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that may involve one part of the body or the entire

body. (Harrison's Online, March 29, 2001) MConsey,
wd2009a201a1 . in US Patent Publication US 2006/ 0Pd1/08808/058233

Al , 20published February 23, 2006 and McConsey, D., et

al. in US Patent Publication US 2005/0282887 Al,

publ i shed Decenber 22, 2005 di scl ose conpounds of

f Oﬁﬁlﬁrélﬁkkhﬁrﬂﬁ’eﬁ |h§|'uﬂe ‘f’(‘fdél brnlaﬁéﬂﬁlzfrfge@bﬁ?ég @éneﬁ*@hie%plsdhlc-

and rel ated di sorders. ey, D7, et al. in
Pat/eme OPARINdd ARl SERULES, ﬁtﬁ)@ﬁ@d&ﬂ@@@gwer@ﬁ@d l@@@éfﬁﬁe?re

D. ha%?’]téllze LA %ﬁséaéar%@é wWinBLi \f\?é‘rrnﬁr%n T |399I5r5h%%§%$§17 Hizure

25? urther rocess preparation
t hig L@ualbfotgn@§oofra¢t@nmj InzsClep, @mﬁmed gesrrgrah@raca mﬁ@kea
su t am " I ]
5 ¢ he EREEmEH T e R AR ] ekl Prart rete. biphe?
c oprpesune saraf pdmifary biae( Aftenh@i28 isnthéltoainthaﬁe af theesacure

h f I
&/ ObBIRp BRI Be LAc af B e b Bitefiflon o
f operiais f gmssleablaxétmnmmiedbb nm:srekeaacrcmtraoimn Thter geriods of
¢ e PRon PR e g Bgse LRt B R PR At rRogphiBh psuety
10 colgBsmei rabrepthaparmaihi Mhelostidial m&p@m@aaéniemml a

|( n%/érﬁ?ﬁ’%ﬁ"’ege%ﬁ F%}@PE@ F%/C%‘i' {¥c 8ad 8§C958Wetsﬁlé"aﬁ'f38 Eﬁﬂt&?f‘ GRYSE

of stﬁ@cﬁﬁégsl Beatiihg bed ptial 4ihay GMEHREtdA Mtoﬁ@é%)ﬁrréé SreNH

(1) .Swherein Rl is selected fromthe g ?2
coﬁ@r@@te%@d&y THAIED fRs§ Qiﬁasﬁumusglexvne 15260 3% ect ed
frosmddtisae o tﬁu‘éﬂ?ln&édur@g Qut théﬁ%ﬁ@%@al@% dd%“@tbl (%Hﬁ)(élon
ais an integer froml 2; 1s selected fromthe

15 grMMQCI@@ﬁ§pgprq$g?1r@pharacterlzed by a sudden and brief muscle contraction
that may involve one part of the body or the entire body. (Harrison’s Online,

March 29, 2001)

McComsey, D., et al. in US Patent Publication US 2006/0041008 A1,

20  published February 23, 2006 and McComsey, D., et al. in US Patent
Publication US 2005/0282887 A1, published December 22, 2005 disclose
compounds of formula (l) and their use in the treatment of epilepsy and related
disorders. McComsey, D., et al. in US Patent Publication US 2006/0041008 A1
and McComsey, D., et al. in US Patent Publication US 2005/0282887 A1

25 further disclose a process for the preparation of the compounds of formula (1)
comprising reacting a suitable substituted amine with sulfamide.

In the process(es) as disclosed in McComsey D., et al. compounds of
formula (1) wherein R" and R? are each hydrogen describes the use of
sulfamoyl chloride ( CI-SO,-NH>) as a reagent, which reagent is unsuitable for

30 large scale / commercial preparation. There remains, however, a need for a
process suitable for the preparation of large scale material and / or for

commercial preparation of the compounds of formula (1).



wherein b is an integer fromO to 4; and wherein c is
an integer from0O to 152; WO
wWQe@911001 91 PCT/ US2008/ 058233 f.then a i s 1PCDUSH08/058233

pharmaceutically acceptable salt thereof. 5The present
invention is directed to a process for the preparation

of conpounds of fornmula (IA) R40RL 111/ (CH2)a-N-S-N
HO(lIA) wherein RuivsvAmdicroene INOBATIONSe! ected from

t he group consi sting of hydrogen and Tower alkyl; ais
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R' is selected from the group consisting of hydrogen and lower alky!;

(1)

5 wherein

R* is selected from the group consisting of hydrogen and lower alkyl;

ais an integer from 1 to 2;

is selected from the group consisting of
] F O : X0
(R%)s | (Ro)— >4
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wherein b is an integer from 0 to 4; and wherein c is an integer from 0 to

and

15 2;
each R’ is independently selected from the group consisting of halogen,

lower alkyl and nitro;



(R5)c I> 0 wherein b is an integer fromO to 4; and
wherein c is an integer fromO to 2; 5each R5 is

wo pdependent |y sel ected fromthe group consi stPeOyUSf008/058233
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hal ogen, | ower al kyl and nitro; 0, then ais 1;

or a pharmaceutically acceptable salt thereof;

10conpri si ng R4 -(CH2)a-NH (X) R4 N
OR HN reacting a conpound of for a (X) with
a compound of formula wher ei

nitrogen protecting i he—pwes nce o

organi c or inorganic wher ei c or

i nor gamirevitheds that whaot actisve with the chl oro agr oup
on the conpound of formula (Xl); in an aprotic organic
sol vent; tdRyicel d tge correspondi ng conpound of

formul a

(R%)5

@) ,thenais 1;

or a pharmaceutically acceptable salt thereof.

The present invention is directed to a process for the preparation of

compounds of formula (l1A)

R*0 R
I
(CHZ)a_N_ﬁ_NH
O (IA)
wherein
R is hydrogen;
R* is selected from the group consisting of hydrogen and lower alky!;

ais an integer from 1 to 2;

is selected from the group consisting of
i F O i I ~x—
(R)s | (R)— 4~
X 0

(R

(R)s C\O: >3- (R)—(:[ ji




0 de-protecting the conpound of formula (Xl1);

to yield the correspondi ng conpound of formula (IA).
wGIlve/1priesent i nvention is further directed toPEI/US2008/058233

process for the preparation of a conpound of fornula

(IB) R4ORL 111/ (CH2)a-N-S-N H O(IB) wherein Rl is

sel ected fromthe group consisting of |ower alkyl;

10R4 is sel ed fromthe group consisting of hydrogen
and | ower [; a i an integer from@g.to 2; is

sel ect ed g onsj st igfig erein bis
an(Rht-ege antRubrerei n ¢ is aprsnt eger
fromO tks seacth RS 4 s i ndependg sel/ected from
the group €onsistin® of hal ogen, |ower©Oalkyl aadd
nitro; 0. sthen a is 1; or a

phar maceut i@yy ac&ept abl e salt thereof; 10conprising
\F
(R)s
wherein b is an integer from 0 to 4; and wherein c is an integer from 0 to
2
5 each R’ is independently selected from the group consisting of halogen,

lower alkyl and nitro;

\ O
(RO
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provided that when is 0] or

(R%).

,thenais 1;

or a pharmaceutically acceptable salt thereof;

10 comprising
T
Cl—S—NH "
R* 5 >_ OR® CH N
@ (CH,);—NH © > . 52° or
2)a () Xy oA
(X) HN

@)
reacting a compound of formula (X) with a compound of formula (XI)
wherein —C(O)OR0 is a nitrogen protecting group; in the presence of an organic
or inorganic base, wherein the organic or inorganic base is not reactive with the
15 chloro group on the compound of formula (XI); in an aprotic organic solvent; to

yield the corresponding compound of formula (XII);



-(CH2)a-NH (X) R4 N OR HN reacting a
conpound of formula (X) with a conpound of fornula

w@ Xiop/1gdierein -C(0)OR is a nitrogen protecti ngpQr/O8N8/058233
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in the presence of an organic or inorganic base,
wherein the organic or inorganic base is not reactive
with the 15chl oro group on the conpound of fornula
(XI); in an aprotig organic solvent; to yield thegs 4

corfesphondi ng confound of formula ( Lol
reg . ((héz)aeeﬁﬁourzg of formula (X ke)comr) NH;

of eIdROQIS a |l eavivdg group; in a
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(1B). an enbodi nent e ‘present

i NGRS qfiormtﬂ%%bd to a process for the
10preparation of a conpound of forrmula (I-S)

The present invention is further directed to a process for the preparation
of a compound of formula (I1B)

R* O R’
|
(CHz)a—N—ﬁ—NH
O (1B)
wherein
R’ is selected from the group consisting of lower alkyl;

R* is selected from the group consisting of hydrogen and lower alkyl;
ais an integer from 1 to 2;

is selected from the group consisting of
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or a pharmaceutically acceptable salt thereof (also
known as N-[[(2S)-6-

w@bhdoonen121 3- di hydr o- 1, 4- benzodi oxi n- 2- yl | met hyPEBUBI0a8)58233
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de) conprising O Il Cl--NH O O NH20(s) (XI)Clo (XII-9S)

15reacting a conmpound of formula (X-S) wth a conmpound

of formula (XI), wherein -C(0)OR is a nitrogen

protecting (ggsgup; in the presence of an organic or

inorganic b , Wherein the organic orolLnorgani c base
Y W

IS not red chl or¢”g on\t he conpound
of (F%y n an|apr 6RY) gani ¢ sol ©to
yield t 5 di conmpounNQEANQr nul/a (X1 -S);
(xI'1-S) @-protecting the cOipound efd

formula (XI|xS); to yield the 5correspondi ng conpound
of forrrulfa( S). o The present invention is

further Bl g-a=rystalline formof the conpound
of Rfsgr .[10The\@resent invention is further
di fodt gQnpollinds ormula (XII)

wherein »-AT t rogen protecting group and
wherein a, R4 and Ral are as herein defined.

Pr ef er attigyein-bdg @nomegsr fromiltto dgend pheteast tiisyan gtegsp from O to
vvhf_rei n Ris selected fromthe group consisting of
Cl”4alkyl 15(preferably t-butyl), benzyl,

p- met haeagh &4y Independently seieetey fromd the groliieonsisting of halogen,

lower alkyl and nitro;

\ O
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provided that when is 0] or

(R%).

or a pharmaceutically acceptable salt thereof;
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@)
reacting a compound of formula (X) with a compound of formula (XI)
wherein —C(O)OR0 is a nitrogen protecting group; in the presence of an organic
or inorganic base, wherein the organic or inorganic base is not reactive with the
chloro group on the compound of formula (XI); in an aprotic organic solvent; to

yield the corresponding compound of formula (XII);



conmpounds of fornmula (XI1) are useful as internediates
in the synthesis of the conpounds of fornmula (I).
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prepared according 20to the process described herein.
Illustrative of the invention is a pharnaceutica
conposi tion conprising a pharmaceutically acceptable
carrjier and the product prepared accg -|ng to thegs

pr geesy descri bed herein. A%H ust %'the/
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1 0(l) wher ein 4, a andare as herein defined
Th@"ﬁ@%ﬁ@dﬁ&ynbﬁﬂﬂ'}nula (1) are useful in the

treatnment of epilepsy and rel ated disorders. 20

In an enbodi nent, the present invention is directed to

a pr ocds@nfembadireenty thetpsesent gfveptivrpisdirgstedfto aaracdss for the

(1 &)eparation of a compound of formula (I-S)

BOGRAN

or a pharmaceutically acceptable salt thereof (also known as N-[[(2S)-6-

RO

\\ _NH,

chloro-2,3-dihydro-1,4-benzodioxin-2-ylimethyl]-sulfamide) comprising

0
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Cl 0 (X1) Cl 0
(X-S) (XI1-S)

reacting a compound of formula (X-S) with a compound of formula (XI),
wherein —C(O)OR? is a nitrogen protecting group; in the presence of an organic

or inorganic base, wherein the organic or inorganic base is not reactive with the



RAORL 111/ -(CH2)a-N-S-NH Il 0O(IA)

wherein RL is hydrogen, and wherein R4, a and
wQ3a@efizaied; and pharmaceutical ly accept abl e saP€@BUS2008/058233

thereof. 10 I n anot her enbodi nent, the present

invention is directed to a process for the preparation

of conpounds of fornula (IB) R40 RL 111/ (CH2)a-N-S-NH

Il cr%rb@rouwsﬁ ﬁ*\encdﬂilpduﬁdﬁﬁlf&ﬁﬁﬁéj()(lf (HHET BSrcﬁb%P@amc solvent; to

consi st1ng of | ower kyl, wherein R4, a andare
asYiplgrtee ﬁortﬂ%?ﬂoﬁékﬂ‘g ogﬁwoyngpfr@ér@utau (&8t$) accept abl e
salts thereof. lgn anot her enbodi nent, the

present invention |&\0I)MQIC‘:/LeBt°to a process for the 3 ~NH;

Boiquieivens

(I-S)
(XII-S)
de-protecting the compound of formula (XII-S); to yield the

5 corresponding compound of formula (I-S).

The present invention is further directed to a crystalline form of the

compound of formula (I-S).

10 The present invention is further directed to compounds of formula (XII)
R?
CH,) —N/
( 2/a \Séo ORO
o” N

RO Xl

wherein —C(O)OR? is a nitrogen protecting group and wherein

a, R* and R are as herein defined. Preferably, -C(O)OR’is a nitrogen

protecting group wherein R is selected from the group consisting of C1.salkyl
15  (preferably t-butyl), benzyl, p-methoxybenzyl and 9-fluorenylmethyl. The
compounds of formula (XIl) are useful as intermediates in the synthesis of the

compounds of formula (1).

The present invention is further directed to a product prepared according
20  to the process described herein.
lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the product prepared according to the
process described herein. An illustration of the invention is a pharmaceutical

composition made by mixing the product prepared according to the process
9



.S N %HNH (R5)b 0 10and pharnmaceutically
accept able salts thereof, wherein b and R5 are as
whesogitzoigdef i ned. Prefer ably, b is an integer fPONUS00058233
2; nore preferably, b is an integer fromO to 1.
Preferably R5 is hal ogen, nore preferably chloro. In
an enbodi nent of the present invention RL is sel ected
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anot her enbodi nment  of preSent 15i nvention, Rl
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another enb rrent of
pr@@émecewghy pegeptghiHegraer.i s - C H- .

