S #$‘Ve3é(" B( <<=, ?Lx? A6AT"BZPA1608 1 3 AUG 2002 1 COVPOUND AND | TS USE The
present i Prgrgo®n rel ates to conpounds useful as reference markers for the
anal ysis of |anotrigi ne and pharmaceutical formulations thereof. s In order
" to secure marketing approval for a new drug product, a drugs manufacturer
must submt detail ed evidence to the appropriate regulatory authority to
show that the product is suitable for release on to the market. Th& AyG 2002
regul atory authority nust be satisfied, inter alia that the active agent is
acceptable for adm nistration to humanstand that the particular fornulation
io which is to be marketed is free frominpurities at the tine of rel ease
and has an appropriate shelf-lddgp B ARDAYS UBge to regulatory
authorities therefore typical t’y—rn%m—m — data which denonstrate
(a) that inpurities are absent fromthe drug at the tinme of nmanufacture, or
a[ ebplr etsent _ OThy pﬂésléht{h@.}g&dt%?b?té@g@bon@@dnﬂbhstbhﬂ}astl’é%]ﬂeﬁcé gﬁ?m@ﬁs for
stability,,i.e. shelf-life,. 0 e drug is e | e. es ata are
usual |y oﬁF%iaﬁ'@!}'sl'ﬁ/o{ '@&qtﬂg'"ﬁ?é‘danfﬁ%ﬁ”ﬁ‘s‘g'C@HRH%?'QPﬁéﬁ‘e’&’ ndar d, or
ref erence marlkeorderhtec lsecarea nsarketitd yappuoal sfonmd enes drug opreduct! ai dnogsi ty
or a potenglial L r 2 Pot I i | td i
phar mceu%%@fﬁgﬁgéfﬁ@ébgg%gﬁt@gan alllé;dr)rrﬁ}l? (?a '?Aoenstggyécoérfﬁjzlohﬁ%tg trﬁ%%alt%rc\fl ude

resi dual authorty tofshomthaitthe produetr isquitable targeleasevan tgytm Mastehr dbact s

which ari sgqgidibryd atiBritg Sitisffbd NeatRAbHY negeala, i el adtRkY ¥iyent | §OTer'S
of the actiVe agént, contam nants ich were present in materials used in
$anst doat the

the synt hecepEFble Hor fAmipdsteajion t%“*r]wrnare cﬂ?"t’&?”'?héorm‘i'a%ion

glfka_r rmce_ut\&h:iahvi\i_ﬁi Eulrﬁéik@lted Bfdee! fiote rhpdirities ftd&iéﬁtdm%io@uaeasésin@nlfm& anO]E her
S inmpuritjes iC ..appear on storage include substances resulting from

degradat i cﬁpp(;?plil%tg Sél%?f?'/'\'fg agent, for instance by oxidation or hydrolysis.

Lanot ri gi ne i SuBmissiibrasr madeé- {@, regulatdiyo mviphraritigs) therdforet ityricalhe,inciide

formula (I : o T o It
o' 8 know Pyidka gl demofitFate'le) talimprtos o agpent To e dils &,
central ndhedime 6fmanmiactis), oriaie presant okt apnesfigiple leyeti@ae (bh dhptitoe
R e e R o

par t | cul aroDtpiaRgtRY EstBS<hp P RIS AT eYieria e RRATn R F SIS aRee Brarkes

phar maceutwlisigh i$ arsuilably pme sdmpleast apotdntiehinapyrite orat potential dégradatiopounds
can be us q, gﬁc{eference mar kers for the analysis of |anotrigine or of

phar naceufqg dosage fornms conprising |anotrigine. One of the conpounds is
a potenti al dB_gtEmﬂia?iimpUpiti_edu@ pbRrmaeetticaly nactived adestatand fosmulationent i al
copt am nardorgihfigthd ARRISHES L RUER BRIUARS o WyhMiB (L 1FeBNIORE S Snfactive

| anotri gi ne. The “present i1nvention therefore provides a, nmethod of testing

the puri t PNts PYRrPAuGts: Whighgatse dusngosyihesiafether active @gegtneesidual

phar mceutér?haéntggmgrsf fo][rtr@raﬁwbéi @gerhtarwmfémim,ts V\hhigh VOF?@Oﬂrde(sf@ﬁDrihS es

assaying the, said sa or e.presence.. a.c Qu sel ect [

3% am no- ot iRd e Ie Ayninesis of B B8y 2BeREOEN Mg Rledarafign or e

N- [ 5- ami nophearimaceuticaln farmubdtiony | and. ubjdentified zadesrgitipu 2substanteor oBtherani de

. 5kn the f igﬁgé;a i t i eC HEAE & N o I rence
23 ffte D%. i hl%(yp%%ﬁeﬁﬁaﬂfgf 4-tr|ag$|drt1)§E gﬁi&%ﬁ% sﬁé{ﬁ

mar ker. 3- no- \fvij I | az .
conpound slegradation, ohthe active agent, for instance by oxidation or hydrolysis.

Lamotrigine is 3,5-diamino-6-(2,3-dichiorophenyl)-1,2,4-triazine, of formula
(V)

Cl Cl
N=N

L N )
N

30 NH,

L Iy

*166166+
*G00002*



20 C.Cl O(A ~~ NI H\N //N ~N H2 The conpound of formula A (conpound A)
is a potepipi@ogdegr adati on product of |anotrigine which is produced upon
hydrol ysis of the drug. The 2s conpound of fornmula A nay therefore be
produced by hydrol ysing | anotrigine under basic conditions. The hydrol ysis
is suitably conducted by conbining |anotrigine and a base with vgqﬂmqgﬁnd
then heating the resulting solution under reflux. The base is preferably a
strong base, for instance an al kali netal PA1608 13 AUG 2002 3 hydroxi de.
Sodi um hydroxide is particularly preferyred. The basic solution in water may
be heated under reflux for a period of from1 hour to 48 hours, for

i f 10, f 4 T, h
compound usedt 5o KAk odtniGunid Willon R GLEKAH the Bbatiadlyt disariBrs PEASE .
provi des &eaaipoefiveuarsystemyCNS), in particular epilepsy, as described for example

e ) ol . - o e d
of Formil o B goueE: °'EP“?§§"4’.‘§§H’*’ of porid s pritphacedical RaReRUARGRL T 0°
B (conpoufitf Eﬁ‘aﬁﬁé%‘ér r GlgtRly afreecretn ApPUFles.i ndn | RAREYRRg lrmatrigine
2,5?- di chl aembmzﬂableCdUmfg't the mgnpwcuﬂbrdf.itiswmi MC)BSH?'??':?%EE?? _ ﬁ; n?
reference nar igir
ari sing from'éﬁé%i‘%’a@%ﬁ@p%ﬁ'%etﬁggﬁﬁ‘uﬁf%ﬁﬁﬁmﬁ}'ﬁﬂg c%ﬂ es'ﬁﬁcﬁ@irgﬂ%?n??ﬁe

drug. | n praxkerscéor ke | anadysiofoft lamotrigitteamr naih phasmaoceutica! | dosage domaxi num

f is 0.5%j.d P i gi in- | , Yol
Recryst al PR IBHERAAET CAd dro séﬁhé?w?f{'aéﬁf?é%&ﬁ?&"é@‘?ﬁ%#&*
product i ofregudt sfdamptyigiee gpdithaptherisra goterdial pantanyinaet/atisingfraroraiee ci al

pfgoduct i oReAYtionRldUrRIgBthedmtiesis 8t RimdtABiNel ties. The synthesis of
| anotrigine 1.5 illustrated jn er ence 20 Di chl or obenzoyl

Ref le 1. 2,

Cyani G’ whi I BIESANS TGN MEratore PraHos fnRtaod of astng e PN of o 10%
gf 32,d_3- ﬂ: stﬁtcui‘tpttertfegradaﬂﬂsryd!f iadsamplenot tamhatrigirentr aViftearmaveutical dosage

