WO 2007/139998PCT/US2007/012622 OXINDOLEDIOXANS,
SYNTHESIS THEREOF, AND INTERMEDIATES THERETO
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This

w@BRligpldepsclaims priority to United States provisional paterg@gggﬁtm%zz
serial number 60/808,394, filed May 25, 2006, the entirety of which is

hereby incorporated herein by reference. FIELD OF THE INVENTION

[0002]The present invention relates to methods for synthesizing

compounds useful as dopamine autoreceptor agonists and partial

agonists at the postsynaptic dopamine D2 receptor, derivatives thereof,

SKINDQEF K AN SHN TRIRSKS RIDEREDGTAINE INVERMBDIATES

100031The clinical treatment of SdEIRISFEENia has long been defined by

the dopamine hypothesis of schizophrenia, which holds that schizophrenia

is a result of hyperactivity of dopaminergic neurotransmission, particularly

in limbic brain structures such as nucleus accumbens (the mesolimbic

dopamine system). Indeed, the positive symptoms of schizophrenia

(hallucinagiRe SSSRSIER FROR MO ROURTENE Spptaesiitiyoested with
: eurpleptics,which block dopamine receptars, However, Such treatment.. .
o0 B ROy 37 e Sl PiSe e, R iation
serial @by PAMR e 2hd dilelictiay, @8 ohehblentizaie of idsisdtereby incorporated
‘hereirdiopasTER@deceptors. In addition, neuroleptics do not treat the negative

symptoms of schizophrenia (social withdrawal, anhedonia, poverty of

speech) which are relgiggi®yayeleiye IReagiYiaof neurotransmission
in the. mesocortical dopamine system and which re%%ond to treatment by

S
10002} B ERBA CREHOGD A MR A RS A PGS BOTRPASS cocrl as
dopamtiop aprioecaentre ceoristagamisisaiiale dgvemstsuetetsfup(Goysaptet alopadine D

vrecept@l‘?&gﬁ_mtiegmmntlﬁnéﬁf@%emg7; T_ammin_ga_et aI._,
Psychiatry 398-402, 1986). A method for determining intrinsic activity at

the dopamine D2 receptor was recently published [Lahti et al., Mol.

Ph_arm. 42, 4_32-438, 1993% As re or?ed, intrinsic activity is predicted

using the ratio of #&ClRIARNLGEHEHEUNYAY SRNof the receptor
[00033nd e Highcaffriymagobisicibisriehisthie Mribesese@ifihed by the dopamine
hhypothesis of schizophrenia, which holds that schizophrenia is a result of hyperactivity of
dopaminergic neurotransmission, particularly in limbic b‘rain structures such as nucleus
accumbens (the mesolimbic dopamine system). Indeed, the positive symptoms of
schizophrenia . (hallucinations, delusions, thought disorder) are successfully treated with
neuroleptics, which block dopamine receptors. However, such treatment is accompanied by
the production of movement disorders or dyskinesias (éxtrapyramidal side.effécts), due to the
blockade of nigrostriatal 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. Psychdpharmacol. 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 [Léhti et al.;, Mol. Pharm. 42, 432-438,
(1993)]. As reported, intrinsic activity is predicted using the ratio of the "'low—affmity agonist".
(LowAg) state of the receptor and the "high-affinity agonist" (HighAg) state of the receptor,
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WO 2007/139998PCT/US2007/012622 i.e. LowAg/HighAg. These ratios
correlate with agonist, partial agonist, and antagonist activities for a given
compound, which activities characterize a compound's ability to elicit an

WE%%)&%E'@@C effect. [0005] Dopamine autoreceptor agonistsP%f/%gg&)ﬁo 13622
e

functional antagonism of dopaminergic neurotransmission by

reduction of neuronal firing and the inhibition of dopamine synthesis and
release. Since dopamine autoreceptor agonists are partial agonists at
postsynaptic dopamine receptors, they provide a residual level of

: stimulaton, sufficient to prevent the prodyction of dyskinesias. Indeed .
S e R e

activiigefgo AistecacioEmmrinplo N el avidyisies spammtrsigica sompktists inbiigiverslicit an
antipdiedei©EfEain region, and would therefore be expected to have efficacy

annlErsus both positive and negative symptoms,_of schizpphrenia. Thu ..
‘{mmsxoveﬁ&%%‘ﬁ%n%%%?ﬁ%’%ﬁg 5 ésasr8¥ 81"%?3& IRSHELPf %Ot?’esgfrﬁgﬁf’ pprnersc
neurcirEsp Sieh i Rariberaieduetign opd crsu SO NARY @/ ThE INNHEASTIOR dopamine

synthaﬁgowsf@hesﬁjbsg,bﬁrei@pghﬂ@reﬁ@e}éee@eﬂpagamwﬂe&én%témﬁ onists at
reparing compounds having activity as do ine auforeceptoy agonists .

posts R A TSR DR AIE, AP 1o h LB AR SuLticient to
prevegbifipqupdective odalyskireniestingetoh aamirdrgivvigs atereambth @ functioning as
citherSEEUAMNRNIAEERIZRAIRLIMEGISArdRy 18RI P RBMHIREERETRMNERIR $n a given
tissueS ngrqme, h rpl)er 40Iactiqe |a,fana)dru addiction. Such compounds .
lssuﬁnélugén[ﬁ%%lg otaf% WA her'8s rﬁ%@éffﬁc’ﬁl AE RS hBedypositive
-and nggasiedray It OFdhighphpniandnis 1ovelddB0gine Pagiplegentsts are of great
interd@A\BRHQ RIS BROVIdRSSWpihele e adiatsdiasiyl for preparing

, SUMMARY OF THE INVENTION
[0006] As described herein, the present invention provides methods for preparing
compounds having activity as dopamine autoreceptor agonists and partial agonists at the
postsynaptic dopamine D, receptor. These compounds are useful for treating dopaminergic
disorders, such as schizophrenia, schizoaffective disorder, Parkinson’s disease, Tourette’s

syndrome, hyperprolactinemia, and drug addiction. Such compounds include those of

