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Description

[0001] The present invention relates to a process for the asymmetric catalytic reduction of oxcarbazepine (10,11-
dihydro-10-oxo-5H-dibenz/b,f/azepine-5-carboxamide).
[0002] Carbamazepine (I) and oxcarbazepine (II) are established first-line drugs used in the treatment of epilepsy:

[0003] After oral administration to humans, oxcarbazepine (II) is rapidly metabolised to a pharmacologically active 4:
1 mixture of the (S) and (R) enantiomers of 10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide (III):

[0004] WO02/096881 discloses a two-step process for the preparation of racemic (III) from carbamazepine. WO
02/092572 discloses a process for preparing a racemic mixture of (III) from oxcarbazepine and further discloses a process
for resolving the (S) and (R)-enantiomers of (III) from the racemic mixture. The enantiomers can be used as intermediates
in the preparation of (S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/azepihe-5-carboxamide and (R)-(+)-10-acetoxy-
10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide, two single-isomer drugs that may be used to treat epilepsy and
other disorders of the central nervous system (Benes et al, US 5,753,646).
[0005] WO 2004/031155 discloses a method for the enantioselective preparation of the (S) and (R)-enantiomers of
(III) by asymmetric reduction of oxcarbazepine. The asymmetric reduction is carried out in the presence of a ruthenium
catalyst and a hydride source. A suitable catalyst may be formed from [RuCl2(p-cymene)]2 and (S,S)-N-(4-toluenesul-
fonyl)-diphenylethylenediamine (hereinafter referred to as (S,S)-TsDPEN). A mixture of formic acid and triethylamine
(in a 5:2 molar ratio) is used as the hydride source. The disclosed process uses a very low substrate: catalyst ratio, i.e.
a high amount of catalyst, (e.g. a ratio of 86:1 in example 1). The first major disadvantage of using such a high amount
of catalyst is that the residual level of ruthenium metal, a most undesirable contaminant in the product, will be high and
difficult to remove, and therefore the product will be unsuitable for use as an active pharmaceutical ingredient (API) or
as a late-stage API intermediate. Regulatory guidance for residual metals derived from catalysts exists and the oral
concentration limits for ruthenium residues are controlled particularly tightly. The second major disadvantage is that the
ruthenium catalyst is expensive. The catalyst system described in WO 2004/031155 is very inefficient, and the cost
contribution of the catalyst system alone prevents the process from being economically viable for large-scale manufac-
turing purposes.
[0006] The process disclosed in WO 2004/031155 also uses large quantities of the hydride source (7 equivalents of
formic acid and 2.7 equivalents of triethylamine). Commercial sources of the formic acid/triethylamine mixture (triethyl-
ammonium formate) are available, but the mixture is expensive. The considerable excess of formic acid used in the
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process is potentially hazardous as the formic acid can decompose in the presence of the catalyst, causing gradual or
spontaneous liberation of carbon dioxide and flammable hydrogen gas as well as causing pressure build-ups inside the
reactor vessel. Premature degradation of the hydride source also means that the reduction reaction is slowed down
considerably and does not reach full conversion even on prolonged reaction times, making the reaction even less efficient
and ultimately providing product of low purity.
[0007] In the examples of WO 2004/031155 the crude product obtained by asymmetric reduction of oxcarbazepine is
purified by column chromatography over silica gel. Purification by chromatography on scale is slow, expensive and in
many cases impractical due to low throughput. The process disclosed in WO 2004/031155 is not suitable for use on a
large scale in terms of efficiency and cannot be regarded as an industrially viable manufacturing process in terms of
economy.
[0008] Wu et al., Angew. Chem. Int. Ed. 2005, 44, 3407-3411 have investigated the influence of pH in asymmetric
transfer hydrogenation of aromatic ketones in water using Ru containing catalysts with TsDPEN ligands.
[0009] The present invention thus seeks to provide an improved method for the preparation of (S)-(+)-10,11-dihydro-
10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide and (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-car-
boxamide, wherein the method is readily amenable to industrial batch-size production. Surprisingly, a process has been
devised that can provide high yields of optically pure (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carbox-
amide and (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide, using a greatly reduced quantity of
catalyst (i.e. a high substrate/catalyst ratio).
[0010] Accordingly, the present invention provides a process for preparing (S)-(+)-10,11-dihydro-10-hydroxy-5H-
dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide, by re-
duction of oxcarbazepine in the presence of a catalyst and a hydride source, wherein the catalyst is prepared from a
combination of [RuX2(L)]2 wherein X is chlorine, bromine or iodine, and L is an aryl or aryl-aliphatic ligand, with a ligand
of formula (A) or formula (B):

wherein R1 is a methoxy group or a methyl group in the para position and n=1. and R2 is alkyl, substituted alkyl, aryl,
substituted aryl, alkaryl or substituted alkaryl;
wherein the hydride source is either NR3R4R5 and formic acid, or [R3R4R5NH][OOCH] and optionally formic acid, or [M]
[OOCH]x and formic acid, wherein R3, R4 and R5 are C1-6 alkyl, M is an alkali metal or alkaline earth metal and X is 1
or 2, and wherein during the process a pH from 6.5 to 8 is maintained.
[0011] The present invention makes it possible to obtain optically pure (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,
f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide The expression
"optically pure" is used to include compounds which have optical purity from 75-100%, preferably from 92-99.5%, more
preferably from 96-99.5%.
[0012] The inventors have found that by controlling the pH of the reaction, it is now possible to achieve high isolated
yields of optically pure (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-
10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide using acceptably small quantities of catalyst and of the hydride source
reagents. The amount of residual ruthenium in the resulting product is very low, making it acceptable for use as an API
intermediate. The process is now conveniently operable on a large-scale, and is economically viable, due to the lower
cost contribution of the catalyst, simplified isolation procedure and improved yields.
[0013] The active catalyst is prepared from [RuX2(L)]2, and a ligand of formula (A) or formula (B):
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wherein X is chlorine, bromine or iodine, preferably chlorine; L is an aryl or aryl-aliphatic ligand such as p-cymene
(isopropylmethylbenzene), benzene, hexamethylbenzene or mesitylene, and is preferably p-cymene. n is 1. R1 is either
a methoxy or methyl group. in the para position.
[0014] R2 is an alkyl, substituted alkyl, aryl, substituted aryl, alkaryl or substituted alkaryl group, wherein the alkyl may
be straight-chain, branched, cyclic or bridged and the alkyl, aryl or alkaryl groups may be substituted with alkyl, alkoxy,
halogen or keto groups. When the R2 group is an alkyl group, it may suitably contain 1 to 9 carbon atoms. When an
alkyl group is substituted on the R2 group, the alkyl group substituent may suitably contain 1 to 9 carbon atoms. The
alkoxy or keto group substituent may suitably contain 1 to 9 carbon atoms. It is preferred that the alkoxy group substituent
is methoxy.
[0015] Preferred R2 groups are shown below:

