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(57) Abstract: The present invention relates to conpoundstM%éyuﬁge
phosphol i pid derivatives of valproic acid, to conpositions conprising said
conmpoundsyangetdsei r use for treating epilepsy, mgraine, ROFALeWOOEISOr ders
and pain. 12 January 2005 WO 02/07669 PCT/1L01/ 00629 PHOSPHOLI PI D

DERI VATI VES OF VALPRO C ACID AND M XTURES THERECF 5 ‘10 FI ELD OF THE

| NVENTI.ON The present invention relates to conpounds, which are

phosphol i pi PHOSEHORIPIBsDERIMATINIES QF&’XR@RQI}QS"L CIBrAND npr i si ng
said conmpounds and their-use for treati 3 H%E sy, mgraine, bipolar

di sorders and pai n. BACK Epi | epsy is a neurol ogi cal
di sease that is characterized by paroxysnal 20 transi ent disturbances of
the electrical activity of the brain. Epileptic seizures mnay be partial or
focal seizures that are restricted to a particular locus within the brain,
or genéralized sei zures which can result in abnormal activity throughout
‘the brain. The disturbances of brain function during an epileptic attack
may be mani fested as psychic or sensory incidents such as amesia, 25

“hal l.uci nations, deja vu states. etc., as abnormal notor phenonenon such as
spasns or whol e body consuls ohs or as |oss of consciousness. In extreme '

10

FIELD OF THE INVENTION

The present invention relates to compounds, which are phospholipid

15 dertvatives of valproic acid, to compositions comprising said compounds and

their use for treating epilepsy, migraine, bipolar disorders and paixi.

BACKGRQUND OF THE INVENTION
Epilepsy is a neurological disease that is characterized by paroxysmal

20  transient disturbances of the electrical activity of the brain. Epileptic seizures |
may be partial or focal seizures that are restricted to a particular locus within
the brain, or generalized seizurés which can result in abnormal activity
throughout the brain. The disturbances of brain function during an epileptic
attack may be manifested as psychic or sensory incidents such as amnesia,

25 hallucinations, déja vu states etc., as abnormal motor phenomenon such as

~ spasms or whole body corivilsions or 45 loss of consciousness. In extrefie”
cases, epilepsy can degenerate into status epilepticus which may be fatal |
(DeLorenzo ef al.- J. Clin. Neurophysiol. (1995) 12: 316-325).
Valproic acid (VPA) and its sodium salt (sodium valproate, NaVPA) are

30 among the most prescribed anti-epileptic drugs. These drugs are also effective
in the treatment of bipolar disorders and in prophylaxis of migraines.

Although the clinical nsefulness of valproic acid is well established, this

compound suffers major drawbacks. Treatment with VPA is associated with




cases, epilepsy can degenerate into status epilepticus wiighyy obgs f at al
(DeLorenzo et al.- J. din. Neurophysiol. (1995) 12: 316-325). Valproic
aci d ( VPAwpéh7hdes sodi um salt (sodi um val proate, NaVPA) arGI/Id@oesdng t he
nost -prescribed anti-epileptic drugs. These drugs are also effective in

ZI:;G hELSﬁtaﬁ‘?”Ifgﬁ?"s{m{ elieots such i psto- oL Bl it Bl Gt e on e,
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such as st R Rl ®onl VPIA Bid S180 bBaDeeportedaw have pamegsinin (especi al |y
mani f est gﬂﬁa%&)dtﬂ%a@?i c ar?gmvg%%%g t h?onbocﬁi%t)eni a), anﬁepat iC

dysf unct i effectyRdd paterth seatedemith FRA ney expeniguee nawaoYRINgf f ect s and
patients treated W th VPA may experience nausea, vomting, 5 dizziness,
conf u$i ondiezinessj aonBIsiompOIaEEtoBr anback of val proic acid is its short

hal f-1ife d i.d I f t. . I . I I f
e O Aol kSRR e S o SR bR vl s of
several t Qgg%ng %ﬁ?ﬁee@. Agﬁﬁsmg?%giﬁqgg?lg@qus&ﬂlﬁﬁ% diri88. I n addition,

val proic a l'rqui ess desirable for use as an oral

dosage f offonid'@etaftht fnd tleptraats t0beallministdred séwemal, tiies sday ¢vebut bei ng
hygroscopic is characterized by poor stability. Efforts have been nade in
order to myvetnsiainet melewformalation. & dddioneraiprain gord ek s HAVKheous”

hysi cal and pharnmacoki netic properties.of e Lug. st, apprpaches thaf
Eaze Hﬁbenistlakﬁgdﬁsﬁliﬂblﬂfﬂéui%éﬁ f‘g@&& %ﬁaﬁﬁ forme &Oﬁi‘ggﬁiﬁiﬁeﬁﬁ%gﬁﬁ@ ver,

al t hough sone, of -, t.he i fi,ed dr ks e B ' effects, in
nmany case$ ﬁ@@%l@éoﬁ& utth?@%%éﬁ%@ﬁlcsde a?%éc%? Oﬁ;@%?ééﬁ%ﬁl& ess potent.

Mergen et al ( £3h orfidi98 Bverdotne kSVBAGIndaesd sidee conj ugat es
of 20 val proi gﬂggggia\%btbh%%@d?%zﬁrméﬁoyl glrycerol , 1, 2-di patm toyl gl ycerol

or 1,3 di gfbaepatithé disadpanaeoud physicatant pharmacokinetic peopprtiesof tie ' s
publication, . S ) '

drug. Most approaches that have been taken involve modification of the VPA

15 molecule. However, although some of the modiﬁﬁd drugs were devoid of

adverse side effects, in many cases they also lost the therapeutic effect or were

much less potent.

Mergen et al (J. Pharm. Pharmacol. (1991), 43: 815-816) describe conjogates of

20 valproic acid with 1,3-dipalmitoylglycerol, 1,2-dipalmitoylglycerol or 1,3-
diaminopalmitoyl-propan-2-ol. According to the Mergen et al.’s publication,
only the latter compound was found to have antiepileptic activity, while both
conjugates of VPA with the dig_lycerides were inactive.

25 Hadad et al. (Biopharmaceutics & Drug Dispositidn (1993), 14: 51-59)

| investigated the anticonvulsant activity of 1,4-butanediol divalproate, glyceryl
trivalproate and valpromide in comparison to valproic acid. Their sindy
" demonstrated that only 1,4-butanediol divalproate, in one of the model systems

tested, had a better protective index value than VPA.

30




only the latter compound was found to have antiepileptic gcidnMid Yoosnhile
"both conjugates of VPA with the diglycerides were inactive. 25 Hadad et
al. (Biopharmaceutics & Drug Disposition (1993), 14: 51.59) investigated.
t he anticonvul sant activity of 1,4-butanediol dival proate, glyceryl

‘trival proat ey@pseral | promi de in conparison to val proi ¢ acigemilgisk2est udy
denonstrated that only 1, 4-butanediol dival proate, in one of the nodel

systens te haq.a ratectjve, jndex yal ue than VPA .3Q 12 -
Tanuary 2005-SOBSRAKS AP eI BBk P S Yanl St s 5 - 7
Marriott .?n%ﬁ%ﬂe%r%%%a§§§fGMgﬁﬁé hA@STRSE binbb@slls hiive Be@ifoudd t WO nol es
of val proic acid.. These conpounds have been found to have the sane useful

t her apeut i chafd the sams wsefiuptherapeatic dffettanaalpuvic acidradone bisavidiouty gastri c
irritation 5 10-U. S, .Patents Nos. 4,988,731 and 5,212,326 both to Meade,

di scl ose ol PR @STLIIRYCR: 1 nplar ratio of sodi um val proate and val proic
aci d Wnigh have physiol ogical properties simlar to those of valproic acid
or sodium val proate but- show superior stability characteristics. U S.
Patent No. W .S5htéONoe. Ba8&73hand S24352d0ited wddsade, disalvise obgmptrex bet ween
val proi ¢ acid and potassi um _cesi um or rubi di ym which e fornmed by
“conbi ni ng f bavingdilemokr kg of sndiura vplprogte ﬁmg PrORE %CIQWEM%CMI i metal

ion. The al Js : : ' | r : ve 15

oy oved ot HyoPERLeRRuiit Sl BRI of CUBHE LA PRANMAARORE T, 1° |
still an unps¢shoeesipetior faoltycharactaxidtics.epi | eptic medi cati on=wi~t h-i nproved
phar mac%(i netic properties '

U.S. Patent No. 4,558,070 to Bauer and Shada discloses a stable complex
between valproic acid and potassium, cesium or rubidium which may be
formed by combining four moles of valproic acid with one mole of the alkali -
metal ion. The alkali metal salts of valproic acid were reported to have
15 improved stability.

Despite continuous efforts in the field, it is still an unmet need to
provide an anti-epileptic medication with improved pharmacokinetic properties
and overall superior therapeutic index.

20

SUMMARY OF THE INVENTION

A first aspect of the present invention provides a pharmaceutical composition

comprising a therapeutically effective amount of valproic acid or a pharmaceutically
- acceptable derivative thereof covalently bonded to a phospholipid motety; and a
| 95 pharmaceutically acceptable carrier. In preferred embodiments, the phospholipid
| . moiety may be selected from plasmalogens, phosphatidic acids and
phosphoglycerides. More preferred are compounds, wherein said phospholipid moiety
may be lysophosphatidyi-ethanolamine, N-mono-(C;.4)-alkyl, N,N-di-(C;.s)-alkyl and

quaternary derivatives of the amines thereof.

30 . Most preferred embodiments may be compositions comprising

phospholipid derivatives of valproic-acid '(hereinaﬁé.r, |




and overal |l superior therapeutic index. SUWARY OF THE | NYENT) CNofAod i rst
aspect of the present invention provides a pharnmaceutical conposSition
conprising a therapeutically effective anount. of valproic acid or a
pharmaceutically acceptable derivative thereof covalently bonded to a
phosphol&aiogm;ggg ety; and a pharmaceutically acceptabl eecanniesze | n
preferred enbodi nents, the phospholipid noiety nmay be selected from

e Shal i AL eSS g st 1 160 v
I ysophoiﬁ?hsa%ggj}%@hmo%mﬁ@m&kﬂ@g@; (G )-alkyl, NN-di-(Cl_4)-al kyl and

quat ern vatives am nes”t hereof. Most preferred enbodi nents
may be conmposiiriens themosi ﬁbfwredﬂbmhbﬁbsuﬁlﬁr&yqtpﬁﬁ%,gtg_val proi c-aci d
(hereinafter 3 12 January 2005 WD 02/ 07669 PCT/ US011/ 00629 referred WAS

DP- VPA) Vaheal-sn-ghycgioot-phesphechalingoglse eefetred o sdetiexasleamoybsmr at - the sn-2

i L | Ri i et. t ] f d DP- VPA
CompoundYeer &SR finSBhoTinfodf deifevs Lor BPSVBAGaBtioc ol ne. al o
referr eCStéﬁoglsz-&aliﬁdpﬁfbacgwb-&-;pﬁoﬂiﬁb@ﬁbl@n&; PhaspRevlepalsi ng. (herei naf ter
denoted a Cr(,-DP VPA) a td t

St ear oy lectadgganenbyn-ghisers-§phospleryiokplinsdheteinafier dérsded as €f-0Pt 0- as | -
oct adec% -sn--gl ycero- 3- phosphoryl choli ne (hereinafter denoted as
C18- DP- ". 10 15 According to preferred enbodi nents, the pharnaceuti cal

i xture of of ol fred bR B Pl AR LR DosifiBl d ! o7 201 Y 2
C16/0G18<pmpFa§ a nlintuseof PPeYRA rcethpenhds) nmare prafemablyad indxtafe 6E106,DP-VPA t 0
1808 B L Eher HPA kRl Aol 16, ARG 2 0und 120 to around
3 In one preferred embodiment the ratio of C,-DP-VPA to C;4-DP-VPA in the
C,¢/Ci3-DP-VPA mixture can be from around 1:20 to around 1:2 by weight.

| Most preferred are mixtures wherein the ratio of C;-DP-VPA to C,5-DP-VPA can
15 be from around 1:5 to around 1:7 w/w (equivalent to 15+5% C,;s-DP-VPA: 85+5%
" C15-DP-VPA (w/w)). |

A second éépect of the present invention provides a use of valproic acid or
pharmaceutically acceptable derivative in the form of a composition as deﬁnéd_ above
in the manufacture of a medicament for reducing side effects of valproic acid or
pharmaceutically acceptable derivative thereof,

A third aspect of the present invention provides a use of valproic acid or
pharmaceutically acceptable derivative in the form of a composition as defined above
in the manufacture of a medicament for reducing interactions of valproic acid or
pharmaceutically acceptable derivative thereof with other therapeutic agents.

