PROCESS FOR THE SYNTHESI S OF A CXCR4 ANTAGONI ST

TECHNI CAL FI ELD [0001] This invention relates to a
w@r@sess0s or synt hesi zi ng heterocyclic phar macett/usa05/008268

conpounds whi ch bind to the CXCR4 chenoki ne receptor

BACKGROUND OF THE | NVENTION [0002] It is desired by

those with skill in the art to develop efficient and

phar nbROAEES FOR THIESYRTHESBOR FEXCRRANT)GoRsY

heterocycllc conmpounds di scl osed in WD 0056729
denonstrate protective effects agai nst infection of

target cells by hunanr# Reef iggEepcy virus (HV).

[ 0003] The chenotachc cyt oki nes, or chenoki nes, are a
famly of proteins, apprOX|nater 8- 10 kDa in size
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ex and overl g, set .of biological activities
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extravasation and tissue infiltration of |eukocytes in

response to i NCRWIKIGROENG OFSPRE INWENK@R| €: P.
Ponat h, Exp. Opin. Invest. Drugs, 7:1-18, 1998). The

cellular receptors for these proteins are classified
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chenpki ne %gnd for the CXCR4 receptor is stronal
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arthritis (Matth nol 07: ,4686- 4692,
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shows that “SDF plays a central role in
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[anmmation n an erglnln
[0004] The natural chemokine llgand for the CXCR4 receptor is stromal cell-derived factor-

1 (SDF-1). The inhibition of the binding of SDF-1 to CXCR4 by specific small-molecule
inhibitors has been shown in a model, to reduce the severity of the pathogenesis of collagen I1-
induced arthritis (Matthys et al., J. Immunol. 107: 4686-4692, 2001). This model, which is used
as a study model for the pathogenesis of rheumatoid arthritis in humans, shows that SDF-1 plays
a central role in the pathogenesis of murine collagen induced arthritis. Similarly, the use of
small-molecule CXCR4 inhibitors has been shown in a murine model, to reduce a number of
pathological parameters related to asthmatic-type inflammation in an allergin-induced
inflammation (Lukacs ef al., Am. J. Pathology, 160 (4): 1353-1360, 2002).

[0005] Two specific chemokine receptors, CXCR4 and CCRS, have been implicated in the
etiology of infection by human immunodeficiency virus (HIV). The T cell-line tropic (T-tropic)
viral phenotype of HIV requires, for infection, an association with the CXCR4 receptor, which is

expressed in the surface of certain cells of the immune system (Carroll et al., Science, 276: 274-



i nflammati on (Lukacs et al., Am J . Pathol ogy, 160
(4): 1353-1360, 2002). [0005] Two specific chenokine

wo ewsprns, CXCR4 and CCR5, have been i npli cat Bdr/iuseopiens268
etiol ogy of infection by human i mmunodeficiency virus
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expressed in the surface of certain cells of the
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cel [ 0006] The novel heterocyclic conpound
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8, 546 07 sel ectively bind
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[0008] This i nvertiMNMARYPK BEE: PHEENTERsses for the
efficient synthesis and isolation of pure fornms of
s T
R B R e e Sl e R G R PharfidBoutical
compbeiidnalgyic bind tpHer@¥CRYtchaabkiao neeptonrd sInvdpamCLtbmadnttadlment the
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2 yl met hyl)-W5, 6, 7, 8-t et rahydroqui nolin-8-yl-1,4-alky
| am ne) having forqh 0] Cenerally, the
process conpri ses:
5,6,7, 8- tetrahydrqu|noI

nyllam ne wi th an al kyl

aldehyde bearing a phthali RlaN-t er v/
ry- but oxycar bonyl (di-BQC)
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[0010] Generally, the process comprises: a) reacting a 5,6,7,8-tetrahydroquinolinylamine
with an alkyl aldehyde bearing a phthalimido or a di-tertiary-butoxycarbonyl (di-BOC)
protecting group to form an imine; b) reducing the imine to form a secondary amine; c) reacting
the secondary amine with a haloalkyl substituted heterocyclic compound; and d) removing the
amino-protecting groups. Optional steps include a decolorizing and/or purifying treatment, and

a process for the crystallization of the compound.



protecting group to forman imne; b) reducing the

imne to forma secondary anmine; c) reacting the
waeemsneisny am ne with a hal oal kyl substituted PCT/US2005/008268

het erocyclic conpound; and d) reaning t he
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nis 1 J£60 Mn toh@ eﬁnbb‘&h@ht iRZ R | RNarf R d7€ e ITR@dPRAdIY kelkdtel from the group
For nul a Rl, R2and R3 are non-interferin
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al keny cycl oal kyl, a protected hydr oxyl, a protected
and Rt mambe ahsemt oB® é‘pl@épcgeﬁi‘,’n]é is et ¢ aég}etgégtw 1atr@ndered unreactive by

proteqn@fgg%gw il aamagvg gggpgcﬁmgte@gtcgg&gﬂgeﬁge selectively

grou
removad. absent . By protected it is meant that the group

i s rendered unreactive by protecti It wt n
100§ MOrsRartsiaitse AtheR e Reetpfegter ngsh V%tS@ﬂYMkwt &
I v, | ,
e e
arylalkg«qtl,(mlakyhlkyn}tl eraly oﬁwhajhkryahy Q]mpnaﬂ))) coratnk@ny for (1@23 hedgroatoms

selectf SRR, i b el o ety BbM S sbian R et Ry

substid&d ArmARF GeylledrPlh&al ARPl- SRkLAL &tk yink PO 6k ls%lfoﬂ?ﬁarﬂ fafk thereof
each of which may further be substltuteg

WthfUtstanftm atqegpammtﬁslputhmlléﬂ plsemd, dkynad or arybmea@w Othgr pgpinterfering
substi V%en?ﬁ]lx%lg%e Qhkgﬁ\yfme oa(t)g%)é/ bl%jritkhtz O%I eﬁfgfs H 9) Eﬁ(ﬁ Qﬁ{eﬁﬁf alkynyl or

aryl aaﬂgﬁﬁbw above. aWhkrerthe ﬁtbsﬁﬁuecﬁtbhﬁns G?thershbﬂtlfttﬁnltmay 1nc}ude 1n addition
substituents_ include
to the,sgbeqtbqntsaquggq aboyg, Q@}W |OO%RkI§R§QC}% rwtg:fey@n %gs Hé}fr @ﬁggstltuent set forth
Zmovegg gfe the substituted atomis C the
Ytuents may include, in addition to the
IO(BIGﬂ)Slnl denent, s ‘hbsinedfeabgvehstiheht’, is QR INROZRy sevireseeceadpes not
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Spemﬁl:'zms}I tHeYRBlen¥\OSBe B.[B‘??ﬁﬁl@ﬁleddég Aot J&froﬁﬁ}%te'ffé}{tl\t/é?l@ss of the compound.
abi I'i'ty of the conmpound of Formula I” to behave as a

Becaush éimpéonmeuads eftbe pesent Spventién bawe been tsllrtevrptoesletbcéﬂé’f repllcatlon
and h?‘ﬁ::be%gb (%I : g)et?atve %gt?smﬁammatofc’); er:f?e}étt hyesp%]ccnfﬁcgl‘iy nedse 1ng w1th the

CXCR4 receptor, the compounds of the invention are effective in treating conditions which
require modulation of CXCR4 mediated activity.
[0014] In one aspect, the invention provides a method for synthesizing a compound having

Formula I’, comprising:

a) reacting an optionally substituted (R') 5,6,7,8-tetrahydroquinolinylamine ((R), (S) or
(R,S)) with an alkyl aldehyde bearing a phthalimide protecting group or a di-fert-butoxycarbonyl
(di-BOC) protecting group in an organic solvent with or without a dehydrating agent to produce
an imine;

b) reducing the imine in an organic solvent with a metal hydride reducing reagent in the

presence of an organic acid or a metal salt to form a secondary amine;



Because the conpounds of the present invention have
been shown to inhibit HV replication, and have been
WG bwano3es have anti-inflammatory effects by  PCT/US2005/008268
specifically interacting with the CXCR4 receptor, the
compounds of the invention are effective in treating
cohaerRaReaesRarag i s duraforafly st Bt e ar ad
halon@@ityllbenzinidh AP ditidnal 1 @ BearfpREEhzintiB&zol v ipdhte Q@ \rél@Sor other
~a method for synthesizing a conpound having Fornula
aming subst¢ieRirin 8 ATgani)sopveatiol tagn aphdigtimideapiojectadipsdiv4it-ed
1.8 £ togui nolinylamne ((R), (S) or
butox%%@@l&r?tﬁg%&n%gf%€¥&é edg §de beari ng a phthalimn de
Pyt BekrolRging tiglroRcted tehtiatyeanindtit @btyia ardoaippuind HavilOE)rmula 1A”.
rotecting group in an organic solvent with or w thout
[001 54 elyanesxpmpleag shewr &1 Pehemsde SR 27 FRTARNISCH Yeacupg gy pr}ionally
' Y . Lo o _ ,
substhilG ) 3% B A S A AN BN | oF (BB Al fldeny e
bearirg avplithhlirsilk prdtectingrgrow leaanidamylalii’ fer; < ) ,3rdaat-1.8gliliytieoisoindol-

sec ry amne with, an optional| ubstituted 2-
20 55 AR bOn DT 5k e e AN b Vo Lt opgEtisatior (Scheme 1a)
Alter®ENEyMHnGN 81dRAT RS B2 Qtd'i-m)(g{)&'t’&tiﬁg gfSupalay BF Fdemula I1la’ to

substituent” in an organic solvent to forma _
form ghirhiak havidg Fprmotle ¢V e'dvia comtiensasion iBehsreckdn bdhg hlkyl aldehyde is

e BB S B A B Pl BT Ny

Formula IA". [0015] In one exanple as shown in Schene
1, step a) conprises reactSchgman optionally
substituted (Rl) 5,6, 7, 8-tetrahydroqui nolinyl am ne
(@R), (S) or (RS)) with an al kyl al dehyde bearing a
pht hal i m de protecting group having Formula IIP (or a

|, 3-di oxo-| di_hydr oi soi ndol - &vyl)-al kyl al dehyde)
to forgmas [ havi ng F la condensati on
(Schen@ .l “AlLer nhticgﬁkg{éﬁynhe;mal dehyde may~
bear a di -B&: tecting group ving Fornmula IHa' to

forman im e v ng FornmulBI'l Va' via condensati on
(Schenme I b). The al kyl al dehyde is preferably an ethyl

al dehyde, a propyl e, a butyl al dehyde or a
pentyl al dehydéR")Sgher o

R —_
v NaAACR
O
b)
~
(R‘l)k _ + Ov(CR)n—N/BOC _
N BOC

i NH, Ila

X
RYA
N _BOC

, No ~(CR),—N_
va "7 BOC

[0016] In another example as shown in Scheme 2, step b) comprises reducing an imine

having Formula IV’ in an organic solvent with a metal hydride reducing reagent and either an



a) b) + IHa'" |0016] In another exanple as shown in

Schene 2, step b) conprises reducing an i m ne having
wao-e00sdeod V i n an organi ¢ solvent with a net al P¢yUs1008008268

reducing reagent and either anorganic acid or a netal

to fo . . .
orgarict HOurSLigdptns oy NGB Pt Lovisieiselaio v sl
tetrahf@rold abligy | mafEHading F(oﬁ@nbﬁﬂ@’ @ahemdPd)erAiimatR LY, arﬂﬂnme having

Imne having Fornula IVa' may be reduced to form

Formglad¥adepy bamdyeccthipdpoe ﬁlsmndéw@éﬂltle hedrpetdomds yall lﬁww ‘Formula Va’
me 2b). Schenme 2 a) b) + HCl [0017] In yet
Gkhéﬁ%#ﬁEr exanpl e as shown in Schene 3, step c)
conprises reacting a secondary am ne having fornula V
(N-[ (I, 3-di oxo-1, 3-di hydr Gichanadol - 2-yl ) - al kyl ] -
tg%rahydroquinolinylanine) with an optionally
stituted (R3) 2-hal onmet hyl benzi m dazol e (Formul a

VF). I n one exapyl step c) conprises reacting the
secondary qﬂ1nﬁi§1f;32- hal gyret hyl benzi mi dazole in an
organi c solveh evat ed rature under, basic
conditions to f (CR), —N

N—{[(benmmdaz&r 2‘Vf)nethy§fiif%-diox04

, 3-di hydr oi soi ndol -2-yl)-al Byl ]- tetrahydroquinolinyl}
an1ne having Fornmula VII' Sc ene 3a). Alternatively,

al kyl ation of a seconﬂﬁﬁ HCO salt havi ng
Fornmula Va' with a 2-hal*ongk benzi m dazole as

previously descri bed resultsémﬂ gCRY,OLRCT B ertiary
am ne havi ng Fornul a VilaV e §b ' I n
Formula VI' in Schene 3, X may be any Ral o | eavi ng

g&ﬁup, such as chlorine, bromne and iodine. The (R3)
al onet hyl benzi m dazol e (Fornula VF) may further be

~
RYA
N _BOC

v N ACR),—N_
IVa N\/( ) BOC
RN
R
N CR) _BOC
+ HN n N
Va T BOC
+
HCI

[0017] In yet another example as shown in Scheme 3, step ¢) comprises reacting a secondary
amine having formula V’ (N-[(1,3-dioxo-1,3-dihydroisoindol-2-yl)-alkyl]-
tetrahydroquinolinylamine) with an optionally substituted (R*) 2-halomethylbenzimidazole
(Formula VI’). In one example, step ¢) comprises reacting the secondary amine with 2-
halomethylbenzimidazole in an organic solvent at elevated temperature under basic conditions to
form a N-{[(benzimidazol-2-yl)methyl-(1,3-dioxo-1,3-dihydroisoindol-2-yl)-alkyl]-
tetrahydroquinolinyl}amine having Formula VII’ (Scheme 3a). Alternatively, alkylation of a
secondary amine HCI salt having Formula Va’ with a 2-halomehtylbenzimidazole as previously

described results in a protected tertiary amine having Formula VIIa’ (Scheme 3b).
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substituted with a benzi m dazol e am ne protecting
group or other am ne substituent (R2) . Schene 3 a) b)

WO 0B310%030$h anot her exanpl e as shown in Schenme BECT/BESBP5/008268
d) conprises sequentially or simultaneously

o LY D BERAAT, 7Rk 3 PEEPERIRE LD SO MPeorine,
bromﬁ:'@tahéhddiﬁhéj erHRr(RA) 2- B@&:ﬁﬂ@l&ﬁhlmamm@prm@lawﬁhw fuiher be
npound according to Formula F (Schene 4). Schene 4 5
subsqtm@ct wthwart@npmé@@ge afing Reotentias EFAUP GT\PEhT .aahnmgbstltuem (R%).
further conprise the steps of: (a) treating the
Formula 1' conpound with degalenri zi ng carbon and
silica gel to renmove inpurities; and (b) in the case
ofayan optically active Formula V conpound, isolating
the JV- (1 Hoenzi m dazol - 2-yl net hyl) -
L~-5,6, 7, 8-tetrahydroqui nol i n-8-yl - alkyldla Rne (Y) as
a crystalline material (as the (R or

via a sel ecti ystal li zation pro&&ss 0@2&7 In an
exenpl ar(R") nt, th® process |s used the v
synt hesi ze ai un ubst it ut (—t -

H benzi ni dazpl -MNyHEPHy

'-5,6,7,8-tetrahydroqui ng{i n-8-yl -1, 4-but anedi anm ne)
(Formula 1). It should be readily apparent to those of
ordinary skill in the art that the process renmains

essentially the sane whether the ultimate conmpound is
substituted or not, and/or whether the process results
in a product that consists of a single enantioner or a

m xture of enanti [0022] In one aspect as shown
in Schenmes 5- 8?‘&§ﬁﬁgi3cess f & synthesizing a
conmpound havi ng Fd¥nu : (a) reacting an
unsubstituted (5,6,7 %\P§?$ahya ﬁﬁﬁnolin-S-yl)-anine
(S) with a 1-(1,R

di oxo-1, 3- dlhydr0| dnmdol-z-yfg-butan-4-al in an
organic solvent in e presgpge of a neta

R3)n
b)
(R") D |
FEiI;?/mRr—N/BOC
130C. I BOC
@ Vila'
(R%),

[0019] In another example as shown in Scheme 4, step d) comprises sequentially or
simultaneously hydrolyzing the benzimidazole amine-protecting group (formula VII’ or formula
V1la®), if present, and the phthalimide or di-BOC protecting group to obtain the compound

according to Formula I’ (Scheme 4).



carbonate salt to produce an imne via a condensati on;

(b) reducing the imne in an organic solvent with a
woredoaloodsygir i de reduci ng reagent and either an PCTJHR1005/008268

acid or a netal salt to forman a

N-{[I-(l,3-dioxo-I, 3-di hyg i soi.ndol -2-yl) -

butan-4-yl]-(5,6,7,8-tetr ﬁﬁ aw nol i n-8-yl)}-am ne;