5an enb .Ceﬁ“’ylrﬁ thbt?r?\/e‘?ﬁlgﬁ SR mgfho'dg of %ﬁt’ﬁfgeéjpllgg%?r)r; %Fe)}e’lted

gr oup ng of hydrogen an
Radiserdhiycroprising agmarstesimgddiansibjeadfn mewl tpemératherapeutically
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I nvention ntege
endiremtnbmabmfe.the present invention c is an integer
fromO to 2. In another enbodi nent of the present
invention b is an integer fromO to 1. In 25anot her
10 enbodi nent of tBRIGH PESCRIPTIOMNMOFOTHE FIGURASI nt eger

fromO t anot her enbqdi gent of _t resent
| roont iFishrE il G & Bhenesive XS Bheete oLy St Borm of
2 th@r@j‘r@‘;@kpﬂd;@f@@rmm@qgs; fromO to 1. In yet another

enbodi ment of t he present invention b is an integer
fromO to 2 and c is O. In an enbodi nent of the

present invemgoNLED FESCRPTFIONUGE HHE INVENTION

15 The present invention is directed to processes for the preparation of

R* 0 R
|
(CHo)e——N—8—NH
O (1)
wherein R', R*, a and are as herein defined. The compounds

of formula (1) are useful in the treatment of epilepsy and related disorders.

compound of formula (1)

20
In an embodiment, the present invention is directed to a process for the

synthesis of compounds of formula (lA)

R* O R’
| 2
(CHp)—N—S—NH

O (1A)

wherein R is hydrogen, and wherein R*, a and .E are as herein

25 defined; and pharmaceutically acceptable salts thereof.

10



10sel ected fromthe group consisting of 2-(chromanyl),
2-(6-chl oro-2, 3-di hydro- benzo[ 1, 4] di oxi nyl ),

wQ2qobanmef 1, 3] di oxol y1), PCT/US2008/058233
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2- (5-chl oro-2, 3-di hydr obenzo[ 1, 4] di oxi nyl ),

2-(7-nitro-2, 3-di hydro-benzo[ 1, 4] di oxi nyl ),

2-(6, 7-di chl or 02, 3-di hydr o- benzo[ 1, 4] di oxi nyl ),

2 (2, 3IthM%@Qeﬁ@BHhﬁﬁﬁ3h§phkbﬁhﬂl&ﬂ@%h§ﬁ#éd@@Q)apmmessﬁn
% | oro- benzo[ 1, 3] di oxol y1). In another embodi nent

oft ?Wée&ﬁ*é*écéh@f COWQW@?]P“@H“P'@ (B)ring structure

sel ected fromthe group consisti g of 2-,

(5- chl oro- 2, 3-di d benzo[l 4], X|mﬁ)

2-(7-nitro-2, 3-di : Eﬁenmp% ~ANHi oxi nyl ),

2-(6, 7- dlchloro- A hydr o-benzo[ 1, 4] di oxi nyl') and

242, 3- di hydr o- napht ho[2 3-b][1, 4] @ oxi nyB). (R5) ¢

Ilnvgﬁtnq/\éhnereﬁﬁg)qgI‘éEtea%ger%EgﬂIr)%%E?ﬁJlﬁm ooﬁ?o%gr alkyl andg

consiI’s
of In an enbodi of the present invention,is
selected fron1t yr oup consi sting of

2- dr o- hg
‘E/é y g xg-zl)%‘refr dhgrxellnngef?ned and pharmaceutically

(Sacﬂ:egtalbwiéansbﬁéré@{ 1, 4] di oxepi nyl ),
2-(6-chl oro-2, 3-di hy dro benzo[ 1, 4] di oxi ny

2-(6-f Ilpgpeth gr gm@pﬂw& tB%Hﬁe@FTt @]/%nt@g,le]g!rected to a process for

2- &16@5/9%@%'0} corpbendd 6Pnda Ac)

di hydr o- benzo[ 1, 4] di oxi nyl ),

2-(7-chl oro-2, 3-di hydro-benzo[ 1, 4] &4 0x ), 2-(6-

chl oro- benzo[ 1, 3] di o y1)0O 61\3 N%

2-(7-nitro-2, 3-di hy ro-Dénze 4]¢No nyl), 2-(7-

15net hyl - 2, 3- diRgdFp- benlzo[ 1,4] di ki nyl ),

2-(5- chlor023d|h = “bgrzo[ 1, 4]d|oxin(llb)

2- (6-brono- 2, 3-di hydr o- benzo[ 1, 4] di oxi nyl )},

2 (6, 7- ali'idqﬂriaanaceutlZaIB/- aticepthbiz- mztbérﬂaofﬁ}MIece(m bydn)j R® are as

8-ch 2.3-.di 0- ben 1.4

(Ao BsaPs- RIEHERY, b St [TTaUSHTBTOQ fhgi folgreierably, bis an
|6{feg@efrhry1| 0 enzPieterdblgiR o hglbyen, more preferably chloro.

In an embodiment of the present invention R' is selected from the group

consisting of hydrogen and methyl. In another embodiment of the present
invention, R is hydrogen.

In an embodiment of the present invention -(CH.),- is selected from the
group consisting of -CHz- and —CH>-CH>-. In another embodiment of the
present invention -(CH2)a- is —CH2-.

In an embodiment of the present R* is selected from the group
consisting of hydrogen and methyl, preferably, R*is hydrogen.

In an embodiment of the present invention a is 1.

In an embodiment of the present invention b is an integer from 0 to 2. In
another embodiment of the present invention c is an integer from 0 to 2. In
another embodiment of the present invention b is an integer from0to 1. In
another embodiment of the present invention c is an integer from 0 to 1. In yet

another embodiment of the present invention the sum of b and c is an integer

11



I n anot her enbodi nent of the present invention,is
sel ected fromthe group consisting

wQ@2qobapmef 1, 3] di oxol y1), 2-(2, 3-di hydro- PCT/US2008/058233

10

15

5benzo[ 1, 4] di oxi nyl ),

2-(6-chl oro-2, 3-di hydr o- benzo[ 1, 4] di oxi nyl ),
2-(7-chloro-2,3- dihydro-benzo[ 1, 4] di oxi nyl),

2-fofm B Y breferdb i diiflie@ePromal th, ﬁ]lrﬁj}/é’t@rfémér,en%o@ﬁnent of the
br ono- 2, 3- di hydr 0- benzo[ 1, 4] di oxi nyl) and

2-presentdnvantion -9 asiregsrdion OdeAZ0M L, 18 Pdi oxi nyl). In

anot her enbodi nent of the present inveptdQn, is
sel ected fromthe group consisting of @

2- (2, 3-di hydro-benzo[ 1, 4] di oxinyl), 2
10net hyih ad, eBalatidinyemtaf lengrepdntdhdintirn ny
2- (6-Dbrono-2, 3-di hydro- benzo[ 1, 4] di oxin
an enbodi nent of the present invep R3
fromthe group consisting ofRApleg
hydr ox ubstituted | ower al kyl, Q awer~al kyl ),
ni %%J%th%ffawothegm%qonsmg bl kyl ami Ko and di (I-ower

al kyl )am no. In 15another enpodi rgnt, of the present

i nventi -9 s Iectgd f e ji%ﬁp consi sting of
ha en+and nitr R nbodifment of the
prg{sﬁglht n HOn R3 is se (S m t he group

consisting of chloro and nitro. 13"%n enbodi ment
of the pres 5 invention R5 is selected fromthe group
consi sting °(rn) gen and |l ower al kyl. In another
enbodi nt invention R5 is sel ected

ngtﬁ)eh-l—ero, byono and nmethyl. In an
enbodi xheNeresent invention, in the conpound

of fornula Sél ect@®d fr orinahethgr empodioresit st thagresent
hal ogen, nitro, cyano, am no, |ower alkyl, |ower

al koxy and7~-T{Y) 0- (1 ower al kyl). In another enbodi nment
of the pre In an enbodi nent of the present

| Nv@sitioan, e S§ arRe-H@Bies séBctelgrobtdERPons cesisting of
formula (I) is in the S—configurat&'on. I n anot her
enbodi ment of the present inventiRn; the stereo-center

nds a ring structure
1) In

on the COAROU 0.0 ormula (1) he O
R-confi on. an ggggdi ' e prgsent
i nfe e conpound or ills prgsent as an

enanti o carhy enri F‘Eed m xt , rerg~the %
enantionmeric 10 enrichment (%e) is greater than
about 75% preferably greater than abgym=85% nore
preferably greater than about 90% nofeRonéferably
greater, than about nost preferabNy greater

959 . than
about 98& Q”FPOQHB?W&? %ﬂ&&?%ﬂﬁn 'PRe preseft@ng stflcture
I NyYREte @ fromSthd igf Rt &shsisBn® BE2-9EhroMBRYI), 2-(6-chloro-2,3-dihydro-

benzo[1,4]dioxinyl), 2-(benzo[1,3]dioxolyl), 2-(5-chloro-2,3-dihydro-
benzo[1,4]dioxinyl), 2-(7-nitro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(6,7-dichloro-
2,3-dihydro-benzo[1,4]dioxinyl), 2-(2,3-dihydro-naphtho[2,3-b][1,4]dioxinyl) and

2-(7-chloro-benzo[1,3]dioxolyl). In another embodiment of the present

invention, is a ring structure selected from the group consisting of 2-

(5-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-nitro-2,3-dihydro-
12



of the representative conpounds of fornmula (1) as
listed in Table 1, below. In 15Table 1 bel ow, the

waeodnanmibeaded "stereo" defines the PCT/US2008/058233

10

15

stereo-configuration at the carbon atom of the
het erocycl e attached at the starred bond. \Were no
designation is listed, the conpound was prepared as a

m Hriropl qalo&tn@r)ezl(@mfdrw&@tg amdro\/w&fzgmaqd.o%ny%nd@ (2,3

desi gnation i5 |isted, the steréo- conflgurati on was
ba@'@bdrérﬂaph@o%%tﬁ)ﬂ[" 4idioxiad) 1y enriched starting

material. 20 Table 1: Representative Compounds of
Formula (1) / - . 1R R4ORL 111/ 11\Z
IDNo. [/ - . 1R1 ./ _ Stereo (CH2).

In an embodiment of the present invention,

O
F ~x—
R | R E:[ -
group consisting of ~ # 0 ,

(Rs)c

5 N e
(R (R
X
x
(RO)%—
G
O . In another embodiment of the present invention,
x
is selected from the group consisting of

(RS)C

In an embodiment of the present invention, is selected from the

group consisting of 2-(2,3-dihydro-benzo[1,4]dioxinyl), 2-(benzo[1,3]dioxolyl), 2-
(3,4-dihydro-benzo[1,4]dioxepinyl), 2-(6-chloro-2,3-dihydro-benzo[1,4]dioxinyl),
2-(6-fluoro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(chromanyl), 2-(5-fluoro-2,3-
dihydro-benzo[1,4]dioxinyl), 2-(7-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(6-
chloro-benzo[1,3]dioxolyl), 2-(7-nitro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1,4]dioxinyl), 2-(5-chloro-2,3-dihydro-
benzo[1,4]dioxinyl), 2-(6-bromo-2,3-dihydro-benzo[1,4]dioxinyl), 2-(6,7-dichloro-

is selected from the

13



2-(2,3-di hydro- benzo[1,4]dioxinyl) CH2 NHHH WO
2009/ 120191PCT/ US2008/ 058233 2 2-(benzo[ 1, 3] di oxol y1)

w@kioneeibk H 3 2- (3, 4-di hydro-2H benzo[ 1, 4] di OR€PURZ00§/058233

10

15

20

CH2 NH HH 4 2-(2,3-di hydro- benzo[ 1, 4]dioxinyl) S

2,3-dihydro-benzo[1,4]dioxinyl), 2-(8-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-
(2,3-dihydro-naphtho[2,3-b][1,4]dioxinyl) and 2-(4-methyl-benzo[1,3]dioxolyl).

In another embodiment of the present invention, is selected

from the group consisting 2-(benzo[1,3]dioxolyl), 2-(2,3-dihydro-
benzo[1,4]dioxinyl), 2-(6-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-chloro-2,3-
dihydro-benzo[1,4]dioxinyl), 2-(7-methyl-2,3-dihydro-benzo[1,4]dioxinyl), 2-(6-
bromo-2,3-dihydro-benzo[1,4]dioxinyl) and 2-(6,7-dichloro-2,3-dihydro-

benzo[1,4]dioxinyl). In another embodiment of the present invention,

is selected from the group consisting of 2-(2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1,4]dioxinyl) and 2-(6-bromo-2,3-dihydro-
benzo[1,4]dioxinyl).

In an embodiment of the present invention R® is selected from the group
consisting of halogen, lower alkyl, hydroxy substituted lower alkyl, -O-(lower
alkyl), nitro, cyano, amino, lower alkylamino and di(lower alkyl)amino. In
another embodiment of the present invention R® is selected from the group
consisting of halogen and nitro. In another embodiment of the present
invention R? is selected from the group consisting of chloro and nitro.

In an embodiment of the present invention R is selected from the group
consisting of () halogen and lower alkyl. In another embodiment of the
present invention R® is selected from chloro, fluoro, bromo and methyl.

In an embodiment of the present invention, in the compound of formula

@) -

(", is other than O wherein bis 1 and R%is

selected from the group consisting of halogen, nitro, cyano, amino, lower alkyl,

lower alkoxy and —C(O)O-(lower alkyl). In another embodiment of the present

14



CH2 NHHHS5 2-(2,3-di hydro- benzo[1, 4]dioxinyl) R

CH2 NHH H 7 2-(2,3-di hydro- benzo[1, 4] di oxinyl) CH2
WOR@bI301H H 8 2- (6-chl oro- 2, 3-di hydr o- PCT/US2008/058233

benzo[ 1, 4]dioxinyl) SCH2 NHHH

invention, in the compound of formula (I), is other than
@) -

(R3)b4©[ j%
O

In an embodiment of the present invention, the stereo-center on the

wherein b is 1.

5 compound of formula (1) is in the S-configuration. In another embodiment of
the present invention, the stereo-center on the compound of formula (1) is in the
R-configuration.

