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i ncl udi ng,:@_tg)gpq-,.qg NW.@I‘IQ@N from axotom sed afferents and spont aneous
20activity of sensitize ntact nociceptors. These changes can produce
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rel at &4 nat g.pagrmaceut'ca"y?ﬁ@qpéa%wtsweﬁhweé@w@ e@tmﬁedwrfbau ng

neur opat hiitarpai-Med%iERIANBRsBY otddndionE uERES BAM,; asWENafSthePAsRRRE Ry and
nmore recently pregabalin, as short-term first-line treatnents. However,

phar nacot iops pesoGiated Wisathe reedialian HLedigev@ANe!S- had |inited success with
little response to commonly used pain reduci ng drugs, such 30as NSAI DS and

opi ates. BRCKEMEMIDYOF THENQVERTRIN!| a considerabl e need to expl ore novel
treatnent nodalitles.

Sodium channels play a diverse set of roles in maintaining normal and

15  pathological states, including the long recognized role that voltage gated sodium
channels play in the generation of abnormal neuronal activity and neuropathic or
pathological pain. Damage to peripheral nerves following trauma or disease can result
in changes to sodium channel activity and the development of abnormal afferent
activity including ectopic discharges from axotomised afferents and spontaneous

20  activity of sensitized intact nociceptors. These changes can produce long-lasting
abnormal hypersensitivity to normally innocuous stimuli, or allodynia. Examples of
neuropathic pain include, but are not limited to, post-herpetic neuralgia, trigeminal
neuralgia, diabetic neuropathy, chronic lower back p.ain, phantom limb pain, and pain
resulting from cancer and chemotherapy, chronic pelvic pain, complex regional pain

25 syndrome and related neuralgias.

There have been some advances in treating neuropathic pain symptoms by
using medications, such as gabapentin, and more recently pregabalin, as short-term,
first-line treatments. However, pharmacotherapy for neuropathic pain has generally
had limited success with little response to commonly used pain reducing drugs, such

30 as NSAIDS and opiates. Consequently, there is still a considerable need to explore
novel treatment modalities.



There remain a limted nunber of potent effective sodi um channel bl ockers
with a mnimum of adverse events in the clinic. There is also an unnet

medi cal rwedotim4rrreat neur opat hi ¢ pain and ot her sodi umpcharsaeb/oszsoci at ed
pat hol ogi cal states effectively and wi thout adverse side effects. 5PCT
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invention is directed to nethods of preparing certain spiro-oxindole
conpounds 2EBYtsMiag: atrigt fibridefioasmnerwentsiculer Heplatien: AgurosseFdar eandiions sty

thereof, gg _ré"s'ile@é‘l@? RBA@EYkCRUrYprafee ol addifst SBbke nbhirl #8ima ZR@ARiItBRIMPOUNS
are useful in treafi ng 25sodi um channel - medi at ed dj seases and. condi ti ons,

such as pé&flarosis; and chepwelogathigssuch gs spéhrarigiaigia andfagniligh(RAAIPEIR i s direct ed
to a net hg%o%mg'repari ng a conpound of formula (1): or a pharmaceutically

acceptabl e" salt thereof, as a single stereoi somer or enantioner
15 Methods of preparing these compounds and pharmaceutical compositions

containing them are also disclosed in PCT Published Patent Application No. WO
2006/110917, PCT Published Patent Application No. WO 2010/45251 and PCT Patent
Application No. PCT/US2010/040187.

There exists, therefore, a need for improved methods of preparing certain spiro-

20 _ oxindole compounds.

SUMMARY OF THE INVENTION

The present invention is directed to methods of preparing certain spiro-oxindole
compounds as single stereoisomers or single enantiomers, or mixtures thereof, or as
pharmaceuticélly acceptable salts thereof. These compounds are useful in treating

25  sodium channel-mediated diseases and conditions, such as pain.
Accordingly, in one aspect, this invention is directed to a method of preparing a

compound of formula (1):

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or enantiomer



or a mxture thereof; wherein the nethod conprises treating a conpound of
formula (8): or a pharnaceutically acceptable salt thereof, with a
conpound WP 2bavezmi7a (9): 0 CF3 5(9) or a pharnaceuti cal pgTaSc@EpatThe sal t
t hereof, under suitable conditions to provide the conpound of formula (1),
or a pharmaceutically acceptable salt thereof, as a single stereoisonmer or
enantionmer or a m xture thereof. I n anot her aspect, this

i nvent i on 9 @ WKUELPEERY 0 a nethod of preparing a 10conpound of formul a
(1-S): omiRrehaid el icemplisesarsating alompsahd ot fomn@a{s): and a conpound of
formula (1-R): or a pharmaceutically acceptable salt thereof, wherein
the nmet hod conprises resolving 1ba compound of formula (1): or a
pharmaceutically acceptable salt ds_ 4 single stereoi soner or
enanti onmer or a m xture thereof; abhe conditions to yield a
conpound of forrmula (I-S), or a Y gl 1y acceptable salt thereof,
and a conpound of formula (1-R), or H 5p anaceutlcally accept abl e salt

t her eof .

or a pharmaceutically acceptable salt thereof, with a compound of formula (9):

Br

O
KL)/CF;;

5 9

or a pharmaceutically acceptable salt thereof, under suitable conditions to provide the
compound of formula (1), or a pharmaceutically acceptable salt thereof, as a single
stereoisomer or enantiomer or a mixture thereof.

_In another aspect, this invention is directed to a method of preparing a

10  compound of formula (I-S):

or a pharmaceutically acceptable salt thereof, and a compound of formula (I-R):

O O
: g©>
N O
0 (I-R)
N o_cr,
=

or a pharmaceutically acceptable salt thereof, wherein the method comprises resolving

15 acompound of formula (1):



I n anot her aspect, this invention is directed to a nethod of preparing a
conpound of forrmula (11): F3C or a pharmaceutically acceptable salt
t her eof , WO 2a11904MJte st er eoi soner or enantionmer 10or a RCItUSR@o0BEDLOf ;
wherein the method conprises treating a conpound of fornmula (15): or a
pharmaceutically acceptable salt thereof, with a conpound of fornula (16):
150r a pharmaceutically acceptable salt the{)eof, under suitable conditions
to provide the conpound of fornula c? N, X pharmaceutically acceptabl e
salt thereof, as a single stereqglSONe eqanti oner or a mxture thereof.
I n anot her aspect, this inventi 'ﬁect ed to a nethod of preparing a
conpound of formula (11-S): F g phar mac8lti cal | y acceptable salt
t hereof, and a conpound of fornula (NL- / ey 0 (11-R

\

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or enantiomer
or a mixture thereof; under suitable conditions to yield a compound of formula (I-S), or
a pharmaceutically acceptable salt thereof, and a compound of formula (I-R), or a
5  pharmaceutically acceptable salt thereof.
In another aspect, this invention is directed to a method of preparing a

compound of formula (Il):

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or enantiomer

10 or a mixture thereof;
wherein the method comprises treating a compound of formula (15):

or a pharmaceutically acceptable salt thereof, with a compound of formula (16):

Cl

N CF3

~

(16) -
15  or a pharmaceutically acceptable salt thereof, under suitable conditions to provide the
compound of formula (I), or a pharmaceutically acceptable salt thereof, as a single

stereoisomer or enantiomer or a mixture thereof.



5F3C or a pharnmaceutically acceptable salt thereof, wherein the nmethod
conprises resolving a conpound of formula (11): F3C or a pharnmaceutically
accept ablwo=altto4rtrer eof , as a singl e stereoi sonmer or en&OTIUSAEN/03T04 a

m xture thereof; under suitable conditions to yield a conpound of formula
(1'1-S), or a pharnmaceutically acceptable salt thereof, and a conpound of
formula (11-R), or a pharmaceutically acceptable salt thereof. DETAILED
DESCRI PTI ON OF !rapothriaseeciokpis iprentianis émctg%t&sa W§§I?di°|f1 PEaRar%haci fi cati on
and appendg@ghgouad Bforitbh @s-3):specified to the contrary, the follow ng ternms
have the neaning indicated: "Am no" refers to the -NH2 substituent. "Cyano"
refers to the -CN substituent. "Hydr(ﬁxyl " rgfers to the -OH substituent.
5" m no" refers to the =NH substitug i tno" refers to the -NO2
substituent. "Oxo" refers to the =0"su Hgnt.

N N (@-S)

\
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or a pharmaceutically acceptable salt thereof, and a compound of formula (1I-R):

or a pharmaceutically acceptable salt thereof, wherein the method comprises resolving
a compound of formula (l1):

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or enantiomer

10 or a mixture thereof; under suitable conditions to yield a compound of formula (1I-S), or
a pharmaceutically acceptable salt thereof, and a compound of formula (lI-R), or a
pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

15 As used in the specification and appended claims, unless specified to the



"Trifluoronethyl"™ refers to the -CF3 substituent. " Anal gesi a"
refers to an absence of pain in response to a stinmulus that woul d

10nor mal Iwoke1parrviul . "Al'l odyni a" refers to a ceaaiuszaw/os270mhi ch a
normal |y i nnocuous sensation, such as pressure or |light touch, is perceived
as being extrenely painful. "Stabl e conpound” and "stable

structure"” are neant to indicate a conpound that is sufficiently robust to
survi ve i SYteY.dhe EOBO‘&'“Qé%VFﬁIhadég?ee@eﬁ‘Fm%lﬂdicﬂﬁ roma reaction 15ni xture,
and formul ati omhiRborefdis & the CH,@ubstittéitapeut i ¢ agent. " Manmal "

i ncl udes humang_ and both donestic animals such as | aboratory aninmals and
househol d pet s,CYagogrefers iq the <\, substiteAte, cattle, sheep, goats, horses, and
rabbits), and neprelgMestiioand tBHSubYRleds Wi |l delife and the |ike.
"Pharmaceutical I'y acceptable salt" includes both acid and base addition
sal ts.520" Phar Hﬁt‘!&ﬁféra’tlt%heaﬂ&'éﬁt’%lﬂée”ém d addition salt" refers to those
sal ts which retgig ,@k@s{ytggqgo?gubsgmeﬁptl veness and properties of the free
bases, which are not biologically or otherw se undesirable, and which are
formed with i nd?’@ﬁrﬁ‘?férséefﬂ&% Qeebstiuentbyt are not limited to, hydrochloric

aci d, hydrObrOfﬁrmu@ﬁh@mﬁ%fe%foqh@%ﬁgsuagﬁtum aci d, phosphoric acid and the
| ke, and organi c acids ‘such but not limted to, acetic acid,

252, 2- di chl or od¥wgesiasegfers taan @b&er&@mﬂpa@u@rqﬁpen%?cﬁocf stimus thaiowerdd g
asparpc ﬁ&rh%ll ggggﬁ,ﬂﬁsul fonic acid, benzoic acid, 4-acetam dobenzoic acid,
canphoric acid hor-10-sul fonic acid, capric aC|d caproic acid,
caprylic acid, Ad@fi i refeagiop cenditieany whb?bladwr@aw inBOGHOLE SeRSAEPBRALUEN aci d,
dodecyl su n | feiy Sardfiefls paitthianesul foni c acid,
2- hydr oxyégf E%ﬁﬁ%ﬁﬁg%wt?dﬁu § p%r%r“;réﬁ'dc%éagqg umaeﬂll' c acid, 30gal actaric acid,
gentisic aci d, "Yakle spmpewt’ @"d Cstable giruete @@@Pﬁnt tgingicateonremaeynd gl ut ami c
acid, gl ufnaf i's“suﬁf&leﬁjtly fobB%Go SUHAR i fatfti td a &bﬂﬁ@é&@@%ﬁﬁuﬂﬁ%fr@m%r‘eﬂcﬂcﬁi ycolic
acid, hippuric acid,” 1sobutyric acid, lactic acid, |actobionic acid, lauric
aci d, 15l Bixturacansl forrulptiondpiocan effigasious therAREUtisREERY i ¢ aci d, met hanesul foni ¢
acid, nucic aC*I\ﬁ'amr'ﬁQPWicﬂﬂe@'ﬁﬁn%n?an&ibéﬂ'llcfo%sﬁc afifas %ﬂ'&%ha"do%is 2-sul fonic

acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, 35oleic acid, orotlc
aci d, oxa#nimalscand, hovaehald pets a(ei g, Cats ODS Sudfie Calie ofiesRi goats harses, and

pyr ogl ut alrgogltﬁcéﬁh nwa&?{ééélc%ﬂn%ls SaH &/ Ilfécdn@ théidn nosal i cylic acid,
sebaci c acl stearic aci succi ni ¢ acl tartaric acid, thiocyanic aC|d
p- t ol uenesul f ofitharmagedticallyiacrerialla salt' incladaschoti adid @pd base addiion sallad t he

'S;rtesrz%ﬁ’har MaCesiiifiald YAy GREEARDIE SRRSRIGRBH s FerePlolthodd s rich t hose

retain the biological effectiveness and properties of the free bases, which are not

biologically or otherwise undesirable, and which are formed with inorganic acids such
as, but are not limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as, but not limited to, acetic acid,

25 2 ,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, camphoric acid,
camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, carbonic acid,
cinnamic acid, citric acid, cyclamic acid, dodecylsulfurié acid, ethane-1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid,

30 galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucurohic acid,
glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic
acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-
disulfonic acid, naphthalene-2-suifonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid,

35 oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid,



S5retain the biological effectiveness and properties of the free acids,

whi ch are not biologically or otherw se undesirable. These salts are

pr epar ed woamaddi7#i on of an inorgani c base or an organiPCTh@ms@ons27vhe free
acid. Salts derived frominorganic bases include, but are not limted to,

t he sodium potassium Ilithi um amoni um cal ci um nagnesium iron, zinc,

copper, ese, al.um num s nd the like. Preferred 10i norganl C saI ts
are the aﬂwgﬂpf?rﬁ"céﬁ'& QWH‘V'?JB‘E' @@Faegr%amwwéfm“ﬁﬁaﬁe%‘? el Salts
derived fét‘éﬁh@g@]drﬁu@mh?%%&:l tanekiv deid, thwcyaﬂ@gaa_tp fdlu‘@;tegtﬁifdnm,ao_ﬁﬁl Itsd_of
primary, secondary, ter s, .substituted am nes including

nat ur al | ytrg'HEWPP‘?tﬁgacé‘ﬂHg??qy[ﬁ”l&o%&ﬁ\ Qgh ¢clic amines and basic ion
exchange resi nﬂ?ha'iMﬁbleum&alméptablelb%%é@&ﬁérﬁéﬁlﬂ@efeifsrtb sk shRgwhieh

di et hyl am ne, trleth a 13di et hanol am ne

t
et hano? anf&i@in t'E?eQﬂ'BQ '?%?Fy?ﬁ”ﬁ% g’?ﬁo %8?%‘8?18 the eﬁlaéldﬁy‘f"@ ABiRanol |

di cycl oheyi|oaBaleor StHEHNRR, urﬂé@kélﬂlé\eThé%b%Tathbr%epreﬁa'iéﬁ fotaddiioa @RbRe,
hydrabani ne, "chol i ne, bet ai ne benet ham ne enz et h | enedi am ne,

gl ucosani wergwtm?re@r ae 8raanic basgde Miedrmereid. ¢ $alst 'M%q' gﬂ‘i“dréor VYORRISFan ne,

purines, picRAE At AR nRiliRfEl ), e sddieh HOt@IsReN ilgHine, aebiian, baciuesi ns and
the like. Particularly 20p referred orsganlc bases are h ﬁ%‘mo'%é am ne,
!

di et hyl ann3eNeYRaFRY é'HPr@pp?rr’ MABORYASEnAHEINYR 83/ts W eM€fol i ne and

caf f ejfe. inorganic saltd bRAthk RénmeHium { RRINTRIdBtas s, 'ééleﬂmh%hﬂlnfhgﬁ@sﬂeﬂhssaitbe
treatnment of the disease or condition of interest in a preferably a

human, ha§?'FﬁJdQFW§d fpraeR{ganie passsrntlude Rubdreinef pited to, sait qf HE'I“BB’es

25(i )prevséudnagrytmehwmm@é $SPBGUfe AMiheLIRLINBIRY Maiurgllyl dec@rifg@mal , i n
particul ar, when such mammal s predi sposed to the condition but has not

yet been &‘%H&%ﬂ“‘%s [AGHiGRnings and basic ion@xchanggipging iSHEN BhHaMHI%Ese or

condi ti On.soprogymm#fer gmidtigarhing, atémlaﬁm{@met J(Iérhﬂné Fiptopgaimig, t he di sease or
condi ti on, usi ng regressi on of | sease 30or condl ti on; Or

(iv) f@li 6'91*\@@0‘?!’7@‘659%ﬂ6'ﬁﬁ“ﬂ%§9%q| r?gdlmegmla{npf@oq;hg%oése or condition, e.,

relievi ngz@iﬂtﬁyl%hbé’c%n@d(ﬂémbﬂ)@aﬁwWI@ Hglﬂérér infH@, Hlbﬁ&ﬁé%aﬁém@Oﬂdl tion.
As used herein, terns "di sease' condi ti on" be used

i nter chan@@ﬁ%’ﬂ? WWW"E% chplinee betaine; ?P"telthﬁm'P%é’eﬁé?tf‘inéu?tﬁ}‘le'ﬁ%'%{ﬂ‘?eor

condi t i ongiiBysafifite, %W@u@aﬂﬂﬁ@%e&@bﬁ%' ¥RtrR86RMile Fohledlanthd, Pungds has not
yet been worked out) and It 1S therefore not yet I’ECO%IZEd as a di sease

but only BigerggingnRieaiding NcethyRiprtidins RS’FYW%I% angites Ben Raraalyor | ess
Speci 5 C gfeterftld ctydH AFeshRY RoBRBYIahfR) bietiyRinikY, &thdrdidhiAgs -

trimethylamine, dicyclohexylamine, choline and caffeine.

"Treating" or "treatment" as used herein covers the treatment of the disease or
condition of interest in a mammal, preferably a human, having the disease or condition
of interest, and includes:

25 (i) preventing the disease or condition from occurring in a mammal, in
particular, when such mammal is predisposed to the condition but has not yet been
diagnosed as having it;

(i) inhibiting the disease or condition, i.e., arresting its development;

(i)  relieving the disease or condition, i.e., causing regression of the disease

30 or condition; or

(iv) relieving the symptoms resulting from the disease or condition, i.e.,
relieving pain without addressing the underlying disease or condition.