(c) reacting the

N-{[!I di oxo- I, 3-di hydr oi soi ndol - -4-yl ]
- (FB) 6, )t etrahy)alr oqui nol i n- 8-yl )} e/
2- chl ovongt hyl benzpmi-dazol e bearing a buto yc r

noi ety a Mem azol e_amine peotecting-Y p|n i
an agzgani ¢ sol ventZat el evated tenperat u'Ré lnder basic
£$ N

condi tN to forman

N-{[]-¢~3- dloxq(1 » 3-di hydr oi soi ndol - 2-yl) I
but an-¢4- ¥ ] - [ (bel}i i dazol - 2-y1) - et hyl ]- (.60 7, 8-tetr
ahydroqut nol i n-8-yl)}-am ne; and (d) sequenti aI ly or
si mul t gR®Qusly hydrol yzing the benzi m dazol

am ne-protecting group and the phthalimde pr ot ecting
group to obtain the corrpound according to Fornula I
DETAI LED DESCRI PT| ON (F HE, | NVENTI ON [ 0023] Many

phar maceut i cal coFFb '-, pr oduce@®odr ough

mul ti-step chem cal synthes chem cal step in
the process should effic %‘m/ﬁy dell a pure
conmpound. To achi ewad. hJ/E goal , each Step nmust be

experinmental ly optimz 0 enhance bot h yi el ds and
product purities. Ther of t env@lar equi renent, at the
end of the synthesis, a final purification of the

bi ol ogically active phz( ceutical conpound to ensure
that it is free of pot mal |y toxic side products or
other inpurities. [0024] One of the synthetic

(028 Bieprosess bf thegressueivérgioamugyivl ther wompsatidssteps of:

d bed t h t t -
Supstinedee eorgn b EbEPpuRD with dEechBi e cr b lise g to remove
imp uﬁﬂlesq amd O Q. Chem 67(22): 7890-7893, 2002), is an

optically active conpound. The description of the
sy ingbé casaed an gptically eativsf quhellmh QQE\@DWIQJF@&N@G rﬂpﬁnlu’nﬁl H-

benz'é'é‘feﬁzﬁn}gﬁ &Bﬁt}ﬁﬂéyﬁés’gg q}y)sl mé) Corm %%‘%gl%{agj ! O{Ian 84 drystalline

materid1 €asRh@ (1) @f(SPéraReRatdkiaze delbitplicrysidlligaioh peasss. of
optical activity of a pure conpound, there are two and

(00 yInaRcexespinsy smbediment theahaeRss snised to sptheste papasubstituted (S)
(N°~( f 19'—%Qﬁil&l"iiciazglhﬁl—?irﬁ@[i)yl?ﬁ\@%,t7,'8 -etétrﬁ?%?&fun{onﬂ!S-E/fjﬁx-ﬂu%@&gmme)
(Formula I). It should be readily apparent to those of ordinary skill in the art that the process
remains essentially the same whether the ultimate compound is substituted or not, and/or
whether the process results in a product that consists of a single enantiomer or a mixture of
enantiomers.

[0022] In one aspect as shown in Schemes 5-8, the process for synthesizing a compound
having Formula I, comprises:

(a) reacting an unsubstituted (5,6,7,8-tetrahydroquinolin-8-yl)-amine (S) with a 1-(1,3-
dioxo-1,3-dihydroisoindol-2-yl)-butan-4-al in an organic solvent in the presence of a metal

carbonate salt to produce an imine via a condensation;



the plane of polarized light in opposite directions in

equal anobunts. The rotation of one enantionmer will be
wa@bmskeizse, call ed dextrotatory, abbrevi ated "BXT/082005/008268

(+), and the rotation of the other enantionmer will be

?l% re?ﬂc(‘i%é&evlmpirﬁ Pl%slolrge%léc! S el Xi\é%Fg\{éat%lapy%n%%Iéegqté.vamgnrle‘z;gent and

elthertah%rgd?@d 4l 0Rs MY SATERL fofth af lalbs‘Bt{[lt ushtimxahigytihgdedudidlol-2-yl)-
center, are used to denote absolute stereochem stry.

butanFell €564 $ristrabydraquirglnS 18t vasRet he nomencl ature f or
? e%tﬁ]gﬁh? ﬁ‘f g?"a“ cﬁB{(%/ l%n@hw}g?glnﬁ&% k‘grbu‘?i%&cjﬁ(%'éoﬂ&

ane

tetrahydpﬁquﬁhﬁﬁﬁ’r@ YOy }g@nine vﬁiﬁ]ﬁﬁlbf@(ﬁetl@ébﬂtzlrﬂidﬁzol%édiﬁ@ aSlstoxycarbonyl
and Structures, 4th Edition, Chapter 4, John WIey
moictggniic hggpmidayels amige prqtecting gtr@rpnm o QEENI GIARYGNE atesé%\@é%d

tempe{?atg{eﬁbng{aﬁ)a%ld' &l iRt r{Fl] 0?&1096'1 PHTH 01sd1ﬁHorl] -2-yl)-

are neasurenents o he "'sane phenorrenon
butanvhyll]lé(haﬁziﬁe‘daizsl-a ybement]dg®, h&wmhgdreqmno]ﬁn-&bé)}emuneadnd

r| ty h 100 e| n sin enantl
sueptalinon amtnciis Dbtk e fedieng i Enigggyotecting
groupeﬁld tﬂ_@ﬁltﬁﬁhﬁﬁ@ torBdting @rowpHol d?bYaufl e BrPoMda&drdhetd Formula L.
defined as: Percent optical purity = [al observed x

100 [a] maxi mum L0026£ As shown 18]1 observed is the
observed an§EdAJLE $CBH’H@I‘bp§n BENYENAdEN i ght

and [a] max is the maxi numrotation possible (the

[06 Zavaﬁﬁgh%%%ﬁhﬁo%o%hﬁseérg%ﬁocfu%d fﬁroﬂgﬂ%ﬁh st?p chegncal

enant’l oneri1 c excess I1s also re
synthés{as aBsdl ¢Hemicab vk guthetpraress srodld éﬁmealfkyjdcﬂd/eas ptlhae:ompound. To
ercent?ge eXxcess f one enanﬁloner_o he oth ereﬁgand

achieyg,jhisgpal, cagh ste}[ TQIJS e[eg})er*mi@te Y-Opfinized tQ) Rge b"Ot]P ¥
prod&pﬁ;“r?t%fe E'Tﬁ&re'lé)%é'nsa Rlqut&hid! adhdaRt SaNe Q}nftlﬁe%fs for a final purification

rably in their pharnacol ogi cal
of thetkoahogmhkbjg agpk pbimectetidaécaupmindie gngunt élaakt is fnget ¢f potentially toxic
the majority of which are

i @}c gi ca}ée macr onol ecul es,
side pLPdHCEY QML IMPWIYSy ayer, Clin. Pharnacol . Ther. 40:125
[0((2]4? 8@)13 of tHeR¢@hetid cdnBpoRbhEBf ﬂﬁﬁio"v@l%et&foéylaﬁé @ox\‘&})étihds described in

inthe art to isolate the drug as sin

this lrevmamrn,éhmptiqnaléy aﬂw@tuf@r-‘n@ 718ntetrﬂyd¢wemémet(ﬁléipmska etal.,J Org
Chemy pﬁ@}z?%éo-@sﬁs B0bs n)‘ d;{&f%%‘y RO G mp Bl BN R Sption of the

c resolutio
synthesis and isolation of the unsubstltuted compound (Formula II) is described in WO

2003022785. “Optically active” denotes the ability of a compound to rotate the plane of plane-
polarized light. In each case of optical activity of a pure compound, there are two and only two
isomers, called “enantiomers”, which have identical physical properties except that they rotate
the plane of polarized light in opposite directions in equal amounts. The rotation of one
enantiomer will be clockwise, called dextrotatory, abbreviated “D” or (+), and the rotation of the
other enantiomer will be counterclockwise, called levorotatory, abbreviated “L” or (-).
Additionally, the prefixes R and S, based on the spatial arrangement of substituents about a
chiral center, are used to denote absolute stereochemistry. There is no correlation between the
nomenclature for absolute stereochemistry and the direction of rotation of plane polarized light.
(See, for example, March, J. Advanced Organic Chemistry: Reactions, Mechanisms and

Structures, 4™ Edition, Chapter 4, John Wiley & Sons, USA, 1992).



the (5)-enantioner in high enantiopurity (97% ee). The
(i?)-enantioner can also be isolated in high

wepashropirity. (See, WO 2003022785). [0028] TPheT/US2005/008268
optical activity of a conmpound can potentially be

R R A2y Y BB AP ™ i

both B hRasréhefbf @k kinfe pher@n@nyeNThoOvgI0EI0ed IS a@éRe8REE theasurement
inits overall crystallography, so it is sonmetines _
of theppiisaluaity. ovidcHOd e gampusp singlcopRantiemek sldenpe; spompound that is 95%

. I : : .
oo BIRFERIELY HRARR G OIS S8\ sl et
by a hi gh degr ee pefcehtdpticaiglurioy d¢a] olssensidst 100g of a

t hreedi nensi onal translational repetition of a basic
structural pattern (Brittain, H & Pasimgeutical

esearch, 7(7),, 683-690, 1990),. nce, it is also, . )
(0035 SRE S AL shserved B oBseneed et ottt T plag Solarized light and

[or] m3YEd R ndal i Gih ¥Sth @i (fs@%'l@(gheofo%ﬁﬁ%at Rio2ifd BSEkeivad Y Ssingle
Invention 1s a detalled description of a

enantiones). dl'Hel enahtiamnerjir excesds ulho offatedtovasolnee ¢onfigemsien ot is measured
the enantiopurjty as well as the over Ill“purity of the

as thepsopiifage Fxceé%ﬂ’t)‘a%frf’a‘?‘mﬂmﬁve 8%1%%% °Mvention is
directed to the epappunds;acomy-dvgyg- 4@ Fornula |°

whi ch denonstrate a protective effect against HV
i nfection by inhibit{Rlg-tfe binding of HIV to the

ki ne rec or, CXCR4. Formul a,1'. caonpounds .
0GP B R s M SRt in GRTPENRological and
toxicdTUgicAQRBE BeSausdhel, MibRLL With biolgyiddl RtcRtnQéculddethe majority of
~ natural chenokine SDF-1 tothe chenoki ne receptor .
whictorergreoseleetivertPaaer.drlin. iPhapraraol. dibend0: 13842984k sHence, it is often
vari ! . . .
sl P, U5 005 1015 PRS2 SOy LSRR B  pur o
the caB¥ pﬁth:e Mg@b-%@,@aém@ﬁrdq&ﬁmﬂihe, ahShzenatid kiaamkr readu@om provides
exanpl e, but. the procedures are_al valid for the (R )
the (SyRBRTHIOBHEI bl.ghteﬁ@emgytw(gzma-e% é‘gm]antm@rﬁég a 9@% Rolated in
ok d J e ewsy i f a conpound havi ng Fornul a
high %A#H%Lgﬁ%a Steg’pr ocie)é u??"sr?é_\?' be utilized when naking
[0628sThe otted! abeivity af b vempaindran poteatibllcbapoimedenhanced. through a

e SR NP0, RS N AR BO PHOSR B ciay ot

givenRBhWund RxPR§EAIIR s 80erdll %@s’éﬂﬁ%ﬂaﬁi@y,ts@ it i 8oM&®M& possible to
~Formula " X " conpounds as well. Furthernore, it o
achieghau¢minhemenelselutionl spdnsaneotsdy theewshi the cewprieh the peystallization. A

crysta?fi]ﬁ)ewsrg)lildqs ég:arr]aecrtrglszeg _b§ atfn(ieflghoé{\égree of internal order, consisting of a three-

dimensional translational repetition of a basic structural pattern (Brittain, H.G. Pharmaceutical
Research, 7(7), 683-690, 1990). Hence, it is also possible to reject other side-product impurities
during the crystallization process. Disclosed in this invention is a detailed description of a
crystallization process which serves to increase both the enantiopurity as well as the overall
purity of the Formula I’ compound.

[0029] The present invention is directed to the compounds according to Formula I” which
demonstrate a protective effect against HIV infection by inhibiting the binding of HIV to the
chemokine receptor CXCR4. The Formula I’ compounds also display an anti-inflammatory

effect, as shown in murine models, by inhibiting the binding of the natural chemokine SDF-1 to



are only exenplary, and can be further optim zed by

using alternative reagents and/or conditions based on
wowdos/okaseswn chem cal princi ples and protocol s, PEEUSENS/008268

as the teachings herein. Imne Formation [0031] This

the chlre%% nte!rgc%pgqg%g}g% ﬁgfs) rirg\%gfi??,fi? rgg&i@&lagfd%isc%{bgg tvarious methods for the

i Of S u
synth&iSand, iSol aedr P fsibhls BOtHetompbuidyradidescribed Welohl. arhe experimental
al kyl al dehyde of Fornmula I1l, as illustrated in

procegae e the (Henartoner[agan oxample.2bub the| nragedures asg apo valideor the (R)
1.0Q- ' 5,6,7, 8-tetrahydroquinoline
enwﬁﬁ@k?%&ﬁ#ggﬁ%%gégﬁf'is treated with an aqueous base
[0630¢ hS@emEO Fessitidstitie thedynkedeoncbmepdunddiaeihgWiorfiukad. The same

rgani ¢ solvent such as dichlqianethane 0 isolate the
Rytidyte

org 1) : .
procede ey hedtilized whep mak g sp erhyagreset Foymulik gompopyds (ie.,

. . . . S X r t H H s e
e AT P SRS ARAER SAOf Yorm
exempl8jed tedoverthe @08 8TiorTdenappdies toothe bsonEarimdd T X° 8gompounds as well.

m xtur.e of the 8-am no:5, 6,7, 8 tetrahydraoqui noljne
Purthcgeiage, it houldaRecned e At cp et paduions ripRey Pesshrrs-8 below
are oﬂl* EXerfI8ry! BRFERhel fOrtREt PliFARIDySRINE Herifive RRigPki§ afdI6 conditions

of an ‘anhydrous inorganic salt. See, for exanple:
basedpmriv¢lt-limoven chgmical peineiphes dnd prateqofs, as 8411 28 e te@khings herein.

(1993) and Balenovic et al., J . Og. Chem :1459-

.15 .1952). Exenpl ary organi c sol vents incl ude,
Imine RFhabio ) | X on, diethyl ether, dimethylformanide,
[0631hyThis afvehgon phioetides h proetdsabethe effidemffommtion of an amino-substituted

t et rahydrofuran, _acetonjtrile, eth ne gl.ycol i X
5,67 §iteHatpiroartnglipe of borgarallyyith M%@g%gﬁog yrafall agillustrated in
Scherf@kvent being tetrahydrofuran. [0034] Exanples of

I norganic salts include, but are not limted to,

anhydr ous magnesi um sul fate, potassi um carbonat e,

magnesi um car bonat e, sodi ®eheméfate and sodi um

bi carbonate with a preferred i norganic salt being

anhydrous potassi um garbonate as shown i'\\EEEnB 5.

adj ngr fIy om 0. 5X&P2TF st oiflchijongt ri ¢
en s,\ﬁfggﬁiNo oi chiometrc=equivalent bei ngo

pgeferred. O her ing agefts, such asNgphecul
siﬁvggg can al so be u . In the case of toluene or
béhzene sol vent&! a Dean- Stark trap (filled wil¥h o

nol ecul ar sieves) can be

[0032] As a preliminary step, the amino-substituted 5,6,7,8-tetrahydroquinoline
hydrochloride salt is treated with an aqueous base such as 10% sodium hydroxide and extracted
with an organic solvent such as dichloromethane to isolate the amine freebase. In the preferred
process, an optically active amine is used as a reagent (as depicted in Formula II), with the
preferred isomer being the (S)-isomer.

[0033] Then, a stoichiometrically equal mixture of the 8-amino-5,6,7,8-tetrahydroquinoline
amine freebase (Formula II) and the aldehyde (Formula III) are reacted in an organic solvent in
the presence of an anhydrous inorganic salt. See, for example: Hamilton et al., Tetrahedron
Lett., 34:2847-2850 (1993) and Balenovi¢ et al., J. Org. Chem. 17:1459-1560 (1952).

