide ou le N-bromosuc-
cinimide.

3. Procédé selon la revendication 1 ou 2, dans lequel le N-halosuccinimide est utilisé dans une quantité de 0,9 à 1,5
équivalent par rapport au thioéther (I).

4. Procédé selon la revendication 1, dans lequel le 1,3-dihalo-5,5-diméthylhydantoïne est le 1,3-dichloro-5,5-dimé-
thylhydantoïne ou le 1,3-dibromo-5,5-diméthylhydantoïne.

5. Procédé selon l'une des revendications 1 ou 4, dans lequel le 1,3-dihalo-5,5-diméthylhydantoïne est utilisé dans
une quantité de 0,4 à 0,8 équivalent par rapport au thioéther (I).

6. Procédé selon la revendication 1, dans lequel le dichloroisocyanurate est le dichloroisocyanurate de sodium ou
le dichloroisocyanurate de potassium.

7. Procédé selon l'une des revendications 1 ou 6, dans lequel le dichloroisocyanurate est utilisé dans une quantité
de 0,4 à 0,8 équivalent par rapport au thioéther (I).

8. Procédé selon l'une quelconque des revendications précédentes, dans lequel la base est une base inorganique.

9. Procédé selon l'une quelconque des revendications précédentes, dans lequel la base est au moins l'une choisie
dans le groupe consistant en l'hydroxyde de sodium, l'hydroxyde de potassium, l'hydroxyde de lithium, le carbonate
de sodium, le carbonate de potassium, l'hydrogéno-carbonate de sodium, l'hydrogéno-carbonate de potassium,
le phosphate de sodium, le phosphate de potassium, l'hydrogénophosphate de sodium, le formate de sodium, le
formate de potassium, l'acétate de sodium et l'acétate de potassium.

10. Procédé selon l'une quelconque des revendications précédentes, dans lequel la base est utilisée dans une quantité
de 0,9 à 3,0 équivalents par rapport au N-halosuccinimide, et de 0,4 à 1,5 équivalent par rapport au 1,3-dihalo-
5,5-diméthylhydantoïne ou au sel de dichloroisocyanurate.

11. Procédé selon l'une quelconque des revendications précédentes, dans lequel l'oxydation est menée dans un sol-
vant qui est au moins l'un choisi dans le groupe consistant en le N,N-diméthylformamide, l'acétonitrile, le toluène,
le tétrahydrofuranne, les esters d'acide gras inférieur et l'eau.

12. Procédé selon l'une quelconque des revendications précédentes, dans lequel l'oxydation est menée dans un sol-
vant qui est au moins l'un choisi dans le groupe consistant en le N,N-diméthylformamide, l'acétonitrile, le toluène,
le tétrahydrofuranne et les esters d'acide gras inférieur, en présence d'eau.
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