
;e3ed_3d\001l2.2j363T3ov"20 May 2003 Method for preparing of
L-Phenylephrine hydrochloride The present invention relates to an improved
process for preparing L-phenylephrine hydrochloride by means of
rhodium-catalysed asymmetric hydrogenation on an industrial scale.
Technological_background to the invention L-phenylephrine is one of the
analogues of adrenaline frequently used for pharmaceutical purposes and is
of great commercial interest. L-phenylephrine is used pharmaceutically in
the form of L-phenylephrine hydrochloride and acts as a sympathomimetic in
the treatment of ttypotonia and as a vasoconstrictor in ophthalmology and
rhinology. The chemical structure of the chiral a-aminoalcohol
L-phenylephrine is shown in formula I. Formula I: OH tyle ~N~ *HCI ~ ~ H OH
(I) Prior art The methods of preparing L-phenylephrine hydrochloride known
from the prior art include the asymmetric hydrogenation of the prochirai
N-benzyl-N-methyl-2-amino-mbenzyloxyacetophenone hydrochloride (formula In
according to Tetrahedron Letters 30 (1989), 367 - 370, or Chem. Pharm.
Bull. 43 (5) (1995; 738 - 747. Formula II:  (II)     20 May 2003 Achiwa et
al. writing in Tetrahedron Letters 30 ( 1989), 367 - 370 describe the
asymmetric hydrogenation of
3-benzyloxy-2-(N-benzyi-N-methyl)-aminoacetophenone hydrochloride as a
substrate with hydrogen in the presence of [Rh(COD)CI] z /(2R,
4R)-4(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminopyr
rolidine as catalyst. Immediately after filtration and concentration of the
reaction mixture the benzylic nitrogen protecting group is cleaved and
phenylephrine is obtained as the product. In addition to the L-enantiomer,
the D-enantiomer is obtained in a proportion of at least 7.5% as an
impurity (85% ee). For the reaction, the catalyst has to be used in a molar
ratio of 1 : 2000 based on the substrate. The main disadvantage of the
process is that the L-phenylephrine obtained cannot be purified
economically to a degree of purity of at least 98% ee which is essential if
it is to be used as a pharmaceutical composition. In Chem. Pharm. Bull. 43
(5) (1995) 738 - 747 a molar ratio of substrate to catalyst of about
1,000:1 is given as the preferred ratio for asymmetric [missing word].
However, the process described in the prior art is unsuitable for the
production of Lphenylephrine on an industrial scale on account of a number
of disadvantages: In spite of the use of large amounts of catalyst in the
asymmetric reaction step the product cannot be prepared as the L-enantiomer
with sufficient purity for pharmaceutical purposes without expensive
purification procedures, but is only obtainable as a mixture containing a
relatively large amount of D-enantiomer as a contaminant. 



In addition, the relatively long reaction time of the step of asymmetric
hydrogenation of about 20 hours constitutes a very equipment-intensive and
expensive reaction step precisely for the production of L-phenylephrine on
an industrial scale, with a by no means negligible as qty risk. Description
of the invention The present invention relates to a new method of producing
L-phenylephrine hydrochloride by asymmetric hydrogenation which overcomes
the difficulties and drawbacks known from the prior art or mentioned above.
20 May 2003 One of the essential goals of the present invention is to
develop a process by means of which L-phenylephrine hydrochloride can be
prepared with high optical and chemical purity. At the same time, the risk
of contamination of drug preparations containing L-phenylephrine
hydrochloride as active substance with the unwanted D-enantiomer should be
minimised. Another objective of the invention is to develop a process by
means of which largely enantiomerically pure L-phenylephrine can easily be
prepared. A further goal of the invention is to prepare L-phenylephrine by
a stereoselective process in order to avoid reaction steps in which chiral
intermediate compounds or the chiral end product L-phenylephrine is
obtained as a racemate in a similar amount to the corresponding antipode.
The process according to the invention further sets out to shorten
significantly the hydrogenation times required for the preparation of
L-phenylephrine hydrochloride, in order to reduce the costs and dangers
involved in the use of hydrogen under high pressure, inter alia. Another
aim of the present invention is to provide the skilled person with a
process for preparing L-phenylephrine by which this active substance which
is needed in large quantities is cheaply obtainable starting from readily
available educts. The present invention provides a process for preparing
L-phenylephrine hydrochloride 3, characterised in that starting from
prochiral N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1
as the educt in a first step a. asymmetric hydrogenation is carried out
with [Rh(COD)C 1]2 and a chiral, bidentate phosphine ligand as the catalyst
system and in a second reaction step b. reductive debenzylation is carried
out with palladium and hydrogen.   



