HYDROXYBENZCATE SALTS OF METANI COTI NE COVPOUNDS Thi s
application clains benefit of U S. Provisional Patent
Application No. 60/626, 751, filed Novenber 10, 2004,
the contents of which are fully incorporated herein by
reference. Field of the Invention The present
invention relates to processes for preparing nicotinic
conmpounds and pharmaceutically acceptable salts
thereof, as well as pharnmaceutical conpositions and
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and autonom ¢ nervous systens. Background of the
I nvention N cotine has been proposed to have a nunber

OfTH?béHﬁE@&tRJnQﬂHlﬁl@‘ |beﬁ‘é‘ﬂ‘t BEUSS, Pl%‘ﬁsmt{a@ Pateﬁt lc8tionNb.|68r526,751,
et at, . 330:811-815 (1994). Certain of

filed thbﬁflﬂm tba nothients pEihick dret follp fricexporataddprein by reference.
neurotransmtter rel ease. Rel ease of acetyl choline,
dopam ne, norepinephrine, serotonin, and gl utamate

upon adm ni stration pfeldbfC@ik Tiventda been reported
(Rowel | et at, J. Neurochem 43:1593 (1984); Rapier et
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methads: fo82&ating A Avife vinddty oEéonﬂitlons éﬁcthlsoﬂdeﬁs.aséBhateﬂamddmﬁmctlon of
Ther. 296:91 (1977); and Toth et at, Neurochem Res.

the cepirabansl quicmomNg nervQYsTsysteRS or y reports and additi onal
recent studies have included the nodulation in the
Central Nervous System (CNS) of glutanmate, nitric

oxi de, GABA, takyklﬁlac?( fqu%toqi‘a@ﬂ%,sﬁﬁm pepti des

(reV| ewed in Brioni armacol . 37: 153

%al}qsrg)ggxﬁ %lé(%plé)gefrzi 19e I cglt L)Elle%lgeerpogrpﬁledl co o%}cg flfectt See, for
examBi%aPﬁ%eéﬁa'l CHl ERQNPONES 1380811888 (194h.1 E8faifi OF URIs# effects can be
di sorders. See, for exanpl e, Sanberg et al.

relatePhter effees . upRNOB¢HEPrangmEsten arglease. 46Rgledse( q‘ggsgtylchqlmesudﬁgamme

norepﬁ}egggrgedls«ﬁragle nftg gar%] egiﬂftﬁr%gtgsu%gﬂ ]éap‘xgrqlsua%lga ?fg%)i ¢ has been reported

(RowEM ek BES "NeBirodhbR. 43 USIBN1986¢ Rayier ef &igCh We@;focné;ﬁm ne3 (1988);
have been proposed, see, for exanple, Sjak-shie

Sandener s Brain Bee 56543 1889 1910088 Vi haswacadl #5765 (175); Hall et al.

i R gEhho, A PTTERNPY Sl CHLIE 5, PR R 256
(197 Fysat@Téth ey al?, We@%kéﬂag&g) 17: m992)§t&ﬁiﬁrmatory reports and additional
Phar rracopsych| atry 21:301 1988;h Poner | eau et
<

receni\§Hidéasi have Barkided the guagighition ggathe Cerdral i Nesyoust Sy{‘w e(CNS) of
glutax%gﬂe n11§‘4c((§2ide1%§x]§& %@klm;{g 'c%kﬂ %\d% eptides (reviewed in Brioni et al.,

Adv. Pharmacol. 37:153 (1997)). In addition, nicotine reportedly potentiates the
pharmacological behavior of certain pharmaceutical compositions used to treat certain
disorders. See, for example, Sanberg et al., Pharmacol. Biochem. & Behavior 46:303 (1993);
Harsing et al., J. Neurochem. 59:48 (1993); and Hughes, Proceedings from Intl. Symp. Nic.
S40 (1994). Furthermore, the neuroprotective effects of nicotine have been proposed, see, for

example, Sjak-shie ef al., Brain Res. 624:295 (1993). Various other beneficial
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J. Pharmacol. Exp. Ther. 221:91 (1982); and Hanon,
Trends in Pharmacol. Res. 15:36 (1994). Various
conmpounds that target nAChRs (nicotinic
acetylcholinergic receptors) have been reported as
bei ng useful for treating a wide variety of conditions
and di sorders. See, for exanple, WIllians et al.

DN&P 7(4):205 (1994); Americ et al., CNS Drug Rev.

pharpicibisten 5i8 Foyoup: asBrpmaiser. S, £ exampISp i epjal. Biol

6
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Ugg@ . Med. Chem 40(28): 4169 (1997); Bannon et at,
Ci ence 279: 77 (1998); PCT WO 94/08992; PCT WD
96V @ iohs Sompomdsnhesianies 8AChRa dnicotinic meetuisholisegic receptors) have
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bei ng partlcularly useful for treatin wi de variety
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( ;?%43 j349 357 (2002), Levin and Re( 99!) &
91:1 ggg

B; La\@né’ham@ler\mr%s@@ﬁ%Mnat%r%f&ysﬂivzﬁ? (12923, Hsliaday et

o. ARG e okl oy, BURESTY: 0510/ 98,57 (8 wo

94/08%QGIPCTN(WSO 9_6/3118,75 P@ﬁ“ WH) 195740688, ted Ki.kuBlhenteNoat 5,583,140 to

672,601 to G gnarella PCT WO 99/2%834 arg M@
Benchéri 0 9h03. SRR BHONI! s SehPah eimab ghabaand 32,047 to Costord
et al.?[cggg@ggﬁﬁbﬁ% ai%ol.%k l’lge% Cﬁs%@mgigufﬂ% Brly %ﬁfo?ﬁéﬂﬁg% vgg@vanety

eur ol ogi I sor rders can
of CNI$ diordersd Unéetd, £ atidebenriatyt ofiricotiait domp@amm haye been reported to have

theraﬁ%&%é%?p%?tgs: %?:169(]9{] 2%1% %g{:}&téllrfgrlil or upreitzjteDr%g Targets: CNS
and ﬁ%&ﬁ?ﬁ%ﬂj}sw&}‘fl (Qja:lﬁg§ Xe {7 %200@? Wé@ilnodﬂﬂ ‘R'&Véﬁll'l ERPER Drad Bargets:

nent a nesses, i ncl'ude neur odegener at ive
CNS dind Nagredogidot Désordarall (40 423483 1(230020,0Netll,\ee al. . dTigoard Erag Targets:

ons o Selenenitd Roetert S IRl R002le b ook nadaTL 66
5.18721dd {doi{tﬂaféhi 9 %s@ﬁ%@ﬂ%'@gm{rellae BC’FJ“WOV 989 8834 and PCT WO

Fesulting from 1nappropriaté |evels of
97/40%9; OKrPatephiApplinatipe C@awSSShap\@uppaaatP@tept Apelicatien29k858.

OB AR i e RE PO TgReeh APPERE. oFRBPESLE En be drug

indud%@}’éa‘ﬁtﬂe%&ﬁﬁﬂltw & genetic predisposition, infection or trauma; or can be of unknown

etiology. CNS disorders comprise neuropsychiatric disorders, neurological diseases, and
mental illnesses, and include neurodegenerative diseases, behavioral disorders, cognitive
disorders, and cognitive affective disorders. There are several CNS disorders whose clinical
manifestations have been attributed to CNS dysfunction (i.e., disorders resulting from

inappropriate levels of neurotransmitter release, inappropriate properties of neurotransmitter
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receptors). Several CNS disorders can be attributed to
a deficiency of acetylcholine, dopam ne,
nor epi nephri ne, and/ or serotonin. Relatively common
CNS di sorders include pre-senile denmentia (early-onset
Al zhei nmer' s di sease), senile denentia (denentia of the
Al zheiner's type), mcro-infarct denenti a,
Al DS-rel ated denentia, vascul ar denentia
Creut zf el d- Jakob dlsease EICk
recepEOLs kK ninaPRIPRTIAN, dftt Wseh ngufaFé‘é“&g‘éers 2By eBEipnsmitter

recepg&wntSe@erap rC‘NH RV des AN PR BHShRE] 13 Wficiency of acetylcholine,
Huntington’ s chorea, tardive dyskinesia, hyperkinesia,

dopammel. mpsp)mephame,and/oamremmmn deficit disorder, anxiety,
IeX| schi zo

R O I e —

Alzh&Res Qﬁ&ase?u BdnY1e fenintil AGBREntAY 6f Bl i Heirhét’ Q;tph),t mRro-infarct
central and peripheral nervous systenms, but the

demeriigt Amatrﬁbwdoderémlay peesculay ﬁ@ﬂ@ﬁ@geﬁ%@b@?ld fakob disease, Pick’s

dlSCaS ésl% g I%Se nlSl{: rlgﬁﬁﬁg) ‘iél xgg&cp _fﬁlgegs E‘%% %% rebtrerenggtla% h%m%resswe

supraydidledi ;ﬁls@;ﬂ Plihfiddten’ thhoﬁeh etafdive dgskirsiganglerkingia epdéR4, mania,
and those of neur onuscul ar junction are al (318y and

attenfacrn( éer'@& digogdas, aniety.fiybslenice th;mkﬁeﬁlaefiepaﬁsswneszlbﬂessdﬁ gpmpulsive

61 (2000); and Schmitt and
disor erlpéﬁgnség¥légports in Med. Chem 35: 41

( 2.‘131@@/))):5 ofnAChR¢ atei rasent irsbotk thé catraharel p&rmhenah dS‘VOIS systems,
they elicit various undesir har [

but e iR R SEUBFS (P ErORA OB ] B R, (IRCRHTHR hich are

predo‘ﬂ’ﬁﬁér{? e &ateb Htec‘ﬁr]‘dtpnsaré faQE (ﬁ%%ﬁ@ h@e nge?éak %S@Whﬂﬁ rpredommate at

nuscl e an ganglionic R subt I's therefore

the agtesdniialgargliacre R34 ambpsLsiiRnronEpasd fuhctive, ar@adB 18y and alB13e
nmet hods for preventing and/gr treatin varlous

(see fob stanroRYOsR efpkofxe Cpin dhgr: Patgies it dop b&4WP); and Schmitt and
Bencw %ﬁﬂ@or&‘m} d”@h{ﬁ%ssx{‘?jo gp. of these disorders,

