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Description

[0001] The invention relates to a process for the preparation of a phenolic hydroxy-substituted compound of the general
formula (I) by desalkylation of an alkyl aryl ether of the general formula (II) by treatment with a thiourea/aluminium chloride
reagent pair.

- in said general formulae R1 stands for straight chain or branched C1-6 alkyl group; R2, R3, R4, R5, and R6 have the
same or different meanings and stand for hydrogen or halogen atom, hydroxy, carboxy, nitro, oxo, C1-6 alkylcarbonyl,
straight chain or branched alkyl or - alkoxy, or aryl group, or R2 and R3 together may stand for a 5-7 membered ring
or a fused ring system; said 5-7 membered ring may be a partially saturated ring optionally substituted with an oxo
group or can be an unsaturated ring; or said fused ring system may constitute with the first ring a steroid, preferably
an estratriene derivative optionally substituted with an oxo or C1-6 alkylcarbonyloxy group in the 17 position-.
[0002] Since the phenolic hydroxy is susceptible both to oxidation and to nucleophilic reactions, it is usually brought
into temporalily protected form in the course of the synthesis. Various protective groups are known of which those
protecting the hydroxy in the form of an ether, e. g. in the form of alkoxy, particularly methoxy are preferred, since these
are easy-to-prepare and the protection is broad in scope. The drawback of this method, however, is that protective group
can only be removed under drastic reaction conditions.
[0003] For demethylation of the alkyl aryl ethers various reactions and reagents are known of which - without the aim
of completeness - those used most frequently are listed below:
[0004] Demethylation of methoxybenzene by aluminium chloride (AlCl3) was described in 1944. The drawback of this
method is that during the reaction poisonous methyl chloride gas developed; what is more, depending on the molar ratio
of the starting material and the AlCl3, the aromatic ring became methylated to different extent (Baddeley, G.: J. Chem.
Soc., p. 330, 1944).
[0005] Acidic cleavage of the ether bond by hydrogen iodide (HI) (Coombs, M. M. and Roderick, H. R.: Steroids, Vol.
6, p. 841, 1965) or by boron tribromide (BBr3) (Bhatt, M. V. and Kulkarni, S. U.: Synthesis, p. 249, 1983) is also known.
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However, corrosive properties and high prices of these reagents are against the industrial application of both processes.
[0006] The regioselective demethylation of polymethoxy benzaldehide by aluminium chloride was studied in benzene.
The use of benzene, however, makes difficult the industrial application (Paul, E. G. and Wang, P. S.-C.: J. Org. Chem.,
Vol. 44, p. 2307, 1979). No mention happens in this publication to demethylation of alkyl groups other than methyl,
neither to the demethylation of fused ring aromatic ethers or steroids.
[0007] Demethylation by pyridine hydrochloride requires extreme reaction conditions (180-220 °C) (Groen, M. B. and
Zeelen, F. J.: Tetrahedron Letters, Vol. 23, p. 3611, 1982).
[0008] Regioselective cleavage of the ether bond by aluminium iodide (AlI3) in acetonitrile was described by Bhatt,
M. V. and Babu, J. R. Tetrahedron Letters, Vol. 25, p. 3497, 1984, and the same effect was found by Node, M. et al
when they used aluminium chloride/sodium iodide reagent pair (Chem. Pharm. Bull., Vol. 31, p. 4178,1983).
[0009] The effect of trimethylsilyl iodide reagent [(Me)3Sil] on several ethers was studied by Jung, M. E. and Lister,
M. A. (J. Org. Chem., Vol. 42, p. 3761, 1977), while Winterfeldt, E. (Synthesis, p. 617, 1975) used diisobutylaluminium
hydride reagent (DIBAH) in his experiments.
[0010] Stein, R. P. et al used methylmagnesium iodide (MeMgI) for the demethylation of acid sensitive steroids (Tet-
rahedron, Vol. 26, p 1917 (1970)), while Wunderwaldt, M. et al demethylated 3-methoxyestra-1,3,5(10)-triene derivatives
substituted on the D-ring by treatment with a potassium-tert-butoxide/ethanethiol (KOCMe3/EtSH) reagent pair (Z. Chem.,
Vol. 21, p. 145, 1981). In the latter case hexamethylphoshorous triamide (HMPT) was used as solvent.
[0011] An interesting reagent pair, i. e. a 2,3,11,12-dicyclohexano-1,4,7,10,13,15-hexaoxacyclooctadecane/potassi-
um pair (or otherwise: dicyclohexano-18-crown-6/potassium) was used by Ohsawa, T. et al (Tetrahedron Letters, Vol.
33, p. 5555, 1992) to demethylate anisole-derivatives and the products were obtained with good yields.
[0012] Andre, J. D. et al demethylated opiate derivatives by using a methanesulfonic acid (MeSO3H)/methionine (α-
amino-γ-methyl-mercaptobutyric acid) reagent pair with success (Syn. Commun., Vol. 22. p. 2313, 1992). However, the
high price of the methanesulfonic acid and that it was used in a 30-fold excess is against its industrial application.
[0013] Of the processes listed above the best yields for the ether bond cleavage could be achieved when BBr3 in
dichloromethane, DIBAH in toluene, as well as when KOCMe3/EtSH or dicyclohexano-18-crown-6/potassium reagent
pairs were used.
[0014] The processes reviewed above are common in that their plant scale realisations are not without difficulties: the
reagents are expensive and the reactions require extreme conditions and/or result in poor yields.
[0015] The application of a "strong acid/weak nucleophil" reagent pair brought a break-through to the ether-desalkyla-
tion technique. In the so called Fujita-method a Lewis acid (a metal halogenide) and - as weak nucleophil - EtSH were used.
[0016] Of the reagent pairs of this type the boron trifluoride diethyl etherate, the AlCl3/EtSH and the aluminium bromide
(AlBr3)/EtSH gave the most promising results (Node, M. et al: J. Org. Chem., Vol. 45, p. 4275, 1980). Considering the
necessary reaction conditions, the safe application of the reagents and last but no least the price of the reagents, it is
only the AlCl3/EtSH reagent pair used in the Fujita ether cleavage process which can be realised with proper yield and
at reasonable cost in plant scale. Besides the advantages, this process has several drawbacks: the AlCl3/EtSH reagent
pair should be used in 3-6 fold excess based on the amount of the ether to be demethylated; when the reaction is finished
the excess EtSH (which is used also as a solvent for the reaction) and the ethyl methyl thioether (which presumably is
formed in the reaction) should be eliminated by oxidation; the thio compounds used and formed in the reaction have low
boiling points and have disagreeable odor also in low concentrations, causing additional costs to provide environmentally
acceptable operation and any fault of the operation may result in air pollution.
[0017] To avoid problems arising from the penetrating odor, recently efforts have been made to improve the methods
working with alkylthiol and arilthiol reagents to cleave the ether bond. According to Node’s version (Node, M. et al:
Tetrahedron Letters, Vol. 42, p. 9207, 2001) the penetrating EtSH could be replaced by the odorless 1-dodecanethiol
(lauryl mercaptan) among others in the Fujita-method. This publication mentions only the yield, which is excellent, but
no other details are given.
[0018] At the first sight the use of the 1-dodecanethiol seems attractive, but when plant scale application is considered,
several questions come up. The 1-dodecanethiol is sparingly soluble in water (0.01 g in 100 g water) but is readily soluble
in organic solvents, causing that during the work up of the reaction mixture with an aqueous treatment, it is contained
in the same phase as the product, i. e. an additional separation step is necessary to remove it. The same applies to the
1-dodecane methyl thioether formed in the reaction. On the other hand, the 1-dodecanethiol is a surfactant (a property,
inherent in its structure), which may cause difficulties in the phase separation step.
[0019] The data (reagent, solvent, temperature, time, yield and reference) of the most important reactions for the
desalkylation of ethers are shown in Table 1 below.
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[0020] Wherein the references are as listed below:

A/ Baddeley, G.: J. Chem. Soc., p. 330, 1944
B/ Coombs, M. M. and Roderick, H. R.: Steroids, Vol. 6, p. 841, 1965;
C/ Paul, E. G. and Wang, P. S.-C.: J. Org. Chem., Vol. 44, p. 2307,1979
D/ Bhatt, M. V. and Kulkarni, S. U.: Synthesis, p. 249, 1983;
E/ Groen, M. B. and Zeelen, F. J.: Tetrahedron Letters, Vol. 23, p. 3611, 1982;
F/ Bhatt, M. V. and Babu, J. R.: Tetrahedron Letters, Vol. 25, p. 3497, 1984;
G/ Node, M. et al: Chem. Pharm. Bull., Vol. 31, p. 4178, 1983;
H/ Jung, M. E. and Lister, M. A.: J. Org. Chem., Vol. 42, p. 3761, 1977;
I/ Winterfeldt, E.: Synthesis, p. 617, 1975
J/ Stein, R. P. et al: Tetrahedron, Vol. 26, p. 1917, 1970;
K/ Wunderwald, M. et al: Z. Chem., Vol. 21, p. 145,1981;
L/ Ohsawa, T. et al: Tetrahedron Letters, Vol. 33, p. 5555, 1992;
M/ Andre, J. D. et al: Syn. Commun., Vol. 22, p. 2313, 1992;
N/ Node, M. et al: J. Org. Chem., Vol. 45, p. 4275, 1980;
O/ Node, M. et al: Tetrahedron Letters, Vol. 42, p. 9207, 2

[0021] To sum up the literature data it can be said that the Fujita method is the most suitable for plant scale desalkylation
of alkyl aryl ethers (item N in Table 1). This process, however, has an unquestionable disadvantage: the use of the thiol
reagents with intense, disagreeable odor.
[0022] Since in the pharmaceutical industry desalkylation is a frequently used procedure and the processes listed
above go with difficulties at plant scale (expensive reagents, extreme reaction conditions, low yield, intensive odor
penetrating into the air), our aim is to provide a new desalkylation process without the use of alkanethiols.
[0023] Our invention is based on that we have found that thiourea and AlCl3 form together a reagent pair. It is a

Table 1

The most important known reactions for the desalkylation of ethers

Reagents Solvent Temperature (°C) Time (h) Yield (%) Reference

AlCl3 without solvent 100 3 15-100 A

HI acetic acid / water 100 0.5 68 B

AlCl3 benzene 50 7.5 84 C

BBr3 dichloromethane, -80 - +20 2h -7 days 14-93 D
benzene, pentane

pyridine.HCI - 180-220 1 53 E

AlI3 acetonitrile 82 1-12 90-94 F

AlCI3 /NaI acetonitrile / reflux 5.5 70 G
dichloromethane

(Me)3SiI CD2Cl2 25-60 0.1-125 70-100 H

DIBAH toluene 70-80 - 81-95 I

MeMgI melt 165-170 3 90 J

KOCMe3/ EtSH HMPT 150 2 96 K

dicyclohexano-18- toluene or 20 2 80-100 L
crown-6 / potassium tetrahydrofuran

MeSO3H / MeSO3H 20-80 6-55 50-80 M
methionine

AlCI3 / EtSH EtSH 0-20 0.5-3.5 70-98 N

AlCl3/1- 1-dodecanethiol 20 1 77-97 O
dodecanethiol
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colorless and odorless liquid with moderate viscosity which is readily soluble in certain organic solvents (e. g. in dichlo-
romethane, 1,2-dichloroethane, chloroform, benzene, toluene, xilene) while insoluble in 1,1,2,2-tetrachloroethylene.
[0024] Further experiments showed that the reagent pair containing the thiourea and AlCl3 in equimolar amount can
dissolve excess of AlCl3 too (0.5-1.5 mol AlCl3 is present as excess). This is an advantage when said reagent pair is
used in a desalkylation process according to the invention; namely we have found that in the thiourea/AlCl3 reagent pair
the sulphur atom acts as a weak nucleophil and is capable of cleaving a methyl group from a methoxy, similarly to the
AlCl3/EtSH reagent.
[0025] In a pilot experiment the 17β-acetoxyestra-1,3,5,(10)-triene-3-ol of the formula (III), an intermediate used in
the manufacture of pharmaceuticals was prepared

by the demethylation of 3β-methoxy-17β-acetoxyestra-l,3,5(10)-triene of the formula (IV)

without the use of an alkanethiol reagent.
[0026] The new process according to the invention gives 17β-acetoxiestra-1,3,5(10)triene--3-ol of the formula (III) in
good yield and high purity by demethylation of 3β-methoxy-17β--acetoxyestra-1,3,5(10)-triene of the formula (IV) by
treatment with the thiourea/AlCl3 reagent pair.
[0027] Next, another steroid, the 3β-hydroxyestra-1,3,5(10)-triene-17-one of the formula (V), also an intermediate in
the manufacture of pharmaceuticals was prepared,
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by demethylation of the 3β-methoxyestra-1,3,5(10)-triene-17-one of the formula (VI), by treatment with thiourea/AlCl3
reagent pair.

