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| mproved synthesis schene for | acosam de Description
(R) - 2- acet am do- N- benzyl - 3- net hoxypr opi onam de

worewmsnemded | NN | acosanmi de) is an anti convuP€amP2005/010603

drug useful for treating epilepsy and pain. Two

met hods for producing this cozpound are disclosed in
US 6, 048, 899. Schene 2 of US 6,048, 899 conprises the
benzyl am de formation prior to the O methyl ation.
However , t hinpreved synthesisischems for lagosamides
inpurities whi ch nust be renoved by chromat ography
which is inpractical on an industrial scale. Also, the
yield of the individual ddegperipionnly between 80 and
85% Schene 1 of US 6, 048,899 invol ves the

O nethylation of an N-protected Dserine prior to

&RZ é‘?fhﬁﬂdé-‘?\!-ﬁéht_\ﬂm nﬁ‘étﬁ@)@fmw@hbﬁﬁd@nd(recommended INN:
cetyla

tion. Although this productl on schene_is
facasamide) i AY antmomwu@apbdmg peeful frctieating ﬁP"@Rﬁw apd pain.

R8s 7 O GHis o Af Bkloted s 6,048,899,
oxi de and nethyliodide is inpractical and expen3|v¢
s Ao BBl PR 8 AR S b o e
r(%ﬁ%ﬁgla‘flfont %\/ﬁﬁf@niﬁlgﬁ%écﬁdﬁ isBBe Meofbstits dn \ﬂa‘rlous impurities

cet am do- N-benzyl - 3- met hoxypr opi onami_de is
e:xmcbnmupt dief remaved by mgma@@r@e ¥ Wwbtdhcisedmpractical on an

SO B, eind i GFEBIABNIER SOE APbGEbdo0 an

@5%1 hyl ati on usi ng phase transfer catal ysis or

O net hyl ati on using organolithiumand a

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 (I) oxide and methyliodide is
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.

[t 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.

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
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suitabl e nethyl ati on agent, such as dinethyl sulfate.
Al so, the present invention provides an inproved

woacemwgan7de synt hesis route, wherein the O net hgaPr®ms/010603

nmethod is selective for the al coholic hydroxy group of
the N-protected D-serine. Accerdingly, conpared to the
unspeci fic nmethyl ation suggested in schene 1 of US

6, 048, 899, which al sol to,.the.esterijfi t . .
O R PR e
Fesulty ‘r?%eghoﬁgﬁé?,eh{&étéﬁ’&_tiwné)hﬂﬁwis, Wisreinntie@ubsequent

subsequent step O ydrol¥3|ng the nmet hyl ester, ro%P
atepof hydrotysing theemiethyd estetaoup ot apdniggmediatgds avoided.
present invention relates to an inproved nethod of
pr oduci ng
(ARcordingRt atfied prilsbrin Anverdiome rblatgspriopiandmpdeved method  of
conprising the O nethylation of a conpound of for .
IprestucingH (Fock1acetarics- -heaZpslr%-anL&tﬁogg%f&%_mﬁ‘a'd%f "Ebprising
{5 Bl ethliatGhor SORBb oA bffarnubhipr ei n RX [s an

protec

ng group, characterised in that the

O nethylation isQiding carried out in a one-step

reacti on and wherein racem sation is avoi ded such that
t he comR)unRre#\forrrul all is obtained as an
R-enantiomel of &OQHast f8Bftiladr ef erably at |east 90%
and even nore preferred of at |east 95, 96, 97, 98 or
99 % enantioneric purity. The | anguage "one-step
reaction” as used in this patent application nmeans

t hat when transform n'g a fo“rpound of formula |l to a
derpyeduee grcaraperndof formuia

:/OMe

Rx\l‘:“/\ COOH  formulall

wherein Rx is an N-protecting group,

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.

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.
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.



10

15

20

25

no significant anount (i.e. an anmount of 5 Ml % or
nore) of ester of the carboxyl group is forned that

waeew®3tv4be hydrol ysed in a separate step. UsBairiep2005/010603

even | ess than 1 Ml % of ester is formed which is then
removed during the further p_rggessi ng to | acosam de as
descri bed further bel ow w thout the need for any

addi ti onal hydrol ysis step. The inventive O nethylation
can be achi eved by adding to a conmpound of formula I

e ol 0 Het BB RehP bbb Ao 088pblnd of

organo ne nd, preferably
gormilganoslich hasine.gortpoikBoc-Buserims, e anmathylatippnagent in the
agents are e.g. dinethyl  sul phate I I t Bai
SHeRRI 10T 80 BESANG IMHRhA RO pREATETERY y S1SBAB! enium
%ﬁwﬁﬂdﬂi‘l}c{?@d{té&l@ﬁﬂ;’thﬁﬁtioﬂ lagentgaoe lg. dirmethyt suiphate] trimethyl
prefierably an al kyl T1ithium conpound, caf}a . .
Ipitogphaten ormmetyhyiodideni Wit ofimeliyt |SuBiale, Geing, particularly
aryllithi C s i fe b Feid lithi
&ré#e&eégl y%hé rgaﬂ'ghlﬁhfﬁoﬂ?np%uﬁpg%n%ﬂéff?% EMD af?kyl lithium
teopngourd, t Bush as rbutyltithiurn; hinethydiitbiiupar of chexyllithium or an

f d n-butyllithi :
VGRS HoRyFh Seneng R, s, Bl 4R broane
qﬁhiHﬁ?Qcﬁr@gﬁﬂgﬁ? éiwmnmimﬁrw rEBotylgnidem andlpatiiagarly preferred

organo z es,” organo al um ni um co ounr%s -
imbutydlithigror Alemaiivelv, Mthen LEganRdelg &Qggoqtl § comprising a

RO | "I &Y | | ABd zRIcIBFpounds
ﬁg%??ﬂiﬂr{cg@bgﬁﬁdgn&%m%ég)ogggﬁnﬁag esi urzn hal i qleps .
(ifelugimgy brganpoxzinds halidbsr ergartealdldminiunc |aegepaindspincluding
or/and 1, The or noi et be aryl .qr.al :
o o, burd e, SR EiahorTH BarRLheg ytliho organo un
?ﬁ_ﬂf}d %r)ﬁ}nd"ﬁﬁ{a‘ﬁd”m\étghési% cBinpeunds including organo magnesium
2 et nhoxyet hyl ether m xtures, diet f]gaélat Eane or,,
phalides (@rignareicomgowils)swheegin baligasinc , Bror/and’l. The
organo moiety may be aryl or alkyl. Preferred are Grignard compounds
Alkyl-Mg-Y, or Aryl-Mg-Y, wherein Y is Cl, Bror . THF/2-methoxyethyl ether
mixtures, diethoxymethane or, preferably, THF may be used as solvent. The
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.

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

OMe
2 . e
= od Eﬁ)%‘éﬁl)l:g&n =/ + butane + CH,LiSO, +(CH,),SO,
BocH — e O
THF
o)

N-Boc-D-serine (R)-2-((t-butoxy)carbonylamino)-3-methoxypropanoic aci
C936
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reaction is usually allowed to proceed for at least 5
hours at 0-100C, and preferably for 7-24 hours at 0-10

wOQGpoermst74 preferably for 9-18 hours at 0-50C. ACSEP2108010603

reaction may be perforned at higher or | ower

tenperatures such as any tenpgrature between -10 and

+25C if the reaction tine is gaapted accordi ngly If

the N-protecting group Rx of the conp

iSurprigioglya thigoipratess dagsomot Ai9syl iny |mu§ V'ateé fbyOW?ei'O" or

AT oty e bbb S, wo

GnaJASumpunﬁemgieyng t\hmﬂwlamms (elge Exaotple duiTheregfore, the

e hgfo@%i%retf gt %&L?Q&BP?F&H Iégm e (] %J g’i%ﬂbj@%hgﬁ%mventlon
W@ﬁ@%"ahb'rﬁé Qﬂoﬂﬂ)dﬁrﬂ@h@ﬁ Bé R "'éaﬁ(t@'&%, Breforaldy at least

ore e yield of the methylation accordin
t90%he nethod of the present |nvent|gn usi ng an orga%o
nmetal conpound may be at | east 85% preferably at
| east 90% Typically the amount of ester inpurity
afyipcaliyetiey beidum ofsestgr dmpurigaebtengnathytatiopr esegagnyorgano

mag o?BEef'e#% wan 9B8s dibumgrBpound ey gLatt Gop 1ais
ﬁelbww 9%y phefepably beidwv 01 1 Mol %ceicist iegalarlyrbelow

an a ter ative route the selective Orrethyl ation of
tthe listitohdetectign.oup of N-protected D-serine is
performed by phase transfer catalysis ("PTC'). PTC

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
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.

