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m ni mrum anount of inpurities present. The control of
Impurities requires a study of various options to

deci de upon the reaction conditions and testing
protocol s necessary to insure that drugs which are
adm nistered to the public are pure. CGuidance given by
regul atory bodVARENICMNEISTANDARDS AND iMPURITHICONTRDL.S
and Drug Adm nistration (FDA), suggests that
inmpurities in drugs be identified, if present, if they
are at a level of 0.1% (Bagkeround of hedoveption) or gr eat er

for dr E@or&u&stmas pﬂé}ﬁﬁéﬂplﬁirm&@ﬁﬁiﬁy pl@ﬂudt@&eé hlg@\&?&% and with a

t nli?:l:i)}gm %Bgnt Biarrr]fpﬁat%g f(g}gehtl I e’ cons[rol mh ﬁ]pwr]nﬁ% iQ%ulheslebstBéJy of various

pPRIPns toglecidy élmﬂ the rQﬂQEﬂﬂFCDﬁdltms ahqh tﬁswm metotdfraecessary to insure that

[ d#egﬁwrﬁmrc@’tb b&’ﬁm@feréd‘@ﬂfe'ﬁubl%sar@ﬁlr@w apparent | evel 3 of
0. 196f8r ener al

not coRgrd! Ven bé’e@@@? ry(qg’gﬁ 'Hﬁ“‘%&; %§ ite 143 %33469“ and Drug
4AB@BistBi00 O:DAK),S‘-(DlSQeSm’tUat%@B@eS(Id diugs B@;delﬂlﬁ@tﬂ))f)present if they are at a

H@V@‘éﬁb 1% et BDAOR &Qn)QQ'ngtafer ‘Pdr‘tdrl}d@fbs h&@tdggedcﬁ%fd% Br lower.

necessary for epen
£ G er‘ﬁ%tp%& % perts pep iR Eungt gk -1 1:91002599@69 F0im 190 oo 81% = 100
shridiaes Q.@018hEaiOnpsaf ey axahple,nhé IFDA Ay lndicaﬁédJ P8 RiEntification of
%H@Ur‘itieg YelBly aﬁ{i‘?réﬂ'ﬁ’é%lst&( a}%eforr % g&ﬂ%‘?@g? dr ug tsHbs?a e js gepgrally not

% qgquan ly exceedas el res
)Srf DerFestRT frsrers/ @?euzﬁe 104 iSB8LIHH8Y 42080 gndi46p88 (July 20,
I zme)) Hodevent thd 5D8 GlsansbirdHEL8 Mat tiyfasresahtedid M8y be necessary for some

C
lﬁpﬁﬂejl)%é d&e@é@o@%&%oﬁgﬁ%r é})%éﬂ'c %%?eartéeﬁe(f ﬁ§4§0%g) tIF]Lgthermore studies to
s‘tqt%tsifﬁ%(l inforgiaiian dr 9 §fql@?ﬁ9@l/rﬂuta@tlhbphan tiropuniare ratommended if the
niresedq@anaty @kddee$ 8 lgLABcHBe hkdshdld bES 65 %Oosﬂgﬁﬁ‘%r @E\qg ls@bstance

Ud%ggcygt Zg)gjaggrqgl?arfs né:)( 4%wanaaé§{9ﬁef unction. This

npoun nt of inflammuatory
bowel \Grenigise ( K&&thamjetrbmclqﬁtm 1.07H.0*8eheixadech-2EIN 3,57 ®-penta-

menkwmguﬂMmdauﬁﬂbgangrenosun1and Crohn' s di sease),
irritable bowel syndrone spastlc dystonla chronic

pai n, acute pain, cella
vasoconstriction, anxiety,
bi pol ar di sorder, autis ; ordetrs, jet |ag,
anyotrophic | ateral sclerbkls cogni tive

dé/ﬁﬁdmlctb' Sihb todﬁéﬁ%ntapﬁlbﬁlnlb %&ﬁ%hrﬁo%’clﬁé Ye%ebt&pgtleg TH8s useful in

g% bar bi t ur at es,
iang s B Oy iR, The AT SS6T s egtaerokinfammatory bowe
rdiseaser (ncludidg detase -linteldi tee diceratya i colite £ pyotigraiar ddiendsBmand Crohn's

- Cs i de
@fsb%e? grrltarb@”BOWeF g\ﬁlld%ﬁ{ k§pagf|cs S}%E)gla( 200 Bai ain, %cugl %alr? ‘celiac sprue,

vascu dement | I'séa Se,
§8W"~"€F’6s‘@§°coﬂatr{'§3°” @RRIp HRRNIF disarder; feprprsion.r kinpier disarder, autism, sleep

kispraitris cietelag; epiyatophiatdiyral sopas MSRicEyRNe dfdimklion, drugitoxin-induced
QBthﬂﬁléﬁnpalrment (e.g., from alcohol, barbiturates, vitamin deficiencies, recreational drugs,

lead, arsenic, mercury), disease-induced cognitive impairment (e.g., arising from Alzheimer's

Rip depression,

disease (senile dementia), vascular dementia, Parkinson’s disease, multiple sclerosis, AIDS,
encephalitis, trauma, renal and hepatic encephalopathy, hypothyroidism, Pick's disease,
Korsakoff's syndrome and frontal and subcortical dementia), hypertension, bulimia, anorexia,
obesity, cardiac arrhythmias, gastric acid hypersecretion, ulcers, pheochromocytoma,
progressive supramuscular palsy, chemical dependencies and addictions (e.g., dependencies

on, or addictions to nicotine (and/or tobacco products), alcohol, benzodiazepines, barbiturates,
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Korsakof f's syndronme and frontal and subcortica
denentia), hypertension, bulima, anorexia, obesity,

woaodatiiaer3ar r hyt hm as, gastric acid hypersecr et PONJIB2007/000722

ul cers, pheochronocytona, progressive supranuscul ar

pal sy, chem cal dependencies and addictions (e.g.,
dependenci es on, or addictions t® nicotine (and/or

t obacco products), al cohol, benzodi azepi nes,

bar bi t ur at es, opi oi ds or cocai ne), headache, mi graine,

sopigdse pr t:ocalmmatheedéme,l mrgrd‘rjeurs}fol(eTB’eDrmatrc braln injury (TBI), obsessive-

Qﬁ?pﬁ@fvé/ Qs DZ eps%h%gg %Jntrr&/%@) dhorp tardﬂlﬁ rfiéf,lweﬁra,sl?ygerkmesra

Hunt'i ngton™s ar di ve Ki NesT
d%|eé%sah'20§bwr"§dpw iafereh dementtia, jage-reflatecbeogaitivertietiing, epilepsy, including

apit mallabéenck méﬂslytdtt\éﬁiloﬂ Q6rcit Hﬁ)eraﬁﬁﬁtﬁ' @8srder T(Alﬂ-"lfll))U'F’duFEEte s Syndrome,

|Iep atte n de
éatb'ﬁésplg Ir{r/cl% |§ gey( éﬁw ch Eirtag(al IngoH%e in smoking
pﬁﬁﬁﬁ@@ﬂ@ﬁpy nlcotlne dependency, addiction and
Wi t hdf@drﬁ’doundisncﬂlféfdbrﬂ@ 14 RedrbhaP "TRIGHAG r%@?p?&t 'sﬁ’e@ including 5,8,14-
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ther in
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9(]974@)@@@' efér %(eﬂter)nbgf 38, 11999 %%Etdégﬁoof‘”rﬁ%rgtwa% 51 2000). PCT

drochl'ori de sal are referre
Dﬁfﬁr eigBPaent Ap&'gaf'%‘m PCE BBGAY 3oTdisripses the, derigizationusf 1-(4,5-
owm:ﬁxizrmerncwd;[ed 198 fHdeadees-228,3,54A8R1 @2, Qaltﬁrméro@%none PCT

e o B A0 B oA S o
d’értle\/@tnfhfﬂ‘f PipGesst The (fqregplng applications, owned in common with the present

Hpplidatidr 0@ Zifcdrfdr&¥€ | iefdin Iyl rdlerence in_ their entrre]y generlcally recite
| uor oet

eSS Tebapd ac Rt f b baises e o v

PCT/ | B%V@@%@Ifamfs g rductine toh ogsnit ompaitnde loften afford mixtures of
ldm&lst it R%hab Beérhﬁsc‘éyé?fééqfﬁﬁt' éé.crpér%ﬁﬁs%@ ma;héasuft Wrﬁr%fe@%f one or more