[0028] In a study we subjected several other compounds to demethylation by using the thiourea/AlCl3 reagent pair of
the invention and found that the process utilising thiourea/AlCl3 can be extended to the preparation of various substituted
phenols and naphthols. In all the reactions studied the appropriate, phenolic hydroxy-substituted compounds were
obtained and successfully recovered.
[0029] Further, we have found that these phenolic hydroxy-substituted compounds can be prepared not only by demeth-
ylation but also by desalkylation (i. e. by the removal of a C1-6 alkyl group from the corresponding starting material) by
using the thiourea/AlCl3 reagent pair.
[0030] Thus, in our experiments we have found that the new demethylation process using the thiourea/AlCl3 reagent
pair for the preparation of 17β-acetoxyestra-1,3-5(10)-triene-3-ol of the formula (III) can be extended for the preparation
of a phenolic hydroxy-substituted compound of the general formula (I) by desalkylation of an alkyl aryl ether of.the general
formula (II) by treatment with a thiourea/aluminium chloride reagent pair.
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- in said general formulae R1 stands for straight chain or branched C1-6 alkyl group; R2, R3, R4, R5, and R6 have the
same or different meanings and stand for hydrogen or halogen atom, hydroxy, carboxy, nitro, oxo, C1-6 alkylcarbonyl,
straight chain or branched alkyl or - alkoxy, or aryl group, or R2 and R3 together may stand for a 5-7 membered ring
or a fused ring system; said 5-7 membered ring may be a partially saturated ring optionally substituted with an oxo
group or can be an unsaturated ring; or said fused ring system may constitute with the first ring a steroid, preferably
an estratriene derivative optionally substituted with an oxo or C1-6 alkylcarbonyloxy group in the 17 position -.
[0031] The new process has several advantages, i. e. the products are obtained with good yields and purity; the
process is easy to realize in plant scale, can be operated in an environmentally acceptable fashion in a manner not
known is the art to avoid the use of substances having disagreeable odor.
[0032] We have found only one reference concerning the thiourea/AlCl3 reagent pair. It’s the Soviet patent application
No. 603 395 (priority data: 1976. 11. 22 - SU - 2421790) which discloses that burning metals, such as aluminium and
magnesium can be extinguished with a "thiourea / aluminium chloride compound" prepared by mixing its components
in equimolar ratio at a temperature below 50 °C; said compound is a homogenous, transparent liquid with moderate
viscosity and certain physical characteristics are also given. It is also mentioned that said compound has been previously
used in spectroscopy as model substance to detect the existence of chemical association.
[0033] No mention happens in the technical literature to that by using the thiourea/AlCl3 reagent pair the phenolic
hydroxy-substituted compounds of the general formula (I) can be prepared from the aryl alkyl ethers of the general
formula (II) whereby the compound of the general formula (II) is desalkylated (or in other words: the phenolic hydroxy
of the compound is liberated), nor is mentioned that the use of the thiourea/AlCl3 can be advantageous in organic reactions.
[0034] Accordingly, the object of the invention is process for the preparation of a phenolic hydroxy-substituted com-
pound of the general formula (I) by desalkylation of an alkyl aryl ether of the general formula (II) by treatment with a
thiourea/aluminium chloride reagent pair,
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- in said general formulae R1 stands for straight chain or branched C1-6 alkyl group; R2, R3, R4, R5, and R6 have the
same or different meanings and stand for hydrogen or halogen atom, hydroxy, carboxy, nitro, oxo, C1-6 alkylcarbonyl,
straight chain or branched alkyl or - alkoxy, or aryl group, or R2 and R3 together may stand for a 5-7 membered ring
or fused ring system; said 5-7 membered ring may be a partially saturated ring optionally substituted with an oxo group
or can be an unsaturated ring; or said fused ring system may constitute with the first ring a steroid, preferably an
estratriene derivative optionally substituted with an oxo or C1-6 alkylcarbonyloxy group in the 17 position
[0035] In the compounds of the general formula (II) R1 may stand for straight chain or branched C1-6 alkyl group, such
as methyl, ethyl, n-propyl or n-butyl group.
[0036] In the compounds of the general formulae (I) and (II) R2, R3, R4, R5 and R6 may stand for halogen atom, such
as chloride, bromide, iodine or fluorine atom.
[0037] In the compounds of the general formulae (I) and (II) R2, R3, R4, R5 and R6 when are defined as an alkylcarbonyl
group, may mean a straight chain or branched C1-6 alkylcarbonyl group, such as methylcarbonyl, ethylcarbonyl, n-
propylcarbonyl, isopropylcarbonyl, n-butylcarbonyl, tertiarybutylcarbonyl group.
[0038] In the compounds of the general formulae (I) and (II) R2, R3, R4, R5 and R6 when are defined as straight chain
or branched C1-6 alkyl group, may mean e. g. methyl, ethyl, n-propyl, isopropyl, n-butyl, tertiarybutyl group.
[0039] In the compounds of the general formulae (I) and (II) R2, R3, R4, R5 and R6 when are defined as straight chain
or branched C1-6 alkoxy group, may mean e. g. methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tertiarybutoxy group.
[0040] In the compounds of the general formulae (I) and (II) R2, R3, R4, R5 and R6 may stand for an aryl group, such
as a phenyl or benzyl group.
[0041] In the compounds of the general formulae (I) and (II) R2, R3 together may stand for an unsaturated or a partially
saturated 5-7 membered ring constituting with the original ring a fused ring system, such as naphthalene or 5,6,7,8-
tetrahydronaphthalene.
[0042] When in the compounds of the general formulae (I) and (II) R2, R3 together may stand for a fused ring system,
the fused ring system may constitute with the first ring a steroid, preferably an estratriene derivative optionally substituted
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with an oxo or C1-6 alkylcarbonyloxy group in the 17 position; - said alkylcarbonyloxy is a straight or branched C1-6
akylcarbonyloxy, such as methylcarbonyloxy, ethylcarbonyloxy, n-propylcarbonyloxy, isopropylcarbonyloxy, n-butylcar-
bonyloxy, tertiarybutylcarbonyloxy. Such estratriene derivative may be e. g. the 17β-acetoxyestra-1,3,5(10)-triene-3-ol
of the formula (III) or the 3β-hydroxyestra-1,3,5(10)-triene-17-one of the formula (V).
[0043] It is to be mentioned that the 17β-acetoxyestra-1,3,5(10)-triene-3-ol or by other name: estradiol-17β-acetate
of the formula (III) is an early intermediate for the synthesis of estradiol (other name: estra-1,3,5(10)-triene-3,17β-diol)
and ethynylestradiol (other name: 17α-ethynylestra-1,3,5(10)-triene-3,17β-diol), which are the estrogenic components
of pharmaceutical compositions used for contraception and for the treatment of hormone deficiency.
[0044] The detailed description of the invention is as follows:
[0045] The term "room temperature" means a temperature ranging about from 20 °C to 25 °C.
[0046] The phenolic hydroxy-substituted compounds of the general formula (I) according to the invention are prepared
from the alkyl aryl ethers of the general formula (II) usually in such a manner that the thiourea in an amount of 1-3 mol
equivalent per ether group is mixed with 1-6 mol equivalent of AlCl3. The reaction with the careful exclusion of moisture
is carried out without the use of a solvent, or in a suitable solvent, such as dichloromethane, 1,2-dichloroethane, chlo-
roform, benzene, toluene, xilene, 1,1,2,2-tetrachloroethane, 1,1,2,2-tetrachloroethylene. The mixture is stirred for a short
time at 100 rpm and then to the reagent pair formed (a liquid), 1 mol equivalent amount of the alkyl aryl ether of the
general formula (II) is added.
[0047] The addition order of the reaction components is interchangeable.
[0048] The reaction mixture is heated to 40-100 °C and is maintained at this temperature for 1-3 hours. Then the
mixture is cooled and 5 wt % hydrochloride acid is added. In some cases the product is simply filterable. When the
product is remained in a solution, the aqueous layer is extracted by the appropriate solvent, and the organic layer so
obtained is washed with alkali, 1-5 wt % sodium hydroxide, sodium carbonate or sodium bicarbonate to recovere the
product. The pH of the alkaline aqueous layer is adjusted to be acidic, the precipitated phenolic product is recovered by
filtration or if necessary extraction followed by evaporation.
[0049] The molar ratio of the components in the thiourea/AlCl3 reagent pair used in the process according to the
invention is varied from 1:1 to 1:4, preferably from 1:1 to 1:2.
[0050] In the process according to the invention the thiourea component of the thiourea/AlCl3 reagent pair generally
is used in 1-5 mol equivalent amount, whereas the AlCl3 component in 1-20 mol equivalent amount based on one ether
group present in the alkyl aryl ether of the general formula (II) in question.
[0051] For the preparation of a phenolic hydroxy-substituted compound of the general formula (I) by the process
according to the invention using the thiourea/AlCl3 reagent pair, suitably a compound of the general formula (II) wherein
R1 stands for C1-6 alkyl, preferably a methyl, ethyl, n-propyl or n-butyl is applied.
[0052] The desalkylation process using the thiourea/AlCl3 reagent pair to prepare a phenolic hydroxy-substituted
compound of the general formula (I) from the corresponding alkyl aryl ether of the general formula (II) can be carried
out in the presence of one or more solvents or without the use of a solvent. Suitably the following solvents can be used:
dichloromethane, 1,2-dichloroethane, chloroform, benzene, toluene, xilene, 1,1,2,2-tetrachloroethane, 1,1,2,2-tetrachlo-
roethylene.
[0053] Although the thiourea/AlCl3, a liquid state reagent pair, is insoluble in 1,1,2,2-tetrachloroethylene, in certain
cases it is necessary to use said solvent to dissolve the alkyl aryl ether. In such a case the procedure is as follows:
[0054] The thiourea/AlCl3, a liquid state reagent pair is dissolved e. g. in dichloromethane; to this solution

