WD 2007/ 139998 PCT/ US2007/ 012622 OXI NDOLEDI OXANS,

SYNTHESI S THERECF, AND | NTERMEDI ATES THERETO
wERe9S3B-ERENCE TO RELATED APPLI CATI ONS [ 0001pcT/0k5507/012622

application clains priority to United States

provi sional patent application serial nunber

60/ 808, 394, filed May 25, 2006, the entirety of which

is hereby incorporated herein by reference. FIELD OF

THE | NVENTI ON [ 0002] The present invention relates to

met hods for synthesi zing conpounds useful as dopan ne

AXIHRELEYOXA NS, §tY§'5aES% HEREQS, ANDINEKE DIATES

post synapti ¢ dopami ne D2T EOor, derivatives

thereof, and to internedi ates thereto. BACKGROUND OF

THE | NVENTI ON [ 0003] The clinical treatnent of

schi zophreni a has | ong been defined by the dopam ne

hypot hesi s of schi zophreni a, which hol ds that

schi zophrenia is a result of hyperactivity of
dopani n&RPESREFERENGE EQRELATED i@é’lhld)h TIONS; mbi ¢

r abm:.s . | X . . .
oons ] B HAHEAGE SIS AT i, S6RU BRRBb et spplctio
serial aymben6@/868,394.chileddhy @hi 20q6alhd emtirayt ¢owbichdie Ihgsdbyrincorporated
hereint 114@11}5“@[ sorder) are successfully treated wth

neur ol eptics, which bl ock dopam ne receptors. However,

such treatnent is acconpani ed by the production of

noverent di sor der EIBEDAYERTHREINYENEIONapyr ani dal  si de
(0002 ! §5iE pheseflt! veBtibh Gelafts WG AEROA! 8 ARRIAAL Umpounds useful as

opam ne receptors. [n addition, neuroleptic 0 not
dopamine sutereecptore ggonists sydnradind agonitsiat othier postsynaptici ddpamine D,
receptd} tdédLag‘{lf%'s 0N L ton &8%&5{% trergPeECN) which are

Pel’at ed £ 0 & Ferative hypoac |V|ety of

neurotransm ssion in the nesocortical dopam ne system

and which respond to treatnment by dopani ne agoni sts.

[ 0004] Effort ' ' EQ{,IEE I.Iafd'vity with
dopam ne aut o?‘é%:(g'&dc}?ag)g%lgiqﬁgiﬁéve been lguccessful
[0003] CoThe rilin&tal adeatmedd\of s8hizoplermiaRsgclong eenalefined by, the dopamine

45- 648, .1977; . Tamm e | ... Psychiatry 398-402 ..
hypoties S SchiZnahfisi BRH LI A RP IR 1t AER il Pl pYhgractivity of
doparﬁihergldp maﬂ'\?grtangﬁissieﬁ,e %gﬂrczlgglsélgg tigiHié 5"’5‘3‘;‘“ lstirﬁAdS’tﬂés [duahtds nucleus

t a . rm Y . - . ore
acc‘"’ﬁ’éﬂ%r (they, mesplimple; dopiping tsystﬁgﬂ-prl%é?e& ehleu R5liven symptoms - of
schizdphtdn@a Qhalldehatiof¥y aélutiBhs,ythaGght 8isordef) v \@hcdebdtiRy Qfeated with

the receptor and the "high-afiinity agonist" (H ghAg) )
neurolepliese WHich Rlock doppinine recepiges. Hoprevor shgh Jgamens ¢ agrompanied by
the pr&&dchitRd? Wd&ﬁﬁﬁgaisb:&rs %@i%&gtmﬂ_ﬁﬁﬁﬁdd& afdeQffects), due to the

correlate with agonist, partial agonist, and
blockade: gfavgrestriatal dopamine receptors. In addition, neuroleptics do not treat the

negative symptoms of schizophrenia (social withdrawal, anhedonia, poverty of speech) which
are related to a relative hypoactivity of neurotransmission in the mesocortical dopamine
system and which respond to treatment by dopamine agonists.

[0004] Efforts to induce antipsychotic activity with dopamine autoreceptor agonists have
been successful (Corsini et al., Adv. Biochem. Psychopharmacol. 16, 645-648, 1977,
Tamminga et al., Psychiatry 398-402, 1986). A method for determining intrinsic activity at
the dopamine D2 receptor was recently published [Lahti et al., Mol. Pharm. 42, 432-438,
(1993)]. As reported, intrinsic activity is predicted using the ratio of the "low-affinity agonist"
(LowAg) state of the receptor and the "high-affinity agonist" (HighAg) state of the receptor,
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activities for a given conpound, which activities
characterize a conpound's ability to elicit an
wanbi7psywesotic effect. [0005] Dopani ne aut or eCpET/@82007/012622

agoni sts produce a functional antagoni sm of

dopam nergi ¢ neurotransm ssion by the reduction of

neuronal firing and the inhibition of dopam ne

synthesi s and rel ease. Since dopam ne autoreceptor

agoni sts are partial agonists at postsynaptic
ie. L@wﬁgﬂiilghmged&pswrst,imt heryelpteo witleagoniss ipduiial agenist @fd antagonist
activith s l al Ieg QOSUf glln Ehs 1v1 1gs hafe r}zlgea 0N g 9bi1 )f' to elicit an

YPES| par agoni'stsTare cap 0

mnumﬁdmmbwﬁhmng as ei t her agonlsts or antagonlsts

ependi n on the | evel of dopani ner tinmul ation
10005, D B0 Bah e egraCeptohgonits WORGIE & BAOGRR A ABIBISaT B dobaminergic
neurotbeﬁlsﬁﬁﬁﬂﬁi F tHe haluetieh fdfC agurotalr fkagbatd tho Shikibiton afdopamine
negative synptons of schi zophreni a. Thus, novel

synthegisp 2R nEelgsF 1 i UPCAFORPRITE AUPTBECPISTe ZEONist§t @fcoJRartig)y agonists at
postsyh{ijﬁlé HSﬁéxﬂiﬁ@tre&fpt&g NikeQRibGIAE & AlRfvaPb 1P df Qi ARnSsufficient to

SUMMARY OF THE | NVENTI 16&0006] As descri bed herein,
preventithe pradsistion jof duskinesiasy Insigedeparriel 2e0mists are Gapabla af fynctioning as
either Q SRS ¥ Sin ﬂ%ﬁhﬁ& &?Ehd’lh Ynihe W?B‘fl ﬁ@pafﬂﬁ'h@f ?ﬁ’ﬁlgfanon in a given
i oni sts and part nists at t post synapti c
tissue @o beain megi®p andowpnld _rtherﬁmcs be exprstadnigshaxe efligasy (viersug both positive
o a0 SHApRAREH A1ty 060K AR il i v of
intered iferthe ¢reatfimant of s@ilmphsgma:lammhypisomem. actinem a, and

drug addi ction. Such conpounds include those of

formula 1: O HNONHRa Oor a pharnaceutically

accept abl e salt t SMMARMEORTHE IREENTHINHZ) "

e is .1l or 2. The pres. [
to006F" ¥, eFAfied A5Pndbe cPreloR  IRYaPURR PRLGR mAPa: {37 preparing
compqundp Haviig aQivity ssoﬂppumﬂs auttrg€eploroagotilsty\@nad GshrfidIS4Rsts at the
CT/ US2007/ 0 DETA] LED DESCRI PTI ON CERTAL N -
Postsyamtso?wge ff@o'@sﬁp tehe TREEROTPOLRES pie Wl JPnfreating dopaminergic
disordeR§ sREIE 28 khizBpeBhiaO BcldEcaffeetii el diodderp PRAGAIONSs disease, Tourette’s
conmpounds as described in, e.g. United States patent

syndroiper BYpespreigstinemia, j 3 feveh aAdiCHPn-st Sugh cogpoynds dpglude those of
formufi:i rety of which is incorporated herein by reference.