As used herein, the terms "disease" and "condition" may be used
interchangeably or may be different in that the particular malady or condition may not

35 have a known causative agent (so that etiology has not yet been worked out) and it is



The conpounds prepared herein nay contain one or nore asymretric centres
5and may thus give rise to enantioners that may be defined, in terns of
absol ut e Woepaaeheni stry, as (R - or (S)- or, as (D)- orCfS20m0s2784m no
acids. The present invention is neant to include all such possible
enantionmers, as well as their racem c and optically pure fornms. Optically
active (+) and (- S D) be prepared
usi ng chi ;rgrefgsemqwﬁtsregqgngepra% quéea@grpﬁ%onlgfas PE&‘B%’%@% qoﬁ‘a't'ﬁ%%nventl onal
t echni quesgyndréthe Sii7Bih & mérerd? MBHs AP afdYetan Byrh staisimanabeer iehtledibyat i on, or
by the tec)(ml ques disclosed herein. Conventional techniques for the
preparati B¢ ati on of individual enantioners include chiral synt hesi s

froma suitabl ¢h@eémF&Jdds pPePRePhECIN rEAY cattaif Qﬁ@bﬂﬁio@a@fnrﬁétﬁc eateat e (or
the racemate of a sa

t or derivative) using, for exa chiral high
pressuf e BRGRAY t@ﬁ%Yﬁaﬁ'ﬁfdPéﬁﬁS}t'Wﬁﬁgat "PS’A’Q defiged o tﬁgrp?éro*ati’ﬂ%?s toga
conpound gRARHEMRtry t AE(F528R SRIPEs (BYN6lad)- tacyramﬁo 8868 DPeagesbitt havi ng

different three-di nensional structures, which are not |nterchan eabl e. The

present i ivertiands meant terpsludeall %P|98ﬁb|§te@i3@tﬂn?d?ré}s§”eérﬂf theik FAGPBYC t her eof
and i ncl uges optRAMplrBTENT. ,omlabWbd&.eé@r)Sanuq )L (- SIS0 MIERS WoSe

nol ecul es are nonsuperi nposeable mrror images of one another, 20The

cheni cal I§aMeRYMBY BE Branarashitsing shirgt BTS2 FBEFPé repgeqtsner esaved WSing npdi f i ed
form gf tBshventibri éc%lqm@xahﬁfeec%ﬁiaﬁiﬁradwla‘ﬂlﬁ ftdagorRCENyMamBatder 8F on 9. 07

software program wherein the conpounds of thé invention are named herein
as deri vaPy {hedeginiques dissiosed heredt- eC%ﬁVIeUEQ’Iﬁ' techniages fof e 2- oxi ndol e

structur egre?%%loﬁﬁ%%@tlgﬁ ofR8NIaGa! erAfiBfRe T LechirBRsS IﬁtHé&s&roWb%hitéUl@nt group
i s naned ore the group to 25which it attaches. For exa

cycl opr op9Pt&aMPUV§mﬁ?ﬁW§R§§r msolitipy Pf the srassrrie (rihe @E'I“B}?r‘&fﬁﬁa"s‘hbst i tuent.
I'n chem C@énv%hﬁé}%h‘m"gefd#'e%ﬁlgschn@ l|1|%I|99ﬂéi§ur@rhﬁub%%métb§r@phﬁ for sone

carbon at ons, WI"]' are assuned bonded to sufficilent en at ons
to coidlete thA §tsrq9iﬁ9merﬁ1ﬁi?§8 tq%Po@R%HﬂS’I'EadeauFb%frfB%ﬁﬁ’Be@fO"P% oY1): 30

Is naned hereidy l?d“‘ndyou{Iﬂaﬁnr{ddtﬁékHﬂh@@e&mEtho@EHuéfbr]e@ﬁWWﬁ hgMdto[ furof 2, 3-
f]1[1, 3] benzodi oxol e-7, 3'--i'ndol | -2" (1'1-1)-one. EMBODI MENTS OF THE | NVENTI ON

O the vainteschangeplet theorresent "iVﬁO%fﬁ't (FQWP@@?teP YRtPUS ARy PRISPRetSANISUMary of

the mixtures thereof and includes "enantiomers", which refers to two sterecisomers whose
molecules are nonsuperimposeable mirror images of one another.
20 The chemical naming protocol and structure diagrams used herein are a
modified form of the |.U.P.A.C. nomenclature system, using the ACD/Name Version
9.07 software program, wherein the compounds of the invention are named herein as
derivatives of the central core structure, i.e., the 2-oxindole structure. For complex
chemical names employed herein, a substituent group is named before the group to
25  which it attaches. For example, cyclopropylethyl comprises an ethyl backbone with
cyclopropyl substituent. In chemical structure diagrams, all bonds are identified,
- except for some carbon atoms, which are assumed to be bonded to sufficient hydrogen
atoms to complete the valency.
| Thus, for example, a compound of formula (1):
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5 nvention, certain enbodinments of the nethods disclosed herein are
preferred. O the nethod of preparing a conpound of formula (1), as
set forthwabkoue4irri4t he Sunmary of the Invention, or a plkaerfseceoszas |y
acceptabl e salt thereof, as a single stereoi sonmer or enantioner or a

m xture thereof, one enbodinent is the nmethod which further conprises the

preparation of a conpound of for 1E)har rraceutl cally
10accept ab$ Barggd f‘e'ieﬂ‘eﬁ‘%b‘f{[f’ (M@Pﬁmﬁt%y')c%'l)%ﬂmhﬂ sprelfuralle-(7): Tor a

phar rraceutf][pgjbwzm[étﬁbhﬁd@ﬁ trpsHecof , is treated with a base under
suitable conditions to formthe conpound of fornula (8), or a

phar maceuti cal | Y accept able salt_thereof. 150 this enbodi nent, another
enbodi nentﬂﬂ.%_a—“ﬂwmw conprises the preparation of the
conmpound of formula (7), or phar maceut i cal I ept bl e salt & er eof ,
wherei n a conpdtfiiee lé?r'quéraﬁfi?‘%ﬁs pe inventiqy sef f abr?é( P(,Séimri}aréié’ E’ﬁt abl e

sal t ter g@fentibs, deFtaledtbddMarts sitaaﬂ@tﬁbdgld@m@b%e?ém a@cﬂre@ﬂe@ondl tions to
forma corrpound 'of formula (5), or phar maceut i ca&n% acti0 E Ie sal t
t her eof . Ofdfe peinodcatBEsReras 2 CORRBNMLE! fenmpi (Ihefitset g argYsBd%wni ch

further commihsgof iHeanRMEBAT GHd sHarRhcdUligalsEpeptaple @hlt tHereas] 4 4 Gih |eor a
phar maceutical |y acceptable salt thereof, wherein a con%%und of
[

(5):  or SEErBPISPReIE ANABEAMSF of @dnisturmiherech qnegrekadispent;i ?m%tfe%ww h an
al dehyde ynlgdr comtisddl the ?%@Pétbﬁ%ab@mb@uﬁa stiermaa) Ustch sHarfacaugtally( 6) , or

a pharmaceutically acceptable salt thereof. 5O this enbodi nent, another
embodiRentacreptablesalktereghi wherein @t getpogpasf fosBYalRe preparation of the
conmpound of forrmula (5), or a pharnaceutically acceptable salt thereof,
wherein a conmpound of fornula (4): Oa_pharmaceutical |y acceptable salt
thereof, is treated under suita ROt o 10f orm t he conpound of
formula (5), or a pharnmaceuti cal | e)salt t her eof .

L ™

or a pharmaceutically acceptable salt thereof, is treated with a base under suitable

conditions to form the compound of formula (8), or a pharmaceutically acceptable salt

thereof.
15 Of this embodiment, another embodiment is a method which further comprises

the preparation of the compound of formula (7), or a pharmaceutically acceptable salt

thereof, wherein a compound of formula (6):

apate

or a pharmaceutically acceptable salt thereof, is treated under standard Mitsunobu
20 reaction conditions to form a compound of formula (5), ora pharmaceutically

acceptable salt thereof.
Of this embodiment, another embodiment is a method which further comprises

the preparation of the compound of formula (6), or a pharmaceutically acceptable salt

thereof, wherein a compound of formula (5):



O this enbodi nent, another enbodinment is a nmethod which further conprises
the preparation of the conmpound of fornula (4), or a pharmaceutically
accept ablwo=al1o4rtrer eof , wherein a conpound of fornula @EYX/USER/05TBOr a
pharmaceutically acceptable salt thereof, is treated with a Gignard
reagent of fornmula (3): MgA (3); under suitable conditions to form an

i nternmedi ate product; and the internediate pQroduct is then reacted with a
conmpound of formula (1 ): or a phﬁb € sal | y acceptabl e salt thereof,
under suitable conditions to f-ormthe wd of fornmula (4), or a
pharmaceutical ly acceptabl e salttQereg" O the nethod of preparing a
conpound of formula (11), as se N\ abce‘,\,/e in the 5Sunmary of the

I nvention, or a pharmaceutical 'y \a \a"r@u salt thereof, as a single
stereoi sonmer or enantiomer or a mxtygre thereof, one enbodinent is the
met hod which further conprises the preparation of a conpound of fornula

Forml & ( 39 PRy aiZaonkeBHE Bty Bot Blseld o plbRcPubel 70T P00

wi t h an askitablkt dongitiagetot foumn ther compouad loéfocronldi(6), ong pharnfasenticdale conpound of

formula (15 a . .pharmaceutically acceptable salt thereof. O
this enboa?%m#!’e %?ﬁtggﬂggﬁenbodi ment is a nmethod which further conprises the

preparation of Of this enbqximent, afotherembairtdmt)is a oretizodomEicimuctbet canaprises
accept abl %esparlégargl%nho rtheeoédm;\)’\gb%%'f Porr%u%o(gf%PQ%thma(c%m&élII? agée:aéble salt

thereof, wherein a compound of formula (4):

a3te

N
H @

or a pharmaceutically acceptable salt thereof, is treated under suitable conditions to
10  form the compound of formula (5), or a pharmaceutically acceptable salt thereof.
Of this embodiment, another embodiment is a method which further comprises
the preparation of the compound of formula (4), or a pharmaceutically acceptable salt

thereof, wherein a compound of formula (2):

HO e)
Ty
0
@

15 or a pharmaceutically acceptable salt thereof, is treated with a Grignard reagent of

)\MgCI

@)

formula (3):

under suitable conditions to form an intermediate product; and the intermediate product

is then reacted with a compound of formula (1):

10



or a pharmaceutically acceptable salt thereof, is treated under suitable
conditions to formthe conpound of fornula (14), or a pharmaceutically
accept ablwozaltto4rtrer eof . O this enbodi ment, anot her enipodiuser/oszoa net hod
whi ch further conprises 20t he preparation of the conpound of formula (13),
or a pharmaceutically acceptable salt thereof, wherein a conpound of
formula (12): WD 2011/047174PCT/ US2010/.052704 Is reacted with a
Gignard reagent of fornmula (3): -Mgd [3); under suitable conditions
to forman internmedi ate product; n the internedi ate 5product is
reacted with a conpound of formnul ../ O a pharmaceutically acceptable
salt thereof, under suitable conditi onsm to formthe conmpound of formula
(13), or a pharmaceutically acceptabl gysalt thereof. O this
enbodi nent, anot her enbodinent is a nethod which further conprises 10the
preparation of the conpound of fornula (12), or a pharmaceutically

accept abl er g pharmageutiselly acgeptablersalt toeraplo undersuitalle penditiqns tg form the

compound of formula (4), or a pharmaceutically acceptable salt thereof.
Of the method of preparing a compound of formula (ll), as set forth above in the
5  Summary of the Invention, or a pharmaceutically acceptable salt thereof, as a single
stereoisomer or enantiomer or a mixture thereof, one embodiment is the method which
further comprises the preparation of a compound of formula (15), or a pharmaceutically

acceptable salt thereof, wherein a compound of formula (14):

T
Dol
N (@)

H  (14)

10  or a pharmaceutically acceptable salt thereof, is treated with an alkylating agent under
suitable conditions to form the compound of formula (15), or a pharmaceutically

acceptable salt thereof.
Of this embodiment, another embodiment is a method which further comprises

the preparation of the compound of formula (14), or a pharmaceutically acceptable salt

15  thereof, wherein a compound of formula (13):

HO (0]
2
Baoe.
NO

" (13)

or a pharmaceutically acceptable salt thereof, is treated under suitable conditions to
form the compound of formula (14), or a pharmaceutically acceptable salt thereof.
Of this embodiment, another embodiment is a method which further comprises
20 the preparation of the compound of formula (13), or a pharmaceutically acceptable salt

thereof, wherein a compound of formula (12):

11



is treated with an oxidi zing agent under suitable conditions to formthe
conpound of fornmula (12), or a pharnmaceutically acceptable salt thereof.
150F t hi swerrbudi4meat , anot her enbodi ment is a nmet hod whipch/uSae1viosz704
conprises the preparation of the conpound of forrmula (11), wherein a
conpound of forrmula (10): OH OH (10) is treated with a suitable

al kyl ati ng reagent under suitable conditigons to formthe conpound of
formula (11). Specific efBogiren?s, of the methods of the
invention, including the suitable coi ons for each of the above
described steps, are described in nore“dePail below in 5the Methods of the
| nvention. METHODS OF THE I NVENTION  (12) The nethods of the invention are
directed to nethods of preparing conpounds of fornmulae (1) and (11) and the

conmpounds. of _fo I l - - |- and/or (I1-R), as described
herein, of rﬁ?%?%%%ﬁ@&? yr‘egé%nép far Qas(éa'ts t hereof. 10l n general,
starting conponents nmay be obtained from sources such as Sigma Al drich,
Lancaster Synthesis, Inc., Muybridge, Matrix Scientific, TC, and

Fl uorochem USA, etc. or synthesi zed~ acigCidi ng to sources known to those
skilled in the art (see, e.g., Smth,(3MB. and J. March, Advanced Organic
Chemi stry: Reactions, Mechanisns, and Structure, 5th edition (WI ey,

Decenber 2000)). or prepare s _described herejn,. 5 S

di scl oseduw%r%%ﬁqﬂdﬁwga %‘%{'Br?{‘ "3&8&5‘??‘@%‘? i%%d“%%e\be%%ﬁef%%?éjpa

Publ i shedpidati@ns reAptebivithtd compdaund 62l (45251 and PCT Patent Application
No. PCT/ US2010/040187. Preparation of Conpounds of Fornulae (1), (I-S) and

(I-R o)

CEKFO
N
H

(1)

or a pharmaceutically acceptable salt thereof, under suitable conditions to form the
compound of formula (13), or a pharmaceutically acceptable salt thereof.
Of this embodiment, another embodiment is a method which further comprises
10  the preparation of the compound of formula (12), or a pharmaceutically acceptable salt

thereof, wherein a compound of formula (11):

(1

is treated with an oxidizing agent under suitable conditions to form the compound of
formula (12), or a pharmaceutically acceptable salt thereof.
15 Of this embodiment, another embodiment is a method which further comprises

the preparation of the compound of formula (11), wherein a compound of formula (10):

O
OH
H)KCE
OH

(10)

12



Compounds of fornulae (1), (1-S) and (I-R) are prepared as described bel ow
in 20 Reaction Schene 1: WD 2011/047174PCT/ US2010/ 052704 REACTI ON SCHEME 1
F3C Cowpaonds7oft fornula (1), forrmula (2), formula (3BrTarsdomos2rod a (9)
are comrercially avail able, or can be prepared by nethods known to one
skill in the art. 5In general, conpounds of formula (1), (1-S) and (I-R)

are prepared by the nmethod di scl osed above in_ _Reaction Schene by first
reacting a'séiﬁi?&ﬁmti‘ Hpuitaplealidatingyreagent upder suttale gor@?t;ogwﬁg? g’r’f“éé@ent (such
as that of cdfpdiHdf formliayAgler suitable conditions, such as at a tenperature
of between about -25 C and about 25 C prefer abl@r¥t at. a o all ow

for the formnati opecHic embrsiRis ghihednetheds ofitee e E’Pem@g@tad& gﬁit?hlies

i nt er medi at&drioRd s leaki 6Fthe @BSVAHEdRBENlebS, A8 dbddriBBd WM bre! ditaikisdiye r bony |
group of the i1satin conmpound of formula (1) under suitable conditions, such

as in & solhgdfethodsrafites meRtionbut not linmited to, tetrahydrofuran or
di chl oronet hane, to afford the oxindole conpound of fornmula (4). 5The

renoval of pERRdDSOEXHE BNVENTIBN the C-3 position of the oxindole ring in
the conpound of fTornula (4) 1s achieved by treating the conmpound of formula

(4) under suit abhemetHods bf PBInveRtsm arSditecRAltBidthdlistol prepatih@osmpamgent
such as triethylsilane, in
of formulae (1) and (Il) and the compounds of formulae (I-S), (I-R), (lI-S) and/or (li-R),
as described herein, or pharmaceutically acceptable salts thereof.
10 In general, starting components may be obtained from sources such as Sigma
Aldrich, Lancaster Synthesis, Inc., Maybridge, Matrix Scientific, TCl, and Fluorochem
USA, etc. or synthesized according to sources known to those skilled in the art (see,
e.g., Smith, M.B. and J. March, Advanced Organic Chemistry: Reactions, Mechanisms,
and Structure, 5th edition (Wiley, December 2000)) or prepared as described herein or
15 by the methods disclosed in PCT Published Patent Application No. WO 2006/110917,
PCT Published Patent Application No. WO 2010/45251 and PCT Patent Application

No. PCT/US2010/040187.

Preparation of Compounds of Formulae (1), (I-S) and (I-R)

Compounds of formulae (1), (I-S) and (I-R) are prepared as described below in

20 Reaction Scheme 1:
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t he presence of an acid, such as, but not limted to, trifluoroacetic acid,
to yield the compound of formula (5). The renoval of the hydroxyl group can
al so be awbizeuigd7try 10treati ng the Conpound of fornmula @&y/useaenszostabl e
conditions, such as treatnment with SOC 2/ NEt3, followed by reduction of the
resulting internediate with Zn dust, to give the conpound of formula (5).
Alternatively, the renoval can ie reating the conpound of
formula (4) with hydriodic aci ﬁfﬁh%ggﬂg%hpound of formula (5). The
conpound of formul aﬂ%g) is then treated under suitable conditions, such as

15treatnent with a ‘ gferably, but not limted to, dllsopropyl am ne,
di i sopropyl et hyl am ne, h|>um di i sopropyl am de, |ithium hgdr A

sodi um hydroxi dg, followed By reacti onH ] f or mal dehyde of

par af or nal A to yi el(d) t he hy ~ it er nedi a Qof
formla ( - ~ he }cerpeting rrrula(6) to
yield the sg uund 200f /Kll(zr mul a ( F 'ﬁ achi eved by treat npound of
formula (6) tohstandard lsggnobu reagt i o(g)bcondl tions,

enpl oynment of (1 phosphlne3yeagent preferably, but not linmted to,

tri phenyl phosphi ne or trlkutylphosphlne and an azo reagent, preferably,

but not limted to, diethyl azodicarboxylate, diisopropyl azodi carboxylate,
di -tert-butyl azodicarbhoxybate or tetranethyl dlazengdlcarboxanlde 25in a
sol vent, preferably, t\no Znid ed to, tetrahydro > di. chl or onet hane
or ethyl acetate. T = cpnmpound of fo =ﬁobe i sol at ed
fromthe reactton m S 3 r used directly
in the next step mnthoutheln@ i solated fromthe rﬁe on mxture. -

Al ternatively, intranolectyaar cycllzatlon is achie § % }reating t he
conpound of 30formula (6) wth a suitable bis-electr Bhlle such as, but not
limted to, chloroiodonethane in the presence of a base such as, but not
limted to, cesiumcarbonate in a suitable solvent such th not limted
to, N, N-di nethyl fornmam de nethyl et O e%gne to p yonpound of
formula (8). The renoval +§T ogen of the
conpound of q;fgrnula ¥ @ ceapound of formul a
(7) with a base——pre or-abl 5 gdirMm hydr oxi de, |ithium
hydr oxi de or annnnlun1hyqﬂox?d @) under sbﬁﬁable condltloqg to provide a
conpound of forrmula (8), which can be isolated fro e reaction m xture by
standard isol ation techni ques. O

A\ r oxy gro
I éved by (5,' eatl ng

FsC

0] O O
208 ?ﬁg
O
o on T N__o._cF,
U -

-) (-R)

SMB

Compounds of formula (1), formula (2), formula (3) and formula (9) are
commercially available, or can be prepared by methods known to one skill in the art.
5 In general, compounds of formula (1), (I-S) and (I-R) are prepared by the
method disclosed above in Reaction Scheme 1 by first reacting a compound of formula
(2) with a suitable Grignard reagent (such as that of formula (3)) under suitable
conditions, such as at a temperature of between about -25 °C and about 25 °C,

preferably at about 0 °C, to allow for the formation of a magnesium halide intermediate

14



The conpound of fornula (8) is then reacted with an electrophile of formula
(9) 5Sunder suitable conditions, such as in the presence of a base,

pref er ablwo 2bouto4not | imted to, sodium hydride, cesium earhsa@®s51904 sodi um
hydroxi de, in a solvent, preferably, but not limted to,

N, N- di met hyl f ormam de, acetonitrile, tetrahydrofuran or acetone, to yield

t he conmpound of _formula

or. 1), which can be isolated fromth ti '
m xture b9r°§t‘§n&-é‘fsd”ﬁe§'ﬂ?‘§;@tlec?ﬁ°q"@&H’l"ﬁeﬁ%‘é%s.n“fg??ﬁg'ﬁ'ﬁﬁ%m‘ﬁarb&‘ep(gfogmi gn( 1) can
gﬁdr teﬁ gl \C/g:?*Fbﬁ\}l @raéi_a%f(@ F;)samaéﬁnh't;_fvma of forfula (4 hﬁmdé@amabm%@]ﬁ}tro?s, rutimag! - S))
orrespondi n -enantioner (1.e., e Co n | -R
under sui t"aﬂa?‘év%rRﬂ?fgf%WsPUWﬂt“@%ﬁﬁirfﬂ’ i%tragydreﬁﬂf?w Wgﬁ?ﬁ’@ Sgttr?ir%ogd( ))
separati thesdmo%soontbbhné'eifo%ﬂﬁat(g to, sinulated noving bed chromatography
or chiral HPLC. 15Preparation of npo