Sunds exhi Bt nicotinic pharnacology
WA Hingitdtien enfﬂ singd nizbfisict compouhds GNBiat nkeghElici( @arjpus undesirable

upon the functionin t.he t hout
pharrgiegloeter L sifectybesapeat o Feeisingrrion it m@r&éﬁnp‘?‘?@m@al tissues (for
examﬁllggﬁy{%tlré&lm &lge W%da%lﬁmf: %&N%uﬂ%@@sr))s Xt is Itﬁerét%rea(le§f?able to

esirable to e conpounds, “conpositions,
have pmtpmods, tcbmpoaﬁérscancﬁhﬁhbdmﬁ)t pmmenmnghodfbr Eeagmgfvanwdoydltlons

ST TP WM N

wher@BRY &mhith&s adibiy 'nidbtlﬁfc ﬂﬁﬁgh&‘l’@c\ﬁiﬂ@% lﬁﬁgﬁé‘akleéfﬁcﬂbn the CNS
muscl e sites). Methods for treatin /or preventing

nACHRsde gh apen ;l@sfumtbamgmf itleti ENShdubwit @nt§cﬁnd‘@ra9t aspgciated effects on
he ol FACHR R wEa PP COTHRHERY RS gl desiraic

have Wbh s,Sdodipokitiead) tahd n@eftﬁ&@tthéigiffeBOSNSrfﬁﬁ&ﬂhoﬁnthout significantly
subt ypes which have the potentia
affecting those receptor subtypes which have the potential to induce undesirable side effects
(e.g., appreciable activity at cardiovascular and skeletal muscle sites).
Methods for treating and/or preventing the above-described conditions and disorders
by administering E-metanicotine compounds, particularly those which maximize the effect on

CNS function without significantly affecting those receptor subtypes which have the potential
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30 to induce undesirable side effects, have been
described in the art. Representative E- netanicotine
conmpounds for use in treating and/or preventing the
above-descri bed disorders are disclosed, for exanple,
in US. Pat. No. 5,212,188 to Caldwell et at, U S
Pat. No. 5,604,231 to Snith et al., U S Pat. No.
5,616,707 to Crooks et al.; US. Pat. No. 5,616,716 to
o ingheg uppsilp 3 s e ReRoREE I I afta, Repeseiiive E-
metarN@otlé &&%ﬁ)oﬂﬁz?s fof u&eihctli‘&'hhg aﬁ&/oﬁ revbht tEé‘%bov’éQiescrlbed disorders
61,423 to Caldwell et at, WO 57/40011; PCT WO
are mm&%?@r REAMBIE OOLICﬁ)?@tDONOaﬁ@lPAIS?? tp caddwelhgpil.c B:S- dtat. No.

sonye und U 0% B8 ! G0 S IR Al e

Dull ézeéle[mcp@t NU18,663 356 @SRseceldBar [l DU X . iPat. Noe 5 426, 3f63fo Crooks et al.,
ornlngﬁE-netanlcotlnes typically involve perf

U.S. BatiBlok 88 bt nBoeanie! b hob SRrp cu0HoA 2 3wl figel. PCT
Spé
WO %’fg{fj 12, }5 gécon | Z? ?gﬁc\'gr%r)p%d?u i Q,hz{rfdng ﬁﬁem %Bﬂlcatlon Ser. No.
09/391¢Md; ikedtoni $¥png, lmn‘ﬂmwmdteh;smﬁmblh wf whidhuge sereby meorparated by
hydr oxy group, which is converted to an amne group to
referqn§e.m t he E- met ani cotine, or includes a protected ami ne
9 @HPsynHEs &N és%rlgé?ﬂ FPHRC hg dof Ghinpite rlg-me%ziﬁﬁ:ot"ﬁé‘sktyplcally involve
react | on to orn1 E- net ani cot I née. l'imtation of
- perfotthing Heldéckcreaqubn Ibgtvwbe mihgloggnatesl hettéraaryl xiig, Isacht 45 Iedg-pyridine or
reaction prod the desired E-netanigcotjn there . .
halo-Byran Ao ahd G APy DOBGRRIEPLIE PP LRing Fpdouble boRdOntaining
comp%uﬁ@%yﬁ@aﬁ?idcﬂﬁes &t L & ?81%9% bRfAp CRARRA YebnvBREdEotai @mine group to
doubl’e bond has mgrate ron1the position adjacent
form the E-metdnitoting ar yiclydsa o pratected aniie rgeom whyahi lﬁﬂmr@regted following

the Htbarlitn ,ouR R PREPREREY Gad P gPa of ek EpGhife ghepisu i

that, WiRe SRCAKSAFHCH{ASproMRD $Lthe ldosiRyd] Erﬂfey&u@ltlhé lker€ afed@thor reaction
e., a nethylene conpound  or "exo" double bond)

I
prodtfgam instuding the @mn@omr@smwtam@e spmapundeare e dobbte'bond has
mlgrag an 9r§ ! e O%r}l a‘éﬁacgf{t g ! hgtg 1gsﬂmh I E%Hing & gyyrlmldme) ring

ageous e new rre

(i.e. FaUﬁ(brf-t(ﬁﬁthtedrT&iL@[H boid)nend angadnpuhnd Slﬂb@hlalﬂtthalhblmdarﬂ egroup is
“fromthe above-descri bed m nor reactlo roducts.
attachgd at theaseeendaey (asiopRRsEd KORIENATY) KRR PNl smeﬂfymompound

&b ”tcﬂ)%ﬁﬁzo Ok S gtocénm% od’iﬁiéuﬂefor reRoRAURLS Hhdd ﬁre)éfctlon products,

and/ or reparing |large quantities o
paﬂuhh&@&m@@ﬂpmpnds in a comercially reasonabl e manner.

Th
mgfe h‘?{)‘é}gg :gptd #g%lﬁgggpgsnftgi g%)lv%%s ngvldcrr}le&o\gs S(Ytn tppe%grlmg purified E-

metanicotine compounds substantially free from the above-described minor reaction products.
It would also be advantageous to provide new salt forms of these drugs to improve their
bioavailability, and/or to assist in preparing large quantities of these compounds in a
commercially reasonable manner. The present invention provides such new synthesis

methods and new salt forms.

Summary of the Invention
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Summary of the Invention 40 New net hods of

synt hesi zi ng E-net ani coti ne conpounds are descri bed
herein, as well as new pharmaceutically acceptable
salt fornms of E-netanicotine conmpounds. Pharmaceutica
conmpositions including the new salt forns, and nethods
of treatnent and/or prevention using the new salt
forns, are al so disclosed. The nethods for

sythe5|2|n t he E-petani cotine conpounds t
R i s S5 e Sie SReGRIFP G TR B AHCB hefen, as vell
as ne%ﬁﬁﬁ’ﬁibeﬁtl&ﬂkl Q%Bﬁﬂ)%aﬂ 24 &]sQA BV hetahidBtincSédpodds? Pharmaceutical
hal o- pyri di né hal o- pyri m di ne, and a doubl e

comppsitigng matuding thg n@\@ wilb fomabs, andanctloesls|of tigaiment andlexi pagvegtion using
nd typicall cludes either a hydroxy group,
thenﬁ“n%ﬁ Qrios, %‘gglgﬁﬂl@é{)fe@ converted to an amine group to
f oTHe thétBods- foRyatHeSRingke EmgiHiduline @6mpo&ids Gpicatly include the step
protected am ne group, which is deprotected follow ng

of Perﬁf?énﬂé@kl{?c@dém@h beigvern ﬂrhabﬁ@ﬂa@drmt%ﬁwbmga suchoasoplRpyridine
or ha@ hzx{l nidine C){_ﬁar:] lé ({,%%?%t 6091? c%@&glﬁn@%gécgﬁg"f lﬁendo ble bcgld containing

compLUnY eypidallp iadludes ivytdéloa(hy@bgugroup, wkioh a4 adiseqnembj c«anverted to an
protected am ne_ group), the rét stteEJ nvol ves
aming groHmlp Ry e &w&awaﬂ% cEpeundy of felislesd; BrRfectsljagine group,

whiclr ?Hﬁ&ted%ﬁ@%mtgq ﬂ@dé(r} &‘ﬁgq kS fRRShe EQﬁet&tﬂEbtme compound.
precipitate out th roxybenzoate salt of
E- Af¢rathe tlotk r@ctlmapbfmndam dfeanl Banatargeatine wn‘ln@ free amine group

TP E T i
next Q@eﬂ K ¥oBets tfBmAnd AHyHIRPbHHRE sélh@ﬂthe@-ﬁﬁ%icﬁbtlﬁ@b&ﬁmd Under

the heteroaryl "ring or wherein the attachnent of
certamhgmdrt;dns,gcp@u(pant precipiate guk @mhyﬁq@;{y]bem@a@t sajthef the E-metanicotine

sec doubl e bond. car ' Thi
commPst VBRIt Heaieenp mparer vy aaye Aol S of the -
metaficOife & un@NwidrBid Uk SdouBR! boriU hay hﬁgl@tédsl@adl @otifion lother than
one enbodi nent, the synthesis of the E-netanicotines

dlreCtlmﬁdlav@sf, tf dhqrhﬁgroawl aivigrs- wherein dhe affachmsah of theparghgioep to the
d
alke glh?g’eegtlc gecog&g}r ﬁ&ﬂﬂ%h gééznma?% d'p% ?‘{i‘e@‘b?{‘,ﬁemﬁfﬁg&%g‘“ﬁs it

relatﬁﬂ? eS8y t6 ferﬁlﬁle&h&a ithor'reavfion Brodatts gestiuullarhl ont soaltug.
success of the Heck coupli ng reaction, al th? ggo ) )
pylicae sebagimnesy thersthrais af thes Eengianieotings gpvefves forming an amine-

prote(:t%@#ée‘x’i@l j\l{il‘HﬁlE ']X‘Jenﬁe(iuﬁe (a3 ﬁﬁ@@i@’xﬂi’e&m%l&wxé } theP feaction
nt en-2-am ne repr€sent at met ani coti ne,

with [a- liam@anxtybefemﬁ tisg. a The prthere nifdidtarearhly dngxy lnen gsantial to the
sal t,

succesp of . tha é;leq& rRsphipe - ssaqtion slthauighy BEILNG il ARR)iNE ringgecan be
prefetb&N- 2- 1Y Q@E)ON%%EQWEZ@Z@? §p0)dyﬁ¥|?dlﬁﬁlﬂﬁ ASRAADLMRINe is a

-rretanlctlne roxybenzoate sa .
representative E-metanicotine, p-hydroxybenzoate is a representative hydroxybenzoate salt,

and (2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl)]-4-penten-2-amine p-hydroxybenzoate
is a representative E-metanicotine hydroxybenzoate salt.