R2 is preferably a phenyl group substituted by methyl, most preferably a phenyl group substituted by methyl at the para-
position. Preferred ligands of formula (A) and (B) are shown below:
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[0016] The most preferred ligands are (S,S)-TsDAEN and (R,R)-TsDAEN. It has been surprisingly discovered that
substitution of the phenyl rings in particular by a methoxy substituent gives rise to a catalyst having greater efficiency
for the asymmetric reduction of oxcarbazepine. Accordingly, much lower quantities of this catalyst are required for the
preparation of (S) and (R)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide from oxcarbazepine when
compared to other ligands.
[0017] Processes using catalysts formed from ligands of formula (A) provide (S)-(+)-10,11-dihydro-10-hydroxy-5H-
dibenz/b,f/azepine-5-carboxamide and processes using catalysts formed from ligands of formula (B) provide (R)-(-)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide.
[0018] The catalyst is preferably prepared in situ, e.g. by combining [RuX2L]2 and the ligand of formula (A) or (B)
under inert atmosphere in a solvent such as dimethylformamide (DMF). Figure 1 provides an example of the catalytic
cycle that is believed to take place (the hydride source in this example is [Et3NH][OOCH]).
[0019] The molar ratio of oxcarbazepine to the ruthenium catalyst (which is equivalent to the molar ratio of oxcar-
bazepine to ruthenium) is suitably at least 500:1, preferably at least 1000:1, more preferably at least 1500:1. The process
can been operated successfully at a molar ratio of oxcarbazepine to the ruthenium catalyst of 2700:1, therefore it is
envisaged that the process can be operated with advantage, at oxcarbazepine to ruthenium catalyst ratios of at least
2000:1, more preferably at least 2500:1. It is expected that the process can be operated with oxcarbazepine to ruthenium
catalyst ratios of at least 3000:1. Molar ratios lower than 500:1 are not preferred because the precious metal catalyst is
expensive and may result in unacceptably high residual ruthenium levels in the isolated product. The process of the
invention wherein the pH of the reaction mixture is controlled allows for a significantly improved substrate:catalyst ratios
compared to prior art methods wherein the pH is not controlled, e.g. example 1 process of WO 2004/03115 uses an
oxcarbazepine to ruthenium ratio of 86:1.
[0020] The hydride source is either NR3R4R5 and formic acid, or [R3R4R5NH][OOCH] and optionally formic acid, or
[M][OOCH]x and formic acid, wherein R3, R4 and R5 are C1-6 alkyl, M is an alkali metal or alkaline earth metal and x is
1 or 2. R3, R4 and R5 may be the same or different, but are preferably all the same. The C1-6 alkyl groups may be straight-
chain, branched or cyclic. Preferably R3, R4 and R5 are ethyl, propyl or butyl, most preferably ethyl. M is preferably Na,
Li or K, most preferably Na. When M is an alkali metal x is 1 and when M is an alkaline earth metal, x is 2.
[0021] [R3R4R5NH][OOCH] reagents, e.g. [Et3NH][OOCH], are commercially available. [Et3NH][OOCH] is commonly
used in asymmetric reduction reactions but is synthesised from H2, CO2 and NEt3 in the presence of a ruthenium catalyst
and is therefore expensive, so it is desirable to minimise the use of this type of reagent. When formic acid and NR3R4R5

are mixed in a stoichiometric amount, the following acid base equilibrium occurs:

At low pH, the hydride source exists in its acid form, while at higher pH, it exists in its conjugate base form, a species
that participates in the catalytic cycle.
[0022] In a first embodiment of the invention, the hydride source is NR3R4R5 and formic acid, preferably triethylamine
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and formic acid. This embodiment avoids the use of the expensive [R3R4R5NH][OOCH] reagents. Suitably, the NR3R4R5