,o-al C Jd . | { . | . ne
o1 car bonatd T oG sirey B lfan®. Wi, Feed dafenies efiib JAE s2REHARIRMe 1
E _het adducfor( the- presense difca icompshiedy $glegtedgiiami daminait(®), dstichdaiaptiengt)- t

nt er medi S e anhy4drd: navly_eidhi reac

W Tht ne T2t zind BlafRoB ARHATTs kiR B SidiciofpReRYT 2k FdEine |
(Z} - 2-{ 2, 2-HAiohigpbpREaRide. 210 the {methgdcal teoBaenonjthaasaidi srsnpewrd de et oni
D ec Ut sor B et Lux i 6l 4o campaund. B <. The. pr esent
P vent; on t nararoRa oz srihsoahemu )2 prieess HH hathie i 5o &
whi ch profmssuladaprises (i} reacting 2 equival ents of 2, 3-di chi orobenaoyi
chfjoride with 1 equivalent of lamatrigine dissolved in pyridine at a

tenperature of less than 35C or (iij cyCcllisi ng a conpound of formula (1}:
i 0
Ci
o) (A)
~N
|
HNYN
NH,

The compound of formula A (compound A) is a potential degradation

product of lamotrigine which is produced upon hydrolysis of the drug. The

25 compound of formula A may therefore be produced by hydrolysing lamotrigine
under basic conditions. The hydrolysis is suitably conducted by combining
lamotrigine and a base with water, and then heating the resulting solution under

reflux. The base is preferably a strong base, for instance an alkali metal



"Cl C NC C- N(l) ZN-\CfN NHC-J C ~ Cl in propan-1-of under reflux. In
step (ii}pabegconpound of forrmula (1) is produced by reacting together ~s
. conmpounds of formulae {11} and (ill}: PA1608 13 AUG 2002 5 C G I G ~
Cl ~~C NCC-NCl ZNC ~N ~~C/ C NH2 in the presence of a mngral acid,
for instance sul phuric acid. The conpound of fornula (Il) is pro é@&?ﬁ&
treatnment of 2,3 s dichl orobenzoyl cyanide with a sol ution of

am noguani di ne bi carbonate in sul phuric acid. Wen conpounds A and B are
used as reference markers they nust be3in a suitably pure form Conpounds A
and B produced as described above may be purified if necessary to achieve

the desi ;
e et RMBMGELY Sl IAIERECREBSBlIE ol e RO b AR
purifyi ngwateé may he hﬁgtaﬂoup@erncﬁﬂuxufprfa pefied of fegm e hedr to 4@ bgursmfor

convent i Opatarai FGHSI0RbER tBI3B KOs Mefehalblydan24 hokipd hesi s. For i nstance,
t he conpound solvent such as a C6 al kanol

y eated I n an or anl
o aRC and TH! ether GaBParmEL SR ABcA fofErancs Srke Baneyelaat e dRVaRAOMT | he
refl ux t etieesfatelr providdsher sonvound Aviiidh Gs  N-fG&anline-§-(2;, 3 déshidrophphgpanol .

Al t ernatj we n froma hot Cl-C6 al kanol
sol vent, Hér‘ﬁ?’éﬁ?‘?%ﬁ?% &86@%%%”2@%&8% géhhélgﬂ% B are preferably finally
recovered in substanti ally pure form The purity level of a final sanple of
ei ther conpound is typically at |east 20180% for exanple at |east 85%
nore preferably at |east 90% Pu evel s above 90% nay be desirabl e but
are not essential. The purity le hy be, for instance, at |east 92% at
| east 95% or at | east 98% Even w® srcielrably the purity level is 99% or
99.5% Either lanotrigine itself (3 ferred to as drug substance) or a
2s pharmaceutical dosage fqgigconpiising |anmotrigine (also referred to as
drug product) may be anal ys of” pPINNty or stabi Iéty to degradation. For
instance, it is PA1608 3 A |2002N6

NHCO
Cl
Cl
10 The compound of formula B (compound B) may be produced directly by

treating lamotrigine with 2,3-dichlorobenzoyl chloride in pyridine. However, it
has utility as a reference marker for lamotrigine because it is a potential
contaminant arising from side reactions which can occur during the synthesis of
the drug. In practice the level of this contaminant is controlled at a maximum of
15 0.5% in the crude lamotrigine by thin-layer chromatography (TLC).
Recrystallisation of crude drug of this quality then results in the production of
lamotrigine meeting the required purity level for commercial production of not

more than 2% total impurities.
The synthesis of lamotrigine is illustrated in Reference Example 1. 2,3-
20 Dichlorobenzoyl cyanide, which is intermediate 1.4 in that synthesis, may
contain up to 10% of 2,3-dichlorobenzoic anhydride as a contaminant. When
the 2,3-dichlorobenzoyl cyanide is treated with a solution of aminoguanidine
bicarbonate in sulphuric acid, which is step (d) in Reference Example 1, the
adduct (Z)-2-(2,3-dichlorophenyl)-2-(guanidinoimino)acetonitrile  (intermediate
25 1.5) is produced. The anhydride contaminant can then react with the latter



necessary to ensure that lanotrigine is pure followng its manufacture. The
drug substance is therefore typically assayed for both the degradation

product (conpound A) and the process inpurity (conpound B). Pharnaceuti cal
dosage forns of lanptrigine need to be anal ysed to check that the active

agent remains s stable to degradation bot h during manufacture of the drug
product and after severaI years' storage. Pharnaceutical dosage forns, 3AU
whi ch i ncl ude corfdshict oraI tablets and digpersible tablets, are 6 20,

therefore typi caldl, %sg deQ. ound A only. The test sanple of drug
pr enzd

substance or dru pﬁ¥ e to assayed by one or nore
conventi onal ana‘yﬂboahdt ch G@@Nwﬁi gna eghni ques include high
per f or mance Ilqwoﬁ7 ‘0 .nm@gt Iayer chr omat ogr aphy
(TLC). Phe results éffhed are C(’) the“f’%hllssu.%btgar ned from
testing a substantrhblyr reference sanp e'80r ¢ d eBtF) &,
content of the Gom Hn@nn e test sanple ca rsor to

deternined. In on as twhfc thotEef Sforehg, c,i.lrnventl on |s for testPﬂlgxtmds
purity of a sa ofré nééigJ S&ﬂmﬁ, cIu g Khewgé ps of : (i)

di ssolving a ,8@ Ia ?@ur b Bvent to prodﬁ% Raesgmgle
solution; 20 (ili )(ﬁ % d lSrsgl 8 Y2 3-d, Pdeucrng
3- ami Ho- 6- (2, 3- di'¢hl 6y m@%ﬁé) Yﬂdlhél me%@ﬂ}z

N- (5- ami no- 6- (2, 3-di chl or ﬁmpbu;l, %? ’iﬁoewt (fy%’] oggﬁohtrpg enzam de
in a solvent to product a reference 9(@711/@, ndar dess orrr%ﬂ Uivalep;
subj ecting the sanple solution and the standa 'd solution to t s loayer
chromat ography to obtain a TLC chromat ogram for each; and 2s (iv)
estimating the intensity of any secqgrdary. <pot obtained in the chr omat ogr am
of the sanple solution, which corregponds in Rf value to the reference

mar ker, agai nst the spot due to the Refetence marker in the chromatogram of
t he standard solution. In another asp e method of the invention is for
testing the stability to 30 degr tign of a pharmaceutical dosage form
conprising lanotrigine, and incl S fﬁe steps of: (i) dissolving a sanple
of the dosage formin a solvent Hg produce a s | e solution; (ii)

di ssolving a sanple of 3-am no-6- (2k§;N|chlorop enyl)-1,2,4-triazine-53s
(4H)-one in a solvent to produce a rieference marker st andar d sol ution;
PA1608 13 AUG 2002 7 subjecting theNHEmple solution and the standard
solution to thin layer chromatography/to obtain a TLC chromatogram for

each; and (iv) estimating the inte by _ofcjany secondary spot obtained in

t he chronatograntof t he sanpl e sol whi ch corresponds in value to the
s reference marker, against the spo e to the reference marker in the
chronat@gp of the standard sol uti of. @ further aspect the nethod of

the inventi Ofond Pblng the stability to degradation of a
15pharnaceutﬂb3k; a e 6 H*conprising | anotri gi ne, and includes the steps

of 1 i 0 QMpg]j o g of the dosage formin a solvent to produce

one or nore s |® GVanﬁbgdﬁlvrng a sanple of lanotrigine

ref erence standard |n a 0 pro

cE Prog §é01§|ard solution; (iii)
injecting the sanple and standard sol utions on ghcolunn ~s and