An exemplary reaction is shown below:

Cy-Hal + CH,=CH-CH,CH(CH3)N(CHj3)(tBoc) =>

(E) Cy-CH=CH-CH,CH(CH;)N(CH;)(tBoc)

50



An exenmpl ary reaction is shown bel ow. Cy-Hal +
CH2=CH CH2CH( CH3) N(CH3) (tBoc) 4 (E)

Cy- CH=CH CH2CH( CH3) N(CH3) (t Boc) 50 + (2)

Cy- CH=CH CH2CH( CH3) N(CH3) (t Boc) + (E and/or 2)

Cy- CH2CH=CHCH( CH3) N( CH3) (t Boc)
Cy-C(=CH2) - CH2CH( CH3) N(CH3) (t Boc) where Cy is a five
or si x menbered heteroaryl ring. In another

(o1 1) S hy ok S ERCRENCIRRERETS. ant on- 2 of . “and

th;e(mﬁa/em«gymcrﬁm(@n d)@bd3ni ne group after

Heck coupling reaction takes pI ace. The

ccﬁwé?(%ﬁféﬁ CH’&QPH@HG)‘N(%KEBOC? or exanple, by

ver dr gx osyl ate, and
d | ‘§ elr%[g?' h% ﬁ e " %%?’F'#%’ge\ng%{gma%é ﬁln ‘abl e am ne, such
agn Mot féfﬂbﬁ@lmehﬂ thbi Heck ndvRgiinge Kactiérh €akide Place Qusprigi & thydroxy-
reaction still forns the sane nmjor and m nor

alkengy yigh @8 é-peetﬁeéml anglghe hydrgxy grevR bFé’OBV?ﬁFértB 24 agyinsggoup after the
r d I

] S 08, RGBSR BT 0y EOIRUTIr cepoe,

convériing theetydroxy @roupetp,a tobylatheandnisplacirigethe (osylate, withe snitabde amine,
products of the Heck @oupllng r act|6@% are not

such g¢ metiyamissrodie s pREOURERS dhe ke rRRHqTL P Fgms e same
maJOFA‘%ﬁ?d'e Wéggy?m{s e)&%b% ﬁxai the n? %cﬁrﬁ hﬁir&%& %r‘otiﬁ ra?tﬁéFBchan a protected

otecting ne group (I he fir
amine ngroah. neFieljowing ﬁ)r.matnomg of Hke a&m1mcorg;mmimg ogqmpquhé (ie., the (E)-
nbodi me e can

metalilgq():t?n%gff tthﬁ émg,lrlt}ﬁgt(lac?11 Sy ULy pﬁg)/{u%é)é [tl%/ g[ﬁog%yctoHp g r‘ée?ction) are not

alrea(lfsy RERNYP Z Qlemids) 1ﬂv@l§edj§nsf6fduh§ theBURIxYbenkB&e salts is substantially
roxybenzoate salts of the major product (the

thesz(nE) met ani cotine) and of the m nor products wll

i )/{#% X&}'Ol\é\)ﬁ%cﬁgg un%%{ne&f-glﬁqig ﬁ@og‘ @ggéﬁp}?ﬂﬁ Brr g Enc“tg the amine

group (B @R 'se&inanblﬁ%dlﬂl@ntFly Gﬁ@wbemah ehysiddtybendoble salt of the E-
precipitate out of solution in relatively pure form

metanigetirien Pyb eedction awﬁbt Bemyfiogysnzainr peifleds i AeseHledniheemin.  The
hydroxngélnrzloéte %glts 'thhg ma gt!)clsucg ﬁ?gﬁ& al‘ﬁc 2'&1{54 §PME minor products

vance e Sy n

will ﬁ)Eﬁ. mtmw:rg: Qﬂideﬁ eenauh Bor@ligone the dydlmﬂj?bent(fm salt of the major reaction
hydr oxybenzoate salts are isol ated ai{]d t hen used
t

prodycht hentielmetaaicetisier Bydipybengqaisnaly aV fREFGIRIAE, oMb Ay fobyion in
relati%l? ?) {]Eﬁr f%?\glnglg@ﬁlﬁ@ GEHbthGA (%)LX)F] e ngtlﬁ‘ Pl eEmfor %féﬁ’t‘itles This
sa er

ereo wever, 1 n an odi nent,
resultfeomgiraes £ognifieant advance in the synthesis and purification of (E)-metamcotmes

In one embodiment, the hydroxybenzoate salts are isolated and then used as
intermediates to form different salt forms by reaction with different pharmaceutically
acceptable acids or salts thereof. However, in another embodiment, the E-metanicotine
hydroxybenzoate salts are used as active pharmaceutical ingredients (API’s). The
hydroxybenzoate salts can be used directly, or included in pharmaceutical compositions by
combining them with a pharmaceutically acceptable excipient. The hydroxybenzoate salts
and/or pharmaceutical compositions can be used to treat and/or prevent a wide variety of

conditions or disorders. The disorders are particularly those disorders characterized by
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hydr oxybenzoate salts are used as active

phar maceutical ingredients (API's). The

hydr oxybenzoate salts can be used directly, or

i ncluded i n pharmaceutical conpositions by conbining
themw th a pharmaceutically acceptabl e excipient. The
hydr oxybenzoate salts and/or pharnmaceutica

composi tions can be used to treat and/or prevent a

dysﬁl\émptg(gxr v Ig&:tg lélcp gl;nﬁg:gggluglrnfe&?qt%gggfsggég?xbcillldgng disorders involving

neurdﬁgﬁlﬁﬁaﬁbﬁ ok A8 HoRhsnirtNSlehaC bR s %Fi}hﬁ@trél@ésﬁ The compounds can
chol'i nergi ¢ neurotransm ssion, including disorders
be used\inlmsthegs foe tregmedu hct/proprophylaris pﬁtdtsa 16 tSu@r as central nervous

s ,dopani ne r.e S
sysofy R R o B o SR SHEIa: S BE P GG difDggormitter
releadsl TR ARATHouRdACEanASIsE DR sl 6 EFaD Eertaits XohaitbACNS., a method for

di sorders, which are characterized by an alteration in

allewﬁbngmamh dhe orethods inviolveradminisieriag to arsitbiech A siferiye gmqunt of a E-
t
meafk s ool Bl . PSR AR jtgane o ©

meta@edtinRi gk egzdate salts ubdesciibedrherdit. ect i ve amount of a E-
netanlcotlne hydr oxybenzoat e salt, phar.maceuti ca
qgﬁutiquz p%p%u}gsgﬂh%@rﬁpﬂp&ﬁ §nneé‘fectlve amounts, can interact

with F%Waﬁf(kﬁggﬁ}ﬁg ?&%c@ DRbites 1ﬂ3a Rff LRhE gct'"«ﬁrtﬁélgpeul_g @nd/or prophylactic
Armaceut I cal  Lonpositions, when enployed i n
agenteflﬁ einhectiona nwithn tas wldranameﬁy @tf amnditinng land alisvdens, particularly CNS
ni cotinic receptor SltGSlnaEatl and

disorders, r chisrasterizednby ot plisFAtPNadt | ROrME e?l"t‘g(’tfaﬁ‘s‘@gf?ﬁ Z%il‘?aﬁ‘ﬁ The

pharifdcbitidl Wbrq osYt?JﬂseJaM $rbviaemiekirdcan® vandit db SRAiJRILSIs suffering from
particularty CNS di'sorders characterized by an

such disomlemtand mxhlbltmgmicahmml&smanmftweh diseitdersgn tharhe Compounds

wio RS ok, SRS RO o Bt S ab R RE b gicounic
pharrfd¥8102% Rh iaffe A GelelAn infcdkin¥R@Edpests gités‘XE% , Qlktiwat€ Ricotinic receptors),
di sorders in that the conpounds thin those

and (p modulatei npusotrappraiitee n«mr«ﬁgp@d andhhesice Peavieneandnpiparess theymptoms
assocgaé% evgﬁ ttg(hsl dglol(r: nelrslc rir éiggg g,: %%gc%tngxgx?o%nc%na( lﬁgr_tease the number of

nicotiicC€HolliRérgicl 1eEHRIrO OF the braiiibe(thd: ))at[Ehd Wlipexhibit neuroprotective effects
neurotransmtter secreti on, hence preven

and (i) pyhee sgplayed Q‘ﬁffﬁcﬁﬁ% amg@g%gqnaqx@&ntvqe}aﬁvﬂﬁ B levelsc‘l)f adverse side
effectiz;j ﬁégg Sl%%’lrcarlt?n&gﬁg ncmoocf @‘E sRTRAYRES 48 rklé 19icahp§égt%ﬂz@effects

ni CO Inic |nerg|c receptors o

upon ftedjastr@intéskigalpeici, end sighifficint effbétbiyponnsialetid mn’sde): ive
effects and élll when enployed in effectiv

cadhedRiseeing apd pRET JReSHs Pgwelpé?ﬁé’l“sm}sﬁfm‘ﬁa\?@r Splaifadan el in the
cb&u@ﬁg&%h léﬁaﬂaexmﬁgggg&:g@mgdb@creases in bl ood pressure

rate |cant negati ve effects upon the
gastro-intestinal tract, and significant effects upon

skeletal nuscle). The foregoin d other aspects of
t he present injiﬁ?J%HDQWQP Qﬁpgﬂﬁgﬂvﬁﬁ“wbtall in the
The hydroxybenzoate salts described herein, which are derived from E-metanicotines

and hydroxybenzoic acids, have a number of advantages over other salts derived from E-

metanicotines and other acids. In general, the hydroxybenzoic acid salts of E-metanicotines
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detail ed description and exanples set forth bel ow