The present synthesis is
j\/NHRa

HN

or a pharmaceutically acceptable salt thereof, wherein:

R" is -(CH,),phenyl; and

nis 1 or2.

[0007] The present invention \also provides synthetic intermediates useful for preparing

such compounds.
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advant ageous for preparing such conpounds on a | arge
scale using readily avail able reagents. In certain
weEnbodisent s, the present conpounds are gener adyus2007/012622

prepared according to Scheme I set forth bel ow

Scheme | LG OHOH HOOH\ OOR\/CNOI S- OSzZO

\' CN ~N022 NR2' NOGFED L& NHBh NHBh O OO

S3O0OCNS40S50-N2z N2 NXN2 CBA NHBn

NHBn O Fumaric Acid O Fumarate S-6 OS-7 O\ Ol O

N N BETAILED QESﬂB]PTIDHdﬂE@ERTaﬂN/EME@BHM;ENTRS

. fi

[0008f;\)2 dThe.GénﬁtgcgsHsgea{Snﬁglsnltea'g%?r : gr;g'gslyegw %%Bfﬂ &?é ﬂ?&ﬁﬁpfor preparing
compdunds ag describeyd i, e.gc dindtedh Gtatﬁ paserit mambeer W66J53annep©xalﬂe of Stack,

f fornmul a.F,. ot abl.e | eav
o o, s AN B i R Fop Pl plret bRt T P symesis 5
advangg@chlt&&'or pfepaﬂﬁé Sudb@mipdunds biea darge sealgusing eeadily available reagents.
n| c Chem stry," Jerr rch, h Ed,.,
In gt T Rags, 15 akeseOl agPosie e enraly prefsce egiiifgyto Scheme
set forgi Belpw: | ncl ude, but are not limted to, hal ogen,
sul fonyl oxy, optionally substituted al kyl sul fonyl oxy,

m‘@g&i onal Iy substituted al kenyl sul fonyl oxy, optionally
substit ut gd aryl sul fonylexy. Exanpl es of otabl e
| egvi ng LG
HO 0 (0 R1\/CN (@]
— —
S-1 o s-2 o N
NO,
NO, NO,
G F E . D
LG? NHBn NHBn
S-3 (0] sS4
NO,
C

NHBn NHBn
Fumaric Acid
——-—-——» -———b— * Fumarate
m m
H.

I-a

[0009] In Scheme I above, each of R', R% LG, and LG? is as defined below and in classes
and subclasses as described herein.

[0010] At step S-1, the 4-nitro catechol G is treated with an epoxide of formula F, where
LG' is a suitable leaving group, to form a compound of formula E. Suitable leaving groups
are well known in the art, e.g., see, "Advanced Organic Chemistry," Jerry March, 5™ Ed., pp.
445-448, John Wiley and Sons, N.Y. Such leaving groups include, but are not limited to,
halogen, sulfonyloxy, optionally substituted alkylsulfonyloxy, optionally substituted
alkenylsulfonyloxy, optionally substituted arylsuifonyloxy. Examples of suitable leaving
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Page 3 of 20 WD 2007/139998 PCT/ US2007/ 012622 groups
i ncl ude chl oro, iodo, brono, fluoro,
woedohamessll fonyl oxy (mesyl oxy), tosyloxy, tribdwuenyroize
ni trophenyl sul f onyl oxy (nosyl oxy), and
br omophenyl sul f onyl oxy (brosyloxy). In certain
enbodi nents, LGL is hal ogen. In other enbodi nents, LG
is an optionally substituted alkyl sul fonyl oxy,
optionally substituted al kenyl sul fonyl oxy, or
groupso phélodraldhjorsy beda, tblloe'ﬂb ﬁugtbs uhéthm}dsubfgln)goxbu fmekyloxy), tosyloxy,

G5, REERUFAIEET D, LS Beyirs ooy,
certald\akb&ﬁﬁleﬁtsyLGélis ledlogenu dheﬂiﬂﬁlefﬂb@dﬁhlé}ﬁi iliG is @A opfionally substituted

alkylsnml ? o égg%%@ﬂ r?l('J‘ 'St gpﬂﬁieiylés I?sz}fo?%rereocri o\étlonally substituted

arylsuﬂ&m&pf gﬂhgl \n SeRsihichibolfinerds, G NistHal dgen C P BHER €mbBdiments, LG!
forma conpound of formula D. As defi-ned herein, the

is chlogp. group is a suitable |eaving group. In certain

[0011]e”b‘?ﬂé DENbE MdRosda®s vieRhEhY huclc%ﬁﬁl‘ﬁ! &Hshﬁntﬁ)ﬂ%%ycfrbé!ﬂ reaction in

substituted by one or nore el ectron w thdraw ng
step Sérl@lpsﬁormed by Heatingndeeinpeyndsef frmply E “thnbnypprom@tpu substituted

acetonitfife ﬂé}ﬁﬂédndrtbqg C%H%h*# o g(q“{h! a B QY Qeﬁli%‘a%thn@letIQ group is

anot her aspect e reaction at st e
a sulta@ezlemnp grdup: nioctertaint dmbgslimeatscB' isf-OPhenyl abersim gtmephenyl ring is

SubStltlbl%gg. %'e Mor r%%R:OQfeQE{;‘ﬁ 3&"1(11(1@%‘/?1& aérggl)(se kiﬂso“?héc}' erﬁlb(?élfn%ﬂg R'is -

uch bases i nc des
OPhedyy dwhatein. thé phcm/tl riag s sutistitlitetbby chlotdeA asdingso another aspect R'is
SS|un1tert

chlorof CL RAREPLAL SO Fiopmed SRahEbBeRE G bpneby bl In cerain
embodiinbats, gigbadiabrnbase if raos‘fror@bbusé 2Siich Bd3esiindlude metal alkoxides and

aIe s of. base gre us In still other
metal Sﬁﬂgé‘; §e“‘F‘Po?Hﬂé‘Efgﬁ‘me %‘et Baseaﬁolaﬂtasf“ﬁ’&; l}F’G Jutgyide. odn certain
embodaﬁéﬁtsaatqeags 8fle eqHVdIEht ditbaSé RRused 3t stbpS-NYHT 6tk erfbQiifents, from
nmpaound, D is converted to_a suitable_ |eaving

about é,t(b about peauivalentsohbase areowseds Iyl gther e@,begx&enltso from about 2.3 to

abouthga,yllvggngr&w&hgu\g@dl known to one of ordinary skill
inthe art an includes those methods described in

[0012]|var éh stepftch, thedhydraxyb grouprefi agerpoupd D i eonyeited frp suigable leaving

~2 h l;
wroup B AHERET r TR ATAYEOR SOy W B, KRR el o o one of
ordmaay kleiblyins thefash g owudﬁﬁbowmeMBlcgsqu@tlntMgm Such LG® groups
mcludElr ¥>|ur¢‘ L&réo | fi te?ot et flagég OJI¥6)§§ ﬁ?%&l lox cﬁﬁﬁ)%allX/ substituted

