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Description
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[0001] Water soluble derivatives of phenothiazine, and especially the N-alkylsulfonates described in the present invention, are useful compounds for several commercial applications, including their use as reagents for chemical and
biological assays, and in particular as enhancers of the activity of the peroxidase enzyme in chemiluminescent assays
with luminol, and as accelerators in peroxidase/accelerator systems in the composition of detergents and in systems for
the conversion of solar energy into chemical or electrical energy.
[0002] The class of compounds concerning the present invention can be represented by the formula (I):
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where M+ is a cation and n is an integer. The cation may be H+, a monovalent cation (such as H+, Na+, Li+, K+, NH4+),
another inorganic cation, an organic cation, etc. or a polyvalent cation (including divalent cations) where the remaining
charge is neutralised by other anions (e.g., halides, nitrates, sulfates, phosphates) or it may form multiple salts with other
molecules of phenothiazine N-alkylsulfonates.
[0003] The alkyl chain - (CR1R2) n- connecting the sulfonic group to the phenothiazine nitrogen may contain any
number of methylene groups ≥ 2, although n = 3 (propyl) and n = 4 (butyl) are especially preferred. The methylene
groups CR1R2 in the alkyl chain can be disubstituted, monosubstituted or non-substituted.
[0004] This class of compounds is relatively expensive, especially because the current synthetic procedures are
inefficient. In addition, and more significantly, the products prepared according to the current procedures are very difficult
to obtain in the extremely pure form required by immunoenzymatic assays based on the determination of peroxidase
activity by chemiluminescence.
[0005] A synthetic procedure for the synthesis of sodium 3-(phenothiazin-10-yl)propane-1-sulfonate is described by
Y. Kawanishi, N. Kitamura and S. Tazuke, J. in "Coulombic Effect of Photoinduced Electron-Transfer Reactions between
Phenothiazines and Viologens", J. Phys. Chem. 1986; 90:2469-2475. This method requires two steps:
(1) The sodium salt of phenothiazine is reacted with an excess of 1,3-dibromopropane. The product, 10-(3-bromopropyl)phenothiazine is obtained with a 18% yield after purification by column chromatography (Al 2O3/hexane).
(2) The purified 10-(3-bromopropyl)phenothiazine is reacted with a slight excess of sodium sulfite in acetonitrilewater (4/1 v/v). The solvent is removed and the crude product is dissolved in a small amount of methanol and
reprecipitated with dry benzene. The precipitate is collected on a filter, dried and purified by gel chromatography.
The purified product, sodium 3-(phenothiazin-10-yl)propane-1-sulfonate, is obtained with a 51% yield.
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[0006] According to this method, the desired product, sodium 3-(phenothiazin-10-yl)propane-1-sulfonate, is obtained
with a total yield of only 9%, and with massive use of expensive chromatographic methods. A similar procedure is also
described by M. Sakaguchi, M. Hu and L. K, in "Photoionization of Alkylphenothiazines in Vescicles: Effects of the Alkyl
Chain Length and the Vesicle Surface Charge", J. Phys. Chem., 1990; 94:870-874; the yield is not shown).
[0007] In US Patent No. 5,171,668 "Method of the Chemiluminescence Assays of the Activity of Peroxidase", assigned
to Fujirebio, is described for the first time the use of N-alkylsulfonate derivatives of phenothiazines, and in particular of
sodium 3-(phenothiazin-10-yl)propane-1-sulfonate, as enhancers of luminol chemiluminescence. This patent does not
contain any specific description of the procedure for the preparation of the N-alkylsulfonate derivatives of phenothiazines
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employed as enhancers, but merely refers to the general synthetic methods of phenothiazines reported in Bodea et al.,
Advances in Heterocyclic Chemistry, 1968; 9:322-460. The results obtained by Fujirebio with N-alkylsulfonate derivatives