(#Q Ll On%f owned resen

ap p?vera g En 8‘°P??£'8?°p811 é’ﬂ“rr?éftr& ‘Ha'B'W P"e“i"@'f’% fésEmegiates, one or
triase 1of avhich rredyy conyreine ithec atrbactadestittieg plageriglctidd slahd Yhe synthetic
ath@ay. aMnﬁe@QH Ghitexglsh Ehcplrbdﬁglohsf?é)pﬁe Eoifro é?i'@)p dél%g the respective

ref rred her ei n. ati o

{o{d\o}i ?O&H 'Qﬂ‘s '8 A OCE’t"BBﬁ‘b pyries dr fr@nab&ﬂfcﬁrqg syithatia stagdards, the
@focpsscn:ﬂ aptingzing the pocéashbaieny Mlﬁcnm/@grﬁdaﬁtbmorébwef’ous
chem %o&ydlf@y tlﬁee§l}bljéct anerfﬁbﬁ(géH s 59 gwe i n?{ajeem\?vg%ave developed to

several nononit ro,
GPr 1he syithegisiof Yﬁ‘f?ﬁ"'?“ﬁ? erugsehsianes to insyee tbat lensiseof thie nalledd drhpurities

rawat:amptab@ lbtvelevdls, eraatuﬁmi; &Heabrfebélﬁtrdﬁabﬁ%yrﬁrhetusasrtéddgn@s for the
desir ragi
%}t'hgﬁf %Q}%eggce%n a% g argnlclmg,r Wf@ﬁa{rﬂ%ceyté@&eﬁceq@ble salts

heEofi on conditions to afford optim zed purities. In

the abamm@@cmﬂmsmghhﬁﬂlc st andards, the process of
woul d

optim.zin [ OCess chem str be

si gn |mrrﬁ ¢ a‘%ﬁen? nﬁ‘fe@ ThrVHEes AcBIGSHY yeomMprising tgfegictine, or a
Phﬁremqumﬂllroe«rqeafahls sl thehef, tamd lani amosst ofea brmvoeucke vedatgaiekbm the
thowipt rol the synthesis of varenicline drug substance

to insure that |levels of the noted inpurities are at
acceptably low |l evels, including the preparation of
synthetic standards for the optim zation of the

processes |l eading to varenicline, and pharnaceutically
acceptable salts
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thereof. Summary of the Invention The present
i nvention provides a conposition conprising

weoao@niieisone, or a pharmaceutical |y accept abl epeaiiB2007/000722

t hereof, and an anount of a conpound sel ected fromthe
follomnng Schenme 1 : Inpurities and I nt er nedi at es

Rel ated to Varenicline Synthesis3wherein Ris H,

acetyl or CF3CO and the concentration of said
compound is greater than O ppm and not greater than
aBehamesbdmpities aest Intgrreediates Rdfmied @Varsnicl@0sppesior Nnot
greater than about 10 ppm The invention al so provides
the conpositionR wherein vaRenicline ig varenicline
free base, or yheyein the of vargNicline is

varenicline L- Al - nbodi nent ,
the invention peetidesS the erein the
salt of varenicline is var-nicline Ltartirate. The

i nvention fG@NherlprOV|®gs a Bharqquuti@a
conposition for treating in a mammal a di sorder or
condi tion ﬁelected fr£r1|nflannakory bomeIRdlsease
(including but not | ted to bl [V

pyoder ma kfangr enosu Cr ohn'|s~di sease rritable
bowel syn nme, spast dyst oni chroni ¢ pdin, acute
pai n, cel SRpYE, hitis, oconstr i on,

anxi ety, Ja#ic disory depre n, bip di sorder,

autism gl eep disordéersyul et g, \amyot raphic | atera
scl er odhs 4ALS), c ith\i-/i d)'/'l?unc i%on,O2 NG,
drug/ t oxi n-i nduced cogﬁltlve i mpd rnent (e. g , from

AneROR Jis IbaJcQ!yF &r@\%@é* aPC/# %Q%&eﬁ?aftlog IOF snatﬂ, S rﬁpound is greater than 0

recreational
& P'g‘eangOﬁ gﬁ‘?ﬁftférif”c?(?@%@i) vem; 'i?b@ﬂe?fﬁ%tfwn @@ugwo rem arinatgreater than

fabauni@pprhei ner' s di sease (senile denentla) vascul ar

derrent'l‘hé‘mvgrﬁkh a%%??ov?‘deg RS ‘T’nr;fgﬁlgu t gljeﬁe\%g%r‘?@r?es :ssvaremclme free

Al DS qﬁep a traunsa,
PR e, S%S/B“OW?’F’@'P%II'% rY?"eFﬁpltﬁe lyddiicBleddse  varenicline citrate,

Kﬂremdlnefsu‘lcc&a&y/ﬁdﬂ@% t@rﬂgtefof' @é?&rﬁélm@ﬂ%rﬁé’lgc 4 b%@éula embodiment,
nﬁg&ﬁgg rvM ertenS|on bul i m a, anorexi a, {

car di AcoaP R Eh e gomRpslion. hersin H‘ehWe?fs&f?f&“Pwﬁ varenicline L-

trteate- s | pheochronncytona _progressive supranuscular

pal Syw&h%ﬂ&ﬁﬂmﬁ’@‘ﬂ%@gg a?mg&%tlc?aggdm&@tolsﬁ%n f() tﬁ%”‘%@? in a mammal

gEendenC|e or a lons to ni

e, pﬁ”B@lUlf‘t %‘—jecteéiﬁ@ahm'amm bRIveh diggsisa éiggluding but not limited to
Weardfive Loktls £ pyodenpiaogatgrenssuf O &R Ciohn's NRRESS, N Rritatd G5 N¥ndrome,

%E&@stoﬁlé HBRE {;zﬁn %.gé E gélléc {%’JOJCB@S’ ¥sgaqnstriction, anxiety, panic

&ﬂ%$33|ve conmp si've
r,nﬁﬁp&?&gn Ctﬁflﬂ'% lisofdgr, caufiem, dsledpi diemdens, jblyler amyversphes lateral

iesdsx{ALS), Snbmtzlérﬂ%fﬁﬁtltl&} d%d/tbkmin@ﬁ@d%ogﬂﬁ@%d ment (e.g., from
I (0] 1V ecl.1 ne I nclu

Q&)@lol eda?[fltﬁgﬁ?geglgéerﬁlg gﬁflglsg%/es a{f’(fr%%f’f‘% 5%%%'8?‘{ arsen?c mercury),
é‘?‘ RE¥Gedi egonitive dmgairmenilie)., arkingr ébe Alzh&yRey fiase (senile

mra)sva%gulﬁnd@rﬁﬂhﬁé‘wé?ltmgoh’g &S%M%Lht‘p%n dff#érgs(fé %Sg encephalitis,
tg%an' '?en%f 8 tHe\;/)eeltlcl anepﬁaallgr;ath% ?l%othyrmdlsm Pick's disease, Korsakoff's
syndrome and frontal and subcortical dementia), hypertension, bulimia, anorexia, obesity,
cardiac arrhythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive
supramuscular palsy, chemical dependencies and addictions (e.g., dependencies on, or
addictions to nicotine (and/or tobacco products), alcohol, benzodiazepines, barbiturates, opioids
or cocaine), headache, migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive
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or condition and a pharmaceutically acceptable
carrier. The invention also provides the

woheonaeBut i cal conposition for use where the #CTOBIET/000722

or condition is nicotine dependency, addiction and
wi t hdrawal , i ncluding use in snoking cessation
therapy. In a particular enbodi nnt, the invention
prOV|des t he pharnaceuti cal conposition for use
klng cessation therapy wherein the salt of
rdOCRhe psychpgis.cuntingterés charea: dardive Tipekinesia,enpbminesia, dyslexia,

atmuom@w ehali- lrﬂarﬂ%mﬁﬁﬁeéﬁel-rélétled G&Jﬁﬂ@é&échr%n epi IEEsy,SiHHLlfd f&%betit mal

C |

cERBRl BHIShIC BN oy CRPRL hatehl i b AP UB) { Grrtes Symcrome,
?ﬁmarlﬂgg g amgynt @ﬁthph:gmatpgmoard&clasthaare‘meﬁﬁwemmtﬂeﬁtmg sald dlsorder
agrceptiasn %n@%r ﬂSHaﬁﬁaceIﬁl:%lh} Qc\/c%%blgrbaﬁ'leﬁ OTI'Qer AV %ngorf anedch olovides the

ceutical conpos erern
\/K”geﬁ%@t}“"ﬁ COMPOTigndA; &‘ﬂel Wit P chsatcer ormeediionismicotire dependency,
Adslistion: end chétbdrawateircinding asse tin eaioking deBsa&ioMﬁE@dfy i th a particular
r@@dﬂ)dﬁﬂéﬂf eRt lﬁveq{uﬁp ﬂ)%rdeé)rth %gﬂﬁaSQUQIcglgﬁcfrgé?g ion) f% psgy smoking

i nf ?HHBETF& Q@ |sease i'nclu
3 e Qerin he salt of wareniclige geamgermhlog tarirate.dThe invention also
Qrofides s rtiesreaewtibal comnpositdh a2 skﬁ@Mﬁd ce%&’zﬂﬂﬁ %pys&%hélﬁg an amount