A fourth aspect of the present invention provides a use of valproic acid or
pharmaceutically acceptable derivative in the form of a composition as defined above
in the manufacture of a medicament for increasing valproic acid or pharmaceutically

acceptable derivative thereof efficacy.

A fifth aspect of the present invention provides a compound comprising
valproic acid or pharmaceuti_cally"acceptable derivative thereof covalently bonded to a

phospholipid moiety.




- Most preferred are m xtures wherein the ratio of Cl16- DP- VRPAdRa28ePP- VPA
~can be fromaround 1:5 to around 1:7 ww (equival ent to 155% C16- DP- VPA:
855% C18-DP-VPA (W w)). A second aspect of the present invention provides
- a use of valproic acid or pharmaceutically acceptable derivative in the
formof a conposition as defined above in the manufacture of a nedi canment

for reducing side effects of valproic acid or, phar maceutiﬂﬁ |1y acceptabl e
derivative ther ebhe gompounglscandsomnesitions op thes@Nention, aistuss g? des a use

o compos: t1 Gatztert of pAREH TEETE srer RS A el B Bl for
or i vat Tve FRay e e B b o o th apect of ¢ he
present i nvent i ofihyy, avéatdimgatoussixthfaspet pf Giecprasénd ipventiohatheecsut i cal | y
kbbbl upEoR b e feppsdale |7 (e
e pr esent chatin ARER TSR RRA b MR AR kbR dbrtatien, GopPet
hosphol | pi e B B oo and compasy 1 ons of ¢ he

i nventi on armeceptabieicarfier; saldecompasitompnevidingsetherapeutie effocisndlet em di sor der s
including, but pot linpted..to, i leps m.gr.ai nes, . chroni c pain and

bi pol ar di s%&f@?ur?ﬁgé,m%@%ﬁ?tﬁgr @S%Egagpﬁtﬁ’f%s‘f?@%?l BYFTYPHR S 88 ent

i nventi on, I .ovided a use of a pharmaceutical conposition

conpri si ng gnﬁ"fgerrg%%u. "(':'é'lhlpy ef fective anmount of val proic acid or

phar maceut i cal | yFages Ruiboldements willtbeveme apparent tocthusd skilled irbthedetd to a
phosphol i pi d noi ety; a pharmaceutically _acceptable carrier; said

conposi t on ppovfuttheg reviewafshefnllowiag disclosire, mednding fog deteled of a

medi canent for the treat mint oL é\ centr nerVﬁus system disorder in a
mammal . Fur SESTIPERBAT TRSGHLE SRPP ‘B@(‘}E}&{ %ﬁﬂn&"rﬂé‘ %t o those skilled in the

art

da




upon further review of the follow ng disclosure, including LAgdsigi | ed
descriptions of specific enbodinents of the invention. 4a 12 January 2005

- WD 02/ 07669 PCT/ US01/ 00629 BRI EF DESCRI PTION OF THE DRAW NGS Fig. 1 depicts

a typical. HPLC chromat ogram of a C16/ C18-DP-VPA conposition, where the
Cl16 DP- VPA tw0o@287®P- VPA ratio is 15% 85% by weight Fi gsPCIALB/OAEDI ct

pl asma concentratlons of Cl16- DP- VPA (2A) and C 8- DP-VPA (2B) neasured at
different tigyg & Shy® nYREgVs , : Sadmnlstratlonto human
subj ects of T P ' t8~Tatio 13% 87% ww). 10
DETAI LED DESCRI P‘Eig]‘i Jd}ﬁctb N@Hﬂ@ﬂ’ﬂ(ﬁehm@gﬁm ofe0l/OR-DRVRAeS t O
phosphol i pi d deriyvatives of val Brm c acid, to pharmaceuti cal corrp05| tions
conpri si ng teEpesisionpvhegshahe- Bi VR Ate €14-PP-¥BA rafiads 19%4842%+:b%se in t he
t r eat ment of ég@ﬂr ol ogi cal disorders. DP-VPA nol ecul es are disclosed in US
Pat ent Application No. 15 08/479,959 and International Patent Publication
WO 94/ 22483, t heFiiss QJAOBlHePlct plashi b@ﬁceh&aﬁmm1ﬁrmpr\m {2 AYaly Creef erence.
Speci ficall y di scl osed in the abovenenti oned applicati ons [ s a nol ecul e,
referred to REVPARB)eneagatedrat défferent timepoigts ioflowangpe singleserall wi t h

 Signi 11 cant HRTCERAN CIRPERCEPTPE ST 8 o ho B G AT B m

val proat e. Am%k@%r‘,@vﬁgnt appl i catlon the 1:1 ester of valproic acid with
1 hexadecanoyl sn-glycéro-3 phosphoryl choline, or inits, chemcal nane

1- Pal m t oyl - 2- “val proyl sn- gI ycer o- 3- phosphochol ine, is herei nafter

referre P d| sclosed in the present

appl i cagpt q?’i 2 '
- 1-oct adecanoyl - STth?’&m gﬁeﬂﬁ'&ﬁ?&%ﬁﬁd gﬁ%@hﬁﬁ?ﬂﬁeﬂ‘vﬁ%&éﬁomﬁﬁbﬁa' nane

1- St earoyl -2-val pro ycer o- 3- pho I ne
acid, to pharmaceutical compositions comprising these compounds and

mixtures thereof, and to their use in the treatment of neurological disorders.
DP-VPA molecules are disclosed in US Patent Application No.
15 08/479,959 and International Patent Publication WO 94/22483, the disélosure
of which is herein incorporated by reference. '
Specifically disclosed in the abovementioned applications is a molecule,
referred to as “T'VA 167, which is a 1:1 ester of valproic acid with ,
1-hexadecanoyl-sn-glycero-3-phosphorylcholine. TVA 16 was shown to have
20  significant anticonvulsant activity and to be more potent than sodium valproate.
In the present application, the 1:1 ester of valproic acid with 1-hexadecanoyl-
sn-glycero-3-phosphorylcholine, or in its chemical name 1-Palmitoyl-2-
~ valproyl-sn-glycero-3 -phosphocholine, is hereinafter referred to as Ci6-DP-VPA.

25 ' Another embodiment, disclosed in the present application, is a 1:1 ester
of valproic acid with 1-octadecanoyi-sn-glycero-3 -phosphorylcholiné or in. its
chemical name 1-Stearoyl-2-valproyl-sn-glycero-3- phosphochohne ThlS
molecule is hereinafter referred to as Ci5-DP-VPA.

The DP-VPA compounds of the invention inclﬁde conjugates of valproic

30 acid, or a pharmaceutically acceptable derivative thereof, with any

Jphosphd]ipid, preferably a pﬁosphOglycexide. Suitable phospholipids include,




nol ecul e is hereinafter referred to as C18-DP-VPA. The DRpViBA4ppgegunds of

the invention include conjugates of valproic 30 acid, or a

- phar maceugpGakhéseaccept abl e derivative thereof, with any BSHHSHHMNRDI d,
preferably a phosphogl yceride. Suitable phospholipids include, 12 January

2005 WD 02/ 07669 PCT/ US01/.00629 but are .not.|inite a 0gens,;, -
‘phosphat bt areqrgtdamiied 1o, gggqsepﬁo%al%\%ct ?%%ﬁ%éﬁ%%ﬁo %’{{gl# e?r ed

hosphat P BT . » T
Py eonhos dRETRaTAs ThfEDS P RERTELPRAREELMA Boltic MORbRImCL WAKE | iyl and
quat er Ny e%% VAt S sRbphdsphafiiyiesthihelagthe, Phmiemt-(¢«)tdlkyl, N host '

preferre ‘p{) ospholipid-in thé conpounds of the invention is

phosphat iglyCe Rrhliykand Goetentary derivativéseoft the mynines teradd Gerarenilpdhe ¢ on sn- |

of a glycero- phospholipid noiety is specifigally discussed below in
conneft | mommﬁemedpmﬁph@]mlddﬂé%ﬁwwwgmi%o’%@@éamglw th the invention.
However, it sho be. 10 appreci ated that VPA or its pharmaceutically
accept ablrhogelhiy 'h;‘g%y be covalently linked to the phospholipid moiety
at positions -1 -200ar 44 : L1 p¥d digesdtogr oup at ;
posi tion sn-3. c%hooag(? %ﬁ%fawkdl%gh%glsds#&ﬁﬁﬁg?%VPA or its derivative is :
rel eased éﬂﬁbsﬁﬁcﬁﬁﬁﬁgﬁoi@iﬁf isF@ebﬁ:Qﬁytdﬁmsﬁﬁ)beﬂbwl inpasssctiorPwith theL A2, PLC and

PLD as depictedin the followi ng scheme 1. 15 X- or a polar .head group.
20 In prgfrefered mmpelindsinscotrdahes Withdhe igrentgpal onvever.at e tREeut i cal | y
acceptable derivative, is joined to the hos%{;;o{)' b d. Vi %Al’rfa gler | i nkage
at pBsi tappreciaied thathViBADTAH p 2 AR k&:‘l%v Elgﬁ |$ases A2. In 6
12 J?nuarglovgﬁa%%y NiRedFo 1he %ﬁos%%‘il%%lﬁ%%&gat positions sn-1, sn-2 or linked to

the phospholipid head group at position sn-3. Accordingly, it is possible that

VPA or its derivative is released by cleavage by the respective phospholipases,
PLA,, PLA,, PLC and PLD as depicted in the following scheme 1.

