WD 2011/ 044479PCT/ US2010/ 052005 PROCESSES FOR THE PREPARATI ON OF

2- (1- PHENYLETHYL) | SO NDOLI N- 1- ONE COVPOUNDS 1. FI ELD [ 001] Provi ded herein
are proceseasiiiasshe preparati on of 2-(1- phenyl et hyl) ipswiusdaioioszobs one
conpounds useful for reducing levels or activity of tunor necrosis factor a
in mammal s. Such 2-(1-phenyl et hyl )i soi ndolin-1-one conpounds i nclude
7-nitro-2-[1-(3-ethoxy-4-net hoxyphenyl)-2-(net hyl sul fonyl)ethyl]isoi ndolin-
1-one, 7-
anino-2-[1-(3-ethoxy-4-nethoxyphenyl)-z-(nethylsulfonyl)ethyl]isoindolin-l-
one, and cycl opropyl -

{2-]1-(3-ethoxy-4-net uus, 8 - AN | ] - 3-oxoi soi ndol i n4-
y1l} carboxam de. jl-mHMWGIBNDIYLI)EDH‘IDmLINchME COMEOIINRS or TNF-a, is a
cytokine which is released primarily by nononucl ear phagocytes in response
to a nunber FllBhIhosti nul ators. Wien adm nistered to animals or humans, it
can cause inflammation, fever, cardiovascul ar effects, henorrhage,

coa uI n, and_ac phase respons imlar to e seen during acute
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condi tions inClude endot oxem a and/ or toxic shock syndrone (Tracey et al.
Nat ur e I&Bﬁ),smﬁ“@@elﬁ@m (288%)s. dhoth B spteny lethydisoindGlind -orShoolposids iRTBd@92
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detected in pul nonary aspira ron1 d% patients (Mllar et al., Lancet
2(8665)cyclpp@pylEN- {%%@)cho@yémﬂmymhﬂué) bﬁrnaﬂlylsekf@mvﬂ)eﬁafrhl 3 PNpiseinddlio
resultzg \ h@{@gs typically seen in ARDS (Ferrai-Baliviera et al., Arch
Surg. 1 in§§ 0- 1405 (1989)). Certain 2-(1-phenylethyl)isoindolin-1-one
conpounds have been shown to reduce levels of TNF-a in the literature such
as U. S.2.Patent NBACKGROUSDS and 6,020,358 and U.S. Patent Publication
Nos. 2004/ 0254214 and 2004/ 0204448, all of which are incorporated herein by
refererd8@2li n t he?rrlméhtl¢qf@ﬂt1%/f30t0[ 8} OIEINEtOL Aga AEpkiod svhidyis §§1m5ﬁé§ﬂm3ﬁb’
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to animals or humans, it can cause 1nﬂarnrnat10n, fever, cardiovascular effects, hemorrhage,

coagulation, and acute phase responses similar to those seen during acute infections and
shock states. Excessive or unregulated TNF-a production thus has been implicated in a
number of disease conditions. These disease conditions include endotoxemia and/or toxic
shock syndrome (Tracey et al., Nature 330, 662-664 (1987) and Hinshaw et al., Circ. Shock
30, 279-292 (1990)); rheumatoid arthritis, Crohn's disease, cachexia (Dezube ef al., Lancet,
335(8690), 662 (1990)) and Adult Respiratory Distress Syndrome (ARDS) where TNF-a
concentration in excess of 12,000 pg/mL have been detected in pulmonary aspirates from
ARDS patients (Millar et al., Lancet 2(8665), 712-714 (1989)). Systemic infusion of
recombinant TNF-a also resulted in changes typically seen in ARDS (Ferrai-Baliviera ef al.,
Arch. Surg. 124(12), 1400-1405 (1989)). Certain 2-(1-phenylethyl)isoindolin-1-one
compounds have been shown to reduce levels of TNF-q. in the literature such as U.S. Patent
Nos. 6,667,316 and 6,020,358 and U.S. Patent Publication Nos. 2004/0254214 and
2004/0204448, all of which are incorporated herein by reference in their entirety.

[003] Existing methods for synthesizing 2-(1-phenylethyl)isoindolin-1-one
compounds have been described in U.S. Patent Nos. 6,667,316 and 6,020,358 and U.S. Patent



Publ i cati on Nos. 2004/0254214 and 2004/ 0204448. Wil e these nethods are
useful for preparing 2-(1-phenylethyl)isoindolin- 1 -one conpounds,

al ternat iwe 20attdaeds for the preparation of PCT/US2010/052005

2- (1- phenyl et hyl )i soi ndol i n-1-one conpounds, particularly for nmanufacturing
scal e production, are desirable. [4] Ctation of any reference in Section
2 of this application is not to be construed as an adm ssion that such
reference is prior art to the present application. 3. SUMARY [5] Provided
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(et hyl sul l.): I.50ipndol i n-1-one, and cycl opropyl - N-
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for preparing.an isoindolin-1 -one conpound of Formula (1): I
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3. SUMMARY

[005] Provided herein are efficient processes for the preparation of 2-(1-
phenylethyl)isoindolin-1-one compounds, such as 7-nitro-2-[1-(3-ethoxy-4-methoxyphenyl)-
2-(methylsulfonyl)ethyl]isoindolin-1-one, 7-amino-2-[1-(3-cthoxy-4-methoxyphenyl)-2-
(methylsulfonyl)ethyl]isoindolin-1-one, and cyclopropyl-N-{2-[1-(3-cthoxy-4-
methoxyphenyl)-2-(methylsulfonyl)ethyl]-3-oxoisoindolin-4-yl } carboxamide.

[006] In one aspect, provided herein is a process for preparing an isoindolin-1-one

compound of Formula (I):

R1

1
X 0 R2

X3 SO,4R?
X* M
or a pharmaceutically acceptable salt or solvate or polymorph thereof, comprising the step of
reacting a primary amine of Formula (II):
R
R2

SO,R?

or a salt thereof with a 2-(bromomethyl)benzoic acid ester of Formula (III):



or a pharmaceutically acceptable salt or solvate or pol ynorph thereof,
conprising the step of reacting a primary amne of Forrmula (l11): RL or a
salt t herwof2omas7a 2- (br onmonet hyl ) benzoi ¢ aci d ester ofCFarsoabasiobsl): 2
- WD 2011/ 044479PCT/ US2010/ 052005 in the presence of an inorganic base,
wherein Ris alkyl or aryl;

in the presence of an inorganic base, wherein

R is alkyl or aryl;

cach of R' and R? is independently hydrogen, alkyl of 1 to 4 carbon atoms, alkoxy of
1 to 4 carbon atoms, cyano, or cycloalkoxy of 3 to 18 carbon atoms;

R’ is hydroxy, alkyl of 1 to 8 carbon atoms, phenyl, benzyl, or NR*R”;

ecach of X', X* X* and X*is independently hydrogen, halo, alkyl of 1 to 4 carbon
atoms, alkoxy of 1 to 4 carbon atoms, nitro, cyano, hydroxy, or -NR*R”’; or any two of X",
X? X and X" on adjacent carbon atoms, together with the depicted phenylene ring are
naphthylidene;

cach of R* and R’ is independently hydrogen, alkyl of 1 to 8 carbon atoms, phenyl, or
benzyl; or one of R* and R’ is hydrogen and the other is -COR®, or -SO,R’; or R* and R’
taken together are tetramethylene, pentamethylene, hexamethylene, or -CH,CH,X’CH,CH,-
in which X’ is -O-, -S- or -NH-;

cach of R and R” is independently hydrogen, alkyl of 1 to 8 carbon atoms, phenyl,
or benzyl; or one of R and R” is hydrogen and the other is -CORY, or -SO,R®; or R" and
R’ taken together are tetramethylene, pentamethylene, hexamethylene, or
-CHZCHZXS’CHZCHZ- in which X° is -O-, -S- or -NH-; and

cach of R® and R® is independently hydrogen, alkyl of 1 to 8 carbon atoms, cycloalkyl
of 3 to 8 carbon atoms, or phenyl.
[007] In some embodiments, each of R' and R? in Formula (I) is independently
alkoxy of 1 to 4 carbon atoms. In a particular embodiment, R' is methoxy and R” is ethoxy.
In other embodiments, each of X*, X and X" in Formula (I) is hydrogen; and X' is nitro,
-NH, or -NHCOR® where R® is hydrogen, alkyl of 1 to 8 carbon atoms, cycloalkyl of 3 to 8
carbon atoms, or phenyl. In one embodiment, X' is -NHCOR® and R® is cyclopropyl. In

some embodiments, R is methyl. In another embodiment, R is methyl.



each of R and R2 is independently hydrogen, alkyl of 1 to 4 carbon atons,
al koxy of 1 to 4 carbon atons, cyano, or cycloal koxy of 3 to 18 carbon

at ons; R3wD=o0twyduargy, al kyl of 1 to 8 carbon atons, phemrgir/usb@onyiops or
NRARS; each of X, X2, X3 and X4 isindependently hydrogen, hal o,

al kyl of 1 to 4 carbon atons, al koxy of 1 to 4 carbon atons, nitro, cyano,
hydr oxy, or -NeR5'; or any two of X, X2, X3 and X4 onadj acent carbon
atons, together with the depicted phenylene ring are naphthylidene;
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[007] I n some enbodi nents, each of Rl and R2"in Fornula (1) is |ndependently

al koxy 19f0j1 to ALLAIRRR cALOBBnent Th@isORUbIEYLAE EHBOHIE HormBla (1)Sis et hoxy
and R2 is ethoxy. In other enbodiments, each of X2, X3 and X4 in Fornul a

(1) is dyglopogehN- éﬂﬁﬂl Qﬂ ethgxmﬂ{rmejhoxymhmlyéﬁ (mmelfowmmﬂeflkﬁroxmsomsi@hmgen,
' ore i stPrinnas RRohet R SRardht el £ S RBEST S BB P e

enbodi me&h$l; RRS m@thg@,mh&hgﬂetﬁ@@her enbodi ment, R is nethyl.
4. DETAILED DESCRIPTION

4.1 Definitions

[011] As used herein and unless otherwise indicated, the term “halo,” “halogen” or
the like means -F, -Cl, -Br or -1.

[012] As used herein and unless otherwise indicated, the term “alkyl” or “alkyl
group” means a univalent saturated branched or straight hydrocarbon chain containing from 1
to 8 carbon atoms. Non-limiting examples of such alkyl groups are methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl and octyl. An alkyl
group can be unsubstituted or substituted with one or more suitable substituents.

[013] As used herein and unless otherwise indicated, the term “alkoxy” or “alkoxy
group” means an alkyl group bound to the remainder of the molecule through an ethereal
oxygen atom. Non-limiting examples of such alkoxy groups are methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy, and fert-butoxy. An alkoxyl group can be
unsubstituted or substituted with one or more suitable substituents.

[014] As used herein and unless otherwise indicated, the term “cycloalkyl” or
“cycloalkyl group” means a univalent cyclic hydrocarbon chain which may be saturated or
unsaturated. Unless otherwise stated, such chains can contain from 3 to 18 carbon atoms and

include monocycloalkyl, polycycloalkyl, and benzocycloalkyl structures. Monocycloalkyl



WO 2011/ 044479PCT/ US2010/ 052005 [8] In a particul ar enbodi nent, the

i soi ndolin- 1-one conmpound of Formula (1) is 7- nitro -2- [1 -(3 -

et hoxy- 4-wetzhmoppiteny 1) - 2- (net hyl sul f onyl ) et hyl ] i soi ndeclrius2012/08085 wher e
Xl is nitro; each of X2, X3 and X4 is hydrogen; R3 is nethyl; Rl is

met hoxy; and R2 is ethoxy. [9] In another enbodinent, the isoindolin-1
-one conpound of Fornula (I) is 7- amno-2- [ 1 -(3 -

et hoxy- 4- met hoxyphenyl) - 2- (net hyl sul fonyl )ethyl] isoindo |lin- 1-one where
Xl is -NH2:, each of X2, X3 .and X4 is,hydr X i S thyl: Rl is nethoxy;
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or more suitable substituents.

[016] As used herein and unless otherwise indicated, the term “substituted” as used to
describe a compound or chemical moiety means that at least one hydrogen atom of that
compound or chemical moiety is replaced with a second chemical moiety. The second
chemical moiety can be any suitable substituent that does not nullify the synthetic or
pharmaceutical utility of the compounds provided herein or the intermediates useful for
preparing them. Examples of suitable substituents include, but are not limited to: alkyl;
alkenyl; alkynyl; aryl; cycloalkyl; alkoxy; CN; OH; halo, C(O)OH; COhalo; O(CO)halo;
CF3, N3; NO2, NH,; NH(alkyl); N(alkyl),; NH(aryl); N(aryl),; (CO)NH,; (CO)NH(alkyl);
(CO)N(alkyl),; (CO)NH(aryl) and (CO)N(aryl),. One of skill in art can readily choose a
suitable substituent based on the stability and pharmacological and synthetic activity of the
compound provided herein.

[017] As used herein and unless otherwise indicated, a composition that is

“substantially free” of a compound means that the composition contains less than about 20%



WO 2011/ 044479PCT/ US2010/ 052005 refers to groups having a single ring
group. Pol ycycl oal kyl denotes hydrocarbon systens containing two or nore
ri ng systworow/Mone or nore ring carbon atons in commpaI/US2@0/05MW03PIi r O,
fused, or bridged structure. Benzocycl oal kyl signifies a nonocyclic alkyl
group fused to a benzo group. Non-limting exanples of nonocycl oal kyl
groups are cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycl oheptyl,
cycl ooctyl, cyclononyl cycl odecyl , cycloundecyl cycl ododecyl ,
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[19] As used herein and unl ess otherw se I ndicated, the teFm

'enant itberbké mabnsycoptacetig omanegctantsteceg@oohicotichiplysurectongosp oi te ldk a
conpound having one chiral center. [20] As used herein and unl ess
otherwi se indicated, the term"racemc" or "racemate" neans about 50% of
one enantioner and about 50% of the ca&+esponding enantioner relative to
all chiral centers in the nol ecul e. Conpounds provided herein enconpass al
enantionerically pure, enantionerically enriched, diastereonerically pure,
di astereonerically enriched, and racem c m xtures of the conpounds. [21]
As used herein and unl ess otherwi se indicated, the term"process(es) for
preparing” or "process(es) for the preparation” refers to the methods
dlsclosed herein mhlch are. useful for preparlng a conpound prOV|ded hereln
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[22] As used herein and unless otherw se indicated, the term "addi ng",
"reacting” or the |like neans contacting one reactant, reagent, solvent,

cat al yst ,woeatttisveogr oup or the |i ke WO 2011/ 044479PCT/ BE2AB10HZMHOS W t h
anot her reactant, reagent, solvent, catalyst, reactive group or the like.
React ants, reagents, solvents, catalysts, reactive group or the |ike can be
added i ndividually, simultaneously or separately and can be added in any
order. They can be added in the presence or absence of heat and can

optional Ly be adde nder r ere. efer toin
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herein and unl ess ot herw se indicated, the term "pharmaceutically
accept ab¥ B '94PMC PR3CUfes, but is not limted to, salts of acidic or basic
groups [phfl TRY RS WRIAREA hif uhRE GRAINIAGREEU LadiRERAIIT o COMRAMRIS
prOV|ded ereint at are basic in nature are capabl formng a wde
var|etymuﬁﬂaalmssﬂthIMéEuhmaumh@mganmnﬂamwneﬂ@aﬂwaeammdsomIMSnaned@nthat