(11-R)5 T Fsevbef the hydprtoEyp ql%)rt]'?es?%{ FZOg%rt’glrj?hta'\%l qg‘i']lﬁ%"ea[ I I"_b gpgd as
descri bedcHRbQMA d? fdrRRRE UPR aehRQE® by treatindGhe compbdfd of formula (4) under
suitable conditions, such as treatment with a silane reagent, such as triethylsilane, in
the presence of an acid, such as, but not limited to, triflucroacetic acid, to yield the
compound of formula (5). The removal of the hydroxyl group can also be achieved by
10  treating the compound of formula (4) under suitable conditions, such as treatment with
SOCI,/NEt; followed by reduction of the resulting intermediate with Zn dust, to give the
compound of formula (5). Alternatively, the removal can be achieved by treating the
compound of formula (4) with hydriodic acid to give the compound of formula (5).
The compound of formula (5) is then treated under suitable conditions, such as
15  treatment with a base, preferably, but not limited to, diisopropylamine, diisopropylethyl
amine, lithium diisopropylamide, lithium hydroxide or sodium hydroxide, followed by
reaction with formaldehyde or paraformaldehyde, to yield the hydroxymethyl
intermediate compound of formula (6).
Intramolecular cyclization of the compound of formula (6) to yield the compound
20 of formula (7) is achieved by treating the compound of formula (6) to standard
Mitsunobu reaction conditions, such as the employment of a phosphine reagent,
preferably, but not limited to, triphenylphosphine or tributylphosphine, and an azo
reagent, preferably, but not limited to, diethyl azodicarboxylate, diisopropyl
azodicarboxylate, di-tert-butyl azodicarboxylate or tetramethyl diazenedicarboxamide,
25 in a solvent, preferably, but not limited to, tetrahydrofuran, dichloromethane or ethyl
acetate. The resulting compound of formula (7) can be isolated from the reaction
mixture by standard isolation techniques or used directly in the next step without being
isolated from the reaction mixture.
Alternatively, intramolecular cyclization is achieved by treating the compound of
30 formula (6) with a suitable bis-electrophile such as, but not limited to,
chloroiodomethane in the presence of a base such as, but not limited to, cesium
carbonate in a suitable solvent such as, but not limited to, N, N-dimethylformamide or
methyl ethyl ketone to provide a compound of formula (8).
The removal of the hydroxymethyl group on the nitrogen of the compound of
35 formula (7) is achieved by treating the compound of formula (7) with a base, preferably,

15



F3CF3C Conpounds of fornula (10), fornula (11), fornula (12),
formula (1), formula (3) and fornula (16) are comercially avail able, or
can be prepasad4by4nmet hods known to one of skill in thePamrtus2010/052704 1 n
general , compounds of fornulae (I1), (11-S) and (11-R) are prepared by the
met hod di scl osed above in Reaction Schene 2 by first heating a

di hydr oxyal dehyde of fornul a W.th sui t abl e bi s-al kyl at | ng agent
such as, bt ’K’g{'mlt"r’qﬁ% gediyrg hy rogdedlt@p@ﬂqygf eorlal’?"m%urﬁl%g@ﬁ eé base

such as, byitaBRlcontifibhe previd®alcampbur didemile (B whitt can B@Isw%téd feamsh as,
but not limted to, acetone to grow de a compound of formula (11).

Conpounds tb\fer%?tmmaxtyfﬁzlyy stArdasd isolatien tepPnidkeSit nent of a conpound of

formula (11) W THe 86mBndi o FdthuRD@Ns théle Reasted vidthtan@éctidpFild @‘doﬁrﬂ;la )
3-chl oroperoxybenzm c acid in the presence of a base sucg a%&t Efﬂ’ %
T i t ocb t oUNdsh AR FREHODRALEN AR IHNSSUPRERSP 8T & BRYFs RECTEIAEH, B nohlpitethy

limted tog dbditih@yan®, Qéélﬁm dafddnaierst soMiuhl 65&(!’6 G Eavmt Sreferatsly, ébubase

such as, but not Iimted t sodi um hydr oxi pravi de a c%rg)oun

formul a (1929t.limitedto, N, NW@@M‘HHG\@B"% aP%tPﬂ'Eﬂ'% t@tﬁ)yd;cgurpﬂgﬁagqt é%ly'ﬁhdt h a

suitabl e Q'hb%ﬁ‘{p@uﬁ@@%ﬂﬁu@'(l?mrﬁé’n cdiBe BOhteliffont 81 réastiohiixt(d iganr d r eagent
of fornmula (3) under suitable 10conditions, such as at a tenperature of

bet ween ab¥andardisoRatigRdeckpigNes 25 C, preferably at about 0 C, to form a

pheny! gxy mgnesrm&ﬁbmﬂ df ForRILIEE®i ah®eRessved inttthé (Sisnantiehier @acted Wi th
the conpound of fornula (1) under 'suitable conditions, such as in a poI ar

non- prot i ccasppauasiol fasmulel-gbl and the eorrraPonding {RrenaptiomptikPothereamRayad or
tet rahydr ofb@ilia klm)%ﬁaur%u&me e dRiRk Erof exEame bydhirhRéhidthatogiaphic 15The

removal of the hydroxyl group at the C-3 position of the oxindole conpound
of fornul ase(p.@@tloin@%ﬁﬁé%%GOHW'@F’é%tﬁ'rﬁ@aiel%“%‘mﬂ)%Wr%’f‘aﬁoaﬁﬁ’ﬂyQr?'1 under
suitabl e cgpditions, such as treatnment with a silane reagent, preferably,
but not limted to, triethylsilane, in the presence of an acid, preferably,
but not Ilmted to trlfl uoroacetl C aci d to produce the corrpound of
formul & (14 NG f 39 5 : I3

Compounds of formula (I1), (II S) and (lI-R) are prepared as described below in

Reaction Scheme 2:

16



20C- 3 position of the oxindole conpound of formula (13) can al so be
achieved by first treating the conpound of formula (13) with SOC 2/ NEt 3,

t hen redwwOngirdael7nesul ting i nternediate with Zn dust t @Cgivseomios27eonpound
of formula (14). Alternatively, the renoval can be achieved by treating the
conmpound of forrmula (13) with hydriodic acid to give the conpound of
formula (14). 25Intranol ecul ar cyclization, Ls _achieved by treating the
conpound of forrmula (14) with a A&TAPMQ#'%ME gent, preferably, but not
limted to, chloroi odonmet hane, under suitable conditions, such as_in the
presence of a base, preferably, but not limted to, cesiumcarborate, to
produce the conpound of formula (15), which is isolated fro eaction :
m xture by standard isolation techniques. 30The conmpound of ao( 15) is
then reactedywith an el ectrophyle of formula (16) under suitabl ey

condi tions, guch a%q n the pregence gj a base, pgef eragg , but pgt limted
to, sodi um—l%ﬁi@ﬁ cesi um cHf .lﬁ‘ oy sodium hy S 2} i n—a—solvent,
preferably, bu t limted to, pk di_rret hyl f or mami de; etonitrile,
tetrahydrofuran, 1% dioxane or acetone, to yield t{] Q:orrpou gci or mul a
(11), which carfl®e isol ated from 3%Phe reaction m xt ?’e by stanggrd

i solation techniques. WD 2011/047174PCT/ US2010/ 052704 The conpound

of formula (I1)nyd@
(L e. , the ¢ggyp

(R) - enant i greg_{j~

|1y resolved into the (S)-enantioner
) PZ;% correspondi ng
a

beochr omat ogr aphi ca
giforrrula (11-3P
conmpound_Qf foy

& |-R)) by sinulated noving
bed chroma usi Nng a—suit ab st @t i onary—phase—sueh as, but

not |imitedMoN5CHi ral PAK(r)-1C angla Auptabl e nobil e phase such as, but
not limted to,Hc{gﬁhl or onet hane/ acet orfg. 14 Al'l of the conpounds

descri bed above as 'bei ng prepared which may ‘exist in free base or acid form
may be converted to their pharnaceutically acceptable salts by treatnent
with the appropriate inorganic or Hrganic base o0 ’d-OSalts of the 10
conpounds prepared above nmay be onvert®d to thé g€ base or acid form
by standard techniques. It is upderskpod th g pot yn@r phs, anor phous
forms, anhydrates, , sglvdtes and saltd Phe conpounds of formula

(1) and (I11) are o b nb?'nthe scope%g:?invention.
Furt hernore, A& ex of for (1) and (11 \Q/ni h contain an acid or
an ester gro l@ 5 converted t gadhe 15correspon el er or acid,
respectively, By ikt hod®known to one skilled infthe art or by nethods
descri bed herein. The follow ng specific Synthetic Preparations (for

the preparation of starting materials and intermedi ates) and Synthetic

Exanpl es (for the preparation of the con'pB)unds of formul (Ii apd formul a
o)

(I'l) by the nethods of the inventi/Q) :ﬂrovi ded 20as e fijo assi st
ot ]

in the practi ggomhtodriihid nventi an, * d are i ntend ation

(0]

resolution
g N o () + N No. (R
FsC F3C

Compounds of formula (10), formula (11), formula (12), formula (1), formula (3)

and formula (16) are commercially available, or can be prepared by methods known to
5  one of skill in the art.

In general, compounds of formulae (11), (II-S) and (lI-R) are prepared by the
method disclosed above in Reaction Scheme 2 by first heating a dihydroxyaldehyde of
formula (10) with a suitable bis-alkylating reagent such as, but not limited to, 1,2-
dibromoethane in the presence of a base such as, but not limited to, potassium

10  carbonate in a solvent such as, but not limited to, acetone to provide a compound of
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on the scope of the invention. Were one or nore NVR s are given for a
particul ar conpound, each NMR may represent a single stereoisoner, a
non-r acerwo 2nixuar’e of stereoi somers or a racem ¢ m Xt uPETAS2010852704
stereoi sonmers of the conpound. SYNTHETI C PREPARATI ON 1 25Synt hesi s of

3- hydr oxy- 3- ( 6- hydr oxy- 1, 3- benzodi oxo01-5-y1) -1, 3-di hydro- 2H i ndol- 2- one
Compound of fornmula (4) A 630 L reactor was charged with sesanol
(42.6 kg, fowglafdi) . Tetrahydrofuran (400 kg) was added and the resultant

sol ution was ceghpduhds dff&nﬁu’aeﬁzﬂarerﬂrépﬁr@éby%@émlt epybmgmmnaﬂm chl ori de
(2 Msolution in tetrahgdrofuran 173 gtg.{t rr& ;/]@1 added over. 2 h such
that the [PElA/Af) wilhaepddigng agait suepas ﬂ@te'H“ ddf ﬁhl?,mpﬂ%ébetnﬁ@'caddl tion
was conpl g¢ig in tharédenes B4 bARRhasUb& neREmitey el sstidra btcartfanamdnlasatl n (37.9
kg, 250 nmol) was added in four Eortlo s. . The reactiqon m xt stirred

for 2.95 puitablesqiventsish ag, buigit Imitedior gichipeamethane, &Yiowed I'?y ’hm chlori de
(72 kg), with (vetdrang @ daxe daéroad, wdnaﬁhﬂéd&@%@dd&gﬁ hydfédeiogrevide avas stirred

at 15 Cuntil the solid had conpletely dissolved and the resultant solution
was cool egorpgoundef frewla(18). The contents of the 630 L reactor were

transferred t OThéeor%Q&Q\dLofrf&ﬁ:@iaO(ﬁ ZPMQﬁeriLtrébtédﬂWhh ta@@ttaﬁlé\@nlgﬁérerrs@dent
t enperat ure renai ned between and C. The 630 react or vgs rinsed with

t ol uene (34RD 3&Putiy limited to; H‘seeG%Qﬁ"lﬁ f%ﬁeatché?f”M? ChUndHFYI1? eact or . The

cont epg s é&wd&fonk%cﬂa(é%tbtérﬁﬁ&b&rre WEesetwadd ayme -2 orardidaout 26°€5C over 29
m nutes and were stirred for a further 15 m nutes. The stlrrlngpwas st opped

and the cBigfesably ababauh8 “Fetodern amberyieymagnesippyhalide jatsimedate PAYH ng t he

phases 1 oywARAA MER reabhRl WHHABLED aﬁ&omaﬁmm@m\(mdeﬁMaalesﬁhmmms@éh sodi um
chloride (42 kg) 1 n deionized water bi&%& gmqqﬂlmﬂﬁs added over 25 m nutes at
u

an i nt er na$ int&parnanapretiesolvent prefera ¢ toy ighlorapeihpRRi®and t he
m xture hfeltr‘éh?drof%ﬁanctg é’ﬁor&tﬂ% o%ddié"&d?}%ddﬂ@ oPRASAR (19). Separate. The organic

phase was degassed for O. th nitrogen_and toluene (89 kg) was added. A
300 niar vacuuﬁhW%b?ftB%ihYQfo’éﬂér%aﬁi CRrpsiting of S PHIFE ext er nal

tenper at UE&nM@ﬁdﬁﬁ%rFxﬁla’S@?ﬁQ aehieV&d B} iré&m‘%QH@@&ﬁB&%def férARIa118} WcRrwer e

renmoved by distillation over a period such that 670 of distillate
were col | adtable conﬁ@omrséaié%tre%m@;@iwﬁma|8"%r@nﬁsée%ﬂwr§fe\ﬁ%@y dutnetdmitgdos ¢ An

orange prgCirRi Igné‘@ﬁtr@ed?é’s%ntc@@f 4P 98d C;S’r@#e'ré’lﬂy bUPhtEIRftel 1d, 4rift@loadasic added

and the suspension stirred for m nutes. The solid was col | ected by

(11t rat oo V‘QWCW“WQWBM FImHHig) TeHEmoral Pl tg)yCEHl HEPE Fhe (85
Q) 2kl del EShion R IESimAbUrBUH SRR @IpLralgs b dd@abyoar over

perio dr oxy- }(3(59 droxy-1, 3- benzodi 0x01l- 5-
25y1) - 1, 3tr@ﬁtmdh@ccmnpwmcpifqm 1@)7\3|tf58 lzll}!@tari'ﬂ@t@fiwegmeéﬁﬂ)'t% a pal e

g'lgklgm(' ﬂte:[ﬂéﬁfa é/wn ng ét’\t/ ﬁfve%%)cdmamﬁ% B OrAYuR (11}" %éﬂ%@l@ thkiz, le\s/B:%dG)
v

(br s, 1Hemayabaan(ke achigvedby %a('rss thglq)ompsegr@i ﬂmno% (W'thmﬁ@%w@l?s 4,
148. 4, 14@ g@\re ﬂ'\‘el%oﬂvpogrﬁc?oﬁomﬁﬁg’(&). 128. 6,

25 Intramolecular cyclization is achieved by treating the compound of formula (14)
with a bis-alkylating agent, preferably, but not limited to, chloroiodomethane, under
suitable conditions, such as in the presence of a base, preferably, but not limited to,
cesium carbonate, to produce the compound of formula (15), which is isolated from the
reaction mixture by standard isolation techniques.

30 The compound of formula (15) is then reacted with an electrophile of formula
(16) under suitable conditions, such as in the presence of a base, preferably, but not
limited to, sodium hydride, cesium carbonate or sodium hydroxide, in a solvent,
preferably, but not limited to, N,N-dimethylformamide, acetonitrile, tetrahydrofuran, 1,4-
dioxane or acetone, to yield the compound of formula (I1), which can be isolated from

35 the reaction mixture by standard isolation techniques.
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123.8, 121.1, 120.1, 109.0, 106.8, 100.8, 97.4, 75.1. WO

2011/ 047174PCT/ US2010/ 052704 SYNTHETI C PREPARATI ON 2 Synt hesi s of

3- (6- hydrweyell/@7t7énzodi oxol- 5-y1) -1, 3-di hydr o- 2H i ndolP2Tarseo1@osyyound of
formul a (5) 5A 1600 L reactor was charged with

3- hydr oxy- 3- ( 6- hydr oxy- 1, 3- benzodi oxol-5- y1)-1, 3-di hydr 0- 2H i ndol- 2- one
(113.1 kg, 396_nmol ), evacuated and filled wth n|tro Trjf Rroacetic
acid (679 kg) WA&CBERNG of iy dh Mayke Hpatograpiisy er§s%{ {?g Pnternal

t enper at uyg. é’?@ﬁtlérﬁéﬁfEdtHeQ:oﬂrfbogn@hSﬁﬂbrrﬂula (IIE))'&ithé&bﬂr@db@nﬁlﬁQ 2 kg, 595 nol)
was added over mn at 10- m xture was st rred for a

further 0(F- Wam%merl(oellheéomzpoyoégfiermé'a&'&)) ReEMUIBR4/BAVIRY PRY hept ane (524
kg) and t gfloply éﬁyﬁkhﬁ&a ﬁLtBSI% B3 dstionarfhaseBuETES baf ndtheité@@0) L react or

were transferre to th L reactor over 13 mnutes at an internal

t enpert UPEWQJPA@JQWQF SPH@"F aabile ahasesich 3% Rt ARbEMIEBensi on was al | owed
to warm t gi-RidrdmdNSie/dcekonelne solid was col I ected by filtration, washed

wi th heptane (464 kg) foll owed by tert-but met hyl ether (57 kg) and 15
dried at 50 C dhakthegompaurdsigsealed akovgmas 'nscprqp%W KO HAYLHEM od of 25
h to affofrgeﬁ $Bortiel famfnJa %eb&iﬁ%'é’r‘i’éd)%Qﬂel5?}Ya1=9naéelﬁrcﬁlllm&é§la3lé'§aﬂ§i99— 2-one
(82.8 kg, 05 as an -white solid: puri HPLC- WV at 300 nm 98. 0% a/ a;
1H NMR (3U@atquit wuvmmyop@@t? inorg@nic oiprjgang bzgepgacan5salts,of1t|7e7 10 (m 1H),
6.95-% 081c|vr§bom|el_§>a$§i 5&7ve1=1'1‘9y b@ccﬂﬁeﬁtéd tolthir frée QgseSGrSéi:lc{f&m%W 4.66 (s,
1H); 130 DVSO- d6) 81 9, 150.1, 20146.6, 142.7, 139.6, 130.9,
127. 4, 123taadar@2qchzlqug§5|tgsu tgod tbegalbpolxmfphs agorghoussoms, SYNTHETI C
PREPARATI

3- (6- hydr %(Il‘ﬁ a%énr@nzo |g{)<l\(l)at?s -and Salts Ofthe Cc;__mpodurngio%trmma ¥ and (Icilaﬁ)a/dr o-
2H i ndol - Qﬂméd@bh%wﬂhldthﬁsmﬁrmmf Iw)ntlszs urt

formula (1) and (I1) which contain an acid or an ester group can be converted to the

hermore all compounds of

15  corresponding ester or acid, respectively, by methods known to one skilled in the art or
by methods described herein.

The following specific Synthetic Preparations (for the preparation of starting
materials and intermediates) and Synthetic Examples (for the preparation of the
compounds of formula (1) and formula (Il) by the methods of the invention) are provided

20 as a guide to assist in the p'ractice of the invention, and are not intended as a limitation
on the scope of the invention. Where one or more NMR's are given for a particular
compound, each'NMR may represent a single stereoisomer, a non-racemic mixture of

stereoisomers or a racemic mixture of the stereoisomers of the compound.

SYNTHETIC PREPARATION 1
25 Synthesis of 3-hydroxy-3-(6-hydroxy-1,3-benzodioxol-5-yl)-1,3-dihydro-2H-indol-2-one
Compound of formula (4)

Lo
O
Noo O
H
A 630 L reactor was charged with sesamol (42.6 kg, 299 mol). Tetrahydrofuran

(400 kg) was added and the resultant solution was cooled to 1 °C over 42 minutes.