15

_ X= H or apolar head group.
20 : |

In preferred embodiments of the invention, VPA, or its pharmaceutically
acce;itable derivative, is joined to the phospholipid via an ester linkage at '
position sn-2, thus enabling release of VPA by phospholipases As. In



particularly preferred enbodi ments, VPA is covalently Iinkegnhyyafgsester
bond to the sn-2 position of phoshatidylcholine.. The term

" phar macewtG @al7669 accept abl e derivatives of VPA' as used iRCT/H§E00629
specification refers to pharmaceutically acceptabl e anal ogs of val proic

3‘3/5@ Ch SRy PrER T s ;&‘%# %%V‘gﬂ%?yﬁ%@f%ﬁﬁgﬁ% i kéﬁ%i double
H .. . .. . . ) b
and/ or triohg PON5iBaF PRESiAIRiolingccept abl e substituent on the carbon,

at ons of es a owed and may include, for exanple,

hal ogen at ons The tdrpvthaghkydutizatiypecemalpleiderivatitessof ¥PAGmsaisedan  Anmi des of
VPA and its 10 anal ogs as nentioned above are al so jncluded within the

scope of thhepesifieatiomreferstomhaemacewicallynceepiallc soplags WS ARIOINIA chiral
centre of asymetry, the conpounds.,of.the, present inv i,on.i ncl ude

opti cd | yhaysng M§W§?“‘F‘ég&?ﬁ egrhl%ch'}de&éﬁpgﬁ W%(?tﬁ%é Wﬁt«br eof . It
shoul d be | at ed. t ha L4t D PERSG f i ' | so 15
ohar mce eI v aptaRt shgH GodeRaRpRng os mitie dRUE ApRie

* phar macepid Gabhi Rk AREAR) Solibic silpiert O thexafbonalibmsalf thoie compounds
of the invention including, but not limted to, sodium potassium

cal ci um mehgaksiasalseraiwadandingy lindodenfonexanpleyhalogdnrtemsosal ts. 20

Al ' t hough both O g-DP-VPA and C16-DP-VPA are potent anticonvul sant . agents
havi ng silewex %Tgr@m‘mpmamgdé ﬁ@ﬁhoﬂé'é?ﬂl&n‘ggﬁé‘g‘%stm Sthat the two

conmpounds differ in thei har macoki.net i,c,pr.qf.i l,es. The - DP- \iP,
co%o@nd,aﬁ%@gs&ﬁrﬁﬁn%o%q WeHG Sgdﬂf’elmig‘tlg"a” L e %quf&ég%nér?ﬁf i cantly
rol onge -1 ' ' ' A C1S- DP- VPA.
D Honaw o draldet S AR du S R o HtrdI el iy e 15 O

peak | evglandind dfahebrédefibintehtibn intlednpptiéAlgndiveitenpmakademattss of t he
C16- DP- VPA ?ml ecule. I't is now disclosed, for the fist tinme, that m xtures
of C16- DPeMpAfansl miiBrdrtheRal( herein referred to as C16/ C18- DP- VPA) of fer
an advant age b¥t 30, exhi biting higher nealreocr ot egt.i val.ues aerdgopr ol onged

{1 ve
t her apeuti c ef abeuldbe sppraciatad thabeyeiun ope of the InveTton are
15  pharmaceutically acceptable salts of the DP-VPA compounds. The term

-y

red

frved

“pharmaceutically acceptable salts” means non-toxic salts of the comp‘ounds of
fhe invention including, but not limited to, sodium, potassium, calcium,

magnesium, ammonium, alkyl ammonium or amine derived salts.

20 Although both C;5-DP-VPA and C,6-DP-VPA are potent anticonvulsant
| agents having similar efficacies, it has now been unexpectedly found that the
two compounds differ in their pharmacokinetic profiles. The C;6-DP-VPA
compound, following a single oral administration, exhibits a significantly
prolonged hatf-life in plasma in compangon t0 theha]f—llfe of C13-DP-VPA.
25 However, the plasma concéntrations of Ci3-DP-VPA were found to reach peak
| levels at a later time point in comparison to the peak levels of the C5-DP-VPA
molecule.
It is now disclosed, for the fist timé, that mixtures of C;5-DP-VPA and
C,5-DP-VPA (herein referred to as C;¢/Cy5-DP-VPA) offer an advantage by
30  exhibiting higher neuroprotective values and prolonged therapeutic effect in




WO 02107669 PCT/ US01/ 00629 conparison to theeffect of conmpoginhifpBsos
conprising either Cl16-DP-VPA or . C 8-DP-VPA al one. Preferred conpositions,

i n accor dgnece/onkdoh the invention, are those wherein the GO/IDPA//AGY) t o
Ci2-DP-VPA ratio in the C16/Cl18-DP-VPA m xture 5 is fromaround 1:20 to

d 1: 2 (by.wei . t ferred {70 Al tio.Qf .
C16. DP- Vi DR RS CoLaRgtR o as FiS CIPPRURA o oo 0 be
limted t ' hani th , 1t ted that the | th

imte %?D%‘?g{%?ﬂé%‘f ani sm or eory, it is suggeste a e leng

of .t he al erified at position sn-1 of the 10 phospholipid may

~deternine the pjcpaphi bdrapbsitiohs, ihactiRdwins: withebe ireventiod, ateuthoss so i ts
transport across cellular nenbranes. Alternatively, again w.thout w shing
to be |i mvhexbin theaCsDEHEPAdCHGR B VRA retie i the CréCrsabPyVES BB due at

i ti - | det ' th t.i t he. DP-VPA I t
Cihst ot ciftoom groishbEPieaund bR Y OERD oSk B e P TS| case of
bst fat st , o Gl Y Tel case
(PLR2) ot "B e DPEAT T FDIRNPAY fofing PARPISTIREC, O ases

t hat hyrd\r,\ﬁl, e the sn-2 ester bonds in phosphoglyceride nolecules. It has
been shown 'that in disorders such as epilepsy, PLA2 activation coincides

. with epilepti cyatouiashiaplty be lantded¥ock singlel@sadhanism g thearyethis 48: 1178- 84;

.20 Bazan, et al. (1986) Adv. Neurol. 44: 8791-&%2_3). Al so associ.ated. wth
el evat ed mipessied thitdbe loagthof tha aliyl mety e§s a@lp%mgrs?'gﬁﬁaéeom”types

f ' d m ' t hat ar i at.ed wi i pfl
(For ridbi npberphakinkoRey (etwateReatpia el feddbr E8oaheote B AcT ae o:
- 141-167). ;25 Jhe.c ' i nvention, being hydrophobic in
nat ur e, W&y%@ﬁéﬁﬁ%@’%@‘%@%ﬁc‘%ﬂ% rgﬁalg%s'and barriers, thus facilitating
the transport ATtExﬁdfﬁ?egﬁ YGain With66! Wishirly @ arliditell @6 acvimgipimeechanism t he
effect Ts

~brain where their needed. ] : i
or theory, the fatty acid residue at position sn-1 may determine the properties of

the DP-VPA conjugate as a substrate for phospholipases, thus affecting the
15 regulated release of valproic acid, for example, by elevated activity of
| _ phospholipase A (PLA,) at the diseased site. Phosliholipases A, are a family of
esterases that hydrolyze the sn-2 ester bonds in phosphoglyceride molecules. It
has been shown that in disorders such as epilepsy, PLA; activation coincides
with epileptic seizures (Flynn and Wecker (1987) J. Neurochem., 48: 1178-84;

20  Bazan, et al. (1986) Adv. Neurol. 44: §79-902).

Also associated with elevated phospholipase A, activity, are bipolar
disorders and some types of pain and migraine that are associated with
inflammatory processes (Horrdbin and Bennett (19979) Prostaglandins Leukot
Essent Fatty Acids 60: 141-167).

25 The compounds according to the invention, being hydrophobic in nature,
may penetrate biological membranes and barriers, thus facilitating the transport
of the drug into cells or organs, for example, into the brain where their effect is
needed.

It may be envisaged that regulated release of the valproic acid moiety at

30 the diseased target site may even further improve the therapeutic index of the

drug, as the efficacy the drug is expected to increase while potential side effects




It may be envisaged that regulated rel ease of the val proi ¢ aglgyBBdet y at
30 the diseased target site nmay even further inprove the therapéutic index
of the dwag/eaesot he efficacy the drug is expected to i ncri&dSROUMICEL
potential side effects 12 January 2005 WO 02/07669 PCT/US01/00629 and

toxicity are reduce Dip-t he DP-,.-
VPA conp 0 01%0%##%@&?6%??@%%15?%%%%0 I pI gq’gtmpho S\ﬁgiﬁ?epase A2 or
any ot her p&igp s@ﬁﬁl WS phodpholipid by phosphotipasted, ohat t he
active d\rdtjé (gﬁl di f er entsf rom-t he O“il‘pl gi Ir?al b%gr ent- drug mz)l ecul e, VPA
with a 5 mijesthealipgrecopdstorake |Hrgrv¢\®mmmyfmttrheoﬁrxcémdﬂ§ﬁhﬁbﬂlﬁ agtiger uct ur e

- while b I d f t t [ 1-ul t t t
result 3%3%3@% e?é&fwh?mm' %e&%g&ﬁé%@n&%%ugra Sfle; VBRI ERT (o note
that th te t h t
bhar e HeBH Theraupls) hEme IR ey 2y 8F ARued Iehf ol RSB tethg 71 1 1S
phospho’ | @idhs gﬂ’!ﬁ%ﬁltsriﬁ'&a%?llﬂéit&aﬁ%@[% uﬁn&%ﬁ’%b'r&ﬁﬂt’@f'ﬁhe coval ent bond
er

of the lipi rug conj lgate my, ce tain circunstances, be cleaved to

rel ease thigsiblasivar phogbotipidn@tdboliemdr ug. In the latter case, the conpound
of the i'nvention nmay be regarded as a prodrug, in the sens t hat the

t her apeutic a?emmlpmmwamﬂﬂxatﬂmﬁnsugatmi HV%U%JW the 5 )
CLLSEEﬁggaésrq‘i%é o PeAT G rs'f‘.a%s? bl arsiatiye S Pl g bnk e to grg

VPR,
ort 1 Ly T ipoSplictiTtA shnd dpall P htitngr 58 MRBIRBS TS cotllnt BRIERSCEE |

to be effgehl Fﬁ’ Ari S B4B me é%ﬂ@ybe&%ﬁm&mﬂm@mmmmd to the

doses current reduced therapeutic doses in turn reduce
t he t oxi celiQgkahd hamkacoa@gemamuuegimglIaiethefiatdaﬁ:rtcmse,rthe&bmoﬂndl@ﬁe the risk

of undesirable |nteract|ons with other drugs. dd|t| n the DP- VPA
mol ecul esthieauvenisarmay hedregarded 145 18iprodEiggHl e@&ﬁﬁ @peu
phar macoki net i rop i es, conpared to.VPA (e.g. 25 subst antially increased
hal f- i feagﬁﬁlté%ﬁg?ﬁsﬁad'lif?lﬁ 18y P ﬁ@m?g‘;“"a?ﬁ the DP-
15 Trrespective of the exact mechanism of action, it is evident that the

compounds of the invention have an improved therapeutic profile and are more
effective comparing to VPA in at least two aspects: (i) increased efficacy, and
(ii) decreased side effects. 7
The DP-VPA compounds were found to be effective at much lower
20  equivalent molar doses compared to the doses currently used for VPA. The
 reduced therapeutic doses in turn reduce the toxicological risk, accompanying
side effects and also reduce the risk of undesirable interactions with other
drugs. In addition, the DP-VPA molecules have been found to exhibit
s1gmﬁcanﬂy improved pharmacolcnenc propertles compared to VPA (e.g.
25 substantially increased balf-life in serum and in brain tissue). Thus, the DP-
VPA molecules represent a class of superior anti-epileptic drugs.
Furthermore, the preferred pharmaceutical compositions in accordance
with the invention, i.e. compositions comprising a mixture of both C,6-DP-
VPA and C;g-DP-VPA, may conveniently be prepared from natural sources.
30 ¥t would be highly advantageous to have DP-VPA molecules that can be
obtained from starting material which can be derived from natural sources by a




VPA ol ecul es represent a class of superior anti-epileptig fdhigs o005
Furthernore, the preferred pharnmaceutical conpositions in accordance with -
t he i nvenyigan/orésse. conpositions conprising a m xture of bRERHIE@LEOER- VPA
and C18-DP- VPA, nmay conveniently be prepared from-natural sources. 30 It

woul d be hjghly advant agequs _have .DP- VPA. -.0bt ai ned.
frof st arff’iﬂ%'g'e %@H?%Pr‘gﬁ?aW' ?Ogﬁﬁﬁgarl}gg W&Bﬂ?‘?kﬁﬁﬁ% ul}egl ggfﬁg%blsig’bl)% a9 12