Componrtiera e RBEE SR ARI BT eer LB el R B RG0! KB 5 Fecept abl o

ani ons hgelpetngly Mste tRaf alout®3%dytRrccACHLRAL Snd RERZABREMIY ABAL Ban BEIZOAL €,
bi carbonate, bitartrate, bron de, cal ci um edetate, cansylate, carbonate,

chIor|d€96byowrd@§ﬂﬂddfﬂ@CE@pﬂkm@éwﬁdlhydrochlorlde edet ate, edisylate,

estolat esyl at rate at e n [ amat e

glycolly%érsanlla e é%?’re%g?%§nabm“mﬁlgmgge%ﬁh%ﬁxﬁ’ r%??ﬁg%ﬁ?ﬁ%ate,

i set hi aieadpablé sdtt’ah@uddsaeitabh@nmhiead toPdadth 6f aditic @abesic prRugeithat ay Besyl at e,
met hyl sul fate, nuscate, napsylate, nitrate, panthothenate,

phos phaireseas b gpapeundy proyeted dstoi &%@I@unéwrp@waﬂlere%@éta%rabw Hycci nat e,

sul f at : ounds

provi e EERaReE B IR p bERSBLE of hCIth DGR inhhiD R Bl Rl 1y

accept aflceacsialtha maytte usad tmpa&nph&m&nmﬂ&ally accagdblei sahs bﬁsubhl badci ds

nment i oned abo g@/ V|ded herei n t hat ar§1aC|d|c in nature are
capabl €°81OHY Srﬁrﬁgl%a% t mrﬁp%?g BRAREMBeRiPHER 1 5GERIANIE 91IQB ept abl e
cat i onsycINeiRg! bl l%ﬂlt@d‘%”@ée@a?e Yensdhe i fAbSbdmch i dscAbsdkd, biEkale, O

al kal i ne ear?h metal salts and,” particularly, calcium magnesium sodium
l'ithi urhromida:ccalqzlomasistam?palaﬂdater@lbmtet shlowd®, 2mrnvd6,4144ﬂ19R¢ff¢th,82010/ 052005

o s RSl PG aMERE RO ) Dardt aiceb P bt el udes

a st oi ginitarBtel bigcollylNQahiRtQhehiIRERtREICh m@fhyuﬂi haphehtaek, by
non- coval ent | nternol ecul ar forces. [ 26] As used hereln and uni ess

ot her vml@féhlpmtbclacttet& lagtabiopatermalgtsl, pateate, maadelaty, metywate.anétbylseérté.r om t he
associ n, of of. n | | |ded her ei n.
The tenirlsr bare e st B RO, BRL et Rty SRRACWRATY: ate.

tri hydrsatigylatt, eitéaa&tycbhaélﬁate mﬁateh&nhétk,&)rtrate[, 2:0L1aR% trusigiddider #idpagidtcun! ess
ot herwi se indicated, the term "pol ynorph" nmeans solid crystalllne forms of
a conmpdemappndy Pipxiled bersimthat ngbidpre Rmingegrasp alsort PramtappcsHirallis of t he
sane c er ent C

speot r ouegiitle CA Gl Gl PR AR EeicBBE R i e

i ndi cat@pdunds ptovated htoiis thas&s aoidiciamdiure m&apa&jlabéﬁdﬁhmgdjasamm’ﬁi 'y high
| evel or activity ns di se or. condi tjon not
arise, ‘@Rt Rhagm %ﬂﬁe.e&a'l\@mm C P19 e NoBITItigE CXUTPIGS 955%? g o

| over, £Kdﬂ%§ﬁﬁ&ﬁ§k£%m%@@@hkh@Qﬁn&ﬁﬁtmﬁﬁ&ﬂﬁﬁg@ﬁﬁﬁﬁ@%%%n&hmkfﬁﬁﬁ@ﬂ by a
Iomerlng of TNF-a level or activity [ 29] used herein, and unless

ot her wilgkiugpenicf pdaksiunhentd eonsalts reat , " "treati ng" and "treat nent"
contenplate an action that occurs while a patient is suffering fromthe
specified di sease or disorder, which reduces the severity or synptons of

t he di sease or disorder or retards or-74 ows the progression or synptons of
t he di sease or disorder.



[ 30] Acronyns or synbols for groups or reagents have the follow ng
definition: HPLC = high performance |iquid chromatography, CH3CN =

acet oni t rwbep1iDF7e di met hyl fornmam de, DVSO = di net hyl psuitsecaods200THF =
tetrahydrof uran, CH30Ac = nethyl acetate, EtOAc = ethyl acetate, AIBN =
2,2' -azobi si sobutyronitrile, DBH = 1, 3-di brono-5, 5- di net hyl hydant oi n and
DI PEA = /V, N-diisopropylethylamne. [31] If there is a discrepancy between
a depicted structure and a name given that structure, the depicted

Ster codhgit i iy BR SSEROES A Bh G Gha N e BCH RS B neh b monsteq. o, g

wi th balothpaundpRerkdIihcRes or bRElt BetddE! tHitcuahierPAhdRn sttchemsm%tricsort o0 be
i nterpreted as enconpassi ng any or al| stereoi soners of it.

2011/ 04Wn7YPCTPYSEos EMOSPOYSVatfrmung by ngpwerdeu dntsrraleede fﬁ@ﬁ&u n can be
U”deFSt[gg@ more by r{Pe)fmh% \Aﬁ %&seoth&\x}l emgl%%t' ?Vﬂl@%nqe%@l%t%dnﬁg Cqiption

and ill rati ve exa es are in ‘0 exenplIfy non- |n1t|ng
enbodi nehtase foﬂrné?deromeths moc1a1[1@8(]»f dte@y intherd sdlecrginibledudespio awespesnd or t he

preparatio 2- (1 phenyl hyl)ls |nd lin-I-one conpounds. In certain
enbodi rPéﬂYlge(? beinprl é%rgbswfy Dydietesde g fonenteriasAEr ¥ P ci ent means

for tnashanse, t%ﬁaﬂl AL FRTHEE)2 productlon of 2-(1-

phenyl et h )|30|n olin-1-one c npounds [34] In some enbodi ments of
i nt er ed027Ipr ovi déd ubat leireinane uplescebe@ssdiodicpicéghe fomg ‘pslyinmdph’i mednsone

ol vat een Foiadiigory b estrsing GroRB Tt RbFBPISN UGHHE TPgthe step o
react i N @AnGHhiTBI the 34O Borpoun@rddH kaniblt different physical, chemical and /or

spectroscopic properties.

[028] As used herein and unless otherwise indicated, the phrase “diseases or

conditions related to an abnormally high level or activity of TNF-a.” means diseases or

conditions that would not arise, endure or cause symptoms if the level or activity of TNF-a

were lower, or diseases or conditions that can be prevented or treated by a lowering of TNF-a

level or activity.

2% &L

[029] As used herein, and unless otherwise specified, the terms “treat,” “treating” and
“treatment” contemplate an action that occurs while a patient is suffering from the specified
disease or disorder, which reduces the severity or symptoms of the disease or disorder or
retards or slows the progression or symptoms of the disease or disorder.

[030] Acronyms or symbols for groups or reagents have the following definition:
HPLC = high performance liquid chromatography, CH3;CN = acetonitrile; DMF = dimethyl
formamide, DMSO = dimethyl sulfoxide, THF = tetrahydrofuran, CH3;OAc = methyl acetate,
EtOAc = ethyl acetate, AIBN = 2,2’-azobisisobutyronitrile, DBH = 1,3-dibromo-5,5-
dimethylhydantoin and DIPEA = N, N-diisopropylethylamine.

[031] If there is a discrepancy between a depicted structure and a name given that
structure, the depicted structure is to be accorded more weight. Furthermore, if the
stereochemistry of a structure or a portion thereof is not indicated, e.g., with bold or dashed

lines, the structure or portion thereof is to be interpreted as encompassing any or all

stereoisomers of it.



Rl or a salt thereof with a 2-(brononethyl)benzoic acid ester of Formula
(rr1): X1 in the presence of an inorganic base, wherein 9 - WO

2011/ 0444v0RCTI/04$2010/ 052005 R is al kyl or aryl; eathusediomb20ahd R2 i s
i ndependent |y hydrogen, alkyl of 1 to 4 carbon atons, alkoxy of 1 to 4
carbon atons, cyano, or cycloal koxy of 3 to 18 carbon atons; R3 is hydroxy,
al kyl of 1 to 8 carbon atons, phenyl, benzyl, or NRAR5;

[032] The processes provided herein can be understood more fully by reference to the
following detailed description and illustrative examples, which are intended to exemplify

non-limiting embodiments.

4.2 Processes

[033] Provided herein are processes for the preparation of 2-(1-
phenylethyl)isoindolin-1-one compounds. In certain embodiments, the processes provided
herein are to encompass efficient means for the large scale or commercial production of 2-(1-
phenylethyl)isoindolin-1-one compounds.

[034] In some embodiments of interest, provided herein are processes for preparing
isoindolin-1-one compounds of Formula (I):

R1

1
X 0 R2

X2 SO,4R?
X* M
or pharmaceutically acceptable salts, solvates including hydrates or polymorphs thereof,

comprising the step of reacting a primary amine of Formula (II):

R 1
R 2
SO,R?
or a salt thereof with a 2-(bromomethyl)benzoic acid ester of Formula (III):
X 1
X2 CO,R
X3 CHyBr
X+ (I10)

in the presence of an inorganic base, wherein



each of X, X2, X3 and X4 isindependently hydrogen, halo, alkyl of 1 to 4
carbon atons, al koxy of 1 to 4 carbon atons, nitro, cyano, hydroxy, or
-NR4' R5' ;wonommmpsd™mo of Xl , X2, X3 and X4 onadj acent carb®Sations200% oget her
wi th the depicted phenylene ring are naphthylidene; each of R4 and R5
i s independently hydrogen, alkyl of 1 to 8 carbon atons, phenyl, or benzyl;
or one of R4 and R5 is hydrogen and the other is -COR6, or -S02R6; or R4
and R5 taken together are tetranethyl ene, pentanethyl ene, hexanethyl ene, or
-CH2CH2X5CH§§H%ﬂkin which X5 is -0-, -S- or -NH; each of R4' and RS
i s independ Ply5ﬁfﬁ?36En, al kyl of 1 to 8 carbon atons, phenyl, or benzyl;
or one of R&acppRRad R%ismlydbp@mﬂﬁmldxbﬁal,qu@%fl&46&385ﬁatoﬁfs, alRORRE ; or
R4' and R5' taken together are tetranethyl ene, pentanethyl ene,

hexamet lhipl4¢febonptomeigyane v crglpatkpry ofp iahlidqarbey atengs;-0- | "- s or -NH; and

each of R6 RO 1S, a 440 8 carbon atons,
cycl oal kyl g?d§33gr égggﬁﬁqgggﬂ%ng# %ﬁ§ﬁ§¥?w[%%%#%ﬁgNﬁﬁ%fganic base t hat
can cat al yzeacli opXODOt ¥’ fhieX hig ¢hdeppdiichile hgdrogtn, halol alivyr efalctoidosurlet ween a
benzylic bromi de and a primary amnm ne, suc s the jniti.al reactiaqn,between
For nul aﬁtqm%)amgﬁa O%ér% [carbep Rioms, BEEP, Bﬁéanas@@%m QL IVR Ri n@f a4 |0§%<lof

sui table KNGRIRNDE ARG chiBSh dMaRLAhoYAR B AR HIn A PREAGS! UM

hydr oxi dé and sodiﬁﬁl yd?oxﬁge, ﬁétgﬁhgarbonateg suc gg’%ota Sium

car bonataphthplideedi um car bonat e, netal hydrogen carbonates such as sodi um
hydr ogen car bonat e, and_ pot.assi u rogen carbopate tal hydrides and
o nat | on<Ehar Boft RS SHETEHBOLY REROETALST Rbf ok FUOBALBT PSP Ga o
hydr ogepned! SodRtE R lafd RIS BRfro&iRedithesther i LEORNYrISOLI’; BAREahSRPOL assi um
carbonate.” The nole ratio of the |norqan|c base to ForWU|%g£%% can be in

t he r arfgleengpgethargre tetramediybopenginicthylencs berametydeticnent(dl @HeeHrat i o of
the inoroani,cybasg tQ Fonmul.a (1) is about 1.5:1 to about 2.5:1. In other
enbodi nent's, the nmole ratio’of the inorganic base to Fornula (1) is about

2.0:1 to abaith 8f R hnd RWGs ZHALAL A4 ARED $ddS2NE 06 06RA0&rbEBGdmINheng@act i on
between Formula (I11) and Farmula (111) can occur_in.a solvent sych as

&
acet oniarbengl; atomg of Be engdRe | is hyogen ad, g ogher ac€ihe andOetioy R etdy |
ket one,pe j e t f , di chl or onet hane,
chIoro#%r%@giﬁﬁégﬁgﬁggﬁg?%%@%%ﬁ%h%ﬁ&aaﬁg?hgﬂk?%¥%% egééj%?dimsthyl sul f oxi de,
and coriithaH,Kn€H, 6Hp-cafwlich Hener@, ;S-tdreNehpirgle of a suitabl e sol vent can
be based on ny factors.s. e solubiljty aof the inorganicvgﬂge in

uch as t
t he sol vent ,C3fhaf %a%t}dclﬁt%%ﬁ%@ﬁﬁ}t@ygfoaeﬂea@%ﬁ? 8 carhgniating gy Ylef f ect

on the(ﬂ@qb%h%Mmﬁmn&ﬂg(ﬁ?ﬁé ni ¢ base. In one enbodi nent, the solvent is
acetonitrile and the I'nofganic base is potassium carbonate. |n another

enbodi , the I: i ] I SleElaT ek i's
sodiunﬂﬁ@%rogen %g&égﬁg?gébgfg@¥Q%%gﬁagg%ghgﬁmﬁgﬂ%%E%?ﬁg%ﬁ%an %gﬁﬁ%@

t enper atagtien bsefath afbenzitlivébromaiztandn poetame emirke) suthl &3 tid injtiahrdcfar mul a (111)
according to pers of ordinary skill ip the art. For instance, in

cor t ai PebHtsadiHIed D ER FPEm (10F) tahsasst uNenigiteg Grawlagdaritede and
about 1 : e sad : i : L erature is
bt e B B B O B By e ot e
react i drydtengee netal cerbosatbetsusk enpatbsiiim ¢@Gonaid aabsndiurh @@Gondte, ractplar t i cul ar
enbodi t, the,solvent, is acetonitrile and the reactio enperature is the
boi |1 ng stk CGPORuES sishes rpGsm Moo fafGta MBS Pl BEREINE. c2n ' be
any ti nRettisiBfidided SHd dondyifiRRGS tHRRIPEIVGREiRdHER, fht lilorgitfe FREMRIh! 1)
according to a person of ordinary skill in the art. In general, the higher
t he redwdragen caibpestat Iy anothesembpdimeat, thesinprganicdwse isaetassingm, cafymaiendihance,

in certajin enbodiments, .the reaction ti i.s . from abpuyt o apout, 24
nour s, "o SRRAhE B Sumis @S f R PLI) SR AL ATRERPHonE 1o BBRHE  anou

1 and dh@uine 2nidbodingentd, thean@laiiticol the ke twato Pérniul @) Bsibout he:1neact i on

time is about 2 to 4 hours at 81-82C. ) ) )
about 2.5:1. In other embodiments, the mole ratio of the inorganic base to Formula (1) is

about 2.0:1 to about 2.2:1.
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[39] The ratio of the 2-(brononet hyl)benzoic acid ester of Fornula (111) to
the primary am ne of Formula (lI1) can be any nole ratio useful for the
reacti on wetzemam4dgornula (1) and Formula (111) accordipag/useoia/opmpson of
ordinary skill in the art. For instance, in certain enbodi nents, the nole
ratio of Formula (I11) to Formula (11) can be between about 1:0.8 and about
1: 1.3. In other enbodinents, the nole ratio of Fornula (Il11) to Formula
(I'1) is between about 1:0.9 and about 1:1.2. In further enbodi nents, the

nol e ratho of FO la ..(l111) to.For [ ) weenaboutllandabout
121" 0K 5011/ G Tser ket R ERTeR by YD IEE 8RR T a0t

