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| acosam de Description 5 (R)-2-acetam do-N benzyl -3-nethoxypropi onanm de
(reconmended I NN | acosam de) is an anticonvul sant drug useful for treating
epi | epsy anWw@zwe03757¥wo et hods for produci ng this conpopgfepdgssv&s! osed in
US 6,048,899. Schene 2 of US 6,048,899 conprises the benzylam de formation
prior to the 10 O-nethyl ati on. However, this reaction schene results in
various inmpurities which nust be renové&'by chromat ography which is
impractical on an industrial scale. Also, the yield of the individual steps
is only between 80 and IsmKoved sythesissciremssiy lagesanide nvol ves t he
O-nethylation of an N-protected D- serine prior to benzylam de formation,
N-deprotection and N-acetylation. Although this production schene is a nore
prom sing starting point for upscal Degcriptionffers from najor deficiencies.
Most inportantly, the O- nethylation of N-protected D-serine using silver
(1) oxide and nethyliodide is 20 inpractical and expensive and results in

parti al racerT('R)aa-b@@tahﬂb@w-béﬁféﬁl-s-warm&ypm@mrasnidbe freedbmingdndedi s INep to
79% Al so, t_he renoval of the S enantlorrerﬁﬂurl_n produg{g on of .
(R) - 2- acet ani @605@MBIIE2$ 2B-anficORWNSHNSBHE HERTU 4O Beating eRianpY AN PRI t. 25
|t has now beepq,qréiReHS for @%Mih@&mewmggﬁa aFé‘ﬁisEfb%@H“iﬁ@ﬁS e,ofg,@@g.be avoi ded

by using alternative O-net at1on net , such as e.g. O-nethylation
usi ng phase transfer catalysis or O-nethylation using organolithiumand a

suitable neth | , L I f.al: . esent
I nvention pr ﬁ%’%@%ﬁ%b&@é@ag@% emgybrﬁ?% lsalﬂlislgerf Oﬁ’léﬁc’?‘\?ﬂ{@g‘?ﬁﬁ he
0- net hyl afoi onOrmethytation. $tdvwenier vibid ceactibe sshemieoldsalts hiy dadpys gmpupties t he

N-protected D-serine.  Accordingly, c ared to the. unspecifi.c nethylation
suggested in g’ﬁ\‘f’bnﬂ“‘ft&e @"Bygqléj,y8§8{g)%f’gﬁpﬁp's‘8ﬁ'°h I8 impractical”on '&n
industrial scale. Also, the yield of the individual steps is only between 80 and
85%.

15 Scheme 1 of US 6,048,899 involves the O-methylation of an N-protected D-
serine prior to benzylamide formation, N-deprotection and N-acetylation.
Although this production scheme is a more promising starting point for
upscaling it suffers from major deficiencies. Most importantly, the O-
methylation of N-protected D-serine using silver () oxide and methyliodide is

20  impractical and expensive and results in partial racemisation (about 15%)
which reduces the yield of this step to 79%. Also, the removal of the S-
enantiomer  during production of  (R)-2-acetamido-N-benzyl-3-
methoxypropionamide is extremely difficult.

25 It has now been detected, surprisingly, that the racemisation can be avoided
by using alternative O-methylation methods, such as e.g. O-methylation
using phase transfer catalysis or O-methylation using organolithium and a
suitable methylation agent, such as dimethyl sulfate.

s0  Also, the present invention provides an improved lacosamide synthesis
route, wherein the O-methylation method is selective for the alcoholic
hydroxy group of the N-protected D-serine. Accordingly, compared to the
unspecific methylation suggested in scheme 1 of US 6,048,899, which also



WD 2006/ 037574 PCT/ EP2005/ 010603 -2 leads to the esterification of the
carboxylic group, the present invention results in a shortened, nore
effective synthesis, wherein the subsequent step of hydrol ysing the nethyl
ester group wb 2em0873t€r nedi ate is avoided. 5 Accordi ngly pctihgREFREHM
invention relates to an inproved nethod of producing

(R) - 2- acet am do- N- benzyl - 3- nethoxypropl 2@ m de conprising the O-nethylation
of a conmpound of formula I formul a I toto produce a
conpound of forrmula II - l_E?rrula 1 H wherein IS an

N-prot ecti ng fadspto ihe ﬁéﬁrgtﬁaﬁpﬂ s‘gdthiencq 8¥V|t°h8r%ethﬁyﬂ’"§tspﬂh ipvengien ng
carried out 'Pes%lt@rﬁﬁ §t§H%rtern%ECtn'1c9€ w@%r tHosI2ORRBraft ige shEs@t?'Lfér@ed such

that the conpound o f or mul obt ai ne as an R-enanti omer | east
88% prefer ablsyepanf hyéa@vsmgcbhe mﬂihsé\fats,term@ ol s é\ter@dedwteas aveiged. 95, 96,

97, 98 or 99 % enantioneric purity. 20 The | anguage "one-step reaction" as
used in this patent application neans that when transform ng a conpound of
formul a |ts0 aAcoominglyl dlie fpresehia ihvention =latesf tcaam improved (methodamfanount

of 5 Mol % or norege). of r_of the arb | group is forned that .needs to
be hydr ol ysed Prﬁ%'%pzégﬁ' @%Idoﬁ%@gaﬁg@ewﬁrqpéggarp GORBISNSf est er
is formed whi gie OsmehgTatiodBTEsompelindéef fofigulbur t her proceSS| ng to | acosam de
as described further below w thout the need for any additional hydrolysis

st ep. :/OH

Rx~— /\
N COOH  formula |

10 to produce a compound of formula Il

_/OMe

RX\N/:\

N COOH formula Il

wherein Rx is an N-protecting group,

15 characterised in that the O-methylation is being carried out in a one-step
reaction and wherein racemisation is avoided such that the compound of
formula Il is obtained as an R-enantiomer of at least 88%, preferably at least
90% and even more preferred of at least 95, 96, 97, 98 or 99 %
enantiomeric purity.

20
The language “one-step reaction” as used in this patent application means
that when transforming a compound of formula | to a compound of formula I
no significant amount (i.e. an amount of 5 Mol% or more) of ester of the
carboxyl group is formed that needs to be hydrolysed in a separate step.

25  Usually, even less than 1 Mol% of ester is formed which is then removed
during the further processing to lacosamide as described further below
without the need for any additional hydrolysis step.



WD 2006/ 037574 PCT/ EP2005/ 010603 -3 The inventive O-nethylation can be

achi eved by adding to a conpound of fornula I, such as e.g. to
N-Boc-D-serine, a nethylation agent in the presence of an organo netal
conpound, prvedeeabsp7dan organo lithium 5 conpound. Suit alpleg/ppBfiE¥leads on
agents are e.g. dinmethyl sulphate, trinmethyl phosphate or nethyl i odide
with di net hyl sul phate being particularly, preferred. The organo |ithium
conpound is preferably an al kyl |ithium™*onpound, such as butyllithium
methyl lithiumor hexyllithiumor an aryllithium conpound, such as phenyl
lithium Mre preferably the organo 10 lithium conpound is t-butyllithiumor

n-butyl1i ¢l umhgnchaiie! GuhaHybiBheR 5 donlybl'sy! dddif 4eha BlmBodsd bye! v

ot her organo ne conmpounds rrsin car e used,
such as or gantormute Iccambuaslse.gi rtol NeBotheseglaao azumethykaltnodeagerdr a e

al um nium co n I nel_udi or a I nLum I, des.. .o n LN
conpounds | n%%&eﬁgeo&;ﬁo o??’ﬂwlgﬁﬁgfi%b@%ﬁbaﬁ&%k%ﬂﬁo‘a%@ﬁggﬁgulhb'(lf'g}rpounds
i nc: ugi n% 501 %aompaaml dG?lilltEfble nadthyletior{ Gyérgsairel eogJBctlntmtmyss)sulp!\:/altit#k emmech)@I :c des |
i ncl ude r.orlan or gano i e r or a re erre
are Grignard PBRTRNARISOF Aun&ﬁ']yl %H&‘ (WnR‘Ar‘i}X‘e YSLﬁRﬁ%%eltW"\g ggrg}u g or .
THF12- met hOXYPFéTé!ﬂre@t I'mb oP@éﬁdehﬂﬁumdbSHb%Mﬂreifsh ﬂﬁeﬁé{bly FHr?faWﬁmtﬁlumTHE may
be used as sol vent reaction is usuall to proceed for at

| east 5 hour scgmpgurld)csughd asp haitydlitiyrm, mﬁthyﬂﬁ/tbmrnoefshaxyﬂahmm Cor raskt
preferably f%ryﬂ%ﬁnheaﬁﬁoﬁhdoséﬁ\ asgir%ﬂyl fifurh SRk @%@Xﬁgﬁh?%ééﬁdmd at

hi gher or | ower errperat ures t enper at ur and +25C
if the reacti bihium rmmpouadapttfbdltyllabmm ar n@iujlylhtmslm and particylariit preferrad gr oup

R o e SRR Rl el M5 YR corb R GoRBRRS o
metal-carbon binding may be used, such as organo zinc compounds
including organo zinc halides, organo aluminium compounds including
organo aluminium halides, organo tin compounds including organo tin

15 halides or/fand organo magnesium compounds including organo magnesium
halides (Grignard compounds), wherein halides include ClI, Br or/fand I. The
organo moiety may be aryl or alkyl. Preferred are Grignard compounds
Alkyl-Mg-Y, or Aryl-Mg-Y, wherein Y is Cl, Br or I. THF/2-methoxyethyl ether
mixtures, diethoxymethane or, preferably, THF may be used as solvent. The

20 reaction is usually allowed to proceed for at least 5 hours at 0-10°C, and
preferably for 7-24 hours at 0-10 °C, most preferably for 9-18 hours at 0-5°C.
Also, the reaction may be performed at higher or lower temperatures such
as any temperature between -10 and +25°C if the reaction time is adapted
accordingly.