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.

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.

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.
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is a nethod that nmakes use of heterogeneous two-phase
systens - one phase being an aqueous or solid phase

wanwe3reser voir of reacting anions or a base POT/EPR®5/010603

generation of organic anions, whereas the organic
reactants and catal ysts are Igcat ed in the second,
organi ¢ phase. Usually, a quarternary ammoni um
phosphoni um or sul foniumsalt, such as e.g. a
tetraal kyl ammoni um hal i de, is used as phase transfer
|1 C reagents can be
Bﬁ?@%ﬁ'@%ﬂ”& mﬁgfi@g%h%ﬁér%paﬁ rom Si gma- Al dri ch
or Hawks Chem cal. Accordingly, one enbodi nent of the

ek B meyiofnn AaenCiS sebeld Foll YR Rsall. dficti iodide or

for mmétﬁyl bﬁo%téydvﬁél@ih Uﬂnétmwwatmté ;fértlélwlanylpaeﬂelrred

performng the reactign as Ease transfe
o(gb they dirst (agw@m)l phase s}Sne'ﬂ el RRTRGUAAUS; gelution, such as
addi f h S
di mgbkg{g%% £ 89 iy %&QH |od| or tfllﬂﬁfgltnﬁylhydrox%ehataequeous

to powmaﬁnthwinsﬂde acqatmnusoaod:ym cafbonates OEiaqyeous potassium

phagé#{?ﬂi@ ‘za’ \&lﬁégé_ll gﬂéﬁg?g@ueoﬁ){,@;}@% @%W@? bf%ferred
| gfgrﬁ{?sebm& ﬁrggﬂuoy Bhse 3 lsgldoted frben aludne, atemmaamthylene

ect ed di met hyl sul f at e, g{ﬁ i odi d
t ri ahloride @hﬂ@@mdtfé)utmhér,nwﬁh ﬁ%'ﬂﬁp? "F%\tpé‘”i'%”af'y preferred
paréhaul arly preferred; (b) the first (aqueous) phase

al kal i ne aqueous sol ution, such as aqueous
S(dqithnMEOKadefﬁr acpi@lyst is iarhiammbgigingardphosphasiue salt of

o Yo, PR S BORTAS lofprme v

hydroxide is particularly preferred,

R
|+ -
RIII/CI)\RI X

R" formula IV

R
| + -

O X
R R formula V

/

\

X

A—Z
+

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,

hexafluoroantimonate, hydroxide, perchlorate, hydrogensulfate,



10

15

20

25

30

(c) the second (organic) phase is selected from
tol uene, hexane, nethylene chloride or nethyl f-butyl

wethwro37amt h t ol uene being particul arly prefer Pet/ERe®s/010603

(d) the phase transfer catalyst is an amoni um or
phosphonium salt of formula | ¥la sul foniumsalt of
T{J/rrFr{uI a Vor apyridiniumsalt of fornmula VM fornmula
- FT R ." Xformula V X fornula VI wherein R
R, Rhiogyanate oedrafliaberdient |y sel ectabl e al kyl ,
aryl or aral kyl groups, Qis a nitrogen or phosphorus
and X is a halide, acetate, p-toluenesulfonate,
t Exdrhplesook shialkisuplhasen transfesxedtlysto are itasasthylammonium p-

r oxi d erchlorate, h | fat e,.hi
ool o RAER RSN Lot Srhontvanghge onate,
catrablehyipRoSphicHinret hesAusEstntimeiate | ecetylpyfidivara, bromide,
tetrapropyl ammoni um trifl uor orret(gine ul f onat ff .
ttgphapyeisthyho §pwayvirRaseRBM M or w@%ng?'a;,ytr'ethvlammomum
C oV c ' 1 . .
CEIIEY, R R AT, ey iphonyphosetoriu
céHlordelebenzytrdputytarmeoniuranchieriden étﬂivliriefdw,ammonium bromide,

SRS hestigraHRRR B Gldeie LeplfiynetinL, apmonium, bromide,

beginipetiit whihbaiueny thioasehosthyitriphenyligikosphonium  bromide,

cetyltrinmethyl DN ‘brom de, t hyl, .
i AP RASRROM iy o0 A e SRR RGN YA g promide,

| ﬁ@%ﬂl#lbﬁ%@?@éb?ﬁﬁ@&ﬂﬂm ltBW)ljrrTl]SfE%e,fjlﬁlethyltriphenylphosphonium iodide,

ni-um bro
phenyltrimethylammonium  chloride,  tetrabutylammonium hydroxide,

tetrabutylammonium perchlorate, tetrabutylammonium bromide,
tetrabutylammonium  hydrogensulphate,  tetrabutylammonium iodide,
tetrabutylammonium tetrafluoroborate, tetrabutylammonium. thiocyanate,

tetraethylammonium hydroxide, tetraethylammonium iodide,
tetraethylammonium bromide, tetramethylammonium chloride,
tetramethylammonium iodide, tetramethylammonium chloride,
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.

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
to the compound of formula |

(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 |
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met hyl tri phenyl phosphoni um br om de,
nmet hyl t ri phenyl phosphoni um i odi de,

weoheosyBty7i net hyl anmoni um chl ori de, tetrabutyl arODmIPIYS/010603

hydr oxi de, tetrabutyl anmoni um perchl orat e,
tetrabutyl ammoni um broni de, tetrabutyl anmoni um
hydr ogensul phate, tetrabutyl amoni um i odi de,
tetrabut yl ammoni um tetrafl uorobqrate

t et riatprefpraphrdiatveeni-ge yahipes. ineRartiexIAy Bx2Arike gampound of

hydrfgﬁjpﬂpal tetraet hyl ammoni um i odi de,
tetr anmoni um brom de, tetranethyl ammoni um

qalh othedamotJat rednphase aransferuoatalyst de, between 0.01 to 0.1 molar

B e e

tetrapropyl ammoni um hydr oxi de, tetrapropyl anmoni um

brom de and tri butyl net hyl ammoni um chl ori de, wherein
tetrabutyl ammoni um salts and particularly

tetrabutyl anmmoni um hali des, e.g. the bromide are
especially preferred. In the PTC of the present

i Invibiet presentiimasintionc im parttaudari inrfermalac Bmbendntasyl” refers to an

oty o s RuBSEH ARy 3 &2 hBtd SiBsfBknls/r AisRtuted,
a‘PE'@ﬁC‘EO“@'ﬁSWOWWW 18f rif@rcarban btdrhy anuJeme a total of 25

rovided as a to 50%vv/wso| ion a

a¢arbnﬁmtpmﬁ and inelydes R%Y%IC %Lﬁ"\?g‘%mss sk ?'é(gﬁé%‘fps may
Stg? trﬂ8n8§39ﬂgu gfelcf ﬁfdyéhﬁ dr p&lycydne éﬂﬂ“ﬂﬁéy He ‘Pu@%ﬂhﬁgs A

vent e conpound of fornul
ppefruclbhy duermee ncampound|asnused i erpiy, tis cmleant 30 wcompass

TR TR et P ARGy ] 18°ng caron
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
orfand 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;
substituted or unsubstituted heteroaryls such as pyrroyl; thienyl, indolyl, etc.
In the present invention, in particular in formula IV, “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.