Qifstﬁé)@brﬁposﬁilaﬁ QB forth Helki a%%J fg%ﬁ\{eefosr/ S"Bk'ﬂ? (Pe%qagm therapy and a

d%uc It vasoconstrlc

Brr”l?§§‘1‘“6ﬂ'y WPeRALIY C@F%’or J be invanionsaiso wheedss slich or flesaceutical
joetnpbdsiipn, \aieyet the gkt &F vb@hi@ll’r@hs Ve rfliRStafrafeLS) |

cognlt fupction u i n-induced cognitive
| pai r#rrr]éﬁ? t?on IS0 providiesy EI’E% % OrEERHRG (ir 2 fe@@mal, jry rgep rihereof a

Jispider aneqnst '0“ ﬁ@?ﬁt@aﬁ@romillammlalogsbovdeeashasal(lmmr@ but not limited to
m&:é@tlveybolltléjlrfy&ﬁﬁﬁa 'gBﬁb‘r’eﬁ%QJnﬁ; QAR GrbrS Hl%@é){j Wﬁt%l«ta (b%yvgl $yndrome,

gsﬁé {ﬂgtonl hro cp ln i di S%asre SCIh
SCUAr Hi 3 aﬁ‘citﬁ?f" RLElRc sPye.eucis, vasacengyfction, anxiety, panic
§@prépro§egessm10@polmwspﬁmj Bltiss, sbérﬁUB&der&eJ&ﬁ'Iaga@%yotrophlc lateral

Ragratid QAIS)C%hlﬂ\}eo%ﬁﬂ&ronhMrg Wl Cﬁ fqéds |a%gg'wlltlv%ﬁrgpalrment (e.g., from

df g 5 Efrsa of nd ro
SGRr PR ratﬁserfétﬁ’f“!"afe qﬂy‘ﬁéﬁt@ﬁ@?mal ggb.nieag, arsenic, mercury),
dﬁ@asexm@cecbtmg]mvy inqaindledtC (ead./ RYSIAGT fsn  AARINKdrS &6ddle (senile

ByR&ETa L Q/E§§u|ap 'aemie'rl\tﬁ e F’§rﬁln9cn1€so o O er G élgrﬁ% |Sg'§‘%§'g gAI%S enc%phalltls

g ranmuscul ar em Ca

ﬁ‘g“ %t sa’(deh?fa“c (f@b%’?é’é?ﬂiweshm@thymdlsraddilqkbl disesast,0 Korsakoff's

wndenmmc( &ord4l candt @bgﬁ'ﬁ&l Iatélﬁé“!iﬁ} %per%h&&hcﬂuhmla ano)reXIa obesity,
e a rates, opioids or cocaine

Qézggcg%‘rrﬁﬁﬁ{?by %astn? écd[ %g:f(ersecrfapog ﬁgtefsc PBPOENFRMIORY QP8 progressive

?upgn)usc%sm1 g@en@@gﬁm@pmdvl@ledl gor dedictip®C).g., @spebaRies,on, or
ddldictions gd AIBOtBe @h@bﬁt@bac&@br@ﬂdﬁ%@ yskd) %ﬁiﬁgz%@? rbgbrl&‘rgteg 'opioids

i zophr.eni i nfar ¢t
(%éczdc?%é )ape%ig%;hog igaing, s ggliﬁmfjrﬁlgnatlg rﬂ"‘l’"éﬂwy Tm}:|q9§ﬁsglge compulsive
‘B%que( (REP). atsyahasis Hynmiingtqmésy chogeat Mdiwa)ﬂysdiﬁéslé;lHyperklne3|a dyslexia,
sh:lvi'ﬂ@ih%tal MUkiShit S8 Sk, e(éjé%le%&d cobfite e(%%lﬁet epﬁr.(]osg1 r{nacluding petit mal

rticul arly, ni_cot|ne
a8

OSEIICg %{fsy aﬂ%{]tl%qugcl U ggoe[qqtlvg)/m%omr dABHERY), i Bevrette’s Syndrome,
qaﬁ.@plgm niagtinec [departibrag, addigtionsasi acthdraat @fcgﬁﬁlgt @seS# Ymoking
RIS VSR o oS TREE IR SR o
08 ﬁlt@ﬁlc%cosed herein effectlve in treating said disorder or condition. In a particular
embodiment, the invention provides the method for treating nicotine dependency, addiction
and withdrawal, including smoking cessation therapy. In one embodiment, the method is
carried out, wherein the salt of varenicline is varenicline tartrate.

The invention further provides a compound selected from the following:
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enbodi nent, the invention provides the nmethod for
treating nicotine dependency, addiction and

weoizbdrdnensal , i ncl udi ng snoki ng cessati on ther apgT/IB1w07/000722
one enbodi nent, the nethod is carried out, wherein the
salt of varenicline is varenicline tartrate. The
i nvention further provides a conﬁound sel ected from
the followi ng: Scheme 2 : Inpurities Related to
Vareni cline Synthesis wherein Ris H (designated a),
acetyl (designated b)or CF3CO (designated c), all of
whehemeed: dmparitisiRelatsd &i\ﬂdﬁ&ﬁdliﬁés%rfﬁ{esfshe control | ed
synthesis of varenicline. The 1evel of each inpurity
in a sanple of a batcH§of vareni clne can beRr
determ ned using sta [
to those of ordinary
the | evel of one or
nonoani no, m xed ami
i nternedi ates inpuri
by nornmal phase H

Il in th t. For 3
of the r al nony ro,

/"

eS noted a may be
reverse phase HPLC, of gas

chr omat ogr aphy metRods. The t &eNs "t reat Hpt ",
“"treating", and the like, refer to reversing,

al l'eviating, or inhibirting the progress of the

termapplies, or
er or condition. As
ppass, dependi ng on

di sorder or condition
one or nore synptons 0
used herein, these t- y

such di
al so e

t he condition of the' gp nting the onset of
a di sorder or condit 20f Pt ons associ at ed
with a disorder or ondltlon [ di ng reducing the

severity of a disbsNer or con@ﬂﬂloHHor synpt ons
associ ated therewith prior to affliction wwth said
di sorder or condition. Thus, "treatnent", as used
WeS"ein R is bddesiopated a) ecety meaugsatécﬂm)bm3gb @eiaRa Wdy of Jhich are

tdeful b taitfakdRMorlii: not at the tine
y C%In?t"tgg e"sﬁ%”aré “E%r der or

adn1n¥§trat g? g
condi LATRYYY hrusempleef @heenpacsmiclin enant detsmined
Wi qtag@andraealgte:akiéclm:qdé§k}fodﬁ fto ﬂhbs&&?@du‘ieﬂrp&llﬁﬁ tl‘%fart For example,

thy mélmn%ﬁﬁ&b 3t fﬁg sg P ?nononltrch &?06'8?'3'80 rwge::’gr%‘r? ngtro diamino or

$ ank and unl ess of herw se
e ’m‘ﬁif%te? ErRiitigpapried abvadhawles detbominaexianpraiaRfithse HPLC,

rwi/qrslrecpnasé HRLG, at gwrd&m;apﬁgﬁﬁthogg}d humans. The term
nple, "less than

b , ) .
g galthe ter ;;E:#_ﬁéﬁp artlﬁ n '}ﬁjq}he Ige,rrgfﬁét@ rwprswpﬁle\(j@tmmqnmglbltmg
t %B}OQIFSW& {sler or (S’Omitioﬁl’ﬁo whieh $ueh terinsappiiak, g one or more symptoms
Oép.[dhld(sdrdaedira‘.blhcﬁt%n Dﬂ§ G§édme¥é?rn 6o fehfis élgbvg{&&#@%S Cagegglréjmg on the

vareni cl I ne,
Cpﬁé'tmgg"fﬁ?é paelh p{e"S” i o onget ok iy digprdef (pr Sg0ditianher of symptoms
aE%?ﬁPT@HMh éid'SVMdercﬂn céraiitien, retidinb esdeding the sEVeR) bA4 @Qbr&b‘? Bﬁéoﬂd.t.on
obyymgbres esweiateOnRr&mAt identified
» ér‘?e%? gatte or s r&v\g@ %’ { té’f%ﬁ'ﬁloﬁ q'ytth Sa'ond'?od?%gor d‘%’”‘%‘tl‘?@ Thus,
Fé{) % 'ésg Tt o7 tler d%?ij'ﬁ'ﬁ'sﬁﬁ'é” ehe gpopdung phthadmiestion to a
S‘dhjeot/@?feﬁ el th@t'm@ﬁ@dmmaﬁﬁtafﬂld&! vatH firfel didofRaF orl doRdiioR. “feating”

thiJEl Qisd léﬂllzdzrﬂep\é\s/sgf? ghefogr?tﬁ% et rjﬁjagrerwc?eagftaaglgorger o(rj an%ltlon or of symptoms
c1ateée ﬁnerew:th

“Mammal”, as used herein, and unless otherwise indicated, means any mammal. The
term “mammal” includes, for example and without limitation, dogs, cats, and humans.