of phenothiazines, and in particular with sodium 3-(phenothiazine-10-yl)propane-1-sulfonate, are not significantly better
than those observed with a standard enhancer such as 4-iodophenol, except for a vaguely defined "greater reproducibility".
[0008] In contrast, US Patent No. US 6,432,662, "Assay of Peroxidase Activity", assigned to Pierce, describes a
method for the assay of peroxidase activity, which, while using the same enhancers as those described in the Fujirebio
Patent US 5,171,668, and in particular sodium 3-(phenothiazin-10-yl)propane-1-sulfonate, is claimed to offer a much
superior performance in terms of chemiluminescent signal intensity and kinetics. According to US Patent No. 6,432,662,
such difference in performance is attributed to the presence of impurities in the enhancer. In particular, the presence of
phenothiazine in the enhancer deactivates the peroxidase enzyme and is therefore extremely detrimental to the production of the chemiluminescent signal.
[0009] The method described in US patent No. 6,432,662 for the preparation of the enhancer, sodium 3-(phenothiazin10-yl)propane-1-sulfonate, is the previously mentioned procedure by Y. Kawanishi, N. Kitamura and S. Tazuke. In
addition, according to US 6,432,662, the product obtained with this procedure contains "impurities, or traces of impurities
that cannot be eliminated by conventional methods known to the art," without revealing any specific method of purification.
[0010] On the other hand, it should be stressed that the need to use high purity materials in substrates for chemiluminescence is widely known.
[0011] For example, the article by M.A. Motsenbocker and K. Kondo, "Improvements to Enhanced Horseradish Peroxidase Detection Sensitivity" J. Biolum. Chemilumin., 1994; 9:15-20 (1994) states that: "The results are consistent with
a simple interference mechanism whereby the enhancer radicals produced by the enzyme are preferentially neutralised
by contaminants in the luminol, in the enhancer and in the solvent used to solubilise the enhancer. Consumption of these
intereferents delays the emission of light and reduces the limit of detection of peroxidase (HRP)".
[0012] It is clear that the method of synthesis of sodium 3-(phenotiazin-10-yl) propane-1-sulphonate initially described
by Y. Kawanishi, N. Kitamura and S. Tazuke and subsequently used in U.S. 6,432,662 is not only inefficient (yield 9%),
but generates a product contaminated with impurities which are very difficult to eliminate. The presence of these impurities
is incompatible with the use of sodium 3-(phenothiazine-10-yl)propane-1-sulfonate as enhancer of chemiluminescence
in assays for the determination of peroxidase.
[0013] ELECTROANALYSIS, 18(18), 1771-1777, 2006 discloses a process for preparing of PPSA (3-(10H-phenoxazin-10-yl)-1-propanesulfonic acid) via a two step process comprising the reaction of phenoxazine with NaH in dioxane
followed by reaction with 1,3-propanesultone and the precipitation of the product.
[0014] JOURNAL OF PHYSICAL CHEMISTRY, 94(2), 870-4, 1990 discloses a process for preparing (PC3SO3Na)
via a two step process comprising the reaction of phenothiazine with NaH and a 1,3-dibromopropane followed by reaction
with Na2SO3.
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[0015] An object of this invention is a new method for the synthesis of N-alkylsulfonate derivatives of phenothiazine
of exceptional purity and in high yields. The method consists in the reaction of the phenothiazine anion with an alkyl
sultone (cyclical sulfone) in an appropriate solvent.
[0016] The process is simple and straightforward, based on the crystallization of pure product from the reaction mixture.
On the contrary, the impurities remain in solution and then are removed in a very simple and effective way.
[0017] The extraordinary purity of N-alkylsulfonate derivatives of phenothiazine obtained by the method of the present
invention is of vital importance for their use as enhancers of chemiluminescence in assays of the peroxidase. This is a
further object of this invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
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-