Detai |l ed Description of the Invention The

hydr oxybenzoat e salts descri bed herein, which are

derived from E- et ani coti nes and hydroxybenzoi c

aci ds, have a nunber of advantages over other salts

derived from E- netanicotines and other acids. In

general, the hydroxybenzoic acid salts of

E-nmetanjcotines 70 are ter-soluble terials that .
are waggpo uBlerfmatkelh Kyt dprduiolts iy Avpiallia Sy 5T oReBRseapif n nature
than OfHel 58its. t PAN2in{}fte, B Pl dréberB b8 RaR  ofl (2S)-(4E)-N-methyl-5-[3-(5-

anp?ﬁygré&y en%oate Salg)%%rggés_(4E)?thé?h§f_%_[g@ g— [.(
isopropxypypbx)yDiipditan-2tan}ing ip physicallg- andi eheniieallyhsiahle afir¢eyflowing,
d chemcglly stable, free-fl| ow rystalline .

crysi e BV el By e S isci g 46 Hi Rt formutation
deveBgﬁéﬁ%ﬁuﬁﬂaﬁﬂﬁceﬁ@&mﬂa’%ﬁfa@fhrin§.eIffﬂe@é&ﬁﬁﬁl,t thadghlt can be milled to an

phar maceuti cal manufacturing. If necessary, this salt
acceptahie partigie| sizecrangs fon phamessputisel progessingc| hessaltds compatible with a

.. for pharnaceut.i cal. .pr ' ' '

wide fer BRI PGEY M BierB o3RS thd Mg bdhre 7 SHIBA kel forms.
This fi9respdtallyagpu f@Cthoke erfcipgiaits, dsudh ads pelpagehatide rderivatiMes,sthat are

Is especially so for those exicipients, such

y < a
pharmasieyidcaly Kisfinefbhyates and those V‘f‘ﬁa‘?nl&rl@selﬁf%“ﬁ‘éé‘é%?qec%?t?y As an
. in t . i | .
e
acid aerfranentoEthesommitiontdfimpurisescwithia the walt. divr casmple, pnplirities arise
from &ljhjqnfﬁriéh%?lhagi%égmtar?aeoﬁgg 9 ﬁgﬁ%pé&%}'fﬁ%{}ﬁ?t&é Egné;{;r}ilg nﬁlléH) tgiﬁeosleﬁn in
fumafi@ il ?Hé&@!imgﬁ’t%és' 16Wer tﬁ@%h?rﬂ?aloﬁurftﬁ %}f fRCANGAA )é_dgéi‘iél'ﬁ affect the

n E-netani coti umari c aci

tine to the olefin in
chemidabsuegritspefithe saktuploo\Weg-tehe stotaged cal purity of the salt

a adversel y affect .t chem cal .int it f.t

o ot he SR gSaa et aprn S B ol BRI i eronce to he
folloWRE PrbRAE1 BRbEdimeWs! | THREfINBWIRY defMEfing tvafltbeWiseul in defining the

reference to the follow ng preferred enbodi nents. The

scopd efl thomiverfiogief i nitions will be useful in defining the
scppe_of . the i.nvent.i,on:. As U erej | tgen .
r é? o P18, erehy qarpgatic’, refets Jig, ?/etg lg)h g ?g?r%gl%ge%gg ér'|(rhrelrglfbered ring
aromaiﬂmtﬁe&r@?&nﬁm@{g@ar omatic rings. As used herein,
“aromatic group-containing species" refer to noieties
t Hst usadehesein, {“‘promatie SEOUPAFOIFARING SPPUHp. ICIE 4B rAPiRGsythat are or

o L5 BSOFY A OIS RS, AR s i i

definonsbithae et fcludaay bfontagit gfcipt 0 aronmati c radical s

having six_ to ten carbon atons ,su%h, .
"aryl" refers to aromatic radicals having six to ten carbon atoms, such

As used herein,
as phenyl, naphthyl, and the like; "substituted aryl" refers to aryl radicals further bearing one
or more substituent groups as defined herein.

As used herein, "alkylaryl" refers to alkyl-substituted aryl radicals; "substituted
alkylaryl" refers to alkylaryl radicals further bearing one or more substituent groups as defined
herein; "arylalkyl" refers to aryl-substituted alkyl radicals; and "substituted arylalkyl" refers to

arylalkyl radicals further bearing one or more substituent groups as defined herein.
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as phenyl, naphthyl, and the like; "substituted aryl"
refers to aryl radicals further bearing one or nore

substituent groups as defined herein. As used herein,

"al kylaryl" refers to al kyl -substituted aryl radicals;
"substituted alkylaryl" refers to alkylaryl radicals
further bearing one or nore substituent groups as

defi ned herein aryIaIkyI refers to

aryl -syhsti.tu adj cal s sti.t

ar‘%ﬁ gq erein,d @r%‘ d%dlﬁ:ill§, ?]Ig]wlgg, ang%glfﬁfgc?rﬁ?lp #togn 1 to 6 carbon
atom® §ifta! éﬁgl%[] @r %Fangﬁé@clﬁ%p%ﬂtélk%nﬁlcﬂlﬂg WBS F6lodIRYI MBHties and alkyl

erein 0 As used herein, ClL 6 alkyl radicals (Iower
mdwdbﬂy&cmﬁdnéhksyd@@hﬂaunﬂﬁﬁon1I to 6 carbon atons in a

i%ﬁ B%Iabﬁ)&?ml"g]? i’d Bﬁﬁ hgé{)] ﬁgﬁng |nc% Sr%bﬁn%? hggrogarbon radicals

inclu@%g BCoYClpREMEMY OPL edridehavig AtS Eédsth efi€i darbonadak@Ay Houble bond;
refers to straight chain or branched hydrocarbon

"substifited alkenyl'] nearuith #lkensd ra@wabrfertb@rab@wngcqnesorme [fakstifgnt groups
ane@ <Jhe B one car bon-carbon doubl e bond; "substituted

alrk eny refers to al kenyl radicals furt her beari ng

ONgs Gded MMRfetn, TR Kok y efdically comgin fios tled 6 eadboh @tosisrin aAsraight or

used herein, Cl-6_al koxy rad| als ain froml to 6.
branchad (sbaing 28 fsalsT ineluder G-gieyclgpl Y]bF‘ @ﬂ@&y Jhdicals éﬁd contain Cs.¢

de C3-6 cycl oal kyl and al koxy radi cal s that

qu%%ﬁﬁ?#%a%g. cycl oal kyl noieties. As used herein,

arAd usedtieren, aryhradlcalslaea::tewteﬁrfmm plnmyy Inaphtbaﬂmrid)indenahd

i ndenyl .. As used herei.n, cl oal k r adj

s e Soricaluhatisns EFcrRaae py EEHERRE RS rine-containing

radlcﬁlgddo‘ﬁ%ﬁrﬁng QHlte@' i Bight R&BEn taforRd, gﬁﬁfeﬁaﬁﬂ}b@ﬁke@tt@ N&x carbon atoms;
preferably three t0 six carbon atomns; 'substituted

"subsntlyutd:cb adegdlkyl I effes ¢o tyrlaalioll sadials furthef bedringfane tomaore substituent
arlﬁgd ne.or nore substituent groups as defined
gomﬁéPgF ed{eried herein, hal ogen is chlorine, iodine,

f | AlOHdeR BereR, hBIbSH i BhloAe, isdRhk, fIRbEHL) or BidkEfidar I
radicals contain from3 to 10 nenbers @referably

6 Asraseddrersin,i he@qrww@dmlé comtairofrembtce Hb mepibgrss el 5 or 6
meméﬂﬁ,t %rég% (?ﬂgs l'Irl Inlfl)ge‘ hgl( t{(}h{ r&%%ﬁed fr&ﬁ & sQqu aé\d nitrogen.

nhele eroary es 1 nc

Exan{pl'ésydf suftablé Slnydmbekdd ﬂfgzlﬂﬂte}tbaryl mmzied Mbl,udé ﬁlrjalz pj'rydlyl imidazolyl,
t hi enyl, tetrazolyl and pyrazolyl. Exanp

oxazefyi, thistolylsthinmirh éxtes@oly|. sad PHEEeYlo FXAMRlsS: féﬁug%b?? ﬁal%*@red ring
k8 G RIATIIN IPAASEAT Ko o e priiot e
pyrimidinyl are preferred.

As used herein, "heterocyclyl" refers to saturated or unsaturated cyclic radicals
containing one or more heteroatoms (e.g., O, N, S) as part of the ring structure and having two
to seven carbon atoms in the ring; "substituted heterocyclyl" refers to heterocyclyl radicals
further bearing one or more substituent groups as defined herein. Examples of suitable
heterocyclyl moieties include, but are not limited to, piperidinyl, morpholinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, isothiazolidinyl, thiazolidinyl, isoxazolidinyl, oxazolidinyl,

piperazinyl, tetrahydropyranyl, and tetrahydrofuranyl.
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As used herein, "heterocyclyl" refers to saturated or

unsaturated cyclic radicals containing one or nore

heteroatons (e.g., 0, N, S) as part of the ring

structure and having two to seven carbon atons in the

ring; "substituted heterocyclyl" refers to

heterocyclyl radicals further bearing one or nore

substituent groups as defined herein. Exanples of

suj t abl heteroc clyl mpieties include, but are

ikt e st B BRYAGHAR) a5t P e SNt Representative
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bomqmuyp and nonbymenylethbfhyd@aiw ragtisals caarndsotingludghgnerasmare hgtproatoms,
such @Aﬁ used herein, polycycloal kyl radicals are fused
8¢t Pe®rI'ng structures. Representative polycycl oal kyl

r aAld ﬁﬁdshe’réiﬁ" dRalkylfaddal doatain Foint Bo RQ:,arbiﬂmﬁi yExamples of
bor nanyl , norbonanyl bor nenyl, and norbornen

suitalile| gyojenliohl fegicalsaifichudes tuhnaral 8¢ iliftteddto; ofe Qnrom'br gyclobutyl,

het e oat 1S As used herein,

cydo@y’&tyog)ﬁ(%gﬁac 31%387 E@ a)%looggyom 3 to 8 carbon atonmns.
Exasmtedhetin, theltdrabisebstinatdradskuskd matti anglcff therabave eermisutefers to
are not limted to, cyclopropyl, cyc

the prgRenepehtopr, tveg oF hiegyTubsyenty sudh 1 aﬂaﬁdgl@%%&lcfilw alkenyl,
subsﬁt;ﬂ %?gpglz 'Bgt]g gél?lg shistifite S HRSLESWI egycld?ﬁi(yllj Ss‘%lgsti%t%ﬁ‘ cycloalkyl,

refers to - the presenceo
aryl, sutstitutesicargly alkhllagé, Sahshmhtedi alkmasyl,samlhlkals salhskinuited arylalkyl, F, Cl, Br,