‘optional Ty subs noi e éties
alkylsﬁlphomylaxupl eptidrallypsutstinitéd/ atkdpyisutfonddxyi ahd Qptibnally substituted
fluo bst it ut

arylsugj?n)ﬂo?)? ﬁdl%?mFgr;’ﬁg a Sol}/le E‘P‘é° C ;‘\‘”a ﬁxaggi?oulgt%stmﬁg?g g'xdletles the
moieties) ineay0 for exhmple bbe Uptiori&llymmwmtefdowyth Gy eliptsyicp Ayudpro-substituted
o s Db B s FRE B AR g o, oo

bromoA\C Gt hineSulfchyloie a(&:b@s}roxp)‘ ttds@lo)@r eseMylokyv Qﬁtrb-@ihen)ilﬁﬂfonyloxy

n conpounds of f | a D uenesul f onyl oxy
(nosylews;ﬂnéxpl)omo-mfwir?égyl%y Exyés phetor ingy it one aspect of the

presenit MOBAtGN), LE6” CIAMBSMPSurifs f)PrfBHﬁﬁlaED' $s 3blueH&H1fbRYIGRR Cltosyloxy).
According to another aspect of the invention, a compound of formula E is allowed to react
with toluenesulfonyl chloride (tosyl chloride) to afford a compound of formula D in which

LG? is toluenesulfonyloxy (tosyloxy).
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wi th toluenesul fonyl chloride (tosyl chloride) to
afford a conpound of formula Din which L& is
wo 2ouanesgll f onyl oxy (tosyl oxy). Page 4 of 20 V¥T/US2007/012622

2007/ 139998 PCT/ US2007/ 012622 [0013] In certain

enbodi nents step S-3 is perforned in etherea

sol vents, ester solvents, hal ogenated hydrocarbon

solvents, or nitrile solvents. In certain enbodi nents

this reaction is perforned in tetrahydrofuran (THF),
[0013]di chm esrioireembpdimentsestopiSt3 iy psrfamedsiomthgrgal sobeents, ester solvents,
halogekgted %gal%'caﬁgn%gl%ﬁ&t Sr hi fe sgﬁ/‘émso% 'cértéx“ I%rﬂlﬂ)d—;ku::nts tlﬁ] reaction is

ccording to one aspect o esent inventlon

performedadm k@mhyérqfumnl(ﬂ"ﬂﬂ)edphbs@nctbanﬁ asefiondbleg Obasm)ropyl acetate. In

ases include .t ary such
other SR RS 1 By T AP RBER Y Bt pf the presem
inventipnp ded reaotisn is rive in ehﬁ:fprﬂand:eSof umtaﬂ:ﬂe datec MitxeAipldre bases include

teniar)té%%&ire ﬁg%fe : Wte}{eeﬁtéﬁ HE‘( q_'lé%)SBglg Wg’?&%ﬁ%g III1 réer%m embodiments,
the rezicﬁﬁﬁ@i finlitea fimpreaiuie BaGs Bedlded] aut SLOPCIM, aboe 40 €2. 'In other

i%ﬂ 1ﬁ¥ formula Djs dlsplaced by benzylan1ne to form
embo ET@Ct‘Pﬂ‘%‘é}“E’Hﬂ? ahb isarrezatite ofiabeut G p| acenent

[0014]St ERt kfpPSufl MEG2Usbls JfrefhaRoPtis dlsdl&eabw%e&ylamme to form
equi val ents of benzyl am ne. I n other enbodiments,” thi

compoynd B.; In ¢ratainembadimanty this displaspoert sten Rebtonmed using from about

1 to atichit B%Qhﬁ/qleﬁtsoéf &%Q; iy otﬁgxcéiﬁg(')cﬂﬂlcfl@ ﬁﬁ‘sogtg i erfo ed using
aspec ormed in sui t abl e nedi u 1% ﬂn

from ahogm tttabb@utrﬁséheamwaknés @f)bwmanune a Asebrgding tarvanathereaspect, S-4 is

on with the conbined conmpounds, may

peﬂbn@%@%r?%égéﬁk gag%%gress of the reaction therebetween.

l0015ﬂ'h eAswitablbIneedivm| is @rsol veay os alsalyieht méxtorecthet, imspmbafation with the

combme I'eon ! eact Idggxpgg ﬁ%%:?lnﬁtg{&ttflg g?%ﬁrfsastoé‘ %nrgetagt\ée erebﬁgw?en The su1tab]e

solvens mpebmbﬂmeoénecmenore oftthe raakctibmh eompandnits) or, i eanively, she suitable
Exanpl es...of suitah] soI ents useful in the presen

solvenf {GRh FONG B GRIOR aPb o OEPERTAR 241 opG S DR, B the reaction

compon@hts € Eikamples Df e@ititaé Sﬂvémd osefal inahe pr’tBerﬂtlﬂ&l’ntloﬁ finclude but are not
an aromatic ydr ocar bgn pol ar or

.. (ﬁSt er, da 8 ,

limitedh 4oy 3, Broffc sphveRt @ thos@mte ydesicgronhi, o Ber gy BYFT, an aromatic

hydrochlse aq;ethr@tr laefon-ﬁdlsmap%ﬁd SINht St 9 HhIXUBELHORIJE. KRG and other
in the art e.g. "Advanced Organic Chemstry',

such syé@bly splyepts arg fo:llek.wqwrbﬁl theoath %/8+ 85 addvapsed Orgagic Chemistry”,

Jerry m S LRHLE BRhEREY ahd Cﬁdﬂg enpg! @uch%ﬁ@ﬁl‘ecsolvents include polar

solvénts. In certain enbodi nents, step S-4

aprotigsal yentsrelip defaipvsabodimenis) stvmsn%wmarfﬁn@%@dpm s, the
i's n i -
[0016]d ?JO QR Emﬁﬁ@ﬁ{érng; el%% e&% Q%e%é%hlt &am%gagggt&}y S 4 s optionally
perfoncmedl iim arwprsmmb Oﬁ/@Lﬂuctable dogmi Qae vhardinary skil ypuhlc@mmze that the
I is
dlspla&:fn%cﬁé of @Vl%}qog %?M%Q% {LHEH& gr?oel nlgtea}f}éx ecﬁgﬁl;le?a\s?h or without the
presenbaeﬁa s@table baset Sk shitabdsbaesamei¢l] kmopvmin the taiteandrinclude organic

q;lude organi c and i norgani c bases.
and i morgamc ases -

[0017}  The conversion of the cyano group of formula B to the -COzR2 group of formula A
is achieved by hydrolysis at step S-5. In certain embodiments, step S-5 is performed in an
alcoholic solvent such that a compound of formula A is formed wherein R? forms the
corresponding ester. According to one aspect of the present invention, the hydrolysis at step

S-5 is performed by treating a compound of formula B with gaseous HCI in an alcohol. In
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[0017] The conversion of the cyano group of fornula B
to the -CO2R2 group of fornmula A is achieved by
wodreloged S at step S-5. In certain enbodi nentggT/68007/012622
S-5is performed in an al coholic solvent such that a
conmpound of forrmula Ais formed wherein R2 forns the
correspondi ng ester. According to one aspect of the
present invention, the hydrolysis at step S5 is
performed by treating a conpound of fornmula B with
certaiy gmdodiments, tha hydrelysipiasistepl §-5 Raperformyid by tyating a compound of
0g7 9 : ai j .
formu 8k EAREbE FICHREE ASWR BHST ol BL P IR 199, BRPE Bolols include
methanolypthancl, pfopafol; and mopropandl. gaseous HC in a | ower

I kyl alc ., Such | ower kyl, al coh Lnecl .
rooxsf s, e St S sr A Torhiia ™ 3 fPaelt 16 7 tpg amine.  The
resultifg coinppuid CycliZee imbsity @ fprmup carhpduridef forulasl. r ©del o€ drdinary skill