Figure 1: graph of the chemiluminescent signal as a function of [sodium 3-(phenotiazin-10-yl)propan-1-sulfonate]
concentration.
Figure 2: graph of the chemiluminescent signal as a function of the substrate solution concentration.
Figure 3: graph of the chemiluminescent signal as a function of pH.
Figure 4: graph of the chemiluminescent signal as a function of the substrate solution composition.
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[0019] In contrast to literature method, which requires two steps, the procedure of the present invention requires only
one step.
[0020] In particular, the anion of phenothiazine is generated in situ by addition of a base such as sodium hydride,
sodium amide, butyl lithium, lithium diisopropylamide and the like, in tetrahydrofuran. 1,3-propane sultone or 1,4-butane
sultone is then added, neat or dissolved in a solvent.
[0021] At the end of the reaction the product often separates from the solution in crystalline form and with a high
degree of purity. If an even greater degree of purity is desired, it is sufficient to recrystallise the product from ethanol,
water, or mixtures thereof.
[0022] The products obtained by the method of the present invention, and in particular sodium 3-(phenothiazin-10-yl)
propane-1-sulfonate and sodium 4- (phenothiazin-10-yl)butane-l-sulfonate are of very high purity. In particular, they are
totally free from traces of phenothiazine, which causes inactivation of peroxidase enzymes, such as horseradish peroxidase.
[0023] The extraordinary purity of sodium 3-(phenothiazin-10-yl)propane-1-sulfonate and sodium 4-(phenothiazin-10yl)butane-1-sulfonate obtained by the method of the present invention allows them to be used as enhancers of chemiluminescence even in considerably large amounts. For example, a typical substrate for the chemiluminescent detection
of peroxidase contains (a) the sodium salt of luminol preferably at a concentration between 2 and 12 mM, more preferably
at a concentration between 5 and 10 mM; in addition, it contains (b) an enhancer sodium 3-(phenothiazin-10-yl)propane1-sulfonate and sodium 4-(phenothiazin-10-yl)butane-1-sulfonate, prepared according to this invention, at a concentration between 2 and 8 mM, more preferably at a concentration between 3 and 6 mM; and also (c) a source of peroxide,
preferably at a concentration between 2 and 10 mM, and more preferably at a concentration between 4 and 8 mM.
[0024] The substrate solution, also known as working solution, is buffered preferably between pH 7.8 and 9.0, more
preferably between pH 8.2 and pH 8.8. The buffer can be Tris, tricine, ecc.
[0025] The substrate solution can be prepared just before use, or else it can be obtained by mixing two solutions one
containing luminol and the enhancer and the other the source of peroxide. Once prepared, the stability of the solution
is limited to about 24 hours, if maintained at 4-8 °C. An especially preferred formulation consists of:
-
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Solution A: sodium luminol, 10.0 mM; sodium 3-(phenothiazin-10-yl)propane-1-sulfonate, 6.0 mM in Tris buffer 0.3
M, pH 9.6
Solution B: sodium perborate 8.0 mM in acetate buffer 50 mM, pH 5.0