VRSS9 s o o
C oSN oo ot
(CRB 'OES(FQ)R'C (RAR Y} EGZ(SZHCPE)OICL O(EIR R")cié/(‘ﬂﬂ@é' (C@f%")q@NO)NR'R"
(CRIST, NETR G-y DTG NRRE SRR R&&%Rﬁq i th M ger from 1
to 6 &ﬁﬁ@aﬁdR"%e@d%ua%&l@k& ,orﬁg 'g.) OQGHRAGR2 Breferably C;-s alkyl,

(CRR)q OR
and qOCER'pFe@rg(bjy j?@):m, ,etl()(l;Rismm)oqﬂé Senfi ml)p@yl or (@Fburyi), Cf:ycloalkyl (e.g.,

ercioptongh exekioalty oFpRt YOl oo iy O by 511 Homati

heterbé}féh&!lr Eadvlhételhytﬁé GgRfvatodi ofllthey heté@cgrlic rﬁ]ne@Onsadekathtﬁd from any
preferably Cl -5 alkyl, and nore preferably nethyl
otheremlbrygenu%g?rb gy Isulfgreptoma by 13t tlsast Hvo jcadgntaems (e. g5 quinuclidinyl,
c y ,
pyrol‘f’ﬁg‘xpr c%/ yﬁ)l&grlcﬁr&){l%hﬁx %u%ﬂ{a‘ﬁe gwﬁg%bﬁlgiﬁ'iﬁrfé g S 8%1%53 n([esgl.,) | pyridinyl,
quln(ﬂlﬂynnp}afnﬁfmyi cfurdngl, gshenyls Iand: benzyy witeee einp dfhthe foregoing can be

IECEACT 0L G TR .
or e O 2 ona” b per { di iyl ) an-ar omat ¢

g rA)smsed dwatedi, an figgomptis asubstange thap ytirnulatey its binding partner, typically
a receptor. Stimulation is defined in the context of the particular assay, or may be apparent in
the literature from a discussion herein that makes a comparison to a factor or substance that is
accepted as an “agonist” or an “antagonist” of the particular binding partner under

substantially similar circumstances as appreciated by those of skill in the art. Stimulation may

be defined with respect to an increase in a particular effect or function that is induced by
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qui nolinyl, pyrimdinyl, furanyl, phenyl, and benzyl
where any of the foregoing can be suitably
substituted with at | east one substituent group, such
as al kyl, hydroxyl, al koxyl, halo, or amno
substituents). As used herein, an "agonist" is a
substance that stinulates its binding partner,
typically a receptor. Stinulation is defined in the

context of the particul ar assay,. e are
interacfign of ther 3E0LISLOR PESHF LA SE HAE (ingine aﬁlﬁﬂe{r fnd Bha kel losteric
effec&orrparl son to a factor or substance that is accepted

as an "agonist" or an "antagonist" of the particular
bi Adiusel peretmen imn@onlsg’ubsaaﬂmbstamdeythgt milikifs its binding partner,

rcunst anc re t.e t. hgs f ski
v SAEEb A R BRo g iR BrnE e GRS Loy b8 may be
appaﬂeﬂ@frﬁﬁh%%tétﬁuﬁe B b @dcassicf hain 1Rt mblstd Odinpdibn it® a factor or
induced by 100 interaction of the agonist or partial

substapsrthastis agcepted ap anm agegisp a@rtwe@n@s@rn&taﬁf thearatipalar binding partner

undeﬁ %ubgt%t tu%fé/tsgﬁfgaé c%rﬁ ?Staﬁ%ze §§ ?}g) &?z{tg%f;]y %‘g%go%gpfﬁqm Stt. Inhibition

may by Béfart IWithareEeefol Ddecrdabinba parcituliseftbet bmdctldm thinds induced by
context of the particul ar assay, .or ar ent
intergcHon Rbthe japtagenis Mathi 4 bindiag arERas<AH GAN HE 11?%5%? s
a | f s
ac%%ﬁrs@ﬁgb%ﬂp a Bgrﬁal %%Bﬁf 1% %1 Slét%%g% tﬁ% gﬁrﬁf]@tég a lg%el of stimulation to
its blpalhglp@ttharth:lm in dhtagnqdmtet hetween tiche of alﬂnﬂ;band)mplleteyantagomst and an
simlar circunstances preciated. by t

agonjsh defined by any Agfepted; a‘i’ijag’r LREORISE PRI wi ]?ﬁw e%epéet?f) gttl{)ed that
stlmlﬁ‘at nC @%@nde ifhitl86d i HefHedChir@Gicaly féruast éu@&aﬁdgaér tabegory of

uce interaction of the antagonisf with
substbmaeslltngbqodeﬁrmdr as agmmtanantagmw@e cal pavkialergopistst f et ysed herein,
As. used her ej

b t
i RS o b T BT A o
blndlﬁérﬂaﬁﬁér E&ﬁ}%lek S Withereghdi & fecBfbipRMAnidalogRf tha cfdrﬁelxt @fi which
an

conpl ete agoni st and an agoni st defined by any

intringiccanpiv iyl Osteéﬁnﬂiey ghéwld begdatined vt deppnd, on (the ﬁPIPtPth%f the binding

ogni zed t St Iat| i nh
Paﬂnafe?%aeae"eﬂwr gAY Somp ef(o?ndgn[he gor%‘sfite lgaﬁglg (grd?lc!é‘?ivgtg%leb?m toa
parti QiR BiglogREl &iflcdie. db BRANEIE, MOQMSEEUBENGGD Iintﬁﬁﬁc aﬂiwty may
partial agonists. As used herein, "intrinsic

vary demndmgyon ther par@wlarc%e@ynd messeALH sSYEISITs Bivalveda sSsedioyer, D. and
Boddkélé%r}-? g ?}9 ?;ﬁaﬁv%coy @72{2{@6 50}9% Ay A RALH %Eeﬁ(tually specific

re ar ar nmacol og

evahﬁﬁd&ﬁsexﬁe televidit] th o Itlhdysmﬁ:glﬂdiel valéwinioin @fef bmﬁw of the present
shoul d be defined will depend on the context of the
invergiopawilgpe gparrendp OPéoﬁordlqa@’c% Bythe Pdand) conpl ex and

t h& 9&15 Ith%LI‘Pt eﬁﬁm%x e RC Whhd YelERL 8Y %f:dlﬁt@d %y the compounds
par outcome. For exanple, 1n’sone

descﬁhedchﬁﬂah dnelede, huntare neﬁ Himited itv,i 4ogtyhanpline, dopamine, norepinephrine,
serotonin, and glutamate, and the compounds described herein function as agonists or partial

agonists at one or more of the Central Nervous System (CNS) nAChRs.

1. Compounds
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vary dependi ng on the particul ar second nessenger
systeminvol ved. See Hoyer, D. and Boddeke, H.
Trends Pharmacol Sci. 14(7):270-5 (1993). Were such
contextually specific evaluations are relevant, and
how they m ght be relevant in the context of the
present invention, will be apparent to one of
ordinary skill in the art. As used herein,

neyrotransmtters ose rel ease is nedi afed the. .

s PSS heFaR 6O RZoRS 5 b g enicotine-type
compobfidsl €d to, acetylcholine, dopam ne, norepinephrine,

serotonin, and glutamate, and the conpounds descri bed

herein function as agonists or partial agonists at

on [ g Tore. of. the Central Nervous System ( CNS)

nﬁghg§f—¥¥~é§ﬁ%éﬁﬁgs 11 The conpounds described herein
The BdfoypelAryReRzaAt @nIR! dsed @ plepiretBé Bydr6Ribengateyatts of the (E)-

conmpounds. A dr oxybenzoi ¢ Aci ds The hydroxybenzoic
metanietins-typragomnpundschays the following ganesakfpenadr oxybenzoat e

salts of the (E)- netanicgtine-t Hconpounds have the

foll ow ng general for : \ OZH HO '~ where the

hydroxy group can be pflesent |n a position ortho, neta

or para to the carbdRyfj acld group, Z represents a

non- hydrogen substitue j 1s a nunber from zero

to three, representingt nunber of Z substituents

yaadk rdd3fli fparsSt theamoxylic

wherd B Infi@fey o EAFH! deégeﬁélhff | ‘fdggﬁ’g?ﬁl Shiea & T, 4
acid giokpn¥ Irepresehistd hert-bytiroganempititueritearsk pisya hythber from zero to three,

suhstit ut ed, heterocyclyl | oal.kyl , suybstjtuted
repreSpiG Aol i 2 b, i BF preseht JR b HhE Exampls of
suitatslel b3t siBtiRRnR! knchatey |a1k|yﬁr yhttikidd ks talkteryle dsubstituted  alkenyl,
arylalkyl, F, d, Br, I, NRR', CF3, CN, N2, C2R ,
heter@m,clyg@pétim@ hgtepcyoiid, cyoiralkyl, srbstityted exloalkyl, aryl, substituted aryl,

o G G o B Pl o Iy AR e, o
NO,, CoROSR, SCH;CR;, R0 0CHS (GRIGHR R, OKY GRCRB'Y,(GR5OROR(FO)NR'R",

' CR R"%\& C():p) NR R (CR'(%))ﬁ| NR Rliv CH:CHR' ! " — '
NRCEpIRy MR AN MR, LG IR TR PEHAN n(EBE ) CEOIR.