In an embodiment of the present invention the compound of formula (I)
is present as an enantiomerically enriched mixture, wherein the % enantiomeric
10  enrichment (%ee) is greater than about 75%, preferably greater than about
85%, more preferably greater than about 90%, more preferably greater than
about 95%, most preferably greater than about 98%.
In another embodiment, the present invention is directed to one or more
of the representative compounds of formula (1) as listed in Table 1, below. In
15  Table 1 below, the column headed “stereo” defines the stereo-configuration at
the carbon atom of the heterocycle attached at the starred bond. Where no
designation is listed, the compound was prepared as a mixture of stereo-
configurations. Where an “R” or “S” designation is listed, the stereo-
configuration was based on the enantiomerically enriched starting material.
20

Table 1: Representative Compounds of Formula (I)

R* O R'

| Il /

% (CHy)s—N—3S—N
Il \ 2

O R

ID No. Stereo| (CHz). | NR* R’ R?

2-(2,3-dihydro-
1 benzo[1,4]dioxinyl) CH; NH H H

15



9 2-(6-fluoro-2, 3-di hydro- benzo[1,4]dioxinyl) S CH 2
NHHH10 2-(chromanyl) CH2 NHHH 13

WQ@2q08Atd1aor o- 2, 3- di hydro- benzo[ 1, 4] di oxi nyl ) BCIZHSR0$®$8233
H H 14 2-(7-chloro-2, 3-di hydro- benzo[ 1, 4]dioxinyl) S
CH 2

2 2-(benzo[1,3]dioxolyl) CH; NH H H
2-(3,4-dihydro-2H-
3 benzo[1,4]dioxepinyl) CH; NH H H
2-(2,3-dihydro-
4 benzo[1,4]dioxinyl) S CH: NH H H
2-(2,3-dihydro-
5 benzo[1,4]dioxinyl) R CH; NH H H
2-(2,3-dihydro-
7 benzo[1,4]dioxinyl) CH; N(CHjs) H H
2-(6-chloro-2,3-dihydro-
8 benzo[1,4]dioxinyl) S CH; NH H H
2-(6-fluoro-2,3-dihydro-
9 benzo[1,4]dioxinyl) S CH; NH H H
10 2-(chromanyl) CH; NH H H
2-(5-fluoro-2,3-dihydro-
13 benzo[1,4]dioxinyl) S CH; NH H H
2-(7-chloro-2,3-dihydro-
14 benzo[1,4]dioxinyl) S CH; NH H H
2-(6-chloro-
15 benzo[1,3]dioxolyl) CH; NH H H
2-(2,3-dihydro-
16 benzo[1,4]dioxinyl) CH2CH; NH H H
2-(7-nitro-2,3-dihydro-
18 benzo[1,4]dioxinyl) S CH; NH H H
2-(7-methyl-2,3-dihydro-
19 benzo[1,4]dioxinyl) S CH; NH H H
2-(5-chloro-2,3-dihydro-
20 benzo[1,4]dioxinyl) S CH; NH H H
2-(8-methoxy-2,3-
dihydro-
22 benzo[1,4]dioxinyl) S CH; NH H H

16



NH HH 15 2-(6-chloro- benzo[1, 3]dioxolyl) CH2 NHHH

16 2- (2, 3-di hydro- benzo[ 1, 4]dioxinyl) CH2CH2 NH H H
wQ@30024¢0d9ni t r o- 2, 3-di hydro- benzo[ 1, 4] di oxi nyl PCBUSHH02058233

NH HH 19

2-(6-bromo-2,3-dihydro-

24 benzo[1,4]dioxinyl) S CH; NH H H
2-(6,7-dichloro-2,3-
dihydro-
29 benzo[1,4]dioxinyl) S CH; NH H H
2-(8-chloro-2,3-dihydro-
30 benzo[1,4]dioxinyl) S CH; NH H H

2-(2,3-dihydro-
naphtho[2,3-

33 b][1,4]dioxinyl) S CH; NH H H
2-(4-methyl-
35 benzo[1,3]dioxolyl) CH; NH H H

Additional embodiments of the present invention, include those wherein

the substituents selected for one or more of the variables defined herein (e.g. a,

R, R* R, ‘E etc.) are independently selected to be any individual

5 substituent or any subset of substituents selected from the complete list as

defined herein.

The present invention is further directed to compounds of formula (XII)

R4
2/a
\ ..O
s?~  OR°

R" 0

10 wherein —C(O)OR0 is a nitrogen protecting group and wherein

a, R* and R" are as herein defined. In an embodiment, the present invention is

directed to a compound of formula (XII-S)

17



2-(7-methyl-2, 3-di hydro- benzo[1,4]dioxinyl) S CH 2 NH
H H 20 2-(5-chloro-2, 3-di hydro- benzo[1,4]dioxinyl) S

w@Rh021MHIH H 22 2- (8- net hoxy- 2, 3- di hydr o- PCT/US2008/058233
benzo[1,4]dioxinyl) SCH2 NHHH WO
2009/ 120191PCT/ US2008/ 058233 24
2-(6-brono- 2, 3-di hydro-
H
A _N_ _OR°
0 N/S\\ \"/
S,
T
Cl O (XII-S)

10

15

20

25

30

wherein —C(O)OR" is a nitrogen protecting group. Preferably, -C(O)OR®
is a nitrogen protecting group wherein RC is selected from the group consisting
of alkoxycarbonyl, aryloxycarbonyl, aralkyloxycarbonyl. More preferably, R® is
selected from the group consisting of C4.salkyl (preferably t-butyl), benzyl, p-
methoxybenzyl, phenylethyl, phenyl, naphthyl, cycloalkyl and 9-fluorenylmethyl.
More preferably, R is selected from the group consisting of C1.4alkyl
(preferably t-butyl), benzyl, p-methoxybenzyl and 9-fluorenylmethyl. More
preferably still, R? is selected from the group consisting of t-butyl, benzyl, p-

methoxybenzyl and 9-fluorenylmethyl.

As used herein, unless otherwise noted, “halogen” shall mean chlorine,
bromine, fluorine and iodine.

As used herein, unless otherwise noted, the term “alkyl” whether used
alone or as part of a substituent group, includes straight and branched chains.
For example, alkyl radicals include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, t-butyl, pentyl and the like. Unless otherwise noted, “lower”
when used with alkyl means a carbon chain composition of 1-4 carbon atoms.

As used herein, unless otherwise noted, “alkoxy” shall denote an oxygen
ether radical of the above described straight or branched chain alkyl groups. For
example, methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy and the
like.

As used herein, unless otherwise noted, “aryl” shall refer to unsubstituted
carbocylic aromatic groups such as phenyl, naphthyl, and the like, preferably
phenyl.

As used herein, unless otherwise noted, “aralkyl” shall mean any lower
alkyl group substituted with an aryl group such as phenyl, naphthyl and the like.
For example, benzyl, phenylethyl, phenylpropyl, naphthylmethyl, and the like,
preferably benzyl.

18



benzo[ 1, 4]dioxinyl) S CH2 NHH H 29
2-(6, 7-dichloro-2,3- di hydro- benzo[1, 4] dioxinyl) S
w@RiRINRIL H 30 2- (8-chl oro-2, 3-di hydro- PCT/US2008/058233
benzo[ 1, 4]dioxinyl) S CH 2 NHHH 33 2-(2, 3-di hydro-
napht ho[ 2,3- b][1,4]dioxinyl) S
As used herein, unless otherwise noted, the term “cycloalkyl” shall
mean any stable monocyclic, bicyclic or polycyclic, saturated ring system,
preferably a monocyclic or bicyclic saturated ring system, more preferably a
monocyclic saturated ring system. Suitable examples include, but are not
5 limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, adamantyl, and the like.

As used herein, the notation “*” shall denote the presence of a

stereogenic center.

10 As used herein, unless otherwise noted, the term “enantiomerically
enriched” when used to describe a compound with one stereogenic center,
shall mean that one stereo-configuration of the compound is presentin a
greater amount than the opposite stereo-configuration of said compound.
Preferably, when the compound is said to be enantiomerically enriched, the

15  desired enantiomer of said compound is present in an enantiomeric excess of
at least about 75 percent ee, more preferably at least 85 percent ee, more
preferably at least 90 percent ee, more preferably at least 95 percent ee, more

preferably at least 98 percent ee, most preferably at least 99 percent ee.

20 As used herein, unless otherwise noted, the term “nitrogen protecting
group” shall mean any ester group which can act as a protecting group for a
amine, amide, sulfamide or sulfanomide nitrogen. Suitable examples include, but
are not limited to alkoxycarbonyl, aryloxycarbonyl, aralkyloxycarbonyl, and the
like. For example, the nitrogen protecting group may be of the formula —

25 C(O)OR®, wherein R’ is Cy4alkyl (preferably t-butyl), benzyl, p-methoxybenzyl,
phenylethyl, phenyl, naphthyl, cycloalkyl, 9-fluorenylmethyl, and the like, and

wherein any of the R groups may be further substituted.

Abbreviations used in the specification, particularly the Schemes and
30 Examples, are as follows:

BOC or Boc = | t-Butoxycarbonyl (-C(O)O-C(CH3)3)
DIPEA or DIEA | = | Diisopropylethylamine
DMAP = | 4-(N,N-Dimethylamino)pyridine

19



WO peoen2i1on,
sel ected for

10

15

20

CH2 NHHH 35 2-(4-methyl - benzo[ 1, 3] di oxol yl) CH2
H Addi ti onal enbodi nents of the present

NH H

her ei

one or

n (e.qg. a, Rl, R4, R5,, etc.) are independently
sel ected to be any individual 5substituent or any

i ncl ude those wherein the substit UREIE/ES2008/058233
nmore of the vari abl es defi ned

subse[pRfE SubstTit gant SNIEDRRERIIdrmamidde conplete TTst
as defined herein.| The present " invention is further
di rect EPA® conpoyrids | Gihyf agat@ita (X 1) 10wherein
-C(0) s & M tTrouen gt €5t Fwherernm =,
R4 anmaar e as herei g%ﬁ?ﬁ’%’éﬂ&h?wtgn%o@%odi nent, the
presenWTBEvent i on |iss dMettod eoutyletizerconpound of fornul g
(X'l - S0—H%NORFST=yN-9% H-u—0—/—-G-0(XH—S5)

~Pd/C = ~[ Palladidnron Carbon Catalyst /

RBF = | Round bottom flask

RT orrt = Room temperature

TEA = | Triethylamine

TFA = | Trifluoroacetic Acid

THF = | Tetrahydrofuran

XRD = | X-ray Diffraction

As used herein, unless otherwise noted, the terms “epilepsy and related
disorders” or “epilepsy or related disorder” shall mean any disorder in which a
subject (preferably a human adult, child or infant) experiences one or more
seizures and / or tremors. Suitable examples include, but are not limited to,
epilepsy (including, but not limited to, localization-related epilepsies, generalized
epilepsies, epilepsies with both generalized and local seizures, and the like),
seizures as a complication of a disease or condition (such as seizures associated
with encephalopathy, phenylketonuria, juvenile Gaucher’s disease, Lundborg’s
progressive myoclonic epilepsy, stroke, head trauma, stress, hormonal changes,
drug use or withdrawal, alcohol use or withdrawal, sleep deprivation, and the like),
essential tremor, restless limb syndrome, and the like. Preferably, the disorder is
selected from epilepsy (regardless of type, underlying cause or origin), essential
tremor or restless limb syndrome, more preferably, the disorder is epilepsy

(regardless of type, underlying cause or origin) or essential tremor.

The term “subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who is or has been the object of treatment,
observation or experiment.

The term “therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
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wherein -C(0)OR is a nitrogen protecting group.

Preferably, -C(0)OR is a nitrogen protecting group
wob@waMIR i s sel ected fromthe group consi stiPgr/of2008/058233

al koxycarbonyl, aryl oxycarbonyl, aral kyl oxycarbonyl .

More preferably, Ris 5selected fromthe group

consisting of Cl_4alkyl (preferably t-butyl), benzyl,

p- reﬁ@érﬁﬁé??’@@#ﬂﬁnen Bf¥aIRfoBk or &h@rr’é{lhrmaﬂaﬂhkh)ﬂoludes
cycl oal k uorenyl methyl. Mre preferably, R

| Sa@é‘la&@i elthe sympioms cérﬂaﬁmswwgﬁowr QP'n@ireZ!Mkyl

(prefe A?sbus?édthe%'ih}’ hb ter?@‘hzd(ﬁpoﬁtlﬂﬁt |§%¥P@é¥t¥)l er%BFﬁpass a

9-fl uoren . More preferably

semr@du@dzomm'mngﬁbe gpmfgﬁc@og@dawg toe spe%fmowmowaiﬁzqa well
5 ps%ség eér‘é?ﬁé’t@@rﬂ esﬁo r?grreéml)g@rlﬁ@i{éecg? d:%rjn comblnatlor%i)fl the

rremecdbkicwgraélpntsrlommaqecffiedcarmmmtsand i odi ne. As used

herein t

e herOHEUGRILBHAZERLSFE8 % oiSuh Bt Skt sveira.

gr thepeactioalstefes) |elthteas;gsmﬂcanm bm@nlemmjarcehmrimsmecﬂ:under

di | ; t hvl |,
X3P s iins [E6] ERioRrdie. bisSsR: Pith epBigtivte LB
10 an@d/djkerebctbats) lﬂdcengﬁ)h@bWhSﬂethgdiﬁdo prdvidaethe debiest product.
Wt on chnal n 0 OSlth
h%gﬂrrﬁgﬁugeﬁksconsﬁts o el PRt 3 (rhlon SRPrie e ted under
opricié %@Mdﬁhorﬁsl‘(@'d tSHRPSrhRIrébressee with?dbprbhreite solvents

ical of the above descrlbed strai ght or branched

ch%ﬁqﬂfora{lewtﬁnkj? atEding &p keguumfledhodsde IQEB%’)WG t@?ﬁ’@ﬁyed product.