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
hydrocarbon may be substituted with one ore more substituents or
unsubstituted. Preferred examples of “alkyl” are cetyl, octyl, heptyl, pentyl,

butyl, propyl, ethyl and methyl.
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equi val ents of the conpound of fornula | In the
present invention, in particular in formula IV to VI

woOanoslo3737¢f ers to an aromati c group, substitut edTHEP25/010603

one ore nore substituents or unsubstituted, which
contains from6 up to 18 ringcarbon atons and up to a
total of 25 carbon atons and’i"ncl udes pol ynucl ear
aromatics. These aryl groups may be nonocyclic¢

bincihel present irenition, &y peaicuarcin; formuta Majo b faraliyy!” means a

 arahp BV MR AU B (B B, AR AL DR SPrbterably

syhRYB isBehayIini ng from 10-18 ring carbon atons and up
to a total of 25 carbon atonms. In the aryl group, one
to six carbon atons may be replaced by a heteroatom

thcﬂﬁeagrégﬁﬂqﬁ%erﬂiﬂﬁ, WyuLRKifRR FiféisoResubstiutidh of a H atom by

conprises unsubstituted phenyl; unsubstituted naphtyl;

pasn ylydmxynaatboxy, balegent nitied G- rlkyh£ bb ailsexy. amino.
substituents selected frome.g. hydroxy, carboxy,

hal ogen, nitro, Cl-6 al kyl, Cl-6 al koxy, am no;
syhstPTOtedctivn U usoally talibaedhiet proceeyiat Bd6h°Gdor at least 30
pyrroyl; thienyl, indolyl, etc. In_th resent .

| iRweson.g- for %értf)i%ﬂﬁ‘a rs; Rrefgratly for ’Igagrﬁmlpgtes and even
Y h apiddsemMHyigubsti tuted phenyl or
sﬁggip?%egrggz)}ﬁgnyl , Se. g. 2,6- difluorophenyl,

p- ni trophenyl or p-toluyl. Unsubstituted phenyl is

Dhe! BACIor R, SRS ryegbtulie o SpRUa Bldh of e
ggafagiragg |2§(‘7’-ﬂ§f’ﬂw) gieldeida 068, itk gield botheh&ATG of the present
e

| " b hed i h b
arventan9ag ghuh b ot d68sts Bb o RieTarably S0 eAs S0 eV8R more
g Pgﬁgﬁg‘i{%g{ R 079 1920 ed5,2bhy, WEbhorPEYR 4 carbon

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
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.

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

e Aqueous NaOH OMe
: (CH3),80, ¢
BocH 8 OH _— A OH
Toluene BocHN
Tetrabutyl
ammonium

bromide
N-Boc-D-serine (R)-2-((tbutoxy)carbonylamino)-3-methoxypropanoic acid
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hydr ocar bon may be substituted with one ore nore
substituents or unsubstituted. Preferred exanpl es of

woOabdey37s7ar e cetyl, octyl, heptyl, pentyl, butpCT/EP2005/010603

propyl, ethyl and nethyl.In the present invention, in
particular in formula IV to \é, "aral kyl " nmeans a
group aryl -al kyl wherein ary and "al kyl" are as
defi ned above. Preferably "aral kyl" is benzyl. In the
present invention, substitution refers to substitution

?{\ i€ rg%%qq'md@fsen&l SRR R hny C@c@ﬁﬁﬁ’atrd]ﬁ'o?g@ﬁerlﬁcéﬂcm of the

oxy Creaction is
psodddty AlSd, thve glicld rspfmtfmdn@romdlwltbmw itylevieds of oty about
qre)wutes e.g. for 0.5 to 24 hours, preferably for at
ast 45 m nutes and even nore preferred for at |east
1 hour. The PTC of the present i nvention under the

ﬂpe0|f|c conditi on of e.

fasll Toa Mot o iter IgtPu % SRYCTAY RHOR HYdEhE n particular
afci%apref8rily BERVE 02D MoI%, and usuall
|azt§§?‘t‘%‘85/q ev\eJr?n%Jgﬁgryfolle?a f?/ at ¥east 9'1% 92% Y
b3ow Hedimptsshdatedtdm. A conpound of fornmula | is
obt ai nabl e from many vendors e.g. from Sigma- Al drich
or Lancaster. N Boc-D-serine can al so be produced by

?rG&eé@S@f'tﬁ@ %ﬁrénﬂlrnﬁerhruhyrnw Qﬁtl’mmebmprrse the step of
D-serine in a phase transfer catalﬁ 2 ﬁ I|I?gt 2
Lm’oags%@.@é'rﬁ G@mpyuﬂﬁ@f&fﬁ'&“@ A EIMROURH G ep 2)
concentration/ anount of alkali, solvent,

PCT- cat al ,\%ts, tenperature, reaction type etc) as
descri bed” above, except that di-t- blf(yl dic nat e is

H
uged as the reagent imsteadof LEgi agent . |
the N préX&¥tingorgueup of the compound of fo Ia{ri“‘“ §'
Boc (t- o

The benzyl amide formation can be performed by adding to a compound of

formula Il an amount of benzylamine in the presence of

(a) a base such as triethylamine, diisopropylethylamine, 1,8-diazabicyclo
[5.4.0]lundec-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

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
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.
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illustrated by the follow ng schene (Step 1-B)

wokBBm3B7$er i ne PCT/EP2005/010603

(R)-2-((t-butoxy)carbonyl am no) - 3- met hoxypr opanoi caci d
This reaction does not resultyin any racem sation or
esterification of the product. Also, the yield is
further inproved with inmpurity |levels of only about
1% Typically the anount of ester inpurity after

t.hyl at | i M il PreBehtinvention
ﬁ'ftﬁxkeé%ﬁgiﬁi%ﬁ&%p&@f@r@a ngﬁ%ﬁrgm tIW\Q/)th %,Firaend
el 2. 4.yt-belosycatbenyi (Bac)air carbebenzoxy (Glz)pvitedie Bpc group

t he curr_en} ia(nve tiopn may further conprise the step of
betrarticylarlyePre nd of formula Il to a conpound of
formula Il (Step 2) fornmula Il! The benzyl am de

f t] b f d b di ng t

i thebampiouad of fomelao| BeyISNadTPHS (s 580 Becriearey off to
P _ e ! _ _ . ot

otk SRHEHATRG - bEnB) Biratdpropionamide | by - appropriste

NSeds ks ridrwY frenethepattaEor examinie. i drepEotgeting group Rxis a

hol i derivative, - i .
sRcbRanay oy 3t B e bRaved Biriufh VB BCAiesiAiRd in US
‘Bgﬁ%@t@QPm Iﬂleth@r Pﬁﬁe@ﬂtil’@'gé’gbeTSOfaO{B‘TﬂT gromn;] ethisr egjgypf may be
i dobu chl or of or nat e. erinen e
tdoevbBienfly e vask Wil 128 G HASHCR s ToltaphPgRAH g9y at room

| S 2 typically bet 90% and 99%
%ﬁ'@%r@g‘aﬁéﬁ?)bg }Aﬁz bgglzfllaam'yd ?o\rNerrgtni on o?nt he

present invention may be in the range of atoMeast 8%%
up to Qg,weir/e@bly in the range of at Ieﬁst 00/?
up tQ 99% H : — H,N N
P Fg(\ﬁ)%]/[\l formula Il ? /\(Q/

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

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

(R)—2—amino-N-benzy|-3-methoxypropionamide can then be transformed to

lacosamide by N-acetylation using acetic anhydride (step 4)