- the alkyl aryl ether dissolved in tetrachloroethylene is added; or
- first the alkyl aryl ether and subsequently the tetrachloroethylene are added.

[0055] The desalkylation process using the thiourea/AlCl3 reagent pair to prepare a phenolic hydroxy-substituted
compound of the general formula (I) from the corresponding alkyl aryl ether of the general formula (II) is performed at
a temperature ranging suitably from 0 °C to 130 °C.
[0056] By carrying out the reaction according to the invention in the presence of the thiourea/AlCl3 reagent pair and
organic solvents, preferably dichloromethane and 1,1,2,2-tetrachloroethylene, the 17β-acetoxyestra-1,3,5(10)-triene-3-
ol (III) was successfully prepared by demethylation of 3β-methoxy-17β-acetoxyestra-1,3,5(10)-triene (IV).
[0057] By carrying out the reaction according to the invention in the presence of the thiourea/AlCl3 reagent pair and
organic solvents, preferably dichloromethane and 1,2-dichloroethane, 3β-hydroxyestra-1,3,5(10)-triene-17-one (V) was
also prepared by the demethylation of 3β-methoxyestra-1,3,5(10)-triene-17-one (VI).
[0058] The invention is further illustrated by the following Examples.
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Example 1

Preparation of 17β-acetoxyestra-1,3,5(10)-triene-3β-ol (III) by demethylation of 3β-methoxy-17β-acetoxyestra-
1,3,5(10)-triene (IV)

[0059] To 53.3 g (0.4 mol) of dry aluminium chloride 250 ml of dichloromethane was poured, then 22.84 g (0.3 mol)
of crystalline thiourea was added in small portions under stirring over 10 minutes. The addition is carried out at room
temperature, at the end the temperature of the mixture raises to 30 °C. After stirring the mixture for additional 15 minutes
the mixture becomes a transparent olive-drab solution and the temperature returnes to room temperature. Then 32.85
g (0.1 mol) of 3β-methoxy-17β-acetoxyestra-1,3,5(10)-triene of formula (IV) dissolved in 40 ml of dichloromethane is
added over 15 minutes raising the reaction temperature to 30 °C. The mixture is heated to reflux and is maintained at
this temperature for 4 hours under stirring. The reaction proceeds along with gradual precipitation of the product in yellow
crystals giving the 17β-acetoxyestra-1,3,5(10)-triene-3-ol of the formula (III) in 65-70 % yield. In order to improve the
yield and the purity of the product the reaction is continued as follows:
[0060] To the reaction mixture 200 ml of 1,1,2,2-tetrachloroethylene is added over 5 minutes. The mixture is kept
under continuous stirring and the temperature of the mixture is gradually elevated from 40 °C to 75 °C in such a way
that first the dichloromethane being present is distilled off at 40-43 °C. After 2-2.5 hours (while 265 ml of dichloromethane
is distilled off) the distillation head temperature dropped. At this time the temperature is elevated to 75-80 °C with heating
and maintained at this value for 1 hour, then the mixture is cooled to 30 °C and 200 ml of 5 wt % hydrochloric acid is
added in small portions while taking care of that the temperature not to exceed 75 °C. When the addition of the HCl is
finished, the colour of the product changes first from reddish orange to pink and after stirring for additional 30 minutes
to white. At this time the reaction mixture is cooled to room temperature, the stirring is stopped and the product is filtered
off, washed and dried.
[0061] The small amount of hydrogen sulfide formed in the reaction is introduced into a trap containing 10 wt %
aqueous sodium hydroxide.
[0062] The reaction gives 29.5 g (93.9 %) of 17β-acetoxyestra-1,3,5(10)-triene-3-ol of the formula (III) as a white
powder.