For mul &uCh )s dctdd@sild; ethyl gcctaas &iohesiuch 4k @cé@énd:&ﬁrﬂllétﬁyl(dtﬁ | ke@Ae,kghddsed.
Conversely, if an enant i oneri cal | y qure For mul a i's desired, an

enant i oiek prdicthyl efheranddetrbydrofynal, dgHopmathaag. ch ﬁ@%N mewyti ng exanpl es

of For i

O1sy s ToRLohe | L MIPrormamide dimeghyl suifoxide, and combinations hereof Tn

(1R) - 1-deBerak tiootpick-afatshinaye h(ﬂﬂ@h’k)caﬁbﬁbﬁsl@dbﬁmdnﬁrcfmtbrsehhydtsahb Beubility of
o dhetngrdinis ke PPRapAeRt o anclobias @éﬂ’éﬁvw@%e TGttt ¢ he
enanti Qyfs b?s\{mg%l‘{ﬁ@fdo%hﬁ 8S Oinuéﬂe%ﬂoﬁﬁﬂ&it C{HQEI v Qc%td?ﬁt?i'lé)agidctﬁé

resol ution and em cal ution. 1n general og| cal resol ution uses
a m cr chergamic bhsermpattaeﬂmm@srbonaes hemdthar. cetbadinmantehe $adeanit mgditiethybdt her
enanti oner alone. .In chen ?’ﬁ res the.racem c m xture is converted

t
into twoTHITACE APd fledporgpuc %‘tlsé%(ﬁuu IY@H’&&?&W@BH%?/ conventional techniques

such ago$7jact i onghe cay@dAichipéair® BaphaieABlaRGE aRIF 66y thORERtISRPAr at ed,
the diasteriosoneric fornms can be converted separately back to the

enant i dwreen Hogmpladlle ﬁb@&blﬂ@d@ (I1b) hecardiog tele pruson owémahﬁ@llu ndthsfartF@uorrul a
(1) is ifisth ac%erﬁl c%rtn?nxet 0 1rne I Ot hc 1onetgr1?109rlaﬁr§e 18 e%v&t]eeenl 0 X one
compour BT RIS piodfmerydh APTaRe s efr R C g abten:

t he i sai200o] Iﬂ’lsdmd)d]ﬂbcﬁﬁkﬁ&ﬁsl aﬂmw‘reﬁqnmaau&ﬂ ﬁerﬂp‘érahhﬁ 1s( batweaﬁewouowc and| 41]

I n some enbodi ments of the isoindolin-I-one cor’%ounds of Formula (I), each

of Rl aﬁl?autF@Oi S Imeteperpleadingnta pkisksresithy reagtion waIBEIALDPRIWCIHAbRUL

artic h
grrbodl Lrlr}e s %%mzﬂ a)é’f Jﬁg}&gﬁ% gﬁﬂ&éﬁgggﬁ\]&%nﬁ% Onlhglenaltl{aﬁ[é? -NH2 or
- NHCO?&eaoMoart@anﬁaturas tlycdvcdlgrenpoiad dfjdcctohitrllet e B 1682Mon at ons, cycl oal kyl of
3to 8 bon ato or phenyl. |In one enhodi nent, Xl i s - NHCORG' apd R6'
is cyc|l§§$lopy| EIRROTEWBE AR RN, tlmuéggulrﬁe?ﬁweacpﬁn bfoeRar B8 hent, R
is methyly. Fon{lél%](lﬂ)nac@orﬂﬁfr%ttb %Llﬂe?sron%%%a{f? Qi1 ih AR dr8 anRAbhD e Iﬁgﬁer(ﬁﬁ’em)ound

of Formul a
(1S) - 7-rnatctt1|oo-t@n]pe§tat@f-}:- dtet'srhmyerzhs ﬁmrhmtyophemw 150r21;stance in certain embodiments,

t hyl sul f th I Xl t h of X2, X3
tna i e o iR e RBoHa R Bou i Ry g el et e iR ghe
Ref er rirggttion uﬁcehl@ %Etv/éeﬁ)@b&%/l aqa;arap@wmlh&&a B pRecukreRdodn it @FTnt@ag! | on
bet ween Conpound (2) (i.e S)-1-(3-ethoxy-4-

met hoxybﬁmﬂytl()nmmmm%tﬂ4b®i&rlﬂa‘e$1h§1é:m ne) and Corrpound (3) (i.e., methyl
2- bro thy1- 64l resen i.n | atalyst
such agﬁgﬁt assi umﬂc{ért]%o gl%eofgbré 3¥h€(§bgnz ?Coacgcgescc:e%rr o%r?a tt Qﬁ@ tértloei her

enbodi rpefibary ahend dfForthulaI1Q hoky axﬂy mohA@atZ@ﬂ,ﬂa‘ﬁﬂéféﬁ%Q IP@?EilbiSB&ﬂx@éﬁ) baffifa
met hoxy he@all - 2- et hanesul fonyl -ethyl am ne) is replaced with
(1R) - 1 Elza ﬁmda(ﬂﬁ}@emwygF@ﬁyqr)sorz%‘%rfiﬁ@%@%hl frbﬁlslwartetFﬁWléW%)mt o form

IN) - 7-n
g’retl\?loxyp gllri]ly {1?0_ ggr?&rrgt %%Qé?éfrgtﬁoy PS %Q[rﬁlullz] IH% lurll% (fl) can be between about

1:0.8 and about 1: 1.3. In other embodiments, the rnole ratlo of Forrnula (HI) to Formula (II)
is between about 1:0.9 and about 1:1.2. In further embodiments, the mole ratio of Formula

(IIT) to Formula (II) is between about 1:1 and about 1:1.1.
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ocH3 0 C 2 H 50CH3 Compound (3) H," '"so 2CH3 H 2N

WO 2011/044479 PCT/US2010/052005

[040] If a racemic mixture of Formula (I) is desired, a racemic mixture of Formula
(IT) can be used. Conversely, if an enantiomerically pure Formula (I) is desired, an
enantiomerically pure Formula (II) can be used. Some non-limiting examples of Formula (1)
include (15)-1-(3-cthoxy-4-methoxyphenyl)-2-methanesulfonyl-ethylamine and (1R)-1-(3-
ethoxy-4-methoxyphenyl)-2-methanesulfonyl-ethylamine. Alternatively, if an
enantiomerically pure Formula (I) is desired, a racemic mixture of Formula (I) can be
prepared and then resolved into the enantiomers by conventional resolution techniques such
as biological resolution and chemical resolution. In general, biological resolution uses a
microbe which metabolizes one specific enantiomer leaving the other enantiomer alone. In
chemical resolution, the racemic mixture is converted into two diastercoisomers that can be
separated by conventional techniques such as fractional crystallization and chromatographies.
Once separated, the diasteriosomeric forms can be converted separately back to the
enantiomers. In one embodiment, the isoindolin-1-one compound of Formula (I) is a racemic
mixture. In another embodiment, the isoindolin-1-one compound of Formula (I) is the (+)-
enantiomer. In a further embodiment, the isoindolin-1-one compound of Formula (I) is the
(-)-enantiomer.

[041] In some embodiments of the isoindolin-1-one compounds of Formula (I), each
of R' and R is independently alkoxy of 1 to 4 carbon atoms. In a particular embodiment, R'
is methoxy and R? is ethoxy. In other embodiments, each of X*, X* and X" is hydrogen; and
X' is nitro, -NH; or -NHCOR® where R® is hydrogen, alkyl of 1 to 8 carbon atoms,
cycloalkyl of 3 to § carbon atoms, or phenyl. In one embodiment, X' is -NHCOR® and R® is
cyclopropyl. In some embodiments, R* is methyl. In another embodiment, R is methyl.
[042] In a particular embodiment, the isoindolin-1-one compound of Formula (I) is
Compound (1), i.e., (15)-7-nitro-2-[ 1-(3-cthoxy-4-methoxyphenyl)-2-
(methylsulfonyl)ethyl]isoindolin-1-one, where X' is nitro; each of Xz, X’ and X* is hydrogen;
R’ is methyl; R, is methoxy; and R, is ethoxy. Referring to Scheme A below, Compound (1)
can be prepared from reaction between Compound (2) (i.e., (15)-1-(3-ethoxy-4-
methoxyphenyl)-2-methanesulfonyl-ethylamine) and Compound (3) (i.e., methyl 2-
bromomethyl-6-nitrobenzoate) in the presence of an inorganic catalyst such as potassium

carbonate and sodium hydrogen carbonate. In another embodiment, the (15)-1-(3-ethoxy-4-

-12-



Compound (2) v. K2CO3 SCHEME A [43] The reaction between Conpound (2) and
Conmpound (3) can occur in a solvent. In sone enbodi nents, the solvent is
acet oni t rwbepittdaes7peacti on tinme i s about 1 to 24 hours aou/ush@oiosmmnyani c
catal yst i s potassium carbonate. In other enbodinents, the reaction tine is
about 2 to 4 hours and the reaction occurs in refluxing acetonitrile. In
further enbodi ments, the reaction occurs in DMF for about 15-18 hours at
about 70-100C in the presence of sodi um hydrogen carbonate. [44]

Opt i onal | t he i.s9indplin-.1-0n 0 und _of For. I an_be converted
bt o anaourdSmy> BBt RSPy BRTRO nfert SR G BRRE Tari o of
for examghexypaboy}-2-Jackhardoulfdnlybhly ghieXaspbras(10M)- Bhitrbad| 10(3agheksy-4-ncl ude

met hanesul fonic acid, trifluoroacetic acid, 4-(trifluoromnethyl)benzoic
aci d, pretbpuaheni)-2dmcthykeifany haarferindrinc!-a8e.d, nitric acid, sulfuric acid
and phosphoric acid. In one enbodjdgnt, the isoindolin- 1-one conmpound of
Formula (I) is converted into a oghl oride salt with 12 dwdrochloric
acid at a tenperature between ab 0C and about 22C. i The primry
amine of Fornmula %2 can be prieg rggC?y the reactipn kg ;eno$ sul fone and
a benzal dehyde derivatdogHgnd o8ter” net hods kngwn i p he® reacti ons
bet ween sul f ones g P

Pat ent No. 6, 020§

gl.and U. S Patent. Publica No N 7804/ 0204448, both of

whi ch are incorporated Hidrei n by Y&ference. T¥6] The $03CH;3
2- (br omomeCRYIPY behZdi ¢ aci d est eyeof yFor mul a (I | Comeamnbe )pr epared by any
met hod known to a person of ordinary skill in the art. In certain

ermbodi %%]S’ t heTﬁé reaction between Compound (2) and Compound (3) can occur in a solvent.
In some embodiments, the solvent is acetonitrile, the reaction time is about 1 to 24 hours and
the inorganic catalyst is potassium carbonate. In other embodiments, the reaction time is
about 2 to 4 hours and the reaction occurs in refluxing acetonitrile. In further embodiments,
the reaction occurs in DMF for about 15-18 hours at about 70-100°C in the presence of
sodium hydrogen carbonate.
[044] Optionally, the isoindolin-1-one compound of Formula (I) can be converted
into an acid salt by reacting Formula (I) with an acid in a mole ratio of , for example, about
1:1. Non-limiting examples of suitable acids include methanesulfonic acid, trifluoroacetic
acid, 4-(trifluoromethyl)benzoic acid, p-toluenesulfonic acid, hydrochloric acid, nitric acid,
sulfuric acid and phosphoric acid. In one embodiment, the isoindolin-1-one compound of
Formula (I) is converted into a hydrochloride salt with 12N hydrochloric acid at a
temperature between about 0°C and about 22°C.
[045] The primary amine of Formula (I) can be prepared by the reaction between a
sulfone and a benzaldehyde derivative and other methods known in the art. The reactions
between sulfones and benzaldehyde derivatives have been disclosed in U.S. Patent No.
6,020,358 and U.S. Patent Publication No. 2004/0204448, both of which are incorporated
herein by reference.
[046] The 2-(bromomethyl)benzoic acid ester of Formula (III) can be prepared by

any method known to a person of ordinary skill in the art. In certain embodiments, the 2-
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(bronmonet hyl ) benzoic acid ester of Fornula (111) can be prepared by
reacting a 2- nmethyl benzoic acid ester of Fornula (IV): C0 2R CH 3 x4(1V)
wi th a brwoiznatdsmgyoagent, wherein R, X, X2, X3 and X4 ace/u$edionsmons
above. [47] The brom nating agent can be any known brom nating agent that
can substitute a benzylic hydrogen with a bronmo group. Non-limting

exanpl es of suitable brom nating agents include

1, 3-di brono- 5, 5- di net hyl hydant oi n N- brom)succi ni m de,

bronotrjchl or hane abrom styren Vi n Ldi ne

copo y M aRaRTHERAGS st RO o GRS o pSontb TR LA B ommt e and

br onot rmaﬁpllbyﬁz@lld m@est@rtdfz@efﬁmarmr) ons thereof In sone enbodi nents, the
brom nating agent is 1, 3-di brono-5, 5- d| met hyl hydant oi n. Sone usef ul

brom nating agents have been descri be¥' in, for exanple, Baldw n et al.,
Synthetic Commun., 1976, 6(2), 108; L&e e(go , Bull. Korean. Chem Soc.,
1995, 16, 371, Stephenson Org. Syn 196 CoIIective Vol . 4, 984;

Pi zey, Synthetic Reagent, Hal sted P New York, 1974, Vol. 2, 1-63; Sket
et al., J. Og. Chem, 1986, 51, ¥929;YandCkhaintreau et al., Synth. Conm,
1981, 11, 669, all of which are incoryporated ?I n by reference. [48]
Optionally, the benzylic brom nation reaction between Formula (1V) and the
br omi naviting bageinitirgedgenc odiercimR | K& X&r)é%anicﬁ ot dafifigdes abadi.cal initiator. A

free radical is ﬁenerally an atom group of atons that has at | east one
unpai r 8481 ect r ohh OB inEAgEREAaN; ﬁlaPY %Wn pronyaErZALeyt thatsaBSHRYEHES t hat
is cap t C A radi cal
i1 ot e e g bR B A ling L e S

react i oigeinstinubele IFEditudbmo {5 3Alinanhyhyrenkinny-batiesgecagiende, Non-1i ni t| ng

exampl es of table free radical itiators. | azo unds, di al kyl
ber oxi ﬁﬁégmo'ﬁgfﬁb%%? Gt 8 Broing Shmpld el sBiroan Iy AEss SSRLeany MR oxy

esters ,cogpérm} QOGP 8 X IuEeSt sod IR DRMRERAIJ E‘roﬁ%frﬁﬁétﬂﬁ&la’%ﬁdar{&mb' nations
thereof Sone free radical initiators have been described in Denisov et al,
Handb o clenbinatioes threedi.c kil sonrs anmbadgnents, zmﬂbronnmﬁmg\ﬁgmetys &336broma-neé-

Hoboken e) i ncor or at ed ,her r.ef,er ence. sone
orpon MimP B ERRGH, SHMeGReht vl BRLRLFS nhEH AYiRi T8 BB T 005
2, 2' - azZpliinS@ bt @itk [GonBuunl, 1376 26@RN190 2. & diaeBiY. | Kexb &, @het Kbe) . 2, 2" -
azob| s( et hoxydi nmet hgl val eronitrile azobi 5%2 met hyl butyronitril e)

1,1' - aP8bi K. 8y hndtepbenspex@igepynia, 11%6%%@{%-\59181 Youhac s Blfzi% Qeihgsic or benzoyl
per oxi dg,, gﬁtdgglfsteh%esw&by%@k, B94PEEBABEY SLOm A SUBRL IcGLyS18Re 3 Dupont
and Al dri¢ em cal S}’ of can 'be prepared accordi ng to known’synthefic
met hod929| mmdbChdtitréanwd af., Swhodioment 1981hel faceeall athvkiah atenhéorpbratedibgrein

2,2'-azobi isobutyronitrile.
y reference.