25
If the N-protecting group Rx of the compound of formula | is N-Boc a typical
reaction can be illustrated by the following scheme (step 1-A)

OH Stepla

4 (i) Butyllithium )z
5 (i) (CH), S0, z

BocH OH — &oeH i_ _OH
THF ac N/\[

N-Boc-D-serine

OMe
+ butane + CH,LiSO, +(CH,),S0,

(R)-2-((t-butoxy) carbonylamine)-3-methoxyprapanoic aci
C936



' IhtbiumOwe () (C1)2SCe ''/ + butane + CH3Li S4+(Clt SO4 BocH '[ THP
BocHN n OH IO N-Boc-D serlne

(R -2-((t-butcxy)carboayl am no) - 3- met hoxypropanoi ¢ ad €936 WD 2006/ 037574
PCT/ EP2005/ 0Y08®3/037524 Sur pri si ngly, this process does notpcradbdsoidaei et hyl
ester formation or significant racem sation of the product. The
experinental yield is 91% wth the ngj 4 I mpurities being N-nethylations
(e.g. Exanple 1) Therefore, the yield of the nethylation according to the

net hod of the present |nvent|on 5 sSing an organo rrml %o ound may be at
| east 85% pr RgNgly o this c REACESY )BeST?ﬂBF JSF'F@ IR O BREH ORI Ofpurity
after methyl a%lg?f”rdéﬁt ?&%sﬁf&?@?thé‘ﬁﬁd@hc@rrh@&fp@hﬂmmm el@flg@m' Wwithi um

conmpound, in partlcu ar after step la is 10 significantly _below 1 Ml %
preferably bethavmmiar mepwities dbeisg Negethydationselecgv Exateplei hi tTherefges, dbei on. In
an alternativ [ t f up of
N- pr ot ect ed ?'sdtlé)%tfqhé r}ﬁeﬁﬂaﬁ% éé&gpdlﬁﬁttg%érrg%@ grOf::{aP't% aﬁfgggpid@?géﬁ PTC
15 is a n&thodshigaanmagmm n@alcﬁorﬂ@mdoglayd]mat least BH%s prefesatdymt leashe phase
bei ng an aquequs, or solid phase and a reservoir of reacting anions or a
base for the ggr{%ration of organi c ani ons, whereas the organic reactants

and catalysts are located in the second, organic phase. 20 Usually, a

guarternary hos oni m or sul foniymsalt, such as . a
t et raal kyl anmg B{Plfﬁhlhéhg qu%ﬁeéémBHH@ea prametiyiation sipg; an C%GP'E‘%bI e
catal ysts and nfgk§ dSl%@fE?éﬁy%rbr@Qn@Hﬂﬁuhﬁ%%ﬁﬂduﬁ@ EpRHiv@BESfSn steﬁ’ 18- le rom

Si gma- Al drich or Chemm cal .© 25 Accordi ngly, one enbodi nent of
present i m/emslgwfqaetlﬁbe@w  Mol¥e prefarably below 0,1 Mol% and is regularly below

the limit of detection.

In an alternative route the selective O-methylation of the alcoholic group of
N-protected D-serine is performed by phase transfer catalysis (“PTC"). PTC

15 is a method that makes use of heterogeneous two-phase systems - one
phase being an aqueous or solid phase and a reservoir of reacting anions or
a base for the generation of organic anions, whereas the organic reactants
and catalysts are located in the second, organic phase.

20 Usually, a quarternary ammonium, phosphonium or sulfonium salt, such as
e.g. a tetraalkylammonium halide, is used as phase transfer catalyst.
Suitable catalysts and PTC reagents can be purchased from many vendors,
e.g. from Sigma-Aldrich or Hawks Chemical.

25  Accordingly, one embodiment of the present invention relates to a method of
producing lacosamide, characterized in that a compound of formula | is O-
methylated to a compound of formula Il by performing the reaction as a
phase transfer catalysis.

30  Typically this method comprises the addition of a methylation reagent, such
as dimethylsulfate, methyl! iodide or trimethyl phosphate to a phase transfer
reaction system comprising the compound of formula |, an aqueous phase,
an organic phase and a phase transfer catalyst.



produci ng | acosam de, characterized in that a conmpound of fornmula I is O-
nmet hyl ated to a conpound of forrmula Il by performng the reaction as a
phase transfer catalysis. 30 Typically this nethod conprises the addition of
a met hyl at i oMOremyarst4 such as di nethyl sul fate, methyl ipediEdo@ip1dsh3 Met hyl
phosphate to a phase transfer reaction system conprising the conpound of
formula I, an aqueous phase, an organi c_gr_]ase and a phase transfer

catal yst. WD 2006/ 037574 PCT/ EP2005/ 01060 -5 1n the PTC of the present
invention preferably (a) the nethylation agent is selected from

di met hyl sul fate, nmethyl iodide or 5 trinmethyl phosphate, wherein

di met hyl sul fatheﬂilespﬁr@r(?fitﬁgl Aedent p.[]v%flﬁéﬁ gpgfe,(alg) the first (aqueous) phase is
an al kal i ne aqueous sol uti gn, such as queousy sodi um hydr oxi de, aqueous

| ithium hydroxi de, aqueous potassi um hydroxi de, aqueous sodi um car bonate or

parti oul arl y sebife, FRiRAEhcagsttis Slbelh RONCRRIISUINE, AR todde on ¢ o
t ol uene, hexane, trimgthyll phosphate| wherksn dimethylsylfate-ib pasticulrlyeprefeniedh t ol uene
AT O N T T T U
?{/ aRpr/rrl di ni um gqldourl dadiml ayMtoxidd Rqukeots _lithidn Rydrodid&® aguebusformul a
potassium hydroxide, aqueous sodium carbonate or aqueous potassium
carbonate, wherein aqueous sodium hydroxide is particularly preferred;
10 (c) the second (organic) phase is selected from toluene, hexane, methylene
chloride or methyl t-butyl ether, with toluene being particularly preferred
and
(d) the phase transfer catalyst is an ammonium or phosphonium salt of
formula 1V, a sulfonium salt of formula V or a pyridinium salt of formula VI

15

R
| + -
Rul/?\R| X
R" formula IV
R
Sl + -
O X
R R formula V
X
P
Ny
20 R X formula VI

wherein R, R, R" and R are independently selectable alkyl, aryl or
aralkyl groups, Q is a nitrogen or phosphorus and X is a halide,
acetate, p-toluenesulfonate, trifluoromethanesulfonate,
25 hexafluoroantimonate, hydroxide, perchlorate, hydrogensulfate,



R R Xformula V 20 RX formula VI wherein RR, R, R' and R'' are

I ndependently sel ectable al kyl, aryl or aralkyl groups, Qis a nitrogen or
phosphorus and X is a halide, acetate, p-toluenesulfonate,
trifluorometwanaswbfsenat e, 25 hexafl uoroantinmonate, hydr gerd®nBBI&EH OF at e,
hydr ogensul fate, WO 2006/ 037574 PCT/ EP2005/ 010603 -6 thi ocyanate or
tetrafl uoroborate. Exanples of suitable phase transfer catal ysts are

t et raet hyl ammoni um p- tol uenesul fonate, TEtrapropyl anmoni um
trifluoronethanesul fonate, 5 tetraphenyl phosphoni um hexafl uoroanti nonat e,
cetyl pyri di ni um bﬁ@ﬁpﬁatﬁprﬁi@wpwra t ri phenyl phosponi um chl ori de,
benzyl tri et hyl ammoni um chloride, benzyltri nmethyl ammoni um chl ori de, '
benzyl tri phenyl phosphoni um chl oride, benzytri butyl amoni um chl ori de,

butyl tri et hyl &xnanplesnafrsiifable phase ynmsfepmﬁglyﬁao@ph@maethyuﬂmmpdmm p-

tylt t hyl d t hyl
cthyl tri pheny | BREEBRUEREREor ometeeroRatiridrtficny) sTBERThuRaACh Bl
met Ey: tri Oﬁt yltlaﬂramnyﬂpﬂwsphbdlgmd IT@teiﬂﬁlbtcran{tlhmmy:teﬁh;a:etg/dm;rmdmiurlm[1 cbrbdgde
met tri phen m,i.odi en ori de
et 1 abut y| ammiHpRORPRTUL dRher oSBT B meBTE, p BPBRNBIARam Moriir
tetrabutyl ammih'ldﬂﬁebrﬁé'hﬂ%nﬂe'fh |&hritPilink | eBRde U%Hiﬂfr%@ﬁ%lﬂh@%cﬁ‘num
t et rabut yl ammoni um i odi de, tetrabutyl anmoni um t et raf | uor obor at

t et r abut y| anmstarice; eseytsibatylammosium ahigridembsiiitieinjamaienisn bromide,
tetraet hyl am%tﬂ@?h@ﬂ%ﬂﬂgspﬁdﬁwﬁ“ﬂ?é’hﬁf’é‘mEéfﬁ&hl’%@l dSmn’ic%ﬂrﬁ”%rB%ﬁ c?ém“' um

chloride, tetr um i odide, tétra ni um chl ori
t et raoct yl1annmeitylimmlﬂtbyh cl:‘afnmoetunaphblnydp,hoeib}fib'mhmylphoaphrwum bromide,

tetrapropyl a yl
Nt 35808 SRR RS e
methyltrlphenylphosphonlum bromide, methyltriphenylphosphonium iodide,
phenyltrimethylammonium  chloride, tetrabutylammonium  hydroxide,
tetrabutylammonium perchlorate, tetrabutylammonium bromide,
15 tetrabutylammonium  hydrogensulphate, tetrabutylammonium iodide,
tetrabutylammonium tetrafluoroborate, tetrabutylammonium. thiocyanate,

tetraethylammonium hydroxide, tetraethylammonium jodide,
tetraethylammonium bromide, tetramethylammonium chioride,
tetramethylammonium iodide, tetramethylammonium chloride,

20  tetraoctylammonium bromide, tetraphenylphosphonium bromide,
tetrapropylammonium hydroxide, tetrapropylammonium bromide and
tributylmethylammonium chloride, wherein tetrabutylammonium salts and
particularly tetrabutylammonium halides, e.g. the bromide are especially
preferred.

25
In the PTC of the present invention suitable concentrations of components
(a)-(d) as defined above are as follows

(a) the amount of methylation agent is 1 to 5 molar equivalents with respect
30 to the compound of formuia |
(b) aqueous alkali is provided as a 5 to 50% w/w solution and in an amount
of 1.1 to 10 molar equivalents with respect to the compound of formula |
(c) the amount of organic solvent with respect to the compound of formula |



particularly tetra butyl amoni um halides, e.g. the brom de are especially
preferred. 25 In the PTC of the present invention suitable concentrations of
conponents (a)-(d) as defined above are as follows (a) the anmount of

met hyl ati on W@e6/B3E74 to 5 nol ar equi val ents with respeatcT/B2ods@1dehie

conpound of forrmula I (b) aqueous alkali is provided as a 5 to 50% w w
solution and in an anount of 1.1 to 10 |_ar equivalents with respect to
the compound of formula | (c) the ampunt 'of organi c solvent with respect to

pr of or abl y bt wed PREToEA AL, PEMREN $r20 VSR 18 pasIoptan 1) IRGrgeReTGH o

formula | (d) thgomnmgnt of phase transfer catalyst Is between 0.01 to 0.1
nmol ar  equival ents of the conpound of fornula | In the Bresent |nvent|on

in particul ar (@ therameent of tPJS‘aW trapsfer catalyst ds tb@t‘é{ﬂen &-8heo
substituted with é?ft‘Jﬁ/aq’é s R St 6urtdjgf%ﬁm%dunsubst ituted, 10 V\:hl ch

contains from6 up to ring carEon atons and up to a totaI of 25 carbon
atons and bncl udes polynuclear aromatics. These aryl groups nmay be
nonocyclic, bicyclic, tricyclic or polycyclic and may be fused rings. A