[0026] Both solutions are stable for at least 12 months at 4-8 °C. The working solution is prepared just before use by
mixing equal volumes of Solutions A and B. The pH of the mixture must be between pH 8.4 and pH 8.7. However, we
must bear in mind that since the chemiluminescent reaction is influenced by the concentration of luminol, of the enhancer
and pH, it is necessary to optimize the composition of the substrate depending on the application.
[0027] The chemiluminescent substrate thus obtained can be used in a large number of chemiluminescent assays of
horseradish peroxidase, both in solution and in blotting applications, including Western Blot, Dot Blot, Southern Blot,
and Northern Blot assays or any other membrane system that uses horseradish peroxidase, or other peroxidases, as
a marker enzyme for the quantification of antigens, antibodies and nucleic acids.
EXAMPLES

45

[0028] The following examples serve to illustrate specific aspects of the invention. However, they are not intended to
limit the invention.
EXAMPLE 1
Synthesis of sodium 3-(phenothiazin-10-yl)propane-1-sulfonate
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[0029] A portion of sodium hydride (17.7 g, 0.44 moles) dispersed in mineral oil is first washed with petroleum ether
(b.p. 40-60 ° C) and then suspended in 200 mL dry tetrahydrofuran, in a 2 L three-neck flask. A solution of phenothiazine
(80.0 g, 0.4 moles) dissolved in tetrahydrofuran (400 mL) is added under argon through a cannula. The mixture is shaken,
always under argon, for one hour at room temperature and then for 30 minutes at 50 °C. The mixture acquires an orange
colour, following the formation of the phenothiazine anion. After the suspension has cooled to 0 °C, a solution of 1,3propanesultone (35 mL, 0.4 moles) in tetrahydrofuran is added also through a cannula. The colour of the mixture changes
almost immediately to clear yellow. The mixture is stirred at 0° C for thirty minutes after the addition of the sultone and
then at room temperature for another thirty minutes.
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[0030] During this period, the mixture becomes almost colourless and homogeneous, with total dissolution of the
material in suspension. Subsequently, the product precipitates in crystalline form. At the end of reaction, the product is
separated from the solution by means of filtration and washed thoroughly first with tetrahydrofuran and then with ether.
Yield: 127.6 g (92.9%). The product is already of high purity. In particular, chromatographic analysis (HPLC, λ = 254
nm) shows that the content of phenothiazine in the product is less than 0.0002 parts (mole/mole). Other impurities can
be removed efficiently by recrystallization from ethanol. Molecular mass (C15H14NaO3S2) : 343.40. 1H NMR 300 MHz,
D2O) δ: 6.9-7.1 (m, 4H, ArH), 6.7-6.9 (m, 4H, ArH), 3.8 (t, 2H, -CH2- N, J = 9.9 Hz), 2.5 (t, 2H, - CH2-S, J = 11.2 Hz),
1,8-2,0 (m, 2H, -CH2-CH2-CH2). Molecular mass of the free acid (C15H15O3S2) : 321.42. MS (API-ES): 322.0 [MH]+.
EXAMPLE 2
Synthesis of sodium 4-(phenotiazin-10-yl)butane-1-sulfonate
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[0031] The synthesis of sodium 4-(phenotiazin-10-yl)butane-1-sulfonate is similar to that described in the previous
Example. The only difference lies in that a solution of 1,4-butan sultone (41 mL, 0.40 moles) in tetrahydrofuran (200 mL)
is used instead of the solution of 1,3-propanesultone. Again, the product, sodium 4-(phenotiazin-10-yl)butane-1-sulfonate, crystallizes from the reaction mixture. Yield: 122.4 g (85.6%). The product is already of high purity. In particular,
chromatographic analysis (HPLC, λ=254 nm) shows that the content of phenothiazine in the product is less than 0.0002
parts (mole/mole).
Molecular mass (C16H16NaO3S2): 357.42. 1H NMR (300 MHz, D2O) δ: 6,9-7,1 (m, 4H, ArH), 6,7-6,9 (m, 4H, ArH) , 3.7
(t, 2H, -CH2 - N, J = 9.9 Hz), 2.5 (t, 2H, -CH2-SO3Na, J = 11.2 Hz), 1.5-1.8 (m, 4H, -CH2-C2H4-CH2). Molecular mass
of the free acid (C16H17O3S2) : 335.44. MS (API-ES) : 336.3 [MH]+.
EXAMPLE 3
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Dependence of the luminol-peroxide-peroxidase reaction on the concentration of sodium 3-(phenothiazin-10-yl)propane-1-sulfonate
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[0032] All measurements reported in Example 3 were carried out with a spectrofluorimeter (Varian Eclipse), Bio/
Chemiluminescence Mode (wavelength of emission: 425 nm; emission slit: 20 nm). A series of substrates in 0.1 M, pH
8.6 Tris Buffer is prepared, with the following compositions:
-

[luminol sodium salt] = 2.50 mM
[sodium perborate] = 2.00 mM
3-(phenothiazin-10-yl)propane-1-sulfonate = 11.5 PM, 23 PM, 47 PM, 94 PM, 188 PM, 375 PM, 1500 PM e 3000 PM.

