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15 The resolution of threv-methylphenidate can be achieved using the expensive
resolving agent 1,1’-binaphthyl-2,2'-diylhydrogen phosphate, a process first reported
by Patrick et al/, The Journal of Pharmacology and Experimental Therapeutics,
241:152-158 (1987). A more efficient resolution, using a O, 0’-diaroyltartaric acid,
is disclosed in PCT/GB97/00185, the contents of which are incorporated by

20  reference; in particular, the use of O,0’-di-p-toluoyltartaric acid allows the
diastereoisomeric salts to be very readily separated.

Tn an alternative approach, disclosed in US-A-2957880, the amide of eryrhro-
methylphenidate (i.e. as -CONH, instead of ~CO,Me) is resolved using tartaric acid.
However, this resolution must be followed by amide hydrolysis, and equilibration

25  at the benzylic centre, to give the threo isomer of the carboxylic acid (ritalinic acid)
which is esterified. US-A-2957880 describes a general process for conversion of
erythro diasterevisomers to fhreo diastereoisomers, using alkali and elevated
temperature.

In order to establish an economic resolution process, it is highly desirable to

30 be able to recycle the unwanted enantiomer into the resolution by way of a
racemisation. This becomes especially important when the resolution is performed

late in a synthesis. An example of such a resolution and racemisation procedure is



25 at the benzylic centre, to give the threo isoner of the carboxylic
acid (ritalinic acid) which is esterified. US-A-2957880 describes a
general * process for conversion of erythro di astereoi sonmers to threo
di ast ereoi soners, using al kali and el evated t enper at ur e.

In order to egigahgll an economic resolution process, it is hcgaBy00281
desirable to 30 be able to recycle the unwanted enantioner into the
resolution by way of a racem sation. Phis becones especially

i mportant when the resolution is perforpe late in a syq& esi s
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97/ 28124 further activated by the carbox?date, is readily racemised. How?@f/ frftfle c430281
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Is readily race _WE re
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material into a mxture% of t di astereoi soners and not into the racemate
that is r edeguired %W‘ﬁ@ﬁcl i ng. Sunmary of the Invention

Thi s invention |§ﬂqﬁﬁﬁh¥§mLﬁﬁ%mkﬁcovery of - met hods to effect racem sation
of . both chiral centres o t hyl phenjdate. This process gives an
optically inactive 10Thisipyentioni oy the disgonery of methaiste mmmmanrﬁiy
favour the threo g ?Pﬁi S i@ ﬂggﬂp \ g@@gﬁ qﬂgﬁwhs
converted predom nan into tﬁ%mﬁgggﬁﬂ@f%f b E“ﬁﬁ soner whi ch
can then be ki ntmmtllm:oﬂ stereoisomars mewbichtequhbnmemayéamr the threo jsomesstheof
a conbi nation of resal 5@@ |EE§
conversion into Mggﬁq&)%ﬁgﬁgéout 9\2‘“8% ery ‘ﬁOf
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conventi onal nethods
process of a combination of resolution and racemisation that may allow complete
conversion into the requ:red isomer is outlined in Scheme 1. The erythro isomer
15  that may remain after the racemisation can be separated by conventional methods
such as crystallisation at this stage and subjected further to the epimerisation
conditions defined below. Alternatively, it can be recycled after passage through

resolution of the threo isomer.
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such as crystallisation at this stage and subjected further to the

epi neri sation conditions defined below Alternatively, it can be
recycl ed after passage through resolution of the threo isoner. 20
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Description of the Invention

Description of the Invention

In Scheme 1, the group X may be the -CO,Me function of methylphenidate.
Resolution of this compound may be carried out by generally known procedures, e.g.
by formation of a diastereoisomeric salt with a chiral acid. Alternatively, the

5  resolution may be a biotransformation that modifies the group X in one enantiomer
so that the enantiomers (of different compounds) are then readily separated.

This invention includes the means to effect racemisation at both stereogenic
centres. It has been discovered that such racemisation can be carried out by way of
activation at the piperidine nitrogen, which probably promotes a fragmentation of the

10  ring, although the exact mechanism has not been ascertained. The putative olefinic
intermediate has no chirality and recloses to a racemic mixture.

There are various ways in which the nitrogen may be activated, to promote
the elimination-addition mechanism. One approach is treatment with an acid, for
example a carboxylic acid, at a sufficiently high temperature, such as heating with

15  propionic acid, e.g. under reflux. This reaction is suitably conducted in an inert '
solvent such as toluene. The racemisation can optiohally be accelerated by the
~ judicious addition of amounts of additives such as water or inorganic salts that will
favour the charge separation in the transition state of the elimination. This reaction
may aiso be promoted by the addition of an aldehyde or ketone (e.g. butyrﬂdehyde
20  or 2cyclohexen-1-one). _

As indicated above, conditions are known that will epimerise erythro-ritalinic
acid at the benzylic centre only. On the basis of the evidence herein, it will readily
be apparent to the man of ordinary skill in the art that conditions can be adopted, in
order to give all 4 stereoisomers of methylphenidate, by racemisation at both chiral

25  centres.

" Following racemisation, and prior to resolution, it is necessary to enrich the
mixture in the rhreo enantiomers. For example, the racemic methylphenidate is
hydrolysed, e.g. using base such as alkali metal hydroxide. This can be done such
that there is also epimerisation. Work-up with acid gives predominantly threo

30  ritalinic acid (X = CO,H), which can be esterified, e.g. by reaction with methanol,

to give the appropriate substrate for resolution.. Alternatively, the erythro isomers



In Scheme 1, the group X may be the -CO2Me function of nethyl pheni date.
Resol ution of this conpound may be carried out by generally known
procedures, e.g. by formation of a diastereoisoneric salt with a
chiral acid. Alternatively, the 5 resolution may be a biotransformation
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(of different conpounds) are then readily separated. Thi s

i nvention includes the neans to effect ragem sation at both stereogenic
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3) Hydrolyse the resultant racemic methylphenidate using 50% KOH and heating
at reflux. .
20 4) Esterify the resultant mixture of enantiomers, enriched in di-threo-ritalinic
acid, by reaction with MeOH and HCI.
S) Isolate the free base and recrystallise, to obtain essentially pure dl-threo-
methylphenidate, suitable as a feedstock for resolution into constituent

enantiomers.
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be separated by precipitat Torf, and"t hén subjected to sequenti al

epi neri sation, esterification and resol ution.
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and before or after re-esterification of the acid.

5. A process according to claim 4, which additionally comprises equilibrating

the product of hydrolysis such that the rhreo diastereoisomer is preferentially
15  obtained.

6. A process according to any preceding claim, wherein the resolution is

conducted using a chiral acid.

7. A process according to claim 6, wherein the acid is O, 0’-diaroyltartaric acid.
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(54) Title: PROCESS FOR THE PREPARATION OF D-THREO-(R,R)-METHYL PHENIDATE AND RECYCLING OF UNDESIRED

ENANTIOMERS BY EPIMERISATION
(57) Abstract

- A process for obtaining a single enantiomer, d or /, of threo-methylphenidate, comprises resolution of a mixture of the enantiomers;
racemisation of the unwanted enantiomer, to give 2 mixture of all four stereoisomers; and separation of the erythro stereoisomers, to leave

the said mixture of enantioiners for resclution.