pol ynucl ear aromati c conpound as used herein, is neant to enconpass

bi cyclic fused aromatic ring systens containing from 10-18 ring carbon 15
atons and up t total .af car.bon a yi, @rouyp,.one to six
car bon at oms }ﬁﬁé"?%ﬁﬂ38$ﬁaﬁvléﬂﬁ@ﬂ@%gﬁ Bﬁ?”%ﬂ@ﬁva§’¥k ﬁ re ﬁh?n or/ and
nitrogen. "Ar yéroméﬂmyroﬁ;se%umuhéd WitHtone a7 eRote; sub@ﬁwéﬁts bﬂhmbsﬂaméu yl;

phenyl or napt h%/i substituted with one or nore substituents sel ected from
e.g. hydrogy, W PB&,@iﬁta'ﬂ%[f@@'é@ upite 1§, ring carbanigtomscand up ta)wotaé@f R

carbon atoms and includes polynuclear aromatics. These aryl groups may
be monocyclic, bicyclic, tricyclic or polycyclic and may be fused rings. A
polynuclear aromatic compound as used herein, is meant to encompass
bicyclic fused aromatic ring systems containing from 10-18 ring carbon
15 atoms and up to a total of 25 carbon atoms. In the aryl group, one to six
carbon atoms may be replaced by a heteroatom, such as oxygen, sulfur
or/and nitrogen. “Aryl" comprises unsubstituted phenyl; unsubstituted
naphtyl; phenyl or napthyl substituted with one or more substituents selected
from e.g. hydroxy, carboxy, halogen, nitro, C1-6 alkyl, C1-6 alkoxy, amino;
20  substituted or unsubstituted heteroaryls such as pyrroyl; thienyl, indolyl, etc.
In the present invention, in particular in formula |V, “aryl” is preferably
chosen from unsubstituted phenyl or substituted phenyl, e.g. 2,6-
difluorophenyl, p-nitrophenyl or p-toluyl. Unsubstituted phenyl is particularly
preferred.
25
In the present invention, in particular in formula IV to VI “alkyl” comprises
branched or linear saturated hydrocarbon chains. Preferably “alkyl” is a
branched or linear hydrocarbon with up to 20 carbon atoms, more preferably
with up to 6 carbon atoms; most preferably with up to 4 carbon atoms. The
30  hydrocarbon may be substituted with one ore more substituents or
unsubstituted. Preferred examples of “alkyl” are cetyl, octyl, hepty!, pentyl,
butyl, propyl, ethyl and methyl.



20 substituted or unsubstituted heteroaryls such as pyrroyl; thienyl,
indolyl, etc. In the present invention, in particular in fornmula IV, "aryl"
is preferably chosen from unsubstituted phenyl or substituted phenyl, e.g.

2, 6- di fl uor BEReMM3757h- ni t r ophenyl or p-toluyl. Unsubsti teteerRbsanydosi S
particularly preferred. 25 In the present invention, in particular in
formula IV to VI "alkyl" conprises branchgd or |inear saturated hydrocarbon
chains. Preferably "alkyl" is a branched ®r |inear hydrocarbon with up to
20 carbon atons, nore preferabl with up to 6 carbon atons; npst preferably

. y . - . [{] n
with up to 4 cit BenpesentinveRtiondnmRartisdar olermilp Pete Ybsaralkylemeansna one
ore nore subst| tuly b “ i I f by "oare
cetyl, octyl, Hré%tﬁ)%ﬁll %rekxlt y"lﬂél"ltgﬁut%1 I ,5':;# opw, gFeE{ Eslﬁgﬁ n@k@f -Pr%}‘éﬂly
2006/ 037574 PCTrgikgldsbennyb03 In the present invention, in particular in
formula IVto VI, "aralkyl" nmeans a group aryl-al kyl wherein "aryl" and
"al kyl" are as defined above. Preferably "aralkyl" is benzyl. 5 In the
present i nweent irmthe prasent inteintion; sdlestiiution mibrst ot substitution ef Bl tatombyy e. g.

hydr oxy, carboxy, ,hal ogen, nitro, Cl-6.al kyl 1- kax am . no. The PTC
reaction is usﬁaﬂ-lh}'g%xgoﬁaoﬂr haloR& iR, %:ﬁéi@,&ﬁééﬁﬁaw% nm nut es,
e.g. for 0.5 to 24 hours, preferably for at |least 45 mnutes and even 1io0
nore preferred_for_at least 1 hour. The PTC of the present invention_ under

the specific cdh8iRTeMeastian g usysiynplowes fosprogead Bf Oy @ Getprafdeastnio yi el d
of the PTC of esen 1 i t bly at
| east 90% eve?]mﬁrrltj}fgé' é'|§'sfop§rdé gfg%lﬁﬂgw%fgg%ﬁyg%a@ge%f 6%3% Z%Sf’/(?ﬁ %%%%r 96%
A conpoundiof frarenpreferred forodltlgastabheurt r om many vendors e.g. from Si gma-
Al drich or Lancaster. N Boc-D-serine can also be produced by reacting D
serine with di-t-butyl dicarbonate to N-Boc-D-serine in a phase transfer

The PTC of the present invention under the specific condition of e.g.

Example 2 (step 1-B) yielded 96%. The yield of the PTC of the present
invention may thus be at least 85%, preferably at least 90%, even more
15 preferably at least 91%, 92%, 93%, 94%, 95% or 96%.

A compound of formula | is obtainable from many vendors e.g. from Sigma-
Aldrich or Lancaster. N-Boc-D-serine can also be produced by reacting D-
serine with di-t-butyl dicarbonate to N-Boc-D-serine in a phase transfer

20  catalysis reaction using essentially the conditions (e.g. choice and
concentration/amount of alkali, solvent, PCT-catalysts, temperature, reaction
time etc) as described above, except that di-t-butyl dicarbonate is used as
the reagent instead of a methylation agent.

25 If the N-protecting group of the compound of formula | is Boc (t-
Butoxycarbonyl), a preferred PTC reaction can be illustrated by the following
scheme (Step 1-B)

/OH Aqueous NaCH OMe
{ (CH3),S0, £
T N — A OH
Toluene BocH
Tetrabutyl
ammonium

bromide
N-Boc-D-serine {R)-2-({t-butoxy)carbonylamino)-3-methoxypropanolc acid



20 catalysis reaction using essentially the conditions (e.g. choice and
concentration/anount of alkali, solvent, PCT-catalysts, tenperature,
reaction tinme etc) as described above, except that di-t-butyl dicarbonate
is used as WMR2PEBFEAt i nstead of a nethylation agent. 2BCT/EPIbE10603
N-protecting group of the conmpound of formula I is Boc (t- Butoxycarbonyl),
a preferred PTC reaction can be illustratgd by the followi ng schene (Step
1-B) JOH Agueous NaOH Ove (CH3} SO4 | BocHN~OH h / OH Tol uene Boc™
Tetrabuty] ammoni um brom de N Boo-D serl ne

(R -2-((t-butoxy)carbonyl am no) - 3- net hoxypr opanol ¢ aci d WD 2006/ 037574

PCT/ EP2005/ 010Fi$ reaétiohhidees a#sttieslt doesnyn pdcentsatidn on esteriffcation sfatheon or

esterification of th product,, Also, the yield is further inproved with
i npurity | evel%’ogﬁdd‘ozﬁﬂ éﬂfol’l‘ﬁ}d @%“ﬁeﬁwreé‘?fy"tm@p&ﬂgﬁ@t"eﬁCr’]%pe%ﬁ)éﬁg?‘ﬁpuri ty
after nethyl atjegn by PTC, in particular after step 1-Bis well below 1
Mol % preferably below 0,1 Mol % and usually below the limt of detection.
10 The protess of the current invention may further conprise the step of

Pove o H | FRYERERBAE AR B Relrhopfty e REMAIRGH by P! A pertadar o 2

after step 1-B is well below 1 Mol%, preferably below 0,1 Mol%, and usually
below the limit of detection.

10 The process of the current invention may further comprise the step of
processing the compound of formula Il to a compound of formula i (Step 2)

: b i H
RX~— — N Rx~— 5 N
ﬁ COCH  formula Ii }r-\li/\ﬁ/ formula I
0O

The benzyl amide formation can be performed by adding to a compound of
15 formula Il an amount of benzylamine in the presence of
(@) a base such as triethylamine, diisopropylethylamine, 1,8-diazabicyclo
[5.4.0]undec-7-ene, potassium bicarbonate or a morpholine derivative,
preferably 4-methylmorpholine and
(b) an activator of the carboxyl group such as a carbodiimide or an alkyl
20 chloroformate, preferably isobutyl chloroformate.

Experimentally, the yield of the benzylamid formation under the conditions of
e.g. Example 3 (step 2) was typically between 90% and 99%. Thus, the yield
of the benzylamid formation of the present invention may be in the range of

25  at least 85% up to 99,9%, preferably in the range of at least 90% up to 99%
product.

This step 2 has been basically described in US 6,048,899, which is included
herein by reference.



O The benzyl am de formation can be perfornmed by adding to a conpound of

15 formula Il an anpbunt of benzylamne in the presence of (a) a base such as
triethylamne, diisopropylethylam ne, 1,8-diazabicyclo [5.4.0]undec-7-ene,
pot assi um bi &P HY#HEY’&4or a mor phol i ne derivative, preferabr¥p2005010603

4- et hyl nor pholine and (b) an activator of the carboxyl group such as a
carbodiimde or an alkyl 20 chl oroforma_tﬂ%_ preferably isobutyl

chl orof ormate. Experinentally, the yield of the benzylam d formati on under
the conditions of e.g. Exanple 3 (step 2) was typically between 90% and
99% Thus, the yield of the benzylam d formation of the present invention

may be in the S@riie pfotdbtiey glctpstin $Rmehéda8brty torebairasent inveritivp r ange
of at least 90% up to, 99% product. This ?Pt p 2 has_been basically described
'n US 6, 048, 895® % ERUICKYFaoPWEoch &F SarboBonzencihe wihahe s Bme7 4

PCT/ EP2005/01Q@Q§? ariulltivifBffradyr ot ecting groups in the nmethod according to
the present inven |pon aré”gg. t - but oxycar bonyl (Boc) or carbobenzoxy

(Cbz), with the Boc group being particularly preferred. 5 In the conpound

of forrmula I11 t i C i

(R -2 am no- v BLfE SRSk Ao Rhdu M e SEReciha B Bk Gorlob MietBho, o

fromthe art. dbtainexgRMH2eamirfo-Nienzykl-ewdthoxypgopiopamide s by capfropsateoxy

group it may be cleaved off_with H2 d/ C as ,described in US 10 048, 899.

7t he' pr ot sctRG EPBHORS oMo gih ot R RE. L By peihe; SIRHBRE Py

r e[mveg Wi t fl\l/eaqaéwbéhzos(y@aow ithy4ly b6 leleanbg offolith H2, Pd/@fasld¥edribéepEsat ur e

(step 3). 1:> é,048,899. If the protecting group is a Boc group this group may be
conveniently removed with an acid, such as hydrochloric acid, e.g. at room
temperatui‘e (step 3).