Exemplary organic solvents include, without limitation, diethyl ether, dimethylformamide, ethyl
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enpl oyed in the reaction to renove water. [0035]
Reaction concentrations typically range fromO0.05 Mto
wQ@2®s58b0s0g h a preferred concentrati on of reagePtT/U$20851aD8268
[1l being in the 0.5 Mrange The course of the
acelatlrgiacgclillf)ﬁ)gnei? Sll(rérz) dl trag érgf\@%ng%getgkhrﬂpghﬁg@g?% éco] dimethyl
ether, fn@irueﬁmudr&a@éﬂewnm preffdfrmm soR@Ahding feabhyttofurdrt h a
referred tenperature bei ng near anbient tenperature,
| 2Bermnplpoer3Bpreanie selfs nelufle buy picasf |iited &, aplaxsirgysamagnesium
0
sultatE r#otrtgsgl?{hlc&é a(ha;ehfrh%ﬁ@s%dl Qb agsiés W glu%ﬁ, ﬁ‘j{afét%e\rﬂesgggg} blcc)arlrbonate with
a prcf@trbdé rnofg)fnm <t b‘eldgtﬁhydt@&flﬁcﬁtaéshyn cérbenat©ay/shosindn Scherh& 8. Salt
eact on IS 95-100% glas rreasure

1H N
loadurser@a&%s. gH0 P08 20 StATCRIOMEFE-EJUbYR W%WIH@%WO&P&%%C fyyivalent
bemgtpﬁ SefibE ”thg} ?5@%&g%guﬁ§ sib¥Ead ﬂbfé@ulﬁF QEV! @il a¥ho ﬂe(hsed In the
reduce , as Illustrated in Scheme
case cﬁ° t«ﬁa:«hmmr enFdie sol-vem@Dﬂ)thE{zﬁtrla-tan(ﬂlEd Na BH#olec@laGi@ves) can be
| 10C 80% [ 0038] .As shown, a netal hydride
emp ‘?y§dth‘& lﬁde%?é‘é?ﬂttof PEIREd with a netal salt or an
(083 AREL1iBR kndeftrATorRItgAEIE rafde@oth 0105 IgaBer@tBwah a tpreferred
redumggJ agent. Then, the’imne solution is added
concenhratione maggltdbm I bemlg:m the §dsMtrangen el heegurse job thegpaction can be
A e, 9 e |
readllggglmvgeana?e L nuc %Jr r%a&n crg?l e’gﬁ\itllt@]hRi) FY‘n aI]IOg E{ qléﬁl B tures for the
reactiby dfel feksn -309¢ to m’éﬂlbd, a@mtaquibﬁ’e@ Ranalseraiere Lt near ambient temperature,
anoborohydride and |ithium borohydride with the
or 23|car/ef erred reagent bei ng sodi um borohydri de. [0040]
OB LSS B R S Son SRR v
inorgzmn Salthmnglde ghaes frg, il papaforotied foraagfefiiter. Generally, the conversion

of the reaction is 95-100% (as measured by 'H NMR).

Imine Reduction

[0037] This invention provides a process for the chemical reduction of the imine (Formula

IV) to the reduced form (Formula V), as illustrated in Scheme 6.

11



[0041] Exanples of organic acids are form c acid,

oxalic acid, citric acid, acetic acid and propionic
wa@edod/p9osg h acetic acid being the preferred remgEN$2005/008268

[0042] Reaction of the borohydride with the netal salt

or organic acid is done i%cﬁa?ggganic sol vent,

exanpl es of which include,” but are not limted to,

di et hyl ether, dinmethoxyethane, tetrahydrofuran,

di chl or onet hane, benzene and toluene| :

solvent is tetrahydrofuran. The reac

perfornmed at a reduced tenperature, typ

- 400C and QOC, with a preferred tenperat

the - 25 to - 50C range. Reaction yields rapge é

65- 90% wth a typical yield for the zinc chloride

sodi um bor ohydmrdetmet hod bein% approxi mately 80%

AlNepHat 8@, Process0023]NaBhi 5 2PPlyent i o proyides a

process for the al kylation of the secongary'é ne

(Formula V) with an am ne-protected 80%

2-chl or onet hyl benzi m dazole (Formula VI) to synthesize

thetertiary am ne according to Forrmula VII. Mre

pary rIy, Schenme 7 depicts the reaction of the

secqndary amne (Formula V) with the am ne-protected

2-C Oﬁﬁnethylbe

sol vent at” etews

ally bet

i mdazole (Forrmula VI) in an organic
ed tenperature in the presence of an
ani ne basg angd s | ytic anount of an iodide. (See
al so, Cook et ™ai, trahedron, 54:3999-4012 (1998)).
Schene 7 [0044] As shown, the Formula VI conpound

[O@'ﬁir 1&8 @I'nb(g%r, %g%@?ﬂ@‘aﬂﬁé T %1“? ﬁg%rﬁg%%ta.&tgg M%Urﬁeta{ §alttor an organic

u y “apparen er am ne protecting

acid 1§ bR VASINRY DRNS® gepefatd a tedudihg agonac Thae thaf intihesqbutdseintidded to the
i nvention, and could be easily substituted for the

reduchig; agg e Wihisdrigadsde ggedicdop Héi/béal?’t"é‘?r renmoved usi ng

OSPEAREIDO e AT fe leir B daHts BROLARI PO @HRS ithium

[ I ncl ude,” but a?e ot I?ﬁ?&g% o,sné$%oxycargo%yl, i

alumibemzyidridgeodiphotciacetodoydhydaté, sbdiutod yaeokes ol fdorlg lapd lithium
t.hanesul fonyl , and acetyl . éoo 5 Tﬂg reaction is

borohy e wHih jhe. Zratsriss Tsuenipeife LR BRBHRHEG ¢ excess of

(00408 EQAAMER0Mhe@PHRSHAGNd dhiGRdL Bstu!;sa;m hyBRx[Ra&Id @A hydroxide

is generally carried out with 1.0 to 2.0 equival ents
and sediumfpgetate, with zinc chloride being the preferred reagent.

[0041] Examples of organic acids are formic acid, oxalic acid, citric acid, acetic acid and
propionic acid, with acetic acid being the preferred reagent.

[0042] Reaction of the borohydride with the metal salt or organic acid is done in an organic
solvent, examples of which include, but are not limited to, diethyl ether, dimethoxyethane,
tetrahydrofuran, dichloromethane, benzene and toluene. A preferred solvent is tetrahydrofuran.
The reaction is usually performed at a reduced temperature, typically between —40°C and 0°C,
with a preferred temperature being in the 25 to —5°C range. Reaction yields range from 65-

90%, with a typical yield for the zinc chloride / sodium borohydride method being
approximately 80%.

Alkvlation Process

[0043] This invention provides a process for the alkylation of the secondary amine (Formula

V) with an amine-protected 2-chloromethylbenzimidazole (Formula VI) to synthesize the

12



Formul a VI conpound (conpared to the Formula V

conpound) with a preferred range being 1.05-1 . 15
we@osvedzent s. [ 0046] A nunber of am ne bases haReT/bsm®N5/008268

used in the reaction, including but not limted to,

. triethyl am.ne d diisqpr, | et hyl am Wi t he .
ertiary s SR PR IATEIA YT ATOPe S BT oy i eI fhgpeaction of
the se86HdABBantik CRorduda P i thGROARinepebtdeled 2-chloromethylbenzimidazole

t et ramet hyl guani di ne, 1, 8- ) )
(Formgilaa¥ Bin ey ergp . sel\Ghusiddevardderapeipgre in the presence of an amine base and
4-di azabi cyclal 2,.2. cha Ypi A2
o catalyy R BOR AU BEC SR FRRE oy TRt BudghRab2 oo
are used. [0047] Solvents for the reaction include
di chl or onet hane, chl or of oSehere?r ahydr of ur an,
di net hyl f or mam de, benzene, toluene and acetonitrile
with acetonitrile being a rB'ef rped sol vent. Reaction
tenperatures range from anbisen reflux, with an

" ideal range being 50-600 048] A catal ytic anount

0.01 to 0.2 equival ent@ | odi de source, such as
potjassj um i odi de, cesi umYodNdg, C'sodi umgi g or

G utylamngﬂumiodideistypically d 0
incpﬁW ngact i onpr,REEKI, TheeN ppiccal Weld of the ©
For mu | “NoNpound j i§ 80-Nasoty
Am neVPr ot get , Group Regmyal [0049]] Funt hernore
this i'nvention ovi des procedures fof tHE Menpval Cof
t he but oxycar bonyl protecting group, A esent, and
the phthalim de am ne protecting groups
Forrmula VIl conmpound. Schene 8 illustrates the
procedures for deprotection. Schene 8 [0050] In a
preferred enbodi nent, the henzinidazole am ne
/ - but oxycar bonyl protecting ﬁ’roﬁji s selectively
hydrol yzed under aci di cUus conditions to generate

the kormula VII1 conpou S guently, the primary
rﬁhthalimde protecting g\;;dlo Ip of t | a
v tbeeonpound ios then hydrolyzed in an o sol vent

w t oyhydr azi ngj or anoPhREt, BENCRgCN@sEd r edyent . %
Thereé(tdﬁg,\ depr ot-ect-ed—conpouneacgor 'Ng/ﬁe/\N
For mu I, o ys free of gdpydrazine and at her sid

products, incldgi/hg hydrazide IX, can/T\be sd¥ at ed. ©

Vil

[0044]) As shown, the Formula VI compound bears a butoxycarbonyl amine protecting
group. It should be readily apparent that other amine protecting groups are also useful in the
practice of the present invention and could be easily substituted for the butoxycarbonyl group
and thereafter removed using known methods. Examples of other protecting groups include, but
are not limited to, methoxycarbonyl, benzyl, benzyloxycarbonyl, allyl, toluenesulfonyl,
methanesulfonyl, and acetyl.

[0045] The reaction is typically carried out with a stoichiometric excess of the Formula VI
compound. In particular, the reaction is generally carried out with 1.0 to 2.0 equivalents of the
Formula VI compound (compared to the Formula V compound) with a preferred range being

1.05-1.15 equivalents.



[ 0051] The renoval of the butoxycarbonyl protecting
group fromthe Fornmula VII conpound can be

waewsowizdshed under standard conditions using BCESN85/008268
aci dic nmedi a. A nunber of aci ds can be enpl oyed, such

[O(ij}ﬁ%l]lfq dro gxlég einginegg)ias&’s hgrve-t lbel%lr]!él%ee@ @:t S %elac ?ctgb? ?uc{mg but not limited to,
trlethﬂﬁhmaldnfs@ﬂbﬁyl&ﬂyﬁnﬂmﬁ wihapé plrefmea%@geneb@ﬁgf erred
condition is aqueous hydrochloric acid qu 2-3). The
diisopseplethgiamine: dOthpreanioenivhighara appHisthie el eéetmfgﬁhylguamdme, 1,8-
ef f| o %%
izl e O dE O PRS0 AR ant PPV gy, 1110 15
equlvilféntl@f ﬁﬁﬁﬁnahﬁkeeﬂﬁtlb@tor’fﬁ@hmﬂfewaﬂ&MIsHPLC the pH of
he solution is raised through the addition of aﬁ]%?%e
[0%47& hS%lgerm%ré)mj%%méa%lpe‘?ﬁlﬁgl@%%&?ﬂa@et ehlgiederm. &etspy grefuran,
dimeth P enE (kR Bhish EalPaERiaR PR OISR PLRE T fefoyed
solvetth R qabtidrate mpedeirgy mhge fromgngriou po faﬂum Whh aﬂmdelahtaagévbetihg
génpound can be acconplished under standard conditions
50-60,; ng a nunber of different reagents including, but
(064 hiial dﬁﬁl ah%uﬁﬂ‘?@l 0. TBq VA1 81T anbedidé Tr&E such as potassium
dr

et hyl enedi am ne azi ne hydr ate and sodi um
10d1d¢3@|e$)hmdo<ﬂlde, sf)dlluhnwedietw teibniybanzooriumAogide isetypiedlly added to

s zine h a about
inerefsE AT oA 6 Do et EniE L e B g reaction s 30-
959, for the reaction include nethanol, ethanol,
i sopropanol, ethylene glycol, di met hyl f or mam de and
tetrahydrofuran The reaction is carried out at

YHE pal or at el evated tenperature

[OAL fk%e’rme}eﬁgs 1v319tg) nprovifs \e’ﬁgéeéﬂ @R emGRIGE ! V-

reaction times are on t 12- 24 hours at
butoxgodrbennyt! ptcﬁacpmlggrcmpslf fReswoy ahd dfe phﬂfahhydh’ apinderetedmg groups from

the Fjing 1y Hingubhr SOard s e RS PRRBOTES 7 AePGections ne

hydr azi de si de product can be rrade nore efficient
t hrough the addition of am.gtmagi ¢ sol vent such as
di chl oronet hane to the reaction mxture to aid in the

conplete precipitation of the Formula I X conpound from
sol @ [ 0053] Although sequent | al) re t he
ami tectlngogrou@s &‘gf’%%? ed, it should be 5

appar eny_t j skidl 0 Chat a3
b(?j\ZI/I‘EdE{g\ng 3 Iblcﬁlé?o &ﬁ‘an@ an befg 5 N
© HN" N o)

/i\ @ vii @ il

X
L.
1. H,NNH,, / Methanol N™ % o
2. Dichloromethane N ~"NH
- I 2 NH
HN"SN + (:i:;rim
& w8

[0050] In a preferred embodiment, the benzimidazole amine {-butoxycarbonyl protecting
group is selectively hydrolyzed under acidic aqueous conditions to generate the Formula VIII

compound. Subsequently, the primary amine phthalimide protecting group of the Formula VIII
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whi ch can be renoved sinultaneously with the phal am de
am ne protecting group. Optional Decol orizing and

w@osH9set | on Procedures: [0054] This inventi oPCHUSIS/008268
provi des optional additional steps for the

compgw}apgu%? ncflngn gaén gfeg%g{g%rglvée%tawﬁ hydrgtﬁllggagg q']@er amme -based
reagefO | Thet@fteQ thd RPrer&di@PEEh Y |a6k9)r&ﬁﬁgl‘tf¢ll:6rn|1ulénﬂ)/wlbeh is free of
treated with decol ori zi ng carbon to renove

hydragior enédihepsidé prodycts) includio hedragida A ean herigolegApound
[OQYV r'?:%ror\ml & l}lﬂf FE‘Xtogﬁﬁgb.thr P@Bfegn}gg g P {bn? L&%‘rr‘ﬁula VII

comp@ﬂ{mt&&b&ﬂhyhshle@ﬁ&ﬁr sth@arH@bﬁﬂlhand usmgmplldﬁtds dcidic media. A
freebase form in a m xture of dichl oronet hane and
numbgyft dsids cap bg emplayas eh anbyierhlpricrcith sylas aadmaet acid,

trlﬂuﬁg%{%gg?ﬂg’: é%%g&%klﬂ%r{y 9{{ i@ %Qﬁa&eglgfmé{cq%taﬁ@g@ﬁo%c acid. A

o) npound can
prefeed canditeeh ik adueoas Hydratidordgamsd (8 a€3)d ThecomassidriNo the Formuta VIII

ochlorqric acid Fornul a | d dily.
compGUA B VE S1T Gk DM e gt CHPR Gl ian pf T peaétion

whicH} !;yslcatr& Rled 2 1@%@.@% %5}1 Bt ﬂn@ﬁntér@d B IHM@ thé pH %@fhetsbﬁmon is
usted t h a preferred pH e|ng6

raised tlheougb m@dltofn (pfrmlmsq: sucdasis lﬂ%ﬁqugblmsodrmhydjomdé to about a pH of

10-17, ARG e v Tt pfe s P B S FlgpioRupeiie!
[065%4 I Bk iettbval oftRE pRBhidhidepadBithg dFouS frbimaBe FOEhWEVID compound

ethyl acetate, nmethyl t-butyl ether, tetrahydrofuran,
can bg pngnmhghqxjt welgestardard penslitisms uging [ag@lggier pf different reagents including,

but nc%qcn%te%r é'rgoxﬁ%(}x?cﬁf Bﬁlﬂesb&%éla{ I?éj et %?@%%fng% F\g(ﬁra%ggh%drate and

be a aqueous utio
sodluﬁﬂodl@h}@ihfde Yoltawdaasy dcstitisdd. Arpetiatred ee'etgenttlh aydannahydrhte.

npound_ | and the m xture is stirre
TYPIQ@BW%’OWAHbﬁﬂ‘é‘éﬁﬂ%‘ﬁ 9t Byirang udrals greyse mSoL a@t]f%%? ggetion

1nclu(?ﬁé€tﬂ$xln(*l tﬂﬂg@t S rgﬁ’iﬂﬁl fe le%e gg‘égﬁ dnﬁ&ﬁﬁl%r)ﬂa%ﬁ@e hrd

tere
tetrahgttodumat Theaexaionas czarsecbbutaxt ambahettmpardban ocamlbelteuistenhperature
i ncl [ ut, not.linted.to rco (r). G.60,
etiuef 5t R 90 Qo stiv T by Bt GoPilD: PRARARPR UBRS B he order of 12-
24 hoﬁfﬁt hf@fent RmpeMiRN ®emovdotaRa hydrfad lld@bf(ﬂﬁ&a(ﬁ b Vﬁie}Formula X
the decolorizing carbon treatnment can ép i ed
d

compphed)fcah be pexprrpdished Tdimuxhﬂlﬁnat@nc Mrﬂlga‘fﬂ@ b)Ld’f@lZlde side product
N e A I —
to theh@idiishaniktug@tpad ﬂdthle @o@bw pre€igamich of the Formula IX compound from
solution.

[0053] Although sequential removal of the amine protecting groups is exemplified, it should
be apparent to one of skill in the art that a benzimidazole amine protecting group can be selected

which can be removed simultaneously with the phalamide amine protecting group.