_/OME
E/OMHe acetic anhydride T \/@
= "N
HzN/YN AcHN/\n/
o) o}

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

( R)-2-amino-N¥benzyl-3-methoxypropionamid e
(lacosamide)
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product. This step 2 has been basically described in
US 6, 048,899, which is included herein by

woebwrarnoe. Sui t abl e protecting groups in the neCIME®#2005/010603

according to the present invention are e.g.
t - but oxycar bonyl (Boc) or carppbenzoxy (Cbz), with the
Boc group being particularly preferred. In the

gé’g&‘}%gai’éw{ ﬁ'{qqlé{cgﬁygtllont&nedeﬁ)’rtﬁé %%tnldqpon ré)fu é’ gR)éx%%rﬂ)lg % step
(Rhy &cé‘ﬁ? RidSPBRENE e 87 Qﬁd%@PTHQ%IG%fQMe acet){latlon step

app opri a e neasures rﬁl’]OV\/I’] fromthe art. For exa
i ih theemethud: of ithey poesaun uwent@nanaartbusé:ezwmegram@ @ﬁ at least

6, %gf%gbggiy/ed ogf%% 'Eéq}_‘%z@g%/‘g%ﬁ?%&s%c group thl S

group may be conveni ently renmoved with an acid, such

a_js_ Igy(/%ochl oric aC| o Be@amg%%%f%ure (?Jtseg 048,899
Qﬁﬁés‘[@%@' #.l)ée Bp%@ﬂb”ﬁﬁﬁj’rmt 'errthéngPéséﬂéé of a base, eg.

trons o ste pically vyi
ppymime ltm&snnawobmmn famgi ugex;:reme@&s%labthﬁ)p%e ﬂlﬁhgnantlomer

b dlbcndhEhed drieiakdr e Bk g 1y Fefi B8 om the

9,@%(;t;5ﬁrrﬁixm@f_erabl y at | east 95% product.
(R) - 2- am no- N- benzyl - 3- met hoxypr opi onam de can then be

transfornmed to | acosam de by N-acetyl ati on using

ageL.i p
gﬁe ooy Hﬁrgenzf;ﬁ%% p‘f‘és nt invention is thus_the production of

2-am no- oxypro i onande_(R)-2-acetam

i uoesarmmﬁwonmnmmgm(ympopf dhaeetytationaob (R)-g8-amino-N-benzyl-3-
%}Eﬁper Iprésﬁtﬁﬁlﬁlg}lget\&llﬁé cg i 'a%tl"n'ygﬂdgnﬂe{het QBS&R&Q oﬁ‘ & rEése in

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

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
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
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 1l from a compound of formula | is
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4 typically yielded between 81% and 95% The yield of
the acetyiation step in the nethod of the present

wonverns7om may thus be in the range of at | easPCT@PRMP/010603

to 99% preferably in the range of at |least 80% up to

95% This step has been al so scribed in US

6, 048, 899. However, US 6,048, 899 suggests the use of
acetic anhydride in the presence of a base,

psorpiised by ﬂh%tsmﬁﬂwda@édaﬁwmldﬁnéwib@@ﬁ@dla? @ﬁ%&"heﬁie above.
P ) n S bt.ai ffpC

PPUBRE e P Bt R0 B 15 ey B0 o8 TR Chidklofon of a

ngothpoend Of efom‘rblad(lﬁa‘rdsmof cbmpopndsm‘rfbrmu{ﬁe U |txyn0|-methylat|on
ucti on of am de conpri Si a_ st

f\é’sgé@%&@é’c{ 3%0\(5@ e@@gntiallg e@bggﬁ%@ o§ metﬂ?l ester ?c?rmatlon or
nﬁghfﬁ)@gﬁf%@eﬁﬂgﬂ&e with acetic anhydrl de in the
a

ence of a base, in particular in the absence of
pyri di ne. The advantage of a base-free reaction is

Lﬁ%rfr&%ég@%@%% %rsﬂgébr ® QYR iv@@ ﬁ‘f‘xtB selﬁP'DJ-dﬁrﬁjd L-serine

T ecan e TS0 ated ereactlon
nilesivativesfin shgratio waynbe Impedvremepmethqd bf/the present invention.
crystallisation in appropriate solvents, such as ethyl
acetate. Experimentally, |acosani de was obtained under

t?ﬁeStBefHef et Qﬁé‘@dhhﬁ%‘%—%etﬁil@ﬂ@h&ﬁ thet 8lcéhblic DB bai of D-
typlca 63% 70% (usi n utyllithiumin step

oor/a:md/olr@eW/cdeuyah‘gesvrrdhmrr@tﬂaqﬁ of gye present invention, there is

l aco

p?%%iﬁl?r\'?ﬁ‘\?”ﬁﬁét@ﬂ ‘%gélgi’c{? ﬁ}%gpxy%@ea rasﬂ'gﬁ%%’ﬁtf rﬁag:%ml?atlon of the
A &5 ) Gbfe upetho d6fthep pafsenaitvention rfpaiprd)cdmsttorﬁﬁp/a wgempound

:8& §q>rn§)4lg| (jl%l @ﬁ@rg@dg‘a(%eégérﬁl&fgnwégd 0 Sanermilp? \?edd tyxeﬁd and an

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
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.

Also, (R)-N-benzyl-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.

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).
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nore preferably in the range of at |east 60%up to
70% nost preferably in the range of at |east 63% up

woao6P3657kf a PTC i s enpl oyed, the total yiel dPOT/EP2005/010603

| acosam de nay be nore preferably in the range of at
| east 60% up to 75% nost pre1ferably at | east 66% up
to 75% The formation of a compound of forrmula Il from

a conpound of fornula | isconprised by the rre(ihc_)rd of
Natosrothde aspach e itee daveniinty pPeEainsHisy @ MaiRpe @ Rroducing a

t he present i.nv ks [ producti on
hestegRabA do SO PP A ne P A B REe 8 11 o

f or @yl grolilidingy ld2osahiié aby otheasmetimal idwedrdibgveo the present
essentially n the abscence of nethyl ester formation

or si gaventsnand aceni sati on. D-serine derivatives or

L- Sy Rkirflelacaks ' idllyRicoapehble sRtipients.

der T o e e e nea o1

the present invention. Due to the fact that during

(Agheh st G thecpfEsei dnkeniah, Jp PP pidtnol of ftBducing 2

| SBHRPOURD of Fhenslai liessmptising then@-metingatiersoéra compound of
formati on and no significant racem sation of the
gosau& Vlli he nethod of the present invention for
production of a conpound of fornula (Il1) or/and of

| acosam de | eads to an inproved yield and an inproved
enantiomeric purity of the product. The invention also
relates to inportant internBliates of the current
process. The nost inportagnt \nt hedi at e

(R) - 2- N- Boc- am no- 3- net hox panoi ¢ acid (C 936)
results fromthe i nproved O nethylation step according
to the present invention (see/ figuse 1). The conpound
can be easily isolated from reacti on m xture as
the free acid or by forpgk such as e.g. a

a | t
H COOH

formula VII
to produce a compound of formula VIil,
R1
R2 OMe
R3
4
RN COOH

formula VIl

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,
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cycl ohexyl ammoni um salt. Suitable C-936 salts are al so
regarded to be part of the invention. Also,

WORYosN3Tiamzy| - 2- N- Boc- ani no- 3- net hoxypr opi onanPd&/EP2005/010603

(CG937) which results fromthe benzyl am de formation
(step 2 of figure 1) constituytes a part of the

i nvention. Another aspect of'u|t4he invention relates to
the use of C-936 or C-937 or any salt thereof as an
adduct or internediate in a nmethod of producing (R)-2-

256 P SO RIS 000 S ot @ ot
gg?bﬁxrn;tanggmlgerr% gmsllﬁgrgwppund Luﬁftqgnalap‘ﬁﬁlr isackiainieshin the same
Bufsties 5 e, EompPHnH VIE d A 6Bt 4% | Blasblobfl Bt BPleast 90