30 Isopropylmagnesium chloride (2 M solution in tetrahydrofuran, 173 kg, 337 mol) was

19



WO 2011/ 047174PCT/ US2010/ 052704 A 1000 L reactor was charged with
3-(6-hydroxy-1, 3-benzodi oxol-5-y1)-1, 3- di hydro-2Hindol-2-one (56.3 kg,
209 nol ) ,wbablioaed4by par af or mal dehyde (25.4 kg, 847 nolpLTarsdoidesond zed
wat er (285 kg). The reaction m xture was cooled to an internal tenperature
of 5 C over 25 mnutes and a 30% by wei ght aqueous sol ution of sodi um

Shydroxi de (113 kg, 847 rml% was added at 5 C over 40 m nutes. The reaction
mi xt ure wadded pvar@d sush thatthesintesnat tempeyatusmyas ises betweead #d 4es: PRSP ged

wi th dei Og}#ezﬁﬂjl%ﬁ rstéo%g)q)et%q}]e ﬁﬁgngﬁa/%gér%@@ whgrlé\ﬁer@&idj 5(oE24hdi8atin The

contents 'or were a e contents of the second
reactor af3719 ky,@serm@pwas addessin falreoftionst The eastction mixdureiwasesiirred far dei oni zed

wat er (35 |on t ransfer. reactor.
The r esul PAgh %ugtﬁﬁ oA T B 35t Sl AR Sl ety Bl ek B R ARy P25 O
col | ect ed fdmpwed by bidiohi2Bd wmmws Nd)! IThe niiktiielunss stirredain ¢ 8NC uatilebe btyldir ochloric
acid (11 kg) and water (20 and dried at 55-60 C under a redus';
pressure §adsomplgtedy Wﬁ%ﬂﬁ eé’v%kd the prsultan sgiutiomwas cgolgg foyt f© over 1h. The
3-(6- hydr %Meﬂ%%’f hr%ra'%@ft %6tbr wellthanbiedred to the 1000 . rmector oyer 1 h such that
bi s( hydr oxymnet 3-di hydro-2H-1 ndol - 2- one % 999% as a pale

T

mynSSog the mtrsw tﬁnnneya 7rq:emam¢ddzetvzw hapd 9504%19,630 eRQpRVITINSedds, 300
5.12- 4. 92%(\%%%@(4331@ zf%otgé('ggg Tﬁl}m %85,‘?"}%0'(({%&1%&,"0&5%}% %l\?gﬁa("ﬁsﬁ/?o ds,
ZESMZ-IZI(» 18 <8)flfhﬁ 1(08(8) l.g@acinor \/Stsiré ag%wém& \ﬂarn’&@QOQ% Boved 29MminAutes an@ wee P,%\ ZR,%\TIQO\I .
208yt hes bl PCATYYET 7 BToxt9E, The Mipids aPpesy a s EOMEE AP 1) e

Conpound edacta?h@ldl 4 268 for 15 minutes, alfowifthelphases foasepamse. CTize appetous t h

3 (0 ydr o Ly 8 benod ot btk Lt shigtide (42ukad g onzsA YRIE5 1B | owed
by 25t etra@y\fdés)éwearbvéﬁﬁﬁﬁmmes Fihe ineRidl feiPeratateldfi2opanes Theadtiethgt o -4 C
over 20 mnutes and tri-n- butg Ighogghl ne (40.0 kg, 197 nol) was added over

6 ni ndi® eswas stapgar anthiheanixtire held at glers1dbr9(HB‘9’lngé%Hh‘l‘§§F%§%Haé?§ (44.8 kg,
197 ol ) wnebﬁgtafnﬂ:nafgggwgaagégsédkﬁo O ¥ SHlith MRogEh b SUSHE Bt Rivas he i nt er nal

t enper at ure remai el ow e reaction mxture was stirred at -3 C
for a fur atded. 2% 309 mbaewacaKm warksarnliad Enthg reactenand the reactor's external

temperature was set to 50-60 °C. Volatile components of the mixture were removed by
distillation over a period of 12 h such that 670 L of distillate were collected. The

20 reactor's external temperature was set to 20-25 °C. An orange p(ecipitate was
deposited upon cooling. Toluene (114 kg) was added and the suspension stirred for
10 minutes. The solid was collected by filtration, washed with fert-butyl methyl ether
(171 kg) and heptane (85 kg) and dried at 55-60 °C under a reduced pressure of 170
to 4 mbar over a period of 10.5 h to afford 3-hydroxy-3-(6-hydroxy-1,3-benzodioxol-5-

25  yl)-1,3-dihydro-2H-indol-2-one (73.5 kg, quantitative yield) as a pale pink solid: purity
(HPLC-UV at 300 nm) 99.3% afa; 'H NMR (300 MHz, DMSO-ds) § 10.18 (s, 1H), 9.08
(s, 1H), 7.21-7.07 (m, 2H), 6.88-6.74 (m, 3H), 6.38 (br s, 1H), 6.23 (s, 1H), 5.92 (s,
2H): *C NMR (75 MHz, DMSO-d;) § 178.4, 148.4, 146.6, 143.0, 139.4, 133.2, 128.6,
123.8, 121.1, 120.1, 109.0, 106.8, 100.8, 97.4, 75.1.
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30reactor were transferred to a 2500 L reactor. The 1000 L reactor was
rinsed with tetrahydrofuran (16 kg) and the rinse solution added to the
2500 L resot20r1/04M725% by WO 2011/ 047174PCT/ US2010/ 0527 @¢TsS@loto5:04 ut i on
of ammonia in water (118 kg) was added at -3 to -2 C over 30 m nutes. The
reaction m xture was allowed to warmto 25 C over 1.25 h and was stirred
for a further 2 h. Deionized water 650 kd% and et hyl acetate (585 kg) were
added and the mixture was warheyl 'T"(:-) ILOPREBAVBRATUNN i nutes. After stirring
for a 5furthersﬁ§hé§|§w@§-hm&<yﬁ stéhitmme@ss-'yl)qmneﬂy@racmmeolmaa@@s ver e

all owed to separate for he aqueous phase was renoved and dei oni zed
water (650 kg) was added. The nPenpeundefdorawya déd for 15 ninutes at 40 C.
The stirring was stopped and the phases were allowed to separate for 1 h.
The aqueous phase was renoved and dei oni zed ter (325 kg) was added. The
m xture was partially concentrated blO1 til/l ati on under reduced pressure
at an internal tenperature of 21- - 2 p(l)essure of 382 to 98 nbar
until 950 L of distillate had be ected over a period of 4.5 h.

Met hanol (1600 kg) was added and ‘the  nmxijire heated to 60 C over 35

m nutes. The m xture was partially coﬁcentrat ed by distillation under
reduced pressure at an internal tenperature of 32-58 C and a pressure of

530 to 170 nb '10L1fd Il

bori od of o 53 A 18k rater e et bR ReAS e RETR D o RS & over
2 h and wag)-$Biditiyefo- fzelrmemlizufﬁer(&nsﬂskb, 398 v@oly aviaduated andfilledatithchitggen.
filtration, washed w dei gr;n zed wat er

(17 ko) anbfif H‘Pf%’&e%ﬁa%%(eggr%s(lﬂ’ﬁaépg%fj 'NSWﬁé’@g'OB%%%rWéme"gg@ng 3 nbar over

a period Ohteddal ferherafufongs Bunefed@ 1@foCRover aWN TaRtHybiland (692 kR S95 Frdnst er r ed
to a 400 L reactor. 20Met hanol (163 kg) was added and the resulta 51

suspensi onWQmeddﬁdquﬁéa hfQ§rmip. a4 1 111°r$eanﬁtfaemlguwaga%féﬁﬁesdort%furfa?ﬂ%i over a
d, of
bei oni 1od Sl (4R U800 (R Gas aRbed i nefa R (o34 (e A A THEMHES

reflux for
155 ni nut estherT68 kshs'ﬂamnmmmfsthélm@@hwaqtmweée trensfanied toibe 160Q br cake was

washed with m_xt yr.e_.of rre h z (g) and
dried at 2598578 rg%dwagtresg ignﬁérn%%énggr)gbu?é;ggf@%% ?ﬂ gﬁérg v]-;lgrovg peri od
of 8 h to @bh Qus ension was allowed to warm to 23 °C over 1 h. The solid was collected by

26 ;"LLF; “Wraian. Woriss wiRLhor3 S ABE kSl iglenesaeer iR SRR (el nd ) 252 5
(M + 1)5 WléﬂWS@‘*@QJWa r%@bre@&&}eiﬁ 5é$o 7 Hidar 0\7er?a7peﬁ;082>f ¢oh té blford6. 67
(s, 1H) 3 (6- hydroxy—%_l) 3- benzodloxol 5- yI)H? 3- dlhydro 2H—?ndof 2-one ( ng 8 kg, 75%) as an
off-white solid: purity (HPLC-UV at 300 nm) 98.0% a/a; 'H NMR (300 MHz, DMSO-ds)
510.40 (s, 1H), 9.25 (s, 1H), 7.17-7.10 (m, 1H), 6.95-6.81 (m, 3H), 6.55 (s, 1H), 6.43
(s, 1H), 5.92-5.85 (m, 2H), 4.66 (s, 1H); "*C NMR (75 MHz, DMSO-ds) §177.9, 150.1,
20 146.6, 142.7, 139.6, 130.9, 127.4, 123.8, 121.2, 115.9, 109.5, 109.0, 100.7, 97.8, 55.0.

SYNTHETIC PREPARATION 3
Synthesis of 3-(6-hydroxy-1,3-benzodioxol-5-yl)-1,3-bis(hydroxymethyl)-1,3-dihydro-
2H-indol-2-one
Compound of formula (6)

.Pﬁt i

25 OH
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SYNTHETI C PREPARATI ON 5 Synt hesi s of

2, 3-di hydr o- 1, 4- benzodi oxi ne- 6- car bal dehyde Conpound of fornula (11) 5A
2000 L resotorvmas4charged with acetone (404.5 kg), fol pomam$2dyg/opaydeassi um
carbonate (256 kg, 1852 nol) and 1, 2-di bronoet hane (241.5 kg, 1298 nol).
The m xture was heated at reflux. A 500 L reactor was charged w th acetone
(606 kg) and 3, 4-di hydr oxybenzal hdehyde E128 kg, 926 nol). The contents of
the 500 L react/bﬂowaléeme/tﬁ&@afgﬁe WOy ERRE b b&f‘z%filﬁ”@!éyaf F50- 180

kg/h whi | ed.h,pﬁo RBRGSIF oS8R, Qbyﬁ%l)‘éﬁ)ﬂom BY ﬁhﬂaﬂﬁmardeﬁfheﬁ@ﬁk The

reaction mxture was stirred at was cooled to 20 C and
was filter&F mab @n@He@nee@watqn&zM fl h?f%ﬁCt'Oﬂ'ﬁ@d‘F’ielwaérw@@Eéoﬂ,ﬁé”t%ﬁéhed

with acet Ot%ﬁg{e?atﬁfre%@% EJ er 2 ndte§ 5%{ £ 380D AREHINHR BT SutR o s&driFAl ned i n

a 2000 L reactor and the resu ant ution was concentrated to dryness
under reduinetoxidetid Akg, 847 mol) aap @ddediatsh Q10vet. 40Tointtes. Tbe reasioneixteréded

ethyl 15 acetate (683 k on the r ant . sol ution a 5%
by wei ght WeReHSRd f%ﬁ]ﬁ% %Wﬁggém&ﬁcﬁf%ﬁehe gavﬂ% e'o?"nZ%d\%att%}ure vv(:as
stirred f0 60 k§) Snd St % By@dchiericatill (24 1g). Dhdcontetd of the firsjueanter yiase was
removed. i s washi ng procedure was repeated thr

organi c ph%@l@ e dhe confritsef the seeanddeade 3t ¢ Qe m'IQ\” ?%)OJBh %rﬁferﬁé?tBF was

char ged wi ks F.mdwmme@memsw@? Bmfthefrmké evRbordYardidndd 8@mset at e
(113.9 kg). The m xture was stirred .5 h, allowed to settle for 0.5 h

and t ht0 agsesond rmtﬁeThegeauémﬁeepensm ‘Mﬁsg%ﬂﬁre@ forratde’Cr fob inhtand the 8ol was
added to tqgsz&ﬁfé?{eafmffﬂ JUBH‘%%d%utﬂ%Wm%ré‘?f %Hceﬁt?éi@@Hfdré&léﬁd &y @ sodi um

chl oride ( m xt'ure was stirred lowed to settle for
0.5 h and kd)endguater(80 phlearel did at 656066, umheamwﬁd@rqﬁhw@fﬁﬁ@ gomweent r at ed

acetat o contoAPeRs bt Blo uga BRI e Relo R 3 oot o @Z et
\lzﬁlt Irgl eﬁm kit (hgdrokAB&hR)- k@)ctimmoatlﬁ?dblﬂeondm(@mﬂe&g QI%) as aanaleanrewmso g? |r<g/ h
was coiﬁ edP qﬁyﬁ-l%cg@g{r r@%ﬁn @g%fa’ 'ﬁﬁ'ﬂﬁ [?\hﬁg %a%OUO?@H?gggOG fUrt Rer li ﬁ,
gg;l ln? vmijlc.wliel.am(nﬁ 5p1) 68 1 B 11at(m, BHE 55@)((352&!)36 121482 (resiH) ant-4s06imy was
2.3 di hydr 91 34S5uro 60 1 - IR (aMSCH e A0 Kol B0 574 708,

of f-white s 6 diz2@inpty, {348,G2W, ats 230amm)108%9 18941, 98.0, 65.4, 63.2, 56.2.

SYNTHETIC PREPARATION 4
20 Synthesis of spiro[furo[2,3-f][1,3]benzodioxole-7,3"-indol}-2'(1'H)-one
Compound of formula (8)

o)
Qs
N O 4
A 1000 L reactor was charged with 3-(6-hydroxy-1,3-benzodioxol-5-yl)-1,3-
bis(hydroxymethyl)-1,3-dihydro-2H-indol-2-one (65.0 kg, 197 mol), followed by
25  tetrahydrofuran (586 kg). The resultant solution was cooled to -4 °C over 20 minutes
and tri-n-butylphosphine (40.0 kg, 197 mol) was added over 6 minutes, followed by a
solution of diisopropyl azodicarboxylate (44.8 kg, 197 mol) in tetrahydrofuran (75 kg)
over 125 minutes such that the internal temperature remained below 0 °C. The
reaction mixture was stirred at -3 °C for a further 25 minutes and the contents of the

30 reactor were transferred to a 2500 L reactor. The 1000 L reactor was rinsed with
tetrahydrofuran (16 kg) and the rinse solution added to the 2500 L reactor. A 25% by
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SYNTHETI C PREPARATI ON 6 Synt hesis of 2, 3-di hydro- 1, 4- benzodi oxi n- 6- ol
Compound of formula (12) 5 HO A 2000 L reactor was charged with

di chl or orwOlane4(w303. 4 kg) foll owed by PCT/US2010/052704

2, 3-di hydro-1, 4- benzodi oxi ne- 6- car bal dehyde (98.0 kg, 597 nol) and stirred
until a honpbgeneous sol ution was obtai ned. 3-Chl oroperoxybenzoic acid
(144.3 kg, 836 nol) was added. The m xture was heated to reflux at a rate
of 8-10 Owhighhsgittion ciemnedniaiin wiaierol! 18 kglwashadded ah-Ziod28C1¥@Ee0 t 0 cool to 20

C. The resul tant_suspensi on i o filter and
the fil te?"'né'é&se sreagt!s?ﬁé@x’[\?\n a%ﬁi@f’e&aﬁgr\&ﬁﬁgﬁgg(gﬁ@ﬁa?s'ﬁ#g?ﬁ%l trate and
Wals ht sol uét}rf&d fg_ea mrléweanﬁgﬁdcfﬂkezdgmaziermeo kd) ar@a&it&ﬁ agemteg(%ﬁygm?ht aqueous
sol ution of sodiu i.car bonat e : adde he mi xture was
stirred f8fded EB"dHF‘% ﬂ?@”@t"i’%‘i"?@“%ﬁég 4§t°§%8\é\?§ﬂ‘df‘lg‘?f’e %%’ééﬁ@m%ﬁfea all owed to
15 separ affthey €5 mihutes) the lifrindOMEDstEpperlR1d the phasved alldwel tageparate sodi um
bi carbonat e washi ng procedure was repeat g.t hrede ti r%} intotal. The
organi ¢ pieaded vHe %ﬁ@%@hﬁéﬁé{tﬁ%f&ﬁ@yg‘ﬁé@g QifEsd VaIGHERE k) wasaPdedy o
tenperat Uik ﬁﬁbQur@-de@tiE@ﬂ@ér 161 Puibsle@ho ves Tﬁé’@ﬁ’rﬁn@%s%h%pé@&ﬂdj tent mixture
o]

was cooled to O C 15. 5% by wei ght aqueous sol ution sodi um hydr oxi de
(234. 3 kgphagses werelakpwead ta spparateior 30 THe agieqys Rhage W3S femevedRidni xt ure' s

tenper at ugg r}ﬁ?édﬂ@f PE5NRS WA LUBEN ThelRixure WaS paHMlyEShceRFatelibyred at this
terrperature0 or a feugthgggz 25 h and thle P he %xture wasgadj usted to

H of 't
6-7 by t hdistiltation uod.eraseducemprgs(surﬁ_c:aﬂamrinf@mgtemmgr.e@f|2Q)395°§paﬂdtq1at the
m xture’s, | eoperabs f%)d?ﬁ%)%rﬁﬁ %@ggf Gt Poek 091Ie&9@0\?%])étd€ri€d‘6@s ,
al | oned t% warmto anbl ent tenperafure and was extracted three tinmes in
total w t#5rietMgthana (160025 wagladdethend thedbixiuee heatedtocdd ¥xoveidbi on) by

Cirri for 0 5h. \ _ el e
separate MG 2 mEhEe BanBaiial Sisehra Bl St Ao B BIESIP,
in L ot al hw’ iminﬁrﬁﬂdmw?um chElelf]S T:Glfnd a;nd;isunﬁl diisis_artdng)mmall( ll'mtuz_.1260<ktghf or

WwWas SStrrrin 0 . . STOPRI e Lrri.n all ow n e
;e)ﬁgseéf’ t og’fs‘@%&]?fft@dft@%”(io@ecge‘gﬂ‘@rrae‘f‘?ﬁ'ggﬁg&?%lg' ﬁﬁé%ﬂ&taﬁ%sé‘éa?"sﬁ{‘eﬁ ¥ gani ¢
pﬂfise, \évas?ltok)@azm 7t3@ob5ﬁ§ hedcwven? A apd%dl)stined eitta faghe@us Tigd sdlidavasof sodi um
C oril de .

k by stirring for 0.5 h, stopping the stirrin al | owi ng
©he phasetolbaieddyditzatin rAsnd ST aimitire ehieTED AL RakATRO RO T
organic DPZ@Agﬁ%dHWE%é@*@Qn&& a‘i‘éﬁgge%ipré%%% off SR RePHpEricd a

t enperatu Tetrahydrofuran (170 kg) was added and the resultant
sol uti on efd¥clete afforé a5 Bkadf prrsewn aelige whick Nasdmnplered (e 8 489 Lde3adefper at ur e

<45 G Fupbiiahof @68 ROMHELIdeant e feskifiant WaspeRERA R Wbl foreSH! TR

mixture was heated to reflux over a period of 35 minutes and was heated at reflux for a
further 15 minutes. Deionized water (33 kg) was added and the mixture was heated at
reflux for 155 minutes. The suspension was filtered while hot and the filter cake was
washed with a mixture of methanol (22 kg) and deionized water (11 kg) and dried at

25  55-60 °C under a reduced pressure of 50 to 4 mbar over a period of 8 h to afford
spiro[furo[2,3-][1,3]benzodioxole-7,3™-indol]-2'(1'H)-one (30.44 kg, 49%) as a pale
brown solid: purity (HPLC-UV at 230 nm) 89.4%; MS (ES+) m/z 282.3 (M + 1); 'H
NMR (400 MHz, CDCl3) §10.56 (s, 1H), 7.27-6.92 (m, 4H), 6.67 (s, 1H), 6.26 (s, TH),
5.93 (s, 2H), 4.79-4.64 (m, 2H).
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5sol ution concentrated to dryness under reduced pressure at a tenperature
<45 C. Tetrahydrofuran (122.5 kg) was added to afford a brown-red sol ution
of 2, 3- diwQaru/041174- benzodi oxi n-6-0l (86.3 kg, 95% in tPrernsbydnst7os an

whi ch was carried forward without further purification: purity (HPLC UV at
220 nm 95.7% SYNTHETI C PREPARATI ON 7 10Synt hesi s of