N- pr op@iye slél%lhlﬂl‘ié)ébf will 2188 F&LOnizB 1R XN tR ¥pédiitatiBe and
like used herein, unl ess otherw se noted,

15~ a¢l§lms %ﬂq@ﬂeﬁeme@ Berein Wheseip S P egen @r seraenbelass/ivee/ (e.g.
af ! 56iv toé'tl%% |§+é%he@ﬁ1 RBRMAER oHé%tEpr'a prdBskd th% individual
prere rab y(P used ereln unl ess
ot ne@@e\mtg @redenen e@ﬁlm|SR5eptedg‘hra¢achrf§a¢n0@rgtem ang maxlbeythe

naﬁﬁ%éfj&anﬁhyﬁe le}%{c(:h f&t@g %BVL)XQ'F&H%%V&H 175 sRBEY hoprocess
phreaifé a0 lydaniperengrigpniomase aaadhagwtrr@eiwgam@ndmpmmc base
20 | ' ectggporr?ﬁe%eﬁrgpgt%éﬂgﬁi{ytyé the et cﬂﬁ%}%ﬁh n tkHan(g ggﬁlc or

erwse no erm cyc 3l n-any
stlabtganmnrmseyxfltha:sedondystdu c or pol ycycl ic, sat ur at ed

ring s referab clic or_bicycljc..
ot o ol BVR =SSl mntied BRRGPE, sdinS bL et BblBrve
saéwr@ésacdwlsrgmgw i(sjersheare nSquaallﬁb@V\ﬂhahT@teeg] "ab?htlldﬁ,is but
are not, 5 to | @ tyl,
o ndaacy I8 bginsh ine i m SR S Sditihis ooy every
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nore preferably at |east 95 percent ee, nore

preferably at |east 98 percent gg, nost preferably at
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20As used herein, unless otherwi se noted, the term

"nitrogen protecting group” shall nean any ester group
wohkioeh2an act as a protecting group for a an PET/US2008/058233

am de, sulfam de or sul fanom de nitrogen. Suitable

exanpl es include, but are not limted to

al koxycar bonyl, aryl oxycarbonyl, aral kyl oxycar bonyl

and t hend jides heF@ih @ﬁqéég%tﬂew&.é@n&bartﬂ@@érnpﬂ@é\ﬁﬁgIgrasup" shall
group may be of the fornula - 25C(0)0OR,_ wherein Ris

C1mgan RyFha(gededraingharged am oI groupeyysh departs during a
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cycl oal | uor enyl et hyl ,
mlénléedwthBy @sl, mﬁaéylateg ﬁ@ut@ée mwl the likayr t her
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> speci f i'%:ga | gnr?er%ln yriess Othm%%%t%ch@ﬁgemqﬂtrbgeﬁ Potecting
30@‘“@593” meae aﬂommWh@hﬂnamﬂHChlddo a nitrogen atom to

&l&e%)t(gga ﬁ%b a(tor%‘%&&%{ 85@%@ m%l PE%OCH ar% \ﬁf/i\cﬁ may be

i SOpr opyl
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10  wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, p-
methoxybenzyl, 9-fluorenylmethyl, and the like, CH,=CH-CH>-, and the like;
amides — groups of the formula —C(O)-R’ wherein R’ is for example methyl,
phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives - groups of the
formula —SO,-R” wherein R” is for example tolyl, phenyl, trifluoromethyl,

15  2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-methoxybenzene, and
the like. Other suitable nitrogen protecting groups may be found in texts such
as T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John
Wiley & Sons, 1991.

20 Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. Itis to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention. Preferably,

25 wherein the compound is present as an enantiomer, the enantiomer is present
at an enantiomeric excess of greater than or equal to about 80%, more
preferably, at an enantiomeric excess of greater than or equal to about 90%,
more preferably still, at an enantiomeric excess of greater than or equal to
about 95%, more preferably still, at an enantiomeric excess of greater than or

30 equal to about 98%, most preferably, at an enantiomeric excess of greater than
or equal to about 99%. Similarly, wherein the compound is present as a
diastereomer, the diastereomer is present at an diastereomeric excess of

greater than or equal to about 80%, more preferably, at an diastereomeric
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= Methyl t-butyl ether Pd/C = Palladi um on Carbon
Catal yst RBF = Round bottomflask RT or rt = Room

w0 esopae@Ebure TEA = Tri et hyl am ne TFA = Tri f | uoPORUS1008/058233
Acid THF = Tetrahydrofuran XRD = X-ray Diffraction
As used herein, unless otherw se not ed, the terns
"epi |l epsy and rel ated di sorders” or "epil epsy or

r eb@le88 ofleated @han élaiulal R LR0Y %] hﬁ)@é ﬁl‘é’ferbﬁly\éhll G af
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SUétFllaQﬂ in &é%@&%rlc@c@&e@f c_{?@%te?‘ﬂ%ngﬂteqbél'fbta%gutt%% most

(1 ncludi ng, but no
| ol@rsfeira@v,u air@nr@%ter@en@ﬁpleéwses‘ gr@féﬁrethan oz egual to about 99%.

5 €pi | eps#d?ﬁerrﬁ&‘e' S@rﬁb F th ér@st?lﬂﬁé‘fo%@%rf’thb%thpéﬂﬁ'dé &Qﬁ{g

sei zures lzures as a CoO Fcatron o
a presedsmvention orayi etxnabas (pglymrlahs aed asisesh assmiend&@@ be

|$1|8IH85& %Dtggé) é)s%%?%\/e}?%nmh%%{i?gwéo%e bHKS%o%%ounds of the

present invention may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvates are also intended to be encompassed

10  within the scope of this invention.

One skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or solvent systems,
said reaction step may also be carried out in a mixture of the suitable solvents
or solvent systems.

15 Where the processes for the preparation of the compounds according to
the invention give rise to mixture of stereocisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
may be prepared either by enantiospecific synthesis or by resolution. The

20 compounds may, for example, be resolved into their component enantiomers
by standard techniques, such as the formation of diastereomeric pairs by salt
formation with an optically active acid, such as (-)-di-p-toluoyl-D-tartaric acid
and/or (+)-di-p-toluoyl-L-tartaric acid followed by fractional crystallization and
regeneration of the free base. The compounds may also be resolved by

25 formation of diastereomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds
may be resolved using a chiral HPLC column.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or

30 reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and
T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John
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wowdbdeasal , al cohol use or w thdrawal, sleep PCT/US2008/058233
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linb syndrone, and the |like. Preferably, the disorder
is selected fromepilepsy (regardl ess of type,

UNAREY B ShsC ROSE ﬂﬁe ero'télitlﬂé gr&ﬁ)%eﬁéy Bé rérﬁ&marat%rconvement

restless limb syndro nore pref era?wé t he di sorder
ss%ﬁpﬂeﬁﬁﬁta@(q%mﬁﬂ@% kBPW'ﬂ ypr thaddler | yi ng cause or
or|g|n) or essential trenor. The term "subject”

as used herein, refers to an animal, preferably a
rramml [Faryse Irpmeﬂ@mbth)e saltR @ e, Conmro UNgs 6f thitisvention refer to
G: N r

5 R £ A RGN e PURBIY B7 oA e, e
hetumfuﬂ,ln theapreparation ahtumpounids actordamgdo tips inveénten or of their
oh N ! :
e g el AR B, Sl Popiifacelt € Be Rhie gats
t haftthe soimpburgissiocigtie abiy aaldRion satés waicbimeay, for example, be
veterinarian ctor _or qther clinic whi ch
! lordBY e PRt §n of P @Bl 2ol 4 sace. or

10 9' Wrdﬁpe@&)ahlgettcre@mttwgase (prefedblyus etlompebade) gutT&s NeOH,

c ositjion" i ende nconpass a produc
coﬁgﬁrﬁﬁhgcgﬂﬁ’ ?@g%d“pﬁg?ﬁﬁ?ents in the specified
anount s, as wel | 5as any product which results,
d|rectLy |nd|rectly from combi nati ons of the _
speci f i &§ F?rﬁﬁffr&éﬁvé’ﬁt'% Isrﬂ'ieﬁ@dstaé’o?rf)?%?? fanhgmrgparation of
gl&er?ﬂfdddge%f g{:ﬂmhl“aG( dﬁrcgorgbédenggy gﬁﬁiufag(ll\"‘ bmpwﬁdseohe.tmula

W se s i f [ s
15 sp@l:wh*ere@tﬁi ol NA@IeNhinaY bamsenased g ﬁé@na@h dbm%%qketalblne
cogtidrhOnspdiéwd- tenperature, pressure, with

appropri ate sol vents 10and/or reactants), according to
known net hods, to provide the desir product. The

tern1"suitab|e condi tions" shall —ay|yeaction step
is performed under appropriate condifio (e. g
tenperature, pressure, Wth propri@hgggﬁTQBnts

and/ or react accordi ng/sto known hods to

. @l
will also recogafze that, in the spect¥) cation and

provi de the d-(pHodocNH One—skitted—Tm e art
15cl ai ms as presentéﬁ hereln wherein a reagent or

r eagent class/typea (e.q. base, sol vent, etc.) isR4

recfta in nmore tffan one step of a procdss, the | j
i ng 2 CHBAGENt S meﬁmmmmm%mlk%e-u&%+ﬂ%ﬁ—wm
eackR—=*€act i on stggféhdcg@y be the sawesf different g

from eachCd% her o?For exanpl e wherein two st¢ps of a
process recite an*ﬂ?g iCc or inorganic base as a
reagent, the organic oK)inorganic base 20sel ected for
the first step may be the ?ﬂﬁh di fferent than the
organi c or inorganic base 0 e second step. To
20 pr ovi dAa@ordimgly, cosiiiably smestl:tutthoompousdméfcmmutdw(e() a known
quantitative ex sions. given here n &re Dok

QiR QicpRTPHAS Plgharedin) iowh et ogs K edkted with Arsujtably
V\hsuti%etutéd"l@orhmund (ﬁlﬁ@mtula d), u\ﬂ@delexm(OﬁDR? i eDsuitably, selected

[é ?ntlt ven hereln B ; rFfer to |
t h@ r %%%rog?gq O%ﬁ" EXgAR'S: ?”.5‘&‘05}’%36 CRYAATYIPRY R Y.
t Oartalk@Ianrbdmwr&iritheﬂlke su:cékamp!enmheaémea%ha ARyl l(preferably

25 { HEDANT boPAR) GG RBPO ARV B AhEN ch . cycloali, o

experlnental and/ or neasur enent fondltlons for such
gi ven val ue. As used herein, unfess ot her wi se not ed,
the term"aprotic solvent” shall 30nean any sol vent
that does not yield a proton. Suitable exanples

i nclude, but are not limted to DM F, dioxane, THF
acetonitrile, pyridine, dichloroethane,

di chl oronet hane, MIBE, tol uene, and the Iike.

As used herein, unless otherwi se noted, the term




group” shall mean a group which may be attached to a
nitrogen atomto protect said nitrogen atomfrom
w@arvilziipati ng in a reaction and which nmay be PERUB1098/058233
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One skilled in the art will recognize that wherein a
reaction step of the present invention nmay be carried
out in a variety of solvents or solvent systens, said
reaction step may also be carried out in a mxture of
the suitable solvents or solven% systens. 15Were the
processes for the preparation of the conpounds
according to the invention give rise to m xture of
stereoi soners, these isonmers nmay be separated by
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For use in nedicine, the salts of the conpounds of
this invention refer to 5non-toxic "pharmaceutically

waec@epe@abl e salts.” O her salts may, however, PET/USHDED58233

10

15

20

25

in the preparation of conmpounds according to this
i nvention or of their pharmaceutically acceptable
salts. Suitable pharnaceutically acceptable salts of

t he cowwlﬁudlswk&ﬂ@laﬂﬁeﬂ(ca%bthOﬁaJnﬁ@ammaréﬁm is
for f or ned m xi ng a sol ution’ of

exa
coFRiRAIRd nPr@mthe U PGP I@Wfoamla ey Rreaaneg according to
aCt‘Fu%RJr@éHs@ a%w.n(eenreéeﬁaﬁﬁz Beldiv! ONg base) such as

NaH, chlol'ine hydroxide, and the Iike.

The sent [ nvern4| on is directed tg pr ocess fo/rR t he
@ Len of _gorpounds of glorgl a gRpQUASS of
fo I Af (co nds oof Ferma IS wher ei n %kq S OR?

hydrogen) may beFRr d as&0tlined in nore defaNl

in Schene 1, bl o~ Il C-S-NH Il >_ 934/0“‘
(CH2) a- NK§!D (X1) (X) © Schene 1 20Accordihgly, a R1 O
sui tably substituted conpound of fornula ( 4) a known
compound or conpound prep3g by known rrechods i's
reacted wth_a suitably s |b$¢|| @‘P‘FQ@ (nd of

formula (XI), wherein -C(OxQRAs & sl t ably_©el ect ed
nitrogen protecting group, for exanple,

al koxycar bonyl , aryl oxycarbonyl, afB) kypony[qamabnyl
and the like, for exanple, vvherel n Ris Cl_4alkyl
(preferably 25t-butyl), beRS§8Me B net hoxybenzyl ,

pheny! eddd¥tdingieritabyaRBEitMled HPRALY formBta (XI1), prepared

as in Scheme 1 above, is reacting with a suitably selected compound of

formula (XV), an alkyl halide or alkyl sulfonate, wherein Q is a suitable leaving
group such as Cl, Br, I, -O-SO,-CH; (mesylate) -O-SO,-CF; (triflate)-O-SO,-
tolyl (tosylate), and the like; in the presence of an organic or inorganic base
such as K,COs3, Na,CO3, NaOH, KOH, pyridine, DIPEA, TEA, and the like,
preferably a tertiary amine base, more preferably pyridine; in an organic solvent
such as THF, acetonitrile, DMF, and the like; preferably at a temperature in the
range of from about 0°C to about 50°C; to yield the corresponding compound of
formula (XVI).