Srart] o R TR o R R L e A T o ai ned

starting ich s r [ | yso-1lecithin obtained
from egg REmaPYRERE, ihQEébef@ﬁedEﬁﬁﬁﬁ%yﬂmml ihe¢hergreparation efhi mal source, is
the preferred starting material in the preparation of pedi canents for human
use. |n tmpdicatmehisdioo hemanarsepde fypisel kydrogenstod prapasHons fiewsaﬁpmhe

content of l-palmtoyl-lysolecithin is around 8-18% and, the.conte of

1- st elr oyfoybgaw thecsarient qil-ﬁmw@m&sm a\?\@?’%ﬂ%’?% % ?’ﬁ’?@ﬂﬁfg})—%%ER/PA and
C18- DP- VP, ecul,gs .abe .chem Yano L#w§d de novo. Alternatively,
pure C16-‘DP- g%gy@gg%p%fofg%géodn?&%ﬁ{’%@é%z prepared by using
starting materials obtainable from natural sources, i.e Cl6-lyso-lecithin
and Cl18-1yso-lecithin may be isolated and purified, for exanple, from eggs
or soybeans, apgretOgrDREYPAlad On-DPA/PA mehdculestapbe shepiallyi on). 15

C16- DP- VPA and C g-DP-VPA, in particul ar when ed igt s wthin_ a.
pr ef er r ecsymilnepézest e zigwen Alternaleedy.dpre CwilPR- a&f@@%ﬂ) Thvention, have

b h , t hi bi i gnifi tly | d.th () ties. Th
advariOageisimpesisanay bs Bherued P sine stenmg mrmal Al cased
hal f- [if f +DP- VPA .i : ' | h

mor oved SORASPHER { ChED BRIl AR bRy S Ly bR e ot of
st eady- Sf,@]ﬁxﬂgﬁ%%r ekﬁﬁ?le? ik Eg%@&uﬁﬁﬂ)eﬁhg%ﬂahb@acﬂamm VB t her apeuti c

bl ood I e reduction in e fréquency of drug admnistration to once
or tw ce @egerdatural preparation). '

15 C-DP-VPA and C;¢-DP-VPA, in particular when used as mixtures
within a preferred range of ratios in accordance with the present invention,
have been shown, to exhibit significantly improved therapeutic properties. The
advantageous properties were exemplified by the substantially increased half-
life of DP-VPA in serum and the high efficacy of the drug. The improved

20  residency time in the serum may facilitate the attainment of steady-state drug

| levels with reduced fluctuation around the therapeutic blood level and

reduction in the frequency of drug administration to once or twice per day.

The compoéiﬁc‘)’ﬁé of the invenﬁ;ﬁn can be administered orally,

25 parenterally, (for example by intravenous drip or intraperitoneal, subcutaneous,
or intramuscular injection), topically, (for example by nasal application or
inhalation) or rectally. Oral administration is a currently more preferred route
of administration.

Suitable formulations for administration of the compounds of the

30 invention, whether used separately or as a mixture, include, but are not limited

10




The conpositions of the invention can. be admi nistered orgl JMuardSo0s
parenterally, (for exanple by intravenous drip or intraperitoneal,

subcut anew®N2/07649 i nt r anuscul ar i njection), topically, (fo‘fcﬂuélh‘ﬁ%@ by
nasal application or inhalation) or rectally. Oal admnistration is a

For S ApaRp SaRSrEBRRE, SOl AR R bl Ame Al GdgETy o one
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WO 02/ 07 0629 t wders, granul es, emul sions, --suspensi ons
or sol utlons I%Mbﬁdmmmmmmlmts a}fﬂ:‘romealﬂmt@giatcf%@m gtabl ets,

capsul es, rups or solutions, For orai adm.ni s | g A%?am)unts of
from/ abOLhO We@tpﬂwwusﬁﬁﬂypﬁﬁ&@hy é‘ggdg g%dﬁs@‘? h Yer abl y 1fto
8

Lhe syt wmﬂm g e i sfé SOTEGRTa Aihene Do vea dr ug.
A physi C'r%%o[% of’ﬁfess% t ﬂ:férﬁP g' 1A Pﬁ §1Eﬁn36ﬂotﬁ€1fpéi“§&l§ y

det er mi ne sages a osage orm a dosage regi nen and

means of &(Bfﬂﬁa?}%ﬁﬂl @the bt éﬁh%abﬂ%gﬁtdrﬁﬁnmghmmﬂbﬁgeb landidosaged by t he
following non-limting exanples MPLES: 15 EXAMPLE 1: Synthesis of

- DP- VPA THermyastwel as dosagbRelyiren andimoans of admingsisafters. The first stage is
ai med at obtaining val proi c anhydride by heating of valproic acid in a.
solutionn of acetic anhydride under catalysis of pyrldlne In the second

sta DP- VPA r epar ed,h W th

I ysgelpem t hi n. Tﬁ?ﬂt@ ggﬁﬁﬂgﬁ}‘l)"‘é@é ?ﬁ%ﬁ%ﬁkﬁ@ sgl u?l val proic

anhydri de, tFH gt alysis of 4-di methyl am nopyri di ne at 90- 1OOC Extraction
on

and purlflca of the product obtained are carried out in four stages.
The first stage of purification is performed by extraction of the un-

EXAMPLES:

15 EXAMPLE 1: Svynthesis of DP-VPA
The synthesis of DP-VPA is a two-stage process. The first stage is

aimed at obtaining valproic anhydride by heating of valproic acid in a solution
of acetic anhydride under catalysis of pyridine. In the second stage, DP-VPA is
prepared by interaction of valproic anhydride with lyso-lecithin. This reaction

20 isconductedina solution of valproic anhydride by catalysis of
4-dimethylaminopyridine at 90-100°C.

Extraction and purification of the product oﬁtajned are carried out in
four stages. The first stage of purification is performed by extraction of the un-
reacted valproic anhydride, valproic acid and catalyst (4-aminopyridine) in

25 acétone. The crude i)roduct obtained is precipitated and separated from solution
at the second stage. The solid product obtained is washed from the remaining
compounds at the third stage. Finally, the product is re-crystaltized several
times from an acetone/ethanol solution and the residual solvents a:re-removed
under vacuum. Yield of the product is around 80%. .

30
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- reacted val proic anhydride, valproic acid and catalyst (41Aam.ngpydosdite) in
25 acetone. The crude product obtained is precipitated and separated from
solution at the second stage. The solid product obtained is washed from
the remaining conpounds at the third stage. Finally, the product is
re-crystall ixgg@dzegueral tines from an acetone/ et hanol sol wdraneizanéeket he
resi dual solvents are renoved under vacuum Yield of the product is around
80% 30 11 12 January 005 - o€ , _nt_@g@%of Ci18-DP-V A 5
( CH3CH2CHZ) 2CH COOH (RFHEY< ' 18- hours WO 02107669
PCTI 1 L01100629 10 15 (CI-BCI—lZCI—lZ)ZCI—lCI) J O (CH3CH2CH2) 2CHCO
CH2-O- CO(CH2) 16CH3 20 25 30 I CH OH CH20 P(O) - OCH2CH2N(CH3) 3 |
CH2-0- CO- (CH2) 16CH3 | CH O CO- CH( CH2CH2CH3) 2 .

' 5 (CH3;CH,CH;),CH-COOCH

(CH5CO),0, Pyridine
90 °C, 4 hours

10

(CHgCHgCHz)gCH(Q (IIHZ—O—CO(CHZ)IGCHg
15

O g (lIH-OH

(CH;CH,CH,),CHCO CHg()-f'P(O)- OCH,CH,N(CHs)s

20 | -0

25 l
CH,-0-CO-(CHy)1sCH;

o
30 CH-0-CO-CH(CH,CH,CHs),

l .
' CH-0-P(0)-OCH,CH,N(CHs)s
l

-0
35 e : o gt :
40 The 1-Palmitoyl-_2-valproy1—sn—glycero-3-phosphocholin_e (C1s-DP-VPA)

and 1-Stearoyl-2-valproyl-sn-glycero-3-phosphocholine (C13-DP-VPA)
- compounds were prepared using, respectively, lyso-stearic- and lyso-palmitic-
' phophatidylcholines.

12




CH2- O P(0) - OCH2CH2N(CH3)3 -0 - '35 Yield = 85% 40 The 12 ry 2005

1- Pal mtoyl - 2-val proyl - sn- gl ycer o- 3- phosphochol i ne (C16- DP{?IB%S and

1- Stear oyl - 2- val proyl - sn-gl ycer o- 3- phosphochol i ne (C15-DP-VPA) conpounds

were prepared using, respectively, lyso-stearic- and lyso-palmtic- :

phophat i dykehedd-6@s. 12 12 January 2005 WO 02/ 07669 PCT/ | potm0@6&2s The

' yso-stearic- and-|ysO pal ntic-phophatidyl cholines naybe purified froma

natural source (e.g. egg or seoybean) h ans,. rocedur.es ;. known in

The art (F GunbkoRsootss) iy Rpatm bR S ppeds, "G

- Aspen Publ § Satuddl Souree Pe. 8! &S Beddyb & shabtodRdur@ball al s .may be
obt ai ned bf/l%_c em cal Osyﬁ'?%gdsi%g procegdlf?ggas knpvyliq) in the art. EXAMPLE 2:

Synt hesi s Tohovwai Gilthe, a8t (BP-GuvBink (192 dsittyfA] endLipidehemistys p- Brepar ed by

the same procedure as . -* _1Q described in Exanple 1 for the preparation of
DP- VPA. Th@:WErPéﬁi‘éh%smP at in the case of the mixture conpositions the

interaction of yalprai i n%@%a]ﬁaﬁl bY 98miRG B émivdli ch was

obt ai nec% from s@%@gﬁ{%ﬁéﬁ&gé urage y ygsr,ogenat I on 3{]8 VPC-3 from Li poid
GrbH, Ludwigshaismocedigenmiyowdn BXANPLE 3: Anal sis of DP-VPA conpounds
C16/ C18- DP- VPA m xtures synthesized as described above in Exanple 2 were

subjected to analytical assays for characterizati on and proof of structure.
- EXAMPLE 2: Svuthesis of C;¢/Cy5-DP-VPA

" Mixtures of Ci¢/Cy3-DP-VPA were prepared by the same procedure as w ot
10  described in Examplé 1 for the preparation of DP-VPA. The difference was

that in the case of the mixture compositions the interaction of valproic
anhydride was with lyso-lecithin, which was obtained from soybean and
saturated by hydrogenation (S VPC-3 from Lipoid GmbH, Ludwigshafen, )
Germany).
15
EXA_MPLE 3: Analysis of DP-VPA compounds
Cm/Cm—DP-VPA mixtores synthesized as described above in Example 2

were subjected to analytical assays for characterization and proof of structure.
Anélytical results of a product containing 1-Palmitoyl-2-valproyl-sn-glycero-3-
20: . phosphocholine (C;s-DP-VPA) and 1-Stearoyl-2-valproyl-sn-glycero-3-
- phosphocholine (C;5-DP-VPA), at a ratio of 13%:87% (by weight) are given
below.
Mass spectroscopy
*  The mass of the protonated DP-VPA molecules as détermined by ESI () is
25  622.4 to 622.8 for Cis-DP-VPA, and 650.4 to 650.8 for C;3-DP-VPA.
' This agrees well with the calculated molecular weight values.