20 May 2003 3a Surprisingly, it has now been found that L-phenylephrine
hydrochloride can be obtained with exceptionally high optical purity from
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 by
asymmetric hydrogenation with [Rh(COD)C1] z /(2R,
4R)-4dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocarb
onylpyrrolidine as the catalyst system and a special sequence or steps.
Tile abbreviation COD used in the overall formula stands for
cyclooctadiene. With a molar ratio of catalyst to substrate of about
1:1000, starting from benzyladrianone
(Nbenzyl-N-methyl-2-amino-m-hydroxy-acetophenone-hydrochloride) 1,
benzyladrianol hydrochloride 2 is obtained by the process according to the
invention with an optical purity of 92% ee (reaction plan 1). By converting
the benzyladrianol hydrochloride 2 into the free base and then
precipitating it from an ammonia/methanol/water mixture, the optical purity
can easily and remarkably be improved even to > 99% ee. This intermediate
compound which is   20 May 2003 sufficiently pure for pharmaceutical
purposes is then converted into L-phenylephrine hydrochloride 3 in a
subsequent reaction step. The precise mechanism of the rhodium-catalysed
asymmetric hydrogenation is not presently known. This is particularly true
of the reaction of N-benzyl-N-methyl-2-amino-mhydroxyacetophenone
hydrochloride 1 with hydrogen catalysed by [Rh(COD)C1J 2 and (2R,
4R)-4-(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methylaminocar
bonylpyrrolidine as the catalyst system. Reaction plan 1: O Me N \ / *HCI
OH ., 1. H2l [Rh(COD)CI]Z I R,R-MCCPM] 2. Base OH Me N~ *HCI \ ~ H 1. HCI ~
/ 2. H~IPd-C OH OH ~Ae / N OH It has also been found that, contrary to the
prevailing opinion, a molar ratio of catalyst to substrate of about 1: l000
is not necessary for the asymmetric hydrogenation step in oreder to achieve
good yields or high optical purity, as indicated by the prior art. In the
process according to the invention, this ratio can be dramatically lowered
by a factor of 10 to 100. In spite of this significant reduction in the
amount of catalyst the intermediate product 2 resulting from the asymmetric
hydrogenation - and hence eventually L-phenylephrine - is still obtained
with a significantly higher optical yield than in the process known from
the prior art. Thus, for example, L-phenylephrine is still obtained in an
optical yield of 88% ee with a catalyst concentration of only 1:10,000.
Reducing the amount of catalyst makes the purification of the product
considerably easier.   20 May 2003 



By reducing the amount of catalyst and using the commerically favourable
N-benzyl-N methyl-2-amino-m-hydroxyacetophenone 1 as educt, the costs of
preparing L-phenylephrine can be reduced substantially by the new process.
In addition, the new process reduces the reaction time for asymmetric
hydrogenation by up to 75% compared with the prior art. It is particularly
advantageous for the production of L-phenyiephrine on an industrial scale
precisely from the point of view of costs and safety. Finally, with the
process according to the invention, it is possible to omit the protection
of the phenolic hydroxy group in the 2-aminoketone 1 and still successfully
react 1 to form the chiral 2-aminoalcohol 2 by asymmetric hydrogenation
with one of the catalyst systems according to the invention. Moreover, by
purification at the benzyladrianol stage 2 the process according to the
invention makes it possible to obtain L-phenylephrine with high optical
purity. According to reaction plan 1 the commercially favourable
N-benzyl-N-methyl-2-amino-mhydroxyacetophenone 1 is reacted with hydrogen
in a first reaction step in the presence of a chiral rhodium catalyst under
a pressure in the range from 10 to l00 bar, preferably 10 to 50 bar and
most preferably at 20 bar, to obtain N-benzyl-L-phenylephrine hydrochloride
2. According to the invention [Rh(COD)C1] z and a chiral, bidentate
phosphine ligand is used as catalyst. Preferably, (2R,
4R)-4-(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-Nmethyl-aminocar
bonylpyrrolidine (RR-MCCPM) is used as catalyst. The preparation of this
catalyst is known from the prior art [EP-A-0 251 164, EP-A-O 336 123]. The
catalyst may also be polymer-bound, e.g. the chiral ligand (2R,
4R)-4dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocarb
onyl) pyrrolidine is bound to a polymer via the phenyl groups, for example.