The compound of formula (XVI) is de-protected according to known
methods, to yield the corresponding compound of formula (IB). For example,
by reacting the compound of formula (XVI) with an acid or reacting the
compound of formula (XVI) with hydrogen or a source of hydrogen. Preferably,
wherein the nitrogen protecting group (-C(O)OR?) is BOC, the compound of
formula (XVI) is de-protected by reacting with an acid such as TFA, HCI, and
the like, preferably HCI; in an organic solvent such as THF, ethyl acetate, and
the like. Alternatively, wherein the nitrogen protecting group (-C(O)OR?) is
benzyl, the compound of formula (XVI) is de-protected by reacting with
hydrogen or a source of hydrogen, such as hydrogen gas, in the present of a

catalyst such as Pd/C, at a pressure in the range of from about 10 psi to about
26



fluorenyl nmethyl, and the |like, and wherein any of the

R groups nmay be further substituted, a known conpound
woroogonpound prepared by known nethods; POT/URI08/058233

presence of an organic or inorganic base, wherein the

organi c or inorganic base is not reactive with the

chloro group on the conpound of 5formula (XI),
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tolyl (tosylate), and the like; in the presence of an
organi ¢ or inorganic base such as K2CO3, Na2CC3, NaCH,

wa/ipogei di ne, DI PEA, TEA, and the |ike, prefPCHDB3008058233
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tertiary am ne base, nore preferably pyridine; in an
organi ¢ solvent such as THF, acetonitrile, DWMF, and
the like; preferably at a tenperature in the 15range
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sol vent such as et hanol, nethanol, toluene acetic

ach@rC; imyieldiibe cpiespondingrasmriovaf ;@f fanmelteeth-$he
nitrogen protecting group (-C(0)OR) is
9-fluorenyl methyl, the conpound of fornmula (XVI) is
de- pr otTehet@dnmwndemﬁIrmga = 8) ia dbewetestwm(mercﬁrrg tarkino@/n
base..s and 5?| ke
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net ods r recrystallizatio rom

0 oAU /BN CAIER) isQerbloEclon o 188N Wileh ABd3ugh as
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pr esent invention is directed t process for_ the
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reactlng with hydrogen or a source of hydrogen, such as hydrogen gas, in the
present of a catalyst such as Pd/C, at a pressure in the range of from about 10
psi to about 60 psi, in an organic solvent such as ethanol, methanol, toluene
acetic acid, and the like. Alternatively, wherein the nitrogen protecting group (-
C(O)ORY) is 9-fluorenylmethyl, the compound of formula (XII-S) is de-protected
by reacting with a base such as an amine base such as piperidine, morpholine,
and the like, in an organic solvent DMF, and the like.

The compound of formula (I-S) is isolated according to known methods,

for example by filtration. Preferably, the compound of formula (I-S) is further
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HOO / O (XI 1-S) Schene 3 Accordingly, a suitably
substituted conpound of forrmula (X-S), also known as
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suitably selected nitrogen protecting group, for
exanpl e, an al koxycarbonyl, aryl oxycarbonyl,
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Compounds of fornula (XI) are known conpounds or

conpounds which 5 may be prepared according to known
woreaoboeia91 For exanpl e, the conpounds of for nul BCT/KE)008/058233

may be prepared according to the process as outlined

in Schene 4, below. 00 IR-CHI C-S-N=C=0 Cl-S-NH

[0 (XEH)(Xrv) 0o(Xl) Schene 4 10Accordingly, a

Suhd, alpbynRMBSéthlI@ kS aoReHE hrif thé ‘Hké“ﬂré\n&éﬁ ihd the@ompound
known conp ound or conpound prepare nown net hods
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formu is preferably present In about 1 nol
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as, acetgnitri tate d, the

5 SePieraue. estore bty B auraPaan B aPau GR 19 M8 b
C%mﬁstpdnmﬁg f:@mm;mj 6f>fbh‘fm(1jlar(l€| -8, all@amoV\/maerﬁ.h [(ah ?/
sol.ubl e i an nreactive to the solvent;
pr ettt GoxyaQargoqyi]n%@@g\oer 190€ he range of from
about O to about roomtenperature; to yield the
correspondl ng conpound of fornmula (XI). 20Co ounds of

f or mul a f\emreg)ntm@ﬂa@mIséurt&ertd"@mew to @EESFYSB@””E‘)?

10 ac‘?@ﬁ&%‘%‘ g ﬁﬂfﬂlﬁ‘e FISBC%% %L&élhrﬁbef%rﬂn'bfM@dﬁpoﬁmd%ﬂf&rmula (I-

O(S() mgy besbﬁ@am;erged by their correspppding fowgey X-ray Diffraction

W ul furyl chloride, a known conpound, is

25 eact ec? t-%’ut anol, a known conpound, wherein the

t - but arlelaniesnmdghentatieycrystalline form of the compound of formula (I-S)
may be characterized by its corresponding PXRD peaks, wherein the peaks

15 have a relative intensity of greater than or equal to about 10% relative intensity;
preferably, wherein the peaks have a relative intensity of greater than or equal
to about 25% relative intensity.

In an embodiment, the crystalline form of the compound of formula (I-S)
may be characterized by its corresponding PXRD peaks, wherein the peaks are

20 defined by their position (°20), d-spacing (A) and relative intensity (%). In
another embodiment, the crystalline form of the compound of formula (I-S) may
be characterized by its corresponding PXRD peaks, wherein the peaks are

defined by their position (°28) and d-spacing (A).

25 A powder XRD spectra was measured for a representative sample of the
crystalline form (I-SA) of the compound of formula (I-S), as shown in Figure 1,
with characteristic peaks as listed in Table 2 below. The PXRD spectra were
measured using an X-Celerator detector, scanning form 3 to 35°26, at a step
size of 0.0165°20, a time per step of 10.16 sec, an effective scan speed of

30 0.2067°/sec, instrument voltage of 45 kV and a current setting of 40 mA.

Table 2: Form (I-S)
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present in about 1 nolar equivalent; neat or in an
aprotic organic solvent such as, aceotnitrile, ethyl

wa@e®barmEl t ol uene, and the Iike, provided thatPChes2008/058233
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(XI'V) are at least partially soluble in the sol vent
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POSiZf 80, (23S RB8F bk f8h B G MR AL Chne
carrier may take a wide variety of forms depending upon the desired route of
administration (e.g., oral, parenteral). Thus for liquid oral preparations such as
suspensions, elixirs and solutions, suitable carriers and additives include water,
glycols, oils, alcohols, flavoring agents, preservatives, stabilizers, coloring
agents and the like; for solid oral preparations, such as powders, capsules and
tablets, suitable carriers and additives include starches, sugars, diluents,
granulating agents, lubricants, binders, disintegrating agents and the like. Solid
oral preparations may also be coated with substances such as sugars or be
enteric-coated so as to modulate major site of absorption. For parenteral
administration, the carrier will usually consist of sterile water and other
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ingredients may be added to increase solubility or preservation. Injectable
suspensions or solutions may also be prepared utilizing agueous carriers along
with appropriate additives.

To prepare the pharmaceutical compositions of this invention, one or
more compounds of the present invention as the active ingredient is intimately
admixed with a pharmaceutical carrier according to conventional
pharmaceutical compounding techniques, which carrier may take a wide
variety of forms depending of the form of preparation desired for administration,
e.g., oral or parenteral such as intramuscular. In preparing the compositions in
oral dosage form, any of the usual pharmaceutical media may be employed.
Thus, for liquid oral preparations, such as for example, suspensions, elixirs and
solutions, suitable carriers and additives include water, glycols, oils, alcohols,
flavoring agents, preservatives, coloring agents and the like; for solid oral
preparations such as, for example, powders, capsules, caplets, gelcaps and
tablets, suitable carriers and additives include starches, sugars, diluents,
granulating agents, lubricants, binders, disintegrating agents and the like.
Because of their ease in administration, tablets and capsules represent the
most advantageous oral dosage unit form, in which case solid pharmaceutical
carriers are obviously employed. If desired, tablets may be sugar coated or
enteric coated by standard techniques. For parenterals, the carrier will usually
comprise sterile water, through other ingredients, for example, for purposes
such as aiding solubility or for preservation, may be included. Injectable
suspensions may also be prepared, in which case appropriate liquid carriers,
suspending agents and the like may be employed. The pharmaceutical
compositions herein will contain, per dosage unit, e.g., tablet, capsule, powder,
injection, teaspoonful and the like, an amount of the active ingredient
necessary to deliver an effective dose as described above. The
pharmaceutical compositions herein will contain, per unit dosage unit, e.g.,
tablet, capsule, powder, injection, suppository, teaspoonful and the like, of from
about 1-1000 mg and may be given at a dosage of from about 0.01-300
mg/kg/day, or any range therein, preferably from about 0.5-100 mg/kg/day, or
any range therein, more preferably from about 1.0-25.0 mg/kg/day, or any

range therein. The dosages, however, may be varied depending upon the
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requirement of the patients, the severity of the condition being treated and the
compound being employed. The use of either daily administration or post-
periodic dosing may be employed.

Preferably these compositions are in unit dosage forms from such as
tablets, pills, capsules, powders, granules, sterile parenteral solutions or
suspensions, metered aerosol or liquid sprays, drops, ampoules, autoinjector
devices or suppositories; for oral parenteral, intranasal, sublingual or rectal
administration, or for administration by inhalation or insufflation. Alternatively,
the composition may be presented in a form suitable for once-weekly or once-
monthly administration; for example, an insoluble salt of the active compound,
such as the decanoate salt, may be adapted to provide a depot preparation for
intramuscular injection. For preparing solid compositions such as tablets, the
principal active ingredient is mixed with a pharmaceutical carrier, e.g.
conventional tableting ingredients such as corn starch, lactose, sucrose,
sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or gums,
and other pharmaceutical diluents, e.g. water, to form a solid preformulation
composition containing a homogeneous mixture of a compound of the present
invention, or a pharmaceutically acceptable salt thereof. When referring to
these preformulation compositions as homogeneous, it is meant that the active
ingredient is dispersed evenly throughout the composition so that the
composition may be readily subdivided into equally effective dosage forms
such as tablets, pills and capsules. This solid preformulation composition is
then subdivided into unit dosage forms of the type described above containing
from 0.1 to about 500 mg of the active ingredient of the present invention. The
tablets or pills of the novel composition can be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged
action. For example, the tablet or pill can comprise an inner dosage and an
outer dosage component, the latter being in the form of an envelope over the
former. The two components can be separated by an enteric layer which
serves to resist disintegration in the stomach and permits the inner component
to pass intact into the duodenum or to be delayed in release. A variety of

material can be used for such enteric layers or coatings, such materials

33



30.70 2.91 21 The present invention further
conpri ses pharmaceutical conpositions containing one
woeomne@EInf the conpounds prepared accordi ng tBCEHO$2008/058233
t he processes described herein with a pharmaceutically
acceptabl e carrier. 5Pharmaceutical conpositions
contai ning one or nore of the conpounds of the
| NKeINkHiIng rﬁiﬁﬁl%r'o@%@lyﬁfé’n@'a@d@%ﬂ‘ﬁlcﬂ%ét&ﬁalé ag rsﬂ@l!a%n&etyl
can be prepared by intimtely mxing the conpound
c oM @sd welHose pieddtrmceuti cal carrier according to
convent ki dHoAnIRARkEh AR nGRIBSHBGfiths! & ATH@YER: invention
The carrier may take a wide variety of forns endi ng
upr@ﬁybnen%@,ora fﬁro@drelnt‘;ﬁran@a@mllmpéby miecdian qrafcl e, aqueous
r r a
5 O L S8k H4S ! abidl e SRR LA P curec
caemulelosls amfdj ealildé pilyysgch asctalivasedt eit, sesgirpe oll sgoconlitxil or
%J?ﬁ zél-:fraés' éoé\%lnrggggtgﬁ?llapgﬁgﬁﬁ%c%wc\,{:ﬁ%ehllples Swtat&]e
ordﬂspepslegaxr aUsspnmimgsagelmtsafsr pqumteISS,uspmmmsemcmm synthetic

oﬁ%r? &h 58 kL4 Siants FS'”{’ dium
st%{} gra %rgﬂarsgc g I"'geace! f§6?§n%'9'é‘? Seééaéhtsg u
10 : uigrb@wmahylbellmltiﬁesmemymenmege qidlwgwyalﬁgdlﬁjoaﬁdr Hblatin. .
| Ke r repararl ons S coat
Subst andeenefor BEGRA kBl o 8 W Baiikordes B3 g M
t opraBshtlirieatidrainay akbive dafricalis® Lfihg @phafdcaRacs Bb@basition
adm ni strati on t he carr| er will usual lé consi st of

St EITRTISINGEAW 0T Hiscosmraunds as geisddioren ARG ambaderisyticaly

| NSARBERBIeSRAR] ThE Yh&imateasel M@hp&monlrﬁéﬁ@drﬁ@h Between about
suspenS| ons or sol utions may al so Bgre

15 4t -1 ar H&R@é@gsor@fﬁrahlxea@o%ﬁ%m% e @fﬁ 6pMP@ynd, or any
g?r%h%é WePein, hdRh&PEE &ﬁéﬂﬁ..témﬁfd?rf‘y%ﬁrﬁ cal grer)fgpm%ln%dm

s invention, one or 5nore conpoun

pr@yelmstramm&eﬂeqﬁw dsartiers inglude/recepgfine dne imertipharmaceutical

in e r

ac S R B b ihiB B BBBAS horking BB ypricants,

t eftdvarantss syveelenets, nrasewemveﬁaweﬁaa@l eoafings Gampesitjonsfsuitable
20 f ofo%ra??(ﬁ’rﬁ{ﬁ%‘trﬁﬁ’orﬂ%clb@@ sél%rfg?n?g SB&?Q'%'E t%etgeéégfe@ c%Béules

adm ni'stration, ora arenterd

| n(teaahlrmtudlngnmrﬂeldlqm Eﬂmsentgnemelcsmmd |sthte|msd weieéfﬁe

o BSR4 SR S rSHBh RE TE S LBhons. syops
pr@naraémQMnSM@ﬁerﬁMnsemnmtesefamspmrsnterm administration
irs an utions, .suitable carriers and additives