_/OMe

:/OMe : H
Rx—py— ﬁ\/© N HZN/:\H/N\/©
H/\n/ formula lil
o O

(R)-2-amino-N-benzyl-3-methoxypropionamide

Experimentally, the amine formation under the conditions of e.g. Example 3,

15 step 3 typically yielded product in an amount ranging from 95% to 100%.
Thus, the amine formation step in the method of the present invention may
yield at least 85%, preferably at least 90%, more preferably at least 95%
product.

20  (R)-2-amino-N-benzyl-3-methoxypropionamide can then be transformed to
lacosamide by N-acetylation using acetic anhydride (step 4)

_—OMe . . _—~OMe
z acetic anhydride :
: H ; > H H
HZN/YN AcHN/YN
0 0
(R)-2-amino-N-benzyl-3-methoxypropionamide (R)-2-acetamnido-N-benzyl-3-methoxypropionamide

(tacosamide)



R<-N-\ HHZNN HIIf formula Il Il O (R)-2-amo-N benzyi-3-m

et hoxypr opi onem i de Experinentally, the am ne fornmation under the conditions
of e.g. Exanple 3, 15 step 3 typically yielded product in an anount rangi ng
from 95% t o WOOIW6/03TiTMS, the amine formati on step in the rewhedosafiodhe
present invention may vyield at |least 85% preferably at |east 90% nore
preferably at |east 95% product. 20 1-

(R -2-am no-N—benzyI 3- et hoxypropl onami de can then be transfornmed to

;gg? ?g;nnﬂgdlr))d/ e Séﬁrh_ n?a}l eA% q,(ipe bngeratﬂgyc%%dqlong tfeelo g 4%xample 3 %p/

(R) - 2-am no- N b&gﬁﬂtéﬂﬁyi@ﬁiého%me@ﬁlﬂ%@nde%% The yield of the acetylatlon step
(R)-2-acetam do benr nmet hoxypr opi onam de F‘I ar: ncam d

2006/ 037574 PCIY t’aﬂzmﬁnﬁeﬁﬁv presenicipyentioremmey thys bene taeer@w%pf 8hladstier the
condi tions of ze ALy yg@% PefeFdAPIn tﬂetr%rﬁﬁééﬂétﬁeé(étfﬂod/ﬁ@ plgiggeen 81% and 95%

The yield of t n step 1n the nmethod e present invention
may thus beé in the range of at least 70%up to 99% preferably in the range

of at |east 80%§P§tg%§%§¥9&?§,%géﬁeEEr%dhﬁ%$ﬁ%8%9?W&erbﬁg &aﬁg ) i h

6, 048, 899. HoweV suggest's e use o eti1'’c an
t he presence obuggdsiseheeuge ofpacétd:i mahydridehds thewptesencé cafnd ba&e;pegt edly
that the pure (R):.enaptioner so_obtai n effectively if _ the toxic
pyridine is r e?ﬁﬁ')v@ Ecﬂﬂst W %n tg'd@‘?luaﬁxﬁﬁ ?fﬂvgﬁat the pure (R)%enantiomer

can be also obtained effectively if the toxic pyridine is removed from the

10 reaction mixture.

One embodiment of the present invention is thus the production of
lacosamide combrising a step of N-acetylation of (R)-2-amino-N-benzyl-3-
methoxypropionamide with acetic anhydride in the absence of a base, in

15 particular in the absence of pyridine. The advantage of a base-free reaction
is that toxic bases, such as pyridine, can be excluded.

Finally, lacosamide can be isolated from the reaction mixture of step 4 with
improved purity by crystallisation in appropriate solvents, such as ethyl
20  acetate.

Experimentally, lacosamide was obtained under the specific conditions of
Examples 1 to 4 in a yield of typically 63%-70% (using butyllithium in step 1-
A) or 66% to 75% (using PTC in step 1-B). Thus, lacosamide may be

25 obtained by the method of the present invention in a total yield ranging from
at least 50% up to 90%, preferably from at least 60% up to 80%. If an
organo metal compound is employed the total yield of lacosamide may be
more preferably in the range of at least 60% up to 70%, most preferably in
the range of at least 63% up to 70%. If a PTC is employed, the total yield of

3 lacosamide may be more preferably in the range of at least 60% up to 75%,
most preferably at least 66% up to 75%.

The formation of a compound of formula II from a compound of formula | is



One enbodi nent of the present invention is thus the production of

| acosam de conprising a step of N-acetylation of (R)-2-am no-N benzyl - 3-

met hoxypr opi onanm de with acetic anhydride in the absence of a base, in 15
particul ar i Wa29es/@B¥énce of pyridi ne. The advantage of apdEEE0éTEE08e€acti on
I's that toxic bases, such as pyridine, can be excluded. Finally, |acosam de
can be isolated fromthe reaction mxture,gf step 4 with inproved purity by
crystallisation in appropriate solvents, 'ggéh as ethyl 20 acetate.
Experinmental |y, |acosamn de was obtai ned undey the specific copditions of
Exanples 1 to Eo'inﬁr'ﬁe‘ii @%fm?ﬁ'ﬁﬂcaﬁ %POB%’%JPO%/'QWE Rg2D eﬁcf'B?qjli%hﬁVien step

1- A) or 66%teuppt h(désioh][ég Pﬁe}@g‘t r!n§érﬂl%n1is|3)chusﬂ&u$neth6§%ﬂ{%r@ﬁu&ﬁiﬁ Be £5

obt ai ned by the netho resent invention in a total yield ranging

from at |eastconppupd b fommgladHyfrepaslcpmpasidaef foeayia Bbby (prmeshgation | f an
o . _ . j
or Srerabty i - FRRSDlbed 2OV BKEEhitly it Merinstofibe o metfidedds K F 1o e

range of ats | eaignifiednt rageemisativnt. |f a PTC is enployed, the total yield of 30

| acosam de nay be nore preferably in the range of at |east 60% up to 75%
nost preferably at | east 66% up to 75% The formation of a conmpound of

fornula I'l from-gerreetivetive dror-getive detigatites 28106hxi3res76F BCBhER286/d) 10603

-12 conprised by .the nethod of |acqosam de nt hesi descri hed above.
Subj ect  of thedémé%ie/ﬁfs in ADY Ao MaYDa ¥asd 1 e meshod e?t%ﬁrmea%mi'%vewna

compound of formula (I1l1) froma conpound of fornmula (1) by O-nethylation as
descri bed above essentially in the abscence of nethyl ester formation or 5
si gni fi canto r aBegi @atheofgct thaleduring Gempliutatioa ofothe alseholigeOttgriouat ofids or

m xtures of D - ' : | i | | tsed 0.t he
ret hod of t he. 5 0d i SerelBeri (e 3t netfod B i bleeEin/ihuli theld'is
0- net hyl at i on eéseriiallpinoomethiyt eSter Jommaiionfarid no significant racemisation of the
product, the method of the present invention for production of a compound
of formula (Il) or/fand of lacosamide leads to an improved yield and an

15 improved enantiomeric purity of the product.
The invention also relates to important intermediates of the current process.

The most important intermediate (R)-2-N-Boc-amino-3-methoxypropanoic
20  acid (C-936) results from the improved O-methylation step according to the
present invention (see figure 1). The compound can be easily isolated from
the reaction mixture as the free acid or by forming a salt, such as e.g. a
cyclohexylammonium salt. Suitable C-936 salts are also regarded to be part
of the invention.
25
Also, (R)-N-benzyi-2-N-Boc-amino-3-methoxypropionamide (C-937) which
results from the benzyl amide formation (step 2 of figure 1) constitutes a part
of the invention. '

s0  Another aspect of the invention relates to the use of C-936 or C-937 or any
salt thereof as an adduct or intermediate in a method of producing (R)-2-
acetamido-N-benzyl-3-methoxypropionamide (lacosamide).



or/and L-serine derivatives in the nmethod of the present invention, there is
essentially no nethyl ester formation and no significant racem sation of the
product, the method of the present invention for production of a conpound

of formula (NO2W¢/PHAY of | acosani de | eads to an inprovedrgrebthognds@dn 15

i nproved enantioneric purity of the product. The invention also relates to

i nportant internedi ates of the current p[(r? ess. The nost inportant

i nternedi ate (R)-2-N-Boc-am no-3-net hoxypropanoic 20 acid (C-936) results

i gure 1) TheVebaBines 358Rche! 438 RENUSD) BRrEins ford MRSd R RIPRNSG A ur o s

the free acid ﬁha#b/aée%aalrfarraulaﬂbﬁ by S Bulsseq@ieflt staps ¥ C! ohexyl anmoni um sal t.
Suitable C-936 salts are also regarded to be part "of the invention. 25

Al so, (R) - N benzyg) Produgite- éaﬁqsamderel@mdiaypméh%aaﬁmédm@-%ﬁbemr@nnt
results fromthe bep ggll]t“%gé formation (step 2 of figure 1) constitutes a
part of the invention not her aspect of the invention relates to the
use of C- 936 or Cbpdiking laogamidd with pbarodceadically acheptable excipteptsredi ate in a
met hod of producing (R)-2- acetam do- N benzyl - 3- met hoxypr opi onam de

(l acosam de). WO 2006/ 037574 PCT/ EP2005/ 010603 - 13 Yet another aspect of
]Ehe ilnventi OB Aaﬁtrmirnas;iectaoﬁrm@qﬁesé?tplmﬂﬁbmgusaa ph;lihasme@fubgmigmg

ornul ation by the su uent ps 0 uci.ng | acosam de

ot hod aceor o) RAMPBIRG ST doEaua VI SorGpish e G el AT G PatasSepRnsOt t b
phar maceut i cal fofmafeegnt abl e exciplents.  Another aspect of the present

invention is a method of producing a conpound of fornula VIII conprising
the O-nethylation of a conmpound of fornula VII,

R1
R2 OH
R3
4
RN COOH
formula V|
15 to produce a compound of formula Viil,
R1
R2 OMe
R3
4
RN COOH
formula Vi

20  wherein R*is H, an N-protecting group, or/and a group having 0-30 C atoms,
and
wherein R', R?, and R?® are independently selected from H and groups having
0-30 C atoms,



RL RR OH R3 RAH H COCH formula VII 15 to produce a conpound of fornula
VIIl, RL RR O R3 RAN COON H formula VIII 20 wherein R4 is H an
N-protecting group, orland a group having 0-30 C atons, and wherein Rl, R2,
and R3 are i W@apeadesTwl y sel ected from H and groups havi ngct/Oe296s/0d068s onms, WO
2006/ 037574 PCTI EP2005/ 010603 -14- characterized in that the O nethylation
in being carried out in a one-step reactH)n and wherein the conpound of
formula VIIl is obtained in the sanme configuration as the conpound VII, of
at |east 88% preferably of at least 90 s % nore preferably of at |east

95% 96% 97% 98% or 99% enantionmeric purity. Preferably, R, R2, and R3

are | ndependerﬁﬂa‘x‘a&%ﬂié’@%that%a O%thyﬂt‘@n |n B\@Rg cafridd o0PRla or%{ep SQ2H,
- S8H, hal ogen, - , 10 - - S02R10, - SO3R10,

substit ut ed orreaﬁwbgndtwhafalnamawonamtm@qurfpauulab‘émes obiaived tntheisame

ey R0 o0 BB e ettt O Srat I8 3%, Brdiéidlofor R 1edst 6B

5 %, more preferably of at least 95%, 96%, 97%, 98% or 99% enantiomeric
purity.