is added to the reaction mixture at the start of the process. Preferably less than two equivalents of NR3R4R5 are added,
most preferably about one equivalent. The amount of formic acid that is added to the reaction mixture at the start of the
process can be minimised. This is advantageous because the formic acid decomposes to carbon monoxide and hydrogen
during the process, and this is potentially hazardous if large quantities of formic acid are used. Suitably less than 1.5
equivalents of formic acid are added to the reaction mixture at the start of the process, preferably less than 1 equivalent,
most preferably less than 0.2 equivalents. If less than 1 equivalent of formic acid is added at the start of the process,
further formic acid should be added during the course of the reaction, providing about 1-3 equivalents of formic acid in total.
[0023] In a second embodiment of the invention, the hydride source is [R3R4R5NH][OOCH], preferably [Et3NH][OOCH],
with or without formic acid. Suitably the [R3R4R5NH][OOCH] is added to the reaction mixture at the start of the process.
Preferably less than two equivalents of [R3R4R5NH][OOCH] are used, preferably about one equivalent. Suitably less
than 0.5 equivalents of formic acid are added to the reaction mixture at the start of the process, most preferably less
than 0.2 equivalents. Further formic acid may be added to the reaction mixture during the course of the reaction.
[0024] In a third embodiment of the invention, the hydride source is [M][OOCH]x, preferably NaOOCH, and formic
acid. Suitably the [M][OOCH]x is added to the reaction mixture at the start of the process. Preferably less than .two
equivalents of [M][OOCH]x are used, preferably about one equivalent. Suitably less than 1.5 equivalents of formic acid
are added to the reaction mixture at the start of the process, preferably less than 1 equivalent, most preferably less than
0.2 equivalents. If less than 1 equivalent of formic acid is added at the start of the process, further formic acid should
be added during the course of the reaction, providing about 1-3 equivalents of formic acid in total.
[0025] The process of the invention allows for reduced quantities of hydride source reagents than prior art methods,
e.g. the process of WO 2004/03115 wherein pH is not controlled uses seven equivalents of formic acid and 2.7 equivalents
of triethylamine. In particular, the process of the present invention minimises the hazards associated with adding large
quantities of formic acid to the reaction mixture at the start of the reaction.
[0026] The pH of the reaction mixture is maintained between 6.5 and 8 during the course of the reaction. Control of
pH is essential to provide good conversions and acceptably high product yields, preferably above 85%, whilst using
acceptably low quantities of catalyst (e.g. a substrate: catalyst ratio of 500 or more). The pH can be monitored by methods
know to those skilled in the art, but a preferred method is to use a Hamilton gel-filled electrode as described in the
Examples of the present invention.
[0027] The preferred method of controlling the pH is to add formic acid in a controlled manner during the course of
the reaction, e.g. by titration. Most preferably, the pH is maintained from 7.0 to 7.8 by the controlled addition of formic
acid. In the first embodiment of the invention, wherein the hydride source is NR3R4R5 and formic acid, up to 1.5 equivalents
of formic acid may be added at the start of the process and then further formic acid may be added as necessary to
maintain the pH. However, it is preferred that no formic acid is added to the reaction mixture when the NR3R4R5 is
added, and all the formic acid is added in a gradual, controlled manner, e.g. dropwise by titration, thus maintaining the
pH from 6.5 to 8. It is preferred to add all the formic acid in a gradual, controlled manner because this minimises the
hazards associated with decomposition of formic acid. In the second embodiment of the invention, wherein the hydride
source comprises [R3R4R5NH][OOCH], it is preferred that no formic acid is added at the start of the process but that
formic acid is subsequently added to maintain the pH. The formic acid is suitably added in a gradual, controlled manner,
e.g. dropwise by titration, thus maintaining the pH from 6.5 to 8. In the third embodiment of the invention, wherein the
hydride source is [M][OOCH]x and formic acid, up to 1.5 equivalents of formic acid may be added at the start of the
process and then further formic acid may be added as necessary to maintain the pH. However, it is preferred that no
formic acid is added to the reaction mixture when the [M][OOCH]x is added, and all the formic acid is added in a gradual,
controlled manner, e.g. dropwise by titration, thus maintaining the pH from 6.5 to 8.
[0028] The solubility of oxcarbazepine is appreciably low in most pharmaceutically acceptable process solvents, even
at elevated temperatures. Suitable solvents may comprise dimethylformamide (DMF), ethyl acetate (EtOAc), acetonitrile,
isopropyl acetate, tetrahydrofuran, 1,2-dichloroethane, dimethoxy ethane and/or water. It is preferred that the solvent
comprises at least one polar aprotic solvent such as DMF or acetonitrile because these solvents are miscible with both
organic and inorganic phases. Surprisingly, standard non-deoxygenated reagent grade solvents are suitable for use in
the process of the present invention. A preferred solvent system for the process of the present invention is a mixture of
two or more solvents selected from DMF, EtOAc, acetonitrile and water. In the first embodiment of the invention wherein
the hydride source is NR3R4R5 and formic acid, the solvent suitably comprises 0-25% DMF, 0-25% water and 75-95%
EtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc, preferably 0-20% DMF, 5-20% water and 80-90% EtOAc.
The most preferred solvent is 10% DMF, 10% water and 80% EtOAc. In the second embodiment of the invention wherein
the hydride source is [R3R4R5NH][OOCH] with or without formic acid, the solvent suitably comprises 5-25% DMF and
75-95% EtOAc, 5-25% acetonitrile and 75-95% EtOAc, 5-25% DMF and 75-95% water, or 5-25% acetonitrile and 75-95%
water. In the third embodiment of the invention, wherein the hydride source is [M][OOCH]x and formic acid the solvent
suitably comprises 0-25% DMF, 0-25% water and 75-95% EtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc,
preferably 0-20% DMF, 5-20% water and 80-90% EtOAc.
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[0029] In a particular embodiment, of the process, the reduction takes place in the presence of a phase transfer
catalyst. Suitable phase transfer catalysts include quaternary alkyl ammonium halides, such as for example Bu4NBr.
The ratio of phase transfer catalyst to catalyst is suitably from 0.01 to 0.5, preferably about 0.1.
[0030] The reaction can be carried out at different temperatures and pressures. Suitably the reaction is carried out at
atmospheric pressure and at the reflux temperature of the preferred solvent system. An external temperature of
100-120°C, more preferably 105-110°C is appropriate for the most preferred solvent systems.
[0031] The reaction time will depend on key factors such as the ratio of oxcarbazepine to catalyst. Preferably the
reaction should be completed in less than 36 hours, more preferably in less than 24 hours and high yields have been
achieved by applying the process of the present invention in reaction times of less than 24 hours at oxcarbazepine to
catalyst ratios even greater than 2000:1.
[0032] In the first embodiment of the invention wherein the hydride source is NR3R4R5 and formic acid, the product
may spontaneously precipitate from the reaction mixture as it cools from reflux temperature. A suitable solvent, preferably
methyl tert-butyl ether (MTBE) is added to the reaction mixture before filtration. In the second embodiment of the invention
wherein the hydride source is [R3R4R5NH][OOCH] with or without formic acid, the product may be isolated by precipitating
the crude product from suitable solvent mixtures, preferably either methanol/water or methanol/MTBE at 0-5°C. The
work-up procedures are particularly simple compared to prior art methods such as those disclosed in WO 2004/031155
wherein the work-up procedure requires neutralisation of excess formic acid, extraction, drying, solvent evaporation and
flash chromatography. These procedures are unsuitable for large-scale manufacture. In the present invention the simple
work-up procedures result in acceptably low residual ruthenium content in the isolated product, consistent with its intended
use as a final intermediate in the manufacture of APIs.
[0033] In an alterntaive embodiment, the (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or
(R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide may be precipitated by removing the reaction
solvent while adding water to maintain the reaction volume at a substantially constant level. The reaction solvent, which
is preferably ethyl acetate, may be removed by distillation. The distillation temperature is preferably at least 60°C.
Typically the weight of water replacing the reaction solvent may be in the range 80-120%, more preferably 90-110% of
the weight of the solvent removed. In this embodiment, the removal of the precipitated (S)-(+)-10,11-dihydro-10-hydroxy-
5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide may
subsequently be isolated by filtration, and can be further purified, preferably by reslurrying in a solvent, which is preferably
ethyl acetate and re-filtration.
[0034] Another advantage of the present invention is that it is possible to run the reaction with a high substrate
concentration e.g. 0.5-1.5M, so that the volume efficiency of the reaction is very good. This is especially relevant when
considering large-scale manufacturing.
[0035] The (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hy-
droxy-5H-dibenz/b,f/azepine-5-carboxamide produced according to the process of the present invention may be used
as an API and formulated into finished pharmaceutical products, or may be converted by further chemical transformation
to another API, e.g. (S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide may be provided by ester-
ification of (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide. The present invention further pro-
vides a process for preparing a compound of formula (C) or (D)

wherein R6 is hydrogen, alkyl, halogenalkyl, aralkyl, cycloalkyl, cycloalkyalkyl, alkoxy, aryl or pyridyl; comprising a first
step, which is a process for the production of (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide
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or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide according to the invention, and a second
step, wherein the (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-
hydroxy-5H-dibenz/b,f/azepine-5-carboxamide is acylated. The compounds produced in accordance with this process
may be optically pure, wherein optically pure means compounds which have optical purity from 75-100%, preferably
from 92-99.5%, more preferably from 96-99.5%.
[0036] R6 may be straight or branched C1-18 alkyl, which may be substituted with halogen (F, Cl, Br or I). It may also
be cycloalkyl (a cyclic C3-C6 saturated group) or aryl (unsubstituted phenyl or phenyl substituted by alkoxy, halogen or
nitro group). Preferably R6 is CH3. Compounds of formula (C) and (D) are further described in US 5,753,646. Suitable
acylation methods are described in US 5,753,646 and WO 02/092572, e.g. (S)-(+)-10,11-dihydro-10-hydroxy-5H-
dibenz/b,f/azepine-5-carboxamide may be reacted with acetylchloride or acetic anhydride in dichloromethane to give
(S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide.
[0037] The appropriate stereoisomers of the following additional compounds may also be converted from (S)-(+)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/
azepine-5-carboxamide using an appropriate process, as described in US 5,753,646:

(1) 10-benzoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(2) 10-(4-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(3) 10-(3-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(4) 10-(2-methoxybenzoloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(5) 10-(4-nitrobenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(6) 10-(3-nitrobenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(7) 10-(2-nitrobenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(8) 10-(4-chlorobenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(9) 10-(3-chlorobenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(10) 10-(2-acetoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(11) 10-propionyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(12) 10-butyryloxy-10,1-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(13) 10-pivaloyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(14) 10-[(2-propyl)pentanoyloxy]-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(15) 10-[(2-ethyl)hexanoyloxy]-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(16) 10-stearoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(17) 10-cyclopentanoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(18) 10-cyclohexanoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(19) 10-phenylacetoxy-10,11-dihydro-5H-bibenz/b,f/azepine-5-carboxamide
(20) 10-(4-methoxyphenyl)acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(21) 10-(3-methoxyphenyl)acetoxy-10,11 -dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(22) 10-(4-nitrophenyl)acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(23) 10-(3-nitrophenyl)acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(24) 10-nicotinoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(25) 10-isonicotinoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(26) 10-chloroacetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(27) 10-bromoacetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(28) 10-formyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(29) 10-ethoxycarbonyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(30) 10-(2-chloropropionyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide

[0038] The invention is now described by reference to examples, which are not intended to be limiting thereof.