[0033] To a polymethylmethacrylate fluorimetry cuvette of containing 2 mL of each substrate, is added 10 PL of a
solution of 0.5 Pg/mL of horseradish peroxidase (HRP-Type VIIA). After mixing the solution with a vortex for a few
seconds, measurement of the luminescent signal is initiated. In all cases the chemiluminescent signal reaches a plateau
within a few minutes, and then remains stable for at least thirty minutes. The dependence of the chemiluminescent signal
(plateau value) for each substrate, is reported graphically in Figure 1. The luminescent signal grows very rapidly with
increasing concentration of the enhancer, 3-(phenothiazin-10-yl)propane-1-sulfonate, until it reaches a maximum value
between 0.5 and 1 mM. Further raising the concentration of the enhancer, the chemiluminescent signal begins to decline
slowly. At the highest concentration of enhancer, 3.0 mM, the signal is approximately 70% of the maximum value.
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EXAMPLE 4
Dependence of the sodium 3-(phenothiazin-10-yl)propane-1-sulfonate enhanced luminol-peroxide-peroxidase reaction
on luminol concentration
50

[0034] All measurements reported in Example 4 were carried out with a spectrofluorimeter (Varian Eclipse), Bio/
Chemiluminescence Mode (wavelength of emission: 425 nm; emission slit: 20 nm). A series of substrates in 0.1 M, pH
8.6 Tris Buffer is prepared, with the following compositions:
55

-

[luminol sodium salt] = 0.625 mM, 1.25 mM, 2.50 mM, 5.0 mM, 10 mM.
[sodium perborate] = 2.00 mM
3-(phenothiazin-10-yl)propane-1-sulfonate = 0.75 mM

5
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[0035] To a polymethylmethacrylate fluorimetry cuvette of containing 2 mL of each substrate, is added 10 PL of a
solution of 0.5 Pg/mL of horseradish peroxidase (HRP-Type VIIA). After mixing the solution with a vortex for a few
seconds, measurement of the luminescent signal is initiated. In all cases the chemiluminescent signal reaches a plateau
within a few minutes, and then remains stable for at least thirty minutes. The dependence of the chemiluminescent signal
(plateau value) for each substrate, is reported graphically in Figure 2. The luminescent signal gradually grows very
rapidly with increasing concentration of the luminol, until it reaches a maximum value between 0.5 and 1 mM. Further
raising the concentration of the enhancer, the chemiluminescent signal begins to decline slowly. At the highest concentration of enhancer, 3.0 mM, the signal is approximately 70% of the maximum value. The luminescent signal grows
gradually, and reaches a plateau at the highest concentration of luminol used in the experiment, 10 mM.
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EXAMPLE 5
pH dependence of the luminol-peroxide-peroxidase reaction enhanced by sodium 3-(phenotiazin-10-yl)propane-1-sulfonate
15

[0036] All measurements reported in Example 5 were carried out with a fluorimeter (Varian Eclipse), Bio/Chemiluminescence Mode (wavelength of emission: 425 nm; emission slit: 10 nm; emission filter: open; photomultiplier voltage:
medium). A series of substrates in 0.125 M, pH 9.1 Tris Buffer is prepared, with the following composition:
20

25
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-

[luminol sodium salt] = 5.0 mM.
[sodium perborate] = 4.00 mM
3-(phenothiazin-10-yl)propane-1-sulfonate = 1.50 mM