Optional Decolorizing and Purification Procedures:

[0054] This invention also provides optional additional steps for the purification and/or
decolorization of the Formula I compound as follows. In one example, an aqueous solution of

the compound having Formula I may be treated with decolorizing carbon to remove colored
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sol vents, such as nethanol, ethanol or isopropanol,
foll owed by decol ori zing carbon treatnent can

w@bdoso9svs vel y be conducted. [0058] In order tBPCEK$2088008268
the Formul a | conpound into organic nedia, the pH of

oS HOHRHS SOhH B8 cSPRaRRREACEIROLL P TBYL dFpine o

organchﬂle aydl povtficteusindalida @iﬂagmkﬁommgaaphy conmpound can
hen be extracted into an organic, solvent such as
|OGSSE Tkt EArER bt ROMRINAG .axbfrmhweoformowewumotfﬁlchloromethane and

anoth%' S%Neﬁ{ emﬁfﬁ) &hd19n %gf?éqglg BhdcBlcs 94 ggﬂt S0 C%c%ra%rlﬁe to remove

e solution c assed roug
tracesVdehghralalaS aeopnda i bempadqd\mah hhemrbeoaxg*actled irgo b}dél_nte aqueous acid

m xt ure. col con ist of florigsil lica .
such agiN wdra‘rﬂ%% ac@ﬂ tijhe 3 ofmpla QBWPB@?‘L‘@ r%?"ﬂb’é?'é‘ikéa aqueous media at
apH a% 'bQ]IoW‘é‘§ &f tﬂéym 6P h|e3équ)u§ s&gné,@lsm%mts i® gt ﬂﬁ@h S@E&justed to 5-7,

ica gel (relative to conpound are enpl oyed
with & ;brefeplad ipHi lnmrug @ﬁ fowmht er@oad 8f ti’nmmtlght Neqmolﬂabsgmnec 1mpur1tles will

bei referred., T caII 240- 400 ol.u .
remaig i (hPERISBRG b WBPS Tt HyeGarar B YR IR el e gfer extracton
of no@f)o&h&gﬁﬁmﬁﬁﬁtl&QHclb@ing@ﬂiy?&&@até ndthAGIHuS SthePMetestiydtbfuran,

a m xture of al cohol chl ori nated organi c sol vents

dIChIQmI@hthalse sk dhderoformnd di chl or onet hane. I n one exanpl e,

[065’%? Lﬁ?@éloﬁz@g/;g}&%a“rg socﬁetsu%d/ ag{lsﬁéaoéh%%ah%ebe a%l(aga to the aqueous

concen

solutlblry dT@pﬁtadE/ (0yo Y®lveiph) % chitsonak utedc(lﬁela:tm tb ehe‘ mhd)md cd,smpound D),
npling the eluted fractions, and anal yzin

and Ry UrE i SRR i PO Prigl SROMBERHBLUSE A0 AGtA b divated carbon
in pr ac{?jilulaﬂ)lgrfo} §nbiie Sefh%}?tufe'ﬁ l+en' fﬂte‘f&ﬁto%ﬁ]o 491@391]b0n A number of

ovvlngte3||cage mhi ne
alternfitivectarietiss afcictinated crgbmoomﬁwﬂedi including anit aotidited trl@arco ® G-60,

Darce S BeNEr Ry Grdem of Sogh s en gt Mgl Texas).
[065@] eAlté\'hat'wSel}Q FRPURb R iy GRRAIRAmIR OV AP1ied e WRHered

the organic fractions are dried with an anhydrous
reactioie gidogrtonyuisingaompohydit, aftsr ulnagwehersmvmtlsamfeausabaw and prior to

xR SRS B a TR P L Gl b8 g
solve@Plsu€hd MethahdlVehi GHisdplobakdMRALWEd bR BEkolorizing carbon treatment
can alternatively be conducted.

[0058] In order to extract the Formula I compound into organic media, the pH of the
aqueous solution can be increased to about 11-12 through the addition of an aqueous base, such
as 10% sodium hydroxide. The freebase Formula I compound can then be extracted into an
organic solvent such as dichloromethane, chloroform or toluene, with dichloromethane being a
preferred solvent.

[0059] If desired, the solution can be passed through a column, which has been pre-treated
with an organic solvent mixture. The column can consist of florisil, silica gel or alumina, with
silica gel being a preferred solid phase. Typically, 0.5 to 10 weight equivalents of silica gel
(relative to compound ) are employed in the purification, with 0.5-2.0 weight equivalents being
preferred. Typically, 240-400 mesh, 60A column chromatography grade silica gel is used. The
elution of the compound can be achieved in fractions, by using a mixture of alcohol and

chlorinated organic solvents such as methanol and dichloromethane. In one example, the eluent
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therefore providing an optically active Formula |
conpound, this invention provides a process for the
wa@eysoadbsg zati on of the Fornula | conpound fr OPCEUS2005/008268
m xture of organic solvents. In one exanple, the
is a mlﬂﬁr%ntfl 79% &Eﬂ%gﬁﬁeﬁha@\epﬁ@%%&?g&’ aﬂf@i‘"&%@n@e%?ﬂ%&'aﬁﬁ‘éé% ammonium
ound hav ornula |, conprising: a
hydro&mqeyltzblamemgﬁe aolion taﬁfbecﬁ)nb@zbmbyl sanapl0the sictdfeactiogs, and
Formula | in a mxture of organic so]vents soI vent .
analyﬂpg by ship davist ehreBRiperaphy wising &ro&qdélﬁee%ttgqltﬁy% e familiar to those with
tration; b) adding a suitable crystallization
Sm”‘@?ﬁ%@ﬁt or m xture of solvents (solvent B) to the
[0668] UF o linwing the)silicargd] ogtiinantk comhmedtlfradﬁortshenwaﬁsmgjcmhpound Iin

solvent A b co-distilla rocess
organgy st ey Ree U B SBFe vahe R BRTa o wpber § Megpdium
hydro‘kﬁﬁﬁ@"e%tﬁ‘é fhat (hE nSRET NG dnfiftee B fileb@Rd] IFdiovahg AR wash, the organic
appropriate tenperature wth a small anount % pur e
fractignsyese dti¢d weh Borniptdaous desiepaon mech asfanhydroupprgmsivan sulfate or
hcgnantlorrerlf%eeor and cooling the m xture wth
anhydfous sod g sy control | ed conditions such that
crystals having Formula | are spontaneously forned;
Optloﬁﬂlctjxd');taﬂizhﬁi(ﬁfi ng and drying crystalline material.
0062] The concentration of the Fornmula | conpou

I uF@rosanthgtI@&véf‘rsanmteéowm licathyaqtivg zf@aaﬁia Imﬁ‘fi@ound and
[
thereftrogben% gﬂ?gf:}ﬁ c?p‘?chlgg%cér&ren (f‘%gg@l\%g%gﬁlgbﬁfrtlcsg?sc gﬁk r% provides a process
for the0fydldation bf tbhest)rxadla Itchmpemhdjfromm mmurb ef oxgtam(ersb}vantsd In one

to dryness. In one exa | vent A
exampfec e S GHRE B R PYFR0r FREINSRI PR B 5 Gt agw having
FormhB&torhfriddpe M xture is concentrated to dryness, under
approximately 25 mmHg vacuum woul d be on the order of
30@) noinsestsating atsolngion sontamipa earhpound devipe dieomulad 3% 8 migture of

organ\wh%/ it al l(ﬁolv%:flbt%}dg)o o\éﬁ?atsog OI ve ! B%eg%}g?%g?ecﬂgoncemganon
f | SWiMia s181abl¥ ok 41 BSatidn sbh.@ntf & thixWir& 8f solvents (solvent B) to the
rahydr of uran, ethyl acetate, cumene,isoprop
solutlanelt ak end thn@bymoaélelfdhfereSldilélkﬁobfre@%tbbf@r@ digtglipsiep process to a
i ethyl ether
oSSRl oA PR 8 g o1
) pmﬂiﬁg tRceil@ion ind) s appreprateempemtieé wiihl avendl] Sndwnt of pure

added to tlypl callg reach a conpl ete sol V?tl n of
crystq%]é,rpﬁp%cy 3 I ¢cgmpound (of the appropriate enantiomeric orm% and cooling the mixture

with agitation under controlled conditions such that crystals having Formula I are spontaneously

formed; and
d) filtering and drying crystalline material.

[0062] The concentration of the Formula I compound solution is generally conducted under
vacuum, where the primary solvent A can be easily and quickly removed to a predetermined
volume, typically about 500mg/mL. If desired, the solution can be concentrated to dryness. In
one example, solvent A comprises dichloromethane. A typical residual dichloromethane level if
the mixture is concentrated to dryness, under approximately 25 mmHg vacuum, would be on the
order of 30 mole % relative to the Formula I compound.

[0063] A crystallization solvent (solvent B) is then added which can include, but is not

limited to the following, or mixtures of the following: tetrahydrofuran, ethyl acetate, cumene,
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an el evated tenperature. The el evated tenperature wl|
depend on the nature of the solvent, with a reflux

wa@endioedzesh bei ng the highest tenperature possi BCBUSA85/008268
an exanple, in the case of isopropyl acetate, it is

som B3R SF 1 PP B8, SOTRUSHELPRL IR Kollobihc sl somropy
ether,afietByltghgpahat-bug| oktli0e®ho0 Qr pfddeodd softent ﬁllsom@p}macetaté A
desired, the solution can be Ii)haced under vacuum

and
sufficeean velwmeaaf salver 3 isigdediio ypisalbnicagh 1 spmpletsciobetiopsf epmpound I at
an ele%ﬁ‘gdl m eﬁ’gtqgec t'ﬁﬁ. e"i’éva?egql nBétirﬁfﬁFe @}l?d@}kﬁ&l oh ‘ﬁ{%ﬁ{nﬂ% 8F fir solvent,

ent e solution can
with amfiliuk @beditiby bdihi; Nivhigleasiempmenirs po§l§itE}e CAR ane akarapleoin thd case of

sol vent A can t eref re be contr d du t he.
1sopr(&yl ared3te 1} $tRO&H 6rt<ba<g‘gesve cloHlp?q%% scg gtyo\fwt concentration of compound I
ofapﬂb?{ﬁlla%l?@ H@?{%L(zﬁgk il ?tﬁl)e dfisoleopr opyl acetate

[ evel ess than 2 nol % of solvent A
[00(34] pAefhes pcanlt 1f[daSlﬁe'5!| thEtselutioncembe placerhundsr wremm and concentrated.

.typically carried out .to a,predet
Duringfie ficpdrstan praesunish 56 RieoPRuTRER: Abient OF peyaies tpmperatures,
the lek&l o‘f@BHér’ﬂt&% Bk s5MB6H At ¥ AbRifbred By tHAMRSBeRlirements. The
| sopropyl acetate, a concentration of between 100 and

concepgatipmpigolyent Asen the\mfprf: @@nﬁgylcpﬁ_dlymgﬁge go-gistiflatigipprecess. In the
case dfeci/ ?“:ﬂIOroAt }%am: ilsop%g aq Iggprggﬁtalégtﬁ e (§019éxlt %lye?letvgl (ﬁqggs’than 2 mol%

ofsol@/éMSlta;l}ireﬁ&ﬁecﬂ:or mul a | conpound is added to the
solution to "seed" the cr)fstalllzatlon pr.ocess. ;[
(0065} s Th¢ congeptratiop dnthsnamically cBeidipu & 4 Bredstgpiged final concentration,

L T
acetatel y strakhiratenndtberweah 106 padd80 mg/mheas st veith 129 rtgémbdeing a

prefexia%fe Fo y 1%8(?1@@ El%e{)rgi;qitgrg é%{l 5)3\'%@% tgﬁégi" ngL &tggz?tioio r(En'#lleraally, a small
amoufif ¥Sdr t!llllH@ FORLRE | @dm?@uﬁdﬁ@ hadeldlty tﬂe%dlutﬁﬁ% bSeells BledbRthllization

as afine white to pale yell ow powder. In order to
proceste dUiwecrysials vel spantafeonds begialto simuponsoolingrisplatiemef the crystalline
staJ the crystalline Fornula I

materé%r‘rsp%(ﬂfﬁ’d t@@“ﬁb?ﬁ%{ﬁloy dried in a 400C vacuum oven (2-5
[ommigmay‘ﬂéwﬁf cfrymalﬂﬂe matrial ®pehdy ¢ thé 8816t ndiRGires used. For a

ovwnlg exanples are intended to illustrate, but not
concem@apq)rprpf 25t1ﬁé/m1n9%th? iFgrmElR d gpmpoynd in isopropyl acetate, the yield of

crystalline material is typically 75%, and is isolated as a fine white to pale yellow powder. In
order to reduce the levels of residual solvents on or in the crystalline material, the crystalline
Formula I compound is typically dried in a 40°C vacuum oven (2-5 mmHg vacuum) for 24
hours or more.

[0067] The following examples are intended to illustrate, but not to limit, the invention.
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Synthesis off '-(l
H benzi m dazol - 2-yl met hyl ) - 7V' - 5, 6] . 8-t et r ahvdr oqui nol

WO 20084094308 , 4- but anedi am ne from a PCT/US2005/008268
Pht hal i m de- Substituted Al kyl Al dehyde Preparation of
(S)-8-an1no-5,6,7,8-tetraEvdrnginoIine freebase (1D
fromamne Salt x [0068] EXampie 1
Sk theds ammcmé/ KenZinSidia1- QU me ki e tdiay a6 phiasiH8-yi-1.4-
(23.4 k 106 nmol) was dissolved in deionized water
(60 L) uthnadigming from @ Rhthatippide-gpbstityted Adkvd dddehyde
hydr oxi de solution (~1 1.5 kg). The m xture was
extracted with dichloronethane (126 kg). The pH of the

PrepafRivh Q¥ 8s) @XREno VRS 7r8€-ge\:n?rg. bEAnd e Fretbid (PO g’ne@Qﬁi

or omet hane

di chl oronet hane fractions are then di scarded. The pH
of the aqueous | ayer 5 |ncreased|tb with 50%
NaOH. The aqueous h was—then e ted with

di chl oronet hane (2 x 6 kg). The conbifped organic
| ayers were dried2{@odi @m sul fate) ald cdncentrated in
vacuo to afford

. 03.41 #hb
O48) 1 B AL o 02,00 e

dlssolmn(dgmlgz)d veptdr, (6219 angneytralizedHo pH 7 gvithpa mﬁ(smhunﬂ)ydromde

solut19n ¢~41 ]? ]gg% {"f}g m#_%rg \%&ig C??(tr ﬁgc? W tmd?&;grbﬂl%ﬂgﬁﬁf%*%%hfilq of the

aqueolukﬂayér was'reSadilEsted 8. 74ditl 80%INGOH, and4vab exrhcted QQﬁﬁ}mth
ral purity determ ned by gas chronmatography to
dlchl@mstb@%(leé &Bar Hicedichgromst e fraetionsgf @gﬁ&%@?{deé TRE pH of the

aqueo‘é%ﬁé/gwaé ﬁlgf;eg?erdrf@lll?»)(&um"fbﬁ? %{3 aggleozhg lépep was then extracted with

-enhantioner rt -)-"enant i omer
dichld‘rbmgthﬁ&: @2 i 29 kg)l fhiha eoﬁbmﬂtorgamo(lbyers wietehdik@id@ediium stiHie) and

concepiri b5 BOI0db F AR S PETSTHUSdroguipoles (134 i 819 yield,
J ! -
purtf g by SR awgw o BT B BT DuCL T g s 9201

(m, 1Ky,2.1422 .33 (mpl H), Q.68- IE&'] (mrﬁiBZS@r(ﬂdfﬂPhoFa%é’g bithHz), 7.06 (dd, 1H, J =

carbopat e ( The m xture
77, 4360 hah &b sa f AR I AR F Y R of an
[0649] AERital HLAK J@&nﬁﬁéﬁ%ﬁgdﬁ@&d‘%&grﬁ&}ﬂ@t&rﬂ.ﬂ@ ee (separated by chiral
GC, J&W CycloSil B column, isothermally run at 130°C for 40 min., (S)-(+)-enantiomery = 26.3

min, (R)-(-)-enantiomery = 28.7 min).
Imine Formation (1V) with K,COj3 in THF:

o] RS
| RS . o K,CO,/ THF | )
N7 : HJK/\/N - N

NH, 0 Na™~">NPhth
§ m v

[0070] To a solution of 8-amino-5,6,7,8-tetrahydroquinoline (12.7 kg, 85.8 mmol, 1.0 eq.) in
THF (50 L) was added 4-(1,3-dioxo-1,3-dihydroisoindol-2-yl)butan-1-al (15.8 kg, 72.8 mmol,
0.8 eq) and 325 mesh potassium carbonate (11.8 kg, 85.8 mol, 1.0 eq). The mixture was then
stirred for 2 hours. A proton NMR of an aliquot from the sample was used to determine

stoichiometry. Based on the calculation, another 0.18 eq of aldehyde (15.4 mol, 3.35 kg) was
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stoi chionetry. Based on the cal culation, another 0.1 8
eq of al dehyde (15.4 nol, 3.35 kg) wasadded. After