The term “about”, when used herein in, for example, “less than ‘about’ 500 ppm” means
within a range of plus or minus 10% of the value to which the term is being applied.
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internediate and its corresponding inpurity are
structurally simlar and have_sin1|ar so!ublllty,
there are slight differences in the physio-chem ca
properties. Thus, purging experiments may be conducted
to determne the amount of inpurity that is renmoved by
t he extraction, crystallization, and recrystailization
and ot il ' avantibonNs. Schenme 3 : Spi ki ng

Exper i Gﬁé“nekg? FJr%VﬁtﬁeSIZ@@gv%%%@%u %g Hﬁtg‘a gggvg le %L@bﬁpwued States
Pﬂgﬁ&f@pépo ,tl’,;ppqgn;ms;a df whigh batecheeo hetehg instrpsrbied Gerein by reference.
n@be torabl StRERQ iHedtiRd W&b{e Br%@&ﬁﬁeﬁ{&g%&asro%%?rh*nﬂa the purging of the

g%{‘]jr%e éé)tg&] dmél?rmes:% png(& c§ e Eﬁllgsyétﬁggg.f_qjlwafﬁntcm and then setting

valfisienidimits on hecralde df the\stgrtieqiteattanthaed fo\ls?ntﬁéﬁlz@ vﬁkéhﬁﬁﬁweOfDurmg a

C@ﬂlh@él@d)f %r&lmn%) on nf%ﬂ,d *ttﬁe Q %glg% un X xt tlon and
‘FEQP § Gi°

(ﬁ dur i reaction and |so I'on con .
t(h%Sta 'ZﬁY%etdﬁ%”gp?'bec dgctionhvarkdiasre s‘ﬁﬁ"klilghg cestpantemzdtate and its
dkegegpondiag insiuniyl ae Isfructaaijusingst 4nar nawa GhniRf s&lhﬁnt?tth&é z2re slight

uri
R BB BB 55 e ot b
gﬁ{?fr&'[]%g’e\mnbiﬁe@@%ty aat ¢y eemowed bhthe 08ctipprerystiization, and
|rmrmmzemnmdbmemodsgs.h@m@h%.tes:tI OE of 55 Besioo o 10
' bhl { at e an
L)gpﬁqh%bts! gslé@&tE Jc()rg%\[@te itrt!r;]ngrr?é'% WCF?\);&@”Q(%%? greater than
» 500, 6&,0r 10 ppm are descri bed bel ow.
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rument\ation: HPLC wit
ectroneter detector '\ RP
Ym x"™50 nm 4 mm par I @iN

OCIn Vol une: Mobi | e Pi'aase A 0. z_o/ocl;estaf?rl;level
%Wﬁ%%ﬂ\]cﬁeﬁga 3 with aglnﬁoﬁmm hydr oxi g&=38: S 17424

Acetonltrlle Gadient: Time %A %8B 0 80 20 5 80 20 3=
50 50 35 50 50

For example, referring to Scheme 3, compound 3 (R=COCF;), a potential impurity in
a batch of the starting material compound 8, may proceed under reaction conditions M
NaOH/toluene) to result in the corresponding impurity compound 3 (R=H) in the varenicline
produced. A greater than two-fold purge of compound 3a (R=COCF;), and its subsequent
analogs was found during the reaction and isolation conditions of the synthetic process. This
same spiking experiment design was similarly conducted for each of the other impurities
shown in Scheme 3. As noted, the impurities set forth above can be detected by standard
analytical techniques when present at greater than 500 ppm. This invention pertains to the
detection of these impurities at levels not greater than 500, 100 or 10 ppm. Methods to
determine low levels (not greater than about 500, 100 or 10 ppm) are described below.

Analytical methodology for detecting impurities at levels not greater than about 500
ppm, or not greater than about 100 ppm, or not greater than about 10 ppm, in the protected
intermediate is outlined below:

Instrumentation: HPLC with single quad mass spectrometer detector

HPLC Column: Phenomenex Polar RP 2.0 mm x 150 mm; 4 ym particle size
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35.1 80 20 Detection: MSD, Selective lon Mnitoring
(Optinmum SIM lons for each conmpound are vari abl e; nust

woeortatiensni ned for each mass spectroneter) SanmpCE&I1B2007/000722

Preparation: The protected internmediate is prepared at
2 ng/nmL in 50/50 Acetonitrle/Water Standard
Preparation: Inpurities are prepdred at 0.0002 ng/nL
(100 ppmrelative to sanple concentration) and 0.00002
ng/ m. &10 ppmrelative to sanple concentration) Method
Range: C2lgmpianpesaty®o@03em Met hod LOQ 10 ppm Met hod
LOD:  linpptianAWRIng: i26qq net hodol ogy Lor dgt ecting
impurities. at |eyels not greater than about 500 ppm
or not “85%5?“8?61 %3412% {SEBFU '9%‘6 PRt amieniugt Bdraxidet han
about 10 ppm i nBtAvetaaitilé ve phar maceutical ingredient

i s out kiR bel opmeSyst em §x(used fog detection of
compounds 3 (R=H), 4 (R=H)7 and 6 (R=ﬁ)

I nstrumentation: PPLC with 8 ngle qua® mass
spectroneter dete8tor HPLC 4ol uim: Wadgers Atlanti s
dC18 4.6 nm x 250, 5 rrmébarti cle size Colum
Tenperature: 30 OC Flow Rate: 1.0 niL/™mn Injection

Vol ume: 100 nlL Mo¥i | e Phaseéf0 A: 20 mMi0armoni um acet at e

. acetonitrile (%15, v/v) &8 20 nM ayroni um acetate :

RS _ , % oA
25" 100" B M SHSE g 1en e Bt S oga fof geen componnd ar
ODet ect@igie; mvsihe detarmined foe edarmasb npdctometgr) ( Opt i num SI M

| ons  fSHmpAa PRp &A1 Uik ﬁfﬁf%c%élmtémh@ate%%re%é& a8 mg/mL in 50/50
det er . n%%wfe%teach mass spectroneter) Sanple

Preparactel & APl is prepared in 95/5 100 mM

Anmoni Kiandard Preparation: Impurities are prepared at 0.0002 mg/mL (100 ppm relative to
sample concentration) and 0.00002 mg/mL (10 ppm relative to sample concentration)
Method Range: 10 ppm to 1000 ppm
Method LOQ: 10 ppm
Method LOD: 1 ppm

Analytical methodology for detecting impurities.at levels not greater than about 500
Ppm, or not greater than about 100 ppm or not greater than about 10 ppm, in the active
pharmaceutical ingredient is outlined below:

System 1 (used for detection of compounds 3 (R=H), 4 (R=H), and 6 (R=H))

Instrumentation: HPLC with single quad mass spectrometer detector

HPLC Column: Waters Atlantis dC5 4.6 mm x 250 mm; § pm particle size

Column Temperature: 30 °C

Flow Rate: 1.0 mL/min

Injection Volume: 100 pL

Mobile Phase: A: 20 mM ammonium acetate : acetonitrile (95:5, viv)

B: 20 mM ammonium acetate : acetonitrile (50:50, v/v)

Gradient: Time Y%A %B
0 100 0
22 100 0
22.01 0 100
27 0 100
27.01 100 0

34 100 0
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Acetate/ Acetonitrile at 15 ngA/ L St andard

P(r:eparati on: Inpurities are prepared in 95/5 100 nM
weénnwnitenso Acet at e/ Acetonitrile at 0.00015 ng/ meCf/AB20ppoN0722

relative to sanple concentration) with 15 ngA/ nL of

the APl working standard Met hod Range: 10 ppmto 100

ppm Met hod LOQ 10 ppm Method LOD: 1 ppm System 2

(used for detection of conpounds 1 (R=H), 2 (R=H), 5

= tation: HPLC with single
((:15;';) h’gggég@ée@%’%}é‘;s'tﬂéﬁgggﬂ?g &@%ﬂ@umcﬂlens fohéetaett @ompound are 7
At | ant vasiatl€-4n84nust adeter?ed fmbaoga n|tiH§b Bﬁf%‘?m ze
o oo AR i, 0T W B e oW
acJet at Acetate{featesyirile af 12mgAeL 24, v/v) Run Time: 22
M nut eStabisre RrefRatioMSDImReiC bie/ Srdp@id MANbE AT llcflp_mm Arpmonium

[ f h compound are vari able; mis

be et A e fte o848 e BB episaieyo s esncentation) wit
P?epar%ﬁm@ﬁ%mLVhféeAPIW¢rlsing)$tapmrded in System 2 nobile
phase MéthddOR4Ag4Y 1d-pprt g@,n]@grpngr eparation: lnpurities