[0037] A series of polymethylmethacrylate fluorimetry cuvettes is prepared, each containing of containing 2 mL of
substrate. To each cuvette is added a small amount of 5M or 12M HCl, in order to adjust the pH to the following values:
9.02, 8.76, 8.51, 8.41, 8.28, 8.14 and 7.95, and limiting changes in the total volume to less than 5%. Then to each cuvette
are added 10 PL of a 0.5 Pg/mL solution of horseradish peroxidase (HRP-Type VIIA). After mixing the solution with a
vortex for a few seconds, measurement of the luminescent signal is initiated. In all cases the chemiluminescent signal
reaches a constant value within a few seconds. From the results obtained, which are shown in Figure 3, it is evident
that the chemiluminescent signal reaches the maximum value in the range between pH 8.3 and pH 8.6.
EXAMPLE 6
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Comparison between sodium 3-(phenotiazin-10-yl)propane-1-sulfonate, p-iodophenol, p-coumaric acid and 4-iodophenylboronic acid
[0038] All measurements reported in Example 6 were carried out with a spectrofluorimeter (Varian Eclipse), Bio/
Chemiluminescence Mode (wavelength of emission: 425 nm; emission slit: 20 nm). A series of polymethylmethacrylate
fluorimetry cuvettes is prepared, each containing 2 mL of the following substrate solution in 0.1 M, pH 8.6 Tris Buffer.
1.25 mM luminol sodium salt, 2.50 mM H2O2:
-

Solution A: 0.68 mM p-coumaric acid
Solution B: 0.77 mM 4-iodophenylboronic acid
Solution C: 0.62 mM p-iodophenol
Solution D: 0.75 mM sodium 3-(phenotiazin-10-yl)propane-1-sulfonate

[0039]

50
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-

It was prepared another substrate, Solution E, with the following composition:

5 mM luminol sodium salt
3 mM sodium 3-(phenotiazin-10-yl)propane-1-sulfonate
4 mM sodium perborate

[0040] Subsequently, to each cuvette is added 10 PL of a solution of 0.5 Pg/mL of horseradish peroxidase (HRP-Type
VIIA). After mixing the solution with a vortex for a few seconds, the luminescent signal is measured for 30 min. The
results obtained are shown in a graph in Figure 4.
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EXAMPLE 7
Substrate for measuring peroxidase through chemiluminescence
5

[0041] A Working Solution (Chemiluminescence Substrate) for measuring Peroxidase can be obtained by mixing equal
parts of the following solutions:
-

10

-

Luminol/Enhancer Solution: 10 mM luminol, sodium salt and 6 mM sodium 3-(phenotiazin-10-yl)propane-1-sulfonate
(enhancer), prepared as described in Example 1 in 0.3 M, pH 9.6 Tris buffer.
Peroxide Solution: 8 mM Sodium Perborate in 50 mM, pH 5.0 Acetate Buffer

[0042]

15

-

Therefore the Working Solution (Chemiluminescence Substrate) contains:

5.0 mM luminolo, sodium salt 5.0 mM
3.0 mM sodium 3-(phenotiazin-10-yl)propane-1-sulfonate
4.mM sodium perborate
0.25 mM sodium acetate

in 0.15 mM, pH 8.6 Tris Buffer Tris.
20

EXAMPLE 8
Application of the chemiluminescent reaction enhanced by sodium 3-(phenotiazin-10-yl)propane-1-sulfonate to a membrane assay of peroxidase.
25

30

[0043] On a sheet of nitrocellulose membrane commonly used for Western Blot assays, cut to approximately 2.5 x
5.0 cm were spotted 2 PL of solutions containing different concentrations of Horseradish Peroxidase (HRP) in 0.1M, pH
7.4 Tris Buffer additioned with BSA (bovine serum albumin). Each spot was repeated four times. Thus a 4x7 spot matrix
was created on the membrane. The membrane was air-dried and washed twice with 0.1 M, pH 7.4 Tris Buffer. Once
dry, the membrane was placed on a microscope slide and inserted into an imaging instrument (Nightowl, Berthold
Technologies). A Working Solution was then prepared by mixing:
-

500 PL of solution A prepared as in Example 7
500 PL of solution B prepared as in Example 7

35

and was sprinkled onto the membrane. Ten second readings were made every 5 minutes for half an hour. The data
obtained are shown in the following Table:
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[0044]

Row No.