® o sRAR DRI, BaTsiors 48 S SpSase. t  avor ng

25 agent's Adweﬁ@gémuy ‘é@ﬁlpo@rﬁdscﬂ’ﬂtﬁtgprég@rﬂﬁrﬁ/eaﬂﬂw |’fnb§2 bk lal§@inistered
for solid oral par ati on as, for exan‘p%qe
3] divided

re
oS galhasBes as i el R08 SR RIS ART
SUdseBlo v irre € bsfoaRtmasidhilyl \FRBtheMsdrt AR nfloRh 8RS the present
sugars, diluents, granulating agents, lubricants,
bi IRVRIFIEN Gap bp @d@wlgtﬁreﬁgn Byenesal gm Wihiopicrkuse dsuiabie
of intriidal EhiGed, Br A4 FaRs&rinal émpatElz% R IPkrR0 t6 %Rfsg ofS

represent t he nost advant ageous or Osage uni t orm

30 i norgimastskdlkis éhatarti d opeadmiisteraddnthecigrmioéa drapgdermal delivery
ob I Wi Iy
B S S A e T S
paintenmitieal througheutdiae d@&agewﬁgimeusual ly conprise sterile
wat er, through other ingredients, for exanple, for
pur poses such as aiding solubility or for
preservation, may be incl uded. 5 j ect abl e suspensi ons
may al so be prepared, in which Case appropriate liquid
carriers, suspending agents and the |ike may be
enpl oyed. The pharnmaceuti cal 25conpositions herein
wi Il contain, per dosage unit, e.g., tablet, capsule,
powder ,



i njection, teaspoonful and the Iike, an anmount of the
active ingredient necessary to deliver an effective
waleme/1z289tescri bed above. The pharmaceutical PCT/US2008/058233
conpositions herein will contain, per unit dosage
unit, e.g., tablet, capsule, powder, injection,
suppository, teaspoonful and the like, of from 30
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ovﬂémbhﬁeﬁﬂJ”ﬁF The two conponents can be separated
an enteric ayer which 30serves to resi st
d|S|ntegrat|on in the stomach and permits the inner
conmponent to pass intact into the duodenumor to be
del ayed in release. A variety of material can be used
for such enteric |ayers or coatbggs such materials

i ncludi ng a nunber of polyneric™acids with such

materi als as shellac, cetyl alcohol and cellul ose

acet ate. The quuid forms in which the novel
conpositions of the present invention may be

i ncorporated for adm nistration orally or by injection
i ncl ude, aqueous 5solutions, suitably flavoured
syrups, aqueous or 0|I suspen3|ons and flavoured
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The nethod of treating epilepsy or a related disorder
described in the present invention may al so be carried
woui0onsiiag a pharmaceutical conposition conpriBCHYSZENG058233

of the conpounds as defined herein and a
pharmaceutically acceptable carrier. The
phar maceuti cal conposition nmay contain between about
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SIS ipg rogb@olyRn t@ay Sdaomﬂ?ea%?a@%dmg to
SO tHAdS e knB®n @i thet dlifichl 4f1 mBHRANdrROr at or s i ncl ude,
wi thout 10limtation, starch, nethyl cellul ose, agar,
bentonite, xanthan gumand the like. The liquid forns
| n_sul e (1 dWiRy B3GR <hE BB Ol & ol § B! SdUsBAENG f the
such as the synthetic and natural guns, for exanple,

30 t riagertiont and asarat antengachgnd shauldinet cangtruedto inkikin gryrway
PafrEH\Rhnfibn 36TaRh H fRIdARs WHEH foli G BiFBERST Ons and
solutions are desired. lsotonic preparations which
gener allhyhebxaraplas suhiahabllaw, epreesymthasis preducts are listed as
SRR e diNERl M LAY RRRE, FATH BESITBHION bPofeS! GBhany s

rmaceu nposition he prese
i nvention, a conpound of fornuI%S(l) as the active
ingredient is intimtely adm xed with a pharnaceutica
carrier according to conventional pharmaceutica
conmpoundi ng techni ques, which carrier may take a w de
variety of forns dependi ng of the 20form of
preparation desired for admnistration (e.g. oral or
parenteral ). Suitable pharmaceutically acceptable
carriers are mell knomn |n the art. Descrlptlons of
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Conpounds of this invention may be adm nistered in any
of the foregoing conpositions and accordi ng to dosage

WO e@bergt est abl i shed in the art whenever treaP@BNBE2008/058233
epi |l epsy or related disorders is required. The daily
dosage of the products may be varied over a w de range
from50.01 to 1,000 ng per adult human per day. For

or iglth@ Atk t3kd ﬁatrmO‘PeS|Hﬁ‘@ crdywrrﬁﬂt%pwsﬁ:dpéet@mm.&h the
provrdedrnthe ormof tablets containing, 0.0
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10&4m]a'59yru80§nd #a@kand 500 mlligranms of the active
i ngredi ent for the synptomatic adjustnent of the

dosage to the patient to be treated. An effective

5 anmount of the drug is ordi%uppl ied 10 at a
dosage IeveI of from about / kg to about 300 0
Preferably, t he range is froe@tabout 0. 5 to about 100.0
ng/ kg of body wei ght per day5—or any range therein,

nore preferably, fromabout 1.0 to aboE 50 ny/ kg of

body wei ght per day, or any range_.the
conmpounds may be administered on & r el

times per day. 15Qp I Lo be &M ni st ered
may be readily deted (B

t hoQe %illed inthe art,
and will vary wt par tijcul ar conpound used, the

node of adm ni gjrat™Ng strength of the

preparation, the node of adm ni stration,
advancéhehimee-nerlsranghotiemiashiaduimred wj ha'brd%ﬂt’%‘ gondenser,
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the Exanples which follow, some synthesis products are

| i CABRPUY I3/ IVK Bleen isol ated as a residue. It will
be under st ood by one of ordinary skill in the art
that the term "residue"” does not limt the physical
state in which the productM&@ol ated and may

acid 6-chl oro- 2 3-di hydro benzoll 41 oxi n- 2- vl net hyl

ester A 5L three negk-r gund ttogp fl ask equi pped
with a reflux conoi‘i (S)



10 nitrogen outlet, overhead stirrer, heating mantle
and tenperature control unit was charged with

wW@G2@blizret 2, 3- di hydr o- benzo[ 1, 4] di oxi n- 2-yl) - neCTTERZH08/058233
(176 g 877.28 mmol es), tetrahydrofuran (2 L),
4-pyridi nam ne, DVAP (25 g; 204.63 mol es) and
p-tol uenesul fonyl chloride (1.05 noles; 200.70 g;).
The r e%iHré’@nE&R@d%@n%@ttérﬁQBSN\@leﬁTﬁﬁed Wit 8 Gitrd¥dn outlet,
addi ti onal portion of DVAP
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consunpti on tarting materi al reaction
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10 -i soi ndol e-1, 3-dione O A t hree- necked-round
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stir bar, heating mantle rature control unit

was Cham?cIM'drb-Z?@H@B@o%ﬂbﬁ@ﬂﬂfoﬁﬁiﬂ/l)-meth lamine

6- chl or 0- 2, 3-di hydro-benzo[ 1, 4] di oxi n- 2-yl met hyl ester

(300 g; 845.52 nmol es), disettly magide (330.00 ni)

and potassi um 5pht hal i l (1. 19 m)l es, 2203.59 g). The

resulting slurry was ye ¢t o 100C and al | owed to

heat for 2h. The re&tti on”ni xt@re was then cooled to

room t

G111 ed Po ity ekt LEUrboh Rtk RN AR Rphe Butbt, rfius
15 decmd@pe@r ayarhead stirrérnigeatingtreanti2ranskttemperattrerpoatrat uniteyas
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o et R & 5 rbles) olthe BRESb RMrE 9k Blbleg IR dequx. Afer

OVET theadasttanrmigture Iweatclon@drmmdrﬁ temperbempandtreated with HCI

ni.

20 ¢ PNyl s B8RS Nt Sl araerechgths B ftrate was

yI c)cm@brwga gthﬁsi@betgahvmgsmafseqel_x %ﬁﬂs@iurﬁg%t%llmN%‘_ﬁ()OmL).
ano an Zi ne Iy es e

" oLhH PioRb el e Sragtaledand et ek it atory R o qlued by
I easfihd R0V Wa%h\/\ﬁﬁe%@@érﬁ@laty@r WQ@HM&&O%S@L}J Figer@Atnd
treated with HC 20& N) until acidic; and the
r eeqncentieied & vigld thetifle comperRd of f. The filtrate was

o5 concentrated, then treated with MIBE (1L) and sodi um
hydr oxi de (3N 200nmL). The organic | ayer was separated
and washed with water (200Exampled | owed by a brine
gff’?)ﬂ@--chﬁ% 239N & Bdiofiid-24 ?
25 Exanple 4 d|methvlethoxv)carbonvl]-suIfamlde
N- |1 MS) - 6- chl or o- 2, 3-di hydr o- 1, 4- benzodi oxi n- 2-yl | net hy

| -M1(1,1-

38



di met hyl et hoxv) car bonyl | - sul f am de ad OH ,sN N
yO< % H 00 A 5L three-necked-RBF equi pped with

wa@20btiecagen outl et, nmagnetic stir bar, additi oPCT/URIVE$/058233

internal thernoneter and cooling bath was treated with
C(6-chl oro- 2, 3-di hydr o- benzo[ 1, 4] di oxi n-2-y1) - net hyl am
ine (135 g; 676.23 5mmol es), acetonitrile (1000 ni),

4- pyridi nam ne, DVAP (16.91 nmol gs; 2.07 g) and
pyridine (82.02 niL; 80. 24 g). Upap ool i th

reaction m xture C 4 oni i | exfsol ukon (50m.)
of Cl-S02- NH Boc 9. Oq;] esh was|added via

Lo
*
addi ti on funnel . The \ esul i ng xture~was then

all onwed to wagiito g’enperature with subsequent

Eia‘ahg%%@w“r%%n%ﬁ%gﬁ%qbﬁ%?ei G et PRy st
eXMraQ@cmbrWuhheletrifefhalaﬁ@rtnametéwﬁmbaonné\fbtaﬂf w@@ &é@ted W|th C-
aration the organi c aye was tre
‘(%o(mro -4 $rdhyde-BenzqlieBlgoXnagrah- W\%IE!Y'?'W&? @éé@eé?@ 83 an

5 ' CRNA), Atbritiratedo W\Ll)h4 Wf‘icﬁlﬁarﬁ%@nbwlﬁ@@ 62?1 molesTQ@7 )

product was extracted with ethyl acetate (50

dr archPyridies82)02 iy §&r4)- aH@O%m'éﬁﬂh%lf%‘@t'@'b”%t@ledo 0°Can
éSééb@oﬁlﬂrﬁé SIGRIFPGURE ) BECRSOL-BIM-BYE168%; 599 A mFsRIT Wa's

N- qqcteﬂsoia gdditivrnfupngl. 3thei regditiog miuiseresoliieo dilowed {0 wars to
hy oomstlé g%?éc}gr% \Qlth/%%m—s%qéﬁfﬁ Shiny 13 43 @(5§9AT I‘?ehreactlon was

ree-ne round 2SK equi p

10 2510311 qaea¢heiddyy ddditioel of 1N HEbgrh aoidic eTthe wodudiesms extracted

\?\;Jé/ﬁlﬁ: g{hl'yl Q%%tb ({@) \ ltAe?tre? 'Bg a%ei %@b‘%}gﬁoﬁ ‘ﬁwe‘%%%ﬁ@ lla)}ép Was
N-tff¢dBed h/llthdN- RaGHABOGL ) renzadidd e otis dayex iwad- ttrdar) mﬁildaxy In an

hoite LA EE BTG et 300 20 ate aRelsofitigs sxtracted
C hivioh etthgl 4c2tdt6 (5@0 mt), dkiéd. (.ézm) filtEhed a%d esndehtra@d to yield
then cooled to room

15 s dhE R RolRA S FAGRH STty "nad t1 on ot NaO (o0

20

25

220nmL) and the product extracted using ethyl acetate

(2 x 200nmL), the organic |ayer was washed with brine
Example 5

N-[[(2S)-6-chloro-2,3-dihydro-1,4-benzodioxin-2-ylJmethyl]-sulfamide

O

A 2L three-necked round bottom flask equipped with and 250mL addition

\\ NH,

funnel, nitrogen outlet, overhead stirrer, heating mantle and temperature control
unit was charged with (S)-tert-butyl N-((6-chloro-2,3-dihydrobenzo[b][1,4]dioxin-
2-yl)methyl)sulfamoylcarbamate (256 g; 540.61 mmoles), ethyl Acetate (409.60
mL) followed by addition of hydrogen chloride (2.16 moles; 177.54 mL). The
resulting mixture was warmed to 50°C for 1h, then cooled to room temperature
then neutralized by addition of NaOH (2N, 220mL) and the product extracted

using ethyl acetate (2 x 200mL), the organic layer was washed with brine
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(100m.), phase separated and dried with Na2SO4 (209),
filtered and concentrated to yield a thick oil (100 g

w@rewda)e19iThe oil was taken up in hot water (75P01/US2008/058233

10

15

20

25

200m.) hot filtered to renove insoluble oil and other
impurities. The resulting m xture was cooled to 525C
and the resulting solids were filtered and dried to
yl @bdmn_blq)htabé lsépé}@f&ioéﬂd)ddr%% vatrvm;a;@ﬁ@bg fildrsaraple ©

11, 1- di et hyl et hoxv) car bonyl I - sul famovl’ chloride 0
H gancrirated 44 Yigtsta thick oil (108 gmrede)hr ee- necked- RBF
equi ppethaift PadtaRbh UB%HO%E@Q’SOF}ﬂm Ed)(?rﬂL)fHWﬁﬁ%ned to
temperat ure sensor and was treated
chiegraysungahiiye ol eod pteairepyrigies. 4ne fiesltng; mmmre@/asrcholed to

2R OB e M ese R Bl Y Ly O he B Kompound

asasaa%‘aielsuhd on in acetonitile (50nL) via addition
funnel, while the internal tenperature of the reaction
m xture was maintained at |ess than 10C. After
addition the reaction was wed to be conpl ete.
The reactign |in \ ite foam
(1689) ml 1l e JAAL X < epN'A L a I :
pad to yield the t|t| e npblund 20 Exan'pl e 7 Tol uene

Recrvstallization of

N-f F(2S) - 60h|or023\# K

benzodi oxi n- 2- vfl met h I-sglf % NH2 OS% (s)N H
e

25N- [ [ (R 808l dheemeckeBRBF padinped withiseniedernbrutiet adgditjom

etih béﬁshé' p?é{"‘%lat]ﬂﬁe éé?wg@%néf‘%% P Ra% Yrﬁg%e'dr\‘/vd'ﬁocghlér%llﬁh%rﬁﬁl

tered to renove I NSO
t hlencmnlata/\@d 1t4@ remolesy 7@ @’6Imu)@nd@mmqndnipe(6@mm elUpdreooling

w O e Bk 7T 4 aebEr P sheBi B 48T
assautnyis taaélonities, (5ahiLt) eiasamldittbn fommel, AI&IE. the internal temperature
of the reaction mixture was maintained at less than 10°C. After addition the

reaction was determined to be complete. The reaction mixture was
concentrated to a white foam (168g), which was washed with heptane on the

filter pad to yield the title compound.