Example 2

Preparation of 3β-hydroxyestra-1,3,5(10)-triene-17-one (V) by demethylation of 3β-methoxyestra-1,3,5
(10)-triene-17-one (VI)

[0063] 230 mg (3 mmol) of thiourea and 560 mg (4.2 mmol) of aluminium chloride are mixed. To the resulting oily
liquid 285 mg (1 mmol) of 3β-methoxyestra-1,3,5(10)-triene-17--one (VI) dissolved in 10 ml of dichloromethane is added.
The reaction mixture is stirred for 4 hours under reflux, then 10 ml of 1,2-dichloroethane is added over 5 minutes. The
temperature of the reaction mixture is gradually elevated from 40 °C to 75 °C under continuous stirring in such a way
that first the dichloromethane being present in the mixture is distilled off at 40-43 °C distillation head temperature. Then
the mixture is heated to reflux and maintained at reflux temperature (75-80 °C) for 3 hours. After that the mixture is
cooled to room temperature and 5 ml of 5 wt % hydrochloric acid is added in small portions while taking care of that the
temperature not to exceed 75 °C. When the addition of the HCl is finished, the colour of the product changes first from
reddish orange to pink and after stirring for additional 30 minutes to white. At this time the reaction mixture is cooled to
room temperature, the stirring is stopped and the product is filtered off, washed and dried.
[0064] 150 mg (54 %) of 3β-hydroxyestra-1,3,5(10)-triene-17-one of the formula (V) is obtained as a white powder.

Example 3

Preparation of hydroxybenzene by demethylation of methoxybenzene

[0065] To a mixture of 5.32 g (40 mmol) of aluminium chloride and 1.52 g (20 mmol) of thiourea 2.16 g (20 mmol) of
methoxybenzene is added. The reaction mixture is heated to 90 °C and maintained at this temperature for 1 hour. The
mixture is then cooled to room temperature and 20 ml of 5 wt % hydrochloric acid is added. The mixture is extracted
with chloroform, the organic layer is dried over sodium sulfate and evaporated, yielding 1.79 g (95.2 %) of hydroxybenzene.
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Example 4

Preparation of 2-hydroxynaphthalene by demethylation of 2-methoxynaphthalene of the formula (VII)

[0066]

[0067] To a mixture of 5.32 g (40 mmol) of aluminium chloride and 1.52 g (20 mmol) of thiourea 3.16 g (20 mmol) of
2-methorynaphtalene of the formula (VII) is added. The reaction mixture is heated to 90 °C and maintained at this
temperature for 1 hour. The mixture is then cooled to room temperature and 20 ml of 5 wt % hydrochloric acid is added.
The precipitated product is filtered, washed and dried to give 2.58 g (89.5 %) of 2-hydroxynaphthalene.

Example 5

Preparation of 1-hydroxy-4-methylbenzene by demethylation of 1-methoxy-4--methylbenzene

[0068] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 2.44 g (20
mmol) of 1-methoxy-4-methylbenzene is used.
[0069] 2.16 g (100 %) of 1-hydroxy-4-methylbenzene is obtained.

Example 6

Preparation of 1-hydroxy-4-chlorobenzene by demethylation of 1-methoxy-4--chlorobenzene

[0070] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 2.85 g (20
mmol) of 1-methoxy-4-chlorobenzene is used.
[0071] 2.47 g (96 %) of 1-hydroxy-4-chlorobenzene is obtained.

Example 7

Preparation of 1-hydroxy-2-chlorbenzene by demethylation of 1-methoxy-2--chlorbenzene

[0072] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 2.85 g (20
mmol) of 1-methoxy-2-chlorbenzene is used.
[0073] 2.01 g (78.2 %) of 1-hydroxy-2-chlorbenzene is obtained.

Example 8

Preparation of 1-hydroxy-2-bromobenzene by demethylation of 1-methoxy-2--bromobenzene

[0074] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 3.74 g (20
mmol) of 1-methoxy-2-bromobenzene is used.
[0075] 3.17 g (91.7 %) of 1-hydroxy-2-bromobenzene is obtained.
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Example 9

Preparation of 1-hydroxy-4-bromobenzene by demethylation of 1-methoxy-4--bromobenzene

[0076] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 3.74 g (20
mmol) of 1-methoxy-4-bromobenzene is used.
[0077] 3.12 g (90.2 %) of 1-hydroxy-4-bromobenzene is obtained.

Example 10

Preparation of 1-hydroxy-4-fluorobenzene by demethylation of 1-methoxy-4--fluorobenzene

[0078] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 2.52 g (20
mmol) of 1-methoxy-4-fluorobenzene is used.
[0079] 2.15 g (95.8 %) of 1-hydroxy-4-fluorobenzene is obtained.

Example 11

Preparation of 1-hydroxy-4-nitrobenzene by demethylation of 1-methoxy-4--nitrobenzene

[0080] To a mixture of 5.32 g (40 mmol) of aluminium chloride and 1.52 g (20 mmol) of thiourea 1.53 g (10 mmol) of
1-methoxy-4-nitrobenzene is added. The reaction mixture is heated to 40 °C and maintained at this temperature of 2
hours, then cooled to room temperature and 20 ml of 5 wt % hydrochloric acid is added. The precipitated product is
filtered, washed and dried giving 1.13 g (81.2 %) of 1-hydroxy-4-nitrobenzene.

Example 12

Preparation of hydroxybenzene by desethylation of ethoxybenzene

[0081] The method described in Example 3 is applied with the alteration that instead of methoxybenzene 2.44 g (20
mmol) of ethoxybenzene is used.
[0082] 1.77 g (94.3 %) hydroxybenzene is obtained.