[048] Optionally, the benzylic bromination reaction between Formula (IV) and the
brominating agent can occur in the presence of a free radical initiator. A free radical is
generally an atom or group of atoms that has at least one unpaired electron. A free radical
initiator is generally a substance that is capable of initiating the production of free radicals.
Any free radical initiator known in the art can be used for the benzylic bromination reaction
between Formula (IV) and the brominating agent. Non-limiting examples of suitable free
radical initiators include azo compounds, dialkyl peroxides, hydroperoxides, organic
polyoxides, diacyl peroxides, peroxy esters, polyatomic peroxides, organometallic peroxides
and combinations thereof. Some free radical initiators have been described in Denisov ef al,
Handbook of Free Radical Initiators, 2003, John Wiley & Sons, Inc., Hoboken, New Jersey,

which is incorporated herein by reference. In some embodiments, the free radical initiator is
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[49] The ratio of the free radical initiator to the brom nating agent can
be any nole ratio useful for the benzylic brom nation reaction between the
br om nat iwQ 2agent47and Fornmul a (1V) according to a persomrcofuseridiosmny skil |
in the art. For instance, in certain enbodinents, the nole ratio of the
free radical initiator to the brom nati ng agent can be between about 0.01:1
and about 0.5:1. In other enbodinents, the nole ratio of the free radical
initiator to the brom nating agent is between about 0.05:1 and about
0.25:1.,4n further enbodi gents,. .t I atio .of ,free radical
Cni v ator w8oEhat SR Prg 2ot PPisth ik ufiuel 25 0773 And anout
0. 15: 1.azobis@hctidrg dire@R}lv@Bron@ARG B2 UER bR niehydiityoaiimey, at ur e usef ul for
the reaction between the brominating agent and Formula (1V) according to a
per son 4ebis(capgy Globgiane), i erebiytcyamyialarisecih eebenzaylnorexdn al bdi ment s,
t he reagt:i i : e | me
erbodi neipacast & RFERRL Rol e oE R e S A e G s B€70¢ and
about Q@épar¢daccbiieng @rimodinmenthstiomcihoter kst partihidarr cas@idiroemtf thopee aididad i s
bet ween about 50C and.about 70C. In a particul ar enbodi ment, the solvent is
met hy| 18E8t0%1%2-a e a0REsOPRYENIGHC t enperature is the refluxing tenperature of
methyl (agat at e, i eratioRFIHERLS: ABRLE inRRRRY iflfromirafihd aJBe AR ORok! e can
f he bronTnating agent and

be any tine useful for the reaction between the

For mul aafié Wefadoothdibagzytic beorpmatenraaétior hitmeenyths kidhinatmg dpengantd, Fdrmula

general , .the hji.gher the react.ion at ur the shorter.is the reaction
P, FBY) fetfl s o noco P sh R, F it s i ueen
about khaRdlehaybs g MRULSicalliRitiaRIE ARDAGhMBMSaght MR RSN eentdbBuf €act i on
time is between about 1 and about 10 hours. In a particul ar enbodi nent of

i nt er edt-01:4 ped plcaig PiSoh Inj atkeriesnbedmegnts theomglewatigr t_h@ ﬁberavdé@hiréib@gltt%;s and
S0C. VI 204404447 9BGT USROL0! 052005 | Lo2l The £ 81 ii2ll S bremtnag i ng
agent to Fornula (g\/B1 cah bé any nol'e rat1o useful Tor € reacti oh Detween

t he br afible@dtid\er tBgaoé raaivahl fretidiod 8 thd MonaeaRE it it BetdrePeilsn 00f7: 10imdi nary
skill in the art. For instance, in certain enbodinents, the nole ratio of
the br owPHER-i%4 agent to Fornula (1V) is between about 0.5:1 and about

1.5:1. ot her e L.Q 1..and about
11 ner SHERARTENEEmeife FB) 6o 4 ok @nfEhR bt BR) Zpoun
0. 75: 1.betyy&B|thd benhieating] dgentamdrAonatiiadiv y &actdimgntoagrroaafiordinarg skidlivent . Any

sol vent that does not react with the brom nating agent can be used, .
Non- | i ri¢ fiivg FeAIANBNGSs Iferiafh ALV RS, St hsytret‘éi%f‘éltag’f’ét, 20°C

o T SV G0 5 MG R S,

di met hydbofitofdi€rind ebowtifet.hid otbed dndhoddregntaptinboesti thatdaotim tehperofre is
between about 50°C and about 70°C. In a particular embodiment, the solvent is methyl
acetate and the reaction temperature is the refluxing temperature of methyl acetate, i.e.,
between about 55 and 60°C.
[051] The reaction time can be any time useful for the reaction between the
brominating agent and Formula (IV) according to a person of ordinary skill in the art. In
general, the higher the reaction temperature, the shorter is the reaction time. For instance, in
certain embodiments, the reaction time is between about 1 and about 24 hours. In some
embodiments of interest, the reaction time is between about 1 and about 10 hours. Ina

particular embodiment of interest, the reaction time is about 6 to 8 hours at between about 55

and 60°C.
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[54] In some enbodi nents of the 2-nethyl benzoic acid ester of Formula (1V),
each of X2, X3 and X4 is hydrogen; and Xl is nitro, -NH2 or -NHCORG' where
R6' is hywoaegamssebkyl of 1 to 8 carbon atons, cycl oal kpCTafS2@0t062085 car bon
atons, or phenyl. In other enbodinents, Xl is -NHCORG' and R6' is
cyclopropyl. In further enbodiments, Ris methyl. [55] A particular

enbodi nent of the 2-nethyl benzoic acid ester of Forrmula (1V) is Conpound
(3), i.e., nmethyl 2-brononethyl-6-nitrobenzoate where Xl is nitro; each of

X2, X3 X4 i d h Ref ch
Compouriodla)  canTHEAREE helfornlik Bt SROTIMAN' Bobafnanda e s
net hyl Refidithe Radtidn peamaaE Blondngtink, apeal HIFTHRmMBIaS1) mbﬁ&@m@&wm

(DBH) in the presence of a free radical initiator such a
2, 2" - ariordipagkitlhindhs et Fer ipgtpme) in gertamamhodipestythe mpl@ ratigaf thecul ar

Srbost i HE AT By A ARIBRTF bt ot RREL R P puplout 102 o

embodiments, the mole ratio is between 0.75.1 and about 1:1. In further embodiments, the

p=

mole ratio is between 0.55:1 and about 0.75:1.

[053] The benzylic bromination reaction can occur in a solvent. Any solvent that
does not react with the brominating agent can be used. Non-limiting examples of suitable
solvents include methyl acetate, acetonitrile, ethyl acetate, ethers such as diethyl ether and
tetrahydrofuran, dichloromethane, chloroform, N-methyl pyrrolidinone, dimethyl formamide,
dimethyl sulfoxide, and combinations thereof.

[054] In some embodiments of the 2-methylbenzoic acid ester of Formula (IV), each
of X2, X* and X% is hydrogen; and X! is nitro, -NH, or -NHCOR® where R® is hydrogen,
alkyl of 1 to 8 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, or phenyl. In other
embodiments, X' is -NHCOR® and R® is cyclopropyl. In further embodiments, R is methyl.
[055] A particular embodiment of the 2-methylbenzoic acid ester of Formula (IV) is
Compound (3), i.e., methyl 2-bromomethyl-6-nitrobenzoate where X' is nitro; each of X* X
and X* is hydrogen; R is methyl. Referring to Scheme B below, Compound (3) can be
prepared from reaction between Compound (4) (i.e., methyl 2-methyl-6-nitrobenzoate) and
1,3-dibromo-5,5-dimethylhydantoin (DBH) in the presence of a free radical initiator such as
2,2’-azobisisobutyronitrile (AIBN) in methyl acetate. In a particular embodiment, the mole

ratio of Compound (4) to DBH to AIBN is about 1.02 to about 0.57 to about 0.05.

NB
NO, ); NO,
CO,CHy O ! 0 CO,CH;
AIBN
CHy methyl acetate CHoBr
Compound (4) SCHEME B Compound (3)
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CH2Br Conpound (3) WD 2011/044479PCT/ US2010/ 052005 [ 056] The

2- met hyl benzoic acid ester of Formula (1V) can be purchased from a
comer ci avouppl4ieep or prepared by reacting an esterifi eariuseolagswoswith a
2-nmet hyl benzoic acid of Formula (V): wherein X, X2, X3 and X4 are defined
as above. [57] Any esterification agent that can convert the -CO2H group
of Formula (V) into a -CO2R group can be used for the esterification
reaction. In sone enbodi nents, the esterification reaction can be catal yzed

d with ids, . i i.d j h ins, i
andtna0itce. 1Bt Ra Snbau i€ SR PR (MRl SRR IR TR B B0

cat al yz@ehrdrcial Qipplietbrwréfaral Bagectihataal Ketifisiedh @gn@witne s memydknzoic
carbonat es, netal hydrogen carbonates, netal hydroxides and the |ike.
hbn-lirﬁ%d?ﬁfQ§%§Wﬁﬁés of suitable esterification agent include al cohols,
nmet al al koxi des, esters, alkyl halide?ﬂ di azonet hane and orthoesters. The
esterifications of acids to form estefjs have been described in Junzo O era,
"Esterification: Methods, Reacti o ad A@pli cations," Wl ey-VCH Verl ag
GbH & Co. KGA, Weinheim p. 3-174, )03), which is incorporated herein
by reference. The esterification ég xylic acids with orthoesters has
been described in the literature 'such |as dhino et al., Synlett, 2004, 9,
1604; and Trujillo et al., TetrahedroW'Lett., ®9P3, 34, 7355, both of which
are incorporated, herein,y reference. Non-limting exanples of suitable
orthoe§ﬂ§?§npﬁd¥aa§apgpﬁéﬁﬁyﬁhﬁ?ﬁﬁ@%ﬁﬁtate, trimethyl orthofornate,

triethyl orthoformate, triethyl orthoacetate, triethyl orthopropi onate and
the |i K857 n sondnzsiediisasiengzentikatean epnvicridhe i(fpFhgoup of EompulafY hvést er .
In fur tah.%{o Tr;g%&gé RS se{i ?oer ¢ {;J%é’r dafibn bchidd, RN AMA0RGE! afe-  [58] The
reactioh tenperature o e esterification can be any tenperature useful

for thestegificiticareb@ionean bt betagstdsi fromatadontiaBenstedndidkdrends acids/fioriccor di ng

to a person of ordinary skill in the art. For instance, in certain
embodi risAbange resinsegqabitsrand 4hq 1. B gther smbpdimsaisathgesteribicaionigastionsaut oc

and abaqyut - o
2011/ 02(% éf%ggaé%%i ngﬁmgggg%hma&ttaﬁysq sudHYs&hfiRds, et céﬁ@onates, metal

hydrogen carbonates, metal hydroxides and the like. Non-limiting examples of suitable

esterification agent include alcohols, metal alkoxides, esters, alkyl halides, diazomethane and
orthoesters. The esterifications of acids to form esters have been described in Junzo Otera,
“Esterification: Methods, Reactions, and Applications,” Wiley-VCH Verlag GmbH & Co.
KGaA, Weinheim, p. 3-174, (2003), which is incorporated herein by reference. The
esterification of carboxylic acids with orthoesters has been described in the literature such as
Yoshino et al., Synlett, 2004, 9, 1604; and Trujillo et al., Tetrahedron Lett., 1993, 34, 7355,
both of which are incorporated herein by reference. Non-limiting examples of suitable
orthoesters include trimethyl orthoacetate, trimethyl orthoformate, triethyl orthoformate,
triethyl orthoacetate, tricthyl orthopropionate and the like. In some embodiments, the
esterification agent is an orthoester. In further embodiments, the orthoester is trimethyl
orthoacetate.

[058] The reaction temperature of the esterification can be any temperature useful for
the reaction between the esterification agent and Formula (V) according to a person of
ordinary skill in the art. For instance, in certain embodiments, the esterification reaction

temperature is between about 0°C and about 120°C. In some embodiments of interest, the
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esterification reaction tenperature is between about 20C and about 100C. In
ot her enbodi nents of interest, the esterification reaction tenperature is
bet ween avoup1183@@7and about 120C. In a particul ar enbodiPCEMIS201I082005
esterification agent is trinethyl orthoacetate and the reaction tenperature
is between about 95 and 100C. [59] The reaction tinme can be any tine
useful for the reaction between the esterification agent and Fornula (V)
according to a person of ordinary skill in the art. In general, the higher

the reacti.gn tenperature. the shorter |s the~reaction.tdme. FEor instance,
1 cer XS RL R s SERMSh by B FRERNAS B00 s b oue 24
hours. dnibodl@hiEnteohiaekrdenhs cérifivatien asttiord RepeRaat iOhetivtdEabost SECWREN about
1 and about 10 hours. In a particular enbadi ment of interest, the

est er i fabent 120nCaljenpartisuler errpadipenty thepsigeificstion agapt it Hemetbylarihoacetitee i s
about . [60] The ratio of the
esteri ?alngglﬁ%gﬁa%lztﬁ@b?Igﬁl&%\lrﬁgdu%f\g&%%o%?ﬁg 1g)ﬁf/)&m)l e ratio useful for the
esteri f[08Yt i on r Factdactivrathne cai bgartydtiae peifsidbr ik redctionbetyveskidd in the art.
For instange, .in certain enpodinents, the nole ratjo of the esterjfication
agent teéteng?ﬂﬂnaf‘g(a%aq%sFoﬁé‘P%ﬁ aogpigingpto p neRen b Qtringgy skifl in the a5t gy

enbodi nRALS) {18 AR Re Flddh kRipLaiMEERe dhofter & ROF gtbd?wuﬁ . F&X ikstahdd, frur t her
enbodi [%nts,’ theonol e ratio is betwden 1.5 1 and about 1:1. 1[%%] The

est er i fdettaini corbodea@its, dire rwactiondoue isifront Ao se pbait@d honssdmsemof a sol vent.
In sone eqo odi

th terificati ti ip the ab f
e Bt o Bt Horecon HEe SUtay T att bind ast 1 ORowtclie in the

sol vent™,
pr esenGRrfuld cidodBidnt of HYerSR) (48 Biterdifi@itiof @8t MO ink @R lorthbiddtatdend the
esterification agent can be used. Non-limti ng exanpl es of suitable

sol ventrsadtiostigeheis gbeuiyl| to ddwmzs & bersn ghoutddlaad 180Ky acetate, ethers such
as diet et her +and .t etrahydrof uran, dj QL0 ane, chl or of or. nmet hyl
oyrror i M0one ot Reri Par st hacl R AIRAE oo koM AT hainng
conbi nabi MaesteFfitfRh rbattigf ACEcling @a hORbIE of drdiHadly gal ibteafry FOF gatinge,sal t

with a low nelting point, preferabl K | ower than 100C, and nore preferably
| ower tIR&PITB SHDY fsathermole ratiopfghpesisrficaton peant tmBermuke(\)ss befvesh i oni c
liquid [ ' f ff L catyi A | ONS.
Nor | 1 rieput SF aBELRRD. S FRERolifenkl RcmBle 181 UL GRU BELARPRAPTC.
| i qui d=0.7%1gIn futthet dryloddmnmt it invilciarolid bmwtasy b Ataad about 1:1.

1-butyl-3-methyljmdazoliumoctyl sulfate, and 1-butyl-3-nethylim dazolium
2. (2. ifHoxyet h_EH]Wé?rh@ﬂaﬂ%r%%{@) Car} G Wipdhe %&%@ﬁ@%@(@{] olvent. T
1- et hy Ig3renBiuodthdied a0l kiR Rt B ed i dn St 3 i Bk iofh A8z 0kt Yilbther

hexaf | uor ophosphate, and 1-butyl-3- WO 2011/ 044479PCT/ US2010/ 052005

met hy| i amtebelzoérits) thestaft]l caboohospheicels it pyseindé of aisnlcmtpdopdslvés. that,
1-Butyl;: 4- nethyl pyridiniu hl ori de d 1-b - 4-met hyl pyri di nj

et | U5FOBIGSTHATE e GO LHERT St SHEBNE: N kg ame o Ebiounds,
and corngivatsiifdlgdd MethePicchRdTBcdtOmtfle,| dtkidiadsatdl &@h&le sedh Retkthyl Mg sgd schei d
et al., Angew. Chem Int. Ed. 2000, 39, 3772; Wlton, Chem Rev. 1999, 99,
2071; Skisdlgdrmiuehetichlowmriianc2ddarofasg -mathy! pxrpdisinae, dimethyChermantds; .
2002, 102. .3 . of whi.ch are i ncorpoy erein .reference, . [62]
o soms B ioalle sl RSBl Ryt BEROAPERLEEMEel 3 168} A Fope eath
of X2, aX3$ oaguhiowhltwsitthy thvogehingadathtXprefesably lowar thaNHROUT, anlikKePRprefvblye R6'

i s hydrogen, alkyl of 1 to 8 carbon atons cfécl oal kyl. of 3 to 8 carbon

at ons, lBWeithanjaom femnstateie Srts drerersparteddhat the upgpicrgonishiguides the

cycl opr [; 4 i . @ﬁm I t he .2- ZQl; cid
et er OS Rég'% %l 1§%h\J\%Qh?§1Qg)c§$g§h§'&%t , ?dtfgﬁy Pr}lg{l %@rlgnwarﬂﬂl&e& QlibR

2- et hyibri6diqirids ddpdundedat ezewifeedodt ligsideid g.01 -ceat-3-roéth}2mi dX3olamd toXtates

hydr ogen; is nmethyl. Referring to Sche C_ bel ow, | oun 4) can be

pr epar eldb?t?ﬁi:_;ﬁr?eé%)éﬁl%z%lé‘ﬁ\%céﬂ S%g_ﬁtﬁo%}’rﬁidl 'E‘Etyl'%im%hﬁl@lﬁoﬁ&qm SI'éé'ni t r obenzoi c
aci d) apdndLyiRxD Y256 IRASE Rhhsoliuh &d?ﬂ%d'%ﬁﬁ?(b‘? , I)-feth?'lé%é{ﬁj{?ﬁmfaﬁzcﬁﬁlh@' yst.
The reaction tenperature between trinmethyl orthoacefate and the

2- net hyirbmntedi-cthgled-thetifylifodamoliam(hékademoplespledtoyend labwylt3-80 and about 120C.
The nole ratio of trinmethyl orthoacetate to Formula (V) can be between
about 1:1 and about 2:1. In a particular enbodi nent, the reaction
tenperature i s between about 95 and ab®ut 100C and the nole ratio of
trimethyl orthoacetate to Formula (V) is about 1.5:1.