3- hydr oxy- 3- (7- hydr oxy- 2, 3-di hydro-1, 4- henzodj oxj n- 6-y1) -1, 3-di hydro- 2H

i ndol- 2- one Conpound of f or m¥ T(P@T)IC PBEﬁfO%A‘dthegct o¥ \)/vas char ggd W th

t et rahydrof uran (29@yfnk&s of 7 Baiithet®t uabundb@bxnéB-capsaldepaded at reflux for
1 h and allowed to cool to anmbient tenpperature. Magnesium (15.0 kg, 625

mol ), iodine (19.5 g, catalyti Qoﬁ‘lﬁ’ﬁﬂﬁﬂngffarrﬁ‘ﬂ"%fﬁl)met hane (147.0 g, catalytic
anount) were added at a tenperature of 15-30 C. The resultant m xture was
heated at 50-55 C for 0.5 h and 2-cKl oropropane (4.5 kg, 57 nol) was added,
followed by a 2 M sol ution of isoq_[ gAesi um chloride in

20t et rahydrofuran (7.6 kg, catal ytic d nt)| 2-Chl oropropane (39.2 kg, 500
nol) was added at a rate of 8-10 kg/h othat the tenperature of the
reaction m xture was mai ntai ned between 55-70 C. The reaction m xture was

heat ed _.at 58-6 | ' '
Ctirred for a PAFRiEEy repofbr RS sBEes WinzePlont PaHBLEMaIBRIPEY BRUESETE o0y
(Zig-zdiShid;aaruqnélth(éﬁﬁ bl 1ﬁ5|”2nn?c2} aid {.86liBomgethats (223 ckg), 1298 met)r dhgdr of Iur an
: , e r

Soi ut  on B TR gl HhcA shEV I s btRgad i fockthe GRERT AR (o
added to t%dg@&@xybenealbqjmydap(ﬁﬁ kgat9@6 afol)3OFred:oktshts ofdo5@hhreactas
t enper at j ' -

et at i g 8ablPREShAPD Al W 5 4By TR AhALIRYEERBRRD C. The 1000

L reactor I'mes W tetrahydrofuran or each rinse)
and t he ritasperatireivas nminteined atisizd0 P©. JBe rdeeti@d Odktlrevemsctioed aTbe60&Gct i on

mxture \M%gr 1S 2t ri1,rV\r/aesdco%}ed7te %8 °8 afn%rwals fﬂe?e%qhyo\augh %%%IO(?.dNutsche filter. The filter

cake was washed with acetone (2 x 202 kg). The filtrate and acetone washes were

combined in a 2000 L reactor and the resultant solution was concentrated to dryness
under reduced pressure at a temperature < 40 °C. To the residue was added ethyl

16  acetate (683 kg) and the resultant solution was washed with a 5% by weight aqueous
solution of potassium carbonate (256 kg). The mixture was stirred for 0.5 h, allowed to
settle for 0.5 h and the aqueous phase was removed. This washing proceddre was
repeated three times in total. The organic phase was temporarily set aside into drums.
A 2000 L reactor was charged with the combined aqueous washes, followed by ethyl

20 acetate (113.9 kg). The mixture was stirred for 0.5 h, allowed to settle for 0.5 h and the
aqueous phase was removed. The organic phase from the drums was added to the
reactor followed by a 28% by weight agueous solution of sodium chloride (192 kg).
The mixture was stirred for 0.5 h, allowed to settle for 0.5 h and the aqueous phase
was removed. The organic phase was concentrated under reduced pressure at a

25 temperature < 45 °C until the mixture's ethyl acetate content was below 10% (as
determined by gas chromatography). Petroleum ether (268.8 kg) was added to the
residue at a rate of 80-90 kg/h while the mixture was maintained at a temperature of
35-45 °C. The mixture was cooled to 5 °C over 3 h and held at this temperature for a
further 1 h, during which time a precipitate was deposited. The resultant slurry was

30 filtered through a centrifugal filter and dried to afford 2,3-dihydro-1,4-benzodioxine-6-
carbaldehyde (111.4 kg, 73%) as an off-white solid: purity (HPLC-UV at 230 nm)
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to -5 C !satin (69.5 kg, 472.5 nol) was added in three equal portions over
0.5 h and the m xture stirred for 0.5 h at -5-0 C. The reaction m xture was
heat ed atwbQeb®4Q7or 7.5 h and was allowed to cool to @&obiusatiosarper at ur e.
A 5000 L reactor was charged with water (576.9 kg) and ammoni um chl ori de
(118.2 kg). The resultant 5solution was cooled to 0-5 C. The contents of
the 2000 L reactor were added to the 5000 L reactor at a rate of 300-500
kg/h such99RB% the tenperature of the mixture was naintai ned between 0-5 C.
The m xture was stirred at 15-25 Cfor 0.5 h and the stirring was stopped.

The phases were all owed to sspPRTBE®IJ PRERARATION Bhe aqueous phase was
renmoved. A 27% by wei ght aqueous_sol uti on of sodium_chloride (69.6 kg)

10was added and the m xB¥ntaess pt2.adliygro-h4penzodiewdn-8t9!r ri ng was st opped,
the phases were allowed to segymddint@f fokmhliagng) t he aqueous | ayer was
renmoved. The aqueous sodi um chl ori de wash procedure was repeated two tines
in total. The organic phase was tygnsferrgd to a 2000 L reactor and was
concentrated under reduced pressure temperature of 45-55 C. Tol uene
(302. 3 kg) was added to the residue rate of 90- 15130 kg/h and at a

t enperature of 45-50 C. The resultant m xCure was cooled to 15 C at a rate
of 8-10 Ch and stirred for at 10-15 C for a further 1 h. The resultant -
slurry was fil A&088 Lireerdergrasecheasgrd withugishlofometihane{4 303 h kg frllawad Ryake was

hed wi Q) i .
‘g’f"?‘ ygr O‘)’(“y?&ﬁcﬁé—é ?g:ieyn?g&g%lai@%g: ?‘%d_kffi\iéé (@80 kY, 5@7trﬁolférﬁd3§tﬁ’red until a
benzodi oxhemegsnepug sautitrhyaly ebtaired.ndehiaropsiexybenzoigagig (14349, 836 amel)

OF L whi t ey 80blidka. HiHthixtufe WaEhGatdl 5teriot Gt £ Phe 8Ps-Teci NI biTeRIBEPARAT! ON
Synt hesi's™ o

3- ( 7- gy dr fox p-fa@rttRer éi hardt allotved tb eod dalR@ XC N The yebpitdnt Suspensbnova@Hilteredo 1- 2- one
Compound Bl ol U N hn? i ang v i 730 Ve SR8 0 SETaBRBI R,
3-di hyd r(391,ké). bemefittate)dnd-wash Isplulio@were transterreat-t@la-2000d lre@stoneA {9200 kg,
307, 1) kbt SR BB ol P AT AR R ARE® o,
mol ) was wadsletitredfor0.30i THelstieringagacstopsd dnol thé pRasesdvere iaflowest toacet i ¢ aci d
(105. 11 5 kgéep%%gte %'ar) O%S T%g%%gegt}s layer was removed. The aqueous sodium
bicarbonate washing procedure was repeated three times in total. The organic phase
was concentrated to dryness under reduced pressure at a temperature < 30 °C.
Methanol (116.1 kg) was added and the resultant mixture was cooled to 0 °C. A 15.5%
by weight aqueous solution of sodium hydroxide (234.3 kg) was added at a rate of 30-
20 40 kg/h such that the mixture's temperature was maintained between 0-10 °C. The
mixture was stirred at this temperature for a further 2.25 h and the pH of the mixture
was adjusted to 6-7 by the addition of 4 N hydrochloric acid (266.5 kg) such that the
mikture's temperature was maintained between 0-10 °C. The mixture was allowed to
warm to ambient temperature and was extracted three times in total with methyl fert-
25  butyl ether (145 kg for each extraction) by stirring for 0.5 h, stopping the stirring and
allowing the phases to separate for 0.5 h. The combined organic extracts were
washed three times in total with a 7% aqueous solution of sodium bicarbonate (212.7
kg for each wash) by stirring for 0.5 h, stopping the stirring, allowing the phases to
separate for 0.5 h and removing the aqueous phase. The organic phase was then
30 washed with a 30% by weight aqueous solution of sodium chloride (212.7 kg) by
stirring for 0.5 h, stopping the stirring, allowing the phases to separate for 0.5 h and
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a rate of 25-30 kg/h such that the tenperature of the reaction m xture
remai ned below 0 C. The m xture was stirred at -5-0 Cfor 2.5 h, warned to
18-20 C, woioried7f7er a further 6.5 h and concentrated t @Curisp@sss2I0der
reduced pressure at a tenperature <30 C. Methyl tett-butyl ether (139.8 kg)
was added to the residue at 15-20 C and 5 the m xture concentrated to
near - dryness under reduced pressure at a tenperature <35 C. The m xture was

filtered femaevingshe epgerys phese.t Ehe giganis PhesRWes cecenatedde dyRasHEWehi th t he
filter ca 207 ! WaSadtiehangd at
10-15 C fgeﬁuﬁécgbﬂﬁggélﬁg a? %‘Itﬁéée}g{&?éfggcght%?%w-ﬁ@?ﬁ (?Z?IF(&)The f(ﬂe?l ea;necake was
dri ed undthe resudiacksblyiopsoncentratedto-dbyness underfreduagd pressure at a

3-(7-hyd - 2.3-di =1.4- | QX n-6r - '
T8 3o nipsreser B SC SF AR L 07 ¥ kdywas aqdsg ang he resutnt
(2 HgL g_— %}Ndﬁlut%%dn]géntﬁa@%cﬁ%éd@%}??ﬁ&étﬁgﬂ’ﬁw _ A u?(r,}\kaﬁa @yrrpel h.ﬂsri(es< 415H°C.

, 3-di rospiroffuro -01, n i gxine-8,3" -indol]-2' N -one
Conpoun)(; 6¢tr§fty#rﬂﬂran 6{12%5 5@3 Was added to gﬁ%egorewgf%é ﬁ(ﬁ'été%‘ cﬁtze%?'h@lré'st allizer
was char ged-penkbdidkinechi (88. B xd fapomantelah(drdRiran Woich azd caetetdbmyadrdf ur an

(1070.9 kg). The contents were c dto Q.5 C -

( 7- hydr oxVthout fythey ayrgication: %ﬁﬁb&%&%ﬂg@j g?ﬁ?f"_’f‘) gg&io/gydr 0- 2H i ndo1- 2- one
(12.0 kg, 42.4 nol) was added, followed by cesium carbonate (30.4 kg, 93.3
nmol ). A solution of 20 chl oreYNUEOBEEIRREPARAZIONg7 53.7 nol) in

N, N-di et hyl f ormay de (16, 9_k was .adde t rate of lh ch that
the t hme SRDFES B S HEOREALTTORroR 2 e 4B PHR B ! Ve 25 s &
The reaction mxture was stirred atindbl2-daef or 2 h and heated at 20-25 C for
18.5 h. The m xture was filtered and th fi%t?%%cake was suspended in
tetrahydrofuran (26.4 kg) and YAMRPEETOHINE (Tdhe conbined filtrates were
conbi ned 25 and concentrated to a volune of 110 L under reduced pressure at
a tenperature <60 C. The nixture wadl 20-25 C and purified water
(1200. 8 kg) was added at a rate of H243. g/ h) The m xture was cooled to
0-5 Cand filtered. The filter Rty Sus@ended in water (310.5 kg),
filtered and dried at a tenperatuce <€8oC until the water content was 10.6%
by wei ght by Karl-Fisher titration. M\ 200 L reactor was charged with
tetrahydrofuran (98.0 kg). The partially-dried filter cake (-11.0 kg) was

added to the 200 L reactor by neans of solid addifion funnel. The m xture
was heated at PdPPYk reamtorvas qﬂar%w@ateﬁahyﬁ@gfﬁ@ndgg%g%g}i %d for 3.5 h at
10- 15¢£.  iEhghyersfutirewadisedtéd staemsk and htdma dilbvéeto ik amlsientashed with col d

0-5 C) tetrahydrofuran ,
( ) tempera¥cure. Magnesium (15.0 kg, 625 mol), iodine (19.5 g, catalytic amount) and

bromoethane (147.0 g, catalytic amount) were added at a temperature of 15-30 °C.
The resultant mixture was heated at 50-55 °C for 0.5 h and 2-chloropropane (4.5 kg,
57 mol) was added, followed by a 2 M solution of isopropylmagnesium chloride in
20 tetrahydrofuran (7.6 kg, catalytic amount). 2-Chloropropane (39.2 kg, 500 mol) was
added at a rate of 8-10 kg/h such that the temperature of the reaction mixture was
~ maintained between 55-70 °C. The reaction mixture was heated at 58-68 °C for 3 h,
allowed to cool to ambient temperature and was stirred for a further 4 h. A 2000 L
reactor was charged with a solution of 2,3-dihydro-1,4-benzodioxin-6-ol (86.3 kg, 567
25  mol) in tetrahydrofuran (122.5 kg), followed by further tetrahydrofuran (804.1 kg). The
resultant solution was cooled to 0 °C and the contents of the 1000 L reactor were
added to the 2000 L reactor at a rate of 30-50 kg/h such that the temperature of the
reaction mixture was maintained between 0-5 °C. The 1000 L reactor was rinsed three
times with tetrahydrofuran (5 kg for each rinse) and the rinse solutions were added to

30 the 2000 L reactor. The reaction mixture was stirred at 7-13 °C for 1 h and was cooled
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5(2 X 10.7 kg) and dried in a tray dryer at a tenperature < 55 Cto afford
2,3- dihydrospiro[furo[ 2, 3-g][1, 4] benzodi oxi ne-8, 3" -indol]-2'(1"H)-one
(6.88 kg,wo3n1/&m317a pal e yellow solid: purity (HPLC UV aCTABRow/0F2798. 3% np
> 250 C, 1H NWR (300 MHz, DVMSO-d6) 810.58 (br s, 1H), 7.26-7.19 (m 1H),
7.09 (d, J= 7.2 Hz, 1H), 6.99- 6.90 (m 2H) 6.47 (s, 1H, 6.16 (s, 1H),

4.74, 4.60 (ABg, JAB = 4.20-4.07 10(m 3C N
DVBO- d6) 8tor8.°%; lgafin (69. 5@447(?5@2%\@3 @?d@thi%eze%la' E%H%amts °Vf2§lg§‘ é'lfgz 3,

})21 gYN_}_ﬁltPe i &ehg[rg%%ﬁ 0.5 A%t 25- Q?éh g'sttleggacﬁlon Pixtlre Wiz hdavdd atBZ552%5- 9 (M +

11-{[ 5- ( t r fof [7 oy amrbwaylanx@dftg;cppl]tg@m@,qn}t mmtﬂ(ﬁ’ OLE QO@. n [%CBHFM@ﬁzom oxol e-
157,3' -ind | oL t
was char ge%kgv\?%k&spl a ur a@%@% %%@0 g]l8)62 |§g) T_hle rr]e%“ |q reactor

21(1' H)5 onsollgtﬁano&y@oleﬁgoiﬂ -5110.) Thé chntentedf ting 2@@9 |Luera<ttalr\mmadéeq toghe2 kg,
48.7 nol). Acet 4 d j on was
heated to ?@ L8 8 é %e OfZ@ 8%@?%6%9% @%P‘tq %%‘r;@rrée g%ﬂﬁ%{?%n 4.92 kg,
21.2 nol) memtaa.@ete@bthyemws o:fheamxamlelwhs @ttrrédJatmfsl—Zﬁ)‘VEfora Spteamcd)tlheof 2 h

while the reaction m xt mai nt a t refl act Qn m xture
was stirre$frdng %’@? Ftlﬁ’?é? \Alaflﬂsfaﬁlé’r‘arezé‘%wgﬁ °Pﬁ%ar3‘§ E er%cijf’(?v%% )tiyu

g 13 st : : | at i gtm ; set\/tl/a%trmpéuam Q7% I8sReiget aglieblis ﬁcﬂuthlonofcl; sddlaflnl dhlcaide ($ﬁaﬁl kgeen
col | ect ed. uen t he
cont i nlfed, We$ A4 e%nddtﬂﬂggw&gﬁ)t'gm@?%@ﬂﬁeTﬁﬁéwf'n%'éﬁ sz%’aﬁ‘@éhe BP%ngur e until

37 L of diwbieldiaied bnskganas farol h asd 8@ aqlebuiager(vas. r@mbgédV\HtSeaqidaedsand t he
distillation was conti nggd at 54-55 C and aegre su 0-180 nbar until

37 L of di3qdiym ghlarde, wash Qe e ¥@s &epeatrbivg H‘P%"‘d?é‘ﬁﬁ hﬁé’r%)'bc P3S&act or

wer e al | owggs frandi@fdd fo 2oC @Aactol ahdiaas cér@n&aﬂegpnmedmaﬂessnream ntents
of the 100 L reactor were transferred to a react or ang gajti%(épg?(fed

wat er (48.‘emagratyreof 46P8JC. Tirduesei(?9%d kel W?%?Céde\ﬂé% theiesidye gba
stirri {%ase )R R/RBRE Gt 5@%5&9&@@%@%@/@ errd feQUiRfht ikt Sr8RAsHoBIcbas 18 2ch. The

| ower S renove nd the remaini ng t ol uene phase was subjected to
di stil I at i atra wate 61551@210/@and($§rredtquedm%d *Briersslurtberot h.10be resalantsiurty 18 L of

distillate, Do Beehdi £edfituad Aftel SRHAE il RE Wbk ARHEPAM LilcPfeds

t ol uene to" contents 0 reagbt or were
passed thrKg;@ndainedmamsog@&pbfjord@Lhydmweﬁ:WelemetQ Sidhydm-t4f (20 kg) and

Fract  ons weeviegriEuE D RS 2efivdh S el PP gtethe bl 20 O

20  purity (HPLC-UV at 210 nm) 99.7%.

SYNTHETIC PREPARATION 8
Synthesis of 3-(7-hydroxy-2,3-dihydro-1,4-benzodioxin-6-yl)-1,3-dihydro-2H-indol-2-
one

Compound of formula (14)

)
(5
. N ©
25 H

A 2000 L reactor was charged with dichloromethane (489.4 kg), followed by 3-
hydroxy-3-(7-hydroxy-2,3-dihydro-1,4-benzodioxin-6-yl)-1,3-dihydro-2H-indol-2-one
(92.0 kg, 307 mol) in four 23 kg portions over 1 h. The resultant solution was stirred at

ambient temperature for 1 h and triethylsilane (107.2 kg, 921 mol) was added. The

30 mixture was cooled to -5 °C and trifluoroacetic acid (105.1 kg, 921 mol) was added at
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10(100 kg). Fractions 2 through 10 were successively transferred to a 200 L
reactor as a distillation under reduced pressure was proceedi ng. The

cont ent s Wb 20hi4rvact or were adjusted with toluene to apeoluse®ons2780 L and
the solution was heated to 79 C. Heptane (85 kg) was added over 15 m nutes
and the m xture was cooled to 10 C over a period of 3 h. Crystallization
started at an internal tenperature of 56 C. The solid 15was. co cted by
filtratiodrataesRza0 kethrsush takthertemperatgpehiie reagion nwﬁtyredq@awaﬂrmdlpgﬁg{v (5.1 kg)

i‘gdhd[ 'Oeg ?‘é gﬁeﬁﬁxt&ewmeénrr%dra?@%iéeé 625 8 UkSmRd 180 8IHRRIC, QNesd for Ber i od of

11-{[5- (tﬁurtﬁerLﬁ)Bdarmdtvphstermrafaﬂf?lqry‘@ﬁhyhsd@me@ldﬁ{eﬂmfeﬁsﬂr%aﬂqtf”@]?t?élﬂﬁodi oon e-7

(HIPLCI- v 50 %(&%@%ﬁ%é‘&; g{?,ep%g 5@\@5 e ﬁﬁ?&m%%éd&fﬁs—ﬁts‘%&% S Y 6 o7

(m 5H), thenAxtlck cohcent2ad & rHar-diyﬁ)ess ends rédycedidyesseredat a(tsmpena)ure5 90 5.88
N
148. 8, 14¢hatgedidilh Be fikdOcdke, fbiGwed byl@thanoll(32.7Xkg). 1Be tjxtdra vasd stirred at
10-15 °C for 0.5 h and filtered in a centrifugal filter. The filter cake was dried under
reduced pressure at 40-50 °C to afford 3-(7-hydroxy-2,3-dihydro-1,4-benzodioxin-6-yl)-
10 1,3-dihydro-2H-indol-2-one (68.0 kg, 78%) as a colorless solid: purity (HPLC-UV at
254 nm) 99.3%.