'%Vﬁ%rb%‘re?é\%bhpbf A1 122 9596 086%, OF W 98% or 99% enantiomeric
pharmaceuti cal I'y acceptabl e exci pi ents. Anot her aspect

qfurthhe present |nvent| on is a nethod of producing a
conpound of forrmula VIII conprising the O nethylation

of a conpound of formula VII, fornmula VII to produce a
rEpsrabty, oR', fRE, nahd RA Bre fmdep&ra:leﬂtllyl hydregenn -Q4,i SHH, -NH>,

Rt 268} 0GR P5BHE - R Ry R

seligredsiy,prm Hamgk'gr supstitiRd @9 Onstibstituted alkyl as definied
gqr{nseeghgit?sﬁittlﬁigdzggél &r{gg%tstr}ur’ggd Og!;-tCr;ya{II?ér{y?n Isﬂbgt?tlu?egd or
unsubstituted C»-Ce-alkynyl, -(CO)-R™, -(CO)-O-R", -O-(CO)-R", substituted
or unsubstituted aryl as defined above, substituted or unsubstituted Cs-C1s-
hetaryl having 1-3 heteroatoms independently selected from N, S, O,
substituted or unsubstituted aralkyl as defined above, substituted or
unsubstituted C,-Cis-alkaryl, substituted or unsubstituted C,-Cis-hetaralkyl
having 1-3 heteroatoms independently selected from N, S, O; substituted or
unsubstituted Cs-Cis-alkhetaryl having 1-3 heteroatoms independently
selected from N, S, O; or substituted or unsubstituted Cs-Ciz-cycloalkyl

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.

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.

In the substituents R4, 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>-Cs-alkynyl,
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reaction and wherein the conpound of formula VIII is
obtai ned in the sanme configuration as the conpound

woRkbge/0afs7at | east 88% preferably of at | east 90TAP2005/010603

nmore preferably of at |east 95% 96% 97% 98% or 99%
enantioneric purity. Pr efera R1, R2, and R3 are

i ndependent |y hydrogen, - 1-5SI—| -NH2, - NQO2, CN

-COCH, -SOH, -SO2H, - SO3H, haI ogen, -OR10 , -

SNB:AfStdd, or SOREDbstituEPRatyl, asScigtied  8bove.i tQHQ,SGtLEﬁd or

SR 4 5 kel ShBon 3 bt ot

Fb?Hb?F | gut égoé?osgﬁﬁgyrfbmltérés%tgsﬁ@tgﬂ%aralkyl( &6) defiled Oabove,
ebstibded suvensubsbitted (tedsiken! Lﬁ}iﬁ%ﬁ ag‘@erdc%’?%ﬁ’?’“ﬁed Cs-
s HetpralN ik 3:4'6EFGROASINGBPERABAR LR FOREN, S, O;
?Q‘;’FE‘;‘?“'““‘”“Q?}‘?““';E‘“ o2u-Crs-allselasyli thaving C-3¢ heteroatoms
R T e

ycﬁﬁllﬁﬂ hfaK/FH”Q 0l3 t%te@ammbsndépémémw sefectod lfndnmNe($ o
G 4-"al khetaryl having 1-3 heteroatons i ndependently

selected fromN, S, O or substltuted or unsubsti tut ed

%@é@t&ﬂtﬁfyﬂrpme{g}ogﬂ@gmﬁ OR3 Reler gaHgRs réféﬂ@@@@d@éﬁtht{on by

rom I's nore preferred that
hbneRdori sndfeostibstitudBtsi as Hiefined sahm@t poefar l’ﬂé’erWat carboxy,

Jentedermapiipolszd S 1 Shkerhd irBaste: voro”

preferably, R4 is the N-protecting group Rx as
descri bed above. Even npre preferre

bdihegsame RBrbigUrR}ian” a}idh@@owq@d@(ﬁl I Stthleferencg to compound
VIl means that essentially no racemisation takes place, or compound VIl is
obtained in the same configuration as compound VIl with an enantiomeric
purity as defined above. If compound Vil is in the R configuration, compound
VIIl is also in the R configuration. If compound VIl is in the S configuration,

compound VIll is also in the S configuration.
It is preferred that compound Vil is in the R configuration.

The parameter of enantiomeric purity can be applied mutatis mutandis to
enantiomer mixtures. If compound VIl is a mixture of the R and S
configuration, compound VIII is essentially the same mixture ofthe Rand 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 Vil may be at least 88%, preferably at least
90 %, more preferably in at least 95, 96, 97, 98 or 99% of the enantiomeric

ratio of compound Vil.

“One-step reaction” has the same meaning as discussed above.
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as described above. In the substituents R4, Rl, R2,
R3, the groups R10 and R11 are independently hydrogen,

weubstistuted or unsubstituted al kyl as defi nedrabmees/010603

substituted or unsubstituted C2-C6-al kenyl,

substituted or unsubstltuted1 - C6- al kynyl , substituted

or unsubstituted aryl as defi'ned above, substituted or
unsubstituted C3-C 3-hetaryl having t er oat
Trhrdaa;eantientslcyles‘@ of cemnpprneh W toscompwss\?ﬁt i§ 2 @eppralization

B et g B pRREAE T BREoR P Yo cBHBLINkSTact i | o

édm’s‘é htddnegolit offoralladiadkdestrvechabove. Héhe compavnd VI

|nde n:jt%lr;?tﬂlgeu {O%C qi? H]gpéﬁlfi %A%W%Hqﬁg %&(Zroa{:orprgound

uns u@% é% giﬁ%.g%gf{?ﬁg]a‘?{kgﬂﬁ“&/ Ilpendumw beitusedofor the

peoductioof lacasapeidge etd.yby dhedeagtion ?ﬁ%@ﬂ@ ag degcribed above.
RbShi LM ROk, AHAVRS VI 1aisarfide Py B8 ratibedldy any

y oné or nore substituents as

defdthpRd nﬁ’é’cﬁbd toeuﬁroduCehﬂw dNepenzylamics ,grospoges, the N-acetyl

t -

?gljﬁégcﬁmreéq,egﬂn @rpargpulghgr%fgwﬁétﬁmg]qﬁlﬁelﬁ; ﬁ? chﬂEound Vilis
i ﬁ‘&?nﬁogg:rsﬂgmﬁaqwlslRma@&nbbaprm@mml RYisrRx, R'is H,
racem sa es

l'ace, or compound VLII is obtained
iR? isit, anh®® toHfangl campand YHisim e/ canferalion.
enantioneric purity as defined above. If conmpound VI
is in the R configuration, conmpound VIII is also in

e Rvearile QZDI-frﬂétl‘nqranohfofcnmmmnmrdi Vllicansbe rachieyeg by adding to

configuratiaon, is als
vt oSN bl e o e e qroeno
tAGtR CARbbAHE aﬁr’l din8r R 5 [Rihium astinh d,cas defined
pur%Fy Eg % rrutatlgm@rr%tandlsto pomt

above. Swtable methyla’uon 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.

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
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.