. to formthe am pe. .The resultin onpound cyclizes in
in theg i HILICGERES, B BT Breomars RERAS OHALGHEG g goup to the

correspbndihg aimfind, N Rfthindrhbodi®eMeihe Qedtft&bnﬁczelﬁ'&tiaﬁ Steps performed by
nmet hods for reducingan_itro grougbtot e . .
hydrogesiatign 38 thf ijessAFh O a puitable sHAlYshh R athst gnbediments, the suitable

catalyEfeig UChla QiR Yaldl st FOR! 6PShAIMET InOSHTESthBY embodiments, the suitable
hydrogenation i'n the presence of a suitable catalyst.

catalystis plavapmegiidali nents, the suitable catalyst is a
| atai t ./ HCL. ' C
[0019]; %% :}t@n%%, %J%@gwefonﬂﬁla% mnAl& ﬁ&étul v@ﬁpﬁlggnc acid to

s, the cat st Is at i num oxi
form thg0ampoynd ef fopmelad-a.t he conpound of fornula | is

[0020@2:1%8 B%gzli}é fegrgbg)?%ruﬁglgg\fl tﬁung% B']Q'eﬁ’lﬁq&g glf‘%{'éﬁléﬁog Mt for preparing a

compamoxfifoemtls D:t he present invention provides a nethod
for preparing a conpound formula DD OH O O CN

NO2 D conprising the st psHof. (a) providing a
conmpound of formula E OO O

CN

comprising the steps of:

(a) providing a compound of formula E:
OH
A
NO,
E
R! CN

(b) treating said compound of formula E with a compound of the formula """,

and

wherein R' is a suitable leaving group, in the presence of a suitable base.
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Jt)"NO2 E and (b) treating said conmpound of fornula
E wth a conpound of the formula RRCN wherein R is a
woovakloes | eavi ng group, in the presence of a sui/UsdwB012622

base. Page 6 of 20 WO 2007/139998 PCT/ US2007/ 012622

[0021] As defined generally above, Rl is a suitable

| eaving group. Leaving groups are well known in the

art and include those described in detail in Mrch.

Exenpl ary | eavi ng groups, i ncl ude hal ogen, al koxy, and
[0021bheﬁ@)@ﬁf@pé@ssemﬂera@pne,tﬂhelmemabw leayingsgoppi Opcaving groups are

t e h Qge n n

well %%gxﬁxp& fﬂ%na(jtcé\%lcg éxixcgﬂcge esc qu)@!i #2‘9 cflg%alllain %%nggxﬁ%gaﬁy leaving
groups ircdgdet hﬂlegbn;vi allloxiya hod) @hendx@(él’ﬂﬁpﬂwhd@c thebpbenyb @ing, is optionally

subi R bk B PESS RAER s 10 B E551 T RrPlh eiR Gmgns. R i
phenosyrgfmg: substuteddseitiphsloyerst r ong bases include netal
rides, In. certain enb

0022, (&S d5erEE v, e (Ph s BETorP 8 SRS PEiseBEer o4 & putable base.  In

certaniﬂehfb‘éuﬂﬂenté nthetsifhble BA8E 1§18 NYtong B8P, (Eb)emd;ﬂa@eétf&f es include
the presence of . potassiumtert-butoxi 002

metal éﬂlfPé‘Fdeér?é’é‘o‘i“ﬁ@hM idese By eartain embodimenth sfs%m)d'é@eafomed in the

presed&@ﬁ%étﬁf alR6BAA! T Bther emBHMAIRES, %{) i8] W Pepfotmed §#the Presence of
C wherein LG 2 is a suitable 1eaving group,

potassggmrp §PW§‘qehe steps of (a) providing a conpound of
[0023f or il lohel: engédlrQele,qﬂe &@ent invention provides a method for preparing a

compound of formula C:
LG?
A

o
CN
NO,
C
wherein LG? is a suitable leaving group,
comprising the steps of:
(a) providing a compound of formula D:
OH
o
(@)
CN
NO,

D
and
(b) converting the free hydroxyl moiety of said compound of formula D into a suitable
leaving group to afford a compound of formula C.
[0024] In step (b), the hydroxyl group of compound D is activated such that it becomes
leaving group LG? that is subject to nucleophilic displacement. A suitable “leaving group”

that is “subject to nucleophilic displacement™ is a chemical group that is readily displaced by
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D and (b) converting the free hydroxyl noiety of said
conpound of fornmula Dinto a suitable |eaving group
wa 2002f139b¢l a conpound of fornula C. [0024] In ptEpsiob)ei2622

t he hydroxyl group of conpound D is activated such

that it beconmes |eaving group L&Z that is subject to

nucl eophilic displacenent. A suitable "l|eaving group"”

that is "subject to nucleophilic displacenent” is a

chem cal group that is readily displaced by Page 7 of
a desipg incompey nacigoBlipchrmS2b@RAily1 2ézeorlinge i poe aspred i the present
. ol hal ol . y _
inventl iR o RSFAGT ) Rlowed RER U001 RerRRR A oride sy
chloridd) ltowEfdrd Dcorepeindmftfhmala €2 mewbichdi¥ is ¢vluendsuforiylosy (tosyloxy).

hl orid to,atkfor .compound of. formula C in whi.ch .

[0025ﬁ sz)r} %erf% ﬁrgkgélmepgsn@rsorﬁgaﬁn&g Wxg‘)o(wec{'%[ abwgﬁbpel rﬁedlum. In certain
embodimeh®| rthee siicableraredium Hs 2 pelac aprotici solyeait fop rimbskeinated hydrocarbon

ui t.abl e dj u I rtaAaj enbodi nents, .t he suitab)e
sotvery i SR stiian (riSy Ehlbromibane Feonielsriar Sgproy! scetate. In
other diyblidimanizakie siiRblaRtdiahCl dashldohdetitndr of uran (THF),
10026}, e s meABag ot & DR ressnt IS PRGTo I fRAgtion 18 ron i the presence

of a suttabl¥! Kis&. MR btin elnBO@Rlents wmﬁglet&s@&&ﬁa?.ﬁmin@tmhﬁ In other

yresent inventjion, the reaction is run in the presence
emb°<§meat5s,met°9mf@rsu9a§€.a qompaand ) to aspw@PwhCsis achigved in the presence
£ 2 catbly 8 BhBuRBSTel-{dimbith Phib e TEA). | n ot her
° acen%gdiments, tgembo versigﬁ&bffg compound Dto a )
[0027k orPBather @spectaehiths auesent tineensioas pravedesop methad afoyt preparing a
comp&ﬁﬁ%rf‘tfo alg g di met hyl anmi no) pyridine. [0027] Anot her

aspect of the present invention provides a nethod for

preparing a conpound of #8H®0la B: NHBh O CN N2 B

conprising the steps of:j(a) providing a conpound of

formula C LG OCN fo) '

o)
CN

NO,

comprising the steps of:

(a) providing a compound of formula C:

LG?
By
0]
1S Gy
NO,
C
wherein LG? is a suitable leaving group;
and
(b) treating said compound of formula C with benzylamine.