Preferably, R', R?, and R® are independently hydrogen, -OH, -SH, -NH,,
-NO., -CN, -COOH, -SOH, -SO;H, -SO3H, halogen, -OR", -SR™, -NR"R",
10 -SOR™, -SO,R", -SOR™, substituted or unsubstituted alkyl as definied
above, substituted or unsubstituted C,-Cs-alkenyl, substituted or
unsubstituted C,-Cg-alkynyl, -(CO)-R", -(CO)-0-R", -O-(CO)-R"®, substituted
or unsubstituted aryl as defined above, substituted or unsubstituted Cs-Cis-
hetaryl having 1-3 heteroatoms independently selected from N, S, O,
15 substituted or unsubstituted aralkyl as defined above, substituted or
unsubstituted C;-Cis-alkaryl, substituted or unsubstituted C4-Cis-hetaralkyl
having 1-3 heteroatoms independently selected from N, S, O; substituted or
unsubstituted C4-Cis-alkhetaryl having 1-3 heteroatoms independently
selected from N, S, O; or substituted or unsubstituted C;-Ciz-cycloalkyl
20  having 0-3 heteroatoms independently selected from N, S, O.

It is more preferred that R' is H, R? is H or/and R® is H. It is most preferred
that R'is H, R?is H and R® is H.

2s  Preferably, R* is selected from R' and N-protecting groups. More preferably,
R* is the N-protecting group Rx as described above.

Even more preferred is R' being H, R? being H, R® being H and R* being Rx
as described above.

30
In the substituents R*, R', R?, R?, the groups R and R''-are independently
hydrogen, substituted or unsubstituted alkyl as defined above, substituted or
unsubstituted C,-Ce-alkenyl, substituted or unsubstituted C,-Cg-alkynyl,



or unsubstituted aryl as defined above, substituted or unsubstituted C3-C, 3-
hetaryl having 1-3 heteroatons independently selected fromN, S, 0, 15
substituted or unsubstituted aral kyl as defined above, substituted or
unsubst it ut eWOCPUEBETAl karyl , substituted or unsubstit ut e 0dsh et ar al kyl
having 1-3 heteroatons independently selected fromN, S, 0; substituted or
unsubstituted C4-C, 4-al khetaryl having 1-3 heteroatons independently
selected fromN, S, 0; or substituted or” UhSubstituted C3-C, 2-cycl oal kyl 20
having 0-3 heteroatons independently selected fromN, S, 0. It is nore
preferred thatsulstitded orz unsubstiutedn@rd3 ass defined j abougst spbetitutedecor t hat

R isH R2i sHa Sk ref I ) f; tecting
aroups. ore- pYBLER LIS Crigp-felRyhadiy 13 R RENGHs RRARdoRY sdlobiel,
above. Even ndrampNef 8f r@d substutdabiarguhkulbiRtituiied ngratkyl R8s bdefingdHabode,R4
being Rx as descrij bed above 0, 1n_.the bstitue 4. Rl t he
grougs R70 and® s{'g‘?‘:é i°ﬁd€|§é'Ra§Hﬁ%C7‘ﬁyﬁa?s‘g@§!L,S@&ﬁ@‘?‘?‘f&{' éﬁ‘sgpgﬁ%eﬁgﬁ tuted
al kyl as defi neg-halaratkyl Baiahi 1-8theteroatomsindbpénderitytslected fdnk aiN\g, .O;

substituted or unsubstituted 6-al kynyl , 2006/ 037574 PCT/ EP2005/ 010603
-15 substit ut ¥ F'uwiuﬁgtwﬂ Ht%dﬂéaﬁwq@l\%@w abavieg dodsheterpalamsr

unsubsti t ut ed ifidefeidily Aot FOAONT S3010 SUBSHAMGN drdenpRiRmd L.a5lect ed

fromN, S, 0, substituted or unsubstituted aral kyl as defined above,
substituted orcyglealkys hpvingdy3 beterpatonisiadsgipendenty selegtashirom Nifs st i t ut ed Co
5 Cl4-hetaral kyl having 1-3 -heteroatons independently selected fromN, S, O;
substituted or unsubstituted C4-Cl4-al khetaryl having 1-3 heteroatons

i ndependent | y Subsditutia inrthengrbui RO;R'OR2sRHK'? and &' refensrissubsiitutior thy C3- C12-

| oal kyl havi 0-3 h i nd d | | d f N 0. 10
Subst tuti on OGRS Gt RUHRHUBRY ‘o SRR BhgVen & v bV el otarBpeds ¢t on
by halogen, nitro, C1-C6 alkyl, C1-C6 alkoxy, amino, etc.

“The same configuration” of the compound VIII with reference to compound
15 VIl means that essentially no racemisation takes place, or compound VIl is
obtained in the same configuration as compound VII with an enantiomeric
purity as defined above. If compound VIl is in the R configuration, compound
VIl is also in the R configuration. If compound VI is in the S configuration,
compound VIl is also in the S configuration.
20

It is preferred that compound Vi is in the R configuration.

The parameter of enantiomeric purity can be applied mutalis mutandis to

enantiomer mixtures. If compound VIl is a mixture of the R and S
25  configuration, compound VIli is essentially the same mixture of the R and S

configuration, i.e. the ratio of the R and S configuration remains essentially

unaltered, or an enantiomeric ratio as follows is obtained. The obtained

enantiomeric ratio of compound VIIl may be at least 88%, preferably at least

90 %, more preferably in at least 95, 96, 97, 98 or 99% of the enantiomeric
30  ratio of compound VIil.

“One-step reaction” has the same meaning as discussed above,



one or nore substituents as defined above, e.g. by hydroxy, carboxy,

hal ogen, nitro, Cl-C6 al kyl, Cl-C6 al koxy, am no, etc. "The sane
configuration" of the conmpound VIII with reference to conpound 15 VII neans
that essenti P P0HB375Hcem sati on takes place, or conpoundp¥iieb200§01088t ai ned
in the sane configuration as conpound VII with an enantioneric purity as

defi ned above. If conpound VII is in the configuration, conpound VIII is
also in the R configuration. If conpound Vil is in the S configuration,
conmpound VI1I is alsog in e onfiguration. 20 It referred that
conpound VI i&h ¢ﬁeqqﬁ@npséhgmq e FRMPewNd YHéom@rVHflse%aﬁw@Hﬁtm purity

can be applied mé@mtgwaﬂmbﬂﬁeopreemwém@h df‘tPfé ébﬁfbouha of IRV | 1S

a mxture of t eRan 25 configuration onpou 'S essentlallythe
same ni xture oproghee R egrapsunchaf fqgmu&a il @8, dascebed wbovat iféhe)pomn@um Mild s

configuration I8 Q%& I ian 3.:Qh r as
follows is obt al necg| ?@B{dtﬂwéﬁ 'sgﬁgi%t ?’oﬁl gl-}g'tqd ;ﬁzg' {ﬁ% éoqncfg(@ﬁdo

be at | east 88%ll pore¢spatlsytoathe eampourdd offonmuia lloneﬂemablbe usedtforl thast 95
96, 97, 98 or 99% of the enanti.

f d V
reaction” has RREUCHQR: OFld Sﬁg“&% 8195915'5@8:1%35 2 CO gfﬁsﬁgi?gdi@ §-step

PCT/ EP2005/ OlogﬁaunglﬁomTtrﬁé EGAPbLRD HS@rheanda@éséiﬁmomagl bé brdd@cé@fm%!?d VI
is a generalizat] on of the O-nmethylation of the present |nvention th

conpound of f ofyii@Ple Mehod igqitodsce dhp dikenaylamidenaraup jang the Mearehy
above. If the §r‘6ﬂB°‘Fﬁé‘re\P6rb in §(?a'ﬂlc§d"é?r d?efé%ﬁ'&ﬁﬁ@&h%t tRédo?n unB&/ll ﬁs H R3

is Hand R4 is he conpoun corresponds to the ound
fornul a II10andlnrﬂ§9 Ra@ormgémahm anghR* ipRydll s mest mﬁfaré&d)mmies B! lsw t he

reaction stepspag de §dHaalﬁ8"tﬁe corﬁp@g@#ng irPth ﬁ%oﬁﬂﬁ@%ﬁﬂﬂ i1 or Vi1,

| acosam de may be produce Surt e nethod toin uce the
N- benzyl am de group and the N-acetyl

The inventive O-methylation of compound VIl can be achieved by adding to
a compound of formula VIl a methylation agent in the presence of an organo

15 metal compound, in particular an organo lithium compound, as defined
above. Suitable methylation agents are defined above. In an alternative
route, the selective O-methylation of the alcoholic group may be performed
by phase transfer catalysis as defined above.

20  Specific embodiments of the O-methylation of the compound of formula VI
correspond to the specific embodiments of the production method of
lacosamide comprising the O-methylation of the compound of formula | as
described above, in particular specific embodiments relating to the phase
transfer catalysis, phase transfer catalysts, in particular as defined in formula

25 IV, V, and VI, the phase transfer reaction system and its components, the
organo metal compound, reaction conditions during phase transfer catalysis
or in the presence of the organo metal compound, further reaction steps and
reaction conditions leading to lacosamide including N-benzylamide
formation, N-deprotection and N-acetylation, etc.