Example 13

Preparation of hydroxybenzene by debutylation of n-butoxybenzene

[0083] To a mixture of 2.66 g (20 mmol) of aluminium chloride and 0.76 g (10 mmol) of thiourea 1.50 g (10 mmol) of
n-butoxybenzene is added. The reaction mixture is heated to 90 °C and maintained at this temperature for 3 hours. The
mixture is cooled to room temperature and 20 ml of 5 wt % hydrochloric acid is added. The mixture is stirred for a few
minutes, the phases are separated. The aqueous phase is extracted with 20 ml of dichloromethane. The combined
dichloromethane phases are washed with 3 x 10 ml of 5 % aqueous sodium hydroxide. The combined alkaline phases
are acidified with 18 wt % hydrochloric acid and extracted with 3 x 10 ml of dichloromethane. The combined dichlo-
romethane phases are washed with water, dried over sodium sulfate and evaporated to give 0.59 g (62.8 %) of hydroxy-
benzene.

Example 14

Preparation of 1,4-dihydroxybenzene by desethylation 1-hydroxy-4-ethoxybenzene

[0084] To a mixture of 2.66 g (20 mmol) of aluminium chloride and 0.76 g (10 mmol) of thiourea 1.38 g (10 mmol) of
1-hydroxy-4-ethoxybenzene is added. The reaction mixture is heated to 90 °C and maintained at this temperature for 3
hours. Then 10 ml of 1,1,2,2-tetrachloroethylene is added and stirring is continued for an additional 1.5 hour at the same
temperature. The mixture is then cooled to room temperature and 20 ml of 5 wt % hydrochloric acid is added.
[0085] The mixture is stirred for a few minutes, then the phases are separated. The aqueous phase is extracted with
10 ml of dichloromethane. To the aqueous layer so obtained 30 ml of ethanol is added, the mixture is concentrated to
5 ml volume and the product precipitates on standing after 2 days yielding 0.27 g (24.5 %) of 1,4-dihydroxybenzene.
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Example 15

Preparation of 2-hydroxybenzoic acid by demethylation of 1-carboxy-2-methoxybenzene

[0086] The method described in Example 4 is applied with the alteration that instead of 2-methoxynaphthalene 3.04
g (20 mmol) of 1-carboxy-2-methoxybenzene is used yielding 2.48 g (89.9 %) of 2-hydroxybenzoic acid.

Example 16

Preparation of 4-hydroxybenzoic acid by desethylation of 1-carboxy-4-ethoxybenzene

[0087] The method described in Example 4 is applied with the alteration that instead of 2-methoxynaphthalene 3.32
g (20 mmol) of 1-carboxy-4-ethoxybenzene is used yielding 1.86 g (61,2 %) of 4-hydroxybenzoic acid.

Example 17

Preparation of 5,6,7,8-tetrahydro-2-naphthol by demethylation of 5,6,7,8-tetrahydro-2--methoxynaphthalene of 
the formula (VIII)

[0088]

[0089] To a mixture of 5.67 g (42.5 mmol) of aluminium chloride and 2.28 g (30 mmol) of thiourea 1.62 g (10 mmol)
of 5,6,7,8-tetrahydro-2-methoxynaphthalene is added. The reaction mixture is heated to 90°C and maintained at this
temperature for 1 hour, then cooled to room temperature, 20 ml of 1,2-dichloroethane is added and the mixture is poured
onto 20 ml of 5 wt % hydrochloric acid/ice mixture.
[0090] The mixture is stirred for a few minutes, then the phases are separated. The aqueous layer is extracted with
20 ml of 1,2-dichloroethane. The combined dichloroethane phases are washed with 3 x 10 ml of 5 % aqueous sodium
hydroxide. The combined alkaline phases are acidified with 18 wt % hydrochloric acid solution, then extracted with 3 x
10 ml of dichloromethane. The combined dichloromethane phases are washed with water, dried over sodium sulfate
and evaporated yielding 0.85 g (57.4) of 5,6,7,8-tetrahydro-2-naphthol.

Example 18

Preparation of 1-oxo-1,2,3,4-tetrahydro-6-hydroxynaphthalene by demethylation of 1-oxo-1,2,3,4-tetrahydro-
6-methoxynaphthalene of the formula (IX)

[0091]
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[0092] To a mixture of 5.67 g (42.5 mmol) of aluminium chloride and 2.28 g (30 mmol) of thiourea 1.76 g (10 mmol)
of 1-oxo-1,2,3,4-tetrahydro-6-methoxynaphthalene is added. The reaction mixture is heated to 90 °C, maintained at this
temperature for 3 hours, then cooled to room temperature and 20 ml of 1,2-dichloroethane is added. The mixture is
poured to 20 ml of 5 wt % hydrochloric acid and is stirred at 50 °C for 1 hour.
[0093] The mixture is cooled to room temperature, the phases are separated and the aqueous layer is extracted with
20 ml of 1,2-dichloroethane. The combined dichloroethane phases are washed with 3 x 10 ml of 5 wt % aqueous sodium
hydroxide solution. The alkaline phases are combined, acidified with 18 wt % hydrochloric acid solution and extracted
with 3 x 10 ml of dichloromethane. The combined dichloromethane phases are washed with water, dried over sodium
sulfate and evaporated yielding 0.63 g (38.8 %) of 1-oxo-1,2,3,4-tetrahydro-6-hydroxynaphthalene.

Example 19

Peparation of a mixture of 3-hydroxy-4-methoxyacetophenone (X) and 4-hydroxy-3--methoxyacetophenone 
(XI) obtained in 1:1 molar ratio by demethylation of 3,4-dimethoxyacetophenone (XII)

[0094]



EP 1 831 144 B1

15

5

10

15

20

25

30

35

40

45

50

55

[0095] 1.06 g (8 mmol) of aluminium chloride and 300 mg (4 mmol) of thiourea are mixed, the resulting oily liquid is
dissolved in 10 ml of dichloromethane. To this solution 0.36 g (2 mmol) of 3,4-dimethoxyacetophenone (XII) dissolved
in 5 ml of dichloromethane is added. The reaction mixture is stirred under reflux for 5 hours, then cooled to room
temperature and 5 ml of 5 wt % hydrochloric acid is added.
[0096] The mixture is stirred for a few minutes, the phases are separated and the aqueous layer is extracted with 2 x
5 ml of dichloromethane. The combined organic phases are washed with 3 x 10 ml of 5 wt % aqueous sodium hydroxide
solution. The alkaline phases are combined, acidified with 18 wt % hydrochloric acid solution and extracted with 3 x 10
ml of dichloromethane. The combined dichloromethane phases are washed with water, dried over sodium sulfate and
evaporated.
[0097] 0.12 g oil is obtained which solidifies on standing, consisting of 3-hydroxy-4-methoxyacetophenone (X) and 4-
hydroxy-3-methoxyacetophenone (XI) in 1:1 molar ratio (yield: 40 %).