[0028] In certain embodiments, the displacement step (b) is performed using from about 1

to about 5 equivalents of benzylamine. In other embodiments, this step is performed using
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NO2 C wherein L& is a suitable | eaving group; and
(b) treating said conmpound of fornula Cwth

whenzybang ne. [0028] In certain enbodi ments, tHer/us2007/012622
di spl acenent step (b) is perfornmed using from about 1
to about 5 equivalents of benzylam ne. In other
enbodi nents, this step is perfornmed using Page 8 of
20 WD 2007/ 139998 PCT/ US2007/ 012622 from about | to
about 3.5 equival ents of benzylam ne. According to
from ahoot hde abheyed equivalen(sf benzylgmitfeor Aeprding 40 gudthabispect, step (b)

. ftggﬁ syjtable nmediumis a solvent or a
15 pe SO %{ﬁa%ﬁ%@ﬁ%rgéglﬁg{., in conmbination with the
[0029F oAl swedbleanpdiundis, a salyerft ¢ ial solvane ntikwirg thagrieseomifindtioa with the

reaction thereb en. .The suit e .sal vent .
combig fimPPudto ey Speifk hibrosess GDE reak o SRR gen. o he suitable
solvertIni B sodibiMigd Yne 6@ ofcdlof thbIréactidflce/iponermy, draglitdrhitddety, the suitable

the agitation of a suspension of one tor nor e of thg )
solvent emay i iq111tets i n 8BHAIONERS 7y SUEPEFFIOR P ACe O JPOENES the reaction

compdtR@fst! BxBmpe OF SSitible sONEME RBAATA RePprebtdnt inS&ltiv@Nire a protic
a hal ogenated hydrocarbon, an ether, an ester

an
solveny; p helpgenatsrihysracasbon. an qieraan eftera an AEIDA Brdragarben, @ polar or a
non—p&lgl' \iBiitic Hivélty ofnaﬁ;' %mp ?ﬁé?&;f; §H&h n’fﬁcﬂr&’s{j frclude, for example,

~ “iInclude, for exanple, mxtures of protic an
mixtures rpfinreti¢ end plonaetic selventasudteay bergene/neikanioliwatesy benzene/water;

e t ; [1: -i .
DV RERATRR ABARC, 1 ML S Rim AR L sy o0l P otr aprs
solverdpr ot dectainserhbediments) step @ntisperfameddn SO, step (b) is

er ' [ a e
o030p A6 od TRl 3958 TR0l Gh oy e an, <., s
"Advaeed Orgakily Ehemist@F gamyMaicbns'Seditivn, Jbbn WildgharshSors; N.Y.

dition, John W.l ey and Sans, N.Y. [0031] In certain .
10031£7 I, Fraind Sodisigned e ablachiodin Ftah o' siP( 5 fy optionaily
perforafediinnké pieserperofar suitdblerbakéie Ope e @ndiaanf skill swouldibdcegnize that the

. . base. e, of, ordi na skill woul d recognize_that.the .
dlsplaaqlg?ntdgérléeﬂymgfgral.lp éé\ﬂnnadmgp dﬁ%‘egylsﬁg%ﬂ:i S1HES; \gftb qr without the
preserite loif @ \safatle by, SiichRuRibl¥bhdesdte WBR kndWR $€ teCarPindinclude organic

suitabl e base. Such suitable bases are well known in

and inopganie hasehd i ncl ude organic and i norgani c bases.

[0032] 0082 Lertdin eRbodiMeREDRE JFRRhE invehfor? bRAGIYs 4 MEBYd R preparing a

provi des a nethod for preparing a conmpound of formula

compgyundngifarma A:
NHBn
Xo

o]
CO,R? -

NO,

A
wherein R? is a carboxylate protecting group,
comprising the steps of:

(a) providing a compound B:
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CO2R2 NO2 A wherein R2 is a carboxylate protecting
group, conprising the steps of: (a) providing a

W@ 20Upaswos B: Page 9 of 20 WO 2007/ 139998 PCT/US2007/012622
PCT/ US2007/ 012622 NHBn . rclo OCN N2 B and (b)
hydrolyzing the nitrile noiety of said conmpound B to
forma conpound of fornmula A [00331 As defined
above, R2 is a suitable carboxylate protecting group.
Protected carboxylic acids are well known in the art
and i nclude those descrigetiHBn detail in G eene
(1999). Suitable protectled carboxylic acids further
i nclude, but are not I#&mted to, optionally
substituted Cl allphaEfc epfters, optionally
substituted aryl esterss gNer s, activated
esters, am des, hydrazi and the i ke. Exanpl es of
such ester groups include~fthyp, ethyl, propyl,
i sopropyl, butyl, isobutyl, benzyl, and phenyl ester,
wherein each group is optioMally substituted.
Addi tional suitable protected carboxylic acids include
oxazolines and ortho esters. In certain enbodinents,

(b) hydzalyizingthe oiitilmaieltxm%&abd; tompowdl B:tqfcﬁrrad t¢@hpoursi efformula A.

or tho I Ly ubstifu I
[0033) rrb%g dr?e?ﬁl d zﬁﬁz R5 % %n aa|%| %‘%"P&‘ ate grotecgm%h E%UP 6Protected
carboxahc logls| are e&tllekﬁowmmh uﬂmbeanmhﬂyhcluéé lhydse deseriheld, inadedail in Greene

(1999), SRPEBRY propes i itbaklBe 5 ng&:;’ jﬂﬁ%}'ﬁ%ﬂn Ahad NSy YRR 1R REPeo? bptionally

substitaedi @vesliphtibgstes| ystichally sﬁlbs&hl&lté@)iryl bﬁ’teﬁ?ﬁﬂﬁle@ters activated esters,

odi nts b ormed.in an al cqh
am’de%(TrD u@ﬁdttﬁst ﬂ% )Eﬁﬁ@aka SUCHr FRIFTABIRUPS lFﬁP%alethyl ethyl,

propyl\mgbﬁspm Baty101s8Buthy/f) ®enBA! Wﬂwl BéeS WiRkein ésapgﬂiupgs optionally
to one aspect of the present i nvention, the hydr ol yS|s

substitytedst dlditiagpl isyitahle fRspigelqd piprhexylic 3adsa incifsooxrpofines and ortho

esters.| Gh r@él‘tﬁmBelbi&in%%e GSisH opfloiily2dutefiRied L) é:lﬁfh'éﬁé Rster or an
enbodi ment's, the hydrolysis at sfep {b) is per or med

optiongy w@gtqtq:;baryl ese dorthesfembodiments, R” is a Cy aliphatic ester. Such C,-
¢ aliphatic esters include methyl, ethyl, propyl, and isopropyl.

and

[0034]  The conversion of the cyano group of formula B to the -CO,R? group of formula A
is achieved by hydrolysis at step (b). In certain embodiments, step (b)is performed in an
alcoholic solvent such that a compound of formula A is formed wherein R? forms the
corresponding ester. According to one aspect of the present invention, the hydrolysis at step
(b) is performed by treating a compound of formula B with gaseous HCI in an alcohol. In
certain embodiments, the hydrolysis at step (b) is performed by treating a compound of
formula B with gaseous HCI in a lower alkyl alcohol. Such lower alkyl alcohols include
methanol, ethanol, propanol, and isopropanol.

[0035] In one aspect, the present invention provides methods for preparing chiral
compounds of formula I-a according to the steps depicted in Scheme I, above. It will be
appreciated that although Scheme I depicts a method for preparing a racemic compound of
formula I-a, a desired enantiomer is similarly prepared using the appropriate chiral glycidyl
ether of formula F. A general method for preparing a chiral compound of formula I-a is

depicted in Scheme II, below.
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formula B with gaseous HCO in a | ower alkyl alcohol.
Such | ower al kyl al cohols include nethanol, ethanol,
w@tepaneds and isopropanol. [00351 In one aspestt/usderni2622
present invention provides nmethods for preparing
conpounds of fornula I-a according to the

chiral
steps depicted in Schene |, above. It will be
depi cts a net hod

appreci ated that although Schene |
formula I-a, a

for preparing a racem c conpound of
is simlarly prepared using the

Schemieldi r ed enanti oner
appropriate chiral gl yx:.l_@y,I et her of fornul aaﬁ. A
of

gepgral net hod for p(geparl ng a chiral conmpgun

forml a |;&% O dep teg i np&ehgore |1, beldw. Page 10

0+ 20 WE 20074439998 PCY/ US2007/ 01265 -- IT - OH
OH HO-TF&B== =0 2Q CeHAON—£CN-=-SHO | B

HO.