Elementary analysis _
" Caleulated for M.H,0: C 60.93%, H 10.25%, N 2.1 1%, P 4.66% (M is corrected
for the content of 1-palmitoyl-2-valproyl-sn-glycero-3- phosphocholine).
30. The average values found were C 60.72%, H 10.58%, N 2.09%, P 4.56%.
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Anal ytical results of a product containing 124

~1-Pal m toyl -2-val proyl -sn-gl ycero-3- 20 phosphocholi ne (_C16-SBE>§%E>%5 and

| - St ear oylxaémabed oyl - sn-gl ycer o- 3 phosphochol i ne (C18- DP-NMAALOL/A162% rati o
of 13% 87% (by weight) are given below Mss spectroscopy The mass of the

prot onat ed DP- VPA nol ecul gs as det er ni ned ESI (+} is 25 622.4 to 622.8
for Cl6- DFhespAalugsREEEOWVE tvﬁ?lﬁﬁ@.‘@??@?mgl‘@'? - VPA. This agrees well with

. the calc t ed nol.ecul ar ' .. El ementary anal ysis Cal cul ated for
M H20: Cﬁ@.ﬁg@%lﬁl?rﬁ .a%ﬁgﬁfgli%%%(Mis correct ed_ for the
cont ent OATJI:(I??Ag%ﬁ@ﬁﬁééoﬂéﬂﬁh%lzdﬁ/ﬁwzgldpﬁﬁﬁﬁ&mpﬂmhﬁﬂmllne). 30, The
: 9

aver age val ues found were. C 60 10.58% N 2.09% P 4.56% 13 12
January 26Hbrofdith 92¢thaedd SvRET (61@5;59%2@1%1195’1&16\@&&&3@911%@ well with-the

S ottt VSNSRI 10 B - 1
chl o ofor g ek el e o1 o S5 ol bbb BT e M ey 1o 2
opraved WifiERHFasot Agetit ot BEREA T 0 T50C | The
Anal vt AT g b e R St R s Por mroton.
car bom- 13AdaktpiloIMRdagr 31. ~ 1H NVR(CDC 3), '8 (ppm): 0:84-0.90 (m 9H),
> 5118, 28The fygaes] N data. giver lovhgre Fox D1, cabhefi-18 25 PROBRQIP O s,
T o SeH AMREDC), doprd S8 (evB k- pag kbR 131 oy (¢
62.99 T (R i 37280 11:50-1.59 (m, 45, 2.21-2.28 (5, 2H), 2.29-2.37 (m, 1H), 3.35
| (s, SH), 3.77-3.78 (broad s, 2H), 3.88-3.96 (m,2H), 4.06-4.14 (m, 1H), 4.30
(broad s, 2H), 4.40-4.46 (4, 1H), 5.18 (m, 1H).
15 “CNMR(CDCL), § (ppm): 8.62 (CHs), 22.65 (CHa), 62.99 [(CHs)sN], 29.17,
30.93, 33.15, 39.92, 43.07, 53.86, 67.97, 71.89, 74.99, 78.91 (CH, and CH),
182.21 (CO), 184.43 (CO). |

3p NMR(CDCls), 8 (ppm): -0.29 (respectively to HzPO4 in D20).

20 HPLC analysis

DP-VPA is analysed by HPLC using the following conditions:

Instrument: Liquid chromatograph equipped with integrating device
Column: Zorbax Eclipse XDB C18, 5p, 4.6 x 250 mm

Mobile phase: * Méthanol ~ Acetonitrile — Water (85:15:5 v/v)

Flow rate: 1.0 mL/min

Detection: UV @ 220 nm

Injection volume 20 pL

25 Typicai retention times are given in the foliowing table:

Name of the compound “Typical Retention time, min
1-Palmitoyl-iysolecithine (potential impurity) ' 6

- 1-Stearoyl-lysolecithine (potential impurity) 8
1-Palmitoyl-DP-VPA S 12
1-Stearoyl-DP-VPA _ . 18
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30.93, 33.15, 39.92, 43.07, 53.86, 67.97, 71.89, 74.99, 7 £nd
182.21 (CO), 184.43 (CO. 31P NMR(CDCL3), 8 (ppm: -0.29 $2rSeaarshpér?%vely tCI;)
H3PO4" i n WR0)2/07@® HPLC anal ysis DP-VPA is anal ysed by HPLEGIILAY0RR
following conditions: Instrument: Colum: Mbile phase: Flow rate:
Detection: Injection volunme Liquid chromatograph equi pped wi.th integrating

;%Vr'ggeg r{";{&i&gaﬁ,ﬁr@%ﬁ:ﬁ'@% e o st T SR A
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1- St ear oydephited BAF pijcal Retention time, mn (potential inpurity) 6
(potential “Inpurit 8 12 18 14 12 January 2005
5

EXAMPLE 4: Toxicology and safety studies in humans

A Phase I safety and tolerability clinical trial has been carried out using
C16/C13-DP-VPA mixture (C;s-DP-VPA /Clg-DP-VPA at a ratio of 15%:85%
- wiw) in solution of 5% Poloxamer F-127 + 0.5% Tween-80 and the oral route -
10  of administration. '

The design of this study was double blind, placebo randomized. It was -
divided into a single administration part and a part in which there was repeated
daily administration for 7 consecutive days. In each part the doses were

increased at intervals of 7 days if the previous dose was well tolerated.

15  Five doses ranging form 0.3125 g to 5 g of DP-VPA were administered as
single doses in the first part of the study and 3 doses (0.3125 g, 0.625 g and
1.25 g) were administered as repeated doses i the second part of the study.
Fifty six subjects in total were enrolled in this study: 29 in the first part and 27
in the second part.

20 In the first part, nausea and vomiting were the most commonly reported
adverse effects, the incidence of which was highest in the highest dose group
(DP-VPA 5 g) with 3 of the 6 subjects reporting it. Two of the 6 subjects in the

- second highest dose group (DP-VPA 2.5 g) reported nausea and vomiting. .~
Headache, diarthoea, abdominal pain and dizziness were also reported but in

25  the investigator’s opinion they were probably not study drug related.

With regard to the laboratory results, vital signs and ECG parameters, n0 trends
were seen and all results remained within acceptable parameters for all

subjects.

In the second part, fewer adverse effects occurred and only 3 (burning

30 stomach and abdominal pain) were considered to be probably related to the

15




WO 02/ 07669 PCT/ US01/ 00629 A typical HPLC chromat ogram 0f12C.J]aﬁ QE :
/[ C18-DP-VPA mixture at a ratio of 15% 85% (by wei ght) which wa anal ysed

as descriyfigdyareye is depicted in Figure 1. 5 EXAVPLE 4. PC@“ﬂLwﬂé@y and
safety studies in humans A Phase | safety and toI erability clinical trial

has been carried out usin Cl.6/ DP VPA ur x- DP- VPA
at a rat dBgas @B%OQSWEWS&&’“ 656 “%%é%’?n@ﬁfg&é 5! . 5%

~Tween-80_and t t aflesi gn of th| s study
was doubf&% Wlaﬁﬁtﬁﬁ aecﬂeg%ﬁer%irlé!om zga ! alﬁél:?:%?%ezzim?nto a single
admi ni stp @%ﬁ aAd YR R Elated tofthe bddyedragwas repeat ed daily
or

adm ni stratlon 7 consecutive days. In each part the doses were

i ncrease nt er / SBstdesritilbisthader at ed.

15 Five gﬁ ?Bﬂﬁ’r r? ‘?‘%‘Vrﬂf(}ﬂgﬁgf g 5 Th S%B@t@gA wet e adm ni stered as

5' ngI xtaﬁﬁg fHRablerMhilinas ey goodl 3 doses (0.3125 g, 0.625 g
§ ﬁﬁg%%éﬂere a Ir%1ﬁ&r‘)1]r§§stered as F}gpeat e%yﬁoses in the second part of the

study Fifty six subjects in total were enrolled in this study: 29 in the

first part and 27 in the second part. 20 In . the first part

\\//\ﬁm Lr ng(h;mhlmm &ndlotbdmrﬁiﬁglﬁmp atgd adgymistiatign fq”ﬁéat gfdgﬁge of
- . 6
suIbJCec}tNgS %I et I‘ﬂf’m St@ﬁg 58110%'?%#?& %/'S/Ag(g%(g%n %egt Ejoge

DRV, ghest |
abdon ﬁ,a o %%ﬁ) %1)52%6{%@%5&&8@ aﬁédﬁi‘ﬂtﬂ@!ﬂ)ﬁ-m sheRidal al i arr hoea,

SO reported but in 25t
i nvegig Q%DMi%ﬂ RY ﬂ&é@c@ﬁ@@fdﬂmmatfc&tthdpammdmgmd Wt h
rega?% tgﬁ%legf or at or results vital. signs and ECG paraneters, no trends
were seen and all results remnai ned Wi thin acceptable paraneters for all
subjects. In the seclc;nd part fewer adve,rse ef fects occurred and only 3

( bur ni ng EXAMPhin stuchiey i BWHIANS HSj dered to be probably

related to thq derto assess the pharmacokinetic properties of the Cis-DP-VPA

and C,5-DP-VPA compounds, the plasma levels of these compounds were

15 monitored in human subjects.
Healthy male volunteers, 18-40 year old, (7 individuals for each dose
tested) received, by a single oral administration, 0.3125 g, 0.625 g or 1.25 g of
Cis / C15-DP-VPA mixture at a ratio of Cis / Cas =13% : 87% (w/w). Blood
samples, 10 ml each, were drawn from each individual at the time points after
20  the administration of the drug, as indicated. The samples were centrifuged at
| 4% C at 1100 g for 10 minutes immediately after collection. Plasma levels of
C,s-DP-VPA and C;3-DP-VPA were determined using a LC-MS/MS technique.
The plasma concentration proﬁles of C}ﬁ‘DP-VPA and C;g—DP VPA as
: monitored for 24 hours followmg a smgle oral administration 0 625 g of
25 (y6/Cs-DP-VPA are shown, respectively, in Figures 2A and 2B.

As can be seen from the results of the human stndy, the Cis-DP-VPA
and Cis-DP-VPA compounds have different kinetic profiles. While the peak
concentration of C1-DP-VPA in the plasma was reached at 6 hours after the
administering of the drug, the peak of C;3-DP-VPA was reached two hours

30 later, at 8 hours post administration.
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15 12 January 2005 WO 02/07669 PCT/US01/00629 drug as thw‘la‘ﬂﬁ%ﬂbéd%d soon
after adm nistration. There were no incidences of nausea and t epi sode
of vomiti W B®dF6r ed nore than 24 h after admi nistrati on BEHINEE0638¢
related to the study drug. Fromthe point of view of the vital signs, ECGs,

laboratory te X | heyp.oterability
was very goodsf%bﬁeg]nﬂgﬁéﬁééﬁ?ﬁaghfﬁ%{ﬁ Zféftﬁéﬁﬁﬁ%%%g‘g? éd ch ni stration
parts of yhAsch %Yudstxb% @dlbﬂhfé@l foﬁﬁ&h@h@l&ﬁia@@dndeﬁﬁﬁﬁ@ﬂlﬂmé rofdss.f ound to
be very good at VPA doses of up to 2.5 g. It can be concluded that the

DP- VPA' s Tt sk dotmd itleztithd 0alontitéd &, ivahsisdoi theaswa ¢gmpoymdsyweerec o npared to

~that for the _parent_ drug VPA. _ EXANPL Phar macoki netics studjes in hunmans
In order Sﬂ@lﬁ%@ﬂ%dﬁlﬁ@'%haﬁaﬁ@’b?m@?rﬁﬁr‘ﬂﬁ%ﬂg%é@ OWIR £LOWBPBLIYPO/PA  and

C18- DP-VP ound | evel s of these conpounds were 15
moni t or ed %PEE}% gqu(‘%é?}?g Vagéalthy mal e vol unteers, 18-40 year old, (7
| ndividual s T orpeq g%%?ﬁegtfgggﬁ?loﬁﬁ%PWA PO%H:)‘Q'lﬁm?é 3l value

adm ni stration, 1.25 Clo C18-DP- VPA mi xture at
aratio Qﬁa@&nbu@&%&ﬂ%a%ﬁ%de%%oﬁﬁb odbotls tepCRSDPLUPAl amgbChy- wer e

drawn from each individual at the tine points after 20 the adm nistration
of the dridB;VRA domgpeatdsd. The sarrpl es were centrifuged at 40 C at 1100 g

for 10 m nutes_imediately after i | as C16- DP- VPA
and C18- DP- VPP laema %@P@}WMM@& égﬁzéf’ﬁé %ﬁ?ﬁﬁqﬁéﬁ %ﬁﬁe pl asma

‘concentration ofile and.Cl for 24

hour sV ol TeRRIH J2 c8 °8ﬁ§ﬁ’tegpfnv?ﬁ1% i’,‘?“&s %{9@0 g%l s- DP- VPA
are sho V. I g‘ﬁnﬁé%fg n fromthe ]
~results 0E¥tl:t§ﬁi5 E(tgitr(i%ln&{s u%ig(flﬁgﬂ&g?é@ %ge an &&ﬁ% ,}Z\eelgorrpounds have
different kinetic profiles. Wiile the peak concentration of C16-DP-VPA in

the plasma was reached at 6 hours after the admnistering of the drug, the
peak of C18- [(FabRA :VEg-DPa¥RAdandvof KhHDP-VPA concentrations In humans

plasma following a single oral administration of C;s/C;5-DP-VPA.