The use of such polymer-bound ligands does not absolutely rule out the
simultaneous use of non-polymer-bound ligands. Polymer-bound catalysts of
this kind are particularly advantageous for simple purification of the
product. The catalyst is either put in as a pre-prepared, oxygen-free
solution of [Rh(COD)Cl]2 and ligand or prepared in situ from [Rh(COD)CI]2
and ligand in the presence of N-benzyl-N   20 May 2003
methyl-2-amino-m-hydroxyacetophenone hydrochloride 1, without oxygen, under
a protective gas atmosphere or a hydrogen atmosphere. The molar ratio of
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 and
catalyst is between 5,000:1 and l00,000:1, preferably between 5,000: l and
20,000: l and most preferably about 10,000:1 in the process according to
the invention. The hydrogenation is carried out at a reaction temperature
of about 40 to 100C. The preferred temperature range is between 40 and 60
C; temperatures in the range from 50  



55C are most preferred. The reaction media used may be either protic
solvents such as alcohols and/or water, or aprotic polar solvents such as
ethers and/or amides or lactams and/or mixtures thereof. Water may be added
to all the solvents if required. Preferably, branched or unbranched C1-Cg
alkanols are used as protic solvents. Most preferably, lower alcohols such
as methanol, ethanol, n-propanol and isopropanol or mixtures thereof may be
used. Methanol is particularly preferred as the reaction medium, and the
methanol or the other alcohols or solvents may optionally contain water.
Suitable aprotic solvents are polar ethers such as, for example,
tetrahydrofuran or dimethoxyethylethers or amides such as
dimethylformamide, or lactams such as N-methylpyrrolidone, for example.
Solvents with low flammability are preferably used. Since the educt 1
occurs as the hydrochloride, it is first converted into the free base by
the addition of a base in situ, in order to increase the solubility. The
bases used may be organic or inorganic bases, both as solids and in the
form of solutions, e.g. aqueous solutions. Suitable inorganic bases are
basically reacting alkali metal salts or alkall metal hydroxides.
Preferably, alkali metal hydrogen carbonates or alkali metal carbonates are
used in addition to alkali metal hydroxides. It is particularly preferable
to use Na2C03, K2C03, LiOH, NaOH) KOH or NaHC03. The invention also
includes the use of other substances reacting in a basic manner or other
substances which are capable of converting the hydrochloride 1 into the
free base and are known from the prior art. Suitable organic bases are, in
particular, tert. alkyl-amines or tert. alkyl-aryl-amines. Preferably,
trialkylamines with branched or unbranched C, - CS-alkyl groups are used.
20 May 2003 Triethylamme and diisopropylethylamine have proved particularly
suitable, for example. If desired, the reaction may also be carried out in
the presence of basic polymers with for example tert. amino functions. The
asymmetric hydrogenation is carried out at a pressure of between more than
1 bar and a maximum of 100 bar, preferably between 10 and 50 bar, and most
preferably at about 20 bar. The reaction is carried out with the exclusion
of oxygen, expediently under inert gas, preferably in a hydrogen
atmosphere. However, it is not essential for the reaction that the hydrogen
for the hydrogenation should be capable of being taken from the atmospheric
gas via the reaction mixture. The hydrogen may also be produced in situ in
solution from suitable hydrogen sources. Such hydrogen sources include, for
example, ammonium formate, formic acid and other formates, hydrazines in
the presence of metal ions such as Fe2+/Fe3+ and other hydrogen sources
known from the prior art. The reaction time for the asymmetric
hydrogenation is between 2 and 8 hours to completion, preferably between 4
and 6 hours, most preferably 4 hours. N-Benzyl-L-phenylephrine 2 is reacted
to form the phenylephrine hydrochloride 3 by palladium-catalysed
hydrogenating debenzylation. The reaction mixture for the asymmetric
hydrogenation may be combined with a palladium catalyst without any further
working up (method A). In this method, the reaction solution for the
asymmetric hydrogenation is combined with activated charcoal and a
palladium chloride solution immediately after the reaction and is
hydrogenared under a pressure of 1 to 5 bar, preferably 2 - 3 bar. Further
processing is carried out using methods known from the literature.