Z t BHES®:0 / CN DW@E:%N@
D /A -Pfs - NHBn - NHB N Bn O HCI (
0 CNN@: CO2Me . | PNOO2

DVAP 0 DMSO CH2Cl 2 CN -

N2 C B A -NHBn -NHBn H2 Pt02 0 O
G K E’ D’

HCl{g)/MeOH (\

TsCl
Et;N BnNH,
cat DMAP DMSO o
CN — — CO,Me
cuzcn, z
NO,

A’
s—NHBn 5 ——NHBn
Pto
EtOAcIEtOH Fumanc Acid - Fumarate
0. i O i .
I’-a

[0036] An alternate method for preparing a compound of formula E’ is depicted in

Scheme III below.

Scheme 111
s—OH

W (R)

s, (o)
O
-
> 2]
iy,
o]

OCH;, .
150" % A OCH;
HO (R) 0 1)HBr
m’ 2) NaOH
NOz NO " NOZ
2
G | O G’-a ) 0%
EXAMPLES

[0037] Melting points were obtained on a Buchi B-545 melting point apparatus and are
uncorrected. 'H NMR spectra were obtained on a Bruker DPX 301 at 300 MHz and °C
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Et OAC/ Et OH Funmarate Fumaric Acid cr\o O NN HHI'
|'"-a [0036] An alternate nethod for preparing a
w6 2dmpasmgs of formula E is depicted in Schenepdi/is2007/012622

bel ow. Schene Il -OH O (S OCH3 Tso HO (R) 0 O 1)HBr

base NO2 2) NaOH NO2 NO2 G F G -a E  EXAWPLES

[00371 Melting points were obtained on a Buchi B-545

nel ti ng point apparatus and are uncorrected. 1H NWMR
spectra were obtained on a Bruker DPX 301 at 300 MHz

NMR apettrh3@reagtainetd arf a BoukaODIRI0 301 39 M98z PThe dbeial 6Hife ake reported

. t ' on a Bruker DPX 301 75 M.
lnpp"?@‘iﬁ:‘%t@ﬁ%ﬁ?@%&? eported in ppmrelative to
TMS (internal standard). Example 1 CH OH O HO CIO

L' 2CO3 NOZ DVF 30%
Example 1

OH
OH

: o
— = 0
Li,CO;
NO, DMF
30%
NO,
(7-nitro-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methanol: 4-Nitrocatechol (30g, 0.19 mol),
lithium carbonate (36 g, 0.49 mol), and epichlorohydrin (38 mL, 0.49 mol) in DMF (180mL)
were heated to 70-85°C for 47 hours. Water was added and the mixture extracted with EtOAc
(3x). Concentration of the combined EtOAc extracts and crystallization from MeOH gave the
title compound, first crop, 5.98 g, 14.7% yield, mp 131.8-135°C and second crop, 1.64 g, 4%
yield, mp 133.1-136.7°C, (lit. mp 131-134°C). :'H NMR (d6-DMSO) & 7.78 (1H, dd, J=8.9,
2.7Hz); 7.72 (1H, 4, J=2.7 Hz); 7.11 (1H, d, J=8.9 Hz); 5.16 (1H, br s); 4.48 (1H, dd, J=11.4,
2.1 Hz); 4.32-4.23 (1H, m); 4.17 (1H, dd, J=11.4, 7.4 Hz); 3.66 (2H, br s).

Example 2

OH OH

0. _—= N
4 ¢q tBuOK c
DMF

-5-0°C

NO, 68% NO,

2-(3-(hydroxymethyl)-6-nitro-2,3-dihydrobenzo[b][1,4]dioxin-5-yl)acetonitrile: A
solution of racemic (7-nitro-2,3-dihydrobenzo[b][1,4]dioxin-2-yl)methanol (1.00 g, 4.73
mmol) and 4-chlorophenoxyacetonitrile (827 mg, 4.94 mmol) in DMF (12 mL) was added -
dropwise to a solution of potassium tert-butoxide (2.12 g, 18.9 mmol) in DMF (20 mL) at -5-
0°C. After the addition was complete (7 minutes), the reaction mixture was stirred for 1 hour
at -5-0°C. The reaction mixture was acidified with 1 N HCI before drowning into water (200
mL). The mixture was extracted with EtOAc (3 x 100 mL) and the combined organic layers
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NC2

(7-nitro-2, 3-di hydr obenzo[ b] [ 1, 4] di oxi n-2-yl ) net hanol :
wdalirtisoeat echol (30g, 0.19 nol), [ithium carponet®ornizez2

(36 g, 0.49 nol), and epichlorohydrin (38 nL, 0.49

nol) in DVF (180nlL) were heated to 70-85C for 47

hours. Water was added and the m xture extracted with

Et OAc  (3x). Concentration of the conbi ned Et QAc

extracts and crgstal l'ization from MeOH gave the title
were wgﬁ-pduwﬁh Y (Na Hr@px 30 9d.)gto temor yioet df thep4-chlorophenol. After

o3 ASECORN A ORE 500 b o g B s

elutiory ugthg( 28, 1dH, 3:278.00;0 ethy¥ akkthte/hexdide, (td gi,ve d139]n& 714% recovered

startmgf)xe}_t'en%} dgél()l 68‘% )felazc%?zt}xda t]gﬁ m%:gu?(l als_la sH%ﬂi i—l ﬁ/[R (CDCly)

57. 77((.hH'|,d deo. 12=11ﬂ;, 4 017141, hl;)J,—932€i€>z)( 3H0-930 H, Eiganmoez. @1 (5H, m);

O pCl CGH0---  -~CNO_OCN 4 eq tBuGk O
2.25-2.2. @1@1 mOp 6B MMRN(CDCT) 5 148.07, 141.71, 141.55, 119.44, 17707, 116.96,

115.712,”7(4%6(, Eggrlo&(yrl'@tﬂy@ 6-nitro-2, 3-di hydr obenzo[ b][1,4]d

I’oxi n-5-yl)acetonitrile: A solution of racemc
(7-nitro-2,3-di hydrobenzo[ b] [ 1, 4] di oxi n-2-yl ) met hanol

(1.00 g, 4.73 ol ) __angﬁé@@ggophenoxyacet onitrile
(827 nmg, 4.94 mmol) in nm.) was added dropw se

to a sol ut 'bf potassiumtert - but oxi % 12 g, 18.9
mol ) in (20 nm) at -5- 0C. After fthe addition was
(T~gm nut es), thecreaction be was stirred
for 1 pour |at -5-0C. ThE: eaction |nixtufe was

aci di fPed wety . _he}_ar_e_d.t wH0g i
nm.). The e was ext ggehed with E
and the cg d organic | ayers Page

2007/ 139998%P 82,007/ 01 2 were washed

(t3 x 50 rrLé‘fsto renove nost of the 4-chl orophenol
(8-(Cwn°ere hylgsTonigro-23-diby deghenzo LAl dioxin-2ned)  methylfznethylbenzene

sulfonfat@ s@ltlﬁ@x'ir@f %r?@mﬁo@tﬁéﬂt;ﬁ)-geﬂmo@ fdi lﬁ/'a?(oabﬁg&bﬁbl[q ™)dioxin-5-

usi n : 100: acet at e

yDacetgnitei el@ang at Exomple2vERES me: 288 imgohaineCHaCl. EHm@) was treated
with t%%ba@l%%dg (8387 Mg, BNE7 hddif «SHPRHAE @235 U 35 mmdh, MR catalytic
DMAP. After 4 hours, starting material was still present by TLC (100% CH:Cl.) and more
tosyl chloride (60 mg) was added. After 18 hours the solution was washed with 10% aq HCI
then 1N NaOH. Concentration and trituration with CH,Cl; gave 746 mg, 64% yield of the
title compound as a solid. 'H NMR (d6-DMSO) 6 7.82 (2H, d, J=8.31 Hz); 7.75 (1H, d,
J=9.09 Hz); 7.48 (2H, d, J=8.13 Hz); 7.12 (1H, d, J=9.12 Hz); 4.74-4.66 (1H, m); 4.49-4.42
" (2H, m); 4.30-4.15 (2H, m); 3.94 (2H, ab q, J.,=16.83 Hz); 2.41 (3H, s).