15
Time |  Cis-DP-VPA CeDP-VPA | Ratio
(hours) | . (ug/ml) (ng/m) Cie/ Cis

1 0.013 20.034 0,000 £0.000
3 016750004 | 0,058 20,043 0.35
3 0357 081820292 21
3 038530140 | 1.175%0.137 31
10 5368 0182~ | 0949 0254 26
12 0318 0.150 0698 %0.163 22

As can be seen from the results in Table 1, the observed ratios of Cis-
20 DP-VPA/C;s-DP-VPA were different from the expected ratio of 6.7 (Cys-DP-
VPA : Ci6-DP-VPA ratio 87%: 13% (by weight)).
Surprisingly, the presentation of the Cs-DP-VPA compound in the
plasma was found to be higher than jts proportion in the administered mixture,

17




30 later, at 8 hours post adninistration. 16 WD 02/ 07669 ;@dap]%g% 2005
PCT/ US01/ 00629 The term nal plasma half-life(t112) for. A and
C18- DP- - wPA28@6Pounds was cal cul ated formtheir plasna co‘?@@ﬂi‘wﬁqﬁ%n t| me
profiles. It was found that the calculated t112 values for the two

conpound anid 88 HeldhrlcRtinkd folRs VRAlMBShald, 00.6 -
.~ hours comgége?%h %Qgﬁié ?&%ﬂ ﬂo 18 DP- VPA. Theﬁt 1/ 2 neasured for the

gl obal  DR:-1\irfrs Weit o%%e%dﬁﬁﬂs&aﬂ@nbﬁmgclgmnmbl nes the pharmacokinetic
profiles of both the Cl6-DP-VPA and C g- DP-VPA cQ und Pl as

| oncent r at : Ion Thﬁhghés)trﬁﬁo@f@ﬂﬁl%% and (‘?ﬁll‘llhl_@mﬂ 6 SRESiEred in
2dm ni st rakio of 66D @5&%&5"%@ ousipliowans fhe el Palisl Cliiens- Tabl e
1: C16-DR-VPA

& s gl o VA AZafis Houtt Be Meveit pr EREDRI PR GEA thély BEDaNGARER g 0! T oW o
C18- DP-Vgggﬁggggh(hours)(g/n1)(g/n1)C18/ C16 10.013 0. 0340' 000: LO. 000

:30.167 0 0. 0430. 35 60397; :L0.1720. 8180. 2922. 1

80. 3850. 1401. rm&%ekﬁﬁénénbﬁeuﬁﬁaﬁaﬂﬁﬁﬂ&:@ssEﬁ*zﬁﬂvaediheiﬂiéﬂb%15oo 698
0.1632.2

compounds demonstrate different pharmacokinetic proﬁles

10 EXAMPLE 6: Anti-convulsive effect of CIG‘DP"VPA; Cis-DP-VPA and
C:¢/ C15-DP-VPA mixtures (efficacy study) -
The anti-epileptic efficacies of C1-DP-VPA, C13-DP-VPA and mixtures
comprising both C;6-DP-VPA and C;s-DP-VPA were evaluated in mice. The

protective effect of the compounds was compared at different time points
15 following chemical seizure induction by pentylenetetrazol (PTZ).
The pentylenetetrazol (PTZ) induced seizure model in mice is an
 established animal model system for epilepsy. Subcutaneous injection of PTZ
into control animals results in the following sequence of events: myoclonie
jerks within 1-2 mins, followed by clonic and clonic-tonic seizures each lasting
20  approximately 5-10 secs with the severity of seizures increasing with time for
up to 30 mins. 80% of the first seizures are-observed within 3 mins, and 100%
within 20 mins. The second seizures usually follow within 6-10 mins and
subsequent seizures (if any) every 6 mins. |
UMY CD-1 mice (25-30 g) were pre-treated by subcutaneous (s ¢.) injection of
25  either Cy-DP-VPA or C;3-DP-VPA or a mixture thereof. The amounts used
- were equivalent fo 40 mg/kg VPA. After different times as indicated, 1, 2 or 4
hours, a convulsive dose of pentylenetetrazol (85-100 mg/kg ) was-
subcutaneously injected into the mice. The animals were monitored for one
hour following the PTZ administration for the occﬁrrence of episodes of clonic

30 spasms persisting for at least 5 sec. The protection effect was calculated as the
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As can be seen fromthe results in Table 1, the observed {23155#9%)(?60501& 20
DP-VPA / C16-DP-VPA were different fromthe expected ratiqQ 0 ; 9ClS-DP
VPA : CLEWOM2YPS9r ati o 87% 13% (by weight)). Surprisingl yCHHE1/406
presentation of the C16-DP-VPA conpound in the plasma was found to be

hi gher. thafhdrict RiRRRthhOMdindt hBeasitcd sdcofig deirind dividedlly flid thaaduary 2005
WO 02/ 07669 PCT/USO1/ 00629 Thi s phenonenon was nore pronounced at the. :
- shorter trmmbegraifrmsmals.testeiess than 6 hours following the adm nistration

- of Cl16/C18-DP-VPA. The hjighest ratio of .C18 6, .i.e 3.1 (whjch is still
‘bel ow t he expé@t@@le&%ﬁ-Q@ﬁS@QW}U’ﬁhﬁﬁﬁﬂHk‘ﬁ[eW%‘tm@u ey eshithg t he

admi ni strati f. Cl6/ C18-.DP; PA. At t.his. pai vel s of 'C1 -DP-VPA
reach. th eﬁ“"ﬁﬁ a@%‘f?eé’%ef%ﬂlith?‘l??S?{eﬁ?%pgﬁlﬁg%%%ﬁéssgd@&sgr vations indicate
t hat the = QP- Y¥PAMn 1 - VPA conpounds denonstrate different

phar rrgcokﬁ\bg?lag ?ﬂa% ilgggjL ?%WEOXAIVPLE 6: Anti-convul sive effect of C

6- DP- VPA;ngﬂPc}/@BPaWA/G;SBDPQJBm/EG@ymﬁg}f@ffi cacy study) The

anti-epileptic efficacies of Cl6-DP-VPA, Cl15-DP-VPA and m xtures conprising
bot h Cl6-TXbaPA EndDErSPRRC\FRPWPA wtial 1Pedby mesghi2. The protective

effect of the_conpound gnpared at different time points 15 foll ow ng
chem cal 'E@IQQEEEWQPC‘E@KT%@%WMW enetetrazol (PTZ). The

pentyl enetelrazo PIZ) -1 SEeLZUIe, %g. | in mceis an establ i shed
ani mal N%e&eﬁg&wrﬁ% %ﬁ ipdut aneghs injection of PTZ into -
cont A81. ANFniedo Tp. 3’(’45@3% &t $#8Ysequence of events: nyoclonic

jerks within 1-2 mains, followed by clonic and clonic-tonic seizures each
| asting 20 approxi mately 5-10 sees with the severity of seizures increasing
with time for wup to 30 nugs. 80%of the first seizures are observed within

5 mns, and l%oﬁ! ggt giﬂn, ﬁgﬂmwﬁ%@iﬁ%ggtﬁ?hﬁgg es usually follow within
6-10 w ns and m ns. :

15
A) Cic-DP-VPA -100%
Time (h) Second seizure (n//N) | % Protection
1 4/8 ) 50 -
2 6/8 25
4 5/8 38
20
B) Cis-DP-VPA/C;5-DP-VPA :50/50
Time (h) Second seizure (//N) | % Protection
1 6/7 14
2 6/7 14
4 5/8 : 38
25 C) C;6-DP-VPA/Cy5-DP-VPA :10/90
Time (h) Second seizure (n/N) | % Protection
1 5/7 29
2 6/7 14
4 2/8 75
30
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CD-1 mte (25-30 g) were pretreated by subcutaneous (s .Cy) dnMEShdson of
25 either Cl1 6-DP-VPA or Clg-DP-VPA or a m xture thereof The anhounts used
were equiwaltents@o 40 ng/ kg VPA. After different times as PREFAM®E? 1, 2
or 4 hours, a convulsive dose of pentylenetetrazol (85-100 ng/kg) was-
subcut aneousl | e L nt m ce. ., Jhe anipmls were nonitored for one
hour f'ol | ow néD} %'Sﬁgdg%%iﬂio?ﬁatlon for the occurrence of epi sodes of
clonic 30 spasns persisting for at lLeast 5 sec——TFheprotection effect was

oG UT G

cal cul at ed abTite (8 14 Sexondsgizaoo//ND_(pPratsstipeT) )S01/ 00629 nunber of
animal s that{ di d not expyei ence a second sei7zure divided by the tote=
nunber of anfFal's TesTqg7In Tables 2 A-Diagge shown the results of

PTZ-i nduced s€izures—t S{/78S described auc% whereinm tthe tested
conpositionslere as fal Z\m 5 Table-A C16-—BP--VPA—100% Table B -

C16- DP- VPA/ Cl g-DP- VPA rati o 50150 (by weight) Table C -

C16- DP- VPAI Cl $- DP- VPA ratio 10190 (by weight) Table D - C18-DP-VPA 100% n=
t he nunber of aninmals experiencing a seizure; 10 N= the total nunber of

ani malss in the TEDMYPedomPoabd BSnioes bffedtive ce 15 20
A) Clg DP- VPA A%%@Sq‘sgém(]ﬁ?ﬁlg%?wsgéure (n//l\ll?? Yo Prot ection 14/ 850 -

26/ 825 454,838v&idnlér fBoMPAGhEesDEh iy 88% JRotEction lSempanet ted zur e n/ %

Pr otection
maxmlum of 50% protection obtained by 100% C;6~DP-VPA.

The C15~-DP-VPA/C,5-DP-VPA mixtures demonstrated intermediate
behaviour, with the effect of the C15-DP-VPA/C;3-DP-VPA at a ratio of 10/90
- 10 (Table C) being closer to that obtained‘with the pure C;3-DP-VPA compound.
‘However, protection was more apparent at 1 hour with the 10/90 mixture than
with 100% C,5-DP-VPA.
It is also important to note the different kinetics of the protective effects
by the two DP-VPA compounds. The peak activity of Cig-DP-VPA was
15 obtained 4 hours after the administration of PTZ, while the pure Clﬁ—DP—VPA_
reached its maximal therapeutic effect already within 1 hour.

7 Conclusion: although C,-DP-VPA and C;5-DP-VPA have similar potency as

anti-convulsant (i.e. similar EDsq values), their therapeutic profiles are

20  different. The Cy-DP-VPA compound is more effecﬁve in preventing seizures
in the ﬁrst hour after induction of seizures by subcutaneous ademstraﬂon of

- PTZ The Clg-DP-VPA compound, on the other hand, shows maximal anti-

convulsant activity at the later times, i.e. at four hours after the injection of PTZ
(see Table A in comparison to Table D).