30
The yield of the methylation of compound VIl by the method of the present
invention may be at least 85%, preferably at least 90% when using an
organo .metal compound. When using PTC, the yield of methylation of



group. Therefore, in a particular preferred enbodi nent, the conpound VII is
10 in the Rconfiguration and R4 Is Rx. It is nost preferred that R4 is R,
RlisH Ris H and R3is Hand the conmpound VIl is in the R

confi gurati owo 20le@3isavent i ve O net hyl ati on of conpound VIgce@z®iqedhi eved
by adding to a conpound of fornula VII a nethylation agent in the presence
of an organo 15 netal conpound, in partiiﬂl ar an organo |ithium conpound,
as defined above. Suitable nethylation agéhfs are defined above. In an
alternative route, the selective O-nethylation of the al coholic group may
be performed €9mpeknrd ik mayr be Qia’?§$ty§5%’, asefgeabinad 6% 80%2®@vepawrse c
enbodi nent s of o 1] ormula VIl correspond
to the specifi %ﬁzﬁr@gﬁgﬁéﬁé{gﬂ@ﬁﬁﬁﬁﬁyn@?ﬁ%@/"df | acosam de
conprising the O-nethylation of the conpound of formula | as described

bove, i i cul ifi.c e i rel at. . ph . f
catarysi 5. " pnabi8 S he e i furBRE RV BuOT pEbr BFabE LR At S I 5 o5
1V, V, andsVI, tHehmefitias of th@présentriaashtion) thst Rresswhtiallp ro mERgnéster t he

organo netal c oynd, reactjon. conditiaons, durjn hase transfer catalysis
or in the pres&ﬁn%@HB'F PNy B’aﬁﬁf%enﬂﬁﬁﬁﬁhﬂfd'ﬁh%f&PSH@r the mathes ok theys and

reaction condi gy i | tgy | ' 1 RC| Adpht n;dﬁ.,ﬁng d
formation, N d%lt)érégtﬁtepltﬁ?%ﬁnt@n(jell-\l-@?gtzﬂaarf%n?ce%&%ﬁrﬁg yield ofv”!t hbey
met hyl ati on of mMedfitiandola compound offarnudr Y1l leads {or ars émprovedyigidiand atay be

at | east 85% 904 j ng an organo. netal conpound.
When usi ng PTC'%%gé€9é¥ﬁmé%?m&gﬁ%5@pﬁao 2006/ 037574 PCT/ EP2005/ 010603

-17 conpound VII may be at |east 85% preferably at |east 90% even nore

f bl 01% .92%. 93% .94% .95..% 6% Du he, f h
et o 0. oty TES Phvenbieh a5 Riftnet Jitated byt 1 Iehatbife, Rehiiive dtnd, 17
the present in‘Y@@'tHbﬁand ﬂﬁf@llb@ir@%ﬂ)@é:' y no nethyl ester

Example 1: Production of (R)-2-N-Boc-amino-3-methoxypropanoic acid
15 (C-936) using butyllithium (step 1a)

A solution of N-Boc-D-serine (22g, 0.107 mol) in dry tetrahydrofuran (352ml)
was cooled to <-10°C under a nitrogen atmosphere. To this was added via a
dry addition funnel 15% w/w n-butyllithium in hexanes (134mil, 0.216muol)

20  keeping the temperature <10°C. The resultant slurry was aged for 1 hour at 0-
5C. Dimethyl sulphate (12.1ml, 0.128mol) was added keeping the
temperature at 0-5°C and the reaction mixture aged at 0-5°C for 9 hours. The
reaction was quenched by the addition of water (110ml), basified to pH 10-13
with 30% sodium hydroxide (3ml) and the tetrahydrofuran/hexane evaporated

25 in vacuo. The residue was washed with toluene (44ml) and then acidified to a
pH of <3.5 with 50% citric acid. The acidified aqueous phase was extracted
with methylene chloride (2x91ml, 1x66ml) and the combined C936 extracts
dried by azeotropic distillation. Yield on evaporation 23.7g, 100%. HPLC
purity 90.0%, Chiral purity 100%.

30
Example 2: Production of (R)-2-N-Boc-amino-3-methoxypropanoic acid
(C-936) using PTC (step 1b)



formati on and no significant racem sation of the product, the nethod of the
present invention for production of a conpound of forrmula VIII| by

nmet hyl ati on of a compound of formula VIl leads to an inproved yield and an
I nproved enaWpi2zuedB15¢4 purity of the product. 10 The i nventgmr2iviceod her
illustrated by Figure 1 (conprising alternative steps 1l1la or 1b) and the
foll ow ng Exanpl es: Exanple 1: Production é’f

(R) - 2- N- Boc- am no- 3- net hoxypr opanoi ¢ acidl®15 (C-936) using butyllithium
(step la) A solution of N-Boc-D-serine iZZg, 0.107 nol) in drly )

t et r ahydr of ur af SuBBeRaipn ofd¥-Bosdd-sering (220, (0. ¢0T meed) and ietralgrlanunemypher e.

To this was ad ) % yLih-khi

hexanes ( 134%%&@%3%9) qu%o‘ﬁﬂ@?)ﬁ'hga%‘%@@mr%’éga‘%’# \g’ogﬁfg,“%_ Hl%g Ir-rgrsqlTH]ant
slurry was agedas oaddedho@0%at s@diurh’ GQydidxide h{A7.6ml, pRaadymdp. kedpind. &@8nol )
was added keeping the t rat.ure at 0-5' C.and the reaction, mXxture ed at
0-5"C for 9 hgﬁp'g?ergf\”&e <ﬁgggtaingn{%gesagﬁcﬁﬁurﬁyw?ﬁeagfgidfotri rBlPhtJﬁ&t afrag
(110m), basi f&fECt Dimeth-sliphaté t(1030% SetiomolhurmboB0%esédint) haombxidee

t et r ahydr of ur an/ hexaneﬂgvap rated 25 in vaguo. The residue was washed wth

d
tol uene (44mi){ZRetmb H&ABIY] WRER added kepning they temperaiusy#10iG and B d. The
actdified aqueRyss ARRNE B8 4o4d-€or Y hBurTaNEI (BEIAL Aficd2OHEL: |

1x66ml) and the conbine extracts _dried by azeotropic disti
Yi el d on evapomixturerargizhg phasessepansted The anugousdayenwashacidifieg to apyd a0 30

A i Lk N R A b Sl et
N- Boc- D- seni nearf 2ge  cdombinedn@I9p6aextracts debdithyl arewirdpicndigtilaiand o Y{eld 2,

0.004mol) in t ol uenSididPEY 10888 1LY 5t B63. Chiral Dubit) 98.1%)

Example 3: Steps 2 to 4

15 (R)-N-benzyl-2-N-Boc-amino-3-methoxypropionamide (C-937) solution
(step 2)
The C936 solution prepared as above in example 2 was cooled to <-10'C
and isobutyl chloroformate (14.2ml, 0.107mol) at <-5°C. N-methylmorpholine
(11.8ml, 0.17mol) was added at<-5°C and the mixture aged for 30 minutes at
20  <-5°C. A solution of benzylamine (12.2ml, 0.11mol) in methylene chioride was
added at <-5°C and the mixture warmed to room temperature. After aging for 1
hour the mixture was washed with water (44ml), 1N HCI (44ml), 8% sodium
bicarbonate (44ml) and water (44ml) to yield a C937 solution in methylene
chloride.
25
(R)-2-amino-N-benzyl-3-methoxypropionamide solution (step 3)
To the C937 solution prepared above was added 36% HCI (46.5mi,
0.541mol) and the mixture aged for 1 hour. Water (66ml) was added and the
phases separated. The organic phase was extracted with water (22ml) and
so  the aqueous layers combined. The aqueous was basified to pH 10-12 with
30% sodium hydroxide at <35°C and sodium chloride (8.8g) added. The
aqueous layer was extracted with methylene chloride (2x110ml) and the
combined organic layers washed with water (44ml) yielding a methylene



was added 20% sodi um hydroxi de (17.6nl, 0.107nol) keeping the tenperature
<10'C and the resultant m xture was aged for 30 mnutes at 5 <10'C. D net hyl
sul phate (40.6nm , 0.429npl) and 50% sodi um hydroxide (25.4m, 0.485n01)
wer e added k¥&$hiopgosrste t enperature <10' C and the reactiopcfyjzﬁz%grﬂﬁo@ged at
10" C for 1 hour. Water (66ml) was added to the m xture and the phases
separated.. The aqueous | ayer was acidified to a pHof <3.5 with 50%citric
acid, extracted with methyl ene chloride-(191ml, 1x66ml) 10 and the conbi ned
Co36 extracts dried by azeotropic distillation. (Yield on evaporation
27.5g, 100% ldRlotidesoiutipn3sh .(R¥MR-athinoeNl-bpozylt3rmethdxypyopioremide. 3: Steps 2 to
4 15 (R) - N benzyl - 2- N- Boc- am no- 3- net hoxypr opl onam de (C-937) sol ution

(step 2) The C936 solution prepared as above in exanple 2 was cooled to
<-10'C and i 9¢ivdsumidbl(efey 4y mate (14.2nml, 0.107nol) at <-5C

N- net hyl nor phql i ne@cé 11.8m . 0.17nol ) was added at<-5' C and the m xture aged
for 30 m nutesha( -amsnQ;N-hewl@rmewoawpreewnaﬂ? geluion prapared abpys ) i n
methyl ene ¢hl giddigodiea toalsledhrf atet anifiad for, 0. WsndR i (e <19

t enper at ur e. ter aging | L hour m xture was washe _ wat er
(44m ), IN HC|Th(e4nzaa@§9n gobiweliiswarmed obeart éerperature aver wé minytesianyl t o
yield a C937 tel ' : Lde. .

(R) - 2-am no- N eetr#rfgllc}géb&r% ho@é{ﬁﬁg%?'oﬁ{agm&%a%df Et,?elno\r/]va? rs‘?de\ﬁ"tg)waltgr {%én lEQ?»?
sol uti on pr epd% dodinav bicassonatk @dnipandi@ater 4841 The neliviend rhiaride was

The. or ganto. pifcRangRd Tor L BteioR Dt cisiBle £53 g Stk o BHES Ly er <
conbi ned. iJhe ciquemisTherodast Waserysaliset 59-cbddling the soRAitn1edL5!0 didcdthexi de at
<35' C and sodi um chl ori de (8. aqueousé)lrl_gyer was extracted

8 dded. . Th
3 th et hyi eneER LGEPRRTEx s0lAd Dy Iration (187 BReatid ks Puni 80 SBbs hed
with water (44skog }Shﬁl&r@i‘@%aeemt hyl ene

Example 4: Isolation of (R)-2-N-Boc-amino-3-methoxypropanoic acid
15 (C-936)

The (R)-2-N-Boc-amino-3-methoxypropanoic acid (C-936) solution prepared
in example 1 was evaporated in vacuo yielding (R)-2-N-Boc-amino-3-
methoxypropanoic acid (C-936) as a waxy solid (23.7g, 100%). HPLC purity

20 90.0%. Elemental analysis Calculated for CoH«/NOs 49.31% C; 7.82% H;
6.39% N. Found 49.12% C; 7.72% H; 8.97% N.

Example 5: Isolation of (R)-N-benzyl-2-N-Boc-amino-3-
methoxypropionamide (C-937)
25
The (R)-N-benzyl-2-N-Boc-amino-3-methoxypropionamide (C-937) solution
prepared in example 3 above was evaporated in vacuo yielding crude C937
as an oily solid. The crude solid (2g) was dissolved in 10% chloroform in
hexane (30ml) at 60°C, cooled to room temperature and left stand for 1 hour at
30 this temperature. The resulting solids were isolated by filtration yielding crude
C937 (1.1g). This crude solid was further recrystallised twice in 10 volumes of
10% chioroform in hexane to yield (R)-N-benzyl-2-N-Boc-amino-3-
methoxypropionamide (C-937) as a white crystalline solid (0.28g, 14%).