Example 1: Asymmetric Reduction of Oxcarbazepine using NEt3 and pH-controlled addition of HCOOH

[0039] In a 2L 5-necked round bottom flask, oxcarbazepine was charged (635mmol, 169g), the flask was fitted with
two water reflux condensers connected to a Schlenk line (two reflux condensers were used to secure two escape routes
for CO2 and H2 gases evolving from the reaction), a burette for titration and a Hamilton gel-filled electrode fitted through
a hollow GL25 screw cap equipped with a PTFE/silicone ring. To the starting material under N2 flow, EtOAc (480mL,
undegassed, HPLC grade), H2O (48mL, undegassed, HPLC grade) and Et3N (1.1eq., 699mmol, 97.5mL, undegassed,
Fluka, 99.9% pure) were added with the aid of a graduated cylinder.. The catalyst (formed separately in situ in a 50mL
Schlenk tube under N2 flow by stirring [RuCl2(p-cymene)]2 (0.1588mmol, 97.2mg) and (S,S)-TsDAEN (2.2eq. with respect
to the metal dimer precursor, 0.3493mmol, 159mg) in DMF (13mL, degassed, anhydrous) at room temperature for
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10-15min. was injected. The Schlenk tube was rinsed with small portions of the remaining DMF (5x7mL) and injected
to the reaction mixture. The solvent combination at this point was 10% DMF-10%H2O-80%EtOAc (v/v/v) and the substrate
concentration before titration was 1.1M. The round bottom flask was placed in an oil bath preheated at 105°C and the
reaction mixture magnetically stirred at reflux (Toil bath = 105°C, internal T = 72-77°C). Once the reaction mixture started
refluxing, the reaction pH was approximately 8.8. At this point the titration/slow addition with 12.5 M HCOOH solution
in 20%DMF/EtOAc was started. The pH was slowly brought to 7.4 and then maintained constant at this value over 12hrs
by slowly adding the HCOOH solution. The HPLC conversion after 15hrs was 99%. Further stirring up to 20hrs resulted
in the formation of a white precipitate and has not consumed the remaining 1% oxcarbazepine. A total of approximately
3.7eq. HCOOH with respect to the starting material was consumed during the reaction. The overall substrate/product
concentration at the end of the reaction was 0.86 M. After 20hrs, the heating was stopped and the reaction mixture was
stirred and allowed to cool down slowly. When the temperature of the oil bath reached approximately 80°C, 500mL
MTBE was added to the reaction mixture and allowed to cool to room temperature under stirring. The reaction mixture
was stirred at 0-5°C for approximately 30min, filtered and the precipitate was washed repeatedly with cold portions of
MTBE until the filtrate was colourless. The resulting white precipitate was dried in the air, then under high vacuum,
affording a white powder: 95% isolated yield (152g). HPLC: 99.6% product, 97.8% e.e., 0.4% oxcarbazepine.
[0040] Due to the fact that under these reaction conditions (10%DMF-10%H2O-80%EtOAc, 1.1eq. Et3N and HCOOH)
the product crystallises out at the refluxing temperature, no solvent was evaporated during the work-up. The very low
solubility of the product in MTBE, allows not only further precipitation of the starting material, but also it aids the purification/
removal of residual ruthenium, DMF and reagents by washing the filtrate with copious amounts, without a loss in the
isolated yield. The ruthenium level in the product was between 5-50ppm.

Example 2: Asymmetric Reduction of Oxcarbazepine using [Et3NH][OOCH] and pH-controlled addition of 
HCOOH

[0041] In a 500mL 4-necked round bottom flask, oxcarbazepine was charged (159mmol, 40g), the flask fitted with a
water reflux condenser connected to a Schlenk line, a burette for titration and a Hamilton gel filled electrode fitted through
a hollow GL25 screw cap with a PTFE/silicone ring. The flask was flushed with N2 for approximately 30min. To the
starting material under N2 flow, EtOAc (78mL, degassed, anhydrous), [Et3NH][OOCH] commercially available from Fluka
(1.07 eq., 170mmol, 25mL, undegassed, Fluka) were added via a syringe. The catalyst (formed separately in situ in a
20mL Schlenk tube by stirring. [RuCl2(p-cymene)]2 (0.0265mmol, 16.2mg) and (S,S)-TsDAEN (2.2 eq. with respect to
the metal dimer precursor, 0.0582mmol, 25mg) in DMF (5mL, degassed, anhydrous) at room temperature for 10-15min.
was injected. The Schlenk tube was rinsed with small portions of the remaining DMF (5x3mL) and injected to the reaction
mixture. The solvent combination at this point was 20%DMF-80%EtOAc (v/v) and the oxcarbazepine concentration
before titration was 1.3M. The round bottom flask was placed in an oil bath preheated at 105°C and the reaction mixture
was magnetically stirred at reflux (Toil bath = 105°C). Once the reaction mixture started refluxing, the reaction pH was
approximately 6.8. The reaction mixture slowly turned purple and the pH started increasing as HCOOH from the triethy-
lammonium formate was consumed. When the pH reached 7.4-7.45 the titration/slow addition with 12.5 M HCOOH
solution in 20%DMF/EtOAc was started. The pH was maintained at pH = 7.4 over 12hrs by slowly adding the HCOOH
solution. After 17hrs the reaction mixture was clear purple, with some catalyst decomposition observed on the walls of
the flask. The HPLC conversion after 17hrs was 98%. At this point the pH of the solution was 7.8 and addition of more
HCOOH solution was continued at 7.7. Further stirring up to 23hrs led to 99% conversion. Approximately 4.7eq. HCOOH
with respect to the starting material was consumed during the reaction. After 23hrs, the heating was stopped and the
reaction mixture was stirred and allowed to cool down. The reaction mixture was concentrated, 100mL MTBE added
and the solvent removed again. 15mL MeOH was added and the white paste refluxed for about 5min and then 250mL
MTBE added slowly to this refluxing mixture. The resulting mixture was stirred at reflux for 30min, cooled to RT, then to
0-5°C and stirred for 30min. The mixture was filtered cold and washed with cold portions of MTBE until the filtrate was
colourless (8x50mL). The resulting white precipitate was dried in the air, then under high vacuum, affording a white
powder: 94% isolated yield (37.9g); HPLC: 99.5% product, 97.8% e.e., 0.5% oxcarbazepine. The ruthenium level in the
product was between 5-50ppm.

Comparison 1a: Asymmetric reduction with and without pH Control (Hydride source is NEt3 and HCOOH)

[0042] Reactions were carried out using a method similar to that of example 1. The substrate/catalyst ratio was 2000
and the solvent was 20% H2O/EtOAc. The ligand was (S,S)-Ts-DAEN. In example 3, 1eq. NEt3 and 1eq. HCOOH were
added to the reaction mixture at the start of the reaction. Further HCOOH was added throughout the course of the
reaction to maintain a pH of 7.4. In comparative example 1, 4.4eq. Et3N and 4eq. HCOOH were pre-mixed in H2O and
added to the reaction mixture in EtOAc at the beginning of the reaction. Table 1 shows the results of example 3 and
comparative example 1:
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[0043] The yield of the pH controlled reaction (example 3) was much better than the yield of the reaction in which pH
was not controlled (comparative example 1), despite the fact that higher quantities of hydride source reagents were used.