W@ oos09a3gs f or 2 hours, a second proton NVR al i BEDUS2005/008268
showed conplete and clean inmne IV formation (>97%

added ﬁ;}y rlgglrg]%f"ﬁﬁ }EI S, azgegD%( ngto Nl I%E s%%gﬁl)c%fc’ngpe%imd clean
1mme(lV foﬂnldlt»bn%>57% cblmers@np!ﬂ MR (CBCIQ) &1. 76-@ 19A(s§1e}S|Z))°m 6H), 2.35

8 (d, 1H, J = 7.8 Hz), 7.69 (m 2H), é '?
(m, ZH) 8278((m,,2k191333 enAZ2H), M2) (t, 8H?>8‘(53I1 HzDﬂQJSeddm Jz) 8, 4.8 Hz),

738 @ofiterT 28T B0 Bba or S RA LT SRt g 08 . 1110 -

48Hiv9| wehind@urel wasahén AB&Ed.i n the inmne formations, with an
?w nol ar anount of dehydrating agent (if us d)
[00X1{ e(ﬁmtalkyesqmetnﬁqllye@u gt pHhEBEENLDG { Ikgdthegaldehyde 111 are used in
the 1mn$e{1?;o %ﬁc&r{gm ﬁggﬂ%%ﬁi So&@gn%%'r%g&ﬁgﬁgé%?ﬁf uf¥d). Alternatively,

iminesl mz@tbh doryreidheitierud b délh}eitrehyig ageharsirgsTHhalisldbioatethaantbr methanol.
K2COB8 as the dehydrating a ent . q{glﬁeéern tively, lé’m nes

Imineprpy s %@e%ﬁlfrsgdlme&h% S Of s 85 1 spbigpt Ak 2C O s
the de?;(gﬁ%}t ?%%etnh eAfEMUGTE 1&%6@%@«?& fgﬂﬁéﬁuﬁ%é §icARtdr¥&hane as the

s for formmrg im ave a >80% conver si on
solveritant Mg IOv asehadehydesing @gerthy TNNR altRadtivt conlitodns[fpd fogming imines
%; Aceti.c Aci d / . Sodi um Bo m de [0072] Reagent
gave ¢ SN EPRYESIT SR iming A oYL BY NV~ 200C (i nt er nal
tenperature) suspension of powdered sodi um bor ohydri de

Redudtiba-of [8lineA®indmBttic Acid /8ddiuni Borbhidi(der00 nil) in a 5 L
fTask was added glacial acetic acid (36.2 niL, 633

mmol ,. 1.9 eq.) in a dropw se manner over 15 m nutes.
An éf f scence ocCCuHOAL NgBor)/ aideli t i o ¢h
sub fter approxiiately—5-10=m nu I ovvi ng

t he conp,{.et on_of addition. The mxture vvamt

stirr i| tNRf¢tame honogeneous and ty ansi ucen{‘jPhth
(60 m ut es) and was then cool ed to -2Q0C. [0073] The
filtered imne IV (338 nmmol in 1. THF) was

[003b| Rengewt formata: {p r@tr@?qhamlcw&ﬁsmeét 12|0e§ (lnmﬁwlmgp%d@a
suspexgs@nn ofl ;?m\'ﬂg?ﬁ &)%hl}n? bg%gﬂrl(?e%g:S%g ﬁ@&éﬁ'{;&ld? 2%?915??1}3;@300 mL)in a
5 L fladk wastaddpepatiar &egé abie(3&B ML, 635 nandl, 1.92G0Gn adopist manner over

of the reaction mxture were, taken at
15 mippfesr HRrEHervEscenes Wg?‘%fﬁg 4Pt 24ditiony “th‘%s"gﬁlg]e‘g i ggpiggimately 5-10
minutE B 1SR he @oflﬂgfetlgﬁto? 5({81{]&{1 TIR BEtGRWsthé& @redntil it became

mnutes stirr time
homogeneous and translucent (60 mmutes) and was then cooled to -20°C.

[0073] The filtered imine IV (338 mmol in 1.7 L THF) was then cooled to —20°C (internal
temperature), and was added over 15 minutes to the —20°C borohydride mixture via cannula.
Following addition, the reaction was stirred, at a temperature of between —15 and —20°C.
Aliquots of the reaction mixture were taken at 15 minute intervals, starting at a stirring time of
30 minutes. The reaction was determined to be complete at 75 minutes stirring time, as
measured by proton NMR.

[0074] Work-up procedures involve quenching the reaction, removing impurities, and
recovering the product. The reaction was quenched with saturated aqueous sodium bicarbonate
at —20°C (700 mL), and was allowed to warm for 15 minutes. Dichloromethane (3 L) was then

added and the aqueous and organic layers were separated. The organic layer was extracted two

20



measured by proton NVR [0074] Work-up procedures

i nvol ve quenching the reaction, renoving inpurities,
wa@ar@sneses/eri ng the product. The reacti on was POUENSIes 008268

wi th saturated agueous sodi um bi carbonate at - 200C

more 00 B R 8 1 Bl B8 g oo

additic@nd ths gaction (htyewsrmieg)esisapianadietlled Traerds gadddao Ieaswe
was extracted twonore tines th di chl oronet hane 1.5
homogenegityeth the Agyeous fayen dndbig .em%ﬂlﬁfﬁc%ﬂﬂdaha’faéerm% dded- at es
[0095{? Pl"oargt‘ijl'o(/é gﬂgﬁrﬂle% r}ge E&ﬂ&'ﬁb@ chﬁg)fr(g éth%ﬁ?er A JGhs are concentrated, and
sufficrent di water is a to ensure
the redidirig eaken tiy ir5%tdyee@gueaticsacidafie? L). ITmetat}ileDue)kwﬂfplseyasB&Donce with
L te s added. [0075 r eno urities
hexangi s o d G REGE et haRe it F Sel SPEUBaH s B gpmbined
aqueo@snfflacttllaﬁs 51%§héip@a§h%d hﬁlls@ mmnnétﬂyli'zzfs@ﬂteW%z 'xl%@b lnm B&difbns).
L). The aqueous layer is washed once wt
Separdmnaxﬁ esue(oui and nganﬂfrhezerﬁedwmgghd: MHE ¢>stramagmﬁetdawad<h 18-15 minutes.

[l anpount te The .conbi n ous fracti
GenerE e BRFARREIY® T B T Urat Ry 1R B DY TRRYSGY o process
will b®00 nL fractions). Separation of aqueous and organic
| ayers during the MIBE extractions may take 10-15

[0076 b (foarscover fsrmapdugt, sphié sedivma bicspynateds slewly adsled 4¢ thervell-stirred
Slent it E
oo 9L YD 0 Y5 RPEY IS M o
MTBbiegaikingdt 8 separstedwl tYns&mtdgedrm thetugquy@isllaygk. iT}reeiﬂlueous layer is
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[0077] First, the reducing agent is formed, followed by reduction of the imine, and work-up.
To a reactor containing THF (80 L) was added zinc (II) chloride (12.8 kg, 94.3 mol). A mild
exothermic occurs upon dissolution. Sodium borohydride (3.24 kg, 85.8 mol) is then added
slowly. The mixture is then stirred for one hour, during which time a homogeneous solution is
formed. The solution is then cooled to ~15°C.

[0078] A solution of imine IV (85.8 mmol) in THF (50 L) was cooled to —20°C, and was

added slowly to the cooled solution of zinc chloride and sodium borohydride, maintaining the
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purity 97%ee (by chiral HPLC). Reduction oflm ne

Using Zinc Chloride / Sodi um Borohvdride : [0077]
wao-200s09030he reduci ng agent is formed, foll owedP®lUsS2005/008268

reduction of the imne, and work-up. To a reactor
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crystalfgie sokifle PHIEHYORBREPR&he sol ution was then
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Alkylhthon'®fih TAeBchatel ORaSUE MPSKWRS then concentrated under
vacuum and was then cooled slowy to - 100C, with

agitation, during which time, a precipitate forned.
The precipitate (desired am ne V) vvasd, and
T

washed w t ' propyl etd&er. After Fng-under O
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[0080] To areactor was charged amine V (9.9 kg, 28.6 mol), benzimidazole VI (8.0 kg, 30.0
mol) and potassium iodide (144 g, 0.86 mol). A solution of diisopropylethylamine (6.0 L, 34.3
mol) in anhydrous acetonitrile (60 L) was then added. The mixture was stirred, and the flask
was warmed to a 50°C internal temperature. The temperature was maintained for 200 minutes,
at which point, an NMR aliquot determined that the reaction was complete. The reaction was
then cooled, and the solvent was removed under vacuum (25 mmHg). The residue was then
suspended in water (50 L), and 4N aqueous HCI (~15 L) was added slowly until a pH of 2 was

reached. The aqueous layer was then extracted twice times with 40 L portions of methyl t-butyl
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crystalline solid. Purity by HPLC 95% Al kylation wth
Carbamate Cl eavage in Work-up [0080] To a reactor was
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Phthafinditle Peprotastios withd?ecatori@ Treatinehtand-Selestiye dixkraction of |
solution. An aliquot of the solution was concentrated,
and the purity of the prUgNNit,/MePH was deternined to
be 91% by HPLC. The yi €l GHy&s Na€tHer m ned, by
concenty on of a repriesieaddsd)VvSambh quf dryness,
o6 () 11. 3 kg of 4VbHN21@HiOhe stodk skl ution). 1H
NMR ( CHC £3) d 1.20-1 S8iigael2H), 1. 60- N84 (m 1H),
1. 85-2. ég N 2R NP 45—265—m—3H)=2. 65-N295 ¢y
(d, 1H, J = 16.8 Hz), 4.07 (m LH), 4.12 (d

| H, J “18H8 Hz), 7. 10-7.30 (m 4H), 7.M2 N4, 1H, J
7.5 Hz 55V1¥br s, IH), 8.59 (d, IH, J.4 he) .
ES- M5 480 (M+H). Phthalim de Deproten W'th
Decol or| zing Treatnent and Sel ective Extraction of |
As a th é‘ﬁﬁ ‘Anor phous st ock sol ution [ 0081AnGipgous

t ol uenétog °Solution of VIIl (94 kg, containing 11.3

k of VI, 23.9 nol, corrected for pu“{e])r% was
c &he todyeag stpsliselutienof ¥HT (ks gpasatning bipe of 4L 2549 mol,

correét@ﬁ3 f&r%u&’i‘?ﬁ%as concentrated under reduced pressure to remove most of the toluene.

The oily residue was dissolved in methanol (25 L) and hydrazine hydrate (14 kg, ~230 mol
(N2Hg4-1.5H,0)) was then added. The solution was stirred mechanically at room temperature for
17h. The phthalylhydrazide was removed by filtration and the filtrate was concentrated under
reduced pressure. Dichloromethane (20 L) was added and the solution was washed with a 0.5N
NaOH solution (2 x 30 L). The organic and aqueous phases were separated and water (20 L)
was then added. 3N HCI was then added to bring the pH to 5-6. The aqueous and organic
phases were separated, and the aqueous phase was treated with activated carbon (Norit G-60, 3
kg) for 16h. The mixture was filtered and the pH of the filtrate was adjusted to 12 with 3N
NaOH. The resulting solution was extracted with dichloromethane (50 L). The pH of the
aqueous phase was re-adjusted to 12 with 3N NaOH and was extracted with a second portion of

dichloromethane (50 L).
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The oily residue was dissolved in nethanol (25 L) and
hydrazi ne hydrate (14 kg, 230 nol (N2H -1.5H20 ) was
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series of 50 L fractions were collected, and anal yzed
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fractions) and the total volune was concentrated to 20
[0083]TRempeyndilimayike cristdlined agla ifige @pssHissiconerrary acgtelg sphvent, with

co-d1§tqgatl\6ﬁz%ﬁg\§a\{m8ggwﬁttoﬁcﬁn%§%% é(ﬁﬁfaé%%%\ dl?%; g??'erir}%lz h?éﬁzClz (50L)
was dtirfed rvdt}mlll’(pdmnthﬂGN (500 ghB. Berltil) for @dwats at Ee(yh m;feydtblre The
8-tetrahydro-quinolin ) - but ane- |

leturgﬂ Mg £1rl.tﬁwé)an9§raasfaﬁre4ﬂn69 b reewaned Ursatiian W4 Phicggyunder an
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. (m

1.62-1 .77 85-1
(apprbkl)nateﬂy 00minHg) t() mm(b\l‘d)the Q:HbGlp_Zmeilte(lmng Ithe) temPeturé bf the solution

betw%en8?:p 6 ag%B?‘;‘q—ggr%g th§ ca_%cetnaat nH Iscgyrdp}g agetﬂ&d?lr ?gs hH21 added.
[068413 A(éﬁbtogﬂﬂMR%lﬁgo( Mowed aldidhlor8nRthahé cortht of ~3 mbl% relative to

. Crystallization of Conpound
ISOprom[l @o@@t]e @bm&w wamycqslemépwqcaum. agai, ard was ¢angerpepdad to a

volua OF 91§ Eorgampa)(mnga & En emalstgmggra{u’re X\f leg]s than 40°C. A second portion of
isopropyl acetate (17 L) was added and the solution was concentrated to ~15 L, keeping the
internal temperature between 30 and 40°C. An aliquot of the solution showed a residual
dichloromethane level (relative to isopropyl acetate) to be less than 1 mol% by 'H NMR.

[0085] The vacuum was then released, and the mixture was placed under a nitrogen
atmosphere, and was heated to 65°C. At this point, the material was soluble, and was allowed to
cool to 50°C, at which point, 100 g of crystalline I was added. The solution was allowed to cool
slowly to room temperature (over 8h) with stirring. During this time, crystals of compound I
formed as a fine, off-white powder. The mixture was filtered through a fritted glass funnel (with
vacuum) and the solids were washed with cold (~5°C) isopropyl acetate (100 mL). The crystals

were dried under vacuum (2 mm Hg, 40°C) for 24h to afford I as a fine off-white powder (3.0
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co-distillation renoval of dichloronmethane. A solution
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PrepatRiod G S NVIDi-frtalslitd:aichi®bnylaméhob@s raldehyde Synthesis (Formula I11a)

€

Boc,0 1) i-PrMgCl
o oty e boc . THF o
2)Boc,0  MeQ boc HOATH,O e
0o RT N TR )
MeO . 2 0°Cto Me0>\/\/ 0~5°C Me0>\/2/ “boc  RT HJ\/m; boc

[0088] Aminoacetal A (133.19 g, 1.0 mol) was dissolved in dichloromethane (300 mL) and
cooled in an ice-water bath. When internal temperature had dropped below 2 °C, a solution of
Boc,O (218.25 g, 1 eq.) in dichloromethane (200 mL) was added via a pressure-equalizing
dropping funnel. The addition was kept at such a rate that the internal temperature remained
below 10°C. After the addition, the cold bath was removed and the mixture was stirred at room

temperature for 30 min. An aliquot was removed via a syringe and dried under high vacuum.
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seeded with 10g of crystalline conmpound I . The

m xture was then cooled to anbient tenperature with
w@giosaeizes, during which tine the conpound | PCT/US2005/008268
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concd:r&nn:[mlrtﬂitm&sh@cgldﬁ dlgpﬂd)ubdtembor@ll@ﬁyrahiehyﬂammﬁlyd)ﬁcetal Cin
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6 H), 'Ijr@, 284kl 2PHWRSO KERS Atppalich a rate that the internal
enperature remai ned beI ow 100C. After the addition,

[00?@ Qa)llldxt G 4itom sty e (e hrowd Y wan dissdeedninxiiilr @Q&aBL)sandrtheelolution was
roo refo m, n. i t S ren
adde %11 WI oﬁfg—gégﬁgg %cruflle 5@3 38?1 V\ﬁiiteg\EO @ ‘,}eqﬂ% rgfwats 1rred at room

tempé@ﬁh@lﬂﬁ 2ungd szqmcﬂ@hl@@mleeérﬁav@r@ kL7 szf;@%’tioh(iﬁdeﬂlgh vacuum (bath
vol atil es were renoved r ot ar evaporatl on and

45 "G exidgbe randie s PREHIOHR b‘%jwéﬁl WRigH @9@&%@&%&%@99 ) at room
tempérgtu?gl"ﬁgfgﬁ}g{on EE{] i a% %g%ﬂy\ggs ?gir] ust >lO bé/t éYI I%OH while cooled in a

cold- q/u&nbathé(tdta/lémlmﬂ dddeti ™aqueous was extracted with hexane (500 mL x 2);
the combined organic layers were washed once with saturated NaHCO3 (600 mL) and dried with
anhydrous MgSO,4 (100 g). The mixture was filtered through a silica pad (2 c¢m silica on a 600
mL sintered glass funnel) and the filter cake was rinsed with 200 mL of 4:1 hexane-ether. The
filtrate was concentrated by rotary evaporation and further dried under high vacuum with stirring
for 1 h to give di-fert-butylcarbonylbutyraldehyde (IIla) as light yellow oil (222.44 g, 77.5 %
over 3 steps, 93 % LC purity and 0.064 % water content). 'H NMR (8, CDCl3): 9.78 (t, J=1.4, 1
H), 3.62 (t, J=7.1 Hz, 2 H), 2.47 (1d, J,=7.4 Hz, }J,=1.2 Hz, 2 H), 1.91 (quent., J=7.29 Hz, 2 H),
1.51 (s, 18 H) ppm; MS (M/z): 310, 210.
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(d, cDA3) : 4.61 (s, br, 1 H, 4.37 (t, J=5.4 Hz, 1
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550 mL, 1.1 eqg.) was add lowy via a pressure