WO 2006/ 037574 PCT/ EP2005/ 010603 -19 chl oride sol ution of

(R) - 2-am no- N- benzyl - 3- met hoxypr opi 6nam de. Lacosam de (step 4) The

(R) - 2-am no- N- benzyl - 3- met hoxypr opi onam de sol uti on prepared above 5 was
cooled to <5'WOaMV&ERt i ¢ anhydride (10n, 0.106nol) addegcafepshSiofgsos THe
reaction mxture is warnmed to roomtenperature over 30 mnutes ang aged for
a further 30 mnutes. The mxture is the washed wth water (44m), 8%
sodi um bi carbonate (44ml) and water (44 The net hyl ene chl ori de was

exchanged for eé_%l acetate 3_%/ distillation and the solution distilled to a
vol ume 10 of 1 PuNiYe9hHsdu emwaf@l awﬁslaﬁal%e%&orcgom%osﬁa?e?db&.on to

0-5C and the A ) 18. 7g, 69.8% HPLC
purity 99.98% ° CﬁlHr‘al puﬂs%uggfdﬁgebg&éﬁg%ﬁég%4@§ol ation of

(R) - 2- N- Boc- am no- 3- net hoxypropanoic acid is (C936) The

(R) - 2- N- Boc- am no- 3- net hoxypropanoic acid (C936) solution prepared in
exanple 1 was evaporated in vacuo yielding (R)-2-N Boc-am no- 3-

met hoxypr opanoi ¢ acid (G 936) as a‘waxy solid (23.7g, 100% . HPLC purity 20
90. 0% Elenental analysis Calculated for COHL7NOG 49.31% C, 7.82% H, 6.39%
N. Found 49.12% C, 7.72%H;, 8.97% N. Exanple 5: I|solation of

(R) - N-benzyl - 2- N- Boc- am no- 3- net hoxypropi onam de (C937) 25 The

(R) - N-benzyl - 2- N- Boc- am no- 3- net hoxypr opi onam de (C937) solution prepared
in exanple 3 above was evaporated in vacuo yielding crude C937 as an oily
solid. The crude solid (2g) was dissolved in 10% chloroformin hexane
(30m) at 60'C, cooled to roomtenperature and left stand for 1 hour at 30
this tenperature. The resulting solids were isolated by filtration yielding
crude (€937 (1.1g). This crude solid was further recrystallised twice in 10
vol unmes of



10% chl orof ormin hexane to yield (R)-N benzyl-2-N Boc-am no- 3-

nmet hoxypr opi onam de (C-937) as a white c¢rystalline solid (0.28g, 14%. WO
2006/ 037574 PCT/ EP2005/ 010603 _20_ HPI:élpuri ty 97.3% Elenental analysis
Cal cul ated for CL6H24N205 62.32% C; 7.84%H, 9.08% N. Found 62.19% C; 7.79%
H 9.04%N. -21 - Sunmmary of Invention The present invention is concerned
with an i nproved nethod of producing

(R) - 2-acet am do- N- benzyl - 3- net hoxXypr opi on am de (| acosam de) conprising s
the O nethylatjon of a_conmpound of fornmula I SOH COOH formula | Hto
produce a co “NH%Y#@W%W!QWI 10 -OMe RX'N_ H COON formula Il in a
single step reaction. 15 rs1ANML36338P W130/09105 -22- 5 Clains 1. Mthod
of produci ng (é_R) - 2- acet am do- N- benzyl - 3- net hoxypr opi onanmi de (| acosam de)
conpri si ng t hdhe-present iaventiorois epneemasLwith an fopreved methadhef Repducing cooN
formila | (R)-2-acetamido-N-benzyl-3-methoxypropionamide (lacosamide) comprising

5  the O-methylation of a compound of formula |

_—~OH

RX— N/-\

H COOH formula |

to produce a compound of formula i
10

—OMe

E{ COOH formula 1
in a single step reaction.

15
rs/ANM/36338P WO/30/08/05



to to produce a conmpound of fornmula Il rOv Rx COOH fornula Il wherein Rx
is an N-protecting group, rs characterised in that the O-nethylation is
being carried out in a one-step reaction and wherein the conpound of
formula 11 is obtained as an R-enantio2®+ of at |least 88 %purity and 20 -
the nethod is perforned either (a) as a phase transfer catalysis or (b) by
addi ng a nethyl ati on agent and an organo |ithium conpound to the conpound
of formula 1. 2. Method according to claim1l1l, wherein the nethod conprises
the addition 25 of a nethylation agent to a phase transfer reaction system
conprising the compound of formula I, an aqueous phase, an organi c phase
and a phase transfer catalyst. -23- 3. Method according to claim2, wherein
a pyridinium phosphonium ammonium or sulfoniumsalt is used as a phase
transfer catalyst. 5 4. Method according to anyone of clainms 2-3, wherein

t he phase transfer catalyst is chosen from conpounds of (a) general formnula
IV R 1 +X Rioformula IV (b) general fornmula V :

5 : Llaims

1. Method of producing (R)-2-acetamido-N-benzyl-3-methoxypropionamide
(lacosamide) comprising the O-methylation of a compound of formula |

—OH

ﬁ COOH  fommula i

10 to produce a compound of formuia li

:/OMe

Rx— g
ﬁ COOH  formula Ii

wherein Rx is an N-protecting group,

15
_characterised in that
the O-methylation is being carried out in a one-step reaction and wherein
the compound of formula Il is obtained as an R-enantiomer of at least 88
% purity and | | _

20 the method is performed either (a) as a phase transfer catalysis or (b) by
adding a methylation agent and an organo lithium compound to the
compound of formuia 1.

2. Method according to claim 1, wherein the method comprises the addition
25 of a methylation agent to a phase transfer reaction system comprising
the compound of formula |, an agueous phase, an organic phase and a

phase transfer catalyst.



R I +- R-~S%® Xformula V 15 or (c) general formula M i N I+ 20 R
X formula VI wherein R, R, R' and R'"', if present, are independently

sel ectabl e al kyl, aryl 25 or aral kyl' groups; -24- 0, in conpounds of
formula IV, is a nitrogen or phosphoruszzand X is a halide, acetate,

p-tol uenesul fonate, trifluoronethanesul fonate, hexafl uoroanti nonate,
hydr oxi de, perchlorate, hydrogen sulfate, thiocyanate or tetrafluoroborate
5 group. 5. Method according to anyone of clainms 2-4, wherein the phase
transfer catalyst is tetrabutylamoniumbromde. io 6. Method according to
anyone of clains 2-5, wherein the nethylating agent used in the phase
transfer catalysis is chosen fromdinethyl sulphate, tinethyl phosphate or
nmet hyl iodide. 7. Method according to anyone of clains 2-6, wherein the
aqueous phase is is aqueous sodi um hydroxi de, aqueous |ithium hydroxide,
aqueous pot aSsiMethoddrosdrding dguelains 2,06iheneinarbpyrdisiuor, pboshwmiyot assi um

car bonat e. . . . .
ammonium or sulfonium salt is used as a phase transfer catalyst.

5 4. Method according to anyone .of claims 2-3, wherein the phase transfer
catalyst is chosen from compounds of |

(a) general formula IV

R
| + -

Rm/?\Rl x

10 R" formula IV

(b) general formula V

R
N
v Ny X
R R formula V
15 .
or
(c) general formula VI
l ~
: —
Ve .
R X

20 formula VI
wherein

R, R, R" :and R™, if present, are independently selectable alkyl, ary!
25 or aralkyl‘groups; -



8. Method according to anyone of clainms 2-7, wherein the organic solvent is
20 toluene, hexane, nethylene chloride or nmethyl t-butyl ether. 9. Mthod
according to anyone of clains 1-8, wherein the phase transfer catalysis is
perforned at 0-10 C for at least 30 m.utes. 25 10. Method according to
claim1l1, wherein the nethylation agent used with the organo lithium
conpound is dinethylsulfate. 11. Method according to anyone of clains 1 or
10, wherein the organo |ithiumconpound is butyl lithium 30 12. Mt hod
according to clainms 1 or 10 to 11, wherein the O-nmethylation in the
presence of an organo |ithium conpound takes place at a tenperature of
0-10C for at least 5 hrs. -25- 13. Method according to anyone of the
preceding clains further conprising the reaction of conmpound Il with

benryl ami ne to gi veQf imecommpyunds df iormufaoivinid anitdogen ©r phadghores;ROAH N f or nul a

1l O and then replacing the _protecting gr wWth,r onyl to
give (R)-2-acetam’do-N enzyl‘a- 3- néf’h%%(ypr o%fg%ﬁgqxﬁ de mt@'ﬁ%@%%ﬂﬁ%t% 10 14.
]lc\/Et ho:j accor di Egbt dﬁﬂ?@bmeﬂ@ane’ﬁhﬁdr&itm t hexexa‘ﬂmrbmﬁnuﬁnatmef c byprowide, of f

ormula Il wt enz m ne t.akes a in,the presenc an_activator o
the carboxyl group ¥ Bﬁgraﬁﬁséyd%ﬁ‘%%ﬁﬁ% gﬁ?%agﬁﬁg ?foetéf)’a?‘ﬂﬁfﬁ? erein the
base is 4 nethyl norgrbapj ne, is triethylamne, diisopropylethylam ne,
1. 8-di azabycycl o[ 5. 4. Q undec- 7- ene '

5. Method according to anyone of claims 2-4, wherein the phase transfer
catalyst is tetrabutylammonium bromide.

1w 6. Method according to anyone of claims 2-5, wherein the methylating
agent used in the phase transfer catalysis is chosen from dimethyl
sulphate, trimethyl phosphate or methyl iodide.

7. Method according to anyone of claims 2-6, wherein the aqueous phase |
15 is aqueous sodium hydroxide, aqueous lithium hydroxide, aqueous
potassiurﬁ hydroxide, aqueous sodium carbonate or aqueous potassium
carbonate.

8. Method according to anyone of claims 2-7, wherein the organic solvent is
20 toluene, hexane, methylene chioride or methy! t-butyl ether.

9. Method according to anyone of claims 1-8, wherein the phase transfer
catalysis is performed at 0-10 °C for at least 30 minutes.

5 10. Method accordihg to claim 1, wherein the methylation agent used with
the organo lithium compound is dimethylsuifate.

11. Method according to anyone of claims 1 or 10, wherein the organo
lithium compound is buty! lithium.
30 _
12. Method according to claims 1 or 10 to 11, wherein the O-methylation in
the presence of an organo lithium compound takes place at a
temperature of 0-1 0°C for at least 5 hrs.



or potassium bi carbonate and the activator of the carboxyl group is an

al kyl chloroformate or a carbodiimde. 16. Method according to anyone of
clainms 13-15, wherein the N-protecting 20 group Rx is replaced by nethyl
carbonyl by successively (a) cleaving_etf the protecting group Rx fromthe
compound of fornmula Il by the addition of (i) a mneralic acid or (ii)
H2/Pd-C to yield (R)-2- am no-N benzyl - 3- net hoxypr opi onam de and then 25 (b)
addi ng the nmethyl carbonyl group to (R)-2-am no-N benzyl - 3-

met hoxypr opi onanm de by the reaction of (R)-2-am no-N benzyl - 3-

met hoxypr opi onani de with acetic anhydride. 17. Method according to claim 16,
wherein step (b) is perfornmed in the 26 absence of pyridine. 18. Mthod
according to anyone of clains 13-15 wherein the N-protecting group Rx is

cl eaved off to obtain (R)-2-am no-Nbenryl-3- s nethoxypropi onam de. 19.