' NHR?2
HN 0
d .
I E
or a pharmaceutically acceptable salt thereof, wherein:

R*® is «(CH3),phenyl; and

nis1or2,

formula 1:

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

such compounds.



such compounds. WO 2007/139998PCT/ES2007/012622 DETAILED
DESCRIPTION OF CERTAIN EMBODIMENTS [00081 The methods and
intermediates of the present invention are useful for preparing compounds
‘W Hesetitsed in, e.g. United States patent number 5,756,532CTHIHEAAAE22
of Stack, et al, the entirety of which is incorporated herein by reference.
The present synthesis is advantageous for preparing such compounds on
a large scale using readily available reagents. In certain embodiments, the
present compounds are generally prepared according to Scheme | St forth
belowISheMED IBBSCREP THRN2H EBEFVEAENCHE BRI DRYIEN Sand

[0008]L621ﬁ%é#§6&egrﬁemw:§{alae@m %P&éﬂbﬁiaﬁﬁéna&@'%%ﬂ%r preparing
herein. 100101At step S-1, the 4-nitro catechol G is treated with an

compudsRRABIPRILIZ e; %H&é@ééﬁa&%{ﬁfa&m&&.ﬁéwaﬁ 1 PRpme of Stack,
et al, dermyndivetyl of feduniaiE ifuitpblettdakimeim o psfarenvec|| Khovpmeietheyathesis is

»'advanﬁ ouwor jﬁg%lﬁvl\}/% QJQ{%H{BOQHEJTB%M %@ Q%M%E%' ;ségd'ﬁ? -aviilable reagents.

445-448, and Sons, N.Y. Such leaving groups inc de but are
In °°ﬁﬁ’6‘t?fﬁhf@é‘?&nﬁa%@é’ﬁe%%ﬂmB?&&“%%rﬁW’?&‘nXéﬁﬁﬁé@ AeASiBRGxgheme |
set fordpbieloadly substituted alkenylsulfonyloxy, optionally substituted
Schw%rylsulfonyloxy. Examples of suitable leaving 3

LG1 OH ' OH
OH Co 1
. HO o (0] R \/CN (o]
5-1 5.2 CN
" N02
“TNO4 NQ,
F .

E . D
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e ———— /Eo D —————— ’):O B s
$-3 o) S-4 v S-5
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C

NHBn NHBn
Fumaric Acid
B -——-—————-—-—»- * Fumarate
H-

I-a

[6009] 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
a'&enylsulfonyloxy, optionally substituted arylsulfonyloxy. Examples of suitable leaving

. 3



WO 2007/139998PCT/US2007/012622 groups include chloro, iodo,

bromo, fluoro, methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy,

nitrophenylsulfonyloxy (nosyloxy), and bromophenylsulfonyloxy
whrosyhoryy. In certain embodiments, LGI is halogen. In othett/us2007/012622

embodiments, LG | is an optionally substituted alkylsulfonyloxy, optionally

substituted alkenylsulfonyloxy, or optionally substituted arylsulfonyloxy

group. In certain embodiments, LG | is halogen. In other embodiments,

LGl is chloro. 100111 The use of Makosza's vicarious nucleophilic

groupss%k’c‘iﬁﬁét'%fn@y%@gerbf@xﬁ@tl%Méteﬁx&r&désﬁ@fﬁﬂ{m%‘ Rt 8ARE 2 tosyloxy,

compound of for E with th tel bstitut eton rile
e SRR O B SR B SorROI DAE HEHSGH IRy BESRYo). I
certaingnobpdestsithioid Ihewm@rgrdupﬂnmﬂmdmb@dkﬁens@mnsomhmwstxmted
axkylsMﬁsfm%heanmh@ngsﬁ%ﬁmumamum{ympe %?C%Bﬁdﬂﬁhw%mtuted
ou n other embodiments, Rl is - OPhenyl, wherein the phe ng is
afy’*‘“‘g%‘ﬂé@i SIBP AL FETRB SRR Uioker Sdfeeer f2 8?8"%8
is chloreaction at step S-2 is performed in the presence of a suitable base. In

OOII]Cert?‘H% %@ij m@&&@%&&ﬁ%‘ak‘f&ﬁ-’i éﬁxﬂzét@tggtﬁﬁﬁ?tl §Pﬁ§‘d§§§&§ reactxon in

include metal alkoxides and metal hydrides. In certain embodiments, the

step 51348 PRElpBRECs I AR At SRTBROYRL 2F AR B VRS APTRREAISIK substituied
acetoneqluvalmpbufxbasefdsrusedmpsmep SETotmalthBr. esbiedinedritsreimrthaBdugroup is
a sultaglLQé’dQ' grivaleaieaf DABEAEHRSR 1R S@Jbﬁl-.%?f %&HQ%%’B@;%H ing is

about 2.3't0 about4equwa|ents of base are used 012] At step -3, t

substitied: b PBFOOP BIEBIRSEEAY WREBMIBR P sUR iR SRRYC Q‘F’&E}H R s -
OPherlyG 2:hEharcorvsisivh iihisknabegtgredips thilkeavidggralips is amelhenasyrdg R is

chloroonﬁlg 8&9{@{3&55& ”‘s@%%&&@dﬂ&ﬁ’ﬂ?&ﬁ‘%%éﬂ@é%}df&ﬁiﬁ[@ﬁ&’s&” In certain

March roups include, but are not limited to, halogen, alkoxy,

embocgmaﬁan%@n@&ﬁmaw '§u%§fﬁ‘€&§ob&ﬂ€yls§ﬂﬂ‘?oh§ﬂﬁ§<§“ﬂﬁﬁ6ﬁ’éﬂ§?1 alkoxides and
metal wbﬁﬂaﬂedmlkeﬁyiﬁmmm@ntandxemmaaﬁy;mmmwﬁm«hmaylow certain
embod 1015 &eit Rkt %eaé’q‘?l\{%ﬁﬂﬁ{‘é%g 1.98 iop Xt%tgesa"tﬁigth@}%ﬁ}t%%ﬂ&ts, from

moietiés may, for examP be o tlonal substi C1-4 aliphatic
about {p ﬂ?@&b%ﬁwaleﬁf 2! afrc“%?godeﬁn&}r%h% eEi?Sﬁ%’ﬁl%%%fﬁé%é'S@‘ 2310
aboutbequm@myasteMro iodo, bromo, methanesulfonyloxy