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
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enantionmer m xtures. If conmpound VII1 is a m xture of

the R and S configuration, conmpound VIII is

wegswns7akly the sane mixture of the R and S PCT/EP2005/010603
configuration, i.e. the ratio of the Rand S
configuration remains essentially unaltered, or an

enantioneric ratio as follows'1S obtained. The
obt ai ned enantioneric ratio of compound V|II

Impow&%VIbmaserb@bay least| 8aist pyefergblipatelegsk @réa,bﬁyen more
R rte? abrsﬁ%t Iﬁg%u% V??% Aaoé R9Y5 9}, dritpognanti omeric

ep reaction” has the
same neani ng as di scussed above Thg reacti on schema of

f ﬁgg%%% %ﬁlta{%gbﬁi&gﬁ& #E&egllp)lélg@#ﬁ ﬁﬁ Zﬁ% gll ll_-ég‘l'p% gie?'{vatlves in
H\‘@gﬁ'o@fofftﬁb”we‘—?aeht QvdHtilGRere ¢ BR8UNtRINS nf)Oll‘n@tﬁy?l ester

escri bed above. If the compound VI| is_ in the
cimnmagonaancbno signifigad, raegmisation eBthespredust the methed ot the

B APRRIOh o BOTRANS 3, SBOIROUE0 Bfmula Vil by

| metipaaticreof a. c@m;mundwef foeamla wili Ieaéspsbo as m‘rmovedbgdald and an
above. Start fromt he ou d or VI,

| ERIYOX @é‘aﬁiw é'cﬂ?'“lfmﬁt? tsw tabl e method to

i ntroduce the N-benzylam de group and the N acetyl

group. Therefore, in a particular preferred,
efibednvention isHurtheribistratad byiRiguie 1 Heompeising gleraetiva steps

d R d that R4 Rx, RIi
£ &b 1) 3l e g BB Cormound W1 is i ¢he
R configuration. The inventive O nethylation of
d Vil b dd
Sﬁﬁ%l 1§ Rypiption 75 (3120 BRRAMIng S TeefdERegapic acid
(c2s8 u@..gbaltymnnﬁw(atep gaparticul ar an organo

ound, as defined above. Suitable
mat hyI ation agents are defined above. In an

a,lﬁ\tseorl&%ﬂ. YFN-Boc-D-serine (22g, 0.107 mol) in dry tetrahydrofuran (352mi)
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 (134mi, 0.216mol)
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
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%.

Example 2: Production of (R)-2-N-Boc-amino-3-methoxypropanoic acid
(C-936) using PTC (step 1b)
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route, the selective O nethylation of the al coholic
group may be perforned by phase transfer catalysis as

wdebierats7above. Specific enbodi nents of the PCT/EP2005/010603

O net hyl ati on of the conpound of fornula VII

correspond to the specific enpodi ments of the

production net hod of |acosani d&~conprising the

O nethyl ati on of the conpound of fornula | as i
dasstispeasionbolN-BocDeserine (229, GA8¢imok) andbisdiaheitlsmmonium

relating to t hase. t [ ansf er tal ysi . .
Groier (o5 o YR it FAPERE 1 AP WGk Feadlf 1§ <10°C. To this
f RaSULRGEY. 260%anddm Hyarakese (17.8m8 €0.10Emol)i deeping  the
system and its conponents, the grgano netal  ,co und,
tfg% mipgytes at

" rieaparaivre ofi'Ci and the riesy!iyHaguxtitire Nase 984G

2458 RIS i T S e o
ll\l-@d%&?m gng:Sg?l);gi/e‘rﬁ_ Bﬂﬁ?dllﬂséaiﬂgﬂrl]gidhéotamwahfr: <10°C and the
tfﬁ@cﬁﬁ'ﬂ H’{)iX&HrPoﬁng? a&oﬁﬁ@u‘%& a’{/lhpu[,y\?\{qi%r ;{ﬁerﬂ%dm %g at%{ﬁig d to the
LY SR B Tha sttt gt o o
453 SguITE0H i ok e PP RShYIORG GBBAA 269 Mh66mI)
t 850 | 0/, . .
o8k a5 54 B! £4ARLY by 6751 0IRB: SRR (Yild on
Degagaratitve 27 5ot 100%: HRLG parit@-96:3%y Chirabpuriy 98.1%) / and

L-serine derivatives in the nmethod of the present
invention, there is essentially no nethyl ester

f j|I88: Btdp8 @ &d gni fi cant racem sation of the
p?ggﬁ{cq t he Ret hod of the present invention for

production of a conpound of fornula VIII by

TTRENGBUE0 21 Be5 M lshOs T g ¥ 8o o7t olutior

t (steprzyduct .
The C936 solution prepared as above in example 2 was cooled to <-10'C
and isobuty! 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
<-5°C. A solution of benzylamine (12.2ml, 0.11mol) in methylene chloride 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 (44mi), 8% sodium
bicarbonate (44ml) and water (44ml) to yield a C937 solution in methylene

chloride.

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

To the C937 solution prepared above was added 36% HCI (46.5ml,
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
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
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The invention is further illustrated by Figure 1
(conprising alternative steps la or 1b) and the

woabdemarylg Exanpl es: Exanple 1: Production of PCT/EP2005/010603

(R) - 2- N- Boc- am no- 3- net hoxypr opanoi ¢ acid (C 936)
using butyllithium (step 1a) A solution of

N- Boc- D-serine (22g, 0.107 m?lp)' in dry tetrahydrofuran
(352m ) was cooled to <-10C under a nitrogen

ahIGRaB e ionT6f (R)2samivo-hidbenizylSamethiny pseripnamite.
funnel 15% w w n-butyllithiumin hexanes (134m, 0.21
6nol ) keeping the tenperature <10C. The resultant

| Pwa 1 h t 0- 5C. Dinethyl sulphat
?.f%&f& , g.(%ggggwrwas ggtrjeg keepi ng t hgeoﬁjjey ef;t grg ©
TheO@R)<2-aminor¥-beaayl 3-orethpXYRIPRICAGFERIAESAHItSR prgpaged above
h T ' i i
(L it £56 1 483 VGB35 1068E) sl o <.
hy®r pdcten (Bitdreaisdwaieed db rrabyd terhperatureeeare30 minutes and
g dnb a(ethey S0 BNl The, By B et (g YT wafer, (44mi),
/osBhifurh Bkt uThplrast hlorid
S a0 g any oy e v

91 i, Q6
axchanged foristhy dicetiie by distillatian and&'aé solU4o8 6@@5&1 &3 a volume

di_stil lation. Yi 0 [ ; o€ and the
stritoyi B arodst s BytipEe] Bl RBIg thpsolgito 6EC and t
RipEUGdosamidie (SdlaRdNoBdittrationn(t&37gre69.8%)pHEbENpUELY 99.98%,
acid (G936 l6ISi ng PTC (step 1b) A suspension of

NCtBeal poriie??-fee €829, 0.107 nol) and tetrabutyl anmmoni um
brom de (1.3g, 0.004nvol) in toluene (110m ) was cool ed

to <10C. To this was added 20% sodj um_hydr.oxi de . id
(Bxafiple 4. lplatiph REdR)}ZgNtBectaming-drinethexyriopgpolic aci
t&eggg)sultant m xture was aged for 30 m nutes at

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
90.0%. Elemental analysis Calculated for CoH7NOs 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)

The (R)-N-benzyl-Z-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
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% chloroform in hexane to Yyield (R)-N-benzyl-2-N-Boc-amino-3-
methoxypropionamide (C-937) as a white crystalline solid (0.28g, 14%).



<10C. Dinethyl sul phate (40.6m , 0.429npl) and 50%

sodi um hydr oxi de (25.4m, 0.485npl) were added keeping
woOheostoanper at ure <10C and the reacti on m xt ur ePaGER2@E/010603

10C for 1 hour. Water (66m ) was added to the m xture

and the phases separated. Thg, aqueous | ayer was

acidified to a pHof <3.5 W 50%citric acid,
extracted with nmethyl ene chloride X vl m .
POCt ity @m%eEl@gemabanab{@@&%ipv'%ﬁeﬂg&f;%'dfﬁgﬁ 32% C;

distillat] i el [ ooy, 100% HPLC
baiey: B9hN SRas BRI RN, 378 epe 2
to 4 (R -Nbenzyl - 2- N- Boc- am no- 3- met hoxypr opi onami de
(CG-937) solution (step 2) The C936 solution prepared
as above in exanple 2 was cooled to <-10C and i sobutyl
chl oroformate (14.2m ,- 0. 107npl) at <-5C

N- et hyl nor pholine ( 11.8m, 0.17nbl) was added at<-5
C and the m xture aged for 30 mnutes at <-50 A
solution of benzylamne (12.2m, 0.11nol) in nethyl ene
chloride was added at <-5C and the m xture warned to
roomtenperature. After aging for 1 hour the mxture
was washed with water (44m ), 1IN HCl (44m ), 8% sodi um
bi carbonate (44m ) and water (44m) to yield a C937
solution in nethylene chloride.