SYNTHETIC PREPARATION 9
Synthesis of 2,3-dihydrospiro[furo[2,3-g][1,4]benzodioxine-8,3'-indol]-2'(1'H)-one
Compound of formula (15)

16

A 2000 L stainless steel crystallizer was charged with N, N-dimethylformamide

(113.7 kg) and tetrahydrofuran (1070.9 kg). The contents were cooled to 0-5 °C and 3-
(7-hydroxy-2,3-dihydro-1,4-benzodioxin-6-yl)-1,3-dihydro-2H-indol-2-one (12.0 kg, 42.4
mol) was added, followed by cesium carbonate (30.4 kg, 93.3 mol). A solution of

20 chloroiodomethane (9.4 kg, 53.7 mol) in N,N-dimethylformamide (16.9 kg) was added
at a rate of 39.5 kg/h such that the temperature of the reaction mixture was maintained
between 0 and 5 °C. The reaction mixture was stirred at 0-5 °C for 2 h and heated at
20-25 °C for 18.5 h. The mixture was filtered and the filter cake was suspended in
tetrahydrofuran (26.4 kg) and filtered again. The combined filtrates were combined

25 and concentrated to a volume of 110 L under reduced pressure at a temperature
< 60 °C. The mixture was cooled to 20-25 °C and purified water (1200.8 kg) was
added at a rate of 343.1 kg/h. The mixture was cooled to 0-5 °C and filtered. The filter
cake was suspended in water (310.5 kg), filtered and dried at a temperature < 60 °C

until the water content was 10.6% by weight by Karl-Fisher titration. A 200 L reactor
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124. 7,

124.1, 123.7, 121.1, 120.1, 117.6, 114.5, 114.4, 110.3, 109.

103.0, 101.9, 93.8, 80.0, 57.8, 36.9; M5 (ES+) mz 430.2 (M+ 1),

+ 23);
61.51%

Formula (I) by Chiral HPLC The conpound of fornmula (1) was resol ved

t he conmpound of formula

HPwes atriged wwétertr@hvdm}w @8ifk®)i dhe partia

chiral

10

156

20

25

ly-dried filter cake (~11.0
was added to the 200 L reactor by means of a solid addition funnel. The mixture was
heated at reflux for 4.5 h, cooled to 10-15 °C and stirred for 3.5 h at 10-15 °C. The
mixture was filtered and the filter cake was washed with cold (0-5 °C) tetrahydrofuran
(2 x 10.7 kg) and dried in a tray dryer at a temperature < 55 °C to afford 2,3-
dihydrospiro[furo[2,3-g][1,4]benzodioxine-8,3'-indol]-2'(1'H)-one (6.88 kg, 63%) as a
pale yellow solid: purity (HPLC-UV at 210 nm) 98.3%; mp > 250 °C, 'H NMR (300
MHz, DMSO-dg) 510.58 (br s, 1H), 7.26-7.19 (m, 1H), 7.09 (d, J = 7.2 Hz, 1H), 6.99-
6.90 (m, 2H), 6.47 (s, 1H), 6.16 (s, 1H), 4.74, 4.60 (ABq, Jag = 9.2 Hz, 2H), 4.20-4.07
(m, 4H): *C NMR (75 MHz, DMSO-ds) 5178.4, 154.7, 144.0, 141.8, 137.8, 132.6,
128.7,123.8, 122.3, 121.5, 111.1, 109.8, 98.7, 79.5, 64.2, 63.6, 57.7; MS (ES+) m/z
2959 (M +1).

SYNTHETIC EXAMPLE 1
Synthesis of 1'-{[5-(trifluoromethyl)-2-furyljmethyl}spiro[furo[2,3-f][1,3]benzodioxole-
7,3'-indol]-2'(1'H)-one
Compound of formula (1)

A 100 L reactor was charged with spiro[furo[2,3-f][1,3]benzodioxole-7,3'-indol]-
2'(1'H)-one (6.03 kg, 19.5 mol), followed by cesium carbonate (16.02 kg, 48.7 mol).
Acetone (48.8 kg) was added and the resultant suspension was heated to reflux over 1
h. 2-Bromomethyl-5-(trifluoromethyl)furan (4.92 kg, 21.2 mol) was added by means of
an addition funnel over a period of 2 h while the reaction mixture was maintained at
reflux. The reaction mixture was stirred at reflux for a further 2 h and the acetone was
removed by distillation at atmospheric pressure until 37 L of distillate had been
collected. Toluene (48.8 kg) was added and the distillation was continued, first at
atmospheric pressure then under reduced pressure until 37 L of distillate had been
collected. Toluene (36.9 kg) was added and the distillation was continued at 54-55 °C
and a pressure of 150-180 mbar until 37 L of distillate had been collected. The

contents of the 100 L reactor were allowed to cool to 25 °C and toluene (40.9 kg) was
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30Col um: Chiralcel QJ-RH, 20 mmI.D. x 250 nm 5 mc; Lot: QIJRH CJ- EHOOL
(Dai cel Chem cal Industries, Ltd) Eluent:Acetonitrile/ Water (60/40, v/v,

i socrati cwoRBbov4rete: 10 mmin WO 2011/ 047174PCT/ US2010,0327R0¢10/A62704 | me: 60
m n Loadi ng: 100 ng of conpound of formula (1) in 1 nL of acetonitrile
T]err]Perat:Jre Anbi ent Under the above chiral HPLC conditions, the conpound
o] ormula (I-R

5(R)-11- {Pg gd. r)mq m@ﬁe@me)19@Laﬁaczorw§rﬁé&an9f|e}r§%m%F@kaé?az?tosmil 3] - benzod
| oxol e-7, %amnlz@g a]erﬁﬁSIB ”é)'\ﬁg'eeadd’éﬁs T'h\%%gﬁ' Eqﬁlﬁéretvmas Wérﬁ‘%‘d t$ ‘39(‘3@'19@ as a

white SO|I t1oneric excess ana tlca -
acet oni t r istineing wasatappig an@tfma}seswe;e a_lqumo eewatminr 11IJMSUIQj|9yV96 7.32-6.99

5 =
6%t oRpdshdsreovgd e refflindtollegeiinact bps Cyflgbty difioncn (5, 0
9.4 Hzs 2BH:641BQUNYNRAa (educhitipres€DEl a3 )08 nbar uﬁt,ll 18950fQjstill & had bge®. 0, 142. 4,
120 1ebgod g ol gt bR st 3 )

[al p -17. 46e (ccnt@ntg%,ftl‘lal\ﬂi@L reBbier mrq)pass’ dd d‘fretﬂgj‘r amhran(atog@nhylcaiumn

V1] et hy| PRty msRRes Cho 68 Bidkns {68 ek oI cohummat s I PLSRE i

| sol at ed agcH fhat tkE%O@ridacfldsr&Qherercowa:t@d Witie @lwoh ivds washed WYacaiors yt i caI
6 7 320 55@)%6@50%%0 |c|>r|@)se rcalﬁg t@r &érg ch?_egsglv%&)%ra%%feé'?d N@Zé@?%%§s O d6)

5Ag9 (d, Jtifation daderEdiucel. phssufe @as (raBaediddBTHe ddhtentéinf tha Fgactat vage 4. 72
(259, ggABgﬂ;B%)eﬁ vgfmﬂlpg‘q @1%%&“'\]%?@? %(? L'\aﬂﬁ% ’the%%?u c)n waslheatezd to%g °Lf‘] E, +14.04

(c
Heptane (85 kg) was added over 15 minutes and the mixture was cooled to 10 °C over

a period of 3 h. Crystallization started at an internal temperature of 56 °C. The solid

15  was collected by filtration, washed with a mixture of heptane (10.2 kg) and toluene (5.1
kg) and dried at 45-50 °C under a reduced pressure of 50 mbar over a period of 15 h to
afford 1'-{[5-(trifluoromethyl)-2-furyllmethyl}spiro[furo[2,3-f][ 1 ,3]benzodioXo|e-7,3'—
indol]-2'(1'H)-one (6.08 kg, 73%) as a colorless solid: purity (HPLC-UV at 230 nm)
99.6%; mp 139-141 °C; 'H NMR (300 MHz, CDCl;) §7.32-6.97 (m, 5H), 6.72 (d, J =

20 3.3 Hz, 1H), 6.66 (s, 1H), 6.07 (s, 1H), 5.90-5.88 (m, 2H), 5.05, 4.86 (ABq, Jas = 16.1
Hz, 2H), 4.91 (d, J = 9.0 Hz, 1H), 4.66 (d, J = 9.0 Hz, 1H); "*C NMR (75 MHz, CDCl;) &
176.9, 155.7, 153.5, 148.8, 142.2, 141.9, 140.8, 140.2, 139.7, 139.1, 132.1, 129.2,
124.7, 1241, 123.7,121.1, 120.1, 117.6, 114.5, 114.4, 110.3, 109.7, 103.0, 101.9,
93.8, 80.0, 57.8, 36.9; MS (ES+) m/z 430.2 (M + 1), 452.2 (M + 23); Calc'd for

25  CypHi4FsNOs: C, 61.54%; H, 3.29%; N, 3.26%; Found: C, 61.51%; H, 3.29%; N, 3.26%.

SYNTHETIC EXAMPLE 2
Resolution of Compound of Formula (I) by Chiral HPLC
The compound of formula (l) was resolved into the compound of formula (I-S)
and the compound of formula (I-R) by chiral HPLC under the following conditions:

30 Column: Chiraicel ® OJ-RH; 20 mm |.D. x 250 mm, 5 mic; Lot: OJRH CJ-
EHO001 (Daicel Chemical Industries, Ltd)
Eluent: Acetonitrile/Water (60/40, v/v, isocratic)
Flow rate: 10 mL/min
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Resol uti on of Conpound of Fornula (1) by SMB Chromat ography The
conpound of fornmula (1) was resolved into the conmpound of fornmula (1-S) 25
and the cwopourd7oft fornula (1-R) by SVB chronmat ogr aphy pamaseohe27hHol | ow ng
conditions: Extract:147.05 nL/mn Raffinate:86.13 niL/m n El uent:183. 18

m./ mn 30Feed: 50 nmL/m n Recycling:407.88 nL/mn Run Tine:0.57 mn
Tenperature: 25 C Pressure: 55 bar The feed solution (25 g of
conpound of foRumtige(1) $hmin 0 L of nobile phase (25:75 (v:v) mxture of

acetonitrile /pgifianol ) ) 1sgiRL&RbEShLAMUMPUShY hiDbPaddishitiB syst em

(Novasep Licosep La Uni t V\:hl ch was equi pped with eight identical colums
in 2-2-2-2 conTe@mratqu)nA@bﬁﬂhl ning 110 g (per colum, 9.6 cm- 4.8 cm1.D.)

of Chiral PAK- Alj, c%?ﬁaRv%wrm ﬂﬂﬂ@éeoni%sffh@%n@buﬁd BoRRAa ILRMES., (t he

conmpound of forrru a was contained In affinate stream and the

second el (ﬂ’)r1n1{i5ét1il§m"|0m¢§1y|)(W%Ztyﬂﬁﬁﬁﬁwﬂép'@[fum M[1a3](tren8§>§'°’%ﬁ%‘7@0nt ained in
the ext raﬂtﬁﬁlg&gg ouﬁg‘% fﬁgétégra Hezfﬂ' gfpéz:tlswééa@\fhlt&Q@hd?%@RQNé?ﬁoﬁnfené ornul a

(I-R) and orrm obtalined from esol ution

wer e i denexogas) 9% mgbtlmwr%& @o@omtrm in2wvatgr);1e AP35 I—PLC' NiiRe
conmpound f I ! h 0 (I-R) and
t he corrpo@fog m?g}ﬂhﬁsnéla é(l\?§§6e§é) rﬁl&%t%?g(& rJ:- g??ﬁ}?ﬁ'ﬂg Gg/séafjlﬁjébﬁ)rsl fication
system T{se1H), 589 (d| utibrRyHe 2t bAAEs.02 (ABa, th:e—dﬁMrféz 260 4:82 WESABYoni nat ed

at a site we e ge o e
f:orre%opon égﬂé@%ﬁ%@@l&”ﬁé%—lg’ﬁ@ﬁ ﬁ'7%acl%§ i“)ézq%e1r@lrdﬁé?3’stal lized to
g;aner ?t e 1342f8® ?‘%HGS gBZSt ®9. SUIIZBEQQHQOthMQQ rﬂyrgpn]gzsamg)@,rmrwm:met crystal
structure o i s brom a ative e fir nanti omer was
obt ai ned HNdBi%sd E8sbrl eg%gnﬁgd#éﬁn@f’ Mé’uﬁd“ﬁ’o @e‘%% 859§m3 as the
Cgﬁpornd ||9Msfd;r 'THé@oﬁwiaoB)d of feriefa |IS)e:§ dgsltrifiidrememgniuramdr from t he
chiral colum’'is

| .
obt ai ned fﬁmthYHSPﬁ% [féﬂggélﬂ gp?’é%ﬂ‘ﬂ%f"ef—]h%"%g%@%heﬂ%r \%é ﬁﬁl}?%dT%p@rE: ? ic
opticed redadhd @Bctn dd¥white solid; ee > 99% (analytical OJ-RH, 55% acetonitrile in

water); mp 100-102 °C; "H NMR (300 MHz, DMSO-d) 8 7.32-6.99 (m, 5H), 6.71 (d, J
= 3.4 Hz, 1H), 6.67 (s, 1H), 6.05 (s, 1H), 5.89 (d, J = 6.3 Hz, 2H), 5.12, 5.02 (ABq, Jas
= 16.4 Hz, 2H), 4.82, 4.72 (ABQ, Jas = 9.4 Hz, 2H); °C NMR (75 MHz, CDCls) 8 177.2,
155.9, 152.0, 149.0, 142.4, 142.0, 141.3, 132.0, 129.1, 123.9, 120.6, 119.2, 117.0,

20 112.6, 109.3, 108.9, 103.0, 101.6, 93.5, 80.3, 58.2, 36.9; MS (ES+) m/z 430.2 (M + 1),
[o]o +14.04° (¢ 0.99, DMSO).

SYNTHETIC EXAMPLE 3
Resolution of Compound of Formula (1) by SMB Chromatography
The compound of formula (I) was resolved into the compound of formula (I-S)
25 and the compound of formula (I-R) by SMB chromatography under the following

conditions:
Extract: 147.05 mL/min
Raffinate: 86.13 mL/min
Eluent: 183.18 mL/min
30 Feed: 50 mL/min

Recycling: 407.88 mL/min
Run Time: 0.57 min

Temperature: 25 °C

Pressure: 55 bar
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sanme sign (positive, i.e. dextrorotatory) as that of the material obtained
fromthe aforenmenti oned LC resol ution. SYNTHETI C EXAMPLE 4

Synt hesi swof2011/047174 PCT/US2010/052704
11-{[3-(trifluoromet hyppyridin-2-yl]methyl}-2, 3-di hydrospiro[furo[ 2, 3-
259] [ 1, 4] benzodi oxi ne-8, 3' -indol ]-2'(1'1-1)-one Conpound of formula (I1) o

0O F3C A 160 L reactor was charged with 1, 4-di oxane 843 IF% alt ﬁnbi ent
terrperature foTh%fﬁ@g sggutlon (25 g of compound of formula (I) in 1.0 L of mobile phase

, 3-di hydr v§ Hi@lré: o?ageltbﬁhtrﬁd REAR AP WiaB firjSoted cdrmdobdslﬁn(olthésMB one

(6 80 kg he resul tant suspensi on was cesi um car bonat e
(18. 7 kg sx@tew l;lowap Licesen hal Pait) voaalcwa@@euuoaecéy't@ets%lﬂevtfah?%m%% A
container yasy QLi‘écﬁ'ﬁl Wa%'n é@rﬂalﬁingz‘larl (bér é&lurﬁrﬁ‘cb 6iemda B Lb§onddi tion of

2- (Chl oromsthyl g trifluoroneth % pyri di ne hydrochl ori de éS 88 kg, 25
nol ) po¥ti thﬁ'BéKrNéﬁS sietienany phase. I’i@ F@@béh”&@ﬂ?@t'%ert(% PBREENGH ni xt ur e
was I ncrea ‘?rqultagl ﬂ?% a@c%\ﬁ?arne‘ﬂj?ln 'fHé’r'éFﬂ%%teaéiféahh&d‘ﬂwé%Hé&mdsélutrn@%lﬁaﬂﬁoni&o C for

cool e over m nutes and stirred for a further 16

Del oni zed (b epmparmdiof qurm'%nl -Sh wasosRstaingein tmextiachgireanadli®l and t he
resul tant plarb 4E& a8bh Béfa%f tHe (?o%n&:uﬁerof tge?mma’wi?gﬁnd thB&offpblifd HifoMasia $it opped

and the 10phases were to separate m nutes. The agueous and
organi c ph§)s@@alné¢ 3051éb9|8é[t9e@5p|ﬁi'@1 wewentwallteéh@erc@é@mawg ubiliEi%ed with
t he aqlt@ou(gh,gahﬁp, cand dichl oromet hane (41 L) was added. The mi xture was
stirred at or 10 mnutes, the stirri was stopped and the phases
were al | owed toTh%mmL@dfO(ﬁform@"an(l')nMﬁSe@SO"fEHg'nﬁh@@@e%‘PBH%%f forula @rfdved and

the organi Qn@m@%‘ég’{p%ﬁlﬁ‘az %Q@rnmlgrli Lf@\%?er%ﬁep%ﬁatﬁlé @@M@é@t@ﬁhrfﬂ&@t‘iﬁn’f he drum

to the reactor was added and the m xture stirred at
22 C for 1eystemuibsfirstraleting emantlﬁ@em@méh@aw@cﬂc%mntwé erigatedy(at 2sitd | owed

to separat Gof Amd é%d@o%@%teré&%en@é%%ft tﬁe%ﬁeé;ﬁiﬁ@ﬁ@@-ﬁ%d he organic

phase concentrat to dryness a reduced pressure of 712-97 rrbar at
19-38 & Tderivative, wiczh\ureaam@smy aeystadined to gBerate geingle gysialiitakle fame

resul tant iqé‘ﬂe St x g&y""‘f’ﬁe t8dtrbQurd &:tﬂgﬁonﬁﬂat% @Hﬁ\‘?a'ilvé‘@fjthétﬂrsft-r ed for

98 m nut es re'was filtered and t |ter cake washed with cold
(0 O net heluting ¢gnantionenwas dbtaingd @nd és aasqluig@@efwkmat@@sfuﬁﬁomd gdeeghdbar at

21-46 C fo H th lutin enantlomerfro
(trifluor o%rae % étr’%éo p%laéé‘bﬁoﬂmél 3115)2 gn%le h ed?eocs?gﬁj reou Ifthr o[ 2,3-9g][1, 4] benzo
di oxi ne- 8, mte-chlraidmlummls(thﬁ-t}omn@@f fomulg, (1aa)c>/d\flcag0\@nt ¢ majgial ebtaiped d:
purit ych HP*r(S;nlthQ eﬁrgac?s/ﬂeam"of the SMB resolution had a specific optical rotation of the

same sign (positive, i.e. dextrorotatory) as that of the material obtained from the

aforementioned LC resolution.