[0012 ””eA?t y%; L})ﬁoﬁu%“f%?%sm”' rP&k};cﬁ‘%@% HIBNYIoNy (e 8’9’2@9&: leaving

romo- p en onyloxy ( oxy) Ing to one aspect of

grouppE&enThmYﬁfsmzﬁ YGRS GREURS 1R LATYIRE BrRsms iie e HufRaRTH R one of

ordinaftosiinxy) tﬁa@@fdmgzmmethﬁwwaﬁ thesdntrationNVReBMBUAdLT’ groups
for IaElsa to rea htolu esulfo hlaride (t orid

include 4 biseh) a&’ ft$ Cha\iv ef} |nawﬁxghlf %&}é tﬁo?ﬁ’e BT%F%&I"{ @stxtutcd

to afford a cor compoun of tormu

alkylspipBomrstoxy mtmﬁnmgSPM/e%zoﬂm@er@MW%%ﬁHy Substituted
arylsuHOIRRSHN endse GlRp @arlmeawmaﬁlemﬁihweaﬁﬁwamsmﬂawdvaﬂBsenes, the

halogenated hydrocarbon solvents |tr|I e ts. | ain
moieties ‘t’)‘%ﬁvgen?s%# R f? a1 hgs etra gl’()"fu?a% ﬁ’ﬁF?uom’sumnmted

réactlo IS e?forme

Cias a&@m@%hﬁéﬂﬂanePaé&f@n|tﬁ?éméi?1P§dpf(§E}WéL%¥a§é"l& ivirsciRudirblag, iodo,
bromahenaeaﬁﬁeéhﬁdﬁmdﬂyTliﬁweﬂasawingd@yma@ aspatjiekine RiRs@Rtnylsulfonyloxy

|nv ntion, the reac onéll?h1 nlq the esence ofs ablé base. Exem lar
|

osyigath i ERRSHAR AR e, S S CPEIRY (e of e
prese@lﬁﬁmtinmehéin etmbgmmgms tife femeulen B nantalugnesnlieraloxy tlﬁmsyloxy)

Accoﬂ&xbget’ewgﬁazﬁé}% e%@&t tﬁét\ﬁxaaﬁ;&% Go emtﬁgcg'miae@t@t mswed to react
reaction. Is con ale re of u ste
with {GenesS B SIEAR et S ERE: B%ﬁz‘iﬁgfﬂ Bl B'in whic

m:miupuemdif@mlmsﬁl(tawlembodlments this displacement step is performed
using from about 1 to about 5 equivalents of benzylamine. In other
embodiments, this step is performed using from about 1 to about 3.5
equivalents of benzylarnine. Accordifig to another aspect, S-4 is
performed in a suitable medium. [0015] A suitable medium is a solvent or
a solvent mixture that, in combination with the combined compounds, may
facilitate the progress of the reaction therebetween. The suitable solvent
may solubilize one or more of the reaction components, or, alternatively,

the suitable solvent may facilitate the agitation of a suspension of one or
maore nf the reactionn comnnnente Evamnlec nf crntahle enlvveante ricefiil in

nents, LG!



WO 2007/139995PCDES2007/012622 certain embodiments, the

hydrolysis at step S-5 is performed by treating a compound of formula B

with gaseous HCI in a lower alkyl alcohol. Such lower alkyl alcohols

wonglordesspgthanol, ethanol, propanol, and isopropanol. [001@TAtsteq 516622

the nitro group of formula A is reduced to form the amine. The resulting

compound cyclizes in situ to form a compound of formula I. One of

ordinary skill in the art will recognize that there are many methods for

reducing a nitro group to the corresponding amine. In certain
[0013pmhﬁd¢mﬁﬁﬁ53m&&dmﬁsmysmaﬂqmm¢ﬂ peréaeaed ylvents, ester solvents,
halcgegx\réh%&) g?gxa&&%rrblr}ltpcﬁ\%r%? S8 t%flgs% e ‘fx?tgeyt% I&I%ngments this reaction is

ents, t eswta ecatag; stis a platinum catal st, Fe/HC1, or

performpagk fez tetrrbHofEre A fﬂﬁ'@%b@%%%?@bl‘éﬁﬁmﬁy&iﬁféate In

other Hﬂﬂi&iﬂﬁe&t&ptﬁche‘zhﬁi@@nmﬁw%oﬁﬂqmul@cb&&agomakbyi&rea@edtvmmhe present
furnayic aC|dtto form the c%mpound of f multa al-a.; 1002QF;LIn ce{taln
run

invention reésence o s ble b bases include
embodiments. the resent invention provi des a method rprgp afing a

tertiary, g RS i of %mm%ybmwmﬁﬁéh@wgtwéf%ommm embodiments
the re&AIPR G4 AghQft (Rt @t is between about —20 °C and about 40 °C. 'In other

embodiments, the reaction is conducted at a temperature of about 0 °C.
[6014] At step S-4, the LG? group of formula D is displaced by benzylamine to form

compound B. In certain embodiments, this displacement step is performed. using from about

1 to about 5 equivalents of benzylamine. In other embodiments, this step is performed using-

from about 1 to about 3.5 equivalents of benzylamine. Accordihg to another aspect, S-4 is
performed in a suitable medium.

[0015] A suitable medium is a solvent or a solvent mixture that, in combination with the
combined compounds, may facilitate the progress of the reaction therebetween. The suitable
solvent may solubilize one or more of the reaction components, or, alternatively, the suitable
solvent may facilitate the agitation of a suspension of one or more of the reaction
components. Examples of suitable solvents useful in the present invention include but are not
limited to a protic solvent, a halogenated hydrocarbon, an ether, an ester, an aromatic
hydrocarbon, a polar or a non-polar aprotic solvent, or any mixtures thereof. These and other
such suitable solvents are well known in the art, e;g., see, "Advanced Organic Chemistry”,
-Jerry March, 5™ edition, John Wiley and Soms, N.Y. Such suitable solvents include polar
aprotic solvents. In certain embodiments, step S-4 is performed in DMSO. "

[0016] In certain embodiments, the displacement reaction at step S-4 is optionally
performed in the presence of a suitable base. One of ordinary skill would recognize that the
displacement of a leaving group by an amino moiety is achieved either with or without the
presence of a suitable base. Such suitable bases are well known in the art and include organic
and inorganic bases.