; . il
are pr n stem 2 nobile phase at 0.00015 ny
(10 gp'\(rﬁngﬁgeﬁgﬁ'v@%@ sanpl e concentration) with 15

A mMeghod 4QD: MRtpnwor ki ng st andard Met hod Range: 10
ggmto 100 ppm Method LOQ 10 ppm Method LOD: 1 ppm
The vareni ¢J ine drug substance of this invention my
be ad%%%’ Ty delpofignenf frrerayndchiR=H. 2gRal), B0t (R=H))
her ei Ansrgmewtstioni MRICC with sidghy quay g{mg @etcm?%tg,;getgg@g es

t ent . . mn r at ) a
ramal e i e A s ST R g D esdoes or
pr ef erdé’g“l"y‘,TefTWeré‘B‘fﬂjiWé’Pi on with pharmaceutically

acceptbl Rate at.0 memsn or dil uents in a pharnmaceuti cal

CONPOgdid [y ordance with standard
phgfn?éée({tjm%lfrﬁ]ep?@&“?‘ce. The pharmaceuti cal

conpodioPiedigserag0 B emmpniirs eestatel: aremhtile (76:24, viv)

par enRen Tinley 22 Atduesdi Ng
Detection: MSD, Selective lon Monitoring (Optimum SIM lons for each compound are
variable; must be determined for each mass spectrometer)
Sample Preparation: The AP is prepared in System 2 mobile phase at 15 mgA/mL
Standard Preparation: Impurities are prepared in System 2 mobile phase at 0.00015

mg/mL (10 ppm relative to sample concentration) with 15 mgA/mL of the API working
standard

Method Range: 10 ppm to 100 ppm
Method LOQ: 10 ppm
Method LOD: 1 ppm

The varenicline drug substance of this invention may be administered as a
pharmaceutical drug as indicated herein as described in, for example, United States Patent
No. 6,410,550, supra. Administration to a mammalian subject, including a human, may be
alone or, preferably, in combination with pharmaceutically acceptable carriers or diluents in a
pharmaceutical composition, in accordance with standard pharmaceutical practice. The
pharmaceutical compositions may be administered orally or parenterally including
intravenously or intramuscularly. Suitable pharmaceutical carriers include solid diluents or
fillers, and sterile aqueous solutions and various organic solvents. The pharmaceutical

compositions are then readily administered in a variety of dosage forms, such as tablets,
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phar maceutical carriers include solid diluents or

woi2bd7aner3oand steril e aqueous sol utions and vaPCoOMB2007/000722

organi ¢ solvents. The pharmaceutical conpositions are
then readily administered in a variety of dosage
forms, such as tablets, W2 povvdergs | ozenges, syrups,
and i nj ectabl e sol utions. These pharmaceuti cal

n\x{acge ions, if desired, may contain additional
i ﬁ% GrE0eE YFPS:cand) injGeaklengriutions. nBlase pharthaceutical compositions, if

efledirpd, emeysontdin asditidrar ingredipMs SfchQls fIQ\Fcﬁ‘lhgsagﬂHé}E shd %{c'p%ts Thus,
tﬁ;bb@ﬁp%sééo&tc%l U hid A0 YSh) j%%lo@tlglelgé Eﬁﬁsl%:%(fg(glalgqsﬂg sHefy as sodium

Cl t rate, cal cium car bonat e
b&TRpPRSHER calbaRRie i Isalgiami phesphtits imesyelgr amblsyeBUSbNGARith various

sdlamebrantalsgcthrHsttélﬁi Glgﬁﬁbdacﬁféﬁd%eﬂalﬁ ggmﬂ)lg%sﬁb'a{e's B4 ier with binding

t ch
y%Pﬁ{? \% Ialg{? hyapa/rr]rgl%og% Csiu8|§§e qj@tlaﬁnﬂ ageip- addditiqnally, lubricating
A@gfp ,gﬁmaqsynagngwm céiaratg sogient Eus'ue&Ifa&Saﬁﬂa&lteﬁrleUmen useful for
Stastatting @eré‘o‘@Ql SGﬂd' RetEMs Y e t@@qn &aals% b%ree ?Oé/ecg?s fillers in soft

ur poses.

f
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fdé%lréd'\‘blsorbl%h\%g%ailcﬁc Ehg%ﬁreﬁféhrlg CJr'l]l %uo ?ta e&ﬁgﬁm ggf{yé)&fgm bined with

cul ar ene
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agents, coloring matter or dyes and, if desired,

enul si %P‘ﬂ@f‘t‘ﬁ?' @Wﬁﬁ@ﬁ@nn@'l’é%m&’%pdﬂsgmbﬂ’tm vanbrtidine drug substance
dh kesanfesor earut a9, ARLEUS, pr@ﬁmgcﬁlycolpﬁromyétgrrbe a%]exgs ILdlutlon may be

ngfJRJ%d nS@dﬂdaqﬁggﬁgoﬁoPi iong S ?18111Id ?ﬁ%ﬁl&%{l t&ffergg 'ft nesessary and the liquid

niEstration
\;ig.fe@h firs{ rerdered ngtoglgb@mawelenhsdles anmgluodsep e PhEdk p@l‘tfcular agueous

a0uttds!S afRr %Qyéc%ﬂ'ye QJlté{tﬂ@l for Ofntré@né%:gh{srﬁg%?ﬁis ou sué)cutaneous and
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1tab for 1
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e e 1o R AT By
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twice per day, nore preferably about 0.5 ng tw ce per
day to about 1 ng twice per day. However, it is
wapprracembed that the dose and dosing regi men e€T/1B2007/000722
vareni cline drug substance may be varied fromthe
af orenenti oned ranges and reglnEﬁf by a physician of
ordinary skill in the art, depentling on the particular
circunstances of any specific patient. The follow ng
Ex | lustrate the present invention. It is to be
nggﬁtﬁ%‘% however, that the invention, I as fully t
lEmMePetgeEapehrﬂ&treci ted in the claims, is no
idgftﬂﬁfeqtaq BelQﬁm'nhmJ he det 3 Is of t he foI | owi ng
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qg’(’tﬁﬂs}.‘tgh'%“@? lg?'ébr%%f gm%ﬁg 3%% Ié-yvaa@plb@ infRy{he fpaction mixture. The
p‘?oalﬁﬁ%@ﬁ ok GRRSENG 8yle |viarshictrlee@ waayteshscardd dul uﬁcl&d:rrg‘eoaﬁ@o KB-B

pHeatnadnt Qﬁ)rfbmlﬂdl@bn%/aﬁm B’@r%sﬁ pbllgﬁn g&-ﬁpoung é"éﬁqﬁgnq ﬁglutlon was
gt ik Son 8N Ui e Solsther ek gormnicety EIED wih MeOH. Tro
tf?%{étmé*mcomDOWé)/methmnmanqm @asisddet Rhasi( *taﬁﬂlg atiif1e0H solution
Q@fﬁﬂﬁ dareh i/ Aral é@r‘ﬂﬁatﬁf’?lsﬁft H@Waé’ﬁt%rerdea%g\éljezsjel . aI | y

conp d 9/ uene sol ution was
di st i | | sascva ‘?“{wmﬁﬁs@h wap|RBalygag for resigual rvemommwrm:H) The 50 ppm
spietofdnoss Bbdickd Mtvvae ashdesh infk Bhde ﬁé)terhéér&tﬁ(e‘ 6 37.-40°C was

S L5510 LI D5l ot e el e o
%Mgl Wa1oG B?mf Byiingudepratastigrn gomp@ing R=(R=COTIFG) &Rt the
mphg cmﬁpoﬁ:nd\/as/vasmbﬁ@du@ efthé BRshRI nﬁ%m@a %%thﬂae fipal salt

t‘lb?roﬁﬁéga%\;a@ta%lgzeg ?r?fhe pfﬁsegp%/\afsac(?{p%g@m%ﬁl?néa H]erﬂgﬁm@pf B ppm of

PR UNHE (R dpteslnd oertespdnds tamas 7:biGurgepiavtorDur | ng
Bext BotSyathesis of s@inagsd 3 (R=COCF3) contained in the

ted to the corresponding
2 B R toholie A0 afhena: nevswared awins
%ﬁal yZyathesis t ofe 'pne@e%aeﬂmommmmds-%etédﬂﬁhﬁo.mthg methano-3-

f 12 mof conmpound 3 (R=H) detected
g%n?rdtedw‘eo th pp npge factor. Part B: Synthesis
of St i’ﬁ@%@@’gt ane %Sfﬂ’f‘?]%“é‘i’@ &) was dissolved in CH,Cl, (275ml) and cooled to