(iv) determning the main peak areas of each solution an ¢4 Pgethati ng from
these the content of the reference nmarker conpound 3-am no-6-(2,3

di chl orophenyl)-1,2,4-triazine-5-(4H)-one in the or each sanple sol ution.
In this further aspect it nay be necessary to run a systemsuitability
solution 20 through the HPLC columm prior to step (iii) in order to
determ ne the resolution factor between |anotrigine and any fornul ation
exci pients present in the pharmaceutical dosage form In that case the

met hod i ncludes the additional step of: (iia) dissolving |lanotrigine and
the fornul ati on excipient reference standards 2s in a solvent to produce an
HPLC system suitability solution) and injecting the systemsuitability
solution on to the HPLC colum to determ ne the resol ution factor between

| anotri gi ne and the fornul ati on exci pient. The formul ati on exci pi ent may,
for instance, be saccharin sodium The invention also provides the use of a
conpound sel ected from 3-am no30

6- (2, 3-di chl orophenyl )-1, 2, 4-tri azi ne-5-(4H)-one and

N[ 5- am no- 6- (2, 3di chl orophenyl )-1, 2, 4-tri azi ne-3-yl J-2, 3-di chl orobenzam de
as a reference marker in analysing the purity or stability to degradation
of a sanple of lanotrigine or a sanple of a pharnmaceutical dosage form
conprising |lanotrigine.



“In practice lamotrigine is relatively pure and is quite stable on storage.
3s Anal yt Pédle08esti ng of the drug substance itself, or of pharmaceuti cal

~ dosage PA1608 1 3 AUG 2002 s forms containing |anotrigine, therefore
serves principally to confirmthat conpounds A and/or B are absent or are
present only at levels belowthe linmt of detection for the anally Ab&200?
techni que in question (about 0.3% ww for TLC and 0.06% w w for HPLC). s As
an alternative to assaying a sanple of the reference nmarker separately each
time it is desired to assess data obtaibned from anal ysing a sanpl e of drug
substance or drug product) a paranmeter known as the Response factor (R) may
i nstead be used. A Response factg@] is a previously determned ratio of a
nunerical result obtained ' conmpound A or B using a
given io analytical techni to the cof ondi ng nunerical result

obtai ned by testing pure l'agogrigine at an egui val ent concentration. The
numerical result in question[may We, for iWwsStanCk, an HPLC peak area
response value. Thus, given gppropriate anglytical results for pure
lanotrigine and for a teBCsanpl e of a plyarmgseutjcal dosage form of

| anotrigi ne, the known R onsﬁ factor for islcongound A or B can be used
to cal cul ate the anount \an particul ar e ngrker in the test
sanpl e. The cal cul ati on may be i |1 ustratedSt ence to HPLC anal ysi s
results as follows: 20 % w vWNid§ conpound A or Ar x W test sanple
relative to lanotrigine As x R wherein: 2s Ar peak area of the
conpound in HPLC test solution As = main peak area of lanotrigine alone in
HPLC standard solution R = Rﬁ@ponse factor of the ﬁonpound W = weight (in
ng) of the standard taken 30‘'For conpound A of t hd") nvention the HPLC
Response factor is 0.79. The invention will be further described in the
Exanpl es whjch follow .35 . P 16Q§ 13. AUG 2002 9 Reference Examne 1: C C
CHO 11 Cl w&he@@@emge @fﬁ mineral acid, for instance sulphuric acid.

The compound of formula (ll) is produced by treatment of 2,3-
5 dichlorobenzoyl cyanide with a solution of aminoguanidine bicarbonate in
sulphuric acid.

When compounds A and B are used as reference markers they must be in a
suitably pure form. Compounds A and B produced as described above may be
purified if necessary to achieve the desired purity level. The process of the

10 invention for producing compound B as described above may therefore include
the additional step of purifying the resulting compound.

Purification may be carried out by conventional methods which are routine
in organic synthesis. For instance, the compound may be heated in an organic
solvent such as a C4-Cg4 alkanal, filtered and dried under vacuum. Heating is

15 typically carried out at the reflux temperature of the solvent. A C;-Cg alkanol is
preferably propanol. Alternatively the compound may be recrystallised from a
hot C,-Cg alkanol solvent, preferably hot propanol.

Compounds A and B are preferably finally recovered in substantially pure
form. The purity level of a final sample of either compound is typically at least

20 80%, for example at least 85%, more preferably at least 90%. Purity levels
above 90% may be desirable but are not essential. The purity level may be, for
instance, at least 92%, at least 95% or at least 98%. Even more desirably the
purity level is 99% or 99.5%.

Either lamotrigine itself (also referred to as drug substance) or a

25 pharmaceutical dosage form comprising lamotrigine (also referred to as drug
product) may be analysed for purity or stability to degradation. For instance, it is




i (dy-"yYcL d C~~NOCN,~~NH2 15 HzN Preparation of lamotrigine Cl (a) ~
Cr CO2H 12a4608CI (c) ~ Cl COCI 13 (e) C ~N "NH2 16 s Step a: Preparation
~of 1.2 Asolution of 1.1 (1 nole), tertiary-butyl alcohol, water and sodi um
hydr oxi de (2 noles) was stirred and hydrogen peroxide solution (35%wWw, 4
nol es) was added at 50-60C over 3 hours. After stirring at 55- qqz)CAgﬁt)z 220

m nutes, the tertiary-butyl alcohol was renoved by distillation and OR
aqueous sol ution was PA1608 13 AUG 2002 10 washed with toluene. The
aqueous solution was acidified to pH 162, and the product was filtered and
washed with water. The danp solid was either used directly in the next

! ! o . . AL %
i eva. s MesRaRr i endinelhaflanndileds bubd ioying 8 nfshdrecipe, Tyleadar?
i n tol uensubgiances iisr theratede dtypiallpyassayped Ifar ibpth the egradatiorc qubductand

L ; | ;s b o
ohl ori de {;%"Wm'{%é{fﬁ#ﬁ@éﬁ?ﬁ PSS el NS b B0 P elcbc A ddspgery
t hen conclermsafdamorrigine needdodis analysed de cheek thaithe active iaggnt eemains

el es) wastaprdesl degpadatiied bbih CuphgUMapMRitiee Of tHe WPLEDroddst anyd afsmi ni ng
sol vent was renoved py

distill j tiJ the, int | "t tu
140144C. ShieLat effpPat ﬁpéggé[s ﬁgh%?@léﬁggﬂqagr%gg%r Hgﬂp'éen@ﬁ{?ﬁ ;J 'hg‘ th i on
i xt ur e wesnvemtibed] ol ltablets mnd ldispersiblectabiats | ate theeefore typicatlyeassayegani c

salts. i msch i S evaporated to dryness in vacuo at 60-70C, and
t he resi th?g:agm d&"trdy@t%é‘ﬁ?. sed frompetroleumether to yield 1.4 as a yellow

solid in 77% edesat samele af drigpabsianes opfdrug product to be analysed may be
10 assayed by one or more conventional analytical techniques. The analytical

techniques include high performance liquid chromatography (HPLC) and thin
layer chromatography (TLC). The results obtained are compared with the
results obtained from testing a substantially pure reference sample of compound
A or B. The content of the or each compound in the test sample can then be
15 determined.