(R) - 2-am no- N- benzyl - 3- met hoxypr opi onam de sol uti on
(step 3) To the C937 sol ution prepared above was added
36% HCl (46.5m , 0.541 nol) and the m xture aged for 1
hour. Water (66nm) was added and t he phases separat ed.
The organi ¢ phase was extracted with water (22m ) and
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t he aqueous | ayers conbi ned. The aqueous was basified
to pH 10-12 with 30% sodi um hydr oxi de at <35C and

weadicts7ohl ori de (8.8g) added. The aqueous | ayeCTHERS005/010603

extracted wth nethylene chloride (2x1 10m ) and the
conbi ned organic |ayers washe 2 with water (44m)

yi el di ng a net hyl enechl ori de” %Futlon of

(R) - 2- am no- N- benzyl - 3- met hoxypr opi onam de. Lacosamni de
(step 4) The

(R)-2-am no- N- b8nzyl - 3- net hoxypr opi onam de sol uti on

p % d above 5 was cooled to <5C and acetic
anhydride (10m, 0.106nol) added at <15C. The reaction
m xture is warnmed to roomtenperature over 30 minutes
and aged for a further 30 mnutes. The mxture is then

V‘?Sheﬂlt vat erpf( 44m )prodffeingdi um b(R(?aZJ@@@ﬁrﬁldb“Nrﬂénzyl -3-

and 44m ). The nethyl ené chlori was exchanged

' fmetmwromonamds bﬁﬁmwldehtmmp@ﬁﬁgtH@s@l’mﬁt@ﬂatm“ of a

distille ume o of 115m . The product was
c?%?%l‘?gtg)rw\{%iol ing the solution to 0-50 and the
pure Lacosam de isolated by filtration (18.7g, 69.8%
HPLC purity 99. 98%/@hi ral purity 99.8% ee. Exanple 4:
| sol ation of (R)-2 N-Boc am no- 3- met hoxypr opanoi ¢ aci d

5 (G 936) Tihg\( an no t hoxypr opanoi ¢
acid (C 936) sql{utl 0 gﬁgpar BH”N% Ln;arrpl e 1 was
evaporated in vacuo yielding (R -2-N Boc-amn no- 3-

nmet hoxypropanoi ¢ acid (C936) as a waxy solid (23.7g,

1e9ModUdRLEcopod®f 30k IFl ement al anal ysi s
Cal cul ated for COHi 7NCB 49.31% C, 7.82% H, 6.39% N.

Found 49.12% C;, 7.72%H, 8.97% N. Exanple 5: Isolation
of (R)-N-benzyl -2-N Boc-am no- 3-

__/OMG

Rx— — N
N COOH  formula Il

wherein Rx is an N-protecting group,

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.

2. Method according to claim 1 characterised in that 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

_ formula .

Method according to one of the preceding claims, wherein the method
comprises the addition of a methylation agent to a phase transfer reaction
system comprising the compound of formula I, an aqueous phase, an
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met hoxypr opi onam de (C937) 5 The
(R) - N-benzyl - 2- N- Boc- am no- 3- met hoxypr opi onam de

wOQGsB3)57¢0l uti on prepared in exanple 3 above RAF/EP2005/010603

evaporated in vacuo yielding crude C937 as an oily

solid. The crude solid (29) _v?zs_ di ssolved in 10%
chloroformin hexane (30m ) at” 60C, cooled to room
tenperature and left stand for élhour at 0 this
tiggeiaphase anda phase angieseataySiwer e i sol at ed by
filtration yielding crude C937 (1.1g). This crude

solid was further recrystallised twice in 10 vol unes .
of. 10vtethodorotanding riohelaiine3t avhareinda pyridinium, phosphonium,

(e fioni R S0 db BRp s ThTASH RoMSIsE BABIGT: 1oL
purity 97.3% Elenental analysis Calculated for

75 70MPthos! aaeArng s #Y0De BLEAIS ory Rt g Phase Transfer
(@té(?}fsﬁse@‘?c;geﬂ%&'h%yéurﬁs &fet hoxypr opi onani de

(I"acosam de

conprising the O-nethylation of a
compound of forrmula I fornula , to produce a conpound
of fo Ialll(]VlelR{]WCOO—lforrrU|a|,vvhereinins
an I\I—{ﬂT(nge@@f? AOTWIBUY, characterised in that the
O nethylation is being carried out in a one-step
reacti on and wherein the conpound of fornula Il is
obt ai ned as an Re'iﬁar_lti omer

Rul/ lQ\ Rl X
R" formula IV

(b) general formula V

R
|+ -

I/ ~ " X

R R formula V

or
(c) general formula VI

R
|+ -

RI/S\R" X

formula Vi

wherein

R, R, R” and R, if present, are independently selectable alkyl, aryl or
aralkyl groups;

Q, in compounds of formula 1V, is a nitrogen or phosphorus; and

X is a halide, acetate, p-toluenesulfonate, trifluoromethanesulfonate,

hexafluoroantimonate, hydroxide, perchlorate, hydrogensulfate, thiocyanate
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of at least 88 %purity. 2. Method according to claim
1 characterised in that the nethod is perforned either

woladoeas7da4 phase transfer catalysis or (b) by addimg2@®s/010603

met hyl ati on agent and an organo |ithium conpound to

the conpound of . formula I .,33. Method according to

one of the Erecedi ng cl ai ns, erein the method

conprises the addition of a nmethylation agent to a
pordetrafluarpbosater@gePi on system conpri si nggt he conpound

of formula 11 an aqueous phase, anorgani c phase and a
phase transfer catalyst. 4. Method according to claim

3. widetbiod acqoydingitaianyonprefsgaions drh, winerein the ehase transfer

sul fonj u alt,is used a se transfer catalyst.
5qatg€(§ﬁ§§e§@bmy@rﬂ@°pwrg,s?yrgwﬁ‘%f claims 3-4, vvhe?/:i n
tPe phase tralns;er catal yst is chosen from conpounds

la 1V
B mileodracoord g eRYORS FLEATS o5 B AH methyiating
f I o f ' i : imetH
pé’%éﬁ’t Lf!;e\él in tﬂé?ﬁa@e\%\w &thlySis i§ choBSen @ Mimethyl sulphate,

resent, are I ndepen y sel'ectable alkyl, aryl “or
trimethyl phosphate or methyl iodide.

8. Method according to anyone of claims 3-7, wherein the aqueous phase
is aqueous sodium hydroxide, aqueous Jithium hydroxide, aqueous
potassium hydroxide, aqueous sodium carbonate or aqueous potassium

carbonate.

9. Method according to anyone of claims 3-8, wherein the organic solvent

is toluene, hexane, methylene chloride or methyl t-butyl ether.

10. Method according to anyone of claims 2-9, wherein the phase transfer

catalysis is performed at 0-10 °C for at least 30 minutes.

11. Method according to anyone of claims 1 or 2, wherein the methylation
agent used with the organo lithium compound is dimethylsulfate.

12. Method according to anyone of claims 2 or 11, wherein the organo

lithium compound is butyl lithium.

13. Method according to claims 2 or 11 to 12, wherein the O-methylation in
the presence of an organo lithium compound takes place at a temperature of
0-10°C for at least 5 hrs.