[064] I n one particul ar enbodi nent, the isoindolin-I-one conmpound of Formula
(I') is a 7-nitroisoindolin-1-one conpound having the followng formula: WO
2011/ 044470RGTI/0452010/ 052005 where X2, X3, X4, R, R2 and/uR3o1ans20d&fi ned
as above. In sone enbodi nents, each of X2, X3 and X4 is hydrogen; each of

Rl and R2 is independently al koxy of 1 to 4 carbon atons; and R3 is al kyl

of 1 to 8 carbon atons. In a further enbodinent, R is nethoxy; R2 is

et hoxy; and R3 is nmethyl. [065]1n another enbodi nment, the isoindolin- 1-one

COMPOUN e Bl s hbdarl s AL A AR ki R QAU 1A nO the
methylpyridinium chloride and 1-butyl-4-methylpyridinium hexafluorophosphate),
phosphonium compounds, tetralkylammonium compounds, and combinations thereof. Some
ionic liquids are described in Wasserscheid et al., Angew. Chem. Int. Ed. 2000, 39, 3772;
Welton, Chem. Rev. 1999, 99, 2071; Sheldon, Chem. Commun. 2001, 2399; and Dupont et
al., Chem. Rev. 2002, 102, 3667, all of which are incorporated herein by reference.

[062] In some embodiments of the 2-methylbenzoic acid ester of Formula (V), each
of X* X*and X* is hydrogen; and X' is nitro, -NH, or -NHCOR® where R® is hydrogen,
alkyl of 1 to 8 carbon atoms, cycloalkyl of 3 to 8 carbon atoms, or phenyl. In other
embodiments, X' is -NHCOR® and R is cyclopropyl.

[063] In a particular embodiment, the 2-methylbenzoic acid ester of Formula (IV) is
Compound (4), i.e., methyl 2-methyl-6-nitrobenzoate where X' is nitro; cach of X* X’ and X’
is hydrogen; R is methyl. Referring to Scheme C below, Compound (4) can be prepared from
reaction between Compound (5) (i.e., 2-methyl-6-nitrobenzoic acid) and trimethyl
orthoacetate in the absence of a solvent or catalyst. The reaction temperature between
trimethyl orthoacetate and the 2-methylbenzoic acid of Formula (V) can be between about 80
and about 120°C. The mole ratio of trimethyl orthoacetate to Formula (V) can be between
about 1:1 and about 2:1. In a particular embodiment, the reaction temperature is between

about 95 and about 100°C and the mole ratio of trimethyl orthoacetate to Formula (V) is

about 1.5:1.
NO, NO,
CH3 CH3
Compound (5) SCHEME C Compound (4)
[064] In one particular embodiment, the isoindolin-1-one compound of Formula (1) is

a 7-nitroisoindolin-1-one compound having the following formula:
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RL (VIl) where X2, X3, X4, R, R2 and R3 are defined as above. The

7-am noi soi ndol i n- 1-one conpound of Fornula (VII) can be prepared by
reacti ng woeonridsmegpy am ne of Fornula (11) with the 2-(lpcoraseemioyiopbenzoi c
acid ester of Formula (I11) where XI is -NH2. In general, the primary anm ne
group of Fornmula (Il) is nore reactive than the aromatic am ne group of
Formula (VI1) in nucleophilic substitution reactions. However, if it is
necessary, the aromatic am ne group of Formula (VIl) can be protected by a
protecting group before the reaction and renoved |ater after the reaction.

Any am ne protecting group knowmn to a persJ of ordinary skill in the art
bl e am ne protecting groups

can be used. Non-limting exanples of s Q
R benzoyl ), urea and urethane

i ncl ude acyl groups (e.g., Vi, &

derivatives, and al kyl and4q ' 7e5. Sonme am ne protecting group
are described in Jif MacOnm e qctive G oups in Organic Chemstry, "

Pl enum Pub. Corp., Chapter,, L3y, WNch 4 g3 WO

2011/ 044479PCT/ US2010/ 052005 i corporated héerein by reference. The reaction
between Fornmula (11) and For nuk ‘a (I''l) has been(dijscussed above. [66]

Al ternatively, the 7-am noi soi ndolin-1-one conpound of Formula (VII) can be
pr epar aghdy XF edust' N RAGnd RALES Rifined RIMIvE- T Qe GRRRRMBSLs Qfacirer REb& (V1)

w th a reduci ng agent. The reduci ng agent can be anﬁ known reduci ng agent

in the aadtX tihhydrogen; cedhuefek andiR rip Ingiependenity alkpry ofal ip herrben atios:-4ndR’t i ng

exanples of . s educi agents jncl ude..hydrggen us acatal yst 3

Coat ol 8 RS By Fap AT m ST B B wbSn R R B kRN i &t or i
acid angnreglic acid, sodium sulfide in ammoni um hydroxide sol ution, zinc
in ammoni um formate sol ution, nagnesiun1ln hydr azi ni um nonof or mat e sol uti on

and ti l06Flchl or i Heanothegiemppd kcspiadplén-Awing compaund ofi Kormyladeisgl es of
sui t able on, .c I i 1 adi Pd) and platinum (Pt).
hbn-liﬁf??ﬁ%ﬁgggﬁp ééﬂgf%éﬁpﬁg%F%H@%Q%EP@gL%%?% slénclude iron, zinc
amalgam zinc and tin. In a particul ar enbedi nrent, the reducing agent is
hydrogen plus a catalyst. In a further enh6di ment, the catalyst is a Pd
catal yst. In another embodi menth,the cst is 5% Pd/C. |In another

enbodi ment, the catal yst &s 1096 Pd/C. ) f%e catal yti c hydrogenation is
generally carried out at a hy 2 preSsure that drives the reaction to
substantial conpletion. In a i cfian enbodi nent, the catal ytic
hydrogenation is carried qu a Hydr oyeti OpRéssure between about 2.7 and
3.5 bars (about 40 and 50 psi @r about 5332 and 6666 pascals). [68] In one
enbodi ment, the catal ytic hydrogenation is run AYT3nbi ent tenperature. The

catal ytic hydrogenation is generally perforned until the reaction is
subst arilas }/(y Xorpl Bt & apd Ry agsedefingdi pogboyab d B¢ Aemtinoiseindelgy kope i ¢

hvd . . '
about - ToErafl AEEARLERTEftahdleo R W SRSy MEAPEF Phitif BEf vecr
hydr ogenigt ther2-(bsorpemnéthyheshzberacabstr of Fernndu (1$1) atheedkUts -8B5H 4 HiCgeneral,

the primary amine group of Formula (II) is more reactive than the aromatic amine group of

Formula (VII) in nucleophilic substitution reactions. However, if it is necessary, the aromatic
amine group of Formula (VII) can be protected by a protecting group before the reaction and
removed later after the reaction. Any amine protecting group known to a person of ordinary
skill in the art can be used. Non-limiting examples of suitable amine protecting groups
include acyl groups (e.g., formyl, acetyl, and benzoyl), urea and urethane derivatives, and
alkyl and aryl derivatives. Some amine protecting group are described in Jif MacOmie,

“Protective Groups in Organic Chemistry,” Plenum Pub. Corp., Chapter 2 (1973), which is
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[69] The catal ytic hydrogenation can occur in a solvent. In one enbodi nent,
the catal ytic hydrogenation is conducted in a protic solvent, such as

al cohol s,woeavaros4€tad conbi nati ons thereof. In a further pemusdénomstopst he

al cohol solvent is selected fromthe group consisting of nethanol, ethanol,
propanol , isopropanol, butanol, isobutanol, t-butanol and conbinations

t hereof I n another enbodinent, the catalytic hydrogenation is conducted in
an apol ar, aprotic solvent such as 1, 4-dioxane. In yet another enbodi nent,

the cat.alytic dr ogenatd on i s,conducted in ol.ar,. a tic.s nt such
o et ny rekblfieHHFIREY BieBRr S GREh Fovein ToBRI R ARSI ER one.
DVBO, [D¥en aneuskéFabdve. one enbodi nent of interest, the solvent is a protic
solvent. In a further enbodiment of interest, the solvent for catalytic
hydr ogqpagji on i s agbmtivagah@tQmindiéQhddimh- B8AE A Hosmeh éV'f'lican be _
7-am noi soi ndol i n-1-one conpound of Formula (VI1), each of X2, X3 and X4 is
hydr ogemepared kgt tedncisgiedi-mgietsoindelinH -afc cRmpaned fF ersilnddp eridlenretiycing koxy
of 1 to 4 carbon,atons; and,.R3 is alkyl,of 1 tg.8 .carbon atons. |n.other
oot s Tt SRRt H gt ooy el f RO Rire i e <
et hyl .grolp/thla prima@yPRadihd. bR €N ,oftshiéh dacthpet&e indrle Rydroghe
conpouﬁgog? Eggnu?g (Qll) islgggggu:gﬁ?%yamhere XI‘?sg-NAZ; eac%‘og.xz, X3
and X4 nles heaippydeatalic hydragenstey), rqdpcing meatdy i an apidisury as Sydreepric acid

Compourd CERSHRS g BraSlttin SRR H xR R RSy i LA 0
cat al ytsotutioy dihegesahi @rhydadzinaauiomforalatdidoldda dndrtinaichlbride o dilaty s i n et hyl

acetate in e. presence of 10% Pd/C. In a further enbodinent, the catalytic
hydr ogéwéfq%r?r&a&sir Nop-limitiexagetes of é@?@%@ﬂé@%@é@%&lwwl 45 psi or

2.7 to ep%u&di%r d) argﬂz%l%t]'rg%’l ﬁf’rﬁ.C_I\%mYAmf%?%% Bs We@e?ucﬁt?gzlheﬂafs a racenmc

m xture of conpoun ) 1s desired, a racenic mxture of Conmpound (1) can
be usedncl@nirer, gelcygmal gana reimrandttino nfe ri peetidujar pobednomp sbectd(6ng ngendesi r ed,

an enantionericall ure Co und (1). can _be used. ernatively, if an
onant | QHERIEEAPTH SoH oM TR By MR MECalRG Isdaehi it o W
Compounghm&ANhP 8atRl SRR SSAP@Y 1h RRShECHMWoGBHetNhe chiadRsERA0L BAYEr S by
conventional resolutidn techniques such as bi ol ogical resolution and

cheni cdl67lesol ut Tbaicatpltio hedreptnatipmisrgenerelmsaied o6yt & hy dgogenpessswre thatt ur e.
Iezbggim rﬁes ﬁl%%%%‘(‘gigﬁgg fﬁpafqga ;Jclrglgnpée?gopg ?]% %1] E)?%l%é?,af & Q&ilrn%rqg the c!a?al;%ig urt her
hydrogenation is carried out at a hydrogen pressure between about 2.7 and 3.5 bars (about 40

and 50 psi or about 5332 and 6666 pascals).

—d

[068] In one embodiment, the catalytic hydrogenation is run at ambient temperature.
The catalytic hydrogenation is generally performed until the reaction is substantially
complete. In a particular embodiment, the catalytic hydrogenation is performed for about
1-24 hours at a temperature between about 15°C and about 50°C. In a further embodiment,
the catalytic hydrogenation is performed for about 4-6 hours at about 35-45°C.

[069] The catalytic hydrogenation can occur in a solvent. In one embodiment, the
catalytic hydrogenation is conducted in a protic solvent, such as alcohols, water, and
combinations thercof. In a further embodiment, the alcohol solvent is selected from the
group consisting of methanol, ethanol, propanol, isopropanol, butanol, isobutanol, #-butanol
and combinations thereof. In another embodiment, the catalytic hydrogenation is conducted
in an apolar, aprotic solvent such as 1,4-dioxane. In yet another embodiment, the catalytic

hydrogenation is conducted in a polar, aprotic solvent such as ethyl acetate, acetonitrile,
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[ 73] Optionally, the 7-am noisoindolin-1-one conpound of Forrmula (VII) can
be converted into an acid salt by reacting Fornula (VI1) with an acid in a
nol e ratiwoab11044479 WO 2011/ 044479PCT/ US2010/ 052005 NonPLirmistemgsmeanpl es
of suitable acid include nethanesul fonic acid, trifluoroacetic acid,
4-(trifluoronethyl)benzoic acid, p-toluenesulfonic acid, hydrochloric acid,
nitric acid, sulfuric acid and phosphoric acid. In one enbodi nent, Fornmul a
(VIl) is converted into a hydrochloride salt with 12N hydrochloric acid at

a tenperaf ur t her e conpound
o ' For rsrieney S0 B B EE A8 Gr AU PORR RS PR BramiblE (VT )

wher e X3lven8, InX¥dfurtidr, en%dﬁﬁﬁlt@lrﬂé@stdﬁﬁ isbleentasr aslyes hattegdi@tion & cdhyHyl of 1
to 8 carbon atons, cycloal kyl of 3 to 8 carbon atofs, or phenyl . The ami de

conmpourf§c®fc: For rrul a (M11) can be prepared by reacting the primary am ne of

For il o) W LD, L ZRrATRIRF INABEAGRL Baa I RSBl aremiha 1)

wher e I's - NH ereac ron between Fornul a roula (111)
has beqWIHj achosad Xhode” is hy&bgd. tlaratiatricudbytimdnbe cauli fR 'eadRund of
Formul g repare by reacting.the 7-am noi soi ndolin-1-one of

For mul dnéa\ﬁe%en&w aﬂ@gw il 0 & gpy Owafquaﬁn%By is algyliofid te wrrhgnakens Jp ey
R6" - C( QaddRinbiRs q{l%me{h%ﬁl%ﬁdl Re% &ﬁoyﬁrgQM?tzrﬁfég e{ﬂ%oﬂlﬁleﬁts ds Betngr 1. The

reaction between the conpound or its acid salt and the
acyl hdb7He can hcchartlcuialaersbﬂdmnmt thsdcetmmelsemldyllln-éeoelta;bmpomub@fone met hyl

Slt 2%: orc?%’g]?lﬁ‘a(ﬁﬂb E%%]P T&f@ “&fﬁ’eﬁh I B{]%agﬂ 5%?7?%1 ndé{ ﬁ%ﬁ?ﬁ‘yPg?Ibﬁrésm de,

di et hythetfishyf; wlly@chagd afidl RE W @ethPErieGteringho SBRRMDMIKE Mompoad 8@ dgnt s

ethyl acetate. [76] The reaction t enperature of the acylation reaction can
be any beanwprared ki ewdueieg Gonpernd He veidyiyalrogsn in émrmncea@ ld}%iPd/gi ¢agalgstper son
of ordipar |II in the art. For |n enb t he
reacti Oﬂl t%ta? l%ydmege ' Phe"as OCC g f‘oonut%ggcg ﬁ%ﬁo Ours lrhet%§ %%alﬁ de and
For mul ahé Mlehe)nc@ bf 10% FECd Isal ﬂlrtﬁara:nhﬁdbﬂéﬂ«a,aﬁ@ caablgue hga@ogmtlab@uéurw@

hydrogen pressure between about 40 and 45 psi or 2.7 to 3.1 bars.

NO, 0C,H; 0C,H;
%Pd/C
EthylAcetate
S0 ,CH, 3020H3

Compound (
Compound (I SCHEME D p

[072] If a racemic mixture of compound (6) is desired, a racemic mixture of
Compound (1) can be used. Conversely, if an enantiomerically pure compound (6) is desired,
an enantiomerically pure Compound (1) can be used. Alternatively, if an enantiomerically
pure compound (6) is desired, a racemic mixture of Compound (6) can be prepared and then
resolved into the enantiomers by conventional resolution techniques such as biological
resolution and chemical resolution. In one embodiment, compound (6) is a racemic mixture.
In another embodiment, compound (6) is the (+)-enantiomer. In a further embodiment,
compound (6) is the (-)-enantiomer.