-e, I zing droppin %unﬁ?ﬁ@t a rat e atckept”

at fye~aty3 %ﬁb dr oppi ngtufnel™ ‘i/\gt:[zawseﬂ
\M“th ~50 mL THF."The mxturw st ered in the el d . v

bal K™ for 20 mn after the \@Hgnard”"addlu on, andvdhen "Sea
a solution of BoCZO(Zl 8.25 g, 1 eqg.) in THF (200 L)

wa addds at kpt t he_t enper at ur 5. 2 0C
100§ A 3b, ﬁﬁ&rggn SRS 5t VERA e @aﬁalaﬂaer 2 thermometer,
and agpég%l%t&lumaﬁ a%pmghﬁnae@qss ssa%lw&%(mﬂgrﬂamgdfoammhxe (I1) (120.61

rop- wse addition of aqueous
g, 0.8(Derhd>lt) evag 6B sgyeduimdl iR (A0droLisug 8T, 4Axitedrals Kugi@s @dde0-80 mol) was

addeq it B B4 Winroeiebamniea P R Ry bRy bgprachyae
(I1a)243178tL 00 B1758s HdEIedd in THYE(H00I L Pdr AH8Ed to the reaction mixture
concentrated to dryness to give

via theidropning burngl a andhonsptedotys apnehy iscraplfempgratuae belaw CC. The

droppjg%ﬂgna E&\%s rulﬁ;ég V\é hg’ggF {l]dd m%%p&t%@ Eghe cgf’cgiatla (Ja’s éemoved and

the mitnrelw el lbwed 9o £tiA at 'ﬂodrl) tenipe'ieﬁux(eamtlll.ﬁn M)qLQDMM]ROnQBEHted complete
Crude C fromabgve (~ 1 was dissqlved in, THF (400
imingdoymatien- t Heavgud E&lsecﬁqmné@oada%ts{% QP Rf fqeahen pixtpeayas diluted with

CDC%?!H%CN@R}NJI ék!ﬂ) 1@&@1 "‘%ﬁhe&% tg%rnﬁe@%qw S a@p@ﬁ( was calibrated

rre room rature

to 1, ¥eihe al RAPKES Y7, rspp@kmsmam@r@tosmdmﬂ@r(mwt)vmuume >0.95. The
(bath 45 0Q), and the resi due was partitioned between

imingyedetfon(wo0(iliargd hrerghexadof calge (hritim eglite oo 300 mL sintered glass
RSB T S, SHSRHE L AR 3300, 1910 -0

Hz, 1(fQ7a0 (37&7mLH@,d1dH@l)7 07T(raie ReNIALS JywaisT Hx! T Hot4esR Wi J45.4 Hz, 1H),
hexane conbi ned organic |aye

362 «asrmw e b i e TP B % S0 2. 3D A0S (m. 3 1),
1'86-}(\":6F ef eﬁy?ﬁe?%%%%ﬁn #Fclzsg&pa% L (4 gqg r%@s}ﬁ#{:a \gﬁsa 600 niL
- [0892]t &r eskcghdismcfiemvaskdl, athgtdtone ZhClt(@66 gak & egasvas iaddeeldn portions
1o THY (800700 Wil ool in Ao 7 e 8L fwater Bath (< -20 °C). The rate of addition
was controlled to maintain internal temperature at 0 ~ 8 °C. When all ZnCl, had dissolved, solid
NaBHj (31 g, 1 eq.) was added portion-wise to obtain a slightly turbid solution. The resulting
mixture was cooled to —-40°C and the imine solution was introduced slowly while maintaining
the internal temperature below —20°C. After the imine addition, the reaction mixture was stirred
at —20 °C for 30 minutes, when NMR of an aliquot sample indicated completed reduction. To
obtain an aliquot sample for NMR, an aliquot was withdrawn from the reaction vessel and
quenched with saturated NH4Cl solution. The mixture was extracted with dichloromethane, and
the organic layer dried under high vacuum, yielding a residue which was checked by NMR.
[0093] Saturated NH4Cl aqueous solution (1/10 of total volume) was added dropwise at -20

°C. After the addition, the reaction mixture was warmed up to room temperature while aqueous
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filtrate was concentrated by rotary evaporati on and
further dried under high vacuumw th stirring for 1 h

W 200g/0980&li -t er Z- but yl car bonyl but yr al dehyde (| PCEHYSHS5/008268
light yellow oil (222.44 g, 77.5 % over 3 steps, 93 %

HCI (é)cI‘VI?WSé %e??&j br?l;é) ﬁl% f?{‘h%@]&';)?{ t%clgtz qzlmtte)mlégil?i u{%;stgrgeq_s(;?ghours at

room2erperftuet, add theA itHras ph2ttlon2d Metwe2n Mjater 16 9 afid|dzhtoromethane (2 L).

J=7.29 Hz, 2 1.5 1 , 18 Mz): 31
Saturgted dhréd é%lPVQ/"?;?SRﬂi‘?)Ia)t %n&%%pm@fﬁ@d&?@mﬁz@ﬁg &?)r%ﬂﬁ agded and the
mixttngWaQ mékﬁ@f& N d ol iV T BB NGO GRL drdleli 2Rl thetqueous layer
t hernorret er,” and a pressure-equal i zi ng droppi ng
was rburtradted wBh d@hmbmethBn6(271,)8 - Ehetor gdmydiagepuwarnddnmendd dnd the aqueous
‘1‘-}%20 1 g, 0.81 nol) was dissolved in THF (400
was qiiCattisder ~ N2. Anhydrous K2CO8 ( 1 10 g, 0.80 nol) was
(0891 eFhapdahid@xiFhottwisSvadBSd SReMath 4 Mixalrel FRaNBk&! NPBt 500 mL),
D -terf-butyl carbonyl butyral dehyde (1l1ia) (247.74 g, _
conceuig@dridiily* HaRs(580 590l arslowater (2HP, arboncaivithawatencbdleld the organic

the reaction.m xtur i a.the dr i ng..funnel at such
laver S Tl R F @ 10 Pl pERB PR O Bl S Vtausea 02
by dilieHA1 PPPI) NThé BRRARoMEBard 18§ vasistfardtelf and @fedrivith AnRydrous
&grtl ons). The cold bath was renoved and the m xture
MgS@n630812) oWk mixues Was fHferedbirouedrstitenadd 1 gat ¢atitgaen a 2 L sintered
. . r :
s SR RO AE AR Soh AR AT A0 T2 e e s
concdntpatedrie ~WeR) ol itsudreginalivolunteDEled meaind téivRutyd stheadeln) was introduced
di rect qu Furt Her nore, .the i ﬁthe ration of d 8.39 peak.
slowlygitheagitaipn jodigdyes crystalfzation- dibaaHywes (as genfly stighpd gueipight at room
tempSRMY. d_TlQa'eprégPQzﬁe nd ittt whdhed v mithy SERWE 1REeF & BInL x 2) and
The 1mne solution was filtered through a pad of
dried sdértlagl{ Sacumnde|gitegtho A°-amBRH G sali Tasemedimgtasstef lovrdénsity

powdipfly S 83 §o Yk Ly WIS EBCRp 71 B3 49 gr=s0 e 1
H), 760.(dJ=F.5/HEZ, HE 73, (Igg,- N#7 6445, 1.:4707H7Z, 1), 412Fdd7 T HI0.1 Hz, 1,=5.4
H, 4.32 (t, J=5.4 Hz, 3.62 =7.4 H

. 4. , IH), 3.62 (td, J,=7. ,
Hz, 133%3.60 (1272 Hy) 2 B, @-82-23.-52)(%@ HY 31)0-2.76 88, 2 H82.622.50 (m, 1 H),

2.06:1 ( 3 ~36-.1.66 (miz2H var |
242G BEAIEP o 370 OSSR 5By @) GBER 1525, 1494
146.%€8D8d1 33eBADB GN8Y 8 sFEd, 45aN Ay dr DUS, i 123 .8 268, 23.512(060 ppm; MS.

eg.% was added in portions to THF (800 nL) while
M/z); 48030 #20% dry ice/ acetone/water bath (< -20 0C). The
rate of addition was controlled to maintain internal

Alk::fagl&}&)erature at 0 ~ 8 0C. Wen all Znd 2 had dissol ved,
solid

2%
tetrabutylamm
onium iodide,

4eq. i-Pr,EtN,

CH,CN Z
7 o e <
A Jw o by (7 e0C 2en N

— NN . N
N vi boc N’\(_

H , “boc N boc
Va @ Vila'

[0095] The solid 2°-amine HCl salt (Va’) (301.77 g, 0.663 mol) was placed in a 2 L, 3-neck
RBF fitted with a mechanical stirrer, a temperature probe, and a nitrogen inlet. CH;CN (660
mL) was added, and the stirring was started. To this suspension was added i-Pr,EtN (473 mL, 4

28



NaBH4 (31 g, 1 eq.) was added portion-wise to obtain a
slightly turbid solution. The resulting m xture was

w@ombsesto - 400C and the imne solution was iPCT/US20080)8268
slowy while maintaining the internal tenperature

ea.). BRERWI0.0200F an@N-Bhe LA rd fLAALANAIAINe (VI 1899SI S eq.). The

Irr e
mlxtlhdb/Rzaeﬁtlmdfd aleiog CatndsaNpltiliaiduaay i indivpledtcehpleted reaction.

reduction.. To obtain al i quot sanpl e for NVR an
108961 Al volpties W TR dF A by gt nEvaPEIIEN o e fssidks wagaritioned

betwSHEREHEE 1Wahd EPOALTALS dTH@"]Sl-g)f he Laél‘ﬂiéogﬁ] Wag—ggumeeﬁdjﬁ 8 with aqueous

was extracted w th di chl oronet hane, organi c
HCI QGdyléar Thk lagets wedesephiaggd andahmmueyuse‘lvah mgexaacted Mdtlne‘EtOAc 2L x2).

whi ch was. checked, by ,NVR 009 ur at
The %{%ﬁm%ﬁ’gr%ﬁl hiids Sﬂmt’f%‘;{ GI’MEFO‘{CSP‘& ‘if & RsSS %’VS&FeIH oduct as a dark
browfl rtm@l%&see a0 g@sdise soNetnefensdh@ed@dmrhtsln@anemn Reas 8L AikRRy in the
m xture was warnmed up to room tenperature while

subsegersaeasHon witbow) fuviber md?@athrﬁ tL!)HI Rt(ﬁeC@éFdlﬁo&é“ pbr.gd=4.1 Hz, 1

u ty _ t
H), 7t8§n(8(£r étﬁlrlgz ifnévila%%sl H 7%% (d Jr‘t ?I ohezd% e]?vﬂeen) eitlf-20 (over
lappedGvith CHOG, gl 3810604 m@cne —4724 H}z statsu{@tlem) N}d@((:l/z AB quartet,
solution (500 nL) and concentrated NH3

=150die 1&?&)@@((455{}{8 AR Qupitsts [ile-oWds Wil Griaudy! Is§ ﬁ#?eéiﬁ%"rHZ 1H),

0 r a
340 8 T e B A B r 28R Bm B, B0 T, 3 PR (. 1D,
1.75- d)mng 2H| ayelappag vadndll.6fedg@atyl 1486 s,a@udpusSanasd4 (m, 2H, overlapping
. di scar ded 0 extract was washed once
W“haj-g SIgny; RE“{] M%o(%wggesgﬁa%z)dk 10 (500 ),

concentrated NH3 H20 (500 nL), and water (2 L), and

Depr&@€gonM th water (3 L). The organic layer was then
stirred with water (2 L) and the pH of the

equi l i brated aquegus was adj usted tg by dilute HO (
1 M. The dichl or t hane | ayer wag par at ed and
dried wth anhdeous I\/gSO4 QSQ&?Hg) The m Xt ure was
fllteredthre&thac eNs ad—(—&: %Kcél/l?é\‘ﬁ'naZL

sintered gl as neI | and the fil cake was rinsed
wi th dichi oron@w’:\ne %00 nL x 2)he flltrate was
concentrated to"~ 1/10 of its ori vol une, then
methyl tert-butyl ether (2 L) vvas |ntroduced slowy

(OB AOSGhP B SRIEDY 2D LEALIR0N o PG M £uas added

Irre Oom te
to aqioRE IHQIH(BI\&‘, AM0B) Mthtv(agoedus s\t\@ﬁﬂ'ge drivd mTthﬁl’etV\l’a)glstirred at 20 °C for 20 h.

An altiqeurott _sat;rlljlglg lvvasggteagne(cﬁ)c})l%arn&[io)x(linzg)be?vr\)gen saturated Na,COj; and
dichloromethane, extracting the organic layer, and drying under high vacuum to obtain a residue.
The residue was taken up with CDCl; and used for NMR to indicate complete reaction.

[0098] The reaction mixture was cooled to 0 °C and adjusted to pH 6 with NaOH (10 M,
total 520 mL added). The mixture was extracted with DCM (1.5 L x 3). Additional base was
added as needed to maintain pH 6. The aqueous was subjected to further decolorization and
extractions.

[0099] A 2 L portion (expect 77g product) of the aqueous was treated with charcoal (15.4g,
~20% w/w of expected product amount) by stirring vigorously under N; at room temperature for

0.5 hour. The mixture was filtered through a celite pad (5 mm celite on a 350 mL sintered glass

funnel), and the filter cake was washed with water (100 mL). The filtrate was adjusted to pH 9-
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dried under high vacuumto give the 2-amne HO salt 7

as an al nost white, |owdensity powder, 306.45 g (83
wGa2009890394.C) . 1H NWVR (d cDA 3) @ 9.77 (s, br, P(Zl‘/’[-]$2005/008268

8.40 (d, J=4.0 Hz, H, 7.50 (d, J=7.5 Hz, H, 7.23

10 whfpop @M%%X“’%ﬁ y @C&*@?m& <9 &?ﬁngﬂaj% e Hded t

mainf{aif the pH) durthgQBtrdctidms( the 2othipine® e62ac2 Wah vx(aﬂhed]onb& with NaOH (1 M,

100 fgiaﬁi%ﬁdi%é%m(w&hx %lh;%ﬁ%ﬁ §5328641(3 %0 éﬂorz!dwr u 5%( The %r?iétﬂ)re was
ﬁlter%@g’nd%’hs F#er Ja'ke %S %vasﬁgd (?nce %th%Clﬁ//f’%@O ngLZ) 9l"he2fﬁtr§te %18 concentrated
by roﬂdrky{/aqioreﬂm)m(ﬂﬂﬁ Qﬁ O)hé SSIEEH]I amamant ive- plr@yl seﬂtate (~VéO )nL) was added

and the iy e Aaaany B RHPE Flmey! s@ngut Breshaishgparons!

aceta?é"(dO@n{L 500§ Wab DéeRAto d%@é\'ﬂ{e@r@gdﬁ@—% YRR Adeed of §&‘a crystals were
he stirring was started. To this suspension was added

adde¢l am} thEme(me?gamllomf@qo)coolDMﬁ‘qmr(l (Geroperaigre) oveanght with Vlgorous stirring.