 SYNTHETIC EXAMPLE 4
Synthesis of 1'-{[3-(trifluoromethyl)pyridin-2-yljmethyi}-2,3-dihydrospiro[furo[2,3-
25 gl[1,4]benzodioxine-8,3'-indol]-2'(1'H)-one
Compound of formula (I1)

A 160 L reactor was charged with 1,4-dioxane (43 L) at ambient temperature
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25NVR (300 MHz, CDCl3) 88.67-8.63 (m 1H), 8.01-7.96 (m 1H), 7.35-7.28 (m
1H), 7.22-7.13 (m 2H), 7.05-6.98 (m 1H), 6.63 (s, 1H), 6.62-6.58 (m 1H),
6.49 (s, WBR011B4424 5. 14 (ABg, JAB = 17.3 Hz, 2H), 5.00pPCHUBI0INARTY4 JAB =
8.9 Hz, 2H), 4.22-4.10 (m 4H): 13C NMR (75 M{z, CDCl3) 8178.3, 155. 3,
152.5, 144.6, 142.4, 138. 4 134 3 (q, 3Jc F 5 2 Hz), 132. 8 128 7, 124. 4,
(q, 2Jc-F = 32.6 Hz), 123. He), 30123 23.4 1222,
121.7, 11fpleved pp24- dl@@*r%plre r2[2 %al[‘aﬂbeﬂzwlow% “ingol2'¢ 1d") Qﬂ?cﬁr—s 3.3 Hz);

B (ES+) R922341561 8T<£Me*re§0|tant stéPEhdidr Wad¥dddd deshunResBbntté 018, Dkg,@BMPound of
Formula (I g) Chr omat ogr aphy The congy‘und of formula (I1) was

][esol ?/ed me @ndme obtHITe Wad h@ateﬁde ﬁa%} qQueT ZZgpinutes. gheortABeIWHBINRE of

ormula (| d

et ract - 1488 T dan B B B0 o o 2 g 8. o 1 Feed: 26. 0
nL/ mi 6 10@ftupcdretylypgadine hidinaciRordeTionis ka, @8 mﬁ')rPOT“@Qm\fﬁ%&\(ﬁféﬁ npButes. ,
Pressure: ﬁtg%%%eo%g%gr-sggo% SRR Hbd PO waEFrcfedielto FOIMOURY A mihfleldhg (11) In

1.0 L of
the mixture stirred at 100 °C for 3 h, cooled to 20 °C over 90 minutes and stirred for a

further 16 h. Deionized water (40 L) and dichloromethane (40 L) were added and the
resultant mixture stirred at 22 °C for 12 minutes. The stirring was stopped and the

10  phases were allowed to separate for 21 minutes. The aqueous and organic phases
were separated into drums. A 160 L reactor was charged with the aqueous phase and
dichloromethane (41 L) was added. The mixture was stirred at 19 °C for 10 minutes,
the stirring was stopped and the phases were allowed to sepérate for 10 minutes. The
aqueous phase was removed and the organic phase from the previous step was

15  transferred from the drum to the reactor. Deionized water (40 L) was added and the
mixture stirred at 22 °C for 10 minutes. The stirring was stopped and the phases were
allowed to separate for 43 minutes. The aqueous phase was removed and the organic
phase concentrated to dryness under a reduced pressure of 712-97 mbar at 19-38 °C.
To the residue was added methanol (56 L) over 19 minutes. The resultant suspension

20 was cooled to 3 °C over 64 minutes and stirred for 98 minutes. The mixture was
filtered and the filter cake washed with cold (0 °C) methanol (14 L) and dried under a
reduced pressure of 90-9 mbar at 21-46 °C for 10.5 h to obtain 1'-{[3-

~ (trifluoromethyl)pyridin-2-ylimethyi}-2,3-dihydrospiro[furo[2,3-g][ 1,4]benzodioxine-8,3'-

indol]-2'(1'H)-one (8.00 kg, 81%) as an off-white solid: purity (HPLC-UV) 99.8%, 'H

25 NMR (300 MHz, CDCl;) 6 8.67-8.63 (m, 1H), 8.01-7.96 (m, 1H), 7.35-7.28 (m, 1H),
7.22-7.13 (m, 2H), 7.05-6.98 (m, 1H), 6.63 (s, 1H), 6.62-6.58 (m, 1H), 6.49 (s, 1H),
5.42, 5.14 (ABq, Jag = 17.3 Hz, 2H), 5.00, 4.74 (ABq, Jag = 8.9 Hz, 2H), 4.22-4.10 (m
4H): "*C NMR (75 MHz, CDCl;) §178.3, 155.3, 152.5, 144.6, 142.4, 138.4, 134.3 (q,
*Jor = 5.2 Hz), 132.8, 128.7, 124.4, (q, *Jor = 32.6 Hz), 123.9 (q, "Jor = 273.3 Hz),

30 123.8,123.4,122.2, 121.7, 112.6, 108.6, 99.2, 80.2, 64.6, 64.0, 58.3, 42.3 (q, *Jor =
3.3 Hz); MS (ES+) m/z454.8 (M + 1).
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15(97:3 (v:v) mxture of dichloronethane/acetone)) was injected
continuously into the SMB system (Novasep Licosep Lab Unit), which was

equi pped wot2b11gi4gite | denti cal columms in 2-2-2-2 confi gecatisenonsztvai ni ng
110 g (per colum, 10.0 cm 4.8 cm|1.D.) of Chiral PAK(r)-1C as stationary
phase. The conpound of formula (I1-R) was contained in the raffinate stream
and the conpound of fornmula (I-S) was contained in the extract 20stream

A total of 10.62 kg of the corpOUHdEDE BPAMELES(11) were processed by sSvB

chromat ogr aphy URieg uﬁé}ﬁof%&?{ﬁo&%@'%#nﬁlﬁ(l a%'snﬁB‘b‘h?&ﬁatéjrﬁﬁlﬁy ons with a
chiral purity (HPLC) > 99.0 wer e pool e concentrated to a volunme of 26

L under reducedhpe@BreHnd Céfmmiaaﬁﬂk?vﬁ res@ived info thepcampasiad ohformytadli=B| ut i on
was furthgry @%Qgﬁ@%u@ B St%ﬁ«y eR) By §W&ﬁgm9{o?§§p%§l@m9értﬁ@ﬂﬂlé@@ng”bar at

26- 37 C unti ate been col 'ected. Methanol (25 L) was
added &ndCQWéIOnﬁxture concentrated under a reduced pressure of 650-360 nbar
at 30-38 C untg J(ta(’k:? L ofmi%é-}zy ie had been collected. The m xture was
cooled to 20 C and net han 5 L) was added. The m xture was concentrated
under a reduceBafinatesur e66ﬂ4eﬁxbn®20 nmbar at 20-39 Cuntil 15 L of 30
distillate hadgpggn col | 85t ef gapfinwas cooled to 1 C over 53 minutes and
stirred for If:'urt er 70 m nutes. The suspension was filtered and the
filter cake vvaEerlashed wWe.A nddmih (0 C© nethanol (9 L) and dried at anbient

tenperature un | ow, Djdirogen gas for 15.5 h. The solid was further
dri edl@t a redﬁgéeygﬁnpi essﬁgemof 40-1 nmbar at 50 C for 195 mnutes to afford

the conpound oRufigimeil a {(PB1®), i.e., (S) 1 -{[3-
(trifluoromnet h%%ggﬂuqél%%%ll i met hy1}-2, 3-di hydrospiro[furo[2,3-g][1, 4] benz

odi oxi ne-8, 3' - one (3.62 kg) as a colorless solid: purity
(HPLC- WV) 100%resddreNVR $B68bbtHz, CDCI 3) 88.67-8.63 (m 1H), 8.01-7.96 (m

o 6.6 58 (m 189 1eed Shyfn Gedy g’gﬂ*ﬁé@@%ﬁ?ﬁ%ﬁ) BT bie Posd, > 19

5. 00, 158}, 7@7(3Bw) rrﬂ)étﬁkemfaldhldﬂmetﬁb%)e/a@tdrﬂa)nwa@m(ected4d€bmlnllC&SyNMRt|(1675 |sz

coa 3)1 2] 5(@2%615?2”?08e%§%b%|&%%wéﬁ%(}lﬂ&&%%éﬁ en&ﬁkﬂe%t/ﬁg 735

Hz) 123. &lurh@8ind-2-P22céhfighi2tioT cortaining, 110Q@8(per c@@na,,ﬂB@cm 4.84m6!.DHaf 0,

205, DNEhpRARBIC acaRikan st ik romemut e MR odfined 1 gobs

The Cormomadamﬁaté@traumnelthe Empdurd.of fdrifutald-S) Bfaéfcbmthinlelonroﬂhietelx;raq:iyrl di n- 2-
yI ] met hyl%l 3-di hydrospiro[furo[ 2,3-g][1, 4] benzodi oxi ne-8,3"-indol]-2"(1'H

- one20 r‘%%l ated fromthe raffinate by standard procedures. Bl OLOG CAL

ASSAYS 151 n or Aledtattdian.e2h@ dfwéﬁm;sumndemmmbaotuhwwmoms;edoaysumae fully
understood the foll ow n(% bi ol o ogﬁém)n trate the

1 C ass
utility of rP'P?ém@barPBéﬂlh‘ﬁiﬂ‘Q bt abrye nﬁ@?'@ rfﬂy?’itragﬁ&ﬂt'an%@{' Y8 that this
exanpl e | HALY) > 4d Vel Rére pRoRU! EPREArASd 16 @Usluing o6 Ltumdbte'edamﬂt rued as

limting rtJrre“sssunla 2‘63 ?rg:'ngfgrrclacgl toaam(ocg’rﬁl ?ga%tor %e sgeilon wasEMher concentrated

25  under a reduced pressure of 700-590 mbar at 26-37 °C until 13 L of distillate had been
collected. Methanol (25 L) was added and the mixture concentrated under a reduced
pressure of 650-360 mbar at 30-38 °C until 15 L of distillate had been collected. The
mixture was cooled to 20 °C and methanol (15 L) was added. The mixture was |
concentrated under a reduced pressure of 650-320 mbar at 20-39 °C until 15 L of

30 distillate had been collected and was cooled to 1 °C over 53 minutes and stirred for a
further 70 minutes. The suspension was filtered and the filter cake was washed with
cold (0 °C) methanol (9 L) and dried at ambient temperature under a flow of nitrogen
gas for 15.5 h. The solid was further dried at a reduced pressure of 40-1 mbar at 50

°C for 195 minutes to afford the compound of formula (lI-S), i.e., (S)-1'{[3-
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20@uanidine Influx Assay (in vitro assay) Thi s exanpl e descri bes an
in vitro assay for testing and profiling test agents agai nst human or rat
vol t age- gaiDadiigadi7am channel s stably expressed i n cel | sPofi/usealoss27an
endogenous or heterol ogously expressed origin. The assay is also useful for
determ ning the 1C50 of a voltage-gated sodi um channel nodul ati ng
(preferably 25bl ocki ng) conpound. The assay i S based on the guanjdjne

i nfl ux asét&f)WQﬂ@@@WV'W(H“’W'%EH@FW”‘R&?E@","Ydé?scﬂ'r.o[fu@[zy:ﬁ@lﬁ?A@ﬁ@?ﬁd"%‘ﬂ% )d’

41(17) : 3293027 1'H]BRe BIED kS 42 Ed1bAcdd sBRE ApLritys(HPLIAAVPY 0626 £H NMRX(388 Say
used to determne ion flux activi t% of vol tage-égat ed sodium channels in a

Ei gh-t Elr oMirtzp GDGl) SiBsp-&68 (Matldk 800r HeE (M. tHhe? 48548 1 1) 14&ddMi ne
rochl o i ' I [
ot o SO 5 1 g Okt g g

ators at uce I ntal ne | ux, say .t he potency of
test afents.= PoBétcIH), $.Wed FAtABadbY &% HECHD), 4 2Rcul Autm.ott). g@l’@d'ﬁi(w ty is

o um ori Rl CRRTR 31783, 108 50ap £1140S 1 EORPOUNE 138 (1792 4 208y 921 o

sodi um channe I'ntere ot’éncy ‘agal nst ot er Vol t age- gat ed
sodi um chasme) t28.7,dkdd, afled 326IHz)t123i% (@, g/rc@1’=i 273yHy), 123.8, 123.4zach of the

test agents, LS ' t e e e, vol ed sodium .
channel s g@?nl%‘?ggﬁﬁ%\/g%g&?%a e%%éoé&%&'r% gﬁéh@é?w’a‘rj f E%’gg%g?@réi zed as
TTX sensi (E'Esﬁ? rﬁ/I24Bm.i8€(Ms-'+ 1); Yelp +458i13 (2.0REDMPO); ccuSEfIRALRNEIC eval uat i ng t he
activities of a Svoltage- i channel of interest when it resides
ina i Xe&%&[ﬂﬁét‘?%‘%&ﬂ%@?ﬂQ’?\Bgémge- gat ed sodi um channel s. The

fol | ow ng Tabl ghd coHpotrd of esntidd {I1-R), nes (RsLHBHtriflnoeretiemMbmddifi-ar a certain

TABLE 1 CITelny e R P aeef oo e PRl LA e v

(Chi nese [dapEdEfForftRY naffineRa8tamdied proestiureel | | ine) ATTC accessi on nunber
CCL-61
BIOLOGICAL ASSAYS
15 In order that the invention described herein may be more fully understood, the

following biological assay is set forth to demonstrate the utility of the compounds
prepared herein. It should be understood that this example is for illustrative purposes

only and is not to be construed as limiting this invention in any manner.

BIOLOGICAL EXAMPLE 1
20 Guanidine Influx Assay (in vitro assay)

This example describes an in vitro assay for testing and profiling test agents-
against human or rat voltage-gated sodium channels stably expressed in cells of either
an endogenous or heterologously expressed origin. The assay is also useful for
determining the ICs, of a voltage-gated sodium channel modulating (preferably

25  blocking) compound. The assay is based on the guanidine influx assay described by
Reddy, N.L., et al., J. Med. Chem. (1998), 41(17):3298-302.

The guanidine influx assay is a radiotracer flux assay used to determine ion flux
activity of voltage-gated sodium channels in a high-throughput microplate-based
format., The assay uses **C-guanidine hydrochloride in combination with various

30 known voltage-gated sodium channel modulators that produce maintained influx, to
assay the potency of test agents. Potency is determined by an ICs, calculation.
Selectivity is determined by comparing potency of the compound for the voltage-gated
sodium channel of interest to its potency against other voltage-gated sodium channels
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Navl. 4 expression has been shown by RT-PCR No other Nay expression has
been detected The 18- to 20-fold increase in -14-j guanidine [u I nfl ux
was conplwoeby/roeked using TTX. (Navl.4 is a TTX sensiPCirus2aloamriel ) L6
(rat nyoblast cell) ATTC Nunber CRL-1458 Expression of Navl.4 and 1.5 The
10-to 15-fold increase in [ 14C] guanidine influx was only partially bl ocked
by TTX at 100 nM (Navl.5 is TTX resistant) SH SY5Y (Human neur obl ast oma)
ATTC Numb&lsacsalleg @Ct'ﬁytﬂr?fﬂ'ﬁ@éi Expression of Navl.9 and Navl.7 (Blum et
al.) The 10- Eacﬁlértﬁeltéétla t@%scﬁsshyéo[ t%l%"théiléik reis8 theNoltageysted
background was parti al ked TTX (Navl. 9 is TTX resi stant %g-N-BEZC
(a human Bedi¥® a@rt%ﬁraf lef@rqst | VW@QA’@@W Cmnemgfharesztsfl

Nav1l.8 SEéﬂEMv@to'r %eﬁiltl\%E%ﬁscp%de‘Hy% Bébf@Wl%Tanv@luﬁﬁ dg ﬁétﬂcfl\ﬁtlésfbf% 6-fold
i ncrease 1 n [14C] guani di ne influx above backgroun artlally bl ocked

i nf | ux5 ( NuQItRgs-gatedTspriune shannghef)interesbwhen it r d%a@wm %\'aﬂon with
other voltage-gated sodium channels. The following Table 1 summarizes cell lines

useful in screening for a certain voltage-gated sodium channel activity in the presence

or absence of TTX.

TABLE 1
- CELL LINE mRNA Expression Functional Characterization
CHO-K1 (Chinese | ¢ Na,1.4 expression has been | e Thé 18- to 20-fold increase in
Hamster Ovary; shown by RT-PCR ['*C] guanidine influx was
recommended ¢ No other Nay expression has completely blocked using TTX.
host cell line) been detected (Nay1.4 is a TTX sensitive
ATTC accession channel)
number CCL-61
L6 (rat myoblast » Expression of Na,1.4 and 1.5 | e The 10- to 15-fold increase in
cell) ATTC ['*C] guanidine influx was only
Number CRL-1458 partially blocked by TTX at 100
' nM (Na,1.5 is TTX resistant)
SH-SY5Y (Human | e Published Expression of e The 10- to 16-fold increase in
neuroblastoma) Na,1.9 and Nay1.7 (Blum et [*C] guanidine influx above
ATTC Number al) background was partially blocked
CRL-2266 by TTX (Nay1.9 is TTX resistant)
SK-N-BE2C (a o Expression of Na,1.8 o Stimulation of BE2C cells with
human pyrethroids results in a 6-fold
neuroblastoma cell increase in [“C] guanidine influx
fine ATCC Number : above background.
CRL-2268) o TTX partially blocked influx
(Nay1.8 is TTX resistant)
PC12 (rat o Expression of Na,1.2and | e The 8- to 12-fold increase in ['*C]
pheochromocytom Na,1.7 guanidine influx was completely
a) ATTC Number blocked using TTX. (Na,1.2 and
CRL-1721 : Nay1.7 are TTX sensitive
channels)
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a) ATTC Nunber CRL-1721 Expression of Navl.2 and Navl.7 The 8- to 12-fold
I ncrease in [14C] guanidine influx was conpletely bl ocked using TTX

(Navl. 2 awO 2bEvl7i74are TTX sensitive channels) WO PCT/US2010/052704

2011/ 047174PCT/ US2010/ 052704 CELL LI NE nmRNA Expressi on Functi onal
Characterization HEK293 (human enbryoni c ki dney) ATTC Nunber CRL-1573

Expressiopn.of hNavl. 7 Navl 7 is a TTX sensitive-ch _ o T C50 in
the funct] on&FLEEINE di ni um HRNA Expgesgian Functjgnal Gharacterization; b|| eto
errg! oy 'HWEK%B'(F&%nC_e { E)prb%%i?ﬁ mmt aoﬁ.ﬁ; er?! ogou@éy i@%WT)@%h_s_M@t?ge'gﬁt edII
sodi um channel s. CJ oni ng, stable transfectidn and pr on.of such ce
lines are ?JﬂnW'Ct@nFﬁose skilled in the art (s@@?neﬁﬁgggg p 8 M%) ugbauer,
N, etal., ABNBQurdker(1995), 14(6):1084-90; and fuodienal Gu@idinigh absay isNeur on

(2002), 34crPRs73877- 884). Cel I's exprlesgjjig the voltage-gated sodi um
channel of interest are grown according to tlhe supplier aor in the case of a
reconbi nant cell in the presence of selective growh nedia such as (418

(G bco/lnvitro i ol [aTodl ( di shes
Cnan! Doy el s PRIl g hasingesal mibs e bl ot
voltage-gated sodium channels. Cloning, stable transfection and propagation of such

cell lines are known to those skilled in the art (see, for example, Klugbauer, N, ef al.,
5 EMBO J. (1995), 14(6):1084-90; and Lossin, C., et al., Neuron (2002), 34, pp. 877-
884).