IR0 d I R i b M a yd QR mn
(CR% 1 gzk%&lel_@%{” Ogif-{?oﬁa?gﬁ),ékgrdecf]gi}?ﬁl y éﬁ 'Ra1 &éy}lgR Ja NRR,
CH=@HH', ' 0C(e0)NRE"c aib NR' CEONYR]' wetteleyq jis ars tyegepfibm 1 to 6 and R’ and
R" a%i%z}ié%i%ﬁ%h%’ldm%gn,l (?roglﬁ;lyée).g’., 91'-% g%tygreégb%' Ci-s alkyl, and more
preferably methyl, ethyl, isopropyl, tertiarybutyl or isobutyl), cycloalkyl (e.g., cyclopropyl

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl), a non-aromatic heterocyclic
ring wherein the heteroatom of the heterocyclic moiety is separated from any other nitrogen,
oxygen or sulfur atom by at least two carbon atoms (e.g., quinuclidinyl, pyrollidinyl, and
piperidinyl), an aromatic group-containing species (e.g., pyridinyl, quinolinyl, pyrimidinyl,
furanyl, phenyl, and benzyl where any of the foregoing can be suitably substituted with at least
one substituent group, such as alkyl, hydroxyl, alkoxyl, halo, or amino substituents). Other
representative aromatic ring systems are set forth in Gibson et al., J. Med. Chem. 39:4065

(1996). R' and R" can be straight chain or branched alkyl, or R' and R" and the intervening
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cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
adamantyl), a non-aromatic heterocyclic ring wherein
t he heteroatom of the heterocyclic noiety is separated
fromany other nitrogen, oxygen or sulfur atom by at
| east two carbon atons (e.g., quinuclidinyl,
pyrollidinyl, and piperidinyl), an aromatic
gr oup-cont ai ni ng species (e.g., pyridinyl quinolinyl,
pyri m dinyl, furanyl henyl , and benz re.any aof
atom i (eomUGHR ey i 2o s TSNS (& BipoP OBl ratnbustt eySopentyl
t b tofr asril X Ydcids can
oo, ORISR, o8 Qe iatoh, S o
optlonzdb'r bcssuttsatutmiemmmmi ﬁmcrt@nslygltogp:swarcb cagtaspigt impunifying E-
1996). R and
metargpokn W PR RH PO PY BF SR SFRIFS or R - and
RReprdedthidvel 'Heﬁidl@ nzidikﬁ; tHad Ocaf Hes u§éif1 iaelodd naliéydicl aeid) meta-
aring structure . cyclopro cycl obut yl,
hydrazybrapieracid, parad;yclrcw pic’ asids |velm m%ﬂl isqyanillin qid, gentisic acid,
qui_puc |d|n e iC
galhc patCl g saﬁc ¢ ?U tgé/gﬁ%édlgt %ag C Tl alﬁ'?ﬁaﬁ??nicl c?ﬁ‘gr 3-chloro-4
hydrc%z_&uﬁmc%idg _ian@arhyat_sﬁ'yisbpﬂtlﬁalipubidf ying E- metanicotines
ich contain a chiral carbon, by form ng
di astereoners. Representative benzoic acids that can
b UsffthiCliidse salicylic acid, nmeta- hydroxybenzoic
crgi—paraiLygr oxybenzoic acid, vanillic acid,
i Sihediimketahicotns chmppands mcludcammpoungabif the fcamuda,s
5- an1nosaI|EyI|c acid, syringic acid,

4- et hyl sal eyl ic aC|d 3- chloroz1zhydroxyben20|c
acid, and 5- hydroxylsophthallc aci B.

E- Met ani co tanlégLLne- npounds i ncl ude
conpou fornulasCEE' (CE2)m>~gy ~ CEE Z E

wherein: Cy isfa 5- or 6-nenbered heteroaryl ring, E
and E individyally represent hydrogen, alkyl,
substituted al kyl, halo substituted alkyl,
CWeegdthKyl , substituted cycl oal kyl, heterocyclyl,
substi t ut ed het erocyclyl, aryl, substituted aryl,

alQayis &5y br 6-mgmtheradhietsmoaylicipgar yi , aryl al kyl or

S LEbiM %Jtlg%vgﬁlXI g}z réi%cj:semlz% Z" pdslugétﬁi 41 oniyll(y}ﬁlo substituted

represent n*or a dlng cyc
alkyl,andcloalkyl, substituted cycloalkyl, heterocyclyl substituted heterocyclyl, aryl,

substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl or substituted arylalkyl;

Z’> and Z” individually represent hydrogen or alkyl (including cycloalkyl), and
preferably at least one of Z* and Z" is hydrogen, and most preferably Z’ is hydrogen and 7 is
methyl; alternatively 7, Z', and the associated nitrogen atom can form a ring structure such as
aziridinyl, azetidinyl, pyrollidinyl, piperidinyl, piperazinyl, morpholinyl, and

both E groups on the double bond are preferably hydrogen, and

misl1,2,3,4,5, orb6.

In one embodiment, all of E and E’ are hydrogen, and in another embodiment, at least
one of E or E’ is alkyl and the remaining E and E’ are hydrogen. In a preferred embodiment,

E’ is an alkyl group, preferably a methyl group.
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preferably at |east one of Z° and Z" is hydrogen, and
nost preferably Z' is hydrogen and Z" is nethyl;
alternatively Z', Z'', and the associ ated nitrogen
atomcan forma ring structure such as aziridinyl,
azetidinyl, pyrollidinyl, piperidinyl, piperazinyl,

nmor phol i nyl, and both E groups on the double bond are
preferably hydrogen, and mis 1, 2, 3, 4, 5 or 6. In

one_ enbodi.nent, .all ..of and E. are
oS aEBdRate edlE milrS, YAERIER:  §lpklipers and
tautofe dfftBese %Bﬁa}gﬁhﬁlﬂ & w8l aFphafrcdyidilBofRepthbile aalts thereof are also
preferred odinent, FE is an alkyl group,
wnthlpltl@f&@pmfyh@wtm group. 130 Isomers, mixtures,
I rléloH? oJl%QStnbg %%ﬂ( Hié&ver ﬂe?é}gira}’ec?eﬁic?e%tagrf@lm S

ese conpounds

pharnaceutical |y accept aJX ts thereof, are also
within the scope of tﬁ% |ﬁ$§ﬁ§$on I n one enbodi nment,
Cy is a six-nenbered 5@ng weroaryl depicted as
follows: X ~X Y dr~ [ DXT .... ~X.~ wherein
each of X, X, X', X', and X" " is individually

wher¢ihteadgenX, Xi,tX"ogeh ahdXied indivakglde nitrogen, guitrogen baded weoxygen

or NQ functjonaljty), or c nd to H.or
(c2- A0 F 5 8r0 Shmigiontiion o SRR bended R P tacnabiBidrdlgp subsituent
speci No ore tan thiee of RNS XK @t gnaixtr %erﬂtr%ennértl’flﬁg@ﬁ bonded to

onded to oxygen, and’it’is preferred that only one
oxygar, andot fprxferryd thaxoplyxone, oratved f X, &,eX'hiX't, sggdX'Orare nitrogen or

n bonded .t o e addi.t | hl '
nitcoggn BT SORET BEIBIE | FAVEURB g hapnot i o of X, x.
X", XN g dX™ ik Ritfdléd BORIBd ﬂp&gggn tadd 5y gﬂferreal’tﬁathf orieSof those species is
preferred that if one o t hose species is_ nitrogen
nitrogenrhbaded to mg@rthatt Jpatiess ¥ -e Mosg p;qferablmg " is nitrogen. In certain

prefe%lrf fgﬁ(?}gnt?sl %sx b gh:ﬂm)%t %# gge x}&trlogar o #{)"i‘%aﬂg ez{nrdeﬁ"" are carbon

bonddd/ @ﬁibkt}(tueﬁﬁ,spééles amdlit X fyp&éﬁh@ﬂilb@ﬁbstlbxeﬂdﬁﬂmé@atax X", and X™
substituent species, and It is typical that the
are hydiogen.t Lﬁgﬁtcegtpl@cq)tégr g{efg(red)@om%qadywherea?(e ﬁﬁflﬁfﬁ‘eh‘mded to a

[ ef C er [ f
substﬁl%nlg gﬁéc%egnsgcl95¥ﬁ§dr9£ u&%@%eﬁﬁgﬁgﬁ‘é&s ul‘gn c>értam other preferred
compoyadsogidte XXintuibon bordedod h substituegespecien soar asahyulrccgeh,e)( and X"

preferred conpounds where X is carbon bonded to a

NEb@b&ﬂﬂgmmnt speci es such as hydrogen, X and X"'
Suitable non-hydrogen substituent species are as defined above with respect to Z.

In another embodiment, Cy is a 5-membered ring heteroaryl of the following formula:

o

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent species, oxygen,
sulfur or carbon bonded to a substituent species, and Y' and Y" are nitrogen or carbon bonded
to a substituent species. The dashed lines indicate that the bonds (between Y and Y' and

between Y' and Y") can be either single or double bonds. However, when the bond between Y
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are both nitrogen. Suitable non-hydrogen substituent
species are as defined above with respect to Z. In
anot her enbodi nent, Cy is a 5-nenbered ring heteroaryl
of the following fornmula: where Y and Y" are

i ndi vidually nitrogen, nitrogen bonded to a
substituent species, oxygen, sulfur or carbon bonded
to a substituent species, and Y and Y'' are nitrogen

i Pl T R B S el st TS 80
c:flsesbiﬁt\«\ﬂﬁﬁ{‘YY(ﬁfn&d if okyé‘e%rbrtkﬁlfﬁx‘ tohl?yrorr%' JTOY EndPY" OdiiNeL oA Br sulfur.