In one aspect, the method of the invention is for testing the purity of a
sample of lamotrigine, and includes the steps of:

(i) dissolving a sample of lamotrigine in a solvent to product a sample

solution;
20 (i) dissolving a sample of 3-amino-6-(2,3-dichlorophenyl)-1,2,4-triazine-5-
(4H)-one or N-(5-amino-6-(2,3-dichlorophenyt)-1,2,4-triazine-3-yl]-2,3-

dichlorobenzamide in a solvent to product a reference marker standard solution;
(ili) subjecting the sample solution and the standard soiution to thin layer
chromatography to obtain a TLC chromatogram for each; and
25 (iv) estimating the intensity of any secondary spot obtained in the
chromatogram of the sample solution, which corresponds in Rf value to the
reference marker, against the spot due to the reference marker in the
chromatogram of the standard solution.
In another aspect the method of the invention is for testing the stability to
30 degradation of a pharmaceutical dosage form comprising lamotrigine, and
includes the steps of:
(i) dissolving a sample of the dosage form in a solvent to produce a
sample solution;
(ii) dissolving a sample of 3-amino-6-(2,3-dichlorophenyl}-1,2,4-triazine-5-
35 (4H)-one in a solvent to produce a reference marker standard solution;



" Ami noguani di ne bi carbonate (1.75 noles) was dissolved in 9.3-10.0 M 20

sul phuri c P&cigd8sol uti on. A solution of 2,3-dichlorobenzoyl cyanide (1 nole)
.in acetonitrile was added and the suspension stirred at 20-30C for 42-48
hours. The crude product was filtered and washed with water. The solid was
added to sodi um hydroxide sol ution bel ow 35C, then the product magg 2?”?
filtered, washed with water and dried at 80-90C to obtain 1.5 as a yellTow
solid in 66%yield. 2s Step Preparation of Crude Lanotrigine A solution of
1.5 in propan-1-of was stirred under ré&flux for 90-120 mnutes, cooled to
15-25C and crude lanotrigine was filtered to obtain a pale brown solid in a

90% yi el d ( onji g r 415lgti rthei
rec(; gst al | i(sg'ltlf?o%hﬂﬁﬁgﬁhgasn- 1F-)|%I éﬁﬁ%‘%’ﬁgﬁ gh@%o%ﬁ?@ngaggé? iqﬁgthhg&er

sol uti on fBromategraphnto ebfeinadds ehromategramdeneachiiand pr opan- 1- of and
g( i edI at 180-P R Te@%iﬁfaftiﬂgdtlgé” mté rdfg'gng_- séléonda P@blﬁﬂ&iﬁtgirz&é? iA0QRe 11
anple 1:, Preparation.of 3-am no-6- -di.chl or ophenyl) - -trjazjine
S ah) - one CETRBGURIMAPY Lo SRR cSqIBoR. ahich FRERPONas i Jilie teodhem
hysdr oxi de re¢f2dencly)maekes, cagainstedhev spotwaler t¢ 6thd )refereéncef mackdr vint ithe
stirring ]ERg‘%’ﬁ%ﬁ@g%f%fﬁqﬁg_%gé@éfslé’ﬂm‘ﬁ- solution was cooled to 15-20C and

the pH adju W th hydrochloric acid. The resulting
solid was fillne &rtharcaspectthe onethad refthe invention istfondestinanthe stabiityCtand

finally a i ' i ' PLC as 82%
The HPLC E’Sﬁﬁ?@tﬁtgﬁ?f%?';éiﬁe‘ftfééa,??%@l o S e 5 & et :

0

vater (60609 Ingludesthe s1epsQfoo) : 0. 5M Sul phuric acid (15) Flow rate: 2.0
mo m n Sanpl €]) SQ@iswlving E0Samplel of thetdosager folf ihla s6lveat & praditiceZaite B A
sanpl e of thg 82% gurgtpr oduct (583g) was conbi ned with propanol (151) and
refluxed & C;_aénﬁﬁ GPU9RS) | owi ng extraction and dryi ng, conpound A was
obt ai ned i n 98) 2%issohving & saoplalef dambirgind yefdririte stindgrd e = solient dms

descri bed I purification step was performed by refl uxing
a sanple 8?98é$%%§§ﬂ§§ﬁgfé U@P'in propanol {51) for 1 hour, with stirring.

The solid wadii)j injectnn del semrlg and seodandsolutipnsuantte an frldCromdumng | e
cpnmpound AEO0. 79, 74. 7% yield). The final product had a purity of 99.1 % as

TR (o R LOR-UN ROPERRN I M 2
C H N cal theb Ofité 2c@mem? LoBOMe orafdrehze02¥ake? S YoRipdlitd 38-amhifo(G{(2,3ca gel
W Ol ol RS BhRACE 4 F AR SR AP Bt LaRbif oot O %) - mim
In this further aspect it may be necessary to run a system suitability solution
20 through the HPLC column prior to step (iii) in order to determine the resolution
factor between lamotrigine and any formulation excipients present in the
pharmaceutical dosage form. In that case the method includes the additional
step of:
(iia) dissolving lamotrigine and the formulation excipient reference standards
25 in a solvent to produce an HPLC system suitability solution, and injecting the
system suitability solution on to the HPLC column to determine the resolution
factor between lamotrigine and the formulation excipient. The formulation
excipient may, for instance, be saccharin sodium.
The invention also provides the use of a compound selected from 3-amino-
30 6-(2,3-dichlorophenyl)-1,2,4-triazine-5-(4H)-one and N-[5-amino-6-(2,3-
dichlorophenyl)-1,2,4-triazine-3-yl]-2,3-dichlorobenzamide as a reference marker
in analysing the purity or stability to degradation of a sample of lamotrigine or a
sample of a pharmaceutical dosage form comprising lamotrigine.
In practice lamotrigine is relatively pure and is quite stable on storage.
35 Analytical testing of the drug substance itself, or of pharmaceutical dosage



" PA1608 1 3 AUG 2002 12 Infra-red (KBr): Vmax (cm): 3301, 3127, 1655 1556,
1484, 141PpA16880, 1200, 1056 812, 785, 748 s 737, 719 '-Hnnr: Slppmin

. d6-dnso (22mg m -')1300MHz: 12.43 (1 Hbs); 7.71, 7.68 (1 Hm,; 7.40

(2H, m; 6.99 (2H,bs); 3.3 (bs(water)); 2.5 (g(dnso-d5)); 0 (s, TM5). Mass
spec: mz: 256 (M+'), 258 and 260 (associated isotope ions), 22F, AU63Mi | O
171, 85 (fragnment ions as indicated below) Cl 22~ 86 NH2 is 20 2s Exanpl e
2: Preparation of

N-[ 5- Am no- 6- (2, 3-di chl orophenYl )-1, 2, 4-triazine3-yl]-2, 3-di chl orobenzam de
(Conpound B) Lanotrigine (512.00g, 2.00 noles) was dissolved in pyridine (3

s5e 10g. 11BY G RaTiEdeniidhG. inkRee FweR: DRHCRan G ot r i, Bt
condi ti onsommende iAdlantop B are aser ddade presemd oahual legelst hejow. th@Hmmsef:ond
portion ofe anBFg{éb%ﬁawgg@@gﬁﬂlq%t:ﬁ@@}é&ti@g&%@ﬁt DI AE i B d the

reacti on an stlrre or a fur m nutes. The resultin
mi xt ure wADeunior &tk o al nost dryness and then triturated with
cll orof orm (Jo?soan rﬁn)erfﬁétivelfb BESUY; aV%érﬁpl%t d)frthlen@ferzlneerrﬁametrls"épa?aiéud was

filtered an orof or and dr.ied at

temper at uPBCR STEF R Jesred t%@ﬁ@%%%ﬁ%@é&@%@%%ﬁﬁ% SSPISRhARS! ¢ he
crude pr odubstanb6.cdgirugasodhectt e paramieterekrioaviobs (B® Resppnate faetor R) may
tenperatu bl N d: .t he

filtered [n%t%% robrezltl"(“f’%a % Olf?é’gp%n@@”(ac?d? ¥ Q %’re%%ﬁi&) g)gg)t%ﬂe roé)uc}w%as
the foll omun@rqsaysawlobia@eddnetesgng @sﬁample of RaTHTS! Aaqu;ugmyza mvento 15
10 analytical technique, to the corresponding numerical result obtained by testing

pure lamotrigine at an equivalent concentration. The numerical result in

question may be, for instance, an HPLC peak area response value. Thus, given

appropriate analytical results for pure lamotrigine and for a test sample of a

pharmaceutical dosage form of lamotrigine, the known Response factor for

15 compound A or B can be used to calculate the amount of that particular
reference marker in the test sample.