Example 7
Toluene Recrystallization of N-[[(2S)-6-chloro-2,3-dihydro-1.4-

benzodioxin-2-yllmethyl]-sulfamide

@)
\\ /NHZ

0 _S
\
/@: (i/\” \O
Cl 0

N-[[(2S)-6-chloro-2,3-dihydro-1,4-benzodioxin-2-yllmethyl]-sulfamide
(0.5g) was dissolved in hot toluene (5mL), hot-filtered to remove insoluble

material and then allowed to slowly cool to room temperature. The resulting
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5Exanple 8 Liquid Formul ation The conpound of

formula (I-S), prepared for exanple, as in Exanple 7
w@bwva01mas fornul ated accordi ng to known net hBdBUB2008/058233

liquid formul ati ons of 25ng and 100 ng, respectively,

wi th conponents as listed in Table 3 below 10 Tabl e

3: Liquid Fornul ati ons Conponent Role 25 ng/ L

SusdliaRwdsblid&8d 'ES!}/flmat@HS\D&Q"?éd%trﬂﬁ’ém%gnd)&rElﬁédﬂﬂ Peld the

(1-S) Active 25 ny ng Hypronel | ose (al so known as

HAte @mmﬂ@ﬁﬁp‘ﬁ%ﬁ?“'ﬁét%'wec@“ﬂuI ose) Suspendi ng agent

5nmy 5 __Egcrd_fled wat er Solvent g.s. ad. 1 nL g.s.

ad. 1 anple 9 - Prophetic Exanple

5 Example 8
Liguid Formulation

The compound of formula (I-S), prepared for example, as in Example 7
above, was formulated according to known methods into liquid formulations of
25mg and 100 mg, respectively, with components as listed in Table 3 below.

10
Table 3: Liquid Formulations

25 mg/mL 100 mg/mL
Component Role Suspension Suspension
Compound of formula (I-S) Active 25 mg 100 mg
Hypromellose
(also known as HPMC or Suspending
hydroxypropylmethylcellulose) agent 5mg 5mg
Purified water Solvent g.s.ad. 1 mL g.s.ad. T mL

Example 9 — Prophetic Example

As a specific embodiment of an oral composition, 100 mg of the
15 compound of formula (I-S), prepared as in Example 7 is formulated with
sufficient finely divided lactose to provide a total amount of 580 to 590 mg to fill

a size O hard gel capsule.

While the foregoing specification teaches the principles of the present
20 invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.

25
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As a specific enbodi nrent of an oral conposition, 100

mg of the 15conpound of fornmula (1-S), prepared as in
waEx@apk@Ee” is formul ated with sufficient finelpCcTiusiodgoss233

| actose to provide a total amount of 580 to 590 ng to

fill a size O hard gel capsule. Wile the foregoing

specification teaches the principles of the present

20WReVeRirhon, w th exanpl es provided for the purpose of

ilTustration, it will be understood that the practice

of 1t he A BRASA$S R thenrrerpasse 8f arcpmapundef fggmee (1A)

vari ations, adaptations and/or difi catii ons as comne

wi thin the scope £ efoIIovviElg | ai and their

equi val ents. 25(! \Re I3 '228 —N-pBesKBls for the

preparation of aespound of fornulla (IA) RAORL 111/

(CH2)a-N-S-N H O(1A) wherein Ral i9 hydrdfen; R4 is

sel ect Jr%iﬂmthe group consi sting of hydrogen and

| ower alkyl'; a is an integer fromlto 2; is selected
5from t IR ighgdpgeonsi sting of (R5)bl(R5)b (R5)c 10l

0>1-1

(@5% gelected from the group consisting of hydrogen and lower alkyl;

ais an integer from 1 to 2;

is selected from the group consisting of
5 7 ° | N °
(R%)s | (Ro)— >4
x Z 0

(R%)

o - Ol H-r
e a0
10 NN O : \ O :

(R%).

O
O
/ // \
(R%)s C@[ jb{ (R%)s C[ }%
/
NN @) , (@) and

(R%).

wherein b is an integer from 0 to 4; and wherein c is an integer from 0 to

2
15 each R® is independently selected from the group consisting of halogen,
lower alkyl and nitro;
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(Rc (R5)bl 0O wherein b is an integer fromO to 4;
and wherein c is an integer fromO to 2; 15each R5 is

wo paependent |y sel ected fromthe group consi stPemUSI008/058233
hal ogen, |ower alkyl and nitro; WO
2009/ 120191PCT/ US2008/ 058233 f.then ais 1, or a
phar maceutical ly acceptable salt thereof; conprising O
[l CA-SNHR4II>00OR /0 (CH2)a- NHv.
reacting a conpound £Qr mul a_( X)
formula (XI') wherein
group; in the presencg an orga
base, wieviééchthahehengant¢ ois i norgani c b&%e is nar
reactive witll the chloro group on the conpound of

formul a (XI()Q )i n an aprotic organic solvent; to
10yield CX S hng conpound of formula (X1I);
(R |
AN
O

,thenais 1;

or a pharmaceutically acceptable salt thereof;
comprising
O
Cl—g—NH

I 0 R*
4 O OR /
@ (CHy) —N/IT O>_ - (CHz)a__l\l\séO OR°
2)a o0 Xy o H\N_<
X)

5 @)
reacting a compound of formula (X) with a compound of formula (XI)

wherein —C(O)OR is a nitrogen protecting group; in the presence of an organic
or inorganic base, wherein the organic or inorganic base is not reactive with the
chloro group on the compound of formula (XI); in an aprotic organic solvent; to

10 yield the corresponding compound of formula (XII);

/ -
@ (CH2)a g (CHZ)a_N_S—NHZ

—N
S OR’
Xl Z
(Xin) 0 H\N_< (1A)
o)

de-protecting the compound of formula (XII); to yield the corresponding

compound of formula (IA).

15 2. A process as in Claim 1, wherein a is 1; R* is hydrogen and is

2-(6-chloro-2,3-dihydro-benzo[1,4]dioxinyl).
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0 de-protecting the conmpound of formula (Xl1);

to yield the correspondi ng conpound of formula (IA).
wasmos@eoncess as in Caiml, wherein a is 1; RAT/US2008/058233

hydr ogen and

2-(6-chloro-2, 3-di hydro-benzo[ 1, 4]dioxinyl). is W)

2009/ 120191PCT/ US2008/ 058233 3. A process as in Caim

1,3 \Aheuebra)cbé\@a@rrg@am@ 10lhérRA BRI §arf@SEinbRyafidiskiigsy
am ne base sel ected fromthe group consi sting of

DI leEigry amime bagej sgiqeted ﬁf\Prﬁé’B%QT%rC@ﬁé'Ft"?ﬁsOdeﬁ’ A TEA,

N- BR{ohe, RRBIHyFhEBhol Rt dhdN AR Bpi gérldlﬂed aim1,

wherein the organic or 1norganic base Is pyridine. 5 A
process as in Caim3, wherein the tertiary amne base
i sypre ;

5 1 o Bbout PlochRS, B roRiR, e e e BRGECOr ERBHE IRkE <
Clrdire. wherein the tertiary am ne base is present in
an anount of about 2.0 nolar equivalents. 7. A
process as in Claim1, wherein the aprotic organic
so5 ventA pmcsss estne(dlailﬁﬁrwherehethgrt@maryoamme@es@gs m‘bsent in an

acet
7 Sppditan S BOE P By bt 2GafEf e BauhvBichie!

10aceton|tr|Ie 20 9. A process as in Caiml, vvhereln

cIP 4t DRSO N 1o 91 6RGET B s aine bate & prosent n an

ar ahbyhtox ybantmoyolarkyuivdigmacess as in Caim 9,
wherein -C(0)OR is selected fromthe group consisting

of | ower al kyl, benzyl, p-nethoxybenzyl and

9-1l uorﬁeawcayé Qé/ln Clain 1A~ﬁér‘é£‘rﬁtﬁ§ a@ﬁoticrbr&rm: Bbident is selected
wherein - is - fH%lé/l A process as

15|nfroztnéhwpupmeﬂém@ Eoﬁ'ﬂ%@ﬁa B@Ptonawﬁma (XI1) is
de- protected by reacting the conpound of fornula

(XIl) with an acid.
8 A process as in Claim 7, wherein the aprotic organic solvent is

acetonitrile.

20 9. A process as in Claim 1, wherein —C(O)OR? is selected from the group

consisting of Cq.4alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl.

10. A process as in Claim 9, wherein —C(O)OR? is selected from the group

consisting of lower alkyl, benzyl, p-methoxybenzyl and 9-fluorenylmethyl.

25
11. A process as in Claim 1, wherein —C(O)OR® is —C(O)O-t-butyl.
12. A process as in Claim 1, wherein the compound of formula (XII) is de-
protected by reacting the compound of formula (XII) with an acid.

30

13. A process as in Claim 12, wherein the compound of formula (XII) is de-

protected by reacting the compound of formula (XII) with hydrochloric acid.
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13. A process as in Caim 12, wherein the conpound of
formula (XI1) is de-protected by reacting the conpound
wo@tooboeereli a (XI1) with hydrochloric acid. WO PCT/US2008/058233

2009/ 120191PCT/ US2008/ 058233 14. A process for the
preparati on of a conmpound of forrmula (IB) R4ORL 111/
(CH2)a-N-S-NH O(IB) wherein R1L is selected fromthe
gr p4p Wﬁl%céééf@)@tk@prb@%‘hoﬁbkéﬂcomﬁ%d éfféﬁh@fa‘t(@j from
the group consisting of ydrogen and lower alkyl; ais
an integer froml e~ mhereln R* |© anpynteger fromO
to 4; and wherei Fteg 0to 2

each R5 is indeparden) t he group

consi sting of hal ogen, 15l ower alkml and( tro

2009/ 120191PCT/ US2008/ 058233 f.then a |g or a
phar maoéhereival |y acceptable salt thereof; conpr|5|ng

0 1 CliziSs MEeBRL R group consisting of lower alky:

5 R* is selected from the group consisting of hydrogen and lower alkyl;

ais an integer from 1 to 2;

is selected from the group consisting of
5 7 ° | N °
(R%)s | (Ro)— >4
AN Z 0

(R%)

(R)s C\\O: >3- (R%—(:[ j%

(Rs)c

(RS)C

e

wherein b is an integer from 0 to 4; and wherein c is an integer from 0 to

10

2
each R® is independently selected from the group consisting of halogen,

15  lower alkyl and nitro;
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/0 (CH2)a-NHv. (XI) (X) 50 reacting a conpound
of formula (X) with a conpound of fornula (XI) wherein

WO G9NRR9i s a nitrogen protecting group; in theCT/US2008/058233

10

15

presence of an organic or inorganic base, wherein the
organi c or inorganic base is not reactive with the
chloro group on the conpound of fornmula (XlI); in an
aprotic organic solvent; to 10yield the r espondi ng
compound of formula ( X 5
conpound of formula ( wi t(R™ )
(XV), wherein Qis a ng gr oups~d n or/ganic

sol ventprovtided/ihat @hehe “cert eispondi ng conmp&ind of or
formula ( XVl H\R4R4 /Il (CH2),NN RI (CH2),N\ 0\O

SR, S-- O\ NRL (I B) (XVI) de- protecting
t he conpgs (XVI) to yield the

co [ ! formula (1B). 15. A

pr ocess erein the organic or

I nor gani c 1 ertig e base sel ected
fromthe group consisting ofhélggim TEA, pyridine,

N- met hydriaotginoboeidicathdaddeptsoley $3) therdofli ne.  16. A
process, ﬁﬁg' N Cl aim 15, wherein the organic or

i norganic 3¢ i s pyridine. 10 17. A process as in
Claim 14, wherein the tertiary am ne base is present
in an anount in the d‘|ﬂl‘£ﬁl af from about l1.1to about

3.0 nol ar equi val ents. II } pro as in C a|Rn
17, wherein the R“ertl ary ne base e®R g)g—l—m 15an
a @- (CQBO.UINHZ O_rr:DJ_a,Leq.uJ_\Lal ent S/ OR®
Xl) xny  o# _<
X)
0

reacting a compound of formula (X) with a compound of formula (XI)
wherein —C(O)OR is a nitrogen protecting group; in the presence of an organic
or inorganic base, wherein the organic or inorganic base is not reactive with the
chloro group on the compound of formula (XI); in an aprotic organic solvent; to

yield the corresponding compound of formula (XII);
R* R’
/ 1 /
(CH,),;——N R'—Q @ (CHz),—N 0
O¢S\ OR (XV) Oé \
HN—ﬂg N—*g
(Xl Y (XVI) é1 Y

reacting the compound of formula (XIl) with a compound of formula (XV),
wherein Q is a leaving group; in an organic solvent; to yield the corresponding

compound of formula (XVI)

R4
2)a— _— (CH,),—/N
\ O 2)a o)
87" OR° 7

oZ\ I\
T_< 0" lN—R!
(XV1)
R ©
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19. A process as in Claim 14, wherein the aprotic
organic solvent is selected fromthe group consisting
WO@R00BNE19TTHF and acetonitrile. 2020. A process PBGI/UR2008/058233
Caim19, wherein the aprotic organic solvent is
acetonitrile. 21. A process as in Caim1l4, wherein
-C(0)OR is selected fromthe group consisting of

Cl_4al kfpxyeichR e coh Lmzsxb%rhmwdxwp% yield the corresponding
ar al kyl oxycar bonyl . 2. A process as in Caim?21,

WheeR NI d9romId BYel ect ed from the group conS| sting
of lower alkyl, benzyl, p-methoxybenzyl and

9-f1 uorenyl met hyI 23. A process as in Caim 14,

whig-ei i\ POCEFDRS |nsCIa@q 0% ovhergintthe orgamic omn@ng@e@é)@sw a

[
5 ety Tkl bt RoRiglodyrh (B LEERRESSE LIFFES A
- OpY&Eine:, Bl-yiethyIvedpRATe/ arRiON-91Rcpipe2dod/ 058233 25. A
process as in Claim14, wherein the conmpound of
formula (XIl) is de-protected by reacting the conpound
of 16.0r rAip@césd &9 invClaim 45, waloerdin th@ 6rgahiqordoeganiadaise is
d ai r5125, wherein the conmpound of forrmula (XlII) is de-
5pP0% ed by reacting the conmpound of fornula (X I)
10vv|th hydrochl ori c acid. 27. A process for the
tion C nd of fo I -9 % NH2 ,
PRCPSTREIn AT, 1Briaieralodl? ferdpipribe Bpre. st esent n
saért ambamaﬁfthe PGB o Fbmdadut . 1Gb-abbit ©8 RO UNHIEHLS.)