However, when t bond betweén Y 140 and Y' is a
At legitroge e)f Bfo %L Yt', haed BEh mubtehev\@%ervasnlfur\fmtmggm, qsenfaogm tionded to a

subselD Rl JF erE i nIREF I Y g be oven,
sulfuf) n,Qdr n$trdget bondefitto b%ﬂlﬁdtltlfbﬁﬁspé&eé( It ¥§ furtier, préfededrthat at least

nust be oxygen, sulfur, nitroge or nitrogen bonded
one, b ng may Hhenithres f Ys YooY 'eand YY be §m|‘z9£é'f erred that no

f " ", n Yxr e
sor PR, PGSR b b X, Ko 2REYiLG o o S0E hep adjacent, can

comlﬁm Qb e&rml bné Sorf ttfoteh &Btupa’tﬁf arr emhatdn:&éd akubls'emﬁi onnmsubstituted

but . no nore than, three,

carbqqul}cocgre}ppterggp@gg |rtnlg§ ﬁpn@@g&g Lgt ﬂt y(mt%i tg( ethe;;é acetak lﬁetal amine,
ketoxg ladtone Yéc'talﬁerrbX'mate ¥hgea ﬁ&ﬁl jes.can combine to
rn1oﬁe or nore saturate unsat ur at ed, substituted ‘
orDep&adnhgtupbmttlmj ldenmybamdypﬁsnmnum bletagh on@wid'u@l Eiangs E’, certain
not limted to, her, acetal,

cont ai ni_ng
compgﬁv%secan heeqpaﬁé Y $50 GhE: UckomBRpne S BAYRES O pcif §ra centers,
with TRIRE td QBAfidurdtRRs). DaRCHLLNY ikRAoA 6lated @0t héetnid NHixtures of such
positioning of each individual E and E, certain
compoongsas gl asamgbeenemqmqlcmpamdsve ( e.g., the conpound
can t.h Qr.. S ..
Bl R B e e A
racem c mxtures gf such conpounds as wel as single
enantionmer conpoupds. O particular interest are aryl
substituted am ne compou ds of formulla: A G| 2m
N CEE A"

A N A

N N (CBKCEE{N\

)\ /
A N A
where X', E, E’, Z°, Z”, and m are as defined hereinbefore, and A, A’, and A” are hydrogen or

a substituent species Z as defined above with respect to the hydroxybenzoic acids. Preferably,
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A NA where X, E, EE, Z', Z", and in are as defined
herei nbefore, and A, A, and A" are hydrogen or a
substituent species Z as defined above with respect to
t he hydroxybenzoic acids. Preferably, 15 all E are
hydrogen and E is alkyl, preferably nethyl.
Preferably, Z' is hydrogen and Z" is hydrogen or

net hyl . Preferably mls I or 2. Exenplary types of

ubstlt t hos type, ., -
ol E3ed hyipeeh 4 £ RE 5T, hEE |*aMng“é¥ hd 2 is
hydr(%’en or Hetfﬁyl P?éfera m5s §9142 231 to Smt het al.
5,616, 707 to Crooks et al.; U.S. Pat

5, lﬁ@@p?a]:ﬁ ty[pgs ﬁaryl substiuted amirg, cop@pundqgire thogod, tggtype s¢$ forth in

Us. %e&rolﬁglfﬁ,%f‘ %h’w@é at. &%bgat%égﬁgﬁ éﬁlgt%eﬁﬁobﬁazebs Pat,

No. 51613 70?&& Cro¥ks ebal8G1.84P23. N@ sgalaglmltb Dall eabl.;; US Bat. Rat5,663,356
337,351 to Dull et al.; WO 97/4 011

to Rsiofiirals Hrid Rab Ny 6336315 trifoe ddisnigSr Brloia 811,442 to
BencRiift er g{]§@$pﬁ£taﬁ8ds R&r B3N @al&v?%l%%fz‘ ce d.Pal R & 337,351 to Dull et

or purpdses of providing disclosure
al.; WEprogsool gt W@ 96806 ndad UWEF Wo/G0A6aMar The oregaihg trbferences are

incorBera Qi 104 PRvE Ty B AUCIERY, B POROEh B (RYiding disclosure of

repregg%ta@l% E@ébcﬂﬁd]& M%@ul?ﬁ’ %%ﬂy&t tlﬁeﬁééaeﬁﬁﬁkféﬁtio‘ﬁe preferred

conpoun I nc tani cotl ne,
( IRemilane tdoyrpodadss ussfiio iy -a8eqpganiceli wylh )th@-fivesent inventigmdnclude

metar’tjgétfzngl)tkéﬂél @niP’BI-BEEF{- g%llgré?eéfﬂ%;sfg preferred compounds include (E)-metanicotine,
(3E) N&B&m&ﬂﬂs‘-é!h&em}p!yn&n&@gmﬁwnd1-amme 4- pent gPSRARNINIRethyl-5-(3-

yrld(n4554~p¢mhymx®, ( @Rﬁe@ﬁmmsﬂluyﬁ(éhpm@l)lyl%%@nt%ﬂ- gmigei  (25)-

(4E)-ﬁlg¢ﬁtg§@-é-w?}ﬂoa¥-§%yy Xlﬁlyé 4n]eeé1|;]en22 3%1 (2R)-(4E)-N-methyl-5-(5-
meth&)%@-pfzﬁtﬁhyl)\ﬁffﬁhﬂéﬁb &nih&- (&W@mﬁiﬂetﬁylFﬁy(fSI-ldd)p’tmladxyéB-pyrldmyl)-4—

pent en-

pentep Ql%mmﬁjzRN(%tWﬂﬂs’l'é5(5TIWR%M73yP}31dWﬂ)i"b‘PW?W2'4mﬂ?n£3E)-N-

meth ﬁ-&-ﬁpﬁ%e%n&g%)%mg% 3-but§n 1- amxae nyl ) - 3- bu(?lg)an metmll -4-(5-(N-
benzylca(r&E:)anﬁHd’}BL}B}yidnéfl)éﬁb(ltbh 1-am1ne (29)- (4E)-N-methyl 5 (5-pyr1m1d1nyl)-4-
benzy| car boxam d nyl)- 3-buten-| -

pentep@g;m@g,gﬂmmgi metgyl(%(%py y,lpﬁ Per&en-Z amme (4E)-N-methyl 5-
(2- arﬂ?xi(%?%? Zf@(ﬂﬁ-’l?re tpen en- -a(%me (ﬁE%nN dmeth?ls -5- ﬁS-arghntogﬁpgldmyl) 4-penten-

-am(néEI}S)l-(mI Nyhetﬁyl 5- (5-1sopropoxy— -0Xo0- 3-pyr1dmyl) -4-penten-2-amine, (3E)-N-
no- 5- pyr i pent en

methxlzﬁs§5 eomonby P hisnal “Bied Kfﬁ)af?jnﬁyé-ﬁf@f?xo-3-pyrldmyl>-3-

- 4E)-N-methyl-5-(1- 3-pyridinyl)-4-penten-2-. 3E)-N-methyl-4-(5-
buten g@ﬂ& )N- rrrne% }}11y % Ts: -1 g%rl rlrcl)}é)oxy}) e? ercl)xom%%lm;é)y(r| )I n?/lle yl-4(
ethylth;cpb-pym’dmﬂ)—éfhum 1- élﬁh_a)e I\I-(4E)-N-methyl 5-(5-trifluoromethyl-3-pyridinyl)-4-

pentef Foie ot A Nampy b (P TR iRy e 2-amine

(4E)- 5gﬂsoktdﬁshﬁylpyﬂdﬁagnm&n&nwamﬁkny lahd 4-@BRNeRetByIBST(3 Bydroxy-3-

pyrldmyl)yl-pdmtqm.-Z}alpy]e; d| Addijioml brepegsentatiye g@amples include (25)-(4E)-N-
meth)gl- -2 -cyc[n?x )P}Xoxy-B i)yrlélnyl§-4-lj|3%¥1to mit- rMme,s pyri %I@Q@E} %T—methyl 5-(5-
cyclohexyloxy-3-pyridinyl)-4-penten-2-amine, (25)-(4E)-N-methyl-5-(5-phenoxy-3-
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pent en- 2- am ne,

(4E) - N net hyl - 5- (5- ((car boxynet hyl ) oxy) - 3- pyrldlnyl) 4
- pent en- 2- am ne,

(4E) - 5- (5-1 sopropoxy-3-pyridi nyl) - 4- pent en- 2- am ne,

and (4E)- N et hyl - 5- (5- hydr oxy- 3-

pyridi nyl)-4-penten-2-am ne. Additional representative

exanpl es include (2S)-(4E)-N

pymgx?yt])(-épgnt?rk% C%Tg? ﬁ;%il @%LJN %}/ lllyij 5- (% ;?henogg?-t yrldmyl) En penten-2-
ami n@,y Cl(@@)e(’éﬁ -WM&%ZPW(S - ﬂﬂér))pl?enﬁﬁ?}‘)tﬁﬁyr%‘lﬂl) N®enten-2-amine, (2R)-

enox
(4E)-@{fmed1yh§+(5-(%ﬂpen¢pb¢1wgy)airpﬁgimyl¥ 4-penten-2-amme (2S)-(4E)-N-methyl-5-

(5- (42c%ll:%ﬂél}?82>xy) -pyrldYnyl) 4- g)entgnhs A1ok e, ; 3-pyridi (3&1)-}4134) T@%&l%ﬂ 1-5-(5-(4-
chlo&gl@nokfb@-p%dm}tmwpeﬁeﬁé dnfind,| YD8)EBRNOMhyBS5-(3-Cyanyphenoxy)-

pent en-2- am ne,

-pyx(ldmy/l) Hhmétehyilransme,s g(ZR; -(AFMpretydR y(P-(G=cpanopheneyy )y 3-pyridinyl)-4-

pent LB e R RS LR T1 parifionD g g amine, and

QRM(ZBR) N {ddthylN-(Peshiilelptok I -Pyridinyl)-4-penten-2-amine.
chl or ophenoxy) - 3- pyri di nyl ) - 4- pent en- 2- am ne,
(2S) - (4E) - N- et hyl - 5- (5- (3- cyanophenoxy) -

- i di D ent en- 2- am ne,
HL(%?&%®?§&?¥kéﬁ£? yI-5-(5-(g12§anophenoxy)-3-pyridinyI)-

4-Thee ntaaner2inamihivh, the (E)-metanicotine-type compounds de_scribed herein are
synth[(géfsf%llgnér@igq%ggnhgqu fior g:xampqg otlhgI n}/l)oundsp Yan B r}%clap)afe%_ by the
palla&%@-czﬁﬁgiedw‘oﬁﬁi&%acﬁoﬁ of hrarbREAE KAIRKEYshd 3-1ébTiAd bR¥in)cofitaining a

ent en am ne . Conpound Preparation The manner in
protemd eminchsibgtityentetemovaofitheeprotegéve gmpp mwdgalu@szmm dr secondary

h l d d
B L A

metaRBbtiRy Pt SRpRINIZ 05h BO PRIphied byeabiet®iy £ B-talb-aubstict Coptlonally
hal i de and a termnal olefin containing a, protected

S-subgtituted, smtﬂ;dﬂliet @empounde sV al Sbrlotsbstisuisd epyrinidingr soppeupd to a
palla jﬂ%}lajl: 2%1? 7ed gfﬁ)rl% eattion Or{gﬁ{gn 3aaHieﬂS ?ssﬂ@y' Oﬁ,?cltected amine

O pr € a secC ry or

functidhaﬁ@r(é JgG Whelr an (ﬂéﬁrt PoRided By &l reauttion f hpbﬁaﬁ:ﬁfﬂ&&aﬂn dsth 3-halo-1-
be prepared by subjecting a 3-hal o-substituted,