The calculation may be illustrated with reference to HPLC analysis results

as follows:
20 % w/w of compound A or B in = Ar x Ws
test sample relative to lamotrigine As xR
wherein:
25 Ar = main peak area of the compound in HPLC test solution

As = main peak area of lamotrigine alone in HPLC standard solution
R = Response factor of the compound
Ws = weight (in mg) of the standard taken

30 For compound A of the invention the HPLC Response factor is 0.79.

The invention will be further described in the Examples which follow.
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20 25 30 Mol ecul ar formula: C1I6HICI 4N50 Infra-red (KCl): Vmax (cm1l)

Mol ecul ar prefB08 429. 09 3468, 3300, 3202, 3385, 3277, 1687) 1625, 1559,
1414, 1387, 1538, 1459, 1253, 1157, 1136, 1116, 790, 775, 741, 724 1H-nm
al ppmin ds-dnmso (39 ng nil-1)/300 MHz: 10.85 (1 H, bs); 7.8 (1

(1 H bs); 7.77 (1 H d, J=7Hz); 7.73(1 Hd,J=7Hz); 7.5 (4H, n) @7(0
3.32 (bs, water); 3.18 (s); 2.50 (quintet, dnso-d5); 2.31 (s, nethane

sul phonate); 0.00 (s, TMS). Mass spectroscopy Chem cal ionisation (Cl):
mz: 428 (Mtl )+; 430, 432 and 434 (as$bci ated isotope ions). Electron
inmpact (EI): mz: 428 (m+l )+; 392, 199, 185, 173, 145 (fragnent ions as

i ndi cat ed l4.Cl N \of| in€199 0 ° NH2 s5 173 145
Exanpl e 3%%‘% E}(aﬁgg!gll i gi Pledidrétion mgtrigin ug product

(di spersible tablets) by HPLC Pr eparation of Standard and System
suitability Gblutions A standard sol ution wgs prepared by transferring

| anotri gi ne ef eré PA1608 1 3 AUG Z002] 14 standard (approxi mately 100
my) accurate Ghed) into gapoonml vol uperyi ¢ Gll ask. Methanol (200nl) was
added to d e the sol i-d—Felowed by chI oric acid (100nl, 0.5M

w th m xi ng he_resulting solution was 4 med to cool to roomtenperature
and diluted Yo voPblfe with water. s A systefi suiG@gHlity sol uti on was
prepared by transferring | anotrigi ne referenfe standard (100 ng) and
saccharin stdiumreference standard (20 rrg) o a 500 mM volunetric flask
and diluting to volune with water. Preparation of sam-~le solutions io

l (b)

Cl Cl
Cl (c) cl
C=0 COClI
1:4 éN 13
l (d)
Cl Cl
cl Cl
N
4 ~
- IS
EN S, ©) L HNTYNT N,
1-5 HaN
1-6
5 Step a: Preparation of 1.2

A solution of 1.1 (1 mole), tertiary-butyl alcohol, water and sodium hydroxide
(2 moles) was stirred and hydrogen peroxide solution (35% w/w, 4 moles) was
added at 50-60°C over 3 hours. After stirring at 55-60°C for 30 minutes, the
tertiary-butyl alcohol was removed by distillation and the aqueous solution was



~nl ntinn ~1 Fromthe information given in table 1 which follows, solution S
1 -was prepP&i®d8by transferring the specified nunber of tablets to the
specified volunetric flask. The specified volume of hydrochloric acid (0.5
M was added is and the solution swirled until the tablets had 6.2000
disintegrated and the resulting effervescence had ceased. The spéé'éqé@

vol unme of nethanol was added and the solution was placed in an ultrasonic
bath for 10 m nutes. The solution was then allowed to equilibrate to

anbi ent tenperature and diluted to vol ile with water. 20 Table 1 Tabl et

St rengt hNunber of Tabl etsVol unetric Flask Size (m)0.5 M Hydrochloric Acid

00100 ehREnANM tofHED £ dquEsLE Salhild deks HBRRRASEP 1 TH sy e D020
oo e RO afas, BCREa0 wathad Mithraasr - i Hamr/paldayas Siacaneds aUs
200 15 Noditetily trethemest stafeeof ithies prddess ootiried| dtr 80-@00@stodaferar dewlhitd he

clear fil tsé@cf ﬁ’l?\%’?? %E%arrpl e solution. b) 25ny, 50ny) 100nmg and 200 ngy

tablets s s filtered through a Whatnman no. 1 filter paper.
Thte first 10n1 of filtrate was discarded. The filtrate (10.0 m) was
transferr m v lqagk and was diluted to volune with a
m xture o e ¢H feio JH& er: methanol (20:;20:40 v/iv). io

Chr onat ogr aphﬁ solytiopeafut- 3 (Trfeoteaum éqwﬁgedr@ﬁjstlrr@%nﬂecﬂreembédi'stdi@hgﬁn Itis

was then cooled and pyridine (0.005 moles) was added, followed by a slow
addition of thionyl chloride (1.1 moles). The solution was heated under reflux for

10 1 hour, then concentrated in vacuo to afford crude 1.3. Potassium iodide (1.2
moles) was added, followed by cuprous cyanide (1.2 moles) and any remaining
solvent was removed by distillation until the internal temperature was 140-
144°C. This temperature was maintained for 18-24 hours, then the reaction
mixture was cooled, diluted with toluene and filtered to remove inorganic salts.

15 The solution was evaporated to dryness in vacuo at 60-70°C, and the residual
oil crystallised from petroleum ether to yield 1.4 as a yellow solid in 77% vyield.

Step d:  Preparation of 1.5
Aminoguanidine bicarbonate (1.75 moles) was dissolved in 9.3-10.0 M
20 sulphuric acid solution. A solution of 2,3-dichlorobenzoyl cyanide (1 mole) in
acetonitrile was added and the suspension stirred at 20-30°C for 42-48 hours.
The crude product was filtered and washed with water. The solid was added to
sodium hydroxide solution below 35°C, then the product was filtered, washed
with water and dried at 80-90°C to obtain 1.5 as a yellow solid in 66% yield.

25
Step (e) Preparation of Crude Lamotrigine
A solution of 1.5 in propan-1-ol was stirred under reflux for 90-120 minutes,
cooled to 15-25°C and crude lamotrigine was filtered to obtain a pale brown
solid in a 90% vyield (on a dry basis). The crude lamotrigine was purified by
30 recrystallisation from propan-1-ol, using charcoal, and cooling the solution to 15-
25°C. The solid was filtered, washed with propan-1-ol and dried at 80-30°C to
afford pure lamotrigine.
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Mobi | e phase: Tenperature: 20 Flow rate: Wavel ength: 2s Injection vol une:
Notes: 12PAd6d86 mm (i.d.) Stainless steel packed with Spherisorb 5 pm ODS
1 or validated equival ent Water/ methanol/acetonitrile/glacial acetic

aci d/ noctyl am ne (700/100/100/2010.5 v.v) Anbient 2.0 m | mnute 275 nm 20
Nl (a) Columms were conditioned before use by punping through ”ﬁtﬂ@?w}

30 alowflowrate for about 30 mnutes. (b) The specificity was i nfluenced
by the ratio of water to nethanol:acetonitrile. (c) Decreasing the

met hanol : acetonitrile content of the tpbile phase increases the resol ution
of lanmotrigine and sodi um saccharl n, the retention tine 3s of all

conmponent S ‘ . pges in
acid concéx iy E ? et ' ' 5 >ty i ﬂm 2 had
no signi f5(ﬂi‘ﬂt‘°neermUmdlé\)chr omat ogr aph| c speC| £i ci ty (e) After use the
col um was “@%ﬁﬁﬁrlgnb 6”@4&‘@11 m%%?%nﬂjso% §dﬂ|urﬂ"%r8¥|d€ﬁ(t2ﬁ2mf§e) wére

I t t

Sul tabi |1 ESTDEIEE ViR Wale" (5 bAnsraiNNR Bt SUBNGHPORATRUS: THA (aSking

I agt ri g} §?ﬁﬂﬁd wascﬁla@lelcn tcSOKBf ztrﬁcvx@mldctﬂec pHakejlistdd ¢o SFomes.bytd 8ad avitand
nunber o €Q ica tes i 0 sin
Cener al MBY‘F{ E)fr d : @z?HR'IBHaﬁqlrlgc‘g%%ﬁ'@@%‘?@F@@I@E ?%30§y%ﬁkﬁgay )
Sui t abi | i 49° G’artlaemtair §p°CTthvﬁJhaIBs abb7QiGred Tiver pusty fafl thengpro&estolwas on 10
Syrmet [y §8fiind By HPU astiash hIREAIPEE! colafiohs e Torgandar d, so ut i on

and sanpl e so I on nj ec onto the co .almilatinnc
20 From the mai nGo&dRNar ea ofSP'I*@'ISﬁrQ@@d:l?a sol ution the response factor (R)

figr lamotrigine whserftal cul at eglzgsr (BOL): WEstoMEUE XFOES 6MO00 2s
Sulphuric acid (15)

Flow rate: 2.0 ml/min
Sample: 50 mg in 100 ml
Inject: 50r 10 yl

15 Detection: 270 nm

A sample of the 82% pure product (683g) was combined with propanol (15l)
and refluxed for 0.5 hours. Following extraction and drying, compound A was
obtained in 96.2% pure form as determined by HPLC, using the conditions
described above.