Cells expressing the voltage-gated sodium channel of interest are grown
according to the supplier or in the case of a recombinant cell in the presence of
selective growth media such as G418 (Gibco/Invitrogen). The cells are disassociated

10  from the culture dishes with an enzymatic solution (1X) Trypsin/EDTA
(Gibco/Invitrogen) and analyzed for density and viability using haemocytometer
(Neubauer). Disassociated cells are washed and resuspended ih their culture media
then plated into Poly-D-Lysine coated Scintiplates (Perkin Elmer) (approximately
100,000 cells/ well) and incubated at 37 °C/5% CO,_ for 20-24 hours. After an

15  extensive wash with Low sodium HEPES-buffered saline solution (LNHBSS) (150 mM
Choline Chloride, 20 nM HEPES (Sigma), 1 mM Calcium Chloride, 5 mM Potassium
Chloride, 1 mM Magnesium Chloride, 10 mM Glucose) the test agents are diluted with
LNHBSS and then added to each well at the desired concentration. (Varying
concentrations of test agent may be used). The activation/radiolabel mixture contains

20 an alkaloid such as veratridine or Aconitine (Sigma) or a pyrethroid such as
deltamethrin, venom from the scorpion Leiurus quinquestriatus hebraeus (Sigma) and
“C-guanidine hydrochloride (ARC) to measure flux through the voltage-gated sodium
channels.

After loading the cells with test agent and activation/radiolabel mixture, the

25  Poly-D-Lysine coated Scintiplates are incubated at ambient temperature. Following
the incubation, the Poly-D-Lysine coated Scintplates are extensively washed with
LNHBSS supplemented with Guanidine (Sigma). The Poly-D-Lysine coated
Scintiplates are dried and then counted using a Wallac MicroBeta TriLux (Perkin-Elmer
Life Sciences). The ability of the test agent to block voltage-gated sodium channel

30 activity is determined by comparing the amount of '*C-guanidine present inside the
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(G bco/l nvitrogen) and anal yzed for density and viability using
haenocyt onet er (Neubauer). Disassociated cells are washed and resuspended
in their wolzoura7rmedi a then plated into Pol y-D Lysi ne cearas28oi06170pl at es
(Perkin Elnmer) (approximtely 100,000 cells/ well) and incubated at 37 Cl15%
CO2 for 20-24 hours. After an 15 extensive wash with Low sodi um

HEPES- buf f ered sal i ne sglution (LNHBSS) (,150 mM Cholj or i 20 nM
HEPES ( Si 5%)“9&?8%&& ﬁﬁrﬁﬂt}‘ﬂ"%p?@é"eg oﬁimaggéi?umaeﬁ# o 'Esedaqi

Magnesi umy&itp bl difsulatidnsds@eti 6Gtssidevin@ee inabit spaeifidasionreayibd useritowi t h LNHBSS
and then added to each well at the desired a(\:fﬂ ﬁenvpﬁatlo%} %% i ng
concentra??@ﬂﬁ'”@f"’h@gﬁraé@%ﬁﬂe%§sﬂéc Y& dena PaficHa] MortaoR-PRRd PY P%’I abel

m xture cemdrteNs 20an al kal oid such as veratridine or Aconitine (Sigma) or
a pyrethroid such as deltamethrin, venom from t he EEI ur us

qui nqu@st ri at udh® ¥ 81 of afeshageitfef a srechig yAitagea ?@ﬁ%%lc FMNEEMEXRO) t o
measur e fbé&e{ehhmegf&sﬁmb%é/é&dve@%ns@l m@trﬁ)@dlmmlogaarﬁuWeSdet&imm boeglang t he

cells with test .agent and actijvation/radi ol abel

25Pol y- D- @y%|1r9e1%8'éﬂ%8°'8§:9%‘ﬁ ﬁldé‘lp&%at%l%t“PW@Lﬁ)‘é(tﬂéa S?(”'%Tﬂ”&ﬁ'?""t“@ﬂﬁé? at ure.

Fol | owi ngs5toheoiyNraiRedd Qially Wen BehX-danbaiftiafien eRrhia r&s:smm&r@hﬁﬁarare
extensi vely vvashed w th LNHBSS suppl enented with ani di ne g&%g The

Pol y- D- Ly 8anRmelgrancdowmigiomelairangesy d vairalydhe Aid-pABhCNsERiratign a Wl l ac
M cr oBet aag &ritididet %P e, %n@%@@!enhblf RNSEMRIEES Of ha'lffuﬂut?d?is@réateﬁcfr shitdle est

agent to b vol t age- gated sodi um channel 30actjvit tcﬁr ned by

conpar i ngaﬁ@pﬂ%(ﬂﬁ 86 MMIE WM aAd 149 KkigW @nf DshiZge t?@ N gt é‘?presm ng
the diff ef(.%E'EuNQ'ist@éi’&ﬂéléé @Qnéﬂ@ M%@hﬂa‘%ﬁloﬁrstn@%@él A?'Bigrhbidalddsa. a variety

of cal cul at1ons, as set out i s specification, nmay be used to

det er ni neRapRranse Maoge} @é’!‘u'ad@n‘t ('°i+§(Bs/é)/(é6f(p()‘éAq)B? a particul ar vol t age- gat ed

sodi um channel Thot@sdiEQNity, @éd%@r &fse@cﬁ\ﬁ@'for ?fﬁlﬂﬂ)‘le éﬁﬁele%tiﬁfye@ld‘alcﬁlated by
vol t age- gat ed sodi um channel be determ ned usin above gener al

met hodd THwidinggbe Heey valEe @éﬂ’@ﬁﬁ?tﬂéﬁa%ﬁl‘ﬁ@d godiumghanns ?biﬁ"edfe?el%“"ﬁm nt curve

i n dupl i C%Pagergawd&idm%ﬁar%t *Fbr%x&tn?ret Nagi.soncentration of 1, 5 or 10 pM
diluted sertall’y w final concentration reaching the sub- nanom)l ar,

nanonol ar and A@wrﬂmalvdhmcamppwégepar%mmq pethads Hiselosst BRiBoncent r at i on

of test 1Qaa6Mirateti withgd at%d%%luﬁﬂ&waﬁﬁ&%klr@'acﬁﬂf%&tﬂsﬁﬁﬂlé},ﬁ‘? aefsehal f
dilutions greater or sialler are applied (e.qg., 5 pM 5 pMand 0.25 pM
10 pM andfagthieipwimTape M etc. ). The 1C50 curve |s cal cul ated using the 4

Par anet er Logi stic Mddel or Signoidal Dose-RResponse Mddel formula (fit =

(A+( (B A/ (1+((C/ x)AD)))) . TARLE Dl d sel ectivity, factor of
selectivity or miltiple of selectivity is calculated by
' Compound Chemical Name ICsp (M)
() 1'{[5-(trifluoromethyl)furan-2- 0.007

ylmethyl}spiroffurof2,3-f][1,3}benzodioxole-7,3'-
indol]-2'(1'H)-one

(I-R) (R)-1'{[5-(trifluoromethyl)furan-2- 4.200
ylimethyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3'-
indol]-2'(1'H)-one

(I-S) (S)-1'-{[5-(triflucromethyl)furan-2- 0.003
yllmethyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3'-
indol]-2'(1'H)-one v

()] 1'-{[3-(trifluoromethyl)pyridin-2-yljmethyl}-2, 3- 0.015
dihydrospiro[furo[2,3-g][1,4]benzodioxine-8,3'-
indol}-2'(1'H)-one

(1-S) (S)-1'-{[3-(trifluoromethyl)pyridin-2-ylJmethyl}- _ 0.005
2,3-dihydrospiro[furo[2,3-g][1,4]benzodioxine-
8,3'-indol]-2'(1'H)-one

* Kk %k k *
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15di viding the 1C50 value of the test voltage-gated sodi um channel by the
reference vol t age-gat ed sodi um channel, for exanple, Navl.5.

Accor di ngwg,20ting7enpounds prepared by the net hods di sclrosas261e08i704
denonstrated vol t age-gat ed sodi um channel bl ocking activity agai nst hNavl. 7
as set forth below in Table 2: 20TABLE 2 Conpound Chem cal Nanme | C50 (PM
(1) 211-{[5-(trifluoronethyl)furan-2-

yl ] met hyl } spi r 8fl plithe[LeS 3patents, B Bbeatealarplieation pulicatippgy 4 $-pA§NE' 1- 1) - one

0.007 (I- Ifcgﬁ 5ns, fordi gh é&tfehtfsl MPél%fVE&tQMtI Qrfpﬁéeﬁﬂahgand non-patent pubh?atlons

yl | met hyl s |ro fluro nzodi oxol e-7,3' - indal]-2"( H) - one

4.200 (I- nger(e;) toin thig gze(otflpatfqr\mdmfé@wgur) fhgerA&:rpjlgatlon Data Sheet are
I t hyl 7,3 dol]-2' (t 0. 003
yl]methy ﬁgﬂp%ﬂtéqlp&b%o%%%nﬁ]r ?gﬁ%eémﬁﬁése | ndol ]-2" (tH) - one

(rr) tritluor rrehl 2,
di hydrfos pi r o[ f Altkguah3heyforegarnisyersian bre eersdgcnbe%dtﬁomezde(@" fyfagiitaten. 015

understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the described
embodiments are to be considered as illustrative and not restrictive, and the invention
is not to be limited to the details given herein, but may be modified within the scope

10  and equivalents of the appended claims.
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(11-S) (S)-11-113-(trifluoronmethyl)pyridin-2-ylynethyly

2,3-di hydrospiro[furo[2,3-9g][1, 4] benzodi oxi ne8, 3" -indol]-2'(1 'H-one 0.005
Al'l of thwolnB/4pertents, U. S. patent application publi c&Cirarnsg(10l05504 pat ent
applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the
Application Data Sheet are incorporated herein by reference, in their
entireties. 5A though the foreggynarigeenimen i§as been described in sone
detail to facilitate understanding, it will be apparent that certain
changes and nodifications may be practiced within the scope of the appended
cl ai nms. Accordlngly the descri bed enbodi nent to be considered as
illustrative and notA MEHa% ¢ Preparing AEOmRaUDG 9 ﬁﬁ?ﬁﬂags not to be linited to
the details given herein, but nay be nodified within the scope 10and
equi val ents of the appended claims. O CLAIMED IS A nethod of
preparing a conpound of formula 5 arnaceutlcally acceptabl e salt
thereof, as a single stereoiso t| a m xture thereof;
wherein the nmethod conprises tr g a conpodhd of formula (8): O 0 (8)

or a pharmaceutically acceptabl e salt\ thecear, with a conpound of fornula
(9): \

or a pharmaceutically acceptable salt thereof, as a single sterecisomer or enantiomer
or a mixture thereof;
wherein the method comprises treating a compound of formula (8):

or a pharmaceutically acceptable salt thereof, with a compound of formula (9):

Br

0
| )—CFs

()

¥

or a pharmaceutically acceptable salt thereof, under suitable conditions to provide the
compound of formula (l), or a pharmaceutically acceptable salt thereof, as a single

stereocisomer or enantiomer or a mixture thereof.

2. The method of Claim 1 further comprising a preparation of the
compound of formula (8), wherein the method comprises treating a compound of

formula (7):
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(9) or a pharmaceutically acceptable salt thereof, under suitable
conditions to provide the conpound of fornmula (I), or a pharmaceutically
accept ablwo=altto4riter eof , as a singl e stereoi somer or en&OTIUSAE/062704

m xture thereof. 2. The nmethod of Claim1 further conprising a preparation
of the compound of formula (8), wherein the nmethod conprises treating a
conmpound of formula (7): or a pharmaceutically acceptabl e salt t her eof ,

with a badeaphaeraceyiicalypecapttie Wlbﬁ%r% Wil hbasendshpitahile OPJKiBRA a (8),
or a phar ReEME iceRbbInASTERIAR( &, &%éhérﬁ%&&ﬂfoally acceptable3alt Tigedret hod of
Caim2 further conprising a preparation of the compound of formula (7),
wherein the nethod conprises treating a conpound of forrmula (6): or a

phar maceuti cal by acqpptah& SFadihint DRI@RF corHpikig §b@ﬁdf§tldn M theunobu reacti on
conditions to formthe conpound of forrmula (7 phar rracgblﬁtcal |y

accept abl €9BRPYNG Hfdprayta (7). wherein the method RoptRs| e%?fe%’sinauarﬁ%nw

conpri si ngyrmuly @par ation of the conpound of fornula (6), wherein the nmethod
conprises treating a conpound of fornmula (5): or a pharnaceutically
acceptable salt thereof, with an al d%de under suitable conditions to form
t he compound of formula (6), or abPhar ti aIIy acceptabl e salt thereof.
5. The nmethod of Claim4 furthep/ c® i preparatl on of the conpound
of formula (5), wherein the nett ’Preating a conmpound of formula

(4):

or a pharmaceutically acceptable salt thereof, under standard Mitsunobu reaction
conditions to form the compound of formula (7), or a pharmaceutically acceptable salt

thereof.

4. The method of Claim 3 further comprising a preparation of the
compound of formula (6), wherein the method comprises treating a compound of

formula (5):

(T, ®

or a pharmaceutically acceptable salt thereof, with an aldehyde under suitable
conditions to form the compound of formula (6), or a pharmaceutically acceptable salt

thereof.

5. The method of Claim 4 further comprising a preparation of the
compound of formula (5), wherein the method comprises treating a compound of

formula (4):
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or a pharmaceutically acceptable salt thereof, under suitable conditions to
formthe conpound of formula (5), or a pharmaceutically acceptable salt

t her eof . WOTha/maet7hod of Claimb5 further conprising a preparsatioosn7of t he
conpound of forrmula (4), wherein the nethod conprises: a) reacting a
conpound of forrmula (2): HO or a pharmaceutically acceptable salt
thereof, with a Gignard reagent of forrrula (3): My (3); under suitable
conditions to forman internedi ate 0 ct, and b) reacting the

i ntermedi ate product of a) withy/a Rfornula (1): or a
pharmaceutically acceptabl e sal ¢ dér suitable conditions to form
the conmpound of formula (4), or : cally acceptable salt thereof.
7. The method of Caim1 further comﬂl si4)g resolving the conpound of
formula (1), or a pharmaceutically acceptable salt thereof, under suitable

condi tions, yield a conpound of fornula (1-9); or..a phar eutical l
accept abl & %ah@mtaﬁ@vf@@w a%ataglq;%aqﬁg}’ deérépﬁ%tplg cemdfnpgn_sqo form the Y

compound of formula (5), or a pharmaceutically acceptable salt thereof.

6. The method of Claim 5 further comprising a preparation of the
compound of formula (4), wherein the method comprises:

a) reacting a compound of formula (2):
O
0]
2)

or a pharmaceutically acceptable salt thereof, with a Grignard reagent of

/LMgCI

3

formula (3):

under suitable conditions to form an intermediate product; and
b) reacting the intermediate product of a)'with a compound of formula (1):

L

H
(1)

or a pharmaceutically acceptable salt thereof, under suitable conditions to form
the compound of formula (4), or a pharmaceutically acceptable salt thereof.

7. The method of Claim 1 further comprising resolving the compound of '
formula (1), or a pharmaceutically acceptable salt thereof, under suitable conditions, to

yield a compound of formula (I-S):
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or a pharmaceutically acceptable salt thereof. 8. A nethod of preparing a
conpound of fornmula (11): C 0 F3C or a pharmaceutically acceptable salt

t her eof , WO 2a11804MJe st ereoi soner or enanti omer or a m PCUMAS201086504 ;
wherein the method conprises treating a conpound of fornmula (15): or a
pharmaceutically acceptable salt thereof, with a conpound of fornula (16):
or a pharmaceutically acceptable salt thereof under suitable conditions to
provi de the conpound of fornula (I)g , 3 >Dhar maceuti cal ly acceptabl e salt
thereof, as a single stereoisongr ar At lomer or a m xture thereof.

9. The nethod of Caim8 furt i@' (1 5| n% glreparati on of the conpound
of fornmula (15), or a pharnace Iy accept e salt thereof, wherein the
nmet hod conprises treating a compoun crula (14): or a

pharmaceutical ly acceptabl e salt thww th an al kyl ati ng agent under
suitable conditions to formthe conpound of forrrula (15), or a

phar maceutical ly acceptable salt thereof. . The nethod of Claim9
further cenpphainagestiqaly pegentabimsalttheresf, @@ﬁ@mﬁwoyﬂdpbflormwa (M), or a
pharmaceutical ly acceptable salt thereof, wher ein the nmethod conprises
treating a conpound of fornula (13))

(-R)

or a pharmaceutically acceptable salt thereof.

8. A method of preparing a compound of formula (Il):

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or enantiomer
or a mixture thereof,
wherein the method comprises treating a compound of formula (15):

or a pharmaceutically acceptable salt thereof, with a compound of formula (16):
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or a pharmaceutically acceptable salt thereof, under suitable conditions to
formthe conpound of formula (14), or a pharnaceutically acceptable salt

t her eof . WO 2011/04174 The nmet hod of C aim 10 further conpPCTiusgola/op7epar ati on
of the compound of formula (13), or a pharmaceutically acceptable salt

t hereof, wherein the nethod conprises: WD 2011/047174PCT/ US2010/ 052704
a)reacting a conpound of formula (12): with a Gignard reagent of
formula (3): MgC (3); under suitabl Ebnditions to forman intermediate
product; and b)reacting the internedilat gs@roduct of a) with a conpound of
formula (1): or a pharnaceuticall Wa ept3abl e salt thereof, under suitable
conditions to formthe conpound of ¥gefula (13), or a pharmaceutically
acceptabl e salt thereof. 12. Thd1éethod of Caim 1l further
conprising a preparation of the conpound of formula (12), or a

phar maceut| ¢ ghé%a%gﬁtﬁ% I)?Qéc% Fa%ll iati{lﬁér%% uHmesruﬁgﬂ EB&.@EHQ%&%&SGS

treating a € an oxl di 2 n
sui tabl e comdmundcnﬁﬁortmlla‘ @Ib,mrtarmwaunaqmmg@llym’cwmabtﬁIsalt (hleze)of asra gingle

phar maceuli tafdomed of ERAARIR 3Rh Mk th&eor

9. The method of Claim 8 further comprising a preparation of the
compound of formula (15), or a pharmaceutically acceptable salt thereof, wherein the

method comprises treating a compound of formula (14):

o

H (14

or a pharmaceutically acceptable salt thereof, with an alkylating agent under suitable
conditions to form the compound of formula (15), or a pharmaceutically acceptable salt

thereof.

10. The method of Claim 9 further comprising a preparation of the
compound of formula (14), or a pharmaceutically acceptable salt thereof, wherein the

method comprises treating a compound of formula (13):
HO 0]
o0
Xy
N O

H
(13)

or a pharmaceutically acceptable salt thereof, under suitable conditions to form the
compound of formula (14), or a pharmaceutically acceptable salt thereof.-

11. The method of Claim 10 further comprising a preparation of the
compound of formula (13), or a pharmaceutically acceptable salt thereof, wherein the

method comprises:
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13. The method of Caim 12 further conprising a preparation of the conpound
of fornmula (11), wherein the nethod conprises treating a conpound of

fornmul a (WORo11/04ni7ah a sui tabl e al kyl ati ng reagent undePC3aist@olos2704
conditions to formthe conpound of forrmula (11). 14. The nmethod of Claim 8
further conprising resolving a conpound of formula (I1) under suitable
conditions to yield a conpound of fornmula (I1-§): 00 (I11-S) F3Cor a
phar maceu®) cal fepctiigca perapPund<ffermulee!@df ; and a conpound of formula (11-R):
or a pharmaceutically acceptable salt thereof.

HO o)
L)
12)

with a Grignard reagent of formula (3):

/LMgCI

()

under suitable conditions to form an intermediate product; and
b) reacting the intermediate product of a) with a compound of formula (1):

O

Cr
N
H

(1)

3

or a pharmaceutically acceptable salt thereof, under suitable conditions to form
the compound of formula (13), or a pharmaceutically acceptable salt thereof.

12. The method of Claim 11 further comprising a preparation of the
compound of formula (12), or a pharmaceutically acceptable salt thereof, wherein the

method comprises treating a compound of formula (11):

(11)

with an oxidizing agent under suitable conditions to form the compound of formula (12),

or a pharmaceutically acceptable salt thereof.

13. The method of Claim 12 further comprising a preparation of the
compound of formula (11), wherein the method comprises treating a compound of

formula (10):
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0O
OH
(10)

with a suitable alkylating reagent under suitable conditions to form the compound of

formula (11).

14, The method of Claim 8 further comprising resolving a compound of
formula (I!) under suitable conditions to yield a compound of formula (l1-S):

or a pharmaceutically acceptable salt thereof; and a compound of formula (lI-R):

KI

(II-R)

/
F3C

or a pharmaceutically acceptable salt thereof.
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