[073] Optionally, the 7-aminoisoindolin-1-one compound of Formula (VII) can be

converted into an acid salt by reacting Formula (VII) with an acid in a mole ratio of 1:1.
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WO 2011/ 044479PCT/ US2010/ 052005 I n one enbodi nent of interest, the reaction
tenperature i s between about 15C and about 25C. [77] Optionally, the

acyl at i orwpeatttd4e419can occur in the presence of a base earalsgew/s®oEh as
organic amnes. Non-limting exanples of organic am nes include
triethylamne, N, Ndiisopropylethylamne, pyridine and DBU, im dazole, and
conbi nations thereof In one enbodi nent of interest, the catalyst is
triethylamne. In another enbodi nent of interest, the catalyst is

i m dazql.e. .ln.a further .emn i nent of interest, the.catalyst i.s N,

N s QR s u R er STRE R boclos ol B el G R Tesl T e eact s on
can be @?Mﬂhbrﬁﬁwﬂ@ﬂjb@ﬂzoﬁ@ﬁﬁ&!|p-ﬂ°0ﬁfené§i'1@foﬁfe}/a|cﬁi, hodrotigaat hen, @afkaicii,ng to a
person of aordinary skill in the art. In general, the higher the reaction

t enper aulfpdc agig én‘i RbespBeri¢ acid hn enegmbodimentpormmdy (VIRhsis ereerted inte ar t ai n
enbodi oW ' - 1 Y, ' ' i from1l to
24 hou?§ahﬁﬁk%§%S@ﬁ%@ﬁﬂ%@ﬁ?@ﬁiW@ﬁ%ﬁ%@?ﬁ”%ﬁ@&ggﬁé?@%ﬁ&??§¥3¥%2§€tmeen about
4 and g0Bdit 6 holir snodlicr ambedididngnhd empeiuat vf Eobeilieigis A04Lnidado@péund [ 79] | n
one enhodj nent, the acyl halide is added to a solution of the conmpound of
FornuléwFW@ﬁQ?ﬁﬁ@VF BV the addition of a base catalyst. In another
enbodi nent, the base catalyst is added to a sQlution of the conmpound of
Formula (VI1), followed by the additi on of the acyl halide. In another
enbodi nent, the nole ratio of H‘a_@@ st _to the conpound of Fornula
(M1) is between about 2:1 and ak nkaddi ti onal enbodi nent, the
nole ratio is between about X2xg; : 1. [80] In general, any acyl
hal i de that can react with a pr He or a secondary am ne can be used
for this enbodinent. Non-lim X g i tabl e acyl halides include
cycl opropanecar bonyl chlori dé, t anecar bonyl chl ori de,

cycl opent anecar bonyl chl oride, cyel ohexanecarbonylwamhori de,

cycl opentyl agetyl ,chl oride, ,1-nethyl cycl ohexangcar bonyl chl ori de,
3~ cycl oplsie W pF offanby R’ and Br prscleliandacyhaveragtRans alphohy fo 8 Kitben aemsg| | of

whi ch ¢ j éypag i gl r I Bﬁﬁﬁ i
Ch;nica EPQ%PF§EUCQ§QH or{mg’le@r P%nérg§5%§ﬁﬁ§?%@§%§9?ﬁg t eaggﬁpggggﬁding
car boxyremaratbysadtRey @OpHMANedrminReT Fosmde (Il neih ds Znv@pmethlyhbenzoic

can be i it SBF St (gheds S SAREC e e bR pat gt (D and”— ©
cycl oheRf ANBG@T PRIMeef MsQiskdedbosan be prepared by reacting the

[075] Alternatively, the amide compound of Formula (VIII) can be prepared by
reacting the 7-aminoisoindolin-1-one of Formula (VII) or its acid salt with an acyl halide
having the formula R®-C(0)-Ha where R® is defined as above and Ha is F, Cl, Bror I. The
reaction between the compound of Formula (VII) or its acid salt and the acyl halide can occur
in a solvent, such as ethyl acetate, acetone, methyl ethyl ketone, diethyl ether,
tetrahydrofuran, acetonitrile, dichloromethane, chloroform, N-methyl pyrrolidinone, dimethyl
formamide, dimethyl sulfoxide and mixture thereof. In one embodiment, the solvent is ethyl
acctate.

[076] The reaction temperature of the acylation reaction can be any temperature
useful for the acylation reaction according to a person of ordinary skill in the art. For
instance, in certain embodiments, the reaction temperature of the acylation reaction between

the acyl halide and Formula (VII) or its acid salt can be between about 0°C and about 50°C.
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WO 2011/ 044479PCT/ US2010/ 052005 correspondi ng carboxylic acid

(cycl ohept anecar boxylic acid) wth SOC12 or PCl5. Simlarly, an acyl

brom de owio 2or/q@uepared by reacting the correspondi ng cachmsgéionsmesd with
PBr5. [81] The ratio of the acyl halide to Forrmula (VII) can be any nole
ratio useful for the acylation reaction according to a person of ordinary
skill in the art. For instance, in certain enbodinents, the nole ratio of
the acyl halide to Formula (VI1) is between about 2:1 and about 0.5:1. In
ot her enbodi nent.s he. nol a bet nd .apout 0. 75:1.
nt ur oReRe eimaatirisah e SnlFeE il gUREL RN eaidit 18 o R, pous
1:1. [B2¢. The acyl ated conpound of Formula (VII11) can be purified by
recrystallization with a solvent. In_one enbodinent, the solvent is

t et r ahyl878f ur an, Otiprmlal themeation Teagary WlO&FWdﬁéhe presmgnef 2 baseisyelyaket at e,

| sopr opgmplg ?%Qﬁtc iG] %on%ﬁl_[[l%%g(arﬂpﬁ? h%ﬁ}l e{g el kﬁbtl&l%ﬂ{nteher

enbodi ment , e sol vent ure o uran an anol in a
vol une ¥, a@dlmopﬁopgteﬂhyﬂmlﬁe Q)yndh&?a]nd IDBIngdmtrQ dndrmrhlsmaxionts higcresti de osonpound
of Formula (VII1) i oal k of 3to 8@§arbon atons. . I n further

enbodi ﬁ@ﬂh@m%-of Flgefé%‘;hgﬁﬁféfﬁi is “il?f ﬂﬁﬁl@}e dRBBNFResRRodimgRtpf dptenept, thid R2 i s
lndepe&qﬁdwshmﬁh&%»é qﬁ alfmttperﬁnﬁ)eaa%t emrf@estatﬁgcﬁél kSsal kyl of 1 to 8

carbon atons. further I ments I's met hoxy and R2 is ethoxy. In
ot her dﬁﬁhﬂwnpmmsbﬂaﬁmMnof X2, X3 and X4 is hydrogen. In other enbodinents,

R3 is yl. [84 artcul ar, enbodi ment, .t he nlde C

For mul 200011 1 LBt 7§ iy atar etongasecx i pg g HCRT 3t 2,
X3 and a¥dlatién Feadﬁ&gmorﬂg io% ﬁ@@dﬂ%ﬁrdlﬁé’?’ sRilEfNRx ¥, BNEbnBRLitBe ABhbthe
Referring to Scheme E bel ow, Conpound (7) can be prepared, for exanpl e, by

react i rrgacmonﬁ@nmaf@@) thei Sthhrt@rylé t@gﬁ@ﬁp@ném@cﬁwIln&tmco,rm@ert@m enf@edme@@ence of

N, N-di i th m.ne...The ac Iatlo t n can. occur . f.or exanpl e,
it o r ACREERA Bt TPl Ralfor BuleRghoEE OB oS ke Bl BTE hour

i n et hyhteaggtias @actﬁﬁ&nﬂ@is&efv@é@h@b@ﬁt mwmuﬂpb ﬁ&)rs tnca @yaimempyﬂaﬁm bonyl

chIor|q%h;%n%ougghgogropylethylanlne i s about 1:1.05:
[079] In one embodiment, the acyl halide is added to a solution of the compound of
Formula (VII), followed by the addition of a base catalyst. In another embodiment, the base
catalyst is added to a solution of the compound of Formula (VII), followed by the addition of
the acyl halide. In another embodiment, the mole ratio of the base catalyst to the compound
of Formula (VII) is between about 2:1 and about 1:2. In an additional embodiment, the mole
ratio is between about 1.4:1 and about 1:1.
[080] In general, any acyl halide that can react with a primary amine or a secondary
amine can be used for this embodiment. Non-limiting examples of suitable acyl halides
include cyclopropanecarbonyl chloride, cyclobutanecarbonyl chloride, cyclopentanecarbonyl
chloride, cyclohexanecarbonyl chloride, cyclopentylacetyl chloride,
I-methylcyclohexanecarbonyl chloride, 3-cyclopentylpropanoyl chloride, and
cycloheptanecarbonyl chloride, all of which can be obtained commercially from a supplier,
such as Aldrich Chemicals, Milwaukee, WI or be prepared by halogenating the corresponding
carboxylic acids (R® COOH where R® is defined as above) with a halogenating agent. The
halogenating agent can be PY3, PYs or SOY, where Y can be F, Cl, Bror I. For example, an

acyl chloride (such as cycloheptanecarbonyl chloride) can be prepared by reacting the
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WO 2011/ 044479PCT/ US2010/ 052005 SCHEME E [85] If a racemic m xture of
conpound (7) is desired, a racemc m xture of Conpound (6) can be used.
Conver selwo 20fi/mm7enant i oneri cally pure conpound (7) i sPpdediSe@d/ 05805
enantionerically pure Conpound (6) can be used. Alternatively, if an
enantionerically pure conpound (7) is desired, a racem c m xture of
Conmpound (7) can be prepared and then resolved into the enantioners by
conventional resolution techniques such as biological resol ution and
chem cal resol uti an. soi ndol.i n- ( )
canbe gEea g SR F R A e AP T RO T o o
range o @SRese& @RbepRErdd BNBadtihgl thelbdrgespbitin1@drbdyMctacidgy tIOPBrs.

i nfl armatory di seases, autoi nmmune di seases, cancers, heart diseases,

genet i d08llseases Tharatierdite asybhaliiedo Foanula @B}Ibg%beaw melg atio uerfon n
gener al, ¢ Bmat{%%%&%%ﬁ%é gaﬁ'ng(&ggp%{)ﬁ bﬁﬂ»ﬁm ?;PSkQﬁ’ S8, For i

i soi ndo -I'-one conpoun ar maceut | cafa%e ‘accept abl e
salt, saeftmatemhmlrﬁémsr elod molrantid hﬁtme@éyldﬁhdebe) Mum (SIII)as betwicon p)ladut enits to

be treated for a wde ran of di seases and condl |onaIIy,
the phaifabehd & ekt Rbocientan ea@%@aw%l?%e op F%éranéa fise one

or nore ¢afr I@f&bhe@é&ﬁ%&ﬁ@ﬁé thdho#ERLS iPbetRELH é{ﬁ)ut?‘Qert AbButSCITE

enbodi ments, the pharnmaceutical conpositions can be used i n the preparation
of |nd|[0823|ual sifhghcezlzuﬂd tordpmmgwfﬂ:ormsla (Gllhgdas bemputifiddbagerystal hmtiane

sui tabl e for or nmuco e. vagi hal , cstic,

oot an gt S 1n G RRRO b ivenl P Biehy o RERR. st By

subcut %%Mﬁmoh@trﬁéﬂ%@%‘ﬁhyl REdtMS, kYr8FdnoR Rceti Ui R RHSGWr @lcoBtbination
intraarterial), .g., eye dr ops or ot her ophthal mc pr epar ations),

t r ansdehergdf. dn atfrl @mt@démm thelpolnens iy amibgnretad tefrabadiodan angethpnatiin k ng
exanpl esohg)fedalo 19§ 1ft%rnga i nclude tablets; caplets; capsules, such as soft
el astic nfla capsul €S; cachets; troches | ozenges; di spersi ons;

Supposi [083]| es; pml\dﬂliesemlﬁﬁﬁlﬁ&ﬁls sf(he ahide Mﬁlﬁdun&@lfﬁyﬁrmﬂﬁ (vrihaRéris) ; gels;

l'i quid dosage forms suitable for oral or nucosal,
cycloalkyl of 3 to 8 carbon atoms. In further embodiments, R® is cyclopropyl. In other
embodiments, ecach of R' and R? is independently alkoxy of 1 to 4 carbon atoms; and R’ is
alkyl of 1 to 8 carbon atoms. In further embodiments, R' is methoxy and R* is ethoxy. In
other embodiments, each of X* X’ and X" is hydrogen. In other embodiments, R* is methyl.
[084] In a particular embodiment, the amide compound of Formula (VIII) is
Compound (7) where X' is -NHCO-cyclopropyl; each of X* X*and X* is hydrogen; R' is
methoxy; R” is ethoxy; and R’ is methyl. Referring to Scheme E below, Compound (7) can
be prepared, for example, by reacting Compound (6) with cyclopropylcarbonyl chloride in
the presence of N, N-diisopropylethylamine. The acylation reaction can occur, for example, at
a reaction temperature between 20°C and 25°C for about 4 and about 6 hours in cthyl acetate.

The mole ratio of Compound (6) to cyclopropylcarbonyl chloride to NV, V-
diisopropylethylamine is about 1:1.05:1.2.

_25.-



WO 2011/ 044479PCT/ US2010/ 052005 admi ni stration to a patient, including
suspensions (e.g., aqueous or non-aqueous liquid suspensions, oil-in-water
enul si onswonroa/oaat7er -i n-oi |l |iquid enul sions), sol uti ongCan$2@iozions;

i quid dosage fornms suitable for parenteral admnistration to a patient;
eye drops or other ophthal mc preparations suitable for topical

adm nistration; and sterile solids (e.g., crystalline or anorphous solids)
that can be reconstituted to provide |liquid dosage forns suitable for
parenteral admnistratjpon to a patient. [89] Qgrticular enbo%%ﬂFnts

provi ded herein are i Lirated by ghe synthes of 3
7-nitro-2:]1-(3-et - 4- met hox -2-(ne | f onyl)
1-one and| ‘ oY i 0
{2-11-(
yl} car
reactio

| ]i soi ndolin-
0CH;

Y - 4- peEhoxyphen ul f opyNeLRyl ] - oi soi ndol i n4-
i dex ».d|f|cat|onsn§ f Fiabl es incﬂqgi g, N not limted to,
oht s, \raeaction ti medVIAG5EE on t enpepatures, S

vent

starting ter al & dncti onal groups in the p i I enﬁoﬁlnents of
the synthes{§? ?mégﬁltro 2-[ 1-(3; thoéy 4- nethoxypﬁ%ﬁ§(ﬁ g
(nethylsulfonyl)ethyl]|50|ndolln And cycl opropyl - N-{2-[ 1- ( 3- et hoxy- 4-
met hoxypheny1) - 2- (et hyl sul f onyl ) et hyl ] - 3- oxoi soi ndol i n-4-yl | car boxam de

wi |1 bd08%par ent Iftadattmgéméfurwﬂcrqwné K7Iip df:wedhferaaqulc IBIXEXANPLES Exarrpl e

1 arat| Met h nltrobenzo te t.ur e. of
3- et notistnf e Dlan Ve, oY AR ERRREAR Purd Stoelip Sy it
Morris dﬁl e@amsoméwc)all NPdret@omulﬂw(mrahhﬁa@@d aARetﬁth&I}% 1gan chaftoriBli@sly from

Al drich Chem cal s, | wauke, W) was charged into a 3-L 3-necked fl ask at
about ZOTOGERMEEN 7 his deBEsEna fa‘Fﬁ@l‘-‘r@H‘é‘Erﬁ@ﬁ u%(mg@n ae BrspaicH ynéd drned and

the | 0%%"1’%% flﬂ{% ROLRn:BATTR O(flﬁébﬁl%erﬂf‘o’ﬂﬁf %E&g?%b%%lgg%x I?Qscﬁlgl%glc%r €

distille to an 1 nternal’ tenperature ter ours, the
react i ansaitidnune chesicabak@dtibra 20- 25C over 1-2 hours. After heptane (1.50