Preferably, however, N-benzyl-L-phenylephrine 2 is first isolated from the
reaction solution of the asymmetric hydrogenation by simple working up and
crystallisation as a crude product and then subjected to
palladium-catalysed debenzylation in solution with hydrogen under pressure
(method B, cf Examples). In fact, surprisingly, it has been found that the
separation of enantiomers required after asymmetric hydrogenation can be
carried out more easily and   20 May 2003 successfully at the
N-benzyl-L-phenylephrine stage ? than at the L-phenylephrine or 



hydrochloride stage 3. The process according to the invention will now be
explained by the Examples which follow. The skilled person is aware that
the Examples serve only as an illustration and should not be regarded as
limiting. Examples Preparation of the catalyst solution: 4.3 g of
dichloro-bis-[(cycloocta-1,5-diene)rhodium (1)) and 9.4 g of RR-MCCPM
(2R,4R)-4(dicyc lohexyl-phosphino)-2-(diphenylphosphino-methyl)-
N-methylaminocarbonylpyrrolidine are added to 2 litres of degassed methanol
under protective gas and stirred for 30 min. at ambient temperature.
Asymmetric hydrogenation of N-benzyt-N-methyl-2-amino-m-hydroxyacetophenone
hydrochloride 1 to form N-bend-L-phenylephrine 2: 80 kg of
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1, 0.58 kg of
triethylamine and 2401 of methanol are placed in a 500 L autoclave,
degassed and combined with the above catalyst solution. Then the mixture is
heated to 50 - 55C and a pressure of 20 bar is produced using hydrogen.
After about 4 h total hydrogenation has taken place. Further reaction of
N-benz_yI-L-phenylephrine 2 to form L-phenylephrine hydrochloride 3: Method
A: The abovementioned hydrogenation solution is combined, in a second 5001
stirred vessel, with 0.8 kg of activated charcoal and about 69 g of
palladium in the form of palladium chloride solution and hydrogenated at 2
bar of H2 pressure. After the reaction the solvent mixture is distilled off
in vacuo and about 801 of water are added. Then a pH of about 9.5 is
achieved using 50 % potassium carbonate solution at about 65C and the
solution is cooled to 10-15C. The crystalline precipitate is separated off
and washed with about 100 i of H20. The crude base is added to about l20 1
of water, adjusted to a pH of about 6.5 with concentrated hydrochloric acid
(about 18 1) and heated to 50 - 60C. The solution is mixed with activated
charcoal (2 4 kg) and filtered. Then the pH is adjusted to 2.5 - 3.0 and
most of the water is   20 May 2003 'distilled off in vacuo. The residue is
dissolved in about 145 1 of isopropanol. This is then evaporated down to
about 100 l and cooled to 10 - 1 ~ C. The L-phenylephrine hydrochloride 3
which crystallises out is separated off and freed from isopropanol by
centrifuging and drying. L-phenylephrine hydrochloride 3 is obtained in a
yield of about 40 kg (about 71 based on
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1) and in a
chemical purity of > 99 % and an optical purity of > 96 % ee. Method B: The
hydrogenation solution described above is distilled off in vacuo, mixed
with 118 1 of water, heated to 50 - 60 C and mixed with activated charcoal.
After the removal of the charcoal, about 80 1 of water and 235 1 of
methanol are added and heated to 35 - 45C. Then the solution is combined
with about 57 1 of concentrated ammonia solution and cooled to about 15 -
25 C. The crystalline precipitate formed is separated off, washed with
about 1001 of water and dried. About 57 kg of
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone are obtained as a free
base. This is mixed with about 1141 of water, 18 I of concentrated
hydrochloric acid (pH about 5.5 - 6.5) and about 57 g of palladium in the
form of palladiumcharcoal and hydrogenated at 55[err] - 65C at 2 bar of H2
pressure. After the reaction has ended (1 - 2 h) the toluene produced is
distilled off azeotropically with water. Then activated charcoal is added
to the solution, which is then filtered and adjusted to a pH of 3.4 - 3.6
before about 1101 of water are distilled off. The residue is taken up in
about 1501 of isopropanol and cooled to 15 - 20C. The product which
crystallises out is separated off and dried. After drying, about 38 kg of
L-phenylephrine hydrochloride 3 are obtained. The mother liquor is
distilled off in vacuo to leave a residue which is taken up in about 201 of
water, adjusted to a pH of 6.2 - 6.5 with concentrated hydrochloric acid,
combined with activated charcoal, filtered and finally adjusted to a pH of
3.4 - 3.6. Then the solvent is removed b distillation, the residue is
dissolved in about 15 1 of isopropanol and crystallised again. After
separation and drying, about 4.5 kg of L-phenylephrine hydrochloride 3 are
obtained. The total yield of 3 is about 42.S kg (76% based on