Comparison 1b: Asymmetric reduction with and without pH Control (Hydride source is [Et3NH][OOCH] or 
[Et3NH][OOCH] and HCOOH)

[0044] Reactions were carried out using a method similar to that of example 2. The substrate/catalyst ratio was 1000
and the solvent was 10% DMF/EtOAc. The ligand was Ts-DPEN which is not according to the invention rather than Ts-
DAEN. 20g of oxcarbazepine were used instead of 40g. [Et3NH][OOCH] was added to the reaction mixture at the start
of the reaction and no further HCOOH was added. Table 2 shows how the results of two comparative examples using
different quantities of [Et3NH][OOCH]:

[0045] 5 equivalents of the expensive reagent [Et3NH][OOCH] provided 100% conversion after 22 hours, whereas
less than 50% conversion was achieved with only 2 equivalents of the reagent. The pH of the reaction mixture increased
during the course of the reaction.
[0046] The reaction was repeated on a 10g scale using a substrate/catalyst ratio of 1500:1 and a 20% DMF/EtOAc
solvent. In comparative examples 4 and 5, 5 equivalents of [Et3NH][OOCH] were used and no further HCOOH was
added. In example 4, only one equivalent of [Et3NH][OOCH] was used but further HCOOH was added during the course
of the reaction to maintain the pH at 7.4. Table 3 shows the results of comparative examples 4 and 5 and example 4:

Table 1

Hydride source Time (h) Alcohol (%) e.e (%)

Example 3 1 eq. of NEt3 and 1 eq. of 2 22 98.8
HCOOH added at start of 4 33 98.7
reaction. Further 1.7eq. of 6 46 98.8
HCOOH added during the 8 57 98.5
course of the reaction, 26 82 98.3
maintaining the pH at 7.4. 33 82 98.3

Comparative Mixture of 4.4eq. of NEt3 21 31 96.8
Example 1 and 4eq. HCOOH in H2O/

EtOAc added at the start of
the reaction.

Table 2

[Et3NH][OOCH] (eq) Time (h) pH Conversion (%) Enantiomeric excess (%)

Comparative 5 0 6.95 0 -
Example 2 22 8.6 100 97.7

Comparative 2 0 6.7 - -
Example 3 0.15 6.8 - -

0.5 7.55 - -
1.5 8.25 - -
2 8.86 - -
3 8.85 - -
5 8.65 - -
6 8.6 - -

19 8.22 47 98.5
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[0047] A comparison of comparative examples 4 and 5 with example 4 shows that by controlling the pH by addition
of HCOOH, a much smaller quantity of the expensive reagent [Et3NH][OOCH] can be used, and the reaction reaches
almost complete conversion in 7 hours rather than 20-25 hours.

Comparison 2: Asymmetric Reduction using a Variety of Ligands

[0048] The activity of catalysts comprising the (S,S)-TsDAEN and (S,S)-TsDPEN ligands was compared at a 20-40g
scale. The catalysts were generated in situ by stirring [RuCl2(p-cymene)]2 and either (S,S)-TsDAEN or(S,S)-TsDPEN
for 5-10 minutes in DMF before addition to oxcarbazepine and 1.07 equivalents of [Et3NH][OOCH]. 12.5M HCOOH
solution in 20% DMF/EtOAc was injected slowly at pH=7.4. The ratio of oxcarbazepine to catalyst was 3000:1. Table 4
shows the results for Examples 5 and 6 (using (S,S)-TsDAEN) and example 7 (using (S,S)-TsDPEN) Example7 is not
according to the invention.

[0049] The (S,S)-TsDAEN examples show significantly better conversion than the (S,S)-TsDPEN example and show
similar enantioselectivity.

Comparison 3: Asymmetric reduction of Oxcarbazepine using a phase transfer catalyst

[0050] Table 5 shows the results of three asymmetric reduction reactions wherein a phase transfer catalyst was used
in addition to the ruthenium catalyst. In each reaction, the catalyst was generated in situ by adding [RuCl2(p-cymene)]2
and a ligand to EtOAc and stirring. (NB (R,R)-TsDTEN has the same structure as (R,R)-TsDPEN except that the phenyl
groups are substituted by tolyl groups). The phase transfer catalyst was 0.1 equivalents of Bu4NBr. The hydride source
was 2 equivalents of [Et3NH][OOCH] and additional formic acid was slowly added to the reaction mixture during the
course of the reaction. The ratio of oxcarbazepine to catalyst was 2000:1 and the external reaction temperature was
110°C. The conversion in example 9, wherein the ligand was (R,R)-TsDAEN was significantly better than the conversion

Table 3

Ligand Hydride Source Time (h) Conversion (%) Enantiomeric Excess 
(%)

Comparative 
Example 4

(S,S)-TsDPEN 5 eq. [Et3NH]
[OOCH]

25 98 97

Comparative 
Example 5

(S,S)-TsDAEN 5 eq. [Et3NH]
[OOCH]

20 97 96.9

Example 4 (S,S)-TsDAEN 1 eq. [Et3NH]
[OOCH] plus 
HCOOH to 

maintain pH 7.4

7 99 97.8

Table 4

Scale (g) ligand Time(h) Conversion (%) Enantiomeric excess (%)

Example 5 40 (S,S)-TsDAEN 23 99 98.1

Example 6 25 (S,S)-TsDAEN 4 55 98.2
6 69 98.3
8 77 98

26 97 97.9

Example 7 20 (S,S)-TsDPEN 5 47 98.4
6 54 98.2
7 64 98.3
8 77 98

23 83 98
26 85 97.8
30 86 97.8
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in examples 8 and 10, wherein the ligands were (S,S)-TsDPEN and (R,R)-DTEN. Example 8 is not according to the
invention.

Example 3: Acetylation of (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide

[0051] (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide (500g), obtained via asymmetric
transfer hydrogenation as described above, and 4-(N,N dimethylamino)pyridine (4g) were suspended in dichloromethane
(5.07L). Pyridine (210mL) was added to the suspension. The reaction mixture was heated to reflux whereupon acetic
anhydride (240mL) was added dropwise. The resulting yellowishbrown solution was stirred for 2 hours and then cooled
to 30°C.
[0052] The reaction mixture was then quenched by the addition of sulphuric acid. After stirring for 10 min, the layers
were separated. The organic layer was washed twice with saturated aqueous sodium bicarbonate solution and then
water. Approximately half of the dichloromethane was then removed by evaporation and isopropanol (5 L) was added
to the mixture which was then left to stand overnight. Further solvent was evaporated (approximately 1.5L) and the
resulting slurry was cooled to approximately 3°C. After 3 hours the solid was filtered off, washed with cold isopropanol
and then dried under vacuum overnight. The dried solid was suspended in isopropanol (6.5 L) and the resulting white
slurry was heated to reflux. Once a solution was obtained heating was stopped and the reaction mixture was stirred for
∼ 1 hr at 1-5 °C. Solids were isolated by filtration, washed with cold isopropanol and dried under vacuum to yield 524.2
g of white solid, 90 % yield, 99.96 % chemical purity, (R)-isomer below the limit of detection.
[0053] Residual ruthenium content was found to be less than 2ppm. According to the regulatory guidelines, the oral
concentration limit is 5ppm.

Example 4: Asymmetric reduction of Oxcarbazepine using higher oxcarbazepine: catalyst ratio

[0054] This reduction described in example 1 was carried out on oxcarbazepine (357mmol, 90 g) using [RuCl2(p-
cymene)]2 (0.066mmol, 40.4mg) and (S,S)-TsDAEN (0.145mmol, 61.9 mg) using four times the quantity of water. The
reaction was complete in 27 hours.
[0055] Ethyl acetate was distilled from the batch while maintaining the original batch volume by the addition of water
(dropwise). Temperature was maintained above 60°C during the distillation. Approximately 1/3 into the distillation the
product started to precipitate.
[0056] The mixture was cooled to 5°C, held at that temperature for one hour and then filtered. The filter cake was
washed with water. The wet cake was then reslurried in ethyl acetate (350 mL) and heated to reflux for 0.5 hours. It was
then cooled to 5°C and held at that temperature for 1 hour. The mixture was then filtered and the recovered solids with
ethyl acetate (120 mL). Drying under high vacuum afforded an off-white powder: 88% isolated yield (79.8g): HPLC:
99.8% product, 98.4% e.e., 0.09% oxcarbazepine
[0057] It will be appreciated that the invention described above may be modified.