0017} The conversion of the cyano group of formula B to the -COsz 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 ris formed wherein R* forms the
corresponding ester. According to one aspect of the present invention, the hydrolysis at step

$-5 is performed by treating a compound of formula B with gaseous HCI in an alcohol. In

5



and R1CN (b) treating said compound of formula E with a compound of
the formula, wherein RI is a suitable leaving group, in the presence of a
suitable base. WO 2007/139998PCT/ES20071012622 [0021)As defined

wéengialsabove, Rl is a suitable leaving group. Leaving grogpsateotalhaeaz
known in the art and include those described in detail in March. Exemplary

leaving groups include halogen, alkoxy, and phenoxy groups wherein the
phenyl ring is optionally substituted with one or more halogen, nitro, and
ester groups. In certain embodiments, Rl is a phenoxy group substituted

cénaiwi%hamgﬁﬁtioﬁ%zﬂﬁ%di%QIfi&ieéie’ilp@\lg,iﬁt%r@}dfﬁiﬁpff@ﬁ% ih&mpound of
resence or a sul ase. In ceriain e ogiments, the sul e pase. Is.
form o SeR R A IFENG Aol EN e B 5 RS AR rctuce
methdngdiricibsndh pertaivkridodimmmandtep (b) is performed in the presence of
(o015} Mefql alkoxide-dR olaer srERPAIMERNRuSICR () iSdRetiP'@6HA thE amine. The

presence oftﬁotassium tert-butgxide. [0023] In otger embodiments, the

resultifie SOMAAVRAASH BFOUHES A Pridtid @ T PPaparing oTBih burlitPsioPrifary skil
in th€Cartwhelleiado@zs thauitate leavirgngrouphatmior siedutimsste pirof .gf@)p to the
coneM&%%%! gm&m&u&%m&&m, the reduction/cyclization step is performed by
hydrogenation in the presence of a suitable catalyst. In other embodiments, the suitable
catalys£ is a platinum catalyst, Fe/HCI, or Sow/HCl. In still other embodiments, the suitable
catalyst is platinum oxide.

[6019] At step S-7, the compound of formula I is optionally treated with fumaric acid to
form the compound of formula I-a.

[0020] In certain embodiments, the present invention provides a method for preparing a
OH |
A
o :
NO,
D
(a) providing a compound of formula E:
’ OH .
T
NO,

: 1
(b) treating said .compound of formula E with a compound of the formula RN ,

compound of formula D:

comprising the steps of:

and

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



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.
[00241In step (b), the hydroxyl group of compound D is activated such
WaRhet it ieedmes leaving group LO2 that is subject to nucleoptéifeUs2007/012622
displacement. A suitable "leaving group” that is "subject to nucleophilic
displacement” is a chemical group that is readily displaced by 7 WO
2007/139998PCPUS2007/012622 a desired incoming nucleophilic
chemical entity. According to one aspect of the present invention, a
[0021 jcomppodafinefifgemertdlD ibatiovRddsceredittbistierolirenesuifonyieeiogdoups are
well kqgé'}ﬂl ﬁh'&%@dﬂ %@ffﬁéﬁxé‘ecﬁ’{mo&ﬂé@x%é‘@ i l&@t&l'fh"‘l@%ﬂ-%ﬁémplary leaving

toluenesulfonyloxy (tosyloxy). [0025] In certain embodiments this reaction
groupsdnslvls halasira LhRAH eﬂi‘ﬁﬁ‘?’% BB ERsBTRite mEctKb L i pptionally
substititediwithisne potavapisligsgluin, andaeegaiess hyo werminembotients, R' is a

phenoSYBiLa5 LeaRYAreTyaN(TE). dichloromethane, acetonitrile, or isopropyl

acéetate. In other embodiments the suitable medium is dichloromethane,
[0022]00 7k Aesthlirsh A s fie SiEh ER) t5rRREYTREL AR iR RITY e fca ctRPIE Rase- In
certainirethisofiesancalef audabtdleniza fe a | steeitabaembBeamehtsy Simsyitabia include

metal Qﬂ:%‘?n'&eg@ﬁﬁylﬁéw%&%)s Iq&qé?mmts, e(bo EW)e{@SMIrﬁed in the
ound D to a compound C is achieved in the présence of a catalytic

preseng, ol inEGF T&ﬁ%ﬂﬁylgﬂﬁﬂ&’pwaﬂ%ﬁ%%ﬁ%&gé? Repeemet dreseeesipee of

potassinrertobupsriddes a method for preparing a compound of formula 11

[0023] In other embodiments, the present invention provides a method for preparing a

LG?
iy

compound of formula C:

o
CN
NO,
C
wherein LG? is a suitable leaving group,
comprising the steps of:
(a) providing a compound of formula D:
OH
l/‘:"
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
7



comprising the steps of: (a) providing a compound of formula C: wherein

LO2 is a suitable leaving group; and (b) treating said compound of formula

C with henzylarnine... 100281In certain embodiments, the displacement

“step (b) is performed using from about | to about 5 equivalents of

wg&;& It ?Rﬁge. In other embodiments, this step is performed GSIHFSH#3/012622
2007/139998PCIMS2007/012622 from about | to about 3.5 equivalents of
benzylamine. According to another aspect, step (b) is performed in a
suitable medium. [00291A suitable medium is a solvent or a solvent
mixture that, in combination with the combined compounds, may facilitate

o desp e A A bERGEn AT SIRALIE SBR EHGRag! e present

inveniioh, ilzeneaunst ofi dramoilhP teadivoveddmpanemtihdolattemiforell chheride (tosyl

chloridtjiaPiersRivEal MpRulaciigdne agialian Rt &oUSRERSIRLOLAVR LY ¥ Roxy).
fthle reactjon %:)E‘rgl({;})onen?{.1 Examples, of sujtable solvents useful in"the
a