L, fromAl drich I was charg into the reaction m xture over
1.0-1.9%Qurs, tﬁge }SQH@P%H %emweu%gsofg@ea@a (iR Drpgsytp prepare
2- met hyﬂhaﬁnﬂeﬁﬁ&@%&%@@é@o&@oﬁr&)ﬂ gﬁ%dé Ym%@%@ﬂﬁeés% Bldeonfitons URARMSRS, ON Was

cooled to 0-5C over hour kept at 5C for another 1.5-2 hours.
The soHHMHstnﬁmgn@anﬂ@nm@Kﬁydmﬁae$@nmunmmneda@uamwmmashédnmdmﬁmheptane

(3x300 ”L%t %nd dri @d to,.a cons%ant Hﬁ%ﬂ in a tray at 30-35C under a
vacuum S&PCiOHsepse: plirRIC dyasss; QiePPgos ;Wﬂﬁ met hyl - 6- ni t r obenzoat e was

292.0 go§A1% . basgsher tBOPhHmEcQticRodpbiiBA G MBelidS20kEN @R2005

2- nethyl -ni trobenzoi ¢ acid. The groduct was found to have a purity of
>99% meEs¥tEd- bpn¢Frpyaded Formelp é Op@rp@@lma&g@tlcaamdccﬁpw@zieeﬁaltcmaéwr of

0.1% P f Met hyl
; Br Om@ﬁ%?ﬁgaigegl%ﬁer? (%enzoa 1n1%t%fg§cft p%ﬂe tgi[(e gat&} %lrlarwelgéEl Jr’a%%é 8P © thy
2- nEthyhﬁﬁyﬁMhﬂ@bﬂﬁﬁ@@te (200.0 g, 1. 02 nol es, preV|oust

[088] Optionally, the pharmaceutical compositions and dosage forms can further

comprise one or more carriers, excipients, diluents or active agents. In some embodiments,
the pharmaceutical compositions can be used in the preparation of individual, single unit
dosage forms. Single unit dosage forms are suitable for oral, mucosal (e.g., sublingual, nasal,
vaginal, cystic, rectal, preputial, ocular, buccal or aural), parenteral (e.g., subcutancous,
intravenous, bolus injection, intramuscular or intraarterial), topical (e.g., eye drops or other
ophthalmic preparations), transdermal or transcutanecous administration to a patient.
Non-limiting examples of dosage forms include tablets; caplets; capsules, such as soft elastic
gelatin capsules; cachets; troches; lozenges; dispersions; suppositories; powders; acrosols

(e.g., nasal sprays or inhalers); gels; liquid dosage forms suitable for oral or mucosal
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prepared), 1, 3-dibrono-5,5-dinethyl hydantoin (DBH, 162.0 g, 0.57 nole, from
Al drich Chem cals) and nethyl acetate (1.20 L, from Al drich Chem cals) was
char ged iwDQom/@4479t hr ee- necked fl ask at about 20-25C umdEruspeomnsmen. After
the reaction m xture was refluxed for 0.5-1 hour, a solution of

2,2' -azobi si sobutyronitrile (AIBN, 8.6 g, 52 mmol, from Al drich Chem cals)
in 100 nL of nethyl acetate was charged over 15-30 m nutes. The reaction

m xture was refluxed for 6.5-8 hours until the amount of unreacted

2- nethy q qp%ro en %E pd ess t%qn 5:10% The Qea%tron m Xt ur e was

cool ed AIBMHSTAAR 18 d pafig, ngfdipg Sapenbiops e quip U, fr 2 a‘ﬂH%ouéé’rq“ was

filter stpeﬁ@@hed)ﬂvmtxbat@mdnélbneor a5atéﬂf5)-01ll’rﬁ§1ﬂkl|enﬂr¢sﬁ6@§ &oludisadehddhxitnt i |
there was | ess than 3% of nethyl 2-bromonethyl-6-nitrobenzoate remai ned in
t he soI ligyid despge fosms syitahégios parcpterad gdmynisigpdion fap gaiéent:Rys drems ofpfheF at e, t he

f
or oni DY ORH oy RAE G AL ARG a il B T R, R0 Tl il
per centagemoaphoid Solids) that cantsear@cdrsdtube Btogiroraddhid iy dasueo iftrnacuaatsle figr t o

measurenent by HPLC. After the solution was concentrated under a reduced

pressuﬂ%“?%@?E%%W%BEQHWHOf1@€@¥ 90 L of methyl acetate, nethyl tert-butyl
et her (hHEHE 300P£Fn):ul‘é{a§m5&ﬁﬁ19§t‘§ prﬁ&é%irhefrélﬁ afeerﬁﬁ§tlr 159 thk 'é&ﬁh&% of ef | uxed
at 65-70C for 10-15 m nutes, the solution was cool e 0=-55C over 0.5-1
hour an7dn1$ree2}é1d(3W|:thhxﬁ@@na@owhmlhgd(memybmfmmmhso@ndulmr lobenzwlat e at

45-50C. e su to, 20-2 and. k 25C for, 2-3
nour s, CHHED LP0- B rearusihod Prant F 2y St PR 53008t ol g

m Xt ur e ancére@ia%rlee anddMBEo A b & aMablESR [0 b@f not ligied Xd Qbhciibi soledids dr i ed
to a constant weight at 20-25C under a vacuum at 100-120 ton. The yreId of
met hy| rRadbiop inast 1epdtion-tempere Bisesn Lo gends, w@gtlm@@atznglsw@%mctmglegrows 200.0 g

| nput Otfl? pg‘ég&}ar emboélmgjt% m t | Qseiglz ﬁro Ji?é dUCt r\Ill\@t 0>r(_PId) )(/\ksi_ - have a

purlty (0] nmeasur e ased on are ercen age

cont ent(nthytddl fbiy maaﬁqrs@ddchm K@hé afd sﬁqadpr@pﬂmt{lzq (3 \émoxy 4-
2011/ 044479PCT/ US2010/ 052005 Exanp aration
(i S) - 1-pghepymbenyl hZﬁereHWJ@yHﬁeﬁwl}yleTﬁépwawégﬁrﬁdﬁ aéltqr@rnaciﬁ welbq 92] After a

m Xt ur yphenyl) - 2- met hanesul f onyl - et hyl am ne
N—acet?PB% ﬁeué?%%gga E?§¥%g’ﬂ%&n§¥46 nol es), deionized water (4.40 L),
and di ¢hl or DCM 5.50 L) was charged into a reaction vessel, a

sol ution of droxide (196.0 g, 4.90 noles) in 1.00 L of deionized
wat er was charged into the reaction vessel over about 5 mnutes at 15-25C.
The r esEndmpld 1+ Prepacativasof MéethyE2L M @hyRé-nlitealbénzddtem nut es at 15- 25C and
then the aqueous and organi c phases were allowed to separate. The pH of the

upper ggy@ous phA&ﬁmﬂﬁ@oHBhﬂ&HMﬂ?ﬂm%bmﬁ@kM&hﬁéOﬁmgPHf%ﬁn&%sfﬁﬁ@A@hﬁseS wer e
separated and the upper aqueous phase was extracted with DCM (2x4.4 L). The

pH of t%a@qmé\éd@saheefeNplégndw’e:rnmtbylmé@mwetaie(@ﬁ 3 tlaiigholes. frare Addtichact i ons.

The EK)¢ S hiVe! I

unti | heﬁléfﬁ ﬁrl he %q&gg% ol gﬁarg edjlrn ‘é&:%?i& '%niékgdqﬁsalggt a%wéycrlén%n%%ed under
vacuu mtbﬁ‘d)gbﬂ 3%€ reabkion Wk t@re mmgremtallpfhehﬂa& ahé gedoalboslid sbistoripdndas <0. 1%
w w as neasured by Karl Fisher titration. The residual solid was dried
azeotr cgsvneraterdﬁurwg thersp@ioperare ttllebeff do pantarpildempeare ot Hf Cnefitit i n
vacuo

(15) - 1- bs"“é% Wa‘ifm%é?%‘%{y PREFIUTY 2 W e RS PP et s imans (hd0 & whi t e
powder &3 A1 h/Chdnidals PRasléHafpcdiiflbodhe reb@ihBtdt overlr 803 Rbur®mhof Conmpound
(1) [93] Conpound (1) was prepared by the follow ng procedure A m xture
of net hyfltct@n bmrumrwmﬁrdei nith masttled 2eattby - G-00rabegzoa86®. heovhenpt beramsd

previ oys

Doy Ll TSR s ronlerlya -5 eR Qe R0 ke AL Png e 08T 7 o, 383

nol , pr. 942%@& mle\ébﬁarwaycurbc%ﬁw}hﬁra@an uifRE b Ak elramnm@raﬁ fate (67.5 g,
8.03 moles, from Al drich Chem cal's) and di nethyl fornmam de 00 nmL) was

char ged3r<3rﬂ(brnh) pngd deedreac«eqjlsfamawklght Inragieyi ettéﬁrfér Qtunder wrdeumrﬁrt 10&deh. The
reactiqn d tg.an | 8 o of .70-75C
for tmg ﬁour 5”e%mfm?%¥re ng ﬁéggoﬁ%uﬂa ?E ﬁﬂgh/B dlse ?%EQ?ngf

br omonet hyl- 6- ni trobenzoate. The reaction nrxture was gradually heated to
an internal tenperature of 95-100C fef718 hours. The reaction m xture was
cooled to 20-25C and transferred to an 1-L addition funnel. After purified
wat er (1500 nmL) was charged into a 5-L 3-necked flask, the reaction m xture
in the addition funnel was added into water in the 5-L 3- necked flask at
roomtenperature over 1-2 hours maintaining an internal tenperature bel ow
WO 2011/ 044479PCT/ US2010/ 052005 30C. The reaction m xture was stirred for 2
hours at roonrtenperature The solrd was frltered out under vacuum washed
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Exanple 4B - Alternative Preparation of Conpound (1) [094] Conpound (1) was
al so prepared by the foll owi ng procedure. A m xture of nethyl

2- br ononewbypati@4mi?dr obenzoat e (100.0 g, 365 mmol, preparet/yse@vioszessy in
Exampl e 2), (15)-1-(3-ethoxy-4-nethoxyphenyl)-2-net hanesul fonyl - et hyl am ne
(104.7 g, 383 mmol, prepared previously in Exanple 3), and potassium
carbonate powder (100.8 g, 730 mmol, from Al drich Chem cals) was suspended
in acetonitrile (500 m.) at roomtenperature The reaction m xture was

refl ux f or. abqu 0 nt| 2% of

Lrr casarc i ER TSP tieBRE: ok Pttt ba ibale BNl o P AR L ur o
was CoaieC ua@sed%nfae& pdﬂ@anlfa@a%nd(i@&eﬂwmmsf cbargedasavaibyok AQFrshaut es.

After the m xture was allowed to cool to 20-25C and stirred for 2 hours,
dei oni ZB&tRAt er (1.40 L) was charged over 0.5-1 hour and stirred at 20- 25C
for 30 mnutes and at 0-5C for 1-2 hours. The solid was filtered, washed
Wi th d@mm-mwa(tmmmmyl 2-Bydmoniethylt@nitt@dynedateat er cont ent as

ﬁ?szﬁﬁﬂ?@% Cocea B of miliih o BeemiEn o008 THE el B over
1.5-2 %nmlﬂe&bn@ts ,S-difethPihydanloib (DBW, 362.0Re0 S0 Inhdle viasm Alddiar ed,

washed vmth 5C net hanol (2x200 nlL) and heptane (200 nmL), and then dr| ed
at 40- zﬁsheenm{@e%ndmhﬁlr@wp@tétee(léeﬂstfr@m Algiich ithemyepds))yyas|chaiged @éorpdund (1) was
148.0

2+ by oSt e AR LU, 20257 ShdePBitlorth, ARLp senctiop mixtuteovas 10, o
>99% neEas0l Seldhcbi;t d—ﬂ?ihﬁldmasfmz mOalrssabwo@ﬁﬂtea(@eBNaS@ A SQairRel, ﬁﬁﬂfh&lﬂihcbf

<1. 0% neasur ed by Kar ﬁtFl she itratiaon. WO 2011/ 044479PCT/ US2010/ 052005
Exanpl &@mlcqi?)éﬁépgmlo @Pth&%?ﬁ%waq rgqdaypr Wo-A Rigites: of hedsagng (1) (60
9, 138 iRlre Wk CARNEM fR' €Y. R UG} n'tlpth%)%ﬂ{gﬁh?oﬁunréaq%dajﬁl gﬁ@ ﬁﬁﬁ@&enz@at

wt % from Johnson Matthey, London ethyl acetate was c arged
i nto a vRarlessweasell 0%t Flmanacttlemnaxmtmwes codier torliSt 186G end k.épttaeerIS{lléBéC Hoixt ur e

Foacti oo Bt ik B pan T Ot iRA T haR | e RerCUe P DAL

reacti QﬁLEﬁﬁ%ﬂlﬂﬁ&e Was 133 tHah 89, ¥ hBthDYELbRERIMAhy186-RItRBEM RIS HARRR ifH4S PSi
over 4-6 hours until there was <3% of the hydroxyl am ne internediate. The

r eact i onligd Newt aftevdeptaoel b0 Lowae c@aged mipethe dideate.che niper layer ougenitiphassr ed

acet at e P15 Fik B o it G KT ERERaPRPR LR 125 PO D ML ] 2

equi ppagasviedshhan GO larcagdideh@pe ﬁttmrmaim) o%f@%acwdwﬁuinwmwhﬁmy | am ne (29
mL, 165 mml) was charged into the flask, the addition funnel was charged

Wi th cySFUBRERg mearBengnt W%Wdéf‘(ewe@omtwn Was Songafrate upderA rgdncer
Chem ¢ alsdure RO MBLOPYD G0A20Y el RLIAE sy FAIRHRLIEOQTTRRIRERY al ur e
over ours a an 1 nternal” tenpera ure b e rea Ion” mxture
was st |rnL)3d~asf drarg:d4 Afoutise @hctionanixtieapas eetﬂuxed a%i 20°(hfepti@ié nﬁlﬁ@lﬁs nhg was
added, Emﬁreactl on re.was stirred for 4-6 qu s@@; e solid was

col | ectsettgy vras|cpplsd f %5 R eV Al AR AR Rgerd P38 m . ), water
(2x300 yrbhoRRbhyl-BERARRESREL(BXFPO Milp)- suyéﬁsﬁﬁ ude c&él@@{sbcéo Yorg: éilllalk%?t At

40- 45C under ~a’vacuum at 100- 120 ton to & constant wei ght. The yiefd of
crude COPOGrdr 2-3)howness E&sghdsB@el%Cpllba@cébly ﬁhraﬁﬁnm@phedlp/uth SGIO"Ccmqmdximd (1).

Exoﬁpngluﬁalx Rf@%}f%}%nhbﬁ%gﬁga%‘r“@% g g@nﬁ‘é O?ae‘?qfﬂﬁﬁ’?gr of uran
( THF, ]Wé}ghtla)i 20@3°C hadgad abintg a1 63140 t@ﬁk "P-ltle Qtd%"f%éﬂﬁbd@%xﬂhfoé&ﬂ?% The

suspensi on was heated to 60-65C until dissolution was achi eve
suspensﬁl@@bma@aw Mas &8 26645 -b8ed amiP0he inpor pimakhs] 2-imesled-6hi t h 95 nl . of

THF pr ewar,ne 55 Af t Qut 950Q- 115 T | ed of f
2t nor o Rredt £yl IR e e Rpddied oo e e 58P B Byl
char gediréd pr&enfpe, mdearwaeﬂébﬂmm ufeg. WA&@@@@B@K&@ FixheGitrfidhvent s was
renoved at normal pressure until the internal tenperature rose to 72-74C.
The resulting suspension was refluxed at 72-75C for 30-60 m nutes, cool ed
to 20-25C over 1-2 hours and kept at 20-25C for another 1-2 hours. The
solid was collected by filtration under vacuum washed wi th absol ute

et hanol (240-280 m.) and heptane (240-280 m .), and then dried in tray at
50-55C in a vacuum at 130-140 ton to-a8eonstant weight. The yield of the
off-white crystalline product was (88.0-91.0 g, 92-96 %.