¥ C3, Famingt NG b ovas ldd dsddropeiidea Mbie BolbnaseRiuly r 8BS eriod,
o oo SEeeF lon soutn peai._p o sepatsiq wespel ooty 345
MR -BEhzaréperrazenine (1aGobmas hdisselvedilif @H,Cl, 365k and
f(ansfedep) tonars adtitwactived iThis @H&@rgwészzgﬂgd)dr&{‘mqsec%lr 29 B, The

rB&%on F %rng n%:%n%}rmd) %th?rgb%f;dr o addition. Once addition was
sol ution was clou

complete, the pot was kept at 0-5°C for 2 hours, slowly warmed to room temperature, then
stirred overnight. After TLC (eluent = 1:1 EtOAc:Hex) confirmed that the reaction was
complete, the reaction mixture was slowly added to ice water to quench the reaction, and
stirred 20 minutes. The biphasic system was transferred to a separatory funnel for phase
separation. The CH,Cl,/ product solution was collected, simultaneously treated with Na,SO,
and Darco KB-B, filtered through a pad of celite and rinsed with CH,Cl,. The filtrate was
collected and vacuum stripped to a dark yellow oil, which solidified to a waxy vellow solid on
standing. The solid was allowed to dry in a vacuum oven at 45°C overnight. This afforded
crude product as a yellow solid (17.9g of 90% pure as determined by HPLC).



then went to a clear yellow solution again. In a

separate vessel, 3-(trifluoroacetyl)-2,3,4,5-
woebwrahydono- 1 H 1 |, 5- net hano- 3- benzazepi ne ( 15P8gIB2AaT000722

di ssolved in CH2Cl 2 (350m ) and transferred to an

addition funnel. This solution was added dropw se over

~1 hour. The reaction tenperatur% was mai nt ai ned at

0- 50C t hroughout the addition. Once addition was

conpl ete, the pot was kept at 0-50C for 2 hours,
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(ﬁ?r ation. The CH2Cl 2/ product sol ut

col'Tected, simultaneously treated with Na2SO4 and

Dar Gynthesis, of i 3-{teifl emtoadetyil2 54,8 tetedhytifo-THeH j5irketRalb3-benzazepin-7-

rammed with CH2CI 2. The filtrate was coll ected and

vacuum str dto dark yellow oil, which solidified
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t énperature
GERAIRIFPHY thes Tt [FIOA Xy bqnflmedvmtlbn tdngrletidn, i Sroduct mixture

Hias \feredrefough ReSadfdr kbigs foﬁ’é@@drﬂy'?ﬁt%goﬁ’\fhhmgﬁg%s Jrn?vm fillipore fiter to
TOhb% 8o e T AR 0 Checit ar
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RVpfsso F? gn“fﬁ"ﬁﬁ?'ﬁ'ﬁ'&%ﬂ '5}11)5"2‘**93'19 &berzazenidramingt 1, 5-
net haer)e Prisigetzipone phen esattib@pboved $8.8d) Uidsi @shoivad W@FlscN (90ml) A

%glglgiy%f Nﬁqpﬁg%@@”ﬁtrﬁ %é%ngﬁllﬁést dg ar?é1 th%ﬁsigﬁjg?n Svarme% to 70°C for 4

OYPogetiit § @n'aéﬂ?fpﬁ?rﬂf‘ﬁﬁggraWe(eégﬁQit err? RaEtOpaHgr)d canifited\Reaction
€ONMetROpBE Prodddl enigyrs e vaasmt sl‘ﬂrﬁjbe@wagﬁ%t wotmh sblt. (c:3|422§|2 2 (200ml)

a@g’%e\%ed a-m %hélﬁ&h?ﬂlé@g’us rs? %&J f?lr i%g },]tg eéty%‘{ 8\%%}&5& product The
geligs Q‘&Qﬁ M?é?jfllw Qﬂ%@l&%fﬂv@w collegted.i Bine fibatp et idoed with Na,SO,,

Aferear artdfvbéudnﬂs,’c@;ipeﬁ hganed @%WMO\M?[)IP EOM,CT ( %%n:h) was %ddeg and the
etion,

LSRG of C |rrredreact|o
ﬁ"x Tur E%é? %}p RaSie PQS’H‘Q‘]’? ngu"af Theislurd b ilssbento a #2
Waqrqqntﬂkgtplamf anth riegeg hwith a@MEa@mrﬁ/bi CH00r &hé tantselid w43 allowed to
T Gaclh kadmd: oG@ﬁ.an rTg;r:ngr%éd 3658 MR c\fng 4 %ﬁts&d and

a Str il

oary 1 ’
¥ oSUERT: S ios S oAt et Hienegzepine
af f or 68QirBraYy((fRBroesty)-23,4,5-tetrahydro-1H-1,5-methano-3-benzazepine
(15g), obtained from the commercial supply of this compound, was dissolved in CH,CN
(150ml). A solution of NaOH (10.4g) in H,O (45ml) was added. The mixture was warmed to
70°C for 4 hours, slowly cooled to room temperature, then allowed to stir overnight. After thin
layer chromatography (eluent = 7:3 EtOAc:Hex) confirmed reaction completion, the product
mixture was vacuum distilled until an aqueous slurry was achieved (pH = 12.5 at this point).
2M HCI (aq) was added to adjust the pH to 7.5. The slurry was then allowed to granulate for



of an orange oil. c. Synthesis of
2,3,4,5-tetrahydro- 1H 1, 5- net hano- 3- benzazepi n- 7- am ne

woheorpmedoact fromthe reacti on above (8.9g) waBCT/IB2007/000722
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di ssolved in CH3CN (90m ). A solution of NaOH (7.99)
in HO (25m ) was added and the solution warned to
700C for 4 hours. After thin Iay%?r chr omat ogr aphy
(eluent = 7:3 Et OAc: Hex) confirned reaction

conpl etion, the product m xture was vacuum stripped to
a 1oy filtesadnie 3§12 Whataae carer (iR G Yinsesswitatiod Tha dust-beored solid

Mg ioRvell tdHy QHEdr Y strbarm bﬁﬂ foP¥ h&url?é?IH\Vveci 515 @%nn%???ﬂ a vacuum

d t
AR as B et fr gtk v msf“?éeered Sl dr | ec
W|4t ﬁy’l‘ﬂhmf 8-nitriot2:%,4 6 tetratlydraciilyh5-atethanp b engadepint Barfline
| .
Oﬁ@nges)km% Q! %ﬁ‘l@rosﬁpé &ﬁﬁ?cﬁggqgt dﬁ'@gg) = 15-methano-3-

xture ak owed to stir pro
ﬁ'ﬁ"’? WhE8™%Urry was filtered onto a #2 V\hatman

f ilter Apxa)pia‘rg dndthei peeetiuvd tshoan sifalEkarag®UPE, @boveH2C! B.dinitro-3-

T vacuum at

ogtzﬂruhfég ﬂ4 %é%aﬁbdrg\fﬁq ft &tﬂ{ré)zd qu%aze&na) was d'eé—;l.gﬁd except
6‘)’ ?vang e plggﬁffﬁég:ptgm yps pressurized to 25 psi H, and allowed to hydrogenate for 2

7hi8- dihaisystem Xa8 déprbssuicdalng Wesidrh flteRu BRIARE WARRRMEREr paper.

e’@%@%hds \f/ere cg,lle(:tte ]:I"ns roc%dug? vf\s) reEeaée thgeett'gtEF gﬂ?anied;rufpl_products
1C‘?ye‘ﬁ@( Perrembinge K@@Z@mtﬁlé THiSyys disdvivai imedHIONy land fiieered through a
Coaat IcBlité@do rer P thie QESenE bt s@omﬁh?éie wﬁ@t?ollgété@ Qr%\%gudnp stripped to

f
Cé_ige%}l Je}ow Bno%ya sﬁ dS Tﬁaal}(ﬁ?&ntc.rgﬂwgd V%% d 2trfflaor7ml F&hitrer2,3,4,5-
h@tﬂ@@dros1ll’b1/xﬁ*yleﬁ@0¢ 8tenzazepioirenpaTie rceuttain e3% bieconpolraned Yield:
t5)6§t ir over n| ght After thin |layer chromatography

( . Hex) confirnmed reaction

%L?Vé‘i'}efsﬁ °f‘t ﬁé"tB’r %&dét‘e‘iﬁ'wﬁtﬂfﬂ*ﬂéwmmwenzemm -E@mine
unti | S rifpneseisl)-8ininory3, Aastrabfire vied, 5(rﬂé‘thanol§2be~'§za'3:%pm 7-amine
t(lB'Gé) W&’é Qﬁr)led %M:l-ll'@\l ((Sﬂ'ﬂlé] )&@?Iu% %ab?l g'djgr eztoh@pr%l)_lwas added.