18. A process as in Claim 17, wherein the tertiary amine base is present in

15 an amount of about 2.0 molar equivalents.

19. A process as in Claim 14, wherein the aprotic organic solvent is selected

from the group consisting of DMF, THF and acetonitrile.

20 20. Aprocess asin Claim 19, wherein the aprotic organic solvent is

acetonitrile.

21. A process as in Claim 14, wherein —C(O)OR? is selected from the group
consisting of Cq.4alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl.

25
22.  Aprocess as in Claim 21, wherein —C(O)OR" is selected from the group

consisting of lower alkyl, benzyl, p-methoxybenzyl and 9-fluorenylmethyl.

23. Aprocess asin Claim 14, wherein —C(O)OR0 is —C(O)O-t-butyl.
30

24. A process as in Claim 14, wherein Q is selected from the group

consisting of Cl, Br, |, -O-SO,-CHjs, -O-SO,-CF3, -O-SO,-tolyl.
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10

15

20

).

0(X)a0 (X_s)(nks) reacting a conpound of

formula (X-S) with a conpound of fornmula (Xl), wherein
WO G9NRR9i s a nitrogen protecting group; in theCT/US2008/058233
presence of an organic or inorganic base, wherein the
organi c or inorganic base is not reactive with the

chloro group on the conpound of fornmula (XlI); in an

appti e Qfo@éé‘é 8s ﬁpctl\émﬁltm \x/@erérwthslc EB@n&fobﬁﬁﬂ@Qﬂllﬂg de-
conmpound of forrmula (X Ny

_brotgoted by 1qagting t@ecﬂqntgognépbfor@plas(%ll ) with ag)aCKP

de-protecting the conpound of forrmula (XII-S); to
yield the correspondlmgécorrpound of formula (I-S).

20%@ A Hppcessasim ¢lai

i whergin g epeipaunthef f@frgldﬁl(x,”blﬁ de-

&‘b%@ocb)pt%%‘étlﬁgfth@ Joﬁ&ogﬁ@éfﬂ?’qgg%’ (&E@ ﬁliutfé ?‘k&%%”g He!

he "group "consi st i ng

N- nmet hyl nor phol i ne and N-net hyl pi peri di ne.

gggﬁfm;ggéﬁgg@vgfeg@%ga%ﬁsfg%oéﬁemisfsf%mqaa (oflalm

c or

530. A process as in Caim 28, V\her@ln He tertiary

am ne base is present
fromabout 1.1 to &
process as in d ai
base is present
equi val ent s.

in g a ount Yr VH2 range of

- o aNéqw val ents. 31.A
¢in tHe t@rtiary anine

of about 2.0 nolar

Otess as in O ai Y7, wherein

C'| 32. Apr

the aprpty rﬂwa@rh%ﬁ/éFUtféaﬁ%éﬁ%ﬁab‘l@séfﬁthéféo@Q:oHdP@?nbhe group

consi sting of acetonitril
||
Cl—S—NH o H
Il N OR?
° NH ° %ORO ° N/\\S\\/ \ﬂ/
S S
/C[() 2 o =/©: (ﬂ/\H o |
Cl 0 (X1) Cl 0
(X-S) (XII-S)

reacting a compound of formula (X-S) with a compound of formula (XI),
wherein —C(O)OR is a nitrogen protecting group; in the presence of an organic
or inorganic base, wherein the organic or inorganic base is not reactive with the
chloro group on the compound of formula (XI); in an aprotic organic solvent; to

yield the corresponding compound of formula (XII-S);

\\ N \\ _NH;
/CE@AN X, T_,Q@AN <
(I-S)
(XII-S)
de-protecting the compound of formula (XII-S); to yield the

corresponding compound of formula (I-S).

28. A process as in Claim 27, wherein the organic or inorganic base is a
tertiary amine base selected from the group consisting of DIPEA, TEA,
pyridine, N-methylmorpholine and N-methylpiperidine.
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33. A process as in Claim32, wherein the aprotic
organi c solvent is l1l5acetonitrile. 34. A process as
WO poo@iraiim 27, wherein -C(0)OR i s sel ected fronmP€es2008/058233
group consi sting of Cl_4al koxycar bonyl ,
aryl oxycar bonyl and aral kyl oxycarbonyl. 20 35. A
process as in Caim34, wherein -C(0)OR is sel ected
fromthe group consisting of |ower alkyl, benzyl,
p- et hoxybenzyl and 9-f| uorenyl net hyl . 36 A process as
i 2 aifPreressheingdlain & oygeinthe oraani: eriperggnic bass . A
pProgRfe. as in daim27, wherein the conpound of
formula (XI1-S) is de-protected by reacting the
conpound of formula (XI1-S) with an acid. 38. A

5 Pr&§esSs ?QICF&S% & @Eﬁ%%ﬁér@in&h%[ﬂ@rtlg 'E?HHQGaﬁé is present in

formul a e-protecte ct ing t

c oarpanmdnioh theoramge af {rXinl at®ut hiltth dbpdt&na imhalan equdCeeryitsl.

39. A process as in Caim27, wherein the conpound of
formula (1-S) is further recrystallized. W

2080/ 120pDTPSSTA4IB20IAaBY 063283 ein thé terfanyranties bassisi present in

c 39 i At f f | 1-S) i
r e span 42265 28 e CBIBES ol ected from the group
10 conS| Stl ng of water and toluene. 41. A conpound of
It
oet boERonin G5l 27 o ErPlbhe APl 4B Siuany s selected
cona@msme aoupfcoRyigimperDIARITHP WA aaklonitileR4 s sel ected

fromthe group consisting of hydrogen and | ower al kyl;
ais an integer fromlto 2; is selected fromthe

grosip gopaicesd A9indtlaint B2) Wh&RaNAAE 4protic organic solvent is

15 acetonitrile.

34.  Aprocess as in Claim 27, wherein —C(O)OR? is selected from the group

consisting of Cq.4alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl.

20 35. Aprocess as in Claim 34, wherein —C(O)OR’ is selected from the group

consisting of lower alkyl, benzyl, p-methoxybenzyl and 9-fluorenylmethyl.
36. A process as in Claim 27, wherein —C(O)OR® is —C(0)O-t-butyl.

25 37. Avprocess asin Claim 27, wherein the compound of formula (XII-S) is

de-protected by reacting the compound of formula (XII-S) with an acid.

38. A process as in Claim 37, wherein the compound of formula (XII-S) is
de-protected by reacting the compound of formula (XII-S) with hydrochloric
30 acid.

39. A process as in Claim 27, wherein the compound of formula (I-S) is

further recrystallized.
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w@edogaradl from t he group consi sting of hal ogenpCT/O8m08/058233

10

wherein b is an integer fromO to 4; and wherein c is
an integer from0O to 2; 5each R5 is independently

al kyl and nitro; , then ais 1. 10 42. A conpound
as in Claim4l, wherein ais 1; R4 is hydrogen and 1is
2-(6-chl oro-2, 3-di hydro-benzo[ 1, 4] dioxinyl). 43 A
conmpound as in Claimd4l, wherein -C(0)OR is seI ect ed
fromthe group consisting of Cl 4al koxycarbon
ar49-oxyt BIOEBFS #S irfelalm §9k‘§i"‘%ff%%§? @@WPUF‘QQ‘C fozmulaAl S)is
pf@%@%%ll&%d'f%n@a%b%%ew&?@d Mth&@@u% ongisHfy Sﬁ\k&%r and
from’the group consisting of ovver al kyl, benzy
p-ieBEnexybenzyl and 9-fluorenyl nethyl . 45. A pr ocess
as in Claim4l, wherein -C(O)ORis -C(0)O-t-butyl. 51
WD 2009/ 120191PCT/ US2008/ 058233 46. A process as in
Cl 41.m Focompeurel of formeula Odpound of formula (I1-S) is
recrystallized fromtoluene. 5 47, A conpound of

formula (XI1-9S) X erein-C(O),%Ris a nitrogen
protecting group (CHz)a—N\
& 0
S OR
AN

wherein

—C(O)OR’ is a nitrogen protecting group;

R’ is selected from the group consisting of hydrogen and lower alkyl;
R* is selected from the group consisting of hydrogen and lower alky!;
ais an integer from 1 to 2;

is selected from the group consisting of
O
(R® = | D %‘
)o ~ (R

(Rs)c

ey
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48. A conpound as in Claim47, wherein -C(O)OR is
sel ected fromthe 10group consisting of

w@o0dabmoxycar bonyl , aryl oxycar bonyl and PCT/US2008/058233

5

10

15

ar al kyl oxycarbonyl. 49. A process as in Caim47,
wherein -C(0)OR is selected fromthe group consisting
of | ower al kyl, benzyl, p-nethoxybenzyl and

9-fl uorenyl hyl. 15 50. A process as in Caim47,

wherein -C( Ris -C(Q)O0-t-butyl._ 519.A product
prepare proce ai 52. A
pr ®Ayst—pr epared pccor ¢li ng(Rostie prpcess aim 27.

20 53. tical conposivy 0 ising a
phar maceutYcal Iy ac&ptable carrier an®7the preddct of
Caimb52. 54. A pharmaceutical conposition nade by
m xi ng the R bduct of C aim52 25and a
i able carrier. 55. A process
al conposition conprising
i m 52 and a pharmaceutically

‘ 0 2009/ 120191PCT/ US2008/ 058233
56. A net hod of treating epilepsy or a related disorder
conpr i svhegeiadnis mnsntegenigorn 6 ta 4s abjl aberdimc ireanlintdger &ofMm 0 to
a ﬁ_herapeuti cally effective anmount of the product of
adaimb52. 557. A nethod as in Claimb56, wherein the
di sor derachR°aépindepsydentig selectesitfednh theegrbop orsiSihgalf hatogen,
co ounlg Iof dforn_ul a (I-S) 0 %NH2 ONS% (s) H A C) 5H9.
The SW il irHtéo’form 1- SA of claim58 wherein

crystalline form 1-SA has 10t he fol LQw n wder X-ray
diffraction peaks, as def ned to pPsityon any d-
spaci ng: Position (2paan)9_(‘ﬁ)
F
O or

provided that when is

(R%) .
7
N

O

42. A compound as in Claim 41, wherein a is 1; R* is hydrogen and

is 2-(6-chloro-2,3-dihydro-benzo[1,4]dioxinyl).

43. A compound as in Claim 41, wherein —-C(O)OR’ is selected from the

,thenais 1.

group consisting of Cq_4alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl.

44. A process as in Claim 43, wherein —-C(O)OR? is selected from the group

consisting of lower alkyl, benzyl, p-methoxybenzyl and 9-fluorenylmethyl.

45. A process as in Claim 41, wherein —C(O)OR? is —C(O)O-t-butyl.
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4.44 19.92 15.50 5.72 17.32 5.12 18.57 4.78 19.39 4.58
19.86 4.47 20.03 4.43 20.88 4.26 21.57 4.12 21.93 4.05
WQ@2009428902 23. 19 3.84 23.90 3.72 24.53 3.63 PCT/US2008/058233

46. A process as in Claim 39, wherein the compound of formula (I-S) is

recrystallized from toluene.

5 47. A compound of formula (XII-S)

A _N_ _OR°

@) S
(S) N7\ \"/
H O O
Cl

O (XII-S)
wherein —C(O)OR? is a nitrogen protecting group.

48. A compound as in Claim 47, wherein —C(O)OR" is selected from the

10  group consisting of Cq.4alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl.

49. A process as in Claim 47, wherein —C(O)OR" is selected from the group

consisting of lower alkyl, benzyl, p-methoxybenzyl and 9-fluorenylmethyl.
15 50. A process as in Claim 47, wherein —C(O)OR® is —C(0)O-t-butyl.
51. A product prepared according to the process of Claim 1.
52. A product prepared according to the process of Claim 27.
20
53. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and the product of Claim 52.

54. A pharmaceutical composition made by mixing the product of Claim 52

25 and a pharmaceutically acceptable carrier.

55. A process for making a pharmaceutical composition comprising mixing

the product of Claim 52 and a pharmaceutically acceptable carrier.
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25.02 3.56 26.04 3.42 26.71 3.34 26.84 3.32 28.28 3.16
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56. A method of treating epilepsy or a related disorder comprising
administering to a subject in need thereof a therapeutically effective amount of
the product of Claim 52.

5 57. A method as in Claim 56, wherein the disorder is epilepsy.

58.  Crystalline form I-SA of the compound of formula (I-S)

@)
\\ /NHZ

o) _S
A
Cl o) (I-S).

59.  The crystalline form I-SA of claim 58 wherein crystalline form I-SA has

10  the following powder X-ray diffraction peaks, as defined to position and d-

spacing:

Position (°26) d-spacing (A)
4.44 19.92
15.50 5.72
17.32 5.12
18.57 4.78
19.39 4.58
19.86 4.47
20.03 4.43
20.88 4.26
21.57 4.12
21.93 4.05
22.71 3.92
23.19 3.84
23.90 3.72
24.53 3.63
25.02 3.56
26.04 3.42
26.71 3.34
26.84 3.32
28.28 3.16
29.96 2.98
30.70 2.91
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