Claims

1. A process for the preparation of a phenolic hydroxy-substituted compound of the general formula (I) by desalkylation
of an alkyl aryl ether of the general formula (II),
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- in said general formulae R1 stands for straight chain or branched C1-6 alkyl group; R2, R3, R4, R5, and R6 have
the same or different meanings and stand for hydrogen or halogen atom, hydroxy, carboxy, nitro, oxo, C1-6 alkyl-
carbonyl, straight chain or branched alkyl or - alkoxy, or aryl group, or R2 and R3 together stand for a 5-7 membered
ring or fused ring system; said the 5-7 membered ring may be a partially saturated ring optionally substituted with
an oxo group or can be an unsaturated ring; or said fused ring system may constitute with the first ring a steroid,
preferably an estratriene derivative optionally substituted with an oxo or C1-6 alkylcarbonyloxy group in the 17
position -, characterized in that desalkylation is carried out with the use of a thiourea/aluminium chloride reagent
pair.

2. A process according to claim 1, characterized in that the thiourea and the aluminium chloride is applied in a molar
ratio from 1:1 to 1:4 in the thiourea/aluminium chloride reagent pair.

3. A process according to claim 1, characterized in that the thiourea and the aluminium chloride is applied in a molar
ratio from 1:1 to 1:2 in the thiourea/aluminium chloride reagent pair.

4. A process according to any of claims 1 to 3, characterized in that in the starting alkyl aryl ethers of the general
formula (II) R1 stands for methyl, ethyl, n-propyl or n-butyl group.

5. A process according to any of claims 1 to 4, characterized in that the reaction is carried out in the presence of
one or more organic solvents or in the absence of a solvent.

6. A process according to claim 5, characterized in that dichloromethane, 1,2-dichloroethane, chloroform, benzene,
toluene, xilene, 1,1,2,2-tetrachloroethane, 1,1,2,2-tetrachloroethylene is used as organic solvent.

7. A process according to any of claims 1 to 6, characterized in that the thiourea present in the thiourea/aluminium
chloride reagent pair is used in 1-5 mole equivalent amount per one ether group to be desalkylated present in an
alkyl aryl ether of the general formula (II).

8. A process according to any of claims 1 to 7, characterized in that the aluminium chloride present in the thiourea/
aluminium chloride reagent pair is used in 1-20 mole equivalent amount per one ether group to be desalkylated
present in an alkyl aryl ether of the general formula (II).

9. A process according to any of claims 1 to 8, characterized in that the desalkylation is carried out at a temperature
ranging from 0 °C to 130 °C.

10. A process according to claim 1 for the preparation of 17β-acetoxyestra-1,3,5(10)-triene-3-ol of the formula (III) by
demethylation of 3β-methoxy-17β-acetoxyestra-1,3,5(10)-triene of formula (IV), characterized in that the demeth-
ylation is carried out by using thiourea/aluminium chloride reagent pair in the presence of organic solvents.

11. A process according to claim 1 for the preparation of 3β-hydroxyestra-1,3,5(10)-triene-17-one of the formula (V) by
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demethylation of 3β-methoxyestra-1,3,5(10)-triene-17-one of the formula (VI), characterized in that the demeth-
ylation is carried out by using thiourea/aluminium chloride reagent pair in the presence of organic solvents.

Patentansprüche

1. Verfahren zur Herstellung einer phenolischen Hydroxysubstituierten Verbindung der allgemeinen Formel (I) durch
Desalkylierung eines Alkylarylesters der allgemeinen Formel (II):

wobei in den allgemeinen Formeln R1 für eine geradkettige oder verzweigte C1-6-Alkylgruppe steht, R2, R3, R4, R5

und R6 die gleichen oder verschiedene Bedeutungen besitzen und für Wasserstoff oder ein Halogenatom, Hydroxy,
Carboxy, Nitro, Oxo, C1-6-Alkylcarbonyl, geradkettiges oder verzweigtes Alkyl oder Alkoxy oder eine Arylgruppe
stehen, oder R2 und R3 zusammen für einen 5- bis 7-gliedrigen Ring oder ein kondensiertes Ringsystem stehen;
wobei der 5- bis 7-gliedrige Ring ein teilweise gesättigter Ring, gegebenenfalls substituiert mit einer Oxogruppe,
oder ein ungesättigter Ring sein kann; oder das kondensierte Ringsystem mit dem ersten Ring ein Steroid, vorzugs-
weise ein Estratrienderivat, gegebenenfalls substituiert mit Oxo oder einer C1-6-Alkylcarbonyloxygruppe, an der 17-
Position bilden kann, dadurch gekennzeichnet, dass die Desalkylierung unter Verwendung eines Thioharnstoff/
Aluminiumchlorid-Reagenzpaares durchgeführt wird.

2. Verfahren gemäss Anspruch 1, dadurch gekennzeichnet dass der Thioharnstoff und das Aluminiumchlorid in
einem molaren Verhältnis von 1:1 bis 1:4 des Thioharnstoff/Aluminiumchlorid-Reagenzpaares eingesetzt wird.

3. Verfahren gemäss Anspruch 1, dadurch gekennzeichnet, dass der Thioharnstoff und das Aluminiumchlorid in
einem molaren Verhältnis von 1:1 bis 1:2 des Thioharnstoff/Aluminiumchlorid-Reagenzpaares eingesetzt wird.

4. Verfahren gemäss einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass in den Ausgangs-Alkylarylethern
der allgemeinen Formel (II) R1 für Methyl-, Ethyl-, n-Propyl- oder n-Butyl-Gruppen steht.

5. Verfahren gemäss einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass die Umsetzung in Gegenwart
von einem oder mehreren organischen Lösungsmitteln oder in Abwesenheit eines Lösungsmittels durchgeführt wird.

6. Verfahren gemäss Anspruch 5, dadurch gekennzeichnet, dass Dichlormethan, 1,2-Dichlorethan, Chloroform,
Benzol, Toluol, Xylol, 1,1,2,2-Tetrachlorethan oder 1,1,2,2-Tetrachlorethylen als organisches Lösungsmittel ver-
wendet werden.