sl ur ry
Ul? m"“l“rq P \é%r"lﬁﬁtt% 79" Gang w?w@%%stpé@re% heurs (tm mixiyrel remained a

rdlurgethewertiite HiZGtionT b readtidn).C OAfQi' Qﬁlin SIQi'ér dch\’hﬁﬁat@b mAyediub =
dEt&SAUPIQ rcoﬂflrr%teﬁ q@&@t grf c&@plét%r [?'Ig(ltLg? s d’%@m@y tf gool and

overnig uum oven a‘t
(%@Uf% §9r é|hel)r fhe aelbwsqrartgmsgn«q@dves@futemd ahto SYAWresnan fitbr paper

Gndirihsed-wthH,8, Thé dlid Ay afiét undbt alstream of N, overnight. This afforded 3.6g

enzaze 7-am ne 4a. Synthesis of:
-é ?flty;%ﬁﬂ&a ae@% VI gEg ﬁ?tro 2,3,4,5-tetrahydro-1H1, 5-

rﬁetsh’aH‘GS@Df Béﬁzﬁa@@pﬁwﬂ?—i HitiSvoethaneB-dengzeming-h8-diamine
[Bap C e Halatiof N eNN3-{thflferaatehR)-6 R DirtPs¥ 8,4, 50 1% -3-
rifl uorgacetyl § 2,3,4, tetr:ahydr§415 tetr§5ﬁir5”| 1%o'§§t-han°3

i
IOenﬁaaz Fne was reduced except follow ng the purge

t he sylbeemtandigitrp regisEon@ds fdrne@5s pa iimpiRityaindhé kdaotndo tiem 7,8-
Wﬂfc@éﬁﬂl@&r@acfew ) 223 D5 %etraﬂ_)tb% ?l;( %%ﬁ@t%%—ﬁe%z%%?ﬁ;p%re %e synthesis

't ered ont
%8?3%‘ ede“?ﬁ’eq %’%ﬂy rflﬂ"Q Wiother iqypr ‘@ﬁ%féom theireachierowerd priedaia fractional
cepbitatidn thpredde arsespland 3t({itutsdde§l)-p/8amkies-3,3,4,5-tetrahydro-1H-1,5-

methano-3-benzazepine, 53.8g as a cream colored solid.
5b. Synthesis of 6,8-Dinitro-2,3,4,5-tetrahydro-1 H-1,5-methano-3-benzazepine

In a manner similar to that shown in Example 2c, above, the trifluoroacetyl group was
removed via base hydrolysis, followed by filtration to provide a filtrate which was collected
and vacuum stripped to a damp yellow solid. H,O (50ml) was added and the mixture allowed
to granulate for 1 hour. The yellow solid was filtered onto a #2 Whatman filter paper, rinsed
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col l ected and conbined (5.6g in total). This was
di ssolved in CH3CN, and filtered through a pad of

woebiti@ot3o renove the spent catal yst. The filt ParaB2aw000722

col l ected and vacuum stripped to give a yell ow brown
solid. Analysis showed the desir
3-(trifluoroacetyl)-8-nitro-2, 3, 4, 5-

t et rahydro- 1H 1, 5- met hano- 3- benzazepi n-7-amne to

c in ~3% of conmpound 6¢. Yield: 5.6g. 4b. Synthesis
o@[&'& A} ane? dfloed o gnq/) In a vacuum oven at 45°C overnight. This afforded 7.5g (90.4%

gvigifxaf 8 yallow soliG- t et r ahydr o- 1H 1, 5- net hano- 3- benzazepi n

_ g .am - _ - . .
el Saceli F P Soplerayapseapoa sgcamine
Lok Wehenzazepi n- 7-amine (5.6g) was slurried in
CH3CN By GeriuptionAass alestribed idTExNASlE! - 3@V, | 810 KRG %‘b@dﬂi%p-z,sA,s-
we

wa a1 | XL L was warmed tg 700C and allo

t oﬁ?t?’i r q?i o1r’a-§] %Wghgr(é B%rts?zﬁéeprlﬂex‘feffr rSSILfCSﬁ'aiFﬁW'@ fitraiien (het fileate was
eflledies dimkiianpeslvdreated adth Ner§O. anf Derco KBiB) ahdbefikered though a pad of
cdefiterr@h@firap Mgs (aduuRtistifed down B 8%k i -
reagd g(ﬁlg M%glgmketi{ on, lhe pr 035‘& m J{(‘lt@éb%&%% sé{aﬁcg)'\lgg‘eoret'ca')’
t0 cool and granul'at &ispiaied fropg¥eOH am) gnsl Cldafeloamibey addition of
S qua.gregﬁg@bx bubplingdno ipatcold dsofidpiNetientBmf) td denbraRARE hydrochioride
asa arlightaeshvidolidn H2O. The solid was dried under a

st rearanf OHE otve({ﬁrla &rht . This afforded 3.6g (92.3%

yi el d)-281 s APTdsds drensere veas|avaluater bysstandaesiRl Godnd the respective
2.CAVG methpdst desbribed dn-the textland found to be suitable for use as standards.

, 5- met hano- 3- benzazepi ne- 6, 8-di am ne 5a. Isol ation of
3-(trifluoroacetyl)-6,8-Dinitro-2,3,4,5-tetrahydro-1H

1, 5- met hano- 3- benzazepine The neta-dinitro

regio-isoner is formed as an inpurity in the reaction

to form?7, 8-
dinitro-3-(trifluoroacetyl)-2,3,4,5-tetrahydro-1H1, 5-

nmet hano- 3- benzazepi ne, per the synthesis described in

US 6, 410,550. Mdther |iquor waste fromthe reaction

were purified via fractional crystallization to

provi de a sanpl e of
3-(trifluoroacetyl)-6,8-Dinitro-2,3,4,5-tetrahydro-1

H 1 ,5- nethano-3-benzazepine, 53.8g as a cream

colored solid. 5b. Synthesis of

6,8-Dinitro-2, 3, 4,5-tetrahydro- 1H 1, 5- net hano- 3- benzaz
epine In a manner simlar to that shown in Exanple 2c,
above, the trifluoroacetyl group was renoved via base
hydrolysis, followed by filtration to provide a

filtrate which was coll ected and vacuum stripped to a

danmp yellow solid. H20 (50m ) was added and the

m xture allowed to granulate for 1 hour. The yell ow

solid was filtered onto a #2 Wiatman filter paper,
rinsedwith H2O, and allowed to dry in a vacuum oven at

45C overnight. This afforded 7.59 (90.4%yield) of a

yell ow solid. 5c. Synthesis of

2,3,4,5-tetrahydro- 1H 1, 5- net hano- 3- benzazepi ne- 6, 8- di

am ne hyrdochl ori de :
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By reduction as described in Exanple 2b, above, 8.0 g
of 6,8-dinitro-2, 3,4,5-

woebe7ahydo o- 1H- 1, 5- net hano- 3- benzazepi ne was r eduaBm07/000722

Followng filtration the filtrate was coll ected,

simultaneously treated with Na SO4 and Darco KB-B, and

refiltered though a pad of celitd The filtrate was

vacuum di stilled down to a sticky orange sem -solid

(6.1 g theoretical), as the solid was sticky, it was

r s Llaimed issmy MeOH (5n) and CH2Cl 2 (35m) by

addi ti ancerfipddGbh IonpFiSRGvakbnldined Wb HréBded T | £ & efdicfhe, or a
t he %y W oride e

i . her 5m ) .to generate roch

ng%?ﬁg%}ﬁllclag% ?ccgpt%\%ﬁ sg |tl]e6e_o 2d gn @fnoyﬂteofﬁ COTPRKRs selected from the
pfodpyireed was eval uated by standard HPLC and the

respective LC M5 net hods described in the text and

found to be suitabl eNor use as andards.wﬁat is

Clainmed is: 1. A COp!Sﬂition CprrISing varen cline, a
protected form of vﬂl’icﬂine, dr A phar nae ically
acceptabl e salt thepeof, and an)arpunt of & npound
selected fromthe f gwiN?g:  wh n Ris cetyl pr
CF3CO-, and the congentration of~said conp dis _N

greater than 0 p and not gpggter than about 500
not greater than about 100 pp# or not gV@%ter t han
about 10 ppm 2. The conposition according to cl ai
wher ei n varenicline vareni cl iRne free bage, or

wherein the salt of eni cl i ne™~s var eni cNine

hydr ochl ori de, var i ne citlpatg, varefielne 92N NO,
succi nate or vareni ne tartryate/ 3. The cgnposition
according to claim whgpei n salt of renicline

is varenicline tart iy 47 A maceut i

conposition for treating a ﬁufferi froma

g
A7 i nf et y bowel

di sorder or conditN on select8d fro
di sease, ulcerative colitis, pyoderma gangrenosum
CIohn'é,disease, irritabl e bowel syndrone, spastic
(ﬂp SEegHR I8 N AcpiyherC Fs@Pn and tgtcangsairation of saichcomponbis ‘greater than 0
PonGhi NbigrealarItOEbBLE00 hprA ot gla¥telihdn atlRANI 0 S dE¢reater than
denr8spmN. bipolar disorder, autism sleep disorders,
j.et lag, anyotrophic lateral sclerosis (ALS),
Cogni t'1'¢ EoARAStiom 8eGoEskNg tel elaigy 1, avbereimdcrnistinecis garetitiine free base, or
iwhr@inr e it oflivareaisierel i8 GeAdline dgRidchi¥siel TRAhE h‘ﬂg Nitrate, varenicline
@&RﬁEEQP§&QHdeV”ﬁ§éa’ anorexia, obesity, cardiac