10025, I SRR GBS AN SEAGURE B RGN LIS, In corain
embodithents rtiestenta canoeditic s/drpodabapratipalalivena arohajigeanagi digdrocarbon

solverdQNEN bsQE RAYy BIBAUHERS NSRS Ofi NG USSR n O LEXIPRIBY! acetate. In

mixtures of protic and non-protic sglvents such as

other goRod RS S TSR e S, L URPIRER SR Rvater, and the like_ In
[0026ptheAernbiiditents; sspeistifithblprestucintseimidug chp otac dyrosicsoiv el presence

of a sURAREBIRE MR QAR U bIGR e ISREYRTIRG 1AL N BRhylamine (TEA). In other
embodiments, the conversion of a compound D to a compound C is achieved in the presence
of a catalytic amount of 4-(dimethylamino)pyridine.

[0027]  Another aspect of the present invention provides a method for preparing a

NHBn
L

o

compound of formula B:

CN

NO,

comprising the steps of:

(2) providing a compound of formula C:

LG?
0
o .
o
NO,
C

wherein LG? is a suitable leaving group;

and

(&) treating’ said compound of formula C with benzylamine.

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

to about 5 equivalents of benzylamine. In other embodiments, this step is performed using

8



[0030]These and other such suitable solvents are well known in the art,
e.g., see, "Advanced Organic Chemistry", Jerry March, 5th edition, Joint
Wiley and Sons, N.Y. [00311In certain embodiments, the displacement
W ogagtiosresstep (b) is optionally performed in the presence &fCa/sanesler2622
base. One of ordinary skill would recognize that the displacement of a
leaving group by an amino moiety is achieved either with or without the
presence of a suitable base. Such suitable bases are well known in the art
and include organic and inorganic bases. [0032]In certain embodiments,
from gheuprkserbouySriiequiveldusf reethadhfoe.preperidina tompthyndspkct, step (b)

is perf&ﬁ%&% shiigietaiuRa is a carboxylate protecting group, comprising the
steps of:_(a) providing a compound B: WO

[0029&007@[1%@9@%%2%6? YIS %ﬁ%}vem mixture that, in combination with the

combined compounds, may facilitate the progress of the reaction therebetween. The suitable
solvent may solubilize one or more of the reaction components, or, alternatively, the suitable
solvent may facilitate the agitation of a suspension of one or more of the reaction
components. Examples of suitable solvents useful in the present invention are a protic
solvent, a halogenated hydrocarbon, an ether, an ester, an aromatic hydrocarbon, a polar or a
non-polar aprotic solvent, or any mixtures thereof. Such mixtures include, for example,
mixtures of protic and non-protic solvents such as benzene/methanol/water; benzene/water;
DME/water, and the like. In other embodiments, such suitable solvents include polar aprotic
solvents. In certain embodiments, step (b) is performed in DMSOQ.

[0030] These and other such suitable solvents are well known in the art, e.g., see,
"Advanced Organic Chemistry”, Jerry March, 5" edition, John Wiley and Sons, N.Y.

[0031] In certain embodiments, the displacement reaction at step (b) is optionally
performed in the presence of a suitable base. One of ordinary skill would recognize that the
displacement of a leaving group by an amino moiety is achieved either with or without the
presence of a suitable base. Such suitable bases are well known in the art and include organic
and inorganic bases. '

[0032] In certain embodiments, the present invention provides a method for preparing a

NHBnR
by

)

. compound of formula A:

CO,R? -

NO,

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

() providing a compound B:



(b) hydrolyzing the nitrite moiety of said compound B to form a compound
of formula A. [0033] As defined above, R2 is a suitable carboxylate
protecting group. Protected carboxylic acids are well known'in the art and
wanelidestbgse described in detail in Greene (1999). Suitable proteeterioi2622
carboxylic acids further include, but are not limited to, optionally
substituted C3-6 aliphatic esters, optionally substituted aryl esters, silyl
esters, activated esters, amides, hydrazides, and the like. Examples of
such ester groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
benzyl, and phenyl ester, whereinnaa@h group is. optionally substituted.
Additional suitable protected cgrboxylic acids include oxazolines and ortho
esters. In certain embodimepts, is an optionally substituted C,_6
aliphatic ester or an option substituted aryl ester. In other
embodiments, R2 is a C1-6 alij EsterOuch C1- 6 aliphatic esters
include methyl, ethyl, propyl, and_isep éﬁ) [. [00341 The conversion of the
cyano group of formula B to the OOZR é?oup of formula A is achieved by
hydrolysis at step (b). In certain emiBdiments, step (b)is performed in an
alcoholic solvent such that a compound of formula A is formed wherein R2
forms the corresponding ester. According to one aspect of the present
(®) hydraksringrtheritRiRIBRisR af widramre st BrindarmAremryaiiipaia A
[oo33jof fermnutERwidbgasetisii- K:huﬁmaleafwxm&ermetﬁgo@m@ts Rhaetected
carboxghd SRS A {BLSPERINEY BRI HERURAUOLL [RHMA B Greene