The é\rl-a%% at%.EVél(s)r Ok(mtectte:éyby V@ ra é(ir_)rr} 19 3 as WS%& Béce Wi h zso o% talc«ftate (50 mL).
The @kdr@uiRd whdRctioalideiad el @@’ﬂbeﬁh ot N, aag firther dﬁ&ﬂ&ﬁier Righ vacuum to
~volatiles were renoved b rotgwy evaporat i on. .
give pegpeind okdormpulad; freebasy Trialel selBer); (‘@11!9)“3&%%1“8 pyyeders (99.2 %
21k) of the aqueous was adjusted to 2-3 with
by Lgéﬁlg,o% J%é’{’% The | ayers were separated and the
agueous was re- extracted with EtOAc (2 L x 2). The
organi c extracts were co d concentrated to
dryness to give the produ A leag]dark brown t hick
LapaSicsle Synthedls gf {($ Arensialivent-2rémaihnbdy -5.617iStemmhwiro@linolin-8-yl-
was used directly in the subsequent reaction w thout
further purifications. lLArbuanedigminency 3) - 8. 34 (d,
br, J=4.1 Hz, 1 H), 7.80 (dd, J =7.4 Hz, J2=4.1 Hz, 1
H, 7.68 (dd, J,=5.8 Hz, J2=3.3 Hz, 1 H), 7.30-7.20

smu(égvsafm ﬂpdqe[einmut&v@h%%w aﬂﬁbbyéfdxdehﬁd@mmd J,=7.4
) 2=4.6 Hz, T H), 4.62 (1/2 AB quartetﬁ156l-|z

N H), 4.45 (1/2 AB quartet, J=15.6 Hz 1 Hirrvged 2adsld
J, =9. 6:4iz, J2=5. 9(dde).ol/mHF 3. 2@ (t, J=7.0, Tﬂ,:é‘l):

2.90-2. 58 mNﬁH)__iZD_,Z (»LQ/J.\/H)HBOB%-—].——IS—(—FH—>
3H),01/.QG§(\(/ 9H), 1.75-1 6%(m 2H, overl appi ng
with dl .68 signal), 1.42 (s, 18 H, 1.54-1.24 (m 2H,

overlapping with dl .42 signal) ppm M (Mz): 550,
450, 35Q AcOH / H,0

o)
~ o)\/\/N(Boc)2 > L~ NBoo),

lita

[0100] Dimethyl-4-aminobtyraldehyde acetal (670g, 5.0 mol, 1.0 wt. eq.) was charged to a
vessel. THF (1.68 L, 2.5 vol.) was added, and the solution was cooled to 10-15°C. Di-tert-butyl
dicarbonate (1.10 kg, 5.0 mol, 1.0 eq., 1.64 wt.) was dissolved in THF (1.00 L, 1.5 wt.) at O-
20°C, and the solution was then added to the solution of the acetal, maintaining an internal
temperature of 10-15°C. A line rinse of THF (335 mL, 0.5 vol.) was then done. The solution
was then warmed to 15-25°C, and was maintained at this temperature for 30-60 minutes, until
the reaction was deemed to be complete by GC or '"H NMR (CDCls). The reaction mixture was
then concentrated under vacuum at 15-25°C to 2 vol (1.35 L). THF (3.35 L, § vol.) was then
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Deprotection [0097] A solution of crude tri-Boc
(Vita') (320 g, 0.49 nol) in THF (300 niL) was added
wo eooaqesetis HC ( 1 M 4.4 L) with vigorous stPCT/USZPN5/008268
The m xture was stirred at 20 OC for 20 h. An aliquot
' r [
addek JPYE ARG DR BECTA T AP 0 Rf YRERSAMRELER repeated
until fhayBaQHaewt! gdlmtg)mmiae.’retd]mg’iedvtadaﬁmﬁ ] mdb‘lzbtraianvelto product.
resi due. The r? with CDA 3 and used

ofT AR 6% e d e%vva eI it s e lu i copked 16 0°c.
isopr(%)‘ay&ﬁ%%rféglum 31'? ﬁP@H?Cb 58 LOSggr@;]@ 1%@1 UfsltBG\QJlf RaPhdded to the

taI 520 ni_’a hé mxture
monopaseated arpint @t-1d°Cho m ¢vet 253 hows.3) lméddsetofdﬂﬂf (PigeLl) was then

eeded to. t The ueous was .. .
done S 1B S RGN TSRS DB DT T R S By TR of Ditert
butyl BQ:Q%%Lawé(i 3k kROS.D 'nQﬂ' (2XReEH7 M9 lﬁqutdo 19f1.4 a@) was then added,

aqueous was treated Wi th charcoal (15.4g, 20% w w of
mamtemp’@:tﬂﬂe dermem@tumtbemm&g (ow 3P |h|0rlrsmgTb¢ @@qatmms\lv@s ther etnrred at -

t The tu
to°C ptorlEky TR CaRa ppd s el Bl thfual g hen
warm%d:i EH et ghasws huaratd wuarmtéoldmnfdflpbaﬁsmraIsedmastamﬁml@% wiw,
water (100 nmL). The filtrate was adjusted to
53 L98 1@) AR $Re for 3|%60amumée>§t thgdayss wereremeNed.cod tli*ﬁ_orﬁamc layer

was vﬁ)&heda\gﬂh Wa?erll b Okiaéeb \Y[}ﬁz T‘ﬂg %E&nfc a{/@'vﬂ{s%&‘l c;olﬁ‘éermdhed d;o 4 vol. (2.7

ring extra tlor’l extract was
L) underoacwarhat KRSKC.( 1 M 100 m.) and stirred with

ORREY e iacT P13 bkl arat s e bio tBe i sipiagsotution at 25-
30°C.086&uM dhlbrldeNb 1200 W) in dier (fl'd8tL)r QtSGvo‘I\@%ag ﬁﬁﬁ%ﬂg&ﬁtaﬁ&j the reaction

by rotary Levapor ation (ba anmount
was stigod ptrlﬁpw Cacneﬂ aorplete 150 HMMM%@QI@@I) aAdsotth@nmf %O%sr\e/w

oSG o b S B Pk R o

Heptdn@s @6 805 ‘(/)Q/ol h@ai B%h dddd, @ncﬁﬂi@'li yeMeHatseirats @A s second heptane
stal s were added and ft he mxture was allowed to

wash EBIL) piss pedimesked te Gpwbiedorgapha layers ew dadonier anhydrous
sodiuf s:alﬁfra{engltereﬁ d‘x% c%gée%rta%h?? 9331, ? bl %E Q qu{ ff%%%ld%{l_}&d%@olutlon was

$was ONce W S0- p opy ace
storedTitQ) $90 G reqiied Waizlds U@l 0N byl NMR asiagl€70% o3 hiseRifioR 789 pure by
and further dried under high vacuumto give conpound
GO).of Formula I, freebase. Total 60.37 g (78 %, white
crystalline powders (99.2 %

Reductive Amination

“ o Na,CO, / THF m
| - |
| = + K/\/N(BOC)2 N Y

I NH, lla Va Ne~NBoc),
NaBH, / ZnCl, / THF ™
. N/ . x HCI
HN
va =~ >""N(Boc),

[0103] To a solution of the (S)-8-amino-5,6,7,8-tetrahydroquinoline (2.5 mol, 1.0 eq.) in
THF (7.5 L, 3 vol) was added sodium carbonate (240g, 2.5 mol, 1.0 eq.). The solution was
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by LC-MS5, 99.98 %e.e.) Exanple 3 Large Scal e

Synthesis of -(I -benzim dazol-2-yl nethyl)-
W2005/080308 8-t et r ahvdr oqui nol i n- 8-yl - 1, 4- but anedi/a81008008268

Synt hesis of KN-di-te

coolegé%Bg“exﬁg §’ch W%ﬁ'&é}i&gé’ v A ) rfég&)g,%?(l(d ER) O3 A6 Whs added.

The radmeh h&ds 1I4en&%rmhtqﬁmzdﬁmadé vaas atiakd {06716y Arﬁl}@lsr‘h}’| H NMR was
was charged to a ve THF

used i @twlnf) 3%@05%@0%0‘3% oip R R RET U RASTIGiEeTbeomplete

convék%lbljr. %Qgﬁ glg%ﬁ c@rslorurt)i!dﬁ X\gas QH@&F RORRE&af ky, %nt]rlocdﬁﬂ)letﬁ)noodl H NMR was

di ssolved in THF
achies‘LedS(<V\$%)mdtaldﬁih}’(?ﬁoQ@T’/amlbl nmm)o The noxtumwasas thelln ﬁétdldé;,hnsmg the

filer bR &30F) 105 86 APTEn PrnBedel Ve Spdergifgeh
[oﬁnﬁ YOIF- (13983, tsfsarblm&eaddw&) £ 0bsddii RIMoWaa bl ieNpMaEBHe addition
15- 250C, "and was maintai ned at this tenperature for

of zn@@hBﬁldm(fnLﬁgeé 75 ual), Imainteiningade |t@mpt\mgred@ma0tfo The solution was

then ESER L Fachburs k! sob iR NEtobv iR B4 s 2.0 el SRS bR 1o gotution.
The thitute Wak tHeh sBBed Jor 2THowrs, b2%ork befng\cabled tova30 td‘te_’:l@@(ddﬂfﬁe imine
and the concentration was repeated. The THF additions

solutigpdrog ahqve|veasithsmsdded; énafl@tp@a@ge@e dgreparatpieebel asy 0P {CevEhe reaction

t t 9 0
was ttxéoh s;t?lo ? . 2‘@%?8%]? %5_'@ nﬁgg ﬁﬁ_fgx% b%B-%/CQ’] gﬁ&ld ’@g/r ?‘L RMP/ E<5% imine
expedctt e, an&m)drly IbESlsolOﬂce dre MBKSmﬁOS)b(Bﬂplbm the 56@Gon is added toa25%
Wi G OUSTTMERT GH e | RS b Bt eGP HB o biveiBlad a aline
rinse a?@ (Q\‘?i }?é(l SOll&l%Qq/atS QddedS a1 AWESH rad 413QH15S5 . fhé dqiBohd MADrganic

was then done, and the resulting
layerswbxmhcmsapa@teglt and thel opganic lnyvdsovasB@l wth gimixtues of 25% w/w

aque%ﬂ\l&l@27 gg) andlécglrgg uatt%/ci qﬂ%&%&%@g%g (fS J[.'iséhg’?dy)erﬁs\'m?ege then
separhfe@ nalﬂ‘il_ii@@asm thé 8¢ _F'élhl’éga}telﬁ Qvab @SRA1eal dHdahORly MW werdBfee again
(over 2 hour s) he reaction was then stirred at -
separated. Water (7 SL) was then added to the organic layer. 6N HCI| was added slowly, with
agitation, until the pH of the aqueous layer was 2.0 to 2.5. The layers were then separated, and
the aqueous layer was washed with dichloromethane (7.5L). The organic layers were then
combined, and dried with anhydrous sodium sulfate (1.0 kg). The mixture was stirred for
approximately one hour, before being filtered. The filtrate was concentrated under vacuum (at
30-35°C) to a volume of approximately 2L. TBME (7L) was added at 30-35°C at a constant rate
over at least two hours to initiate precipitation of the product Va. The slurry was then cooled to
approximately —10°C and was aged for 1-2 hours before being filtered. The filter cake was then
washed with TBME (2 x 1.5 L), and was then dried under vacuum at <50°C until the residual

TBME was < 0.1% w/w. The yield of Va was 957g (2.09 mol, 83% from II).
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130C until conplete by 1H NVR (<5 nol % nono- pr ot ect ed
am ne). The reaction was then warned to 0-200C, and
wor®squsmched with a sol ution of potassi um sodPCIMUS2005/008268
tartrate (40%ww, 5.3 L, 8 vol). After stirring for
he Iayers were separated, and the
alk %Qoﬁgnd"b ?e%mﬁ washed with water (2.0 L, 3.0 vol.
The organic Iayer was then concentrated to 4 voI (2 7
mer vacuum at 50C PLAKGRR AGEN © aC|
| )HGNaS t+hen@yﬁ Q f%e 52 protect e d :
solMtign at 25- 3 Sodi um chl ori de (67g, O.
in I-*\/1\q/a (MBoggL, % 54vol .) was then added, an WN(BC’C)Z
redeti on was stirred at 25-300C until conpl etNs "Rgocl M'&
NVR (<8% acetal). A solution of 50% w w aque sodi um
hydr oxi de was then added to the solution at C
until the pH was 8- eptanes (2.0 L, 3.0 vol.) was
t hen added, and t hg S were separated. As second

hept ane wash (2.0 LN/ ¥S performed, and the conbi ned
or gait'@% ayers_were dglNed/\de;\I anhydr ous sodi um

sulfate, filtered, and concentrated to 3 vol. (2.0 L)
at < 250C. The al de Hsolluti on was stored at 0-50C
until required. Yiel 1.01 Kg by NVR assay (70% or a
solution 78% pure b ) . Reductive Am nation [0103]

To a solution of the

wQ?]) ﬁ‘oaamegéa @a@ ac?de% vae(tmegwd@ﬂ,agragh ltaﬁab(l%iaﬁmﬂ&kmmlio@ide (TBAI,

was a sodi um car bonat e
118g( Qﬂ@mOB (H)Qmﬂ ) f0110®veé¢y)aceti$hlérlk§dl7m méh Wals‘@momédrntm (1.15L, 6.52

th f | deh
3 305t D0 AR S L B0 v
(420%@%’05‘19‘01 0. 9%Qe‘q%5>vé§@ass@ﬂ@d Wogcefdniithilee®@0D L) TheABRIkiYS 0B VI was then

H NVR was used to determ ne stoichi onetr and the
addecérmmmsol@florapﬁ‘éh,ya@maerqng the demperalsrd ap8-@oapiTag eeaction was stirred

for 1OHMEL %nc? ﬁlen tlirafr’}o ok gq%ﬁi%ﬁgleVg g Vgﬁg 139&15 'H R. Lf necessary,

necessary Ion V\BS achi‘eved

extrad¥b 1§ﬁﬂdaal| e aﬂ)déi‘&, eqhaBﬁBfDHiDhletr!y rlﬂeﬂ&)en t]Td’hfesﬂuaﬁtstHi‘ﬁng/\mmeria]s. The
then filtered, r|nS|ng [ter with

reactjon waptiher] sfired untih< 915t P’@hfﬁ'\ﬁ)é’é‘alh\é] i asblem%@c HJN%‘%
IO%(s/]r qﬂ@?eac%@%@é;t gﬁl oéle%% IR2%eC. 5Cor’nc¥f?tlr d\@(ﬁnl‘ﬁg fcﬂi afrhonium

esse e portlonWI se a dition of zinc
hydr@hdieo(“zzd mI()B&@gherBadZﬁd;mid)the reactidrawas sigretdiae 20-267@ fatluromr. Water
(750 mi)ov%s t}%)n%dded to &1?: lré'latcltlgrl? mvl\Qture and the biphasic mixture was then added to a
separate vessel containing HCI (35% w/w, 1.5 L). Acetonitrile (750mL) was then used as a line
rinse. The reaction was then stirred at 35-40°C until complete by '"H NMR. Water (2.25 L)
was then added, and the mixture was distilled under reduced pressure at 30-40°C to
approximately 3L. The level of acetonitrile was determined by NMR (if > 3% w/w, more water
is added, and the distillation is repeated).

[0107] The mixture was then cooled to 15-25°C, and dichloromethane (1.5L) is added. The
pH of the aqueous layer was adjusted to >12.5 by the addition of 25% w/w aqueous sodium
hydroxide. The solution was then air sparged for 2-2.5 hours at 15-25°C. The pH of the aqueous
layer was adjusted to 5.0-5.5 with 6N HCI, and the layers were separated. The yield of the

reaction, as determined by 'H NMR assay, was 82%. The aqueous layer could then be treated

with charcoal and carried forward to the freebase crystallization as per Example 2.
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then stirred for 1-2 hours, and sodi um borohydride (95
g, 2.5 nol) was added to the solution. The m xture was
wo bms/ogsis red for 2-3 hours, before bei ng cool BCI/US2005/008268
20 to - 300C. The imne solution from above was then
[Oﬁfhg Fz 1S HPde%@dcﬂt'thgthE Q)@antqgg%) daetn%o% Iggﬂtg’%scng%reﬁm?e for
ion was then stirre hours at -
illustﬁmé:pudpeiaaroalyoandrtgato/laeokseuo’,io&hﬁcalkbrislmcba@% 1ml11g’n@thereof will be

expect ed) basi s. . Once the a n i.s :
SugE g BEEONS HhsRUbIT B a7 ot GBI Sed Sty B B and purview of
this a?g@ﬁb;ﬂ gh&fﬂe%% eofftf’?é élﬁi'n%n /(l?p@%)catu@\scﬁ/z%\t%tg HH Ii@f@:ﬁt applications
was ad as a line rinse sol ution
cncdhasuaddhdebmhwbntm@e®byméSEWES to 5.5. The aqueous and
a |l a e t hen separated, .and the. organic
10 PaglaP LR R Roh M B Bited 5o pdRisE L Snypt the
foreg@ng(d p&tihe PHOF HNGRAHHELIEELBAMROMS, AMTBNIbRas(té the dontents of date of
hé layers were then separated, and the wash of the
th&wdﬂq&n@ﬁslayer was repeated, and the | ayers were once
again separated. Water (7.5L) was then added to the
organic layer. 6N HO was added slowy, with
agitation, until the pH of the aqueous |ayer was 2.0
to 2.5. The layers were then separated, and the
aqueous | ayer was washed with dichl oronet hane (7.5L).
The organic | ayers were then conbined, and dried with
anhydrous sodiumsulfate (1.0 kg). The m xture was
stirred for approximately one hour, before being
filtered. The filtrate was concentrated under vacuum
(at 30-350C) to a volune of approximately 2L. TBME
(7L) was added at 30-350C at a constant rate over at
| east two hours to initiate precipitation of the
product Va. The slurry was then cooled to
approximately - 100C and was aged for 1-2 hours before
being filtered. The filter cake was then washed wth
TBME (2 x 1.5 L), and was then dried under vacuum at
<50C until the residual TBME was < 0.1% w w. The yield
of Va was 957g (2.09 nol, 83%fromll). Al kylation and
Deprotection [0105] To a vessel was added Va (74Qg,
1.63 nol) and tetrabutyl amoni umiodi de (TBAlI, 118g,
0.032 nol, 0.02 eq.), followed by acetonitrile (740
m.). Diisopropylamne (1.1 5L, 6.52 nol, 4.0 eq) was
t hen added, and the m xture was heated to 60-650C. In
a second vessel, VI (420Qg, 1.60 nol, 0.98 eq.) was
di ssolved in acetonitrile (800 nL). The solution of VI
was t hen