14. Method according to anyone of the preceding claims further comprising
the reaction of compound Il with benzylamine to give the compound of

formula lll,
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aral kyl groups; Q in conmpounds of formula IV, is a
nitrogen or phosphorus; and X is a halide, acetate,

wo-20wlaertesul f onate, trifl uoronet hanesul f onat e PCT/EP2005/010603

hexaf | uor oanti nonat e, hydroxi de, perchlorate,

hydr ogensul fate, thiocyanate O tetrafluoroborate
group. 6. Method according anyone of clains 3-5,
wherei n the phase transfer catalyst is

t et rabut yl ammoni um brom de. 7. Method according to
anyone of clains 3-6, wherein the nethylating agent
used in the phase transfqy cataIyS|s is chosen from
di met hyl sul phate, trgme 3

i odi de. 8. Method accérdi
wherein the aqud¥usy | S
aqueous |ithi um hydtoxi de, aqueous potassi um

hydr oxi de, aqueous sodi @m car bonate or aqueous

pot assi um carbonate. 9. Method accordi ng to anyone of
clainms 3-8, wherein the organic solvent is tol uene,

hexane, methyl ene chl orjde or th t - but vl et h

a0d then realagngeing Pr@tqqimsr%h@% Win e arSepi ta give (R-
h _ I rAided- 10 0C
Ao\ B45HALS FRURHpH i RaRRSS eoosbrce: 1

anyone of clains 1 or 2, wherein the nmethylation agent

gﬁgtl\%ﬁ'\g}g't thg':[Oodlﬂggg c’éé[{rlm*%ﬁ&%ﬂpﬂ{édréa%tlon of the compound of

hod ‘according to an
Fbahi®m A with bbnzywWaaiire nakéde ptaogainothe pmsennearfwm@twator of
butyl [ithium 13. a%{ethod according to claims 2 or 11
tthe TArbowd GEPYP BRE aR3R&: hyl ati on i n

16. Method according to claim 15, wherein the base is 4-
methylmorpholine, triethylamine, disopropylethalamine, 1.8-diazabycyclo
[5.4.0]undec-7-ene or potassium bicarbonate and the activator of the

carboxyl group is an alky! chloroformate or a carbodiimide.

17. Method according to anyone of claims 14-16, wherein the N-protecting

group Rx is replaced by methyl carbonyl by successively

(a) cleaving off the protecting group Rx from the compound of formula
Il by the addition of (i) a mineralic acid or (ii) H-/Pd-C to yield (R)-2-amino-

N-benzyl-3-methoxypropionamide and then

(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.

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

absence of pyridine.
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the presence of an organo |ithium conpound takes pl ace
at a tenperature of 0-10 OC for at least 5 hrs. 14.

wokbdsmd7ecor di ng to anyone of the precedi ng ckParme2005/010603

further conprising the reaction of conpound Il wth
benzyl ami ne to give the con‘poggd of formula
I1l,formula 111 and then repl@ting the protecting

group Rx with nmethyl carbonyl to gjve
21acdviathath- acassdingl -t9- rARVesRy A 03 &%@%ﬁéﬂmg claims wherein

iRBSRA oo LR AEATSELE o b pmdtain

wi th benzyl am ne takes place in the presence of an

e e AT T T T
MBESRYLL ﬂ;@%gmﬂd Be.hutyd8t éléé'b@ﬁW‘(;Bocﬁ)“ sopr opy! et hal ani ne,

1.8-di ycycl o [5.4.70] undec ene or potassium
bi carbonate and the activator of the carboxyl group is

aggg:r@%m&rl or of gemat e %roﬂu&iﬂ?b‘)d' | n'(pg)ez a%étarﬁﬁohﬂobenzyl 3-

o anyone of 4-16, wherein t
anﬁthbﬁ)mrbp@ngnﬁde (Rcosamid) a??prlbmgrme@epcﬂrm-@wtylatlon of
succe Sy aV|n of f_t tec
RIRE AN Ay b e crsp AT ie, P AceisC o i in the
EE})S%,& Bepidiaeaci d or (ii) H2/Pd-Cto yield
-2-am

no- N-benzyl - 3- met hoxypr opi onam de and t hen
(b) adding the methyl carbonyl group to

5 ?20 t2 {&Q%Bpﬁgjﬁﬁﬁ\\glm ﬁgetﬁ?%@ﬂ?yﬁﬁgﬁ' SR EC Y36YYanid Salts thereof.
met hoxypr opi onami de with acetic anhydri de.

23. (R)-N-benzyl-2-N-Boc-amino-3-methoxypropionamide (C-937).

24. Use of a compound according to claim 22 or 23 in a method of
producing (R)-2-acetamido-N-benzyl-3-methoxypropionamide (lacosamide).

25. Method of producing a pharmaceutical formulation comprising

lacosamide by the subsequent steps of
(a) producing lacosamide by anyone of the preceding claims and
(b) mixing lacosamide with pharmaceutically acceptable excipients .

26. A method of producing N-Boc-D-serine by reacting D-serine with di-t-

butyl dicarbonate in a phase transfer reaction.

27. Method of producing a compound of formula VIII comprising the O-

methylation of a compound of formula VII,



10

15

20

18. Method according to claim 17, wherein step (b) is
perfornmed in the absence of pyridine.19. Method

weacoewrid7¥lg t o anyone of the precedi ng cl ai ts WRETA&P2005/010603

| acosami de is isolated fromthe final reaction mx by
crystallisation. 20. Method aggording to anyone of the
precedi ng clainms wherein the Nprotecting group is

t - but yoxy carbonyl (Boc). 2 1. Method of producing

(R) - 2-acet am do- N- benzyl - 3- et hoxypr opi onami de

(1 acosam de) conprising the step of N-acetylation of
(R) - 2-am no- N- benzyl - 3- met hoxypr opi onam de with acetic
anhydride in the absence of pyridine. 22.

(R) - 2- N- Boc- am no- 3- net hoxypr opanoic acid (C936) and
salts thereof. 23. 1
(R) - N-benzyl - 2- N- Boc- am no- R et
(CG937). 24. Use of a co und
or 23 in a nethod of producin
(R) - 2-acet am do- N- benzyl - 3- net hoxypr opi onam de

(l acosam de). 25. Method of pfo *hg a pharnmaceutica
formul ati on conprising | aco \de by the subsequent
steps of (a) producing R&§osani oBy; anyone of the
precedi ng clainms and (b) Hixing | acosam de with

phar maceutical ly acceptable excipients . 26. {8riata vl
of produci ng N-Boc-D-serine by reacting D-serine with
di -tbutyl dicarbonate in a phase transfer reaction.

ot ELCR CoroBodRl B T IR 2 Compoun of f or mul a

VII,formula VIl to produce a conpound of formula VIII,

pxypr opi onam de
ccording to claim22

R1
R2 OMe
R3
4
RN COOH

formula Vi

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,

characterised in that the O-methylation is being carried out in a one-step
reaction wherein the compound of formula VIl is obtained in the same
configuration as the compound VIl in at least 88 % purity.

28. Method according to claim 27, characterised in that 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

formula VII.
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formula VIIl wherein RA is H an N protecting group
or/and a group having 0-30 C atons, and wherein Rl, R2

wanweR37:at e i ndependently sel ected fromH and gComEp2005/010603

having 0-30 C atons, characterised in that the

O nethylation is being carri_?i79ut in a one-step

reacti on wherein the conpound of formula VIII is

obtained in the sane configuration as the conpound VI |

in at | east 88 % purity. 28. Method according to claim

Iﬂ%b‘@lf digife V'brt’i@“wﬁelt}@mnRt RaY, REisQrrRY R‘eﬂs H and R* is

‘her as a p ase tra er catalysis or (b)

aaidhhgrcﬂectﬂ’t@gﬂoumon agent and an organo lithi um

compound to the conpound of formula VII.29. Method of

claim?27 or 28, wherein RLis H R2is Hand R3 is H

230, Rdlettfodof Mnr of ekiimsg2 729 wheein Mehtpmiinaf Viinis @f the R-

claims 27-29, wherein conmpound VIl is in the

reanfigugation. i on.