Horseradish Peroxidase ( Pg )

Signal Intensity (4 spot average  sd)

1
2
3
4
5
6
7

2.36E-03
7.87E-04
2.62E-04
8.74E-05
2.91E-05
9.71E-06
0

701  91
404  51
192  7.2
79.8  5.3
30.4  1.3
19.2  7.8
9.2  2.9

These data yield a limit of detection for Horseradish Peroxidase (HRP) of about 10 pg (200 fmol).

Claims
55

1.

A synthetic process for the preparation of N-alkylsulfonates of phenothiazine, characterized in that the synthesis
consists of:
a. The preparation of the anion of phenothiazine,

7
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b. The reaction of said anion with a cyclic alkylsulfonic ester(sultone)
with precipitation of said N-alkylsulfonates of phenothiazine in crystalline form,
wherein step a. of preparation of the anion of phenothiazine takes place in situ in a solution containing tetrahydrofuran
by addition of a base and wherein said cyclic alkylsulfonic ester(sultone) is selected among 1,3-profane sultone,
and 1,4-butane sultone.

5

2.

A synthetic process for the preparation of N-alkylsulfonates of phenothiazine according to claim 1, characterized
in that said N-alkylsulfonates of phenothiazine present chemical formula (I)

10
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where
M+ is a monovalent, polivalent, organic or inorganic cation, preferably H+, Na+, Li+, K+, NH4+,
R1 and R2 are H and
n is equal to 3 or 4.

30

3.

A synthetic process for the preparation of N-alkylsulfonates of phenothiazine according to claim 1, characterized
in that said base is selected among sodium hydride, sodium amide, butyl lithium, lithium diisopropylamide.

4.

A synthetic process for the preparation of N-alkylsulfonate of phenothiazine according to any one of the preceding
claims, characterized in that said N-alkylsulfonate is the sodium salt of 3-(phenothiazin-10-yl)propane-1-sulfonate.

5.

A synthetic process for the preparation of N-alkylsulfonate of phenothiazine according to any one of claims 1 to 3,
characterized in that said N-alkylsulfonate is the sodium salt of 4-(phenothiazin-10-yl)butane-1-sulfonate.

6.

A synthetic process for the preparation of N-alkylsulfonate of phenothiazine according to claim 4, characterized in
that the phenothiazine content in said sodium 3-(phenothiazin-10-yl)propane-1-sulfonate is less than 0.0002 part
(mol/mol).

7.

A synthetic process for the preparation of N-alkylsulfonate of phenothiazine according to claim 5, characterized in
that the phenothiazine content in said sodium 4-(phenothiazin-10-yl)butane-1-sulfonate is less than 0.0002 part
(mol/mol).
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Patentansprüche
1.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonaten von Phenothiazin, dadurch gekennzeichnet,
dass die Synthese besteht aus:

55

a. der Herstellung des Anions von Phenothiazin,
b. der Reaktion des Anions mit einem cyclischen Alkylsulfonsäureester (Sulton) mit Fällung der N-Alkylsulfonate
von Phenothiazin in kristalliner Form,

8
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wobei Schritt a. der Herstellung des Anions von Phenothiazin in situ in einer Lösung, die Tetrahydrofuran enthält,
durch Zugabe einer Base erfolgt und wobei der cyclische Alkylsulfonsäureester (Sulton) ausgewählt ist aus 1,3Propansulton und 1,4-Butansulton.
5

2.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonaten von Phenothiazin nach Anspruch 1, dadurch
gekennzeichnet, dass die N-Alkylsulfonate von Phenothiazin die chemische Formel (I) aufweisen
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wobei
M+ ein einwertiges, mehrwertiges, organisches oder anorganisches Kation, vorzugsweise H+, Na+, Li+, K+,
NH4+, ist,
R1 und R2 H sind und
n gleich 3 oder 4 ist.