added to the solution of Va, maintaining the
tenperature at 60-65 0C. The reaction was stirred for
wdz2@sheses, and then the ratio of residual Va poOT/VS2008608268
determined by 1H NVR |If necessary, extra VI is added
to achieve equal stoichi omgsy,cbetween the residua
starting materials. The reactron was then stirred
until < 0.35% nol residual VI is achieved by 1H NVR
[Q%Ogﬂ The reaction was then cooled to 20-250C.
concenttat ed conmerci al amoni um hydr oxi de (225 nlL)
wes t henpadedor gnthesinmgraasaipoond Wasing Fornida I’at  20- 25
OC for 1 hour. Water (750 nL) was then added to the
reaction m xture, and the biphasic m xture was then
added to a separate vessel containing HO (35% w w,
1.51). Acetonltrlls s then used as a |line
rinse. The reacti of™Wad t tirred at 35-400C unti |
conplete by 1H NVR. Watell (7.25 L) was then added, and
the mixture was distilled uhder(CRdublEd pressure at
30-400C to approxinately‘gg The I evel of acetonitrile
was determ ned by NWVR (iff#>y3%wW w, nore water is
added, and the distillatijQy is repeated). [0107J The
m xture was then cool ed 5-250C, and
di chl oronet hane ( 1.5L) added.p The pH of the
aqueous | ayer was adj ust to >12.5 by the addition of
25@6m/m1aqueous sodi um h d%bxide The sol uti on was

eheecin o B 20 e it B P & o RO s 1,

Cmnpﬁgggthe | ayers were separated. The yield of the
reaction, as determned by 1H NVR assay, was 82% The
ac{@)eougeacayéna %aﬁdetrmdm@elmhehla@mwntwnelbawémuteénﬂth R' with

an all%? ralfde gdefzb%%%\? g \E)Bﬁ?lflfll!ﬁ?de lPﬁ £ g‘[ éﬁ% § ?h{ Jhe ex&&p?ﬁ)gﬁﬁ protecting

gﬂan@qﬂ@ﬂhedhﬁﬁﬁk§ described herein are for illustrative
pur poses_only and that various nodificatiaqns or
cHBhgegedusing f@ﬁemtnﬁem i Pragnicisolyanisviyly a s1e8a] hydridroredugiag reagent
r ated within
ond e B B B e L ~nd ¢ he
sqope atactihg tied smcomlarydrhinp wothi &ﬁ-ﬁlﬂbﬁﬁ:ﬁhyﬂbﬁlﬁmﬂndazcﬁmobtionaﬂy
plicatio cited herein are here

substfe 0B Opy O e DRSO ATUT<OROt5F i roup o other

amin@BMELHBE URBRS SorhSa MRhatiniie GBS o dﬁfé%bﬁﬁé@'&a&ﬁﬁl}l -protected
any of the foregoing is pertinent prior art, nor does

tertiaiytangiopisnidt ut e any admi ssion as to the contents of date

Of(d) hydrolyzing the protected tertiary amine to obtain the Formula I’ compound.

2. The process of Claim 1, further comprising treating the Formula I compound with

decolorizing carbon or silica gel to remove impurities.

3. The process of Claim 1, wherein said 5,6,7,8-tertrahydroquinolinylamine is a

racemic mixture.

4. The process according to Claim 3, wherein the Formula I’ compound is a racemic

mixture.
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these docunents.Clains W claim 1. A process for

synt hesi zi ng a conpound having Fornmula |', (R3 wherein
WOR00R09032 and R3 are non-interfering substit uRet/BS$2005/008268

is 0-3; mis 0-4 and nis 1-6, conprising: (a)

gact | teyr e
opti onaney bt b Ly BRAR R Rl AT Ry on fpyapiomer vi
selectiveaury Nglizatjpltibalcrysialiézapipotaetntng group or a
di -tert-butoxycarbonyl protecting group to produce an
imne; (b) reducing the imne in an organic sol vent

Wd h a Tetpabcebyif Clden N cahkabinGaideR 3 18t tetillh deddulieslingAimine is an
organic acid or a netal salt to forma secondary
optically astive (Y)enprtiimarng the secondary anmine with a
2- hal onet hyl benzi m dazol e optionally substituted with
R3 and optionally bearing a benzi m dazol e am ne
pr7ot ectlihegrogesupf Glriny bhwheraimi the Fewmye {'tagnipernd Roan qpgically active

pht hal i m do-protected or a
) enén{“t)rél?rt but oxycar bonyl -protected tertiary amne; and

(d) hydrolyzing the protected tertiary amne to obtain
e For

o hor EGRSEPEPNGoLP dmt P s oy o T iy amine is an

opticdMyt &etide eR) dahdorigr. car bon or silica gel to renove
inpurities. 3. The process of Claiml, wherein said

5,6,7,8-tertrahydroquinolinylamne is a racemnc

MoKt Ur efherockBEoNCIARE S SWAESRItHE Remida € @bﬂbﬁmca\l\@%&tﬂ/d’l(w
the Formul'a F conmpound is a racemic mxture.5. The

enantimgtess of Claim 4, further conprising isolating an
. . ting an
(R) or (S) enantioner via selective crystallization in

a crystallization solvent. 6. The process of Oaiml,
whér ei Theairecess 6f Glagn il ewherhipd?.dyjuRnend Ry krgreiaplealhsenty are

independently selected from the group consisting of hydrogen, halo, nitro, cyano, carboxylic
acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, amino, acyl, carboxylate, carboxamide,

sulfonamide, an aromatic group and a heterocyclic group.

11. The process of Claim 10, wherein R, Rl, R? and R? are each absent or are
independently selected from the group consisting of alkyl (C.10), alkenyl (Cy.10), atkynyl (Ca.10),
aryl (Cs.12), arylalkyl, arylalkenyl, and arylalkynyl.

12. The process of Claim 11, wherein at least one of R, R!, R? and R? contain one or

more heteroatoms selected from the group consisting of O, S, and N.

13.  The process of Claim 1, wherein the alkyl aldehyde is an ethyl aldehyde, a propyl
aldehyde, a butyl aldehyde or a pentyl aldehyde.

14. The process of Claim 1, wherein the dehydrating agent in step (a) is potassium

carbonate, sodium carbonate, sodium bicarbonate or magnesium sulfate.
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optically active (S) enantionmer. 7. The process of
Claim6, wherein the Fornmula 1' conpound is an
we@piosoad3by active (S) enantioner. 8. The proceB&T/U§2005/008268
Claim1, wherein said
18,7 T tf
2dth ve RSB, Py BRI Ay RGPS sodium
borohwiédegiand theer gz anadidisielested dromp thegadupycamsitsiing of &ptic acid, propionic
enantlgggr 10. The process of Claiml, wherein R Ri,
acid apg ZHGENREIdSr ¢ each absent or are independently
sel ected fromthe group consisting of hydrogen hal o,
nitro, cyano, rboxylic acid al keny
cyé1 oailk§ uvmﬁwaf&mm Lt Wipeggin S&ﬁﬂhbls psafmmedgaaraas%ﬂeéfeénperature
—QE bexam de, sul fonani de, an aromatic group and a
eterocyclic group. 11. The process of Caim 10,
wherein R, Rl, R2 and R3 are each absent or are

i ndepe S .
:TE I FT%@ %}A&%sss 21%15 M}gﬁ}%@@ o%&&ynyf\%?@f stté;ﬂ)Q) ﬁj;rtrhﬂ comprises

ananﬁﬁﬁhﬁahmdabmmghkympumnyhah&enyl and aryl al kynyl . 12.

The process of Caiml1l, wherein at |east one of R,

Rl, R2 and R3 contain one or nore heteroatons sel ected

f1em t Mie @revess XaTlains 1 7,gheddin e dminababeNs dilshprdpgidethylamine.

process of Claim1, wherein the al kyl al dehyde is an

et hyl al dehyde, a propyl al dehyde, a butyl al dehyde or

a 1pent Yihe ptstebysfeClaibd 1, wheeipreegsvataf tefipaiafird in WHE (@ iig40-60°C.
the dehydrating agent in step (a) is potassium
carbonat e, sodium carbonate, sodi um bi carbonate or

nmagnes ThepsateAd feC1an 1 T\bﬁer@lE’IQﬁQ§§ t-8litol @rbank | WheHeQirBtecting
the reducing agent in step (b) is sodium borohydride,

groupand the organic acid is selected fromthe group
consi sting of acetic acid, propionic acid and zinc
chloride. 16. The process of Claim1, wherein step (b)
i @1per flbe meatess ofClpisnl 2@, evhere mpemental pBthgfamin@protesting group in step

(d)is per?ormed at a pH 3 under aqueous conditions.

22..  The process of Claim 1, wherein removal of the phthalimide protecting group in

step (d) is performed with hydrazine, ethylene diamine, n-butylamine or methylamine.

23. The process of Claim 1, further comprising a purification step for purifying the

Formula I’ compound.

24. The process of Claim 23, wherein the Formula I’ compound is extracted into a

mildly acidic aqueous solution followed by treatment with an activated carbon.

25.  The process of Claim 23, wherein an organic solution of the Formula I’
compound is treated with activated carbon followed by filtration and extraction into a mildly

acidic aqueous solution.
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17. The process of Claim1, wherein the organic
solvent in step (c) further conprises an am ne base
waeasases al yti ¢ anount of iodide. 18. The pr operESID5/008268

Caim17, wherein the am ne base is

disi;sopr Le: : - 9] :

WG o iR LR P2 eer g P RERE g kipf et xtraction of a
basic4Gu®0O & lu@éh ofTthe Fprrodle $'scapfipoBhdivithldichibeneithmnR2follswed by silica gel

t - but oxycar bonyl am ne protecting group. 21. The
1h“hﬁWBE@§¥“B$YCIain120, wherein renoval of the anine
protecting group in step (d) is perfornmed at a pH 3

under aqueous conditiqgns. 22. The process of iml,.
witdr ei i hed¥ieseat oldelatmes prbaiainiths epstiisabpr step chﬁgﬂaeéwumg

| q .

By o 8 e S Bl 2 dichlgromethane
solutioh o€ttai Horrhplafllicérhpouncomit agiengs sodpum hfdroaitdeon step for

purifying the Formula |I' conpound. 24. The process of

Claim 23, wherein the Fornula |I' conpound is extracted

i 80 a Thelpdboesact diatm dgwheans thotiysiabizafial sadverd idxgopropyl acetate.

treatment with an activated carbon. 25. The process of

Cl aim 23, wherein an organic solution of the Fornula

| '29¢c onpihigrpdodess &ff €aire @, whirbinahé tiyatalitatan Sdvert i dthyledetate,

by filtration and extraction into a mldly acidic
tetrahydipdiiad os ichloryaethde: The process of C ai m 23, wherein

the purification step includes extraction of a basic

aqueous_sol ution_of the Fornmula 1' conmpound with

di¥nl orldeeressseol ¢lgim dielrthsr comprisiagedo-distaldaiion procedure to control

reﬂd%ﬂﬁﬁﬂﬁﬁ&g&ﬁ levdd- The process of Caim 23, wherein
e puritication step includes reducing hydrazine

| evel s to pharmaceutically acceptable | evel s through

it o s o L AR R SBLAA B0 DB g e o

I’ conmpsundree dgeessairidchathe doystalligtidhtephe crystal i zation
solvent is isopropyl acetate. 29. The process of Caim
5, wherein the crystallization solvent is ethyl

acet at efhe process of Claim 5, wherein the crystallization solvent is isopropy! acetate or
ethyl acetate, and the crystallization step is performed at a temperature of 50-65°C to achieve

solvation with the crystallization solvent.

33.  The process of Claim 5, wherein the crystallization step further comprises
seeding a solution of the Formula I’ compound with crystalline Formula I’ compound to initiate

crystallization.

34.  The process of Claim 5, wherein the crystallization step is performed while
agitating a solution of the Formula I’ compound to control particle size of the Formula I’

compound crystals.

35. The process of Claim 5, wherein the Formula I’ compound crystals are dried in a

vacuum oven to lower residual solvent levels.
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tetrahydrofuran or dichloronethane. 30. The process of
Claim 23, further conprising a co-distillation
w@emsmeisne t o control residual dichloromet haneP¢Busi085/008268
31. The process of CAaim5 further conprising the step
0f36CONARRIF LG Eldfen TOWRR the F gprlféﬁfep%uﬂa KBRBted from the
prior to e crysta i zation step rocess o
groupQ&oabistig ofviyENei( thHa:ezmanQ-lyﬂmﬂhyde’si;B VfSHtetralsydroquinolin-S-yl-

14-vigaghte Ao R Gyl PoTng e&ﬁ”%ﬁ%@r@m@m&mﬁn-f&-w-

1,4- bétgnéﬁmn& oarﬁqlmw Q -V inPRa 0 Dby 1Ry VS S Bl 1 8 zealtahyd}oqumolm-

sol vent . hé process of O aimb5, wierein

8-yl- thgtaaedlammm on step further conprises seedi ng a
solution of the Forrmula |I' conpound with crystalline
Formula |I' conpound to initiate crystallization. 34.

ThBé!' pr (Tthewcmfss & Glaim 3, wlmheimes'aid Slebmldar}yisnia¢ isi zat i on

N1 e TEnBRBo0A o TR B Ty GGy, (FREL4-G.07.8
tetrahggfoqwn%hh: SC)QH%%?-@)quﬂyﬁbiﬂH&e l%dloﬁquQOMe@% DB- t@aﬁh‘ymoqumolm-

wherein the Formila |’ ound crystals are dried
8-ylainmoy- buaféhumndvlenl Mlqn@m@?rS)rBeg) -thual . 8stelratidroquenadind-glgmino)-

The. proce i.m.1,. wher Formula I’
bmyll:g @ %gl ??lon& %rcz}n 'q 1?er%ar¥]1%t§e g?%nup consisting of (S)-

- ben2| m dazol - | me
n-8-yl- 1, 4-but dﬁé
/'l -benzi m dazol - 2- yI
N -5,6,7, 8-tetrahydroqui nol ,
and (R S)-1V-(I //-benzi mi'hzol -8R hyl)- '-5,6,7,
8-t etrahydroqui nolin- 8-yl-1 ,4-butaned@ei ne. 37. The
pr ocess of Caiml1, wherein said secondary imne is

o q um%:p?%%—sslaﬂf ng}nrll %d er?% tE%&gh%nédg prote c? t]er&a%t/ .'Elr%lhne
compb@ﬁd @WQ[(@Mrﬂmam By %Jn@myng) | 3-8iexwL 1] 3-Uﬂ@fﬁf61§illﬁidlﬂ23él§ibmyl
ne,

t et rahydr oqui nol i

tetramdwqamognyl} @mm qS-)ﬂs{ﬂ H&Hrt@nzmada:mbﬁé‘lmethyl) -(5,6,7,8-
tetrahg//droqgno?mIS Sgrn?noﬁ b%t}l?'isromger pg%&%l tﬂ? {Xl arﬁ BQI)ZIm]daZOI 2-

ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-amino]-butyl }-isoindole-1,3-dione; or (R,S)-2-{4-

yI
di am né

, 6,7, 8-tetrahydroqui nol i
] _(I

[(1H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-amino]-butyl }-isoindole-1,3-

dione.
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butyl]-isoindole-1,3-dione; or an imne having the

formula 38. The process of Claiml, wherein the
w@bhdoshgosdgio- protected tertiary arri ne conpound PGT/US2005/008268

I\I-{[(benzi m dazol - 2-yl ) et hyl - (|, 3-di oxo-1, 3-di hydroi s

Bd ol El'ﬁn ?ﬁcle—l-éslbd;ﬁr?z%“rrrl} lfj gxtzh%f’et% glre%-ll’érﬁ 8{19)09%/4?}%&? gﬁﬁected tertiary

ammdl&tsnladniodnokaw nol i n-8-yl)-am no] butyl }-isoindole-I, 3-d
ione; (i?)-2-{4-[(!H benzim dazol - 2-
yl met hyl)- (5, 6, 7, 8-tetrahydroqui nolin-8-yl)-am noj - but
yl }-isoindole-l , 3-diope,; (/f,5)-2-{4-
[ (I Hbenzim dazol ﬁ‘t (5, 6,7, 8-tetrahydroqui no
lin-8-yl)- amno]% dol e-1,3 - dione.39. The
process of claim1, wh t he /Bo
di -tert-but oxycar bonyl protgcte er{/l ary am ne has
the formul a ?CFE)_N “BOC

BOC. | A\

N

R

(R)m
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