Example 4
OTs NHBn

(o) BnNHz . o)
DMSO

cN — © CN

75%

o}

NO, NO,
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S 7.77 (1H, d, J=9.12 Hz); 7.01 (1H, d, J=9.12 Hz);
4.50-4.40 (2H, m; 4.30-3.91 (5H, m; 2.25-2.21 (1H,
wonoo7A369NVR (CDC13) S 148.07, 141.71, 141.55, pdii8sAb7/012622

117.07, 116.96, 115.71, 74.3 6, 65.31, 61.18, 14.89.
Exanple 3 OHOls O1 | OTsCl I I Et3N cat DVAP O
CNCN CH2C2 . / 64% NO2 NO2
(8- (Cyanonet hyl ) -7-nitro-2, 3-di hydr obenzo[ b]
[1, 4] di oxi n-2-yl) nethyl 4-net hyl benzene sulfonate: A

2- (3-(Ghinzylmng)meﬂ)gl)-6-mtro-2 3-dlhydrobenzo[b][l ,4]dioxin-S-yl)acetonitrile:

SOlunonoégﬁl{erS%SX/lf’g(ace etoni gi (# %t?Erre ? :g%x%bolﬁgng% %%nélj q)MSO ©

mL) wes, tr]&,téiﬁrvm’mig)izyll :ﬁniGHZ@lQ u(IJSG stLannvm;a meeaﬂmnbn inhbdiately turned
t os chlori de 604 17 mol t |.a
purple g add: tomef bemror AmiBgy aﬁtw.%as o Rp e 4 Hours and more

benzyh%fr& (268 %Lg'vﬁtg aBBdE A ffdr aiBthes 1 8 hbuil raﬁsgm thy solkfion was cooled to
and nore tosyl chloride (60 ng) was

room tmmuanmt déutec.i. svithobHeClp hwashe iithotogas Nab: 3w tapd gongentrated.

Fssh g9, (AUOREHUEEEN L) Qg HOALCHLEL) B 209 me
recoverednstaming asaterial pH4Q .mg,l—VSQWR'lgldmﬁ]\bBO)tlSCGmaQw@ HH 3MR (CDCls)
=8 3 e ohand ;
5 7.75,341 75 YEY> Wl 3 45y s . y0oo3d G 0. 792055 444 aut
4.21-41 (3H,48);4.682(2H 3)7.3.08-2.93.(20; th);168% 2HY, b¥)s). 3. 94 (2H,
ab g, Jab=16.83 Hz); 2.41 (3H, s). Exanple 4 OIs NHBn

Il pBhrNH2 O 1 DMSOrlcl OCN 75% O CN | NO2 Nz
Page 13 Of 20 Examp]es
NHBn NHBn
HCl(g)/MeOH o
O —— 0.
CN 84% . COMe
NO, NO,

Methyl 2-(3-((benzylamino)methyl)-6-nitro-2,3-dihydrobenzo[b][1,4]dioxin-5-yl)acetate:
Hydrogen chloride was bubbled through a solution of the nitrile from Example 4 (374 mg,
1.10 mmol) in MeOH (5 mL) at 0°C for 1 hour. The flask was sealed and left in a freezer
overnight. The mixture was concentrated, diluted with EtOAc, and washed with dilute aq.
NaOH. The aqueous layer was extracted once with EtOAc and the combined organic layers
concentrated to give 344 mg, 84% yield of the title compound as a dark oil. 'H NMR (CDCls)
8 7.67 (1H, d, J=9.09 Hz); 7.34-7.23 (5H, m); 6.92 (1H, d, J=9.09 Hz); 4.40-4.30 (2H, m);
4.17-4.11 ( 1H, m); 3.93-3.80 (4H, m); 3.67 (3H, s); 2.98-2.'89 (2H, ‘

m).
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2-(3-((Benzyl am no) net hyl ) - 6-ni tro-2, 3-di hydrobenzo[ b]
wd dodhiz®voxi n-5-yl )acetonitrile: A solution obct/82007/012622
tosyl ate conpound forned at Exanple 3 (700 ng, 1.73
mol) in DMSO (6 nL) was treated with benzyl am ne
(416 L, 3.81 mmol ). The solution i mediately turned
pur pl e upon addition of benzyl am ne.” The m xture was
heated to 85C for 23 hours and nore benzyl am ne (200
L) was added. After anot eampdefiours at 85C, the

sol ution §ugrool ed to room tenperature géluted W th

CH2C12, /washed with 5% ag. NaHCO3 (3x)/ an

conce ted. Flash chragat ography uting with
recover ed

CH2Cf2 thef 40% Et OAc/ CHA®E?)  gave (29,
i At er | 440ng“~“’7°§3* i elfd of

7. 45- ; 6.97 (1 H, d J=9. 4.23-4. 34
(2H, m 4.01 (3H, m; 368(2H .
(2H, dz—| br s). Exanple 5 3 N

HCI ( )/I\/EO—IOOCN84O O CO2Me  NO2 NO2 Met hyl

2- (@@YM!@QBHMQF&&@IMWTP} =[8.Aldioxinof2,3- Q]lﬂdp!i-ﬂ&iéhﬁm{ Bhe methyl

e 5 S 7 o) 18 V060 LRI o v
through 4 syﬂngcgﬁlteﬂtolfbnmml Insolobleu@hiefigl. nPlatiatmOGxider(33 weight percent)
was aclljé)eldrand e f i ﬁ.l‘;fle( I%Y\all%?d %%&': e§b g once&fﬁ‘o%en Og%sf " ee?%‘i‘ shalieﬁ overnight.