Claims

1. A process for preparing (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-
dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide, by reduction of oxcarbazepine in the presence of a cat-
alyst and a hydride source, wherein the catalyst is prepared from a combination of [RuX2(L)]2 wherein X is chlorine,
bromine or iodine, and L is an aryl or aryl-aliphatic ligand, with a ligand of formula (A) or formula (B):

Table 5

Ligand Time (h) Conversion (%) Enantiomeric excess (%)

Example 8 (S,S)-TsDPEN 6 58 98 (S)

Example 9 (R,R)-TsDAEN 6 70 98.2(R)

Example 10 (R,R)-TsDTEN 6 60 97.8 (R)
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wherein n is 1 and R1 is a methoxy group or a methyl group in the para position, and R2 is alkyl, substituted alkyl,
aryl, substituted aryl, alkaryl or substituted alkaryl;
wherein the hydride source is chosen from NR3R4R5 and formic acid, or [R3R4R5NH][OOCH] and optionally formic
acid, or [M][OOCH]x and formic acid, wherein R3, R4 and R5 are C1-6 alkyl, M is an alkali metal or alkaline earth
metal and x is 1 or 2,
and wherein during the process a pH from 6.5 to 8 is maintained.

2. A process according to claim 1, wherein X is chlorine.

3. A process according to claim 1 or claim 2, wherein L is p-cymene.

4. A process according to any preceding claim wherein the ligand of formula (A) or formula (B) is (S,S)-N-(4-tolue-
nesulfonyl)-di(methoxyphenyl)ethylenediamine, ((S,S)-TsDAEN), or (R,R)-N-(4-toluenesulfonyl)-di(methoxyphe-
nyl)ethylenediamine, ((R,R)-TsDAEN).

5. A process according to any preceding claim, wherein the molar ratio of oxcarbazepine to the ruthenium catalyst is
at least 500:1

6. A process according to claim 5, wherein the molar ratio of oxcarbazepine to the ruthenium catalyst is at least 1500:1.

7. A process according to claim 5, wherein the molar ratio of oxcarbazepine to the ruthenium catalyst is at least 2500:1.

8. A process according to any preceding claim, wherein the hydride source is NR3R4R5 and formic acid.

9. A process according to claim 8, wherein less than two equivalents of NR3R4R5 and less than 1 equivalent of formic
acid are added to the reaction mixture at the start of the process.

10. A process according to any one of claims 1 to 7, wherein the hydride source is [R3R4R5NH][OOCH] and optionally
formic acid.

11. A process according to claim 8, wherein less than two equivalents of [R3R4R5NH][OOCH] and less than 0.5 equiv-
alents of formic acid are added to the reaction mixture at the start of the process.

12. A process according to any one of claims 1 to 7, wherein the hydride source is [M][OOCH]x and formic acid.

13. A process according to claim 12, wherein less than two equivalents of [M][OOCH]x and less than 1 equivalent of
formic acid are added to the reaction mixture at the start of the process.

14. A process according to any preceding claim wherein R3, R4 and R5 are ethyl, propyl or butyl.

15. A process according to any preceding claim, wherein the pH is maintained from 6.5 to 8 by adding formic acid in a
controlled manner during the course of the reaction.
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16. A process according to claim 15, wherein the pH is maintained from 7.0 to 7.8 by adding formic acid in a controlled
manner during the course of the reaction.

17. A process according to any preceding claim, wherein the reduction takes place in a solvent, wherein the solvent
comprises at least one polar aprotic solvent.

18. A process according to claim 17, wherein the solvent comprises dimethylformamide or acetonitrile.

19. A process according to claim 8, claim 9, claim 12 or claim 13, wherein the reduction takes place in a solvent consisting
of 0-25% DMF, 0-25% water and 75-95% EtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc.

20. A process according to claim 10 or claim 11, wherein the reduction takes place in a solvent consisting of 5-25%
DMF and 75-95% EtOAc, 5-25% acetonitrile and 75-95% EtOAc, 5-25% DMF and 75-95% water, or 5-25% ace-
tonitrile and 75-95% water.

21. A process according to any preceding claim wherein the process is carried out under reflux conditions.

22. A process according to any preceding claim, wherein the reduction takes place in the presence of a phase transfer
catalyst and the phase transfer catalyst is a quaternary alkyl ammonium halide.

23. A process according to any preceding claim, wherein the (S)-(+)-10, 11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-
5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide is isolated either by ad-
dition of methyl tert-butyl ether (MTBE) and filtration, or by precipitation from either methanol/water or methanol/
MTBE at 0-5°C.

24. A process according to any one of claims 1 to 22, wherein the (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/
azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,flazepine-5-carboxamide is precipitated
by removing the reaction solvent while adding water to maintain the reaction volume at a substantially constant level.

25. A process according to claim 24, wherein the precipitated (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-
5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenzlb,f/azepine-5-carboxamide is isolated by filtration
followed by reslurrying in ethyl acetate and filtration.

26. A process according to any preceding claim wherein the (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-
5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide has an optical purity in
the range 92-100%.

27. A process for preparing an compound of formula (C) or (D)

wherein R6 is hydrogen, alkyl, halogenalkyl, aralkyl, cycloalkyl, cycloalkyalkyl, alkoxy, aryl or pyridyl; comprising a
first step, which is a process for the production of (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-car-
boxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide according to any preceding
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claim, and a second step, wherein the (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or
(R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide is acylated.

28. A process according to claim 27, which is a process for preparing (S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/
azepine-5-carboxamide, wherein the first step comprises preparing (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,
f/azepine-5-carboxamide according to any one of claims 1 to 26, and the second step comprises acylating the
(S)-(+)-10,11-dihydro-1 0-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide.

29. A process according to claim 27, which is a process for preparing (R)-(+)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/
azepine-5-carboxamide, wherein the first step comprises preparing (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,
f/azepine-5-carboxamide according to any one of claims 1 to 26, and the second step comprises acylating the (R)-(-)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide.

Patentansprüche

1. Verfahren zum Herstellen von (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid oder (R)-(-)-
10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid durch Reduktion von Oxcarbazepin in Gegenwart
eines Katalysators und einer Hydridquelle, wobei der Katalysator hergestellt wird aus einer Kombination von [RuX2
(L)]2, wobei X Chlor, Brom oder lod ist und L ein Aryl oder Aryl-aliphatischer Ligand ist, mit einem Liganden der
Formel (A) oder Formel (B):

wobei n 1 ist und R1 eine Methoxygruppe oder eine Methylgruppe in der para-Stellung ist und R2 Alkyl, substituiertes
Alkyl, Aryl, substituiertes Aryl, Alkaryl oder substituiertes Alkaryl ist;
wobei die Hydridquelle ausgewählt ist aus NR3R4R5 und Ameisensäure oder [R3R4R5NH][OOCH] und gegebenen-
falls Ameisensäure oder [M][OOCH]x und Ameisensäure, wobei R3, R4 und R5 C1-6-Alkyl sind, M ein Alkalimetall
oder Erdalkalimetall ist und x 1 oder 2 ist,
und wobei während des Verfahrens ein pH von 6,5 bis 8 beibehalten wird.