95 Tt is important to note that the tested Cs-DP-VPA/C,3-DP-VPA mixtures, m
particular the C;¢/Cyg mixture at a ratio of 10:90, behave in a similar way t0 the
100% C,5-DP-VPA compound, namely demonstrating high maximal seizure

protection, but over a more prolonged time.
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- 16/ 714 261714 45/838 25 C) Cl16- DP- VPA/ C18- DP- VPA :10/90 3 |

seizure nl % Protection 15/729 261714 42/875 19 12 January%z%agggya%ﬁ%g?gmw
- PCTI | LO11W06297d6» C18- DP- VPA - 100% Ti neSecond sei zure (W RFPPHSER i on

15/ 617 26/ 714 411786 5 As can be seen in Table 2, the Cl18-DP-VPA conpound
s more gfy R 7 SLPIS Y S0k 01t Rins S6F ABhiRREAHIGS of BPOYPAY 86% protect i on
conpar ed=t8 FrEEXT R O Siimeime : o Cl{- DP- VPA. The
- C16- DP- VPA/ Clgy, Rﬁ’ﬁ‘céh%)’cﬁzﬁdﬂ@ﬁ@@é ti#tibni of eierpriisentcinvesion/caur , wi t h
the effect of the C16-DP-VPA/ C18-DP-VPA at a ratio of 10/90 10 (Table C)
bei ng cl bsadntigistehed tohtabjeetling himmbeeopways,ciisichrrymelidagyaubbthe However

protection was nore apparent at 1 hqur_wth fhe 10/90 m xture than wth
100% C18apPrFopgsample) gd@m&tfﬁiﬁﬂibmﬁaﬁﬁ doneryelly: parenicrs pZﬁ}r %PH@? cs of the

protectiye .effects by the two.DP-VPA conpounds... : ctivit f

tc:ﬁg oP- v X%é‘fa{g‘;&@@ﬁ NIFUAPERIORE F?‘écf“qg‘he;b%gu% ‘Hﬂ‘?ilﬁ%?gléﬁ of PT)Z/, “whil e
pure. ~ DR- EEQQ% i ees] ' t&idgl i t hi

1 hour. &ﬁ%gﬁi@?f oﬁbaéﬁf oug a%? iﬁ\z}%%a g%%%{%?%%%g%t{lﬁtg?dm I a'?/ \[I)Mot elngy

as Formulations for topical administration may include, but are not limited '

to drops, liquids, sprays, powders, suppositories, creams, gels and ointments.
Conveﬁt_ional ﬁha:rmaawtical carriers, aqueous, powder or oily bases,
10  thickeners and the like may be necessary or desirable.

Formulations for parenteral administration may include, but are not
limited to, sterile aqueous solutions which may also contain buffers, diluents
and other suitable additives.

Compositions for oral administration may be formulated as powders or

15  granules, suspensions or solutions in water or non-aqueous media, in the
dosage form of tablets, capsules, syrups ot solutions. The formulation may be
designed so to enable modified controlled release of the active agent. The |

. capsules and tablets may be coated so to afford site-specific delivery to
different parts of the gastrointestinal tract. Thickeners, diluents, flavorings,

20  dispersing aids, emulsifiers or binders may be desirable.

Suitable pharmaceutical excipients that may be included in the
formulations include, but are not limited to, phospholipids, triglycerides,
propylene glycols, polyethylene glycols, poloxamers, surfactant and co-

" Surfactants. o .

25 Dosing is dependent on the severity of the symptoms and on the
responsiveness of the subject to the DP-VPA drug. Persons of ordinary skill in
the art can easily determine optimum dosages and dosage form as well as

dosage regimen and means of adminisiration.

30
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anti-convul sant (i.e. simlar ED50 values), their ther apeuAtJaguzpygédf,l es are
20 different. The C16 DP- VPA conpound is nore effective in preventing

.sei zures wowanoiessf i rst hour after induction of seizures byPEUBd{8F80uUS
‘admi ni stration of PTZ. The Clg-DP-VPA conpound, on the other hand, shows

a1 er tho i nj SUERSTheSoherd iy é:@ e ok AFEled afroelh SR "177,
part | ool kel bake b AikEh oo R B an) B Bl et 1 b

parti cul a rati-o of 10:90, behave in a simlar way

to the H@@%ﬁ&%&ﬁ@%@ﬁﬂhdﬁxnunmmbemmmmm@dammmmmﬁﬂabmhg akighlartyxi mal sei zure

protection, but over a nore prolonged tjine. 20 12 J uary 2005 . 02/ 07669

PCT/ US01Aegsibed exhidiracrs, lsﬂieorﬁm @Op@rsnmtaud@ﬁgcqm g@ﬁ%ﬁ? n of

DP- VPA The DP-VPA.conp un nd co osé% Qeﬁﬁﬂesent |nvention can

be ad#i nib§maeredcadsly; Hﬁg7n§HQ are well known in

the art. For exanple, adnlnlstratlon may be done orally, parenterally,

(for exanple 5 by intravenous drip or intraperitoneal, subcutaneous, or

i ntranmuscul ar injection), topically, (for exanple by nasal application or

inhal ation) or rectally. Fornulations for topical adm nistration nmay

include, but are not limted to drops, liquids, sprays, powders,

suppositories, creans, gels and 0|ntnents Conventi onal pharmaceutica

carriers, aqueous, pomder or oily ba$es,;" 10 'thickeners and the |ike may be

necessary or desirable. Fornulations for parenteral adm nistration may

- include, but are not |imted to, sterile aqueous solutions which may al so
contain buffers, diluents and other suitable additives. Conpositions for

or al adnlnlstratlon may be fornul ated as powders or 15 granul es,
suspensi ons or solutions in water or non-aqueous nedia, in the dosage form
of tablets, capsules, syrups or solutions. The fornulation may be designed

'so to enabl e nodified controlled rel ease of the active agent. The
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capsules and tablets may be coated so to afford site-specid jfm gdebbgsery to
~different parts of the gastrointestinal tract. Thickeners, diluents,
flavorings, 20 dispersing aids, ermulsifiers or binders may be desirable.
Sui t abl e pharmaceutical excipients that nay be included in the

formul ations include, but are not Iimted to, phospholipids, triglycerides,
propyl engogbmeasbs, pol yet hyl ene glycol s, pol oxamers, sur fREKHAL/086I8 co-

sur f act ant | s..dependent on the severity of the synptons and on
t he rgw subject to the DP-VPA drug. Persons of ordinary
skill in-the art can“easily determ ne opti mum dosages and dosage form as

"well as dosage regi nen and neans of adm nistration. 30 21 12 January 2005
VO 02/ 076694 PCT/ WSGHAARRRAH VKN dotnpdittias eseptisingvetherapeutieailpeffective

particul arly described, persons stalled in the art will appreciate that
meny \@pbait ONealpRsicaRitl bf phatmeutiesilpacoeptible deivrtedhereof kevalauliit i on i s
not to be construed as restricted to the particularly described
enbodiemdes] tormphesphoiipid cugiety; epdr phagmacaivelprcesptible AH@nt i on will  be
nore readily understood by reference to the clains which follow 22 12
January 2005 WD 02707669 WHAT | S CLAIMED | S: PCT/ US01/ 00629 1. A

phar maceutigal couaposi tion ] ﬁl RditRnt ) SRk, YHeRShigwR] anmount
of val proi cﬁ'aci deggpm%eu@ga_ y éi?:)ge%tea Shgg'gde“ vatrve -thereof

coval e LiQ, @1& hPihe ey asistipfofplbanlopensitical ly .
accept&é%hgggﬁgg}é@ﬁ?ﬁgep arlr)raceutg?@hfb%l%srrpom tfia-%n accorgiﬂng to claim1,
wher eigh sdhdtidic acids and phospho-esters derivatives thereof. - - -

3. The pharmaceutical composition according to claim 1, wherein said-
‘phospholipid moiety is selected from the group cohsisting of lysophosphatidyl-
ethanolamine, N-mono-(C,,)-alkyl, N,N-di-(C,_y)-alkyl and quaternary derivatives of -

the amines thereof.

4.  The pharmaceutical composition according to claim 3, wherein said
quaternary derivative of Tysophosphatidyl-ethanolamine is Iysophosphatidylcholine.

5. The pharmaceutical composition according to claim 1, wherein said
valproic acid or pharmaceutically acceptable derivative thereof covalently bonded to
said phospholipid moiety is l-palinitqyl—2-va1proy1-snf glycero-3 -_phosph_o?hq]jne,

E 6 " The pharmaceutical composition éccofding to claim 1, wherein said |
valproic acid or pharmaceutically acceptable derivative thereof covalently ]aonded to

- said phospholipid moiety is 1-stearoyl-z-va_lproyl-sn—glycgff)n-S-épho§pl}?_01:19}_1'_{f; o




phosphol ipid noiety is selected fromthe group consisti ng@jangg,%a@j ogens,
- phosphati dic aci ds and phospho-esters derivatives thereof 3.
phar maceuwiece/076@nposi tion according to claim1, wherein SE?HIL%WB@BhoI i pid

moi ety is selecte ]?@.%5 Eﬁn,g gpasipthbietty baid
et hanol am nel7 N- rm%r%- Eeﬁ&#%o %ﬁ} ( c1°ﬂ{m$§‘§| and. quat er negry
deri vat ’Véﬂiﬁoﬁzf Efma e gﬁﬁiﬁ@é&lﬂlﬁ@ﬂ @Ecep%abl@d%nphﬁwmmﬂﬂls abvalempolinkedio |

according-t alm wherein said ‘quaternary derivative of

| ysophog#id: délbhohphhm@iay‘ahﬁpbﬂﬁwmiﬂmbﬁam thy|grow corsisting afw-1, sn-

phar maceut i cal conposition according to claim1, wherein said valproic
~acid or2phadsmSeutical |y acceptabl e derivative thereof coval ently bonded to
sai d phospholipid noiety is :

| - pal m toyl - 2-val proyi-sn-gl ycero 3- phosphocho3i ne. b. The phar maceut i cal

SESPﬁEL%L??S Fy Sttt paftyet Rgof it T PERY, ABERIERE, <o o
1- - 2.
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phar ﬁtéﬁ%@%@%@gﬁ%ﬁﬁ%@bﬁﬁaﬁﬁt. U thereof i's coval ently Iinked to

'sai d phospholipid noiety at.a position selected fromthe group consisting
of sn-1, sn 2, and sn 3. 8. The pharnmaceutical conposition according to
claiml whergin s&lke hahwceuncadmompnmtmmmmn@ngrt@almm &Wb@mwé

derivative thereof is covalently linked to  said phosphol.i p| noi, et at a
posi t i owalprok: acid®r pheempeentiically actepin bleslenizeiive therepids releass tbaY Qeagiage

wherein said valproic acid_or phar, rraceutl ca1 | y acceptabl e derivative

t her eof hysph@pb@bp@ﬁ%&;@t%@ﬁ@rgp%%l Phosphol i pase A2 at said sn-2 position.
10." The pharnmaceuti cal conposition according to claiml, wherein said
conposition is in a formselected fromthe group consisting of solutions,

suspensions, el OB SAeHREl SRRSHiEon adRPAIRE o RBANSHRPRE Y ES

composition is in a form selected from the group consisting of solutions, suspensions,

emulsions, syrups, capsules, tablets and suppositories.

11.  The pharmaceutical composition of claim 1, which is suitable for oral

administration, intravenous administration, or rectal administration.

12.  The pharmaceutical composition of claim 1, further comprising a
second valproic acid or phanmaceutically acceptable derivative thereof covalently
bonded toa different phosphohpld moiety; | |

wherem said valproic acid or pharmaceutxcaliy acceptable derivative thereof
covalently bonded to said phospholipid moiety and said second valproic acid or
pharmacentically acceptable derivative thereof covalently bonded fo said different

phospholipid moiety are in a ratio of from about 1:20 to about 1:2 by weight.