OVer ni g ure was
TLC dﬁa@éxs wﬂndS ‘\SGSHgdleMé(thhbweda cagumphiafdf stnmingmaeiab with a more
yer was extr ted 0 e, co

it
potar BEPY i v ng, e ToBith oAb BV Bo5 P TS durotgh Sk sy eyipee file,

washn‘i7’é withe : 1 E‘id)ﬁclEimPp Whd tl@esﬁﬁraikaédﬁc@lht}ated ﬁlﬂ%&t@@%ﬁéssm@ to a pale
67 (1H, d, . 09 HZ% 7.34-7.23 (5H, :
4

red-brgwn nggssgé[’l}qzyrudq materal3 yap gp[ilsmlved n P’yhamoh_ ;(ZQ ;mL)( mld 20 |.lL of
e 80 45 g 23l S 23 e o i
overmlgka nPLE of th tehikiBm miu® (P63 ClEAMM A sliwed the formation of a new
product with no remaining starting material. The reaction mixture was cooled to ambient
temperature and concentrated under reduced pressure to a light orange film. This was
chromatographed over silica gel eluting with 96:4 CH,Cl,/MeOH. The title product was
isolated in 22% yield.
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i1 Bf | NO2CO2Me H
2- ((Benzyl am no) net hyl ) - 2, 3-di hydro- 7H-[ 1, 4] di oxi no[ 2,
w@20bi15od - 8(9H) -one: The nethyl ester from Ex@ypk®ono12622
(43 nmg) was dissolved in 1:1 ethyl acetate/ethanol (10
m.) and filtered through a syringe filter to renove
i nsol uble material. Platinum oxide (35 weight percent)
was added and the m xture placed under 50 psi of
hydrogen gas on a Parr shaker overnight. TLC analysis
with 95:5 CH2CI 2/ MeOH shdbald¥Ehsunption of starting
material with a nore polar product having been
formed. The mi xture was filtered through a 0.5 m
Weclaimi nge filter, washing with 1:1 EtOAc/EtOH, and the
filtrate concentrated under reduced pressure to a pale
red-brown glass. The crude material was redi ssol ved
i b. et Aamethod Ior peparinpa 26mpdundadf formuladnt r at ed HC
wer e added. The sol ution Wey warnmed to 70 C and
allowed to stir overnigft.” TLC of the reaction
m xture (96:4 CH2Cl 2/ Me showed the fornmation of a
new product with no rgmai®ing starting material. The
reaction mxture was ggol eq to_anbient tenperature
and concentrated under r¥ ¥d pr@sure to a light
orange film This was cklt H{ ogr aphed over silica gel
eluting with 96:4 CH2CO 2/ MEOH. Nfhe titl e product was
isolated in 22%yield. Page 15 of 20 WD 2007/ 139998
PCT/ US2007/ 012622 CLAI M5 claim 1. A nethod for
comprisiggpthei stgpsafconpound of formula D0 OH OOCN NXR2 D

(@) S RE LS o oS o fpRugh: () Providing a compound of
OH
A

NO,

and

. . . R? N
(b) treating said compound of formula E with a compound of the formula ~¢ ,

wherein R! is a suitable leaving group, in the presence of a suitable base.

2. The method according to claim 1, wherein R! is halogen or a phenoxy group

wherein the phenyl ring is optionally substituted one or more halogen, nitro, or ester groups.

3. The method according to claim 2, wherein R’ is a phenyoxy group substituted
with halogen.
4, The method according to any one of claims 1 to 3, wherein the suitable base at

step (b) is a strong base.
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and (b) treating said conpound of fornula Ewith a
conpound of the formula R..CN wherein R is a
WO Rlot/addhes | eavi ng group, in the presence of a sew/tedhBo12622

base. 2. The nethod according -to claim1, wherein R

I's hal ogen or a phenoxy group wherein the phenyl ring

is optionally substituted one or nore hal ogen, nitro,

or ester groups. 3. The nethod according to claim 2,

wherein R is a phenyoxy group substituted wth

h&l ogehemetiipd agaordiog tackémdi, vderain dhs stoore base d$ ainregal alkoxide
: erein the suitable base at . step (b) is a

°’a"’;ctt4r]g’rvlg”%éf\ai2e. Page 16 of 20 WO 2007/ 139998
PCT/ US2007/ 012622 5. The net hod according to claim4,

erei h Qng hase i s .a pgetal al koxide .or a .

nétar npaneiod B0t iol daifh SobBralh IR i he e & potassium ter-
butoxideer ei n the strong base is potassiumtert- butoxide.

7. The nmethod according to any one of clains .1 to 6,

further conprising the step of converting the free

hydr OEWhe lﬂﬁétﬁ(_bd/ a&ordiag @o ﬁﬂilbﬂwf f Gﬂc(:jlﬁfmsf Di¢r8) ﬁlgllﬂe# Sérfiprdsing the step

sui tabl e | eavi.n rou 0, ord a c ou Q , L
of corp i the &< PR BrarctRob s CmBPETthok (GBI B uigia sl leaving
grouph® afbAba 88@pdundof foRRuIARE:hod according to claim 7,

wherein L& is tosyl. 9. The _nethod according to claim

8, wherein the step of ¢ ting the free hydroxyl

noi ety of said conmpound ¢f fornula Dinto a suitable

| eaving group is perfo oin the presence of a

sui tabl e base. 10. Thel net hod according to claim9,

wherei n the suitabl e base ™7 iethyl am ne. 11. The

nmet hod according to any f clainms 7 to 10, further

conprising the step of t 4 he conpound of
formula C with benzyl am ne H? forma conpound B: NHBn

wherein LG? is a suitable leaving group.
8. The method according to claim 7, wherein LG? is tosyl.

9. The method according to claim 8, wherein the step of converting the free
hydroxyl moiety of said compound of formula D into a suitable leaving group is performed in

the presence of a suitable base.
10. The method according to claim 9, wherein the suitable base is triethylamine.

11. The method according to any one of claims 7 to 10, further comprising the

step of treating the compound of formula C with benzylamine to form a compound B:

NHBn
L

o
CN

NO,

B.
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OO0 CN NO2 B. Page 17 of 20 WD 2007/ 139998

PCT/ US2007/ 012622 12. The method according to claim
wdlino7msvesei N t he compound of fornmula Cis treatEeds200t/én2622

about 1 to about 5 equivalents of benzylam ne. 13. The

nmet hod according to claim 11 or claim12, further

conprising the step of hydrolyzing the nitrile group

of conpound B to forma conmpound of formula A: NHBn

rl~lo 0 CO2R2 N2 A wherein R2 is a carboxylate

protecting group. 14. The method according to claim

13, wh [ [ . [ I o .
A ohasS el abeGBRnt) Ok of, SHRRAD W EBlung B¢ ormuts i
treated withrabodl toldbwuhd ehuitalzotsarfdiengylaminel ai m 14, wherein

R2 is methyl, ethyl, propyl, or isoproyl. 16. The

nmet hod according to any one of clains 13 to 15,

f U8t heThe omqthods acvgrdihg to slagp 1df orr daiuc { 2\gfutther corhprising the step of

S T R

16, wherein the reducti gnNHsnperforned by
hydrogenation in the prkesence of a suitable catalyst.
Page 18 of 20 o

0
COR?

NO,
A

wherein R? is a carboxylate protecting group.

14, The method according to claim 13, wherein R? is an optionally substituted C,_

¢ aliphatic ester or an optionally substituted aryl ester.

15. The method according to claim 14, wherein R? is methyl, ethyl, propyl, or

isoproyl.

16. The method according to any one of claims 13 to 15, further comprising the

step of reducing the nitro group of the compound of formula A to form compound I:

NHBn
By

o)

17. The method according to claim 16, wherein the reduction is performed by

hydrogenation in the presence of a suitable catalyst.
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WD 2007/ 139998 PCT/ US2007/ 012622 18. The net hod
according to claim 17, wherein the suitable catalyst
wo Soodv1pedg i num catal yst, Fe/HCL or Sn/HCl . 19%ct882007/012622
nmet hod according to claim 18, wherein the suitable
catalyst is platinum oxide. 20. The nmethod according
to any one of clains 16 to 19, further conposing the
step of treating the conpound | with fumaric acid to
formconpound I-a: NHBn O FuO c$rnarate O NH I-a
PaBe 1J9hefmébod according to claim 17, wherein the suitable catalyst is a platinum

catalyst, Fe/HCI or So/HCI.

19. The method according to claim 18, wherein the suitable catalyst is platinum

oxide.

20. The method according to any one of claims 16 to 19, further compf'ising the

step of treating the compound I with fumaric acid to form compound I-a:

NHBnNn .
’/Eo * Fumarate

o
o)

I-a
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