yt hm as ast ]

arr , gastric acid hypersecretion, ulcers,
SheocfP® aeeRasdinm acqerding lesddin g, sherianbes sall efrvapalcing is varenicline
ediiesdé.cal dependenci es and addi ctions, nicotine

gepengeQ%y 22ddicti on ,ndfmﬁthdramal;gﬁgendencies on,

or addi ‘(P8I MRS b dR3tIgi B peIMAbsuffering from a disorder or
pndi§pn serlentessironn ipflamroaorp bows diadase,, ulde BN, pydtiéndigA®yrenosum,
SlohRK Qisedded WitBlId GovRdi &1Mlirdntd. %%tié E%Itgnia, chronic pain, acute pain, celiac
sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism,
sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, drug/toxin-
induced cognitive impairment, disease-induced cognitive impairment, hypertension, bulimia,
anorexia, obesity, cardiac arrhythmias, gastric acid hypersecretion, ulcers, pheochromocytoma,
progressive supramuscular palsy, chemical dependencies and addictions, nicotine dependency,
addiction and withdrawal;dependencies on, or addictions to alcohol, benzodiazepines,

barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic brain injury (TBI),
obsessive-compulsive disorder (OCD), psychosis, Huntington’s chorea, tardive dyskinesia,
hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related cognitive decline,



obsessi ve- conpul si ve di sorder (OCD), psychosis,
Hunti ngton's chorea, tardive dyskinesia, hyperkinesia,

wdypsald7emoa) schi zophrenia, nmulti-infarct dement PaI/1B2007/000722
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age-rel ated cognitive decline, epil epsy, including

petit mal absence epilepsy, attention deficit

hyperactivity di sorder (ADHD), altl Tourette's

Syndrone, said conposition conprising an anount of the
osition of claim1 effective in treating said

d ngi’%'e inclding: peiiéimel ehsernedepierph Attentioe defiit aﬂyﬂ)e]actlvnty disorder (ADHD),

aecEpduedake S)‘/ﬁtfrdirh@ lsaid 5em53§ﬁorp$bﬂ’(pﬁ§ﬁ§ B brﬁ@unt PP Q%ﬁdsﬁgn of claim

S b L kL o e Checn ore
wPt hdr &bgalphargiacattjeal mqmpnamwaocoaiingcmnﬁam #] @Merein the disorder or

aesralieh @g,,cbgpneqje?éme ,&* &v&utﬂ&ra@éﬂ t of varenicline
rate. phar maceuti cal

areni cl i ne .
cgnposﬂ‘]ef %f?"f‘"f’%“re“ Pl S'E‘E‘s@ﬁ?rf"{ﬂﬁ tq fiimcip whereiriiy $aifi of yarenicline
ais vanenidlive tarfratthe conposition of claim1 effective for

syoki ng Resaddied cBrlﬂggsﬂ%q fo?gﬂoﬂ nggcr:]easrs%%% uér%o%ﬁ&%q@ ing An amount

acc $t able carrie ceu
atlct ARy ©f it feqiive foe F’ﬁO‘t"FQeC®a¢“Pn dferapyt aath b eharmeceutically
| cceptal@ecattierne tartrate. 9. A rret hod for treating a

I isord ditio
T T REEERIERY A e —
d ¥¥rgeieline fargdde-at i ve colitis, pyoderma gangrenosum

@.ohn' & nidiHe dsarealiny d Inamnﬁl m&ﬁ{g fﬁo‘/r\"%(ej{%?rggr é‘%ﬁ(ﬁlt‘lo% a disorder or

d ronlc ai pai n

SN BTNl b B S e Aparopmomm
0@9?'1}"5@?@%9 'b’i’faf;bﬁl mwetjsssldnomer spagtiet dystoniastreatc phig Qlcke Min, cellac
] $phuel Q@chlwégof:&ﬁ{ﬁbt%nl ﬁ&@&%anﬁ%uﬁf&ﬁ'd@p%&%ﬁ) bch%Iar disorder, autism,

C ni 1 on oxI ni nduce
(Pe% c{lslgﬁéjﬁEs [ag e%[gyé)tr?qlp&ﬂatgral g@qﬁlst A pgqyﬁqvep ﬁﬁﬂ{nctlon drug/toxin-
hvp@ed evgsition imprirvient, diseasedidesédcogplies irﬁge;rm@atr dyRRension, bulimia,

aeﬁgﬂgséuﬁ :ngn%w Jrllh?tgrg%g ggsalgtxcgg(gcﬁ er%gér&op uLfcers Ipﬁ%pchromocytoma

c[ﬁ%gfﬁsé'ﬁ? s EH?r'i E?'@S cl@gwah@@pr@qep@?ﬁsand @p@@phm @icotine dependency,
ciddietivaie Bog , withdidivel! ideperaattiosi brf) dsrav@ictiortde R)e RREAE | BhzQfbzepines,

cb%rbﬂ@rgﬂegt bRAR Bro c@éa@g h RJea’dag\% o qalr?efz,l :sgralg X htr‘@umﬁtil préx‘n igiury (TBY),

rblturates I ol dS’ or cca
§Q§Rlée cqn}pglgwgt isorder 4PRD), rﬂsmhysu( TiBjrfington’s chorea, tardlve dyskinesia,

Olpspigisisiap -dgLdexpy | sshixephrdhis, Ofrldlﬁ-l' nfdr&CEdmenis Y43 P8htSd cognltlve decline,

EHF%M %QIQ @ﬁ&n %qi %%Sﬁpcae epll{%ﬁsy Sﬂtiaogrz%bmtﬁﬂégqtlylg dlsorder (ADHD)
é@% T?‘E?@tse%’”@r@@ﬁl seid,methesctampesing pilrieis®ying forealdudamigal an amount

PE4 bdmpBRkiorAETERINE ¢ oRRER §¥ating 55i8 Qisb@8r d#%gr’:cﬁloh

yper I Vi di sorder (ADHD), and Tourett L
gyndr g%n% ﬂt}% 4RI dOc %?‘r‘ﬂr?’s‘f‘"??@e"éd'i‘ﬁ Hlsgﬁdérr Ph@oﬁdﬁ'ogaﬁ dhicotine
ﬁaﬁﬁﬁ‘d%%rﬁddnmnﬁndmﬁthdiawajnposi tion of claim1 effective

hn tr ead imdhoahd :Q!ﬁ 0 t hod
@ ag?r ding to cl alom Sﬁéérpgé n\&%ﬂglj\ gﬁesg?laépv.arremame is ‘varenicline

‘tion is nlcotlne dependency, addiction and
We-t hdAamethad, for smoking cessation therapy, comprising administering an amount of the

composition of claim 1 effective for smoking cessation therapy and a pharmaceutically
acceptable carrier.

13. The method according to claim 12, wherein the salt of varenicline is varenicline
tartrate.

14, A compound selected from the following:



11. The nmethod according to claim9, wherein the salt

of varenicline is varenicline tartrate. 12. A nethod
woaoo7snwiso ng cessati on therapy, conprising PCT/IB2007/000722

adm ni stering an anount of the conposition of claim1l

effective for snoking cessation fherapy and a

phar maceutical ly acceptabl e carrl®r. 13. The method

according to claim 12, wherein the salt of varenicline

is varenicline tartrate. 14. A conpound sel ected from

the foll owi ng: wherei R R i & CF30- . 15.

The conpound of clafm™4, wherepn\R is H gal.an ani no

group i's present, [ gitd on sal t|_AQjer eof
wherein said salt i nNom the gra

consi sting of hydr ' Al \\s. 16.
The conpound of cl ai corrpo s used

as an anal yti cal g§ [ manuf act yr e of
varenicline tartPale. 17. Th@ﬂtonpoundlgm cl ai m 14,
wherein Ris CF3CO the conpound is used as an

anal yti cal standard hn t he nanufacture of varenicline

tartrate. é % ;:: ;

wherein R is H, acetyl or CF,CO-.
15. The compound of claim 14, wherein R is H and an amino group is present, or an acid

addition salt thereof, wherein said salt is selected from the group consisting of hydrochloride
and tartrate salts,

16. The compound of claim 14, where the compound is used as an analytical standard in the
manufacture of varenicline tartrate.

17. The compound of claim 14, wherein R is CF3CO- the compound is used as an analytical
standard in the manufacture of varenicline tartrate.