2. Verfahren nach Anspruch 1, wobei X Chlor ist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei L p-Cymol ist.

4. Verfahren nach einem der vorangehenden Ansprüche, wobei der Ligand der Formel (A) oder Formel (B) (S,S)-N-(4-
Toluolsulfonyl)-di(methoxyphenyl)ethylendiamin, ((S,S)-TsDAEN), oder (R,R)-N-(4-Toluolsulfonyl)-di(methoxyphe-
nyl)ethylendiamin, ((R,R)-TsDAEN) ist.

5. Verfahren nach einem der vorangehenden Ansprüche, wobei das Molverhältnis von Oxcarbazepin zu dem Ruthe-
niumkatalysator wenigstens 500:1 beträgt.

6. Verfahren nach Anspruch 5, wobei das Molverhältnis von Oxcarbazepin zu dem Rutheniumkatalysator wenigstens
1500:1 beträgt.
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7. Verfahren nach Anspruch 5, wobei das Molverhältnis von Oxcarbazepin zu dem Rutheniumkatalysator wenigstens
2500:1 beträgt.

8. Verfahren nach einem der vorangehenden Ansprüche, wobei die Hydridquelle NR3R4R5 und Ameisensäure ist.

9. Verfahren nach Anspruch 8, wobei weniger als zwei Äquivalente von NR3R4R5 und weniger als 1 Äquivalent Amei-
sensäure zu der Reaktionsmischung am Beginn des Verfahrens zugegeben werden.

10. Verfahren nach einem der Ansprüche 1 bis 7, wobei die Hydridquelle [R3R4R5NH][OOCH] und gegebenenfalls
Ameisensäure ist.

11. Verfahren nach Anspruch 8, wobei weniger als zwei Äquivalente von [R3R4R5NH][OOCH] und weniger als 0,5
Äquivalente Ameisensäure zu der Reaktionsmischung am Beginn des Verfahrens zugegeben werden.

12. Verfahren nach einem der Ansprüche 1 bis 7, wobei die Hydridquelle [M][OOCH]x und Ameisensäure ist.

13. Verfahren nach Anspruch 12, wobei weniger als zwei Äquivalente von [M][OOCH]x und weniger als 1 Äquivalent
Ameisensäure zu der Reaktionsmischung am Beginn des Verfahrens zugegeben werden.

14. Verfahren nach einem der vorangehenden Ansprüche, wobei R3, R4 und R5 Ethyl, Propyl oder Butyl sind.

15. Verfahren nach einem der vorangehenden Ansprüche, wobei der pH durch Zugeben von Ameisensäure auf eine
kontrollierte Weise während des Verlaufs der Reaktion im Bereich von 6,5 bis 8 gehalten wird.

16. Verfahren nach Anspruch 15, wobei der pH durch Zugeben von Ameisensäure auf eine kontrollierte Weise während
des Verlaufs der Reaktion im Bereich von 7,0 bis 7,8 gehalten wird.

17. Verfahren nach einem der vorangehenden Ansprüche, wobei die Reduktion in einem Lösungsmittel stattfindet,
wobei das Lösungsmittel wenigstens ein polares aprotisches Lösungsmittel umfasst.

18. Verfahren nach Anspruch 17, wobei das Lösungsmittel Dimethylformamid oder Acetonitril umfasst.

19. Verfahren nach Anspruch 8, Anspruch 9, Anspruch 12 oder Anspruch 13, wobei die Reduktion in einem Lösungsmittel
stattfindet, das aus 0-25 % DMF, 0-25 % Wasser und 75-95 % EtOAc oder 0-25 % Acetonitril, 0-25 % Wasser und
75-95 % EtOAc besteht.

20. Verfahren nach Anspruch 10 oder Anspruch 11, wobei die Reduktion in einem Lösungsmittel stattfindet, das aus
5-25 % DMF und 75-95 % EtOAc, 5-25 % Acetonitril und 75-95 % EtOAc, 5-25 % DMF und 75-95 % Wasser oder
5-25 % Acetonitril und 75-95 % Wasser besteht.

21. Verfahren nach einem der vorangehenden Ansprüche, wobei das Verfahren unter Rückflussbedingungen durch-
geführt wird.

22. Verfahren nach einem der vorangehenden Ansprüche, wobei die Reduktion in Gegenwart eines Phasentransfer-
katalysators stattfindet und der Phasentransferkatalysator ein quartäres Alkylammoniumhalogenid ist.

23. Verfahren nach einem der vorangehenden Ansprüche, wobei das (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,
f/azepin-5-carboxamid oder (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid entweder durch
Zugabe von Methyl-tert-butylether (MTBE) und Filtration oder durch Ausfällung aus entweder Methanol/Wasser
oder Methanol/MTBE bei 0-5 °C isoliert wird.

24. Verfahren nach einem der Ansprüche 1 bis 22, wobei das (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-
5-carboxamid oder (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid durch Entfernen des Re-
aktionslösungsmittels ausgefällt wird, während Wasser zugegeben wird, um das Reaktionsvolumen auf einem im
Wesentlichen konstanten Niveau zu halten.

25. Verfahren nach Anspruch 24, wobei das ausgefällte (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-car-
boxamid oder (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/- azepin-5-carboxamid durch Filtration gefolgt von
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Wiederaufschlämmen in Ethylacetat und Filtration isoliert wird.

26. Verfahren nach einem der vorangehenden Ansprüche, wobei das (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,
f/azepin-5-carboxamid oder (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid eine optische
Reinheit im Bereich von 92-100 % aufweist.

27. Verfahren zum Herstellen einer Verbindung der Formel (C) oder (D)

wobei R6 Wasserstoff, Alkyl, Halogenalkyl, Aralkyl, Cycloalkyl, Cycloalkylalkyl, Alkoxy, Aryl oder Pyridyl ist; umfas-
send einen ersten Schritt, welcher ein Verfahren zur Herstellung von (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,
f/azepin-5-carboxamid oder (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid gemäß einem
der vorangehenden Ansprüche ist, und einen zweiten Schritt, worin das (S)-(+)-10,11-Dihydro-10-hydroxy-5H-di-
benz/b,f/azepin-5-carboxamid oder (R)-(-)-10,1 1-Dihydro-10-hydroxy-5H-dibenz/b,f/- azepin-5-carboxamid acyliert
wird.

28. Verfahren nach Anspruch 27, welches ein Verfahren zum Herstellen von (S)-(-)-10-Acetoxy-10,11-dihydro-5H-di-
benz/b,f/azepin-5-carboxamid ist, wobei der erste Schritt das Herstellen von (S)-(+)-10,11-Dihydro-10-hydroxy-5H-
dibenz/b,f/azepin-5-carboxamid nach einem der Ansprüche 1 bis 26 umfasst und der zweite Schritt das Acylieren
des (S)-(+)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid umfasst.

29. Verfahren nach Anspruch 27, welches ein Verfahren zum Herstellen von (R)-(+)-10-Acetoxy-10,11-dihydro-5H-
dibenz/b,f/azepin-5-carboxamid ist, wobei der erste Schritt das Herstellen von (R)-(-)-10,11-Dihydro-10-hydroxy-
5H-dibenz/b,f/azepin-5-carboxamid nach einem der Ansprüche 1 bis 26 umfasst und der zweite Schritt das Acylieren
des (R)-(-)-10,11-Dihydro-10-hydroxy-5H-dibenz/b,f/azepin-5-carboxamid umfasst.