7. Verfahren gemäss einem der Ansprüche 1 bis 6, dadurch gekennzeichnet, dass der in dem Thioharnstoff/ Alu-
miniumchlorid-Reagenzpaar vorhandene Thioharnstoff in einer Menge von 1 bis 5 Äquivalenten pro Ethergruppe,
die desalkyliert werden soll und in dem Alkylarylether der allgemeinen Formel (II) vorhanden ist, verwendet wird.

8. Verfahren gemäss einem der Ansprüche 1 bis 7, dadurch gekennzeichnet, dass das in dem Thioharnstoff/ Alu-
miniumchlorid-Reagenzpaar vorhandene Aluminiumchlorid in einer Menge von 1 bis 20 Moläquivalenten pro Ether-
gruppe, die desalkyliert werden soll und in dem Alkylarylether der allgemeinen Formel (II) vorhanden ist, verwendet
wird.

9. Verfahren gemäss einem der Ansprüche 1 bis 8, dadurch gekennzeichnet, dass die Desalkylierung bei einer
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Temperatur im Bereich von 0 bis 130°C durchgeführt wird.

10. Verfahren gemäss Anspruch 1 zur Herstellung von 17β-Acetoxyestra-1,3,5(10)-trien-3-ol der Formel (III) durch
Demethylierung von 3β-Methoxy-17β-acetoxyestra-1,3,5(10)-trien der Formel (IV), dadurch gekennzeichnet,
dass die Demethylierung unter Verwendung eines Thioharnstoff/ Aluminiumchlorid-Reagenzpaares in Gegenwart
eines organischen Lösungsmittels durchgeführt wird.

11. Verfahren gemäss Anspruch 1 zur Herstellung von 3β-Hydroxyestra-1,3,5(10)-trien-17-on der Formel (V) durch
Demethylierung von 3β-Methoxyestra-1,3,5(10)-trien-17-on der Formel (VI), dadurch gekennzeichnet, dass die
Demethylierung unter Verwendung eines Thioharnstoff/ Aluminiumchlorid-Reagenzpaares in Gegenwart eines or-
ganischen Lösungsmittels durchgeführt wird.

Revendications

1. Procédé de préparation d’un composé phénolique à substitution hydroxy de formule générale (I) par désalkylation
d’un éther alkylarylique de formule générale (II),

- dans lesquelles formules générales R1 désigne un groupe alkyle en C1 à C6 à chaîne linéaire ou ramifiée ; R2,
R3, R4, R5 et R6 ont des significations identiques ou différentes et désignent un atome d’hydrogène ou d’halogène,
un groupe hydroxy, carboxy, nitro, oxo, alkylcarbonyle en C1 à C6, un groupe alkyle ou alcoxy à chaîne linéaire ou
ramifiée, ou un groupe aryle, ou R2 et R3 désignent ensemble un cycle de 5 à 7 chaînons ou un système cyclique
fusionné ; ledit cycle de 5 à 7 chaînons pouvant être un cycle partiellement saturé facultativement substitué par
un groupe oxo ou pouvant être un cycle insaturé ; ou ledit système cyclique fusionné pouvant constituer avec le
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premier cycle un stéroïde, de préférence un dérivé d’estratriène facultativement substitué par un groupe oxo ou
alkylcarbonyloxy en C1 à C6 en position 17, caractérisé en ce que la désalylation est réalisée grâce à l’utilisation
d’une paire de réactifs thiourée/chlorure d’aluminium.

2. Procédé selon la revendication 1, caractérisé en ce que la thiourée et le chlorure d’aluminium sont appliqués dans
un rapport molaire de 1/1 à 1/4 dans la paire de réactifs thiourée/chlorure d’aluminium.

3. Procédé selon la revendication 1, caractérisé en ce que la thiourée et le chlorure d’aluminium sont appliqués dans
un rapport molaire de 1/1 à 1/2 dans la paire de réactifs thiourée/chlorure d’aluminium.

4. Procédé selon l’une quelconque des revendications 1 à 3, caractérisé en ce que dans les érhers alkylaryliques
de départ de formule générale (II), R1 désigne un groupe méthyle, éthyle, n-propyle ou n-butyle.

5. Procédé selon l’une quelconque des revendications 1 à 4, caractérisé en ce que la réaction est réalisée en présence
d’un ou plusieurs solvants organiques ou en l’absence de solvant.

6. Procédé selon la revendication 5, caractérisé en ce que du dichlorométhane, du 1,2-dichloroéthane, du chloro-
forme, du benzène, du toluène, du xylène, du 1,1,2,2-tétrachloroéthane ou du 1,1,2,2-tétrachloroéthylene est utilisé
comme solvant organique.

7. Procédé selon l’une quelconque des revendications 1 à 6, caractérisé en ce que la thiourée présente dans la paire
de réactifs thiourée/chlorure d’aluminium est utilisée dans une quantité de 1 à 5 équivalents molaires par groupe
éther à désalkyler présent dans un éther alkylarylique de formule générale (III).

8. Procédé selon l’une quelconque des revendications 1 à 7, caractérisé en ce que le chlorure d’aluminium présent
dans la paire de réactifs thiourée/chlorure d’aluminium est utilisé dans une quantité de 1 à 20 équivalents molaires
par groupe éther à désalkyler présent dans un éther alkylarylique de formule générale (II).

9. Procédé selon l’une quelconque des revendications 1 à 8, caractérisé en ce que la désalkylation est réalisée à
une température allant de 0°C à 130°C.

10. Procédé selon la revendication 1 pour la préparation de 17β-acétoxyestra-1,3,5(10)-trién-3-ol de formule (III) par
déméthylation de 3β-méthoxy-17β-acétoxyestra-1,3,5(10)-triène de formule (IV), caractérisé en ce que la démé-
thylation est réalisée grâce à l’utilisation d’une paire de réactifs thiourée/chlorure d’aluminium en présence de
solvants organiques.

11. Procédé selon la revendication 1 pour la préparation de 3β-hydroxyestra-1,3,5(10)-trién-17-one de formule (V) par
déméthylation de 3β-méthoxyestra-1,3,5(10)-trién-17-one de formule (VI), caractérisé en ce que la déméthylation
est réalisée grâce à l’utilisation d’une paire de réactifs thiourée/chlorure d’aluminium en présence de solvants
organiques.
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