N-benzyl-N-methyl-2-amino-mhydroxyacetophenone hydrochloride 1). The
chemical purity is > 99 % and the optical purity is > 99 % ee.   20 May
2003 to Patent Claims 1. Process for preparing L-phenylephrine
hydrochloride 3, characterised in that starting from 



prochiral N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1
as the educt in a first step a. asymmetric hydrogenation is carried out
with [Rh(COD)Cl] Z and a chiral, bidentate phosphine ligand as the catalyst
system and in a second reaction step b. reductive debenzylation is carried
out with palladium and hydrogen. 2. Process according to claim l,
characterised in that the ligand is (2R,
4R)-4(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocar
bonyl pyrrolidine. 3. Process according to claim 1, characterised in that
the ligand is polymer-bound (2R, 4R)
4-(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocarbon
yl pyrrolidine. 4. Process according to one of claims 1 to 3, characterised
in that the asymmetric hydrogenation is carried out in a temperature range
of from 40C to l00C. S. Process according to claim 4, characterised in that
the asymmetric hydrogenation is carried out in a temperature range of from
40C to 60C. 6. Process according to claim 5, characterised in that the
asymmetric hydrogenation is carried out in a temperature range of from 50C
to 55C. 7. Process according to one of the preceding claims 1 to 6,
characterised in that the asymmetric hydrogenation is carried out under a
pressure of more than 1 bar up to 100 bar. 8. Process according to claim 7,
characterised in that the asymmetric hydrogenation is carried out under a
pressure of 10 bar to 50 bar.   20 May 2003 9. Process according to claim
8, characterised in that the asymmetric hydrogenation is 



carried out under a pressure of 20 bar. 10. Process according to claim 9,
characterised in that the asymmetric hydrogenation is carried out in a
protic solvent. 11. Process according to one of the preceding claims 1 to
10, characterised in that the asymmetric hydrogenation is carried out in a
branched or unbranched C1 - Cg-alkanol as the solvent. _12. Process
according to the preceding claim 11, characterised in that the asymmetric
hydrogenation is carried out in methanol, ethanol, n-propanol and/or
isopropanol as solvent. 13. Process according to one of the preceding
claims 10 to 12 , characterised in that the solvent for the asymmetric
hydrogenation contains water. 14. Process according to one of the preceding
claims 1 to 13, characterised in that the molar ratio of
N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 to the
rhodium catalyst in the asymmetric hydrogenation is between 5,000:1 and
100,000:l. 15. Process according to the preceding claim 14, characterised
in that the molar ratio of N benzyl-N-methyl-2-amino-m-hydroxyacetophenone
hydrochloride 1 to the rhodium catalyst in the asymmetric hydrogenation is
between 5,000:1 and 20,000:1. 16. Process according to claim 15,
characterised in that the molar ratio of N-benzyl-N
methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 to the rhodium
catalyst in the asymmetric hydrogenation is about 10,000:1. 17. Process
according to one of the preceding claims 1 to 16, characterised in that the
rhodium catalyst for the asymmetric hydrogenation is put in as a
pre-prepared solution. 18. Process according to one of the preceding claims
1 to 16, characterised in that the rhodium catalyst for the asymmetric
hydrogenation is produced in situ   



20 May 2003  19. Process according to one of the preceding claims 1 to 18,
characterised in that the reaction time for the asymmetric hydrogenation is
between 2 and 8 hours. 20. Process according to the preceding claim 19,
characterised in that the reaction time for the asymmetric hydrogenation is
between 4 and 6 hours. 21. Process according to claim 20, characterised in
that the reaction time for the asymmetric hydrogenation is about 4 hours.
.22. Process according to one of the preceding claims 1 to 21,
characterised in that, after the reaction has ended, the reaction solution
of the asymmetric hydrogenation according to step a of claim 1 is combined
with activated charcoal and a palladium chloride solution without working
up and subjected to a pressure of about 2 bar with hydrogen and then the
reaction product is isolated. 23. Process according to one of the preceding
claims 1 to 21, characterised in that after the asymmetric hydrogenation
according to step a of claim 1 has ended the N-benzyl-L phenylephrine 2
formed is isolated as a crude product, this is then dissolved in water at a
pH in the range from about S-7 and palladium charcoal is added, the
solution is then subjected to a pressure of 1 to 5 bar with hydrogen and
finally the reaction product is isolated. .Ay.A;.AL .A&y#.A.A.Au.A.Af.Aa
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