X
With g gaseous HQ ina lower aI oI Such lower alkyl alcohols

(1999%in Sritrdl® efﬁmdaﬁéﬁaswmﬁ&ﬁ&r% el bR R sdkto, optionally
substxtﬁﬁﬂ@&thﬂpﬂﬂfﬁﬁéﬁwﬂé@ﬂﬂMﬂYpWﬂﬁﬁmem éeentefigtiogeehitmtivated esters,
oun s of formula.)-a according t e e ! e
A
propylprgpmmg dracke isrbEbrh hsoad %mﬁmh@&e& bsTEs é%ﬁmewpﬂonaﬂy
substxt%k@li|arh(d?ﬁ%ﬁﬁ@%ﬂﬁmthﬁo@&%@w@%ﬁﬂf@ﬁlﬁ&ildﬁh&{mﬁroﬁfximmédaaﬁd ortho
neraJ method.for rin a chi al campo f ula,l-
esters. deplcmdm in gmg’eme relow! WOOB 8%, y3§“§g9%%%7§0 gnif)(?‘}ll%%ggzism or &
optxonp@lygn@msadmmmtémﬁétmﬁbmbmwﬁnﬁ dcofmpoatiebatiforftiila fuch Ci-
6 anphﬁlé%a&&egxémg@mwIkﬁglpbﬁoggg%mx&lbprms [0071 Meltlng
were obtained on a Buchi me
mm"‘ﬁnc ee‘c’:?é’a?ﬁ’lmﬁg gpegﬁréoﬁére o) alne on a ra é{l?g& § q;%mulaA
is achigied bndiy8®INAIS @0‘6@1@999@%ﬂﬂ)§2@@?ﬁ9%§2 step (b)is performcd in an

alcoholic solvent such that a compound of formula A is formed wherein R? forms the

and

corresponding ester. According to one aspect of the present invention, the hydrolysis at step
(b) is pérformed 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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NMR spectra were obtained on a Bruker DPX 301 75 MHz. The chemical
shifts are reported in ppm relative to TMS (internal standard). Example 1

HOCI OHOH LO\ NO2
wo(Zemitrop®8-dihydrobenzoN11,4]dioxin-2-yOmethanol: 4-Nitrotatenieelo12622
(309, 0.19 moal), lithium carbonate (36 g, 0.49 mol), and epichlorohydrin
(38 mL, 0.49 mol) in DMF (180mL) were heated to 70-85C for 47 hours.

Water was added and the mixture extracted with EtOAc (3x),
Concentration of the combined EtOAc extracts and crystallization from

SchemMHOH gave the title compound, first crop, 5.98 g, 14.7% yield, mp
131.8-135C and second crop,- 1464 g, 4% yield, mp 133.1-136.7C, (lit. mp
() 57.78 (1H, dd, 3=8.9, 2.7 Hlz); 7.72 (1H, d,

133+134C). NMR (d6-DMg
J=R.7 Hz)s T B(IR d, .38
7.1 8%); 4.32-483 (1H, in); 4.1y (IH, dd, J=11.4, 7.4|Hz)
34 droxynagtioyl)-6-nit \ s
e A solutiéen of racemic
(7-nitro-2,3-dihydrobenzo[b][1}Z
and 4-chlorophencxyacetonitile (827 mg, 4.94 mrnol) in DMF (12 mL)
was ddded drogwise to a sofution of potassium tert-butdide (2.12 g, 18.9
—-NHBn 5s——MHBn
HCl{g)/MeOH l/\
COMe

HO

mmol) in DEF {20 mL) at -5-
Eﬁ . (\ BNNH, (\o
cat DMA| DMSO
LS, o AT | o —= O
CH,Cly
NO, NO, NO,
C’ ) B’ A’
g——'NHBn S—_NHBH
H, H H
Buzon [ 0 e
EtOAC/EtOH Fumaric Acid umara
e O —_— e O
; o o
N
N N
) & I’-a
{0036] An alternate method for preparing a compound of formula E’ is depicted in
Scheme III below.
Scheme 111 ‘
OCHg i O \\\\‘n" (R) O
o 150”" =/ \ \ QCHs d
H (R) 0 1)HBr
— 2) NaOH
base et
NO : NO
: NO, z
G’-a B

G |
EXAMPLES

Melting points were obtained on a Buchi B-545 melting point apparatus and are

[6637]
uncorrected. 'H NMR spectra were obtained on a Brukeér DPX 301 at 300 MHz and “C
11



OC. After the addition was complete (7 minutes), the reaction mixture was

stirred for 1 hour at -5-0C. The reaction mixture was acidified with 1 N

HC1 before drowning into water (200 mL). The mixture was extracted with
wdEi0d¥e1 §80¥8100 mL) and the combined organic layers 12 WgET/U$2007/012622

2007/139998PCT/US2007/012622 were washed with IN NaOH (3 x 50

mL) to remove most of the 4-chlorophenol. After removal of solvent, the

residue was purified by flash chromatography on silica gel, gradient

elution using 2:3, 1:1, 3:2, 100:0 ethyl acetate/hexane, to give 139 mg,

NMR lﬁ@@&@e@fe isslastontagamredaise 304 movieBYopslehetihaltiigfs are reported
ﬁaﬁ Uy moltg I NM DC13) 37.77 (1H, d, J=9.12 Hz); 7.01
in ppry F{EHVS 1O I BSOS AS O, m); 4.30-3.91 (5H, m): 2.25-2.21 (1H,
m). 13C NMR (CDC13) 8 148 07 141,71, 141.55, 119.44, 117.07, 116.96,
115.71, 74.36, 65.31, 61.18, 14 89amaeple 3
(8-(Cyanomethyl)-7-nitro-2,3-dihydrobenzol[b][1,4 1dioxig;2-y1)
methy14-methylbeggene sulfonate: A solution of the

2-(3-(hydroxymethyl)-6-nitro-2 }%enzo dioxin-5-
ypacetonitrite formed at Exarfiple 2 5md, 2.88 §mol), in CHzCla (30
mL) was treatesyl chloride (604..£ mgep3.17 ol), triethylamine