11. The pharmaceutical conposition of claim1, which is s jRbke26¢ oral
. adm ni stration, intravenous adm nistration, or rectal admnistration. 12

" The pharnmaceutical conposition of claim1, further conprising a second
val proic acid or pharnaceutically acceptable derivative thereof covalently

bonded t Qyg oshhisksr ent phospholipid noiety; wherein said v3ldghebfersd d or
phar maceutléca Ty acceEt abl e derivative _thereof _caoval entl y(gcygndgdﬁt o said

phosphol i pi d3soi éflge egticelcenapasition of elainils fthernoRipREREAi cal | v
o phseeaIdivler ey O SHOPhaRRRGeRItally aRtahiade deryalive et cobelenly
phosp ; .

wei ght , 2 Janpary ,2005 .02/ 076 PCT/ US01/ 00629 13. The

phar mb@&ﬁ?&iﬁ’a pb%l".ttl’?%’ﬁpﬁf\‘ﬁlﬁ}aﬂl °Y> further conprising a second val proic

acid or sai %h&% : Iéﬁgé ' ' iveOH tly
bonded to a%g?%%aﬁg p o's%%%?llag’??%ml e‘?yﬁ%ﬁ?@%‘?ﬁ%ﬂ‘?gé@gﬁ%m, ?eggi d or
phar m.%ﬁ{dé]e’éﬁ%bbnﬂ%&%@%&ﬁ@ hb¥pid ¥BidtPendedid seemil ealptoicheidad to said
phosphol'i pi ety and sal d second val proic acid or pharnmaceutically
accept phhfmgesuticallywecéprabRoderbeitiviedhérey bondalyt bomitiddodald differént

- phosphol i pid noiety are in a ratio. of fromabout 1:5 to about 1:7 by

vei ght phbdphdlipid phedefyparein xetioonffros dbouh 1 5t tocibeut 7 by weighdr conprising a
second val proic acid or a pharmaceutically acceptabl e derivative thereof

- covalently bonded to a different phospholipid noiety. 15. The

phar maceuti.cal c osj tion of.gﬁl aim 14, wherein_ saigd valproic acid or

phar maceut i d4t | y%’&ﬁ%‘lﬂ CPARRAFEIGH, @W&oﬁ’é&@ﬁ@%ﬁgm to said

Mo, ~Tnacosief valButt heid of RisEhirioBl Brdtpiols S St ROERERRE ™ ' ™
. naee | , | | ecC .

val pr oj ' [y ] ' . ptabl e derivative thereof covalently

-bondedbﬁga&gg?g@%@%@%&@@ﬁﬁ@@%ﬁg ‘noi ety is 1l-stearoyl-2 val proyl

sn-gl ycero-3 phosphochol i ne. 17 The pharnmaceutical conposition -of claim

14, wherein the total anmount ‘

15.  The pharmaceutical composition of claim 14, wherein said valproic

| -

acid or pharmaceutically acceptable derivative thereof covalently bonded to said
phospholipid moiety is 1-palmitoyl-2-valproyl-sn-glycero-3-phosphocholine.

16. The pharmaceutical compositioﬁ of claim 14, wherein said second
* valproic acid or pharmaceutically acceptable derivative thereof covalently bonded to
said different phospholipid moiety is 1-stearoyl-2-valproyl-sn-glycero-3-
.phosphochoﬁne. C

) 17.  The pharmaceutical composition of claim 14, wherein the total amount
| of said first valproic acid or said pharmaceutiba]ly acceptable derivﬁﬁve thereof
' covalently bonded to said phospholipid moiety and said second valproic acid-or said
pharmaceutically acceptable derivative thereof covalently bonded to said different
phospholipid moiety is from about 35 mg to about 2500 mg.

18.  The pharmaceutical composition of claim 14, wherein the total amount

25




of said first valpr0|c aci d or said pharmaceutically acceps abl,g,964d vative
thereof covalently bonded to said phospholipid noiety and sai d second
val proic acid: or said pharnaceutically acceptable derivative thereof
covalently bonded to said different phospholipid noiety is fron1about 35

ng to abaup o266 Ng. 18. The phar maceuti cal conposition ofp@Eingl
wher ei n anpunt. 5 12 nug 69 _PCT/ SOl/ 00529 of
o a t o SRR AL g RRRHRRhuER 16 ébife@ BrvRRY Pffvat ve

tvQFL?8T°3‘%£’%%‘B§‘?“%%@%%§‘?R%%€@aF el Sl i oo A g

coval eiHarniaaaieshlk yomepﬁhbqié bRy ave theRTRdOkIcRY bamlieh Yo ssididifeiepbout 70
"ng to about 560 19. " The pharmaceutical conpoSition - -of claim 14,

wher ei rplﬁmpﬂohprdmmﬁtymfromlabMitm giglatabout 560 apeut i c ef fects, prol onged
therapeutic effects, or greater and prolonged therapeutic effects, on

central nervous system disorders than a conposition conprising only said
val proi c aci d or ph maceut ically acceptabl e derivative the%(?of covalently

bonded to a osp armagsudic] comapesition o4 claimckd Tehergipsaid eombination
Hitter %?ffl%iﬁ%%émﬁﬁ%%?n%?sg% sBtolimged ihsripeuBa ricars b FORr aPdn of cl ai m
ther 2‘3?6f§%#§%§'&ﬁ?§é3%§ﬁ§ srerf ol cBhof{ RaRRif W#O@@%%WQ ebufBLidcd Ve
{/éf)glrg} C %ﬁ%%h%ar m%l?’:i%ﬁa‘fqp% }%@%%r%ﬁ@e dt%}?ler e“ﬁii“a&1 coval ‘ent | y

bonded cb?aﬁeﬁ'ﬂ? Honided et h@ibﬁ%ﬁbﬁi ég%rm*@ﬂy shidl decGh& ioAciPoPr oY -

sn- gl ycer o- 3- phosphochol’i ne” 21. The armaceutical conpdsition of claim
20, wheharmadewtivailytaoybp@ble/dérivativte thereof voedlentdy bonded e saly Hiffdrent ne and

| -stearoyt 2 val proyl sn glycero-3- phosphatidyl-choline are in a ratio of
from alyﬂm’spholmdtmmeﬁjnout 1:2 by weight. 22. The pharnmaceutical conposition
~of claim20, wherein 1 palnmitoyl 2-

- 20.  The pharmaceutical composition of claim 14, wherein said valproic
acid or pharmaceutically acceptable derivative thereof covalently bonded to said
phospholipid moiety is 1-palmitoyl-2-valproyl-sn-glycero-3-phosphocholine and-
said second valproic acid or pharmaceutically acceptable derivative thereof
covalently bonded to said different phosphelipid moiety is I-stearoyl-2-valproyl-
sn-glycero-3-phosphocholine.

21.  The pharmaceutical composition of claim 20, wherein 1-palmitoyl-2-
valproyl-sn~glycero-3-phosphatidyl-choline and 1-stearoyl-2-valproyl-sn-glycero-3-
: phosphaﬁdy_lf-choline are in a ratio of from about 1:20 to about 1:2 by weight.

22.  The pharmaceutical composition of claim 20, wherein 1-palmitoyl-2-

valproyl-sn-glycero-3-phosphocholine and  I-stearoyl-2-valproyl-sa-glycero-3—
phosphocholine are in a ratio of from about 1:20 to about 1:2 by weight.

- 26




val proyl - sn-gl ycer o- 3- phosphochol i ne- and 1-stear oyl - 2- va{npiRyhy 860l yeer o-
-- phosphocholine are in a ratio of fromabout 1:20 to about 1% by wei ght.
26 12 January 2005 WO 02/ 07669 PCT/ US01/ 00629 23. The pharmaceuti cal

conposi tion of claim20, which is suitable for oral admnistration,

I ntraveneug opohwbni stration, or rectal admnistration. 4, ugq,ﬁ,fm,y@zprm c
acid or pharnaceutically acceptabl e derivative in the for m of a conposition
.as. cl ai med |n clalml in the manufacture of a medi canment for - reducing side

| fLL?EZf ‘r’f Qih.ﬁﬁﬁ'd °reﬁe"’1&rﬁace“t 'éﬁa‘é‘éff@t SRRt Shb Rk orat v
I n the- C

BRI gd$ H&Cﬁﬁ{)n ﬂu mo§g§ "éllnalti @#fsrﬁ%fa"@g%h }th.%tb the manuf act ure of

phar maceufivifly accept abl e derivative ther eof with ot her ther apeutic

—-U

agents.. . 2F..' Use of val proi c acid or pharnmaceutically acceptable
derivative by foyg ngféim&@ﬁi &1 ﬁﬁhrﬁﬁaceﬁﬁchﬂgﬂaédé pdbié ﬂ!:n{rau\}e'lnttﬁé form
manufacture of a nmedica creasing val proic acid-or -

phar maoéut ¢@ap0sytlai¢@§mlm@1 ueckmat]i u‘eﬂmmmfactmfer of:aa:;te&reﬁ‘meﬂt ﬁmrrpound

conpri si val aci harr ceut cal I ceptabl e  derivatjve thereof
- coval eﬁ?‘f'&%ﬁﬁ{?oe el B‘% OIPrB é‘f’?a 3]%’1@06@9%@@ ndETBYatyEai m 27
vvherel T% # phophosl i pi d noi ety S

1- st earoy sn glycero 3- phosphoryl choline. 29. ' The conpound of claim 27

e Sa PRy C8F JRlfrpffoacti r pharppssitioally aogeptable deriyedivpin By fomy o
Pl e”t'c rpBkioER R ST i S PiRIE bl BRR b GioRhikBE ki@ amount

reducmg interactions of valproic acid or pharmaceutically acceptable derivative
thereof with other therapeutic agents..

el

(D.q

26. | Use of valproic acid or pharmaceutically acceptable derivative in-the form
of a composition as claimed in claim- 1 in-the manufacture of a medicament for-

increasing valproic acid or pharmaceutically acceptable derivative thereof

efficacy.

27. A compound comprising valproic acid or pharmaceutically acceptable
derivative thereof covalently bonded to a phospholipid moiety.

28.  The compound of claim 27 wherein said phophoslipid moiety is
1-stearoyl-sn-glycero-3-phosphorylcholine.

29. The .édmpound of claim 27 wherein said phophoslipid moiety is
1-palmitoyl-sn- glycero—B—'phosPhorylcholine.
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derivative thereof covalently bonded to a phospholipid mjgl uafooos
pharmaceutically acceptable carrier; said conposition providing a
therapeutic effect in the manufacture of a nmedicament for the treatnent of
a central nervous systemdisorder in a mammal 31. A use according to claim
30, wherein the central nervous system disorder is selected from epil epsy,
m grai ne, bipolar disorders and pain. 32. A use according to claim 30,
wherein the central nervous system disorder is epilepsy. 33. A use
according to claim30, wherein said said phophoslipid noiety is
~ 1-stearoyt-sn-gl ycano- 3tgBosphory| chigdriniReutdchl Actwposicionr dichmpiRirg aian 30,
wherein said said phophoslipid noiety is 1-palmtoyl-sn-glycero-3
- phosphor yI chtherapeutiz8ily effective amount of valproic acid or pharmacetically acceptable
derivative thereof covalently bonded to a phospholipid moiety; a
pharmaceutically acceptable carrier; said composition providing a therapeutic
effect in the manufacture of a medicament for the treatment of a central

nervous system disorder in a mammal

31. A use according to claim 30, wherein the central nervous system

disorder is selected from epilepsy, migraine, bipolar disorders and pain.

32. A use according to claim 30, wherein the central nervous system

disorder is epilepsy.

33. A use according to claim 30, wherein said said phophoslipid

moiety is 1-stearoyl-sn-glycero-3-phosphorylcholine.

34. A use according to claim 30, wherein said said phophoslipid

moiety is 1-palmitoyl-sn-glycero-3-phosphorylcholine.
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