30

3.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonaten von Phenothiazin nach Anspruch 1, dadurch
gekennzeichnet, dass die Base ausgewählt ist aus Natriumhydrid, Natriumamid, Butyllithium, Lithiumdiisopropylamid.

4.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonat von Phenothiazin nach einem der vorangehenden
Ansprüche, dadurch gekennzeichnet, dass das N-Alkylsulfonat das Natriumsalz von 3-(Phenothiazin-10-yl)propan-1-sulfonat ist.

5.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonat von Phenothiazin nach einem der Ansprüche 1 bis
3, dadurch gekennzeichnet, dass das N-Alkylsulfonat das Natriumsalz von 4-(Phenothiazin-10-yl)butan-1-sulfonat
ist.

6.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonat von Phenothiazin nach Anspruch 4, dadurch gekennzeichnet, dass der Phenothiazingehalt in dem Natrium-3-(phenothiazin-10-yl)propan-1-sulfonat weniger als
0,0002 Teile (mol/mol) ist.

7.

Synthetisches Verfahren für die Herstellung von N-Alkylsulfonat von Phenothiazin nach Anspruch 5, dadurch gekennzeichnet, dass der Phenothiazingehalt in dem Natrium-4-(phenothiazin-10-yl)butan-1-sulfonat weniger als
0,0002 Teile (mol/mol) ist.
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Revendications
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1.

Procédé de synthèse pour la préparation de N-alkylsulfonates de phénothiazine, caractérisé en ce que la synthèse
consiste en :
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a. la préparation de l’anion de la phénothiazine,
b. la réaction dudit anion avec un ester alkylsulfonique cyclique (sultone)
avec précipitation desdits N-alkylsulfonates de phénothiazine sous forme cristalline,
dans lequel l’étape a. de la préparation de l’anion de la phénothiazine a lieu in situ dans une solution contenant du
tétrahydrofurane par addition d’une base et dans lequel ledit ester alkylsulfonique cyclique (sultone) est choisi parmi
la 1,3-propanesultone et la 1,4-butanesultone.

5

2.
10

Procédé de synthèse pour la préparation de N-alkylsulfonates de phénothiazine selon la revendication 1, caractérisé
en ce que lesdits N-alkylsulfonates de phénothiazine répondent à la formule chimique (I)

15

20

dans laquelle
25

M+ est un cation monovalent, polyvalent, organique ou minéral, de préférence H+, Na+, Li+, K+, NH4+,
R1 et R2 sont H, et
n est égal à 3 ou 4.
30

3.

Procédé de synthèse pour la préparation de N-alkylsulfonates de phénothiazine selon la revendication 1, caractérisé
en ce que ladite base est choisie parmi l’hydrure de sodium, l’amidure de sodium, le butyl-lithium, le diisopropylamide
de lithium.

4.

Procédé de synthèse pour la préparation d’un N-alkylsulfonate de phénothiazine selon l’une quelconque des revendications précédentes, caractérisé en ce que ledit N-alkylsulfonate est le sel de sodium du 3-(phénothiazin10-yl)-propane-1-sulfonate.

5.

Procédé de synthèse pour la préparation d’un N-alkylsulfonate de phénothiazine selon l’une quelconque des revendications 1 à 3, caractérisé en ce que ledit N-alkylsulfonate est le sel de sodium du 4-(phénothiazin-10-yl)-butane-1-sulfonate.

6.

Procédé de synthèse pour la préparation d’un N-alkylsulfonate de phénothiazine selon la revendication 4, caractérisé en ce que la teneur en phénothiazine dudit 3-(phénothiazin-10-yl)-propane-1-sulfonate de sodium est inférieure à 0,0002 partie (en moles).

7.

Procédé de synthèse pour la préparation d’un N-alkylsulfonate de phénothiazine selon la revendication 5, caractérisé en ce que la teneur en phénothiazine dudit 4-(phénothiazin-10-yl)-butane-1-sulfonate de sodium est inférieure
à 0,0002 partie (en moles).
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