(602 p.L, 4.32 Ind catalyticif@AP. After Zrf0Ours jptarting material
flc 000 QggClZ) and mgre tOS))I

was still present b chloride (60
mg) was added. After 18 hours the solution was waSked With N@% aq HCI
then IN NaOH. Concentration and trituration with CH2C12 gave 746 m Ogi
(T-niggod-Srdtbed eAbeprelRihAlinan2 2y Dmathraok R {Bcaffa8) g0 19 mob,
lithiur(Pédrsond =& Rl gHE } /v 8)( bind pi-h3obShiytirin7(38 (i 0} Ve 3rH2IME I B0mL)
T4-4. (
were r( e@'t 7§ )do ] Ec))t 4y %u{g%gﬂi)@iﬁ%ﬁaﬁé (é)%?nﬁ%%éé %Qtr”aé‘éd &ilh E0AC
(3x). sze@MﬁmMﬁ@é%e&re@eh&@f@fﬁ%@}fﬂetﬁwé&wl* gave the
title cBhRpduird ixdebenzorlb) ih4bel qula 5@;!)@ reteIztiiend %ﬂb&@&@ﬂ? the4 g, 4%
tosylate compound formed at Exampl 700 m 2@ 1. 73 mm |n Dr\gﬁ%d(éij_g 3
vield, mp) {pdsl it dwith gBRAA airte i Wé‘ Gl
2.7 Hinpmadigrelyduraad Bayplelupoiladditarodizea Al e}iﬁiﬂa s15he mgtmedd, J=114,
a t far. ¢ Y% ( L) was
2 i Nt B the S e Esaie o room
temperature, diluted with CH2C12, washed with 5% ail.. NaliCO3 (3x),
and concentrated. Flash chromambgnepityy Xeluting with CH2C12 then 40%
EtOACc/CH2C12) 6:129.9 mg recovered startin mgterial, 440 mg, 75%
yield of the title compound. 11-1 NMR. (CDC13) 5 7. 75 (1H, d, 1=9.15

Hz); 7.45-7.18(5H,m); 6. 97'_(‘1H d, 1=9.12 4.43-4.34 (2H, in);
4.21-4.01 3H, in): B.68 B 305293 (BH, m)$1.85 (1H, hr s).
Example 5 °

4 eq tBuOK

DMF

-5-0°C

NO, 68%
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
12



rco-NHE3rt HCI(g)/N4eOH 0 84% NO2NO2 Methyl
2-(3-((benzylamino)methyl)-6-nitro-2,3-dihydrobenzo[b][1,41dioxin-5-Aace
tate: Hydrogen chloride was bubbled through a solution of the nitrile from
WeE R8T pIeoa8(374 mg, 1.10 mmol) in MeOH (5 mL) at OC for 1P6GUWST&012622
flask was sealed and left in a freezer overnight. The mixture was
concentrated, diluted with EtOAc, and washed with dilute ag. NaOH. The
agueous layer was extracted once with EtOAc and the combined organic
layers concentrated to give 344 mg, 84% vyield of the title compound as a

were geathed] viitht N \WROTCIFC1.3) 65 by 10l EEne 3=9108t 19F) the Juchipspbenol. After
removi) o8 SvEHL, thelreSifi® R fufhdadey( a%hnaiuérﬁ&ég;a;:ﬁ)lbh Blica gel, gradient

3.93-3.80(41 3.67 2.98.2:89 (2H, m .
elutioy_naag, (F nﬁl HO)%n SS; 'f‘?ﬁ% B?S‘az‘ﬁ(ﬂi"ﬂi’dfé’xﬁfaf‘z SRR d8HE vered
stamrrmmﬁmmenuy&%wgfr@sﬁrﬁmmmétse(@mmmmmwmm irn remaRl (CDCIy)
5 7.7PeRiptg/ Qﬂb”‘[@'ﬁ%? mb1 i filfered i&r%gh@s%%e EEP%‘? 2ARND] (SH, m);

insoluble material. Platinum oxide (35 weight percent) was added and the
22533tk pmed 9%6@9‘&%9&6@% g?éggﬂaﬁér?%hék%véﬂﬁ%t 116.96,
115.7T12 3padgsis veith1 8513 €412C12/MeOH showed consumption of starting

material with a more polar product having been formed. The mixture was

filtered through a 0.5 um syringe filter, washing with 1:1 EtOAcIEtOH, and

the filtrate concentrated under rdekRB@IBRssure to a pale red-brown _
gnaterial was redissolved in. etha & mL) and 20 tL of

chromatograpked-over silica gel étdting with 96:4 CH

title product was isolated'in 22% yield. MC SLIP
(8-(Cyanomethyl)-7-nitro-2,3-dihydrobenzo[b][1,4]dioxin-2-yl) methyl4-methylbenzene

sulfonate: A solution of the 2-(3-(hydroxymethyl)-6-nitro-2,3-dihydrobenzo[b][1,4]dioxin-5-
yl)acetonitrile formed at Example 2, (721;5 mg, 2.88 mmol), in CH:Cl: (30 mL) was treated
with tosyl chloride (604.7 mg, 3.17 mmol), triethylamine (602 pL, 4.32 mmol), and cétalytic
DMAP. Afier 4 hours, starting material was still present by TLC (100% CH:CL) and more
tosyl chloride (60 mg) was édded‘ After 18 hours the solution was washed with 10% aq HCl
then 1IN NaOH. Concentration and trituration with CH,Cl; gave 746 mg, 64% vyield of the
title compound as a solid. '"H NMR (d6-DMSO0) 5 7.82 (2H, d, J=8.31 Hz); 7.75 (IH, 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.x=16.83 Hz); 2.41 (3H, s).

Example 4
-OTs NHBn

() BRNHZ - (o)
DMSO

ey ——= O

75%

O

CN

NO, NG,

13



CLAIMS | claim: 51.A method for preparing a compound of formula D: OH
comprising the steps of: (a) providing a compound of formula E: --OH 10
NO2 and (b) treating said compound of formula E with a compound of the

wdamnula@ wherein R1 is a suitable leaving group, in the piaSEHE200T/E 2622
suitable base.

2-(3-((Benzylamino)methyl)-6-nitro-2,3-dihydrebenzo [bi [1,4]dioxin-5-yl)acetonitrile: A
solution of the tosylate compound formed at Example 3 (700 mg, 1.73 mmol) ir; DMSO (6
mL) was treated with benzyl amine (416 pL, 3.81 mmol). The solution immediately turned
purple upon addition of benzyl amine. The mixture was heated to 85°C for 23 hours and more
benzyl amine (200 pL) was added. After another 18 hours at 85°C, the scolution was cooled to
room temperature, diluted with CH,Clz, washed with 5% aci. NaHCO; (3x), and concentrated.
Flash chromatography (eluting with CH,Cl, then 40% EtOAc/CH;CL) gave 29.9 mg
recovered starting material, 440 mg, 75% yield of the title compound. 'H NMR (CDCl3)
& 7.75 (1H, d, ¥=9.15 Hz); 7.45-7.18 (5H, m); 6.97 (1H, d, J=9.12 Hz); 4.43-4.34 (2H, m);
4.21-4.01 (3H, m); 3.68 (2H, s); 3.05-2.93 (2H, m); 1.85 (1H, br s).