[097] The present disclosure is not to be limted in scope by the specific
enbodi nents disclosed in the exanples that are intended as illustrations,
and any ewbadiwmemi’s that are functionally equival ent ar@Cwmiusken/osives scope
provi ded herein. Indeed, various nodifications in addition to those shown
and described herein will becone apparent to those skilled in the art and
are intended to fall within the appended clainms. CLAINM Vhat Is clainmed

is: 1.A process for preparing a compound of formula: Rl or

e T R AT TS o RSBl L5
ethylamlne
[092] After a mixture of (15)-1-(3-ethoxy-4-methoxyphenyl)-2-methanesulfonyl-
ethylamine N-acetyl-L-Leucine salt (1.10 kg, 2.46 moles), deionized water (4.40 L), and
dichloromethane (DCM, 5.50 L) was charged into a reaction vessel, a solution of sodium
hydroxide (196.0 g, 4.90 moles) in 1.00 L of deionized water was charged into the reaction
vessel over about 5 minutes at 15-25°C. The resulting mixture was stirred for at least 10
minutes at 15-25°C and then the aqueous and organic phases were allowed to separate. The
pH of the upper aqueous phase was maintained or adjusted at pH 13-14. The phases were
separated and the upper aqueous phase was extracted with DCM (2x4.4 L). The pH of the
aqueous phase was maintained at 13-14 throughout the extractions. The DCM extracts were
combined and washed with deionized water (3.3 L) until the pH of the aqueous phase reached
11 or less. DCM was removed under vacuum below 35°C. The water content of the residual
solid should be <0.1% w/w as measured by Karl Fisher titration. The residual solid was
dried azeotropically with more DCM. The solid was dried to a constant weight in vacuo at
30-35°C to give (18)-1-(3-cthoxy-4-methoxyphenyl)-2-methanesulfonyl-cthylamine as a
white powder (639.0-672.0 g, 95-100% yield).

Example 4A - Preparation of Compound (1)

[093] Compound (1) was prepared by the following procedure. A mixture of methyl
2-bromomethyl-6-nitrobenzoate (100.0 g, 365 mmol, prepared previously in Example 2),
(15)-1-(3-ethoxy-4-methoxyphenyl)-2-methanesulfonylethylamine (104.7 g, 383 mmol,
prepared previously in Example 3), sodium hydrogen carbonate (67.5 g, 8.03 moles, from
Aldrich Chemicals) and dimethyl formamide (500 mL) was charged into a 1-L 3-necked flask
at room temperature under nitrogen. The reaction mixture was gradually heated to an internal
temperature of 70-75°C for two hours until there was less than <2% of unreacted methyl 2-
bromomethyl-6-nitrobenzoate. The reaction mixture was gradually heated to an internal
temperature of 95-100°C for 18 hours. The reaction mixture was cooled to 20-25°C and
transferred to an 1-L addition funnel. After purified water (1500 mL) was charged into a 5-L
3-necked flask, the reaction mixture in the addition funnel was added into water in the 5-L 3-

necked flask at room temperature over 1-2 hours maintaining an internal temperature below
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with a 2-(bronmonet hyl ) benzoic acid ester of fornmula (111). X1 X4 (111)
In the presence of an inorganic base, wherein: Ris alkyl or aryl; each of
R and Rawo=oimdeqendent |y hydrogen, alkyl of 1 to 4 carborusations200al koxy
of 1 to 4 carbon atonms, cyano, or cycloal koxy of 3 to 18 carbon
atonms; R3 is hydroxyl, alkyl of 1 to 8 carbon atons, phenyl, benzyl or
NRARS;

30°C. The reaction mixture was stirred for 2 hours at room temperature. The solid was
filtered out under vacuum, washed with water (3x300 mL) and methanol (2x400 mL), and
then charged into a 2-L 3-necked flask followed by methanol (1000 mL). The mixture was
refluxed for 1 hour. The mixture was cooled to room temperature. The solid was collected
by filtration under vacuum, washed with 200 mL methanol (2 vol), and dried to a constant
weight at 40-45°C under a vacuum at 100-120 torr. The yield of Compound (1) was 123.0 g
(78 %), based on 100.0 g input of methyl 2-bromomethyl-6-nitrobenzoate. The product was
found to have a purity of >99% measured by HPLC based on area percentage, and a water

content of <0.1% measured by Karl Fisher titration.

Example 4B - Alternative Preparation of Compound (1)

[094] Compound (1) was also prepared by the following procedure. A mixture of
methyl 2-bromomethyl-6-nitrobenzoate (100.0 g, 365 mmol, prepared previously in Example
2), (15)-1-(3-ethoxy-4-methoxyphenyl)-2-methanesulfonyl-ethylamine (104.7 g, 383 mmol,
prepared previously in Example 3), and potassium carbonate powder (100.8 g, 730 mmol,
from Aldrich Chemicals) was suspended in acetonitrile (500 mL) at room temperature. The
reaction mixture was refluxed at 81-83°C for about two hours until there was less than 2% of
unreacted methyl 2-bromomethyl-6-nitrobenzoate. After the reaction mixture was cooled to
45-50°C, methanol (200 mL) was charged over 5-10 minutes. After the mixture was allowed
to cool to 20-25°C and stirred for 2 hours, deionized water (1.40 L) was charged over 0.5-1
hour and stirred at 20-25°C for 30 minutes and at 0-5°C for 1-2 hours. The solid was filtered,
washed with deionized water (3x300 mL), and dried to <10% of water content as measured
by Karl Fisher titration. The solid was suspended in methanol (750 mL) and refluxed for 1-
1.5 hours. The suspension was cooled to 0-5°C over 1.5-2 hours and kept at 0-5°C for 1-1.5
hours. The solid was filtered, washed with 0-5°C methanol (2x200 mL) and heptane (200
mL), and then dried at 40-45 °C under vacuum to a constant weight. The yield of Compound
(1) was 148.0 g (93 %), based on 100.0 g input of methyl 2-bromomethyl-6-nitrobenzoate.
The product was found to have a purity of >99% measured by HPLC based on area

percentage, and a water content of <1.0% measured by Karl Fisher titration.
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each of X, X2, X3 and X4 is independently hydrogen, halo, alkyl of 1 to 4
car bon atons, al koxy of 1 to 4 carbon atons, nitro, cyano, hydroxyl,
or - NRAREO;20mwo4a47y two of X, X2, X3 and X4 on adj acentPCTArska/0a1005s,
together with the depicted phenylene ring, form naphthylidiene; WD

2011/ 044479PCT/ US2010/ 052005 each of R4 and R5 is independently hydrogen,
al kyl of 1 to 8 carbon atons, phenyl, or benzyl; or one of R4 and RS is
hydrogen, and the other is -COR6, or -S02R6; or R4 and R5 taken together

are tetganeth nta | en exanet hyl ene, or -CH2CH2X5CH2CH2- in
whi ch ﬂg—ﬁgﬂﬂﬁ qﬂegpgﬁgpo pmlgggpof R4' and R5' is independently

hydr oggogsjal kyl  afmiktire oBCeapb@iM @9@6’03g, 1BB&@MbL, pRipakdPERlicustf ind@nifle R4’
and R5' is h drogen and the other is - or -S02R6'; or R4' and R5'
t aken t”e@@?/oh%/d/ 4P @ orverts hingt ﬁwt%ngoﬂb@hﬂ&WH%%’nbon%xH@{ Hyylagetateor -

CH2CH2 )@%@%\/as cHar\é’le fiflo XPaltrSvesd at roshr ter(ﬁfjelrahllfgut’ldeﬁl ngogen. After the

mixture was purged with nitrogen three times and with hydrogen three times, the reaction
mixture was heated to 40°C and then the heat was removed. The reaction mixture was stirred
with hydrogen at a pressure between 40-45 psi over 4-6 hours until there was <3% of the
hydroxylamine intermediate. The reaction mixture was cooled to 20-25°C. The reaction
mixture was filtered through a celite bed (1 inch thickness) and then bed-washed with ethyl
acetate (120 mL). The filtrate was transferred to a 3-L 3-necked flask equipped with a 50-mL
addition funnel. After N, N-diisopropylethylamine (29 mL, 165 mmol) was charged into the
flask, the addition funnel was charged with cyclopropylcarbonyl chloride (13.0 mL, 145
mmol, from Aldrich Chemicals). The cyclopropylcarbonyl chloride was added at room
temperature over 1-2 hours at an internal temperature below 30°C. The reaction mixture was
stirred for 2-4 hours at room temperature. After heptane (300 mL) was added, the reaction
mixture was stirred for 4-6 hours. The solid was collected by filtration under vacuum,
washed with 2N HCI (2x300 mL), water (2x300 mL) and then heptane (2x300 mL). The
crude product was dried at 40-45°C under a vacuum at 100-120 torr to a constant weight.

The yield of crude Compound (7) was 58 g (88 %), based on 60.0 g input of Compound (1).

Example 6 - Recrystallization of Compound (7)

[096] A mixture of crude Compound (7) (95.2 g, prepared previously in Example 5)
and tetrahydrofuran (THF, 1.43 L) was charged into a 3L flask at 20-25°C under nitrogen.
The suspension was heated to 60-65°C until dissolution was achieved. The suspension was
filtered at 45-50°C and the solid was rinsed with 95 mL of THF prewarmed at 45-55°C. After
about 950-1150 mL of THF was distilled off at normal pressure over 30-60 minutes, absolute
cthanol (950 mL) was charged at 55-60°C over 5-10 minutes. About 350-400 mL of solvents
was removed at normal pressure until the internal temperature rose to 72-74°C. The resulting
suspension was refluxed at 72-75°C for 30-60 minutes, cooled to 20-25°C over 1-2 hours and
kept at 20-25°C for another 1-2 hours. The solid was collected by filtration under vacuum,
washed with absolute ethanol (240-280 mL) and heptane (240-280 mL), and then dried in
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each of R6 and R6' is independently hydrogen, alkyl of 1 to 8 carbon atons,
cycl oal kyl of 3 to 8 carbon atons, or phenyl. 2. The process of claim
1, wher eiwotzha/i4mgpgani ¢ base is a netal hydroxi de, a meCcaluse@obswas e, a
nmet al hydrogen carbonate, a metal hydride, or a conbination thereof.

3. The process of claim2, wherein the netal hydroxide is potassium

hydr oxi de or sodi um hydr oxi de. 4. The process of claim2, wherein the
netal carbonate is potassiun1carbonate or sodi um car bonat e. 5. The

hvar oparcarbona & o b P aPEEle LUPLARERSTALRRYiBd FRUFINAT o

claln1kHyMMQﬁ@p@@haemﬁqggenn()@fx%pgﬂ%)the reacti on between (II) and (I11)

occurs is acetonitrile. /. The process of claim®6, wherein the
reacti 097716 nper afrHE Breként ARG10RQ!iE A& tQ‘Bb 'Ilhn@ii iRERIHE rBytﬂﬁé Ap%elfwo
2011/ 044479PCT/ US2010/ 052005 process of claim1, wherein the

mol e r ambedoherpdiselpsed(in ithe emmpllzmthajlas@ l(ntdn)ied gs filngimtmbewnd 2nY. 8 t o about

1:1.3. . I n_an ena pure
(5)- 1 s smbodigperto il e MR Bt w48 JpB0n SRR BUEH. gt ©)
wher ei nagiduematifRitsisGa hhdm&u teth6R) shos@amat defcribed At Will Decbe Upfident

to those skilled in the art and are intended to fall within the appended claims.
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11. The process of claim1, wherein Xl is nitro. 12. The process of
claim1l, further conprising the step of reducing the nitro using a

reduci ng woenti/ia470bt ai n a 7- am noi soi ndol i n- 1- one conpeamdsediobmos
following formula (VII): 13. The process of claim 13, wherein the
reduci ng agent is Pd/ C and hydrogen. 14. The process of claim12,
further conprising the step of reacting Formula (VII) with an acyl halide
(R6'-C(0)-hal ogen) to obtain an am de conpound of the follow ng formula
(Vi) WO 2011/ 044479PCT/ US2010/ 15. The process of claim
14, wherein an enantionerically puréﬁ%% sonmer of Fornmula (VIl) is used.
16. Thewpstdserngn&fiscl aim 14, wherein an enantionerically pure (R)-isoner of
Formul a (VI\Ilﬁq i s used. 17. The process of any one of clainms 11, 12
and 14- 16, wher eihPXECKAORPEPHING hoarpayad of @rmuda:net hoxy, R2 is et hoxy, and

R3 is nethyl. R
x1 2
0 R
X2
N
x3 SO,R3
X4

or a pharmaceutically acceptable salt, solvate, or polymorph thereof,
comprising the step of reacting a primary amine of formula (II)

R‘I
R2

3
HoN SO2R

(I
or a salt thereof,
with a 2-(bromomethyl)benzoic acid ester of formula (III).
X‘I
S COR
X3 CHzBr
X4
1
in the presence of an inorganic base, wherein:
R is alkyl or aryl;
cach of R' and R? is independently hydrogen, alkyl of 1 to 4 carbon atoms, alkoxy of
1 to 4 carbon atoms, cyano, or cycloalkoxy of 3 to 18 carbon atoms;
R’ is hydroxyl, alkyl of 1 to 8 carbon atoms, phemyl, benzyl or NR*R’;
each of X', X?, X* and X" is independently hydrogen, halo, alkyl of 1 to 4 carbon
atoms, alkoxy of 1 to 4 carbon atoms, nitro, cyano, hydroxyl, or - NR'R’; or
any two of X', X?, X’ and X" on adjacent carbon atoms, together with the depicted

phenylene ring, form naphthylidiene;
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cach of R* and R’ is independently hydrogen, alkyl of 1 to 8 carbon atoms, phenyl, or
benzyl; or

one of R* and R’ is hydrogen, and the other is —COR®, or ~SO,R; or

R and R’ taken together are tetramethylene, pentamethylene, hexamethylene, or
~CH,CH,X CH,CH,- in which X® is —O-, -S-, or -NH,-;

cach of R and R” is independently hydrogen, alkyl of 1 to 8 carbon atoms, phenyl,
or benzyl; or

one of R and R’ is hydrogen and the other is —COR®, or —=SO,R®’; or

R" and R taken together are tetramethylene, pentamethylene, hexamethylene, or —
CH,CH,X’CH,CH,- in which X° is —O-, -S-, or -NH,-; and

cach of R® and R® is independently hydrogen, alkyl of 1 to 8 carbon atoms, cycloalkyl

of 3 to 8 carbon atoms, or phenyl.

2. The process of claim 1, wherein the inorganic base is a metal hydroxide, a

metal carbonate, a metal hydrogen carbonate, a metal hydride, or a combination thereof.

3. The process of claim 2, wherein the metal hydroxide is potassium hydroxide

or sodium hydroxide.

4. The process of claim 2, wherein the metal carbonate is potassium carbonate or

sodium carbonate.

5. The process of claim 2, wherein the metal hydrogen carbonate is potassium

hydrogen carbonate or sodium hydrogen carbonate.

6. The process of claim 1, wherein the solvent in which the reaction between (II)

and (I1I) occurs is acetonitrile.

7. The process of claim 6, wherein the reaction temperature is the boiling point

of acetonitrile.
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8. The process of claim 1, wherein the mole ratio of Formula (I1T) to Formula (I1)

is from about 1:0.8 to about 1:1.3.

9. The process of claim 1, wherein an enatiomerically pure (S)-isomer of

Formula (II) is used.

10.  The process of claim 1, wherein an enatiomerically pure (R)-isomer of

Formula (II) is used.
11.  The process of claim 1, wherein X' is nitro.

12.  The process of claim 11, further comprising the step of reducing the nitro
using a reducing agent to obtain a 7-aminoisoindolin-1-one compound of the following
formula (VII):

R1

NH2 (o) R2

x3 SO,R3
x4 (VID).

13.  The process of claim 13, wherein the reducing agent is Pd/C and hydrogen.
14.  The process of claim 12, further comprising the step of reacting Formula (VII)

with an acyl halide (R®-C(O)-halogen) to obtain an amide compound of the following
formula (VIII):

R‘l
R6 NH o) RZ
x2
N
X3 SOzR3
X4 (VIID),
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15. The process of claim 14, wherein an enantiomerically pure (S)-isomer of

Formula (VII) is used.

16.  The process of claim 14, wherein an enantiomerically pure (R)-isomer of

Formula (VII) is used.

17. The process of any one of claims 11, 12 and 14-16, wherein X*-X" are all

hydrogen, R' is methoxy, R* is ethoxy, and R’ is methyl.
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