20 A further purification step was performed by refluxing a sample of 96.2%
pure product in propanol (5l) for 1 hour, with stirring. The solid was filtered and
dried at 40°C under vacuum to afford the title compound (460.7g, 74.7% yield).
The final product had a purity of 99.1% as determined by HPLC.

The product had the following physical characteristics:

25 Molecular formula: CgHgCI,N,O Molecular mass: 257.08
Elemental analysis

c R N
calc 42.06% 2.35%  21.80%
found 42.02% 2.25%  21.23%

30
TLC (silica gel with Chloroform:Methanol:Glacial acetic acid:Butan-i-ol
80:10:10:5)
- main spot at Rf = 0.38
- trace at Rf = 0.82
35



where:: W = weight (ng) of lanotrigine standard taken P = % purity of

| anot ri gi PA1EEBer ence standard 30 As = area of lanotrigine peak in standard
solution injection The nean response factor (MR) was used to calculate the
| anotri gi ne content of the sanple as follows: Lanptrigine content
(ngltablet) 3s AuxMDFu DFs x N PA1608 13 au~ 2002 Lamtrlggrmfﬁclmtent
= (%of label claim s where: 17 AuxMRXDFux100 DFsxNxL Au -

| anotri gi ne peak in sanple solutions S2 injection N - nunber of tablets
tested DFs - dilution factor for standd2d solution (500) io DFu - dilution
factor for sanple solution (250 for 5 ng tablets, 1000 for 25 ng tablets)
1250 for ﬁq@ré@ngF)SVmaZE(Qﬁ’\ fyor 313@)(3 rg;|g7ab165§ and 5000 for 200 ng
tablets). /T - Ta clarm Thé ca {1%1 secondary conponent eluting at
the retention time of is conmpoun Wrated with respect to the
standard | anotrigine as foll ovvs:12<9©npmmd wasontent ( Www) with respect to
lamotrigine - Al x W As x 0.79 V\:h;%’ area of peak for conpound A
in sanple solution S2 injection %@ mefgﬁlt%i ng) of lanotrigine reference
stsandard taken 2s As - ar ea of 787t ri1§l ne peak in standard sol ution

i nj ecti on1|q i g{lﬁ,{\ @n{s%s rrfaﬂf‘il% f_&r corrpound A Simlarly the

| evel of e at ed second § conponents was cal cul at ed

on a %w \ﬂlzkfé?sﬁs]" 5?§)9l7n7ﬂ1g7 8r(éi-hm »v_é4pe@b'b'ﬁ'§e6\9 debhbot 318 (Ps(watemk 2.5
fol I ow ng (¢@med-85));0 (aPMB)2 were obtained: 35

Mass spec: m/z: 256 (M™), 258 and 260 (associated isotope ions), 221, 186,
10 171, 85 (fragment ions as indicated below:)

221

Example 2: Preparation of N-[5-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazine-
15 3-yl]-2,3-dichlorobenzamide (Compound B)

Lamotrigine (512.00g, 2.00 moles) was dissolved in pyridine (3 1) and 2,3-
dichlorobenzoyl chloride (873.00g, 96% pure, equivalent to 838.10g, 4.00
moles) was added below 35°C with stirring under anhydrous conditions. The
acid chloride was added in two equal portions. The second portion of acid

20 chloride was added after 30 minutes from the start of the reaction and stirred
below 35°C for a further 30 minutes.

The resulting mixture was concentrated to almost dryness and then
triturated with chloroform (1300 ml) for 10 minutes with stirring. The resulting
solid was filtered and washed with chloroform (3 x 50 ml) and dried at room

25 temperature to a weight of 308g, 36% (based on compound B). A sample of the
crude product (50.0g) was heated with methanol (500 ml) at reflux temperature
with stirring for 1 hour and the resulting hot mixture was filtered to afford
compound B in very pure form (37.0g).

The product has the following physical characteristics:




" PA1608 13 AUG 2002 18 Tabl e 2 ConponentRetention Time (m nutes)Rel ative

Ret enti onPAN1@9Bel ati ve Response Fact or (RRF) Conpound

~ A5.53.90. 79Lanotrigi nel. 41. 01. OBl ackcurrant fl avour2.51. 8-Saccharin

sodi unB. 22. 3- Exanple 4: Determ nation of Conpounds A and B in dru
substance (lanotrigine, 125Nm particle size) by TLC Test 1 - co,&)z\ﬂg(g E The
follow ng standard and test solutions were prepared in an equiVv {0

m xture of nethanol and 2-net hoxyethanol: solution 1. 5.0% w v sol ution of
the sanple solution 2: 5.0%wWv soluti®® of |anotrigine reference sanple
solution 3: 0.02% w v solution of conpound B solution 4: 1.0 m of solution

2 diluted S-Syl y 1 . Ubi 4 diluted with 10.0
m of sol MM'O%’%%Q%%M e Ia?ﬁ‘na%%'.ug?ﬁ}% ed to 10.0 m
solution 7: 5.0 mM of solution 5 diluted to 10.0 m solution 8: 2.5 m of
sol ution mfel-ted @pr)pvn;aox.(@m'ﬁ); 2@468e 300l ®RoPg pl ate: nobil e phase: spot

| oadi ng: 2> tength of run: TLC &r%%ratégr}g C@é'ti ons were used: 20x20 cm
plate coated with a 0.25 nm | ay éf i'lI'r C el 60 FZ~ et hyl

aget ate/ gl aci al acetic acid/ net H&25l, 1659, 13t14,v/v) 10N1 of each solution 10
cm The TLC plate was al |l owed to ( gy if333i r{4ad was then viewed under
ultraviolet light at 254 nm The tTest wa$ not 'valid unl ess the chromatogram
obtained with solution 5 exhi bi t1@$3 \id 5l €836y separated spots and the
corresponding  PA 1608 13 AUG 20Q33% ¥do0, 775,

741, 724

10
'H nmr : 6/ppm in dg-dmso (39 mg ml)/300 MHz:

10.85 (1H, bs); 7.8 (1H, bs); 7.1 (1H, bs),
7.77 (1H, d, J=7Hz); 7.73(1H,d,J=7Hz); 7.5 (4H, m), 4.08(bs); 3.32 (bs, water);
15 3.18 (s); 2.50 (quintet, dmso-ds); 2.31 (s, methane sulphonate); 0.00 (s, TMS).

Mass spectroscopy

Chemical ionisation (Cl): m/z: 428 (M+1)";
20 430, 432 and 434 (associated isotope ions).