Revendications

1. Procédé de préparation de (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide ou de (R)-(-)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide, par réduction d’oxcarbazépine en présence d’un
catalyseur et d’une source d’hydrure, où le catalyseur est préparé à partir d’une combinaison de [RuX2(L)]2 où X
est un chlore, un brome ou un iode, et L est un ligand aryle ou aryl-aliphatique, avec un ligand de formule (A) ou
de formule (B):
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où n est 1 et R1 est un groupe méthoxy ou un groupe méthyle en position para, et R2 est un alkyle, un alkyle
substitué, un aryle, un aryle substitué, un alkaryle ou alkaryle substitué ;
où la source d’hydrure est choisie parmi NR3R4R5 et l’acide formique, ou [R3R4R5NH][OOCH] et éventuellement
l’acide formique, ou [M][OOCH]x et l’acide formique, où R3, R4 et R5 sont un C1-6 alkyle, M est un métal alcalin ou
un métal alcalino-terreux et x est 1 ou 2,
et où durant le procédé un pH de 6,5 à 8 est maintenu.

2. Procédé selon la revendication 1, où X est un chlore.

3. Procédé selon la revendication 1 ou la revendication 2, où L est le p-cymène.

4. Procédé selon l’une quelconque des revendications précédentes, où le ligand de formule (A) ou de formule (B) est
la (S,S)-N-(4-toluènesulfonyl)-di(méthoxyphényl)éthylènediamine, ((S,S)-TsDAEN), ou la (R,R)-N-(4-toluènesulfo-
nyl)-di(méthoxyphényl)éthylènediamine, ((R,R)-TsDAEN).

5. Procédé selon l’une quelconque des revendications précédentes, où le rapport molaire d’oxcarbazépine par rapport
au catalyseur au ruthénium est d’au moins 500:1.

6. Procédé selon la revendication 5, où le rapport molaire d’oxcarbazépine par rapport au catalyseur au ruthénium est
d’au moins 1500:1.

7. Procédé selon la revendication 5, où le rapport molaire d’oxcarbazépine par rapport au catalyseur au ruthénium est
d’au moins 2500:1.

8. Procédé selon l’une quelconque des revendications précédentes, où la source d’hydrure est NR3R4R5 et l’acide
formique.

9. Procédé selon la revendication 8, où moins de deux équivalents de NR3R4R5 et moins de 1 équivalent d’acide
formique sont ajoutés au mélange réactionnel au départ du procédé.

10. Procédé selon l’une quelconque des revendications 1 à 7, où la source d’hydrure est [R3R4R5NH][OOCH] et éven-
tuellement l’acide formique.

11. Procédé selon la revendication 8, où moins de deux équivalents de [R3R4RsNH][OOCH] et moins de 0,5 équivalent
d’acide formique sont ajoutés au mélange réactionnel au départ du procédé.

12. Procédé selon l’une quelconque des revendications 1 à 7, où la source d’hydrure est [M][OOCH]x et l’acide formique.

13. Procédé selon la revendication 12, où moins de deux équivalents de [M][OOCH]x et moins de 1 équivalent d’acide
formique sont ajoutés au mélange réactionnel au départ du procédé.

14. Procédé selon l’une quelconque des revendications précédentes, où R3, R4 et R5 sont un éthyle, propyle ou butyle.
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15. Procédé selon l’une quelconque des revendications précédentes, où le pH est maintenu de 6,5 à 8 par addition
d’acide formique d’une manière contrôlée durant le cours de la réaction.

16. Procédé selon la revendication 15, où le pH est maintenu de 7,0 à 7,8 par addition d’acide formique d’une manière
contrôlée durant le cours de la réaction.

17. Procédé selon l’une quelconque des revendications précédentes, où la réduction a lieu dans un solvant, lequel
solvant comprend au moins un solvant aprotique polaire.

18. Procédé selon la revendication 17, où le solvant comprend du diméthylformamide ou de l’acétonitrile.

19. Procédé selon la revendication 8, la revendication 9, la revendication 12 ou la revendication 13, où la réduction a
lieu dans un solvant consistant en 0 % à 25 % de DMF, 0 % à 25 % d’eau et 75 % à 95 % d’EtOAc ou 0 % à 25 %
d’acétonitrile, 0 % à 25 % d’eau et 75 % à 95 % d’EtOAc.

20. Procédé selon la revendication 10 ou la revendication 11, où la réduction a lieu dans un solvant consistant en 5 %
à 25 % de DMF et 75 % à 95 % d’EtOAc, 5 % à 25 % d’acétonitrile et 75 % à 95 % d’EtOAc, 5 % à 25 % de DMF
et 75 % à 95 % d’eau, ou 5 % à 25 % d’acétonitrile et 75 % à 95 % d’eau.

21. Procédé selon l’une quelconque des revendications précédentes, où le procédé est réalisé dans des conditions de
reflux.

22. Procédé selon l’une quelconque des revendications précédentes, où la réduction a lieu en présence d’un catalyseur
de transfert de phase et le catalyseur de transfert de phase est un halogénure d’alkyle ammonium quaternaire.

23. Procédé selon l’une quelconque des revendications précédentes, où le (S)-(+)-10,11-dihydro-10-hydroxy-5H-di-
benz/b,f/azépine-5-carboxamide ou le (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide est
isolé soit par addition de méthyl tert-butyl éther (MTBE) et filtration, ou par précipitation de méthanol/eau ou de
méthanol/MTBE à 0°C à 5°C.

24. Procédé selon l’une quelconque des revendications 1 à 22, où le (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,
f/azépine-5-carboxamide ou le (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide est précipi-
té en éliminant le solvant réactionnel tout en ajoutant de l’eau pour maintenir le volume réactionnel à un niveau
sensiblement constant.

25. Procédé selon la revendication 24, où le (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide
ou le (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide précipité est isolé par filtration suivie
d’une remise en suspension dans l’acétate d’éthyle et filtration.

26. Procédé selon l’une quelconque des revendications précédentes, où le (S)-(+)-10,11-dihydro-10-hydroxy-5H-di-
benz/b,f/azépine-5-carboxamide ou le (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide
possède une pureté optique dans le domaine de 92 % à 100 %.

27. Procédé de préparation d’un composé de formule (C) ou (D)
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où R6 est un hydrogène, alkyle, halogénoalkyle, aralkyle, cycloalkyle, cycloalkyalkyle, alcoxy, aryle ou pyridyle ;
comprenant une première étape, qui est un procédé pour la production de (S)-(+)-10,11-dihydro-10-hydroxy-5H-
dibenz/b,f/azépine-5-carboxamide ou de (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide
selon l’une quelconque des revendications précédentes, et une deuxième étape, où le (S)-(+)-10,11-dihydro-10-
hydroxy-5H-dibenz/b,f/azépine-5-carboxamide ou le (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-
carboxamide est acétylé.

28. Procédé selon la revendication 27, qui est un procédé de préparation de (S)-(-)-10-acétoxy-10,11-dihydro-5H-
dibenz/b,flazépine-5-carboxamide, où la première étape comprend la préparation de (S)-(+)-10,11-dihydro-10-hy-
droxy-5H-dibenz/b,f/azépine-5-carboxamide selon l’une quelconque des revendications 1 à 26 et la deuxième étape
comprend l’acétylation du (S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide.

29. Procédé selon la revendication 27, qui est un procédé de préparation de (R)-(+)-10-acétoxy-10,11-dihydro-5H-
dibenz/b,f/azépine-5-carboxamide, où la première étape comprend la préparation de (R)-(-)-10,11-dihydro-10-hy-
droxy-5H-dibenz/b,f/azépine-5-carboxamide selon l’une quelconque des revendications 1 à 26, et la deuxième étape
comprend l’acétylation du (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azépine-5-carboxamide.
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