Example 5
NHBn -NHBEn

(o HCl(g)/MecOH o

o]

e e

CN 84% . COMe

o]

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 (CDCl;3)
5 7.67 (1H, d, 7=9.09 Hz); 7.34-7.23 (5H, m); 6.92 (1H, d, }=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).

14



15 2.The method according to claim 1, wherein Rl is halogen or a

phenoxy group wherein the phenyl ring is optionally substituted one or

more halogen, nitro, or ester groups. 203.The method according to claim
WORHEIBRI is a phenyoxy group substituted with halogen® GE 2 4ethesd?

according to claim 1, wherein the suitable base at step (b) is 16 MCSLLP

a strong base. 5.The method according to claim 4, wherein the strong

base is a metal alkoxide or a metal hydride.5 - 6. The method

according to claim 5, wherein the strong base is potassium
Example 6
NHBn NHBn
H;
o PiO, o)
EtOAC/EtOH

coMe —— 5 O

NO, : ﬁ

2-((Benzylamino)methyl)—2,3-dihydr0-7H-[1,4]dioxino[2,3-e]indol-8(9H)—one: The methyl
ester from Example 5 (43 mg) was dissolved in 1:1 ethyl acetate/ethanol (10 mL) and filtered
through a syringe filter to remove insoluble material. Platinum oxide (35 weight percent)
- was added and the mixture placed under 50 psi of hydrogen gas on a Parr shaker overnight.
TLC analysis with 95:5 CH,Cl,/MeOH showed consumption of starting material with a more
polar product having been formed. The mixture was ﬁltered'through a 0.5 pm syringe filter,
washing with 1:1 EtOAc/EtOH, and the filtrate concentrated under reduced pressure to a pale
red-brown glass. The crude material was redissolved in. ethanol (20 mL) and 20 pL of
concentrated HCl were added. The solution was warmed to 70 °C and allowed to stir
overnight. TLC of the reaction mixture (96:4 CH>Cl,/MeOH) showed 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. |

15
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20

tert-butoxide. 7. The method according to claim I. further comprising
the step of 10converting the free hydroxyl moiety of said compound of

formula D into a suitable leaving group to afford a compound of formula C:

wherein 1.2(12 is a suitable leaving group. 15 8. The method according to
claim 7, wherein LO2 is tosyl. 9. The method according to claim 8,
wherein the step of converting the free hydroxyl moiety of said compound
or formula D into a suitable leaving@kaMB¥I§ 20performed in the presence
of a suitable base. 10. The method according to claim 9, wherein the
suitable base is triethylamine. 2511.The method according to claim 7,
Fukmar:comprising the step of treating the compound of formula C with
benzylamine to form a compound B MCSLLP

1. A method for preparing a compound of formula D:

OH
([ i
o)
o
NO,

(a) providing a compound of formula E:

OH
f[ ?
NO,
E

comprising the steps of:

and
1

R
(b) treating said compound of formula E with a compound of the formula 7

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

MCSLLP

M

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 claim 1, wherein the suitable base at step (b) is

16
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12. _The method according to claim 11, wherein the compound of formula
C 5is treated with about 1 to about 5 equivalents of benzylamine. 13.

The method according to claim 11, further comprising the step of MCSLLP

hydrolyzing the nitrite group of compound B to form a compound of
formula A: 10A wherein R2 is a carboxylate protecting group. 14. The
method according to claim 13, wherein R2 is an optionally substituted
aGhlren@hptatic ester or an optionally substituted aryl ester. 15 15. The
method according to claim 14, wherein R2 is methyl, ethyl, propyl, or

isoproyl. 16. The method according to claim 13, further comprising the,
step of 20redlieingeofinecgroing dp thigd hpBtisecst 187& t%aﬂ‘?n]ﬁ a metal

a%gg}?&"&dalfn%@@ﬁﬁde.

6. The method according to claim 5, wherein the strong base is potassium

tert-butoxide.

7. The method according to claim 1, further éomprising the step of
converting the free hydroxyl moiety of said compound of formula D into a suitable

leaving group to afford a compound of formula C:

LG?
0]
0
CN
NO,
C
wherein LG? is a suitable leaving group.

8. The method according to claim 7, wherein LG is tosyl.
0. 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 claim 7, further comprising the step of treating

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

17



,-NHBn 17.The method according to claim 16, wherein the reduction is

performed 5by hydrogenation in the presence of a suitable catalyst. 1

g.The method according to claim 17, wherein the suitable catalyst is a MCSLLP
platinum catalyst, FeillCl or Sn/HCI. 1019.The method according to claim

18, wherein the suitable catalyst is platinum oxide. 20.The method

according to claim 16, further comprising the step of treating the

compound | with fumaric acid to f pound I-a: --NHBn 15 I-a
O
)
CN.
NO,
B

12.  The method according to claim 11, wherein the compound of formula C

5 s treated with about 1 to about 5 equivalents of benzylamine.

13.  The method according to claim 11, further comprising the step of
hydrolyzing the nitrile group of compound B to form a compound of formula A:

NHBn

0
CO,R?
NO,

10 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
15. The method according to claim 14, wherein R? is methyl, ethyl, propyl,

or isoproyl.

16.  The method according to claim 13, further comprising the step of

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

18



MCSLLP

NHBn
O
O
/——O
N
H
I
17.  The method according to claim 16, wherein the reduction is performed

5 by hydrogenation in the presence of a suitable catalyst.

18.  The method according to claim 17, wherein the suitable catalyst is a
platinum catalyst, Fe/HCl or Sn/HCL

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

platinum oxide.

20.  The method according to claim 16, further comprising the step of treating
the compound I with fumaric acid to form compound I-a:

NHBn

% * Fumarate

0.

Ir=

15
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