Electron impact (El): m/z: 428 (m+1)"; 392, 199, 185, 173, 145 (fragment ions as
indicated below:)

Cl Cl Cl Cl
N—N
2 N—NH+C
TS
199 | O
NH2 85
25 1731145
Example 3: Assay for lamotrigine and compound A in drug product
(dispersible tablets) by HPLC
30 Preparation of Standard and System suitability solutions

A standard solution was prepared by transferring lamotrigine reference



" s iois spots in the chromatogram from solution 8 were both detectable. The
I ntensi typAfiee®y secondary spot corresponding in Rf value to conpound B

_ obtained in the chromatogram of solution 1 against the spots due to
conpound B obtained in the chromatograns of solutions 5, 6, 7 and 8
(equivalent to 0.2) 0.15, 0.1 and Q 05% w w, respectively) was elrsﬁtlp'g%ﬂnfi
The intensity of any secondary spots obtained in the chromatogra é
solution 1 against the spots due to |anotrigine obtained in the

chromat ograns of solutions 5,6,7 and 84 equivalent to 0.2, 0.15, 0.1 and

0. 05% respectivel y) were estimated. The Rf val ues obtai ned were:

oL | 1 980020 GACRAENS108 18D, Zeslrafely \ATRAS A oTBB0KENonaed o

and stan I N an unme mxture o

and 2- rretﬂﬂf»kyet M@tbanolsdm@mh vg_as safided o® ﬂ'$$Q§YﬁT@'§t @“ébo@oy@ﬁutb%n 2
0. 05% w Vhy‘?zﬁbéﬁlbﬂg a%id efo“mﬁlu ocbm) W‘lﬁ ﬁhmmgnwrrns rés&itia %roﬁitld?ﬂw‘égréilbw«éws

wer e used ate coated with 25 mm | ayer

R
of Silic od‘golgbrqqn tﬁ%ﬁf@“%ﬁ@@""l‘%%@o‘?‘ﬁﬁ"ﬁ?ﬁ%‘ WAY" gl aci aI acetic
agi d/ but an- 1Aofsy660n 18uitdbility v selutienotvak o peéprred 16)1 trahsfeoting | @mdtrifineand 2

NI of sol uti I r un. 2l 0 Loy air
and t hen r%i*%%&‘%&ﬁ%g‘%r@ (ﬁbgﬁjabﬁéa ﬁ%%ﬁ?ﬁ%{g o%ﬁn \regr@r%(lée %%?‘8%8‘? ?%/é{cgﬂaa)any
secondar ytospb00 ol wodumetrppofifatikranddilutitgte valumieevihwaten ogr am of sol ution 1
agai nst the spots due to conpound A in solution 2 (equivalent to 0.1 and
0. 2% w w) _was estlmated The Rf val ues obtained were: |anotrigine: 0.25
conpound Arepas 1hg &2 erm nation of conmpound A in drug product
(d00ny PA1608 1 3 AUG 2002 20 5 to 15 lanotrigine tablets) by TLC

Solution S1
From the information given in table 1 which follows, solution S1 was
prepared by transferring the specified number of tablets to the specified
volumetric flask. The specified volume of hydrochloric acid (0.5 M) was added
15 and the solution swirled until the tablets had disintegrated and the resulting
effervescence had ceased.

The specified volume of methanol was added and the solution was placed
in an ultrasonic bath for 10 minutes. The solution was then allowed to

equilibrate to ambient temperature and diluted to volume with water.
20

Table 1

Tablet Number of | Volumetric 0.5M Methanol

Strength Tablets Flask Size Hydrochloric Volume (ml)
(mi) Acid Volume (ml)

5 mg 10 250 50 100

25 mg 8 200 40 80

50 mg 5 250 50 100
100 mg 5 500 100 200
200 mg 5 1000 200 400

Solution S2

25
a) 5 mg tablets
Solution S1, prepared as described above, was filtered through a Whatman




" Preparation of Standard and Sanple Sol utions A standard sol uti on was
prepared PA1®BO8ur ately wei ghi ng about 10 ng of conpound Ainto a 100 m
~volunetric flask. The conmpound was dissolved in, and diluted to vol une

wi th, nethanol. A sanple solution was prepared by transferring ggﬂﬁmt of
powdered tablets, equivalent to 500 ng of lanmptrigine, into a5
volunetric flask. The powder was dispersed in 15 m of hydrochloric acid
(0.1 M and a m xture of nethanol: 2-net hoxyet hanol (15115 v/v, 30 nm) was
added. The flask was placed in a ultra$dnic bath for 10 m nutes. The
solution was then allowed to cool to anbient tenperature and diluted to
vol ure W Np.§ fiftefBhBaNCThe IFRUEPIr of RARAL vl YiRBArdEdK ! TAE clcHiTilfalehgn vas
m xed wel | and tere hr ough I'ter paper (Whatman e) he cl ear
filtrate Wesample 8autiny ution. TPQ MPthnri The fol | owi ng TLC oper ating
conditions were used: Plate: 20 X 20 cmplate, coated with a 0.25 nmm | ayer
of silica,gel ) Ch rofornimethanol/gl aci al acetic
aci d/ but aR + 2 1% g: 10 NI of test solution, 3 N
arsd 5pl of st&oidbmrdealvamﬁﬁareIBtHrem@nIaWhatman s trilteo p@per. pThedi irsiat0
al l owed t r ht
ot omg nm %I_?cﬁyf lfré‘t[eaw‘ég dﬁ?&;rdeé a||- ﬁe ﬁﬁr%t%"g%w ﬁ\‘rqe\gﬁé'qpé?{sfé“réé b %gzltontfégi -
t he chronﬁ@b@a%tﬂpdfa%@n%m di lst@ﬂutpl wluagawitBta mistusp af latﬁracfﬁi@ac\/a% 3 NI
of the standany watbktmethdneP(Z@sea0dig to 0.3 % w w inpurity) was
estimated. The conbined intensity of all secondary spots was not greater
than the 5N1 | oadi ng of the standard solution (corresponding to 0.3% w w

i fopur i ty) Ch3smbltegrBphicyproeedue e as fol | ows: PA1608 13 AUG 2002 21

appended. of ai e TVOREE B0 Congbte Baad ha The wor ds +comrise” and

"include" and variations such as "conprises", "conprising", "includes"
"includi nggdhg: to be int er1@r5et)gd4 BNGhsivg! $’t'ék SSs tﬁ%epoxf'é&étd e | res
ot herw se. at is, the use of these vvorci r)ra usion o
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Temperature: Ambient
20
Flow rate: 2.0 ml/minute
Wavelength: 275 nm
25 Injection volume: 20 ul
Notes:

(a) Columns were conditioned before use by pumping through methanol at
30 a low flow rate for about 30 minutes.
(b) The specificity was influenced by the ratio of water to
methanol:acetonitrile.
(c) Decreasing the methanol: acetonitriie content of the mobile phase
increases the resolution of lamotrigine and sodium saccharin; the retention time
35 of all components is also increased.



1 3 AUG 2002 -22 CLAIMS 1. A nethod of testing the purity of a sanple of
Ianntrlglpa1608a pharnaceutlcal dosage form conprising | anotrigi ne, which
nmet hod conprises assaying the said sanple for the presence of

N-[ 5- am no- 6- (2, 3-di chl orophenyl )-1,2,4-triazin-3-yl]2,3-di chl orobenzam de.
2. A nethod according to claiml for testing the purity of a s: hm5ﬂ¢2

| am~tri gi ne, which incls~de5 the step:: of: (i) dissolving a s 55

| anotrigine in a solvent to produce a sanple solution; (ii) dissolving a
sanpl e of 16

N- (5- am no- 6- (2, 3- dichlorophenyl) 1,2,4-triazin3-yl]-2,3-dichl orobenzam de

in a sol vent (Jokib)
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agai nst t REM§IPENBle to the reference marker in the chromat ogram of t he
stsandard sol ution. 3. A nmethod of testing the stability to degradation of a
solid pha[ eut | %I osage formconprising | anotrigine, which nethod
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estimti né tRE Pht ensi ty of any segondary spot obtained in the chromatogram
of the sabphenetsy tadton, which corrdsponds in Rf value to the reference

rker, agi nstt éB%t@QPﬁla@é@ to q4pg reference marker in the chromatogram of
the standard soru tion. 5. t hod according to claim3 for testing the
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each sol ution and cal'Gul atin e content of eren

mar ker 3- &ﬁ'ﬁ@O@TJQ'QeS\l&ﬁ ‘éﬂiﬁ@iﬁtﬁm@ﬁww 2, 4triazine-5-(4H)-one in the
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of formul 2ND | ~ (B)N\/N ~N HCO / C CI 7. A sanple of a
conmpound as (Asaxﬂﬁd |n claim6 which is in substantially pure form

25
where:

Ws = weight (mg) of lamotrigine standard taken
P = % purity of lamotrigine reference standard
30 As = area of lamotrigine peak in standard solution injection
The mean response factor (MR) was used to calculate the lamotrigine
content of the sample as follows:

Lamotrigine content (mg/tablet) = Au x MR x DFu
35 DFs x N
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of 90% or POIBO8 9. A process for producing a conpound as defined in claim
5, which process conprises: (i) reacting 2 equival ents of

" 2,3-dichlorobenzoyl chloride with 1 equivalent of |anotrigine dissolved in
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200 mg tablets).