Met hod accordi nﬁ to anyone of the preceding clainms wherein |acosamde is
i sol ated frof$tMethodnedeording to RyeRe ohipecrreseding caims dwtheroComPnsig hod
according to anwan@aefort BEcehBSEH Nt Sér’i‘%/lé’?ﬁﬁéqwthﬁé“ﬁ\é\borﬁb&}@c&ﬂ ng group
is t-butyloxy carbonyl (Boc). 21. Method according to any of the preceding
claims conprisif@gnulgdlistep of N acetylation of
(R) - 2-am,no- N-benryl - 3- met hoxypr opi onanmide with 15 acetic anhydride in the
absence of a base, in particular in e absence of pyridine. 22. Method
according to any one of the pr ece_ch"ﬂ %1 ai pp~wherein the conmpound of
formula |i is (R)-2-N-Boc-afm no- 3t net Hoxyp oIc acid 20 (C936) or salts
bae e Al NByhdralihy Wherein the

t hereof. 23." Met hod accordi%‘bb’z}gﬁ(
compound of formula 111 is (RiLN OnryI - 2- NF Boc- am no- 3- met hoxypr opi onam de

and then replacing the protecting group Rx with methyl carbonyl to give
(R)-2-acetamido-N-benzyl-3-methoxypropionamide (lacosamide).

10 14. Method according to claim 13, wherein the réaction of the compound of
formula Il with benzylamine takes place in the presence of an activator of
the carboxyl group and a base.

-15. Method according to claim 14, wherein the base is 4-methylmorpholine,

15 triethylamine, diisopropylethylamine, 1.8-diazabycyclo[5.4.0}undec-7-ene
or potassium bicarbonate and the activator of the carboxyl group is an

alkyl chloroformate or a carbodiimide. '

16. Method according to anyone of claims 13-15, wherein the N-protecting
20 group Rx is replaced by methyl carbonyl by successively

(a) cleaving off the protecting group Rx from the compound of formula lil
by the addition of (i) a mineralic acid or (ii) Hy/Pd-C to yield (R)-2-
amino-N-benzyl-3-methoxypropionamide and then
25 (b) adding the methyl carbonyl group to (R)-2-amino-N-benzyl-3-
methoxypropionamide by the reaction of (R)-2-amino-N-benzyl-3-
methoxypropionamide with acetic anhydride.

17. Method according to claim 16, wherein step (b) is performed in the



(CG-937) or any salt thereof. 25 24. Use of

(R) - N-benryl - 2- N- Boc- am no- 3- net hoxypr opi onam de (C-937) or any salt
thereof in a nethod according to clainms 1 to 22 of producing _

(R) - 2- acet am do- N- benr yl - 3- met hoxypr opi26ram de (| acosani de). 30 25. Method
of producing a pharnmaceutical fornulation conprising |acosam de by the
subsequent steps of (a) producing | acosam de by anyone of clains 1 to 22 and
(b) mxing | acosam de with pharnaceutically acceptabl e excipients. -27- 26.
Met hod according to anyone of clains 1 to 22 further conprising production
of N-Boc-D-serine by reacting D-serine with di-t-butyl dicarbonate in a
phase transfer reaction. 27. Method of producing a conmpound of formula Vill
conprising the O- methfyl ation of a conmpound of formula VI, RL R2 OH R3
R 1IN COON H 1@bseneesfpyidine: o produce a conpound of formula VIIlI, R Rq
O RMHCOON IS formula VIII

18. Method according to anyone of claims 13-15 wherein fhe N-protecting
group Rx is cleaved off to obtain (R)-2-amino-N-benzyi-3-
5 methoxypropionamide.

19. Method according to anyone of the preceding claims wherein lacosamide
is isolated from the final reaction mix by crystallisation.

10 20. Method according to anyone of the preceding claims wherein the N-
protecting group is t-butyloxy carbonyl (Boc).

21. Method according to any of the preceding claims comprising the step of
N-acetylation of (R)-2-amino-N-benzyl-3-methoxypropionamide with
15 ~ acetic anhydride in the absence of a base, in particular in the absence of

pyridine.

22. Method according to any one of the preceding claims wherein the
compound of formula [l is (R)-2-N-Boc-amino-3-methoxypropanoic acid
20° (C-936) or salts thereof. "

23. Method according to any one of claims 13-18, Wherein the compound of
formula Il is (R)-N-benzyl-2-N-Boc-amino-3-methoxypropionamide
(C-937) or any salt thereof.

24, Use of (R)-N-benzyl-2-N-Boc-amino-3-methoxypropionamide (C-937) or
any salt thereof in a method according to claims 1 to 22 of producing
(R)-2-acetamido-N-benzyl-3-methoxypropionamide (lacosamide).

3o 25. Method of producing a pharmaceutical formulation comprising
lacosamide by the subsequent steps of
(a) producing lacosamide by anyone of claims 1 to 22 and
(b) mixing lacosamide with pharinaceutx‘cally acceptable excipients.



wherein R, R2 and R3 are independently selected from hydrogen, -OH, 20
-SH, -NH2, -NO2, -CN, -COON, -SOH, -SM2H, -S03H, hal ogen, -OR70, -SR70,
-NR1OR', -SOR10, -SO02R10, -SO3R10, substituted or unsubstituted alkyl;
substituted or unsubstituted C2-Ce-al k@yl, substituted or wunsubstituted
CrCe-al kynyl, -(CO-R10, -(CO-ORO0, -0-(CO-R 0O, substituted or
unsubstituted aryl, substituted or unsubstituted C3-Cl3 -28- hetaryl having
1-3 heteroatons independently selected fromN, S, 0, substituted or
unsubstituted aral kyl, substituted or unsubstituted Cr ClS- al karyl,
substituted or unsubstituted C4-Cl4-hetaral kyl having 1-3 heteroatons

i ndependently selected fromN, S, 0; substituted or s unsubstituted

CA- Cl4- al khetaryl having 1-3 heteroatons i ndependently selected fromN, S,
0; and substituted or unsubstituted Ca-Cdrcycl oal kyl having 0-3 heteroatons
i ndependently selected fromN, S, 0, wherein Ris selected fromRl and
N-protecting groups and wherein R7 and R11 are independently selected from
hydrogen, 186.Subtiodt atedding tnsamgsné toft edimas kylto 22bfatthentainpising

unsubstituted C2- y stituted or nsu tituted. Cz-Ca-al kynyl,
substituted or Hg‘é‘m&é‘t f{? k\‘ég Bﬁe”r‘?u tirFﬁ 'Sﬁ%%bg’ff‘zﬂfggﬁgwk
C3- Cl13- het aryl dicarbogaté-ida p‘mgem@a‘ggmadﬁdn_pendently selected fromN, S, 0,

substituted or wunsubstituted aral kyl, substituted or unsubstituted
Cr C15-al karyl, 15 substituted or unsubstituted C4-Cl4-hetaral kyl having 1-3

het er oat ons 27, nﬂeﬂh@ad@mf;idduémbeat@ﬂnémm b¥ fdrmula \aNhmprisig tivg O-
unsubsti tuted Cla- khet aryl hav‘qg%» !1.?{3 het er oat ons i ndependent |y

sel ected from Nnethylagon ofa gorpouRg Of fafud Viknsubsti t uted Ca- O reycl oal kyl
having 0-3 heteroatons independently selected fromN, S, 0, 20
characterised in that the O-nethylation is being carried out in a one-step
reaction wherein theg conpound of formula VIIl is obtained in the same
configuration as th cospound VII in at |least 88 %purity and

R3
| RN COOH
10
formula Vi
to produce a compound of formula Viil,

R‘
R2 Ohle
Ra
R4§ COOH
15
formula VI

wherein R, R? and R? are independently selected from hydrogen, -OH,

20 -SH, -NH;, -NO,, -CN, -COOH, -SOH, -SO.H, -SO;H, halogen, -OR',
-SR™, -NRR", -SOR", -SO.R", -SO;R", substituted or-unsubstituted
alkyl, substituted or unsubstituted C,-Ce-alkenyl, substituted or

unsubstituted C,-Cg-alkynyl, -(CO)-R™®, -(CO)-O-R"™, -Q-(CO)-R",
substituted or unsubstituted aryl, substituted or unsubstituted C3-Cis-



the nethod is perforned either (a) as a phase transfer catalysis or (b) by
addi ng a nethyl ation agent and an organo |ithium conpound to the 25
compound of formula VII. 28. Method of claim27, wherein Rl is H R2is H
and R3 is Hand Ris a N protecting-@8eup. 30 29. Met hod of any of clalms
27 or 28, wherein conmpound VIl is in the R configuration.

hetaryl having 1-3 heteroatoms independently selected from N, S, O,

substituted or unsubstituted aralkyl, substituted or unsubsﬁtﬁted C+Cis

alkaryl, substituted or unsubstituted C,-Cis-hetaralkyl having 1-3

heteroatoms independently selected from N, S, O; substituted or
5 unsubstituted C,-Cs-alkhetaryl having 1-3 heteroatoms independently

selected from N, S, O; and substituted or unsubstituted Cs-Ci-cycloalky!

having 0-3 heteroatoms independently selected from N, S, O,

wherein R* is selected from R*and N-protecting groups and

wherein R™ and R' are independently selected from hydrogen,

10 substituted or unsubstituted alkyl, substituted or unsubstituted C-Cs-
alkenyl, substituted or unsubstituted Cz-Ce-alkynyl, substituted or
unsubstituted aryl, substituted or unsubstituted Cs-Cys-hetaryl having 1-3
heteroatoms independently selected from N, S, O, substituted or
unsubstituted aralkyl, substituted or unsubstituted C;-Cis-alkaryl,

15 substituted or unsubstifuted C,;-Cis-hetaralkyl having 1-3 heteroatoms
independently selected from N, S, O; substituted or unsubstituted C4-Cis-
alkhetaryl having 1-3 heteroatoms independently selected from N, S, O;
and substituted or unsubstituted C;-Ci-cycloalkyl having 0-3
heteroatoms independently selected from N, S, O,

20 characterised in that the O-methylation is being carried out in a one-step
reaction wherein the compound of formula Viil is obtained in the same
configuration as the compound VIl in at least 88 % purity and
the method is performed either (a) as a phase transfer catalysis or (b) by
adding a methylation agent and an organo lithium compound to the

25 compound of formula VIi.

28. Method of claim 27, wherein R'is H, R2is Hand R*is H and R* is a N-
protecting group.

3  28. Method of any of claims 27 or 28, wherein compound Vil is in the R-
configuration.