L = |abel claim
The content of any secondary component eluting at the retention time of
15 compound A was calculated with respect to the standard lamotrigine as follows:

Compound A content ( w/w) with respect to lamotrigine

= Ai x Ws
As x 0.79
20
where
Ai = area of peak for compound A in sample solution S2 injection
Ws = weight (mg) of lamotrigine reference standard taken
25 As = area of lamotrigine peak in standard solution injection
0.79 - relative response factor for compound A

Similarly the level of any other lamotrigine related secondary components
was calculated on a % w/w basis assuming a relative response factor of 1.0.
30 The following results in Table 2 were obtained:

35
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solution 2: 5.0% w/v solution of lamotrigine reference sample
solution 3: 0.02% w/v solution of compound B
solution 4: 1.0 ml of solution 2 diluted to 250 mi
15 solution 5: 10.0 ml of solution 4 diluted with 10.0 ml of solution 3
solution 6: 7.5 ml of solution 5 diluted to 10.0 mi
solution 7: 5.0 ml of solution 5 diluted to 10.0 ml
solution 8: 2.5 ml of solution 5 diluted to 10.0 m|

eal calc
ca] ca]

20 The following TLC operating conditions were used:
plate: 20x20 cm plate coated with a 0.25 mm layer of Silica gel
60 Fas4
mobile phase: ethyl acetate/glacial acetic acid/methanol (85:10:5 v/v)
spot loading: 10pl of each solution
25 length of run: 10 cm

The TLC plate was aliowed to dry in air and was then viewed under ultra-
violet light at 254 nm. The test was not valid unless the chromatogram obtained
with solution 5 exhibited two clearly separated spots and the corresponding
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The intensity of any secondary spot corresponding in R; value to compound
B obtained in the chromatogram of solution 1 against the spots due to
compound B obtained in the chromatograms of solutions 5, 6, 7 and 8

5 (equivalent to 0.2, 0.15, 0.1 and 0.05% w/w, respectively) was estimated.

The intensity of any secondary spots obtained in the chromatogram of
solution 1 against the spots due to lamotrigine obtained in the chromatograms of
solutions 5,6,7 and 8 (equivalent to 0.2, 0.15, 0.1 and 0.05%, respectively) were
estimated.

10 The Rf values obtained were: lamotrigine:  0.20

compound B: 0.60

Test 2 - compound A
The following test and standard solutions were prepared in an equivolume
15 mixture of methanol and 2-methoxyethanol.
solution 1: solution 1 from Test 1 above
solution 2: 0.05% w/v solution of compound A

The following TLC operating conditions were used:

20 plate: 20 cm x 20 cm plate coated with a 0.25 mm layer of Silica
gel 60 Fys
mobile phase: chloroform/methanol/glacial acetic acid/butan-1-ol
(80:10:10:5 v/iv)
spot loading: 10yl of solution 1 pl and 2 pl of solution 2
25 length of run: 15 cm

The plate was allowed to dry in air and then viewed under ultra-violet light at
254 nm. The intensity of any secondary spot of corresponding R value in the
chromatogram of solution 1 against the spots due to compound A in solution 2
30 (equivalent to 0.1 and 0.2% w/w) was estimated.
The R; values obtained were:
lamotrigine: 0.25
compound A:0.37

35 Example 5: Determination of compound A in drug product (100mg
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0/@0%& 0 COme%d“ﬁd(A Int]OOa ]‘R)O ml volumetric flask. The compound was dissolved in,
5 and diluted to volume with, methanol.

A sample solution was prepared by transferring an amount of powdered
tablets, equivalent to 500 mg of lamotrigine, into a 50 ml volumetric flask. The
powder was dispersed in 15 ml of hydrochloric acid (0.1M) and a mixture of
methanol:2-methoxyethanol (156/15 v/v, 30 ml) was added. The flask was placed

10 in a ultrasonic bath for 10 minutes. The solution was then allowed to cool to
ambient temperature and diluted to volume with the methanol:2-methoxyethanol
solvent mixture. The solution was mixed well and filtered through filter paper
(Whatman No.1). The clear filtrate was the test solution.

15 Test Method
The following TLC operating conditions were used:

Plate: 20 x 20 cm plate, coated with a 0.25 mm layer of silica
gel 60 Fys4
20
Mobile phase: Chloroform/methanol/glacial acetic acid/butan-1-o!

(80:10:10:5 viv)

Spot loading: 10 pl of test solution, 3 pl and 5ul of standard solution
25
Length of run: 15 cm

The plate was allowed to dry in a current of air and was viewed under
ultraviolet light at 254 nm.

30 The intensity of any spot other than the main spot obtained in the
chromatogram of the sample solution against the spot obtained with 3 ul of the
standard solution (corresponding to 0.3 % w/w impurity) was estimated. The
combined intensity of all secondary spots was not greater than the 5pl loading of
the standard solution (corresponding to 0.3% w/w impurity).

35 The Rf values were as follows:
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AT&I0% (| merstood that YHE ' wolis@ddhdhee( hhd “include” and variations such as
“comprises”, ", “includes”, “including” are to be interpreted inclusively,
unless the context requires otherwise. That is, the use of these words may
imply the inclusion of an element or elements not specifically recited.

10 The present invention has been described by way of example only, and it is
to be recognised that modifications thereto which fall within the scope and spirit
of the appended claims, and which would be obvious to a skilled person based
upon the disclosure herein, are also considered to be included within the
invention.

comprising”,
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2. A method according to claim 1 for testing the purity of a sample of
lamotrigine, which includes the steps of:

(i) dissolving a sample of lamotrigine in a solvent to produce a sample
solution;

(i) dissolving a sample of N-(5-amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-
3-yl]-2,3-dichlorobenzamide in a solvent to produce a reference marker standard
solution;

(iii) subjecting the sample solution and the standard solution to thin layer
chromatography to obtain a TLC chromatogram for each; and

(iv) estimating the intensity of any secondary spot obtained in the
chromatogram of the sample solution, which corresponds in Rf value to the
reference marker, against the spot due to the reference marker in the
chromatogram of the standard solution.

3. A method of testing the stability to degradation of a solid pharmaceutical
dosage form comprising lamotrigine, which method comprises assaying the said
dosage form for the presence of 3-amino-6-(2,3-dichlorophenyl})-1,2,4-triazine-5-
(4H)-one.

4. A method according to claim 3 for testing the stability to degradation of a
solid pharmaceutical dosage form comprising lamotrigine, which includes the
steps of:

(i) dissolving a sample of the dosage form in a solvent to produce a
sample solution;

(i) dissolving a sample of 3-amino-6-(2,3-dichlorophenyl)-1,2,4-triazine-5-
(4H)-one in a solvent to produce a reference marker standard solution;

(iii) subjecting the sample solution and the standard solution to thin layer
chromatography to obtain a TLC chromatogram for each; and
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(iv) determining the main peak areas of each solution and calculating from
these the content of the reference marker 3-amino-6-(2,3-dichlorophenyl)-1,2,4-
triazine-5-(4H)-one in the sample solution.

YYYYYYY

6. A compound which is N-[5-amino-6-(2,3-dichlorophenyl)-1,2,4-triazine-3-yl]-
2,3-dichlorobenzamide of formula (B):

Cl

Cl

2N\ X

"~

NHCO
@C'
Cl
7. A sample of a compound as claimed in claim 6 which is in substantially pure
form.
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10. A process according to claim 9 wherein, in step (ii), the compound of
formula (1) is produced by reacting logether compounds of formulae (Il) and (lll):
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produced by treatment of 2,3-dichlorobenzoyl cyanide with a solution of
aminoguanidine bicarbonate in sulphuric acid.