PrOPQi’ﬁt ¢ ol Iputene, sirhalpilrRantsae 95y-halprlchexerrdodieel Fopnkaet ol J. Org.
Chen?a{ft 23)‘49%%1& ﬁﬁ@) RXE M%xé%‘é?%l cp g“@ﬂerﬁ 047353955397 (1982).
alyzed cou

adi'um ca reactfon using an ole
poasngien @mboginting cthe d:oﬂllpibm&is dreipgithexizedi lb}y cqmelensing an olefinic
such an olefin.ErOV|d y the r%ﬁptlon of

alcol@ht fishi asi drpeaten pithzam, g{oglqtlc E’eﬁ'é;h as 3-bromopyridine or 3-

: - Ol =: L I
ol I o5 B g K.
2947(2083 8)197nshdViMaidk et ahf J. Drg.OCHem CHiTm 5398539845983 Anvolving a

1982) ano her enbod men the c nds are
palladiy W&Y@B&O&y in GHST g 219 PR PRLS T30 RE Usegy e olefinic

lcol}® oftiREAMl e 6@ brotiidd a8 @SRRI &EhyIgyl S fbhta&h I
aco}%— > olnDp)S/Ir‘lle i nebgor - ?odopy&ﬁal ne. i )?Jpl ca?rspkll © COUPTng:
Desilylagies tidn prodoeed uhesﬂesfmic aloolidl. The Blcahdd gmdensatlon] pm(duq then is
convene%nt]o 'an%?riine using the type of procedures set forth in deCosta et al., J. Org. Chem.,

35: 4334-4343 (1992). Typically, the alcohol condensation product is converted to the aryl
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2947-2949 (1978) and Malek et al., J. Og. Chem, 47:
5395-5397 (1982) involving a palladiumcatal yzed
coupling of an olefin and an aromatic halide are used.
The ol efinic alcohol optionally can be protected as a
t-butyldinmethylsilyl ether prior to the coupling.
Desilyl ation then produces the ol efinic al cohol. The
al cohol condensation product then is converted to an

s B By B B B STl B o -
€08 fsyian gbntl Ui

tomel?:—ééﬁf\/&@l |cbﬂor18$‘ qﬁ@éﬁw meWs ubst %It ut eéﬂ& | ef I|1 ni é:ngaarrrrl1 rﬁ(()ema ord

Prlmahry oasmoudary (amnarf Tthhe \@he@dh@ Bmirs in gmmmraggmylfsghgntuted olefinic

oride or p-.toluenes chl ori d
prma}%s@ﬂ“&? ecog?pogggﬁ ayrgvﬁe@, 218% b AL ng ant 'aqgeaqmplg such as
methPain{R! of QElobRGRAHRY, )énadi'ifln.ﬁbst-mﬂééi ,ole\ﬂii&ﬂsdchlﬁiamxﬁﬁlel (S)mpound is
ammoni a, ‘an aryl substituted olefinic_ primary
prov1dqdrpg@ mﬁnen @emtmm: ifetisecomsiary ampiae spehms qlgle@yl@mnpﬁaqr)pyrrolldme an
aryl Sélu t1 te u t e r@%%ﬁll@%&%ﬁ}&fﬁlﬁld%/ %}l‘oﬁ@dégig %E)gllj r}gareﬁﬂtaﬁ(/é/ olefinic

alcohbfsqmtlddﬁﬂ-pa:ﬁén-\l\m n5-héen DI 6-hiesenal3 -SE Gamethyly3-hotend -l U2-methyl-
di met hyl am ne or (ﬁrrolldlne aryl ug$%f%uted

'bUt@P éfollnicmedyt-f-Regterniidie ‘E@ﬁﬁ‘dl}f’\'@e‘i‘@n'ﬁr%’\/l lregt er>-methyl-1-

e | I - - -
hepte&%&lhgﬁlﬁgﬁﬂw-?’- e)gn gnfgleﬁ{ypgrl‘ﬁ%exie E? S_Jg@xen 2-0ol and S-methyl-5
hexeﬁ%?;mht"lfnﬂuoﬁﬂéxhylesmbktimﬂed oRfimizt digdhols3sushitae 51}, 1-trifluoro-4-penten-2-ol,

can ée ggpg%g ;f _ pen%el-h)éyﬁﬁ 21tr?ﬂqr{)g(§)géﬁ cﬁ %ICP ﬁ)rfltrlmetixylsﬂane using the
proceé oy lKu%o{ae&e Ni.2- thrahgdrgﬁt DPtlers- fﬁ’f@)nl'ﬁ'l 354 (1992), or from

exen-2-0 5-me -5-"hexén- 3- 0l
trifludroadetic acidethyy bst&wkndtaillyktmlaniylsihn!fanﬂ uging thegietedures of hihera ef al.,

T etra% %p% &t;{;e!rg 1&211?%6_0% ??ﬁggféﬁg éﬁﬁa ag%rfa%galggmc ST %ge (f)ptlcally active,

and &hlﬁél fidel Bt htRInh@RemBdh g of RE gu&r S88ohes ifforfieretpovide the
Tetrahedron Letters, 33(10):1351-1354 (1992),

corremonﬂmi hptlcallwaCUW tametof @ryé@ubﬁtl‘éttmmeﬁ@? @mingepmpounds. When an

el A LSBT b BT 0455 bR

substitdt8@ 3lefinfecslbctyde N Sotiiicd; MdCMB eesultigal@blyi€ add be converted to an
active, and can be used as enantioneric m xtures or

aryl sgbstisufed olsAistangine cempenndriyaredycyive pairiagan (fg. by treatment using an
alkyl éﬁxgréete SrFio iogal ofga?lgbgrgh c%ﬁd@f tﬁré’f@rr&?&rgﬁ'laﬁwﬁmék are 3-bromopyridine-

Infc amne co

type @ngfoufdsandl3-yldosyridieoiypd corﬁptmhdﬂﬁ“ yp’fehlﬂbalshl}dtltwhtgtboﬁs of such 3-

is reacted with an aronatic halide, an ary
halopyrigige-tyngt emrsvads are S%ﬂhdtém/ those sgrﬁlfpéd%?ee%}lmaﬁ Fopiggt with those

chem c%%st %ng)egfcﬂll%mig &inf Aefflaf Z_Sc{nh tt@a@ﬁ &n¥ltions experienced

Inic amne oun byre uctive
duringnthe apreparaticn. 9f ,thdyarylr aﬁist’rmmd okifiny amineabdypowndi mdternatively,

and sodlun1 an ro i de Pr ef rred aronmati c
subst i rach 4 cOB. DN Bt PFAIFHERE BEpIEted o B HEen g eyl compounds
or subkstinRARRY % WH%)%%&}S’HM%% a phYRNliRAdd HncBssity. th@Ricase of a

groups o such
dihaloaromatic, sequential palladium-catalyzed (Heck-type) couplings to two different olefinic

side chains are possible.
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hal opyri di ne-type conpounds are such that those groups
can survive contact with those chemcals (e.g.
tosyl chl ori de and mnet hyl am ne) and the reaction
conditions experienced during the preparation of the
aryl substituted ol efinic am ne conpound.
Alternatively, substituents such as -OH, -NH2 and - SH
can be protected as correspondi ng acyl conpounds or

S bﬁ(%ﬂl It ueta)tg%rfl%ﬁ,c{]\ a(%g-ln?e&}ncq?’ne?ﬁygp [ ect gossess a branched side
chamd ishéi Qsa(mm-hféthyﬁgf{gﬁ%hﬁiox?@ Cfiy@ﬁidyméf—@érﬁényzeﬁhme By using one
|

Heck-type) couplings to two fferent olefinic side
synthetiepppsoagh ethp daster mrépowné@am ke syshesized dn arepvergepmanner, in which

the s{a%) cl{gf“ Cﬁg—me%}h Iﬂ?ﬁégﬂﬁto‘i?molﬁgﬂsﬁl PeenS2 Embhe %%EBEH with the 3-

subst(tﬂtEbl -Shal@bibstitubed pyriding I’SdﬁﬁmyS-Zstspprbp@{ypydxdmé; ynelat Blael2 reaction
am ne, By using one _synthetic ap&&& g the latt

condigign falervedaby Fanaxpheh s tskdufaxygar PRSINE FRer PIERLy, the

typ Ch 43:2947 (1978) and N. J.
es\lgﬁrpg{kﬁd\gllgﬁl- e?tfglﬁlt1 %EW &y%rg?%gtn@lf - ?—r ‘%entegzn 2- am7 r(1e i %an
Malek @upl. ,e.ﬂ gt ICheme4BS3BUEIBRY invelsting-spdldsnbeittalyzedasupling of an

e o oG RSB 28 RURE] LA S Ao
pentehq ﬁmmét%yﬁ(‘? %Hé@lzeﬁr 8 efidvR9 (' %ﬂneraéﬂy Cahlldble t4|31§3,nten 2-ol

types of procedures set forth in C. Frank et al
(Aldrilch «m@alcm&mpans, mndé'ste(r&m&)esnam )N;anJ)e trwﬂewtlep—t@luenesulfonyl

Ch Al 395
chlorkl FoelrfRCiR M, 3AORIi o Ul prrviguel glsseribed by T

chh@f QF'BF ' Ezeb@k L4998, #1.e18138d996)N€ii) @6 Ubdutthg tosylate can be heated with
N met hyl - N“(tert - butoxycarbonyl)-4- pent en- 2- am ne _can

excess emqyyiamm tzesdelésl\lmmﬁwspen(qn)z-@mmﬁm ghel seseliing |ammee such as

previgg Y Meiicued B A, Mol eb &l Larncte R Pl S 989, can

be aflbWed iderdabt RYViEH di. DembRr Yédftivhldhtd &t &ilteﬁ-tﬁkyl dlcarbonate in dry
p-tol uenesul f onat e, preV|ousI¥ descri bed
\

tetrahyldterﬁ@nn teyield the sidecefiais Numethyl-N- (tqls-!nqtom@d@}lyl)(ﬂe}ﬁ@r?eamme
The cf’ glllqs{le?lg‘,d ep%?o n%t(g]g d %Rtrg%o%ﬁgﬁgg&ﬁ{pgndl ggtrc'be sy(ntlllelsszed by at

am n yie

least t\b@dffﬁﬁéﬂt toul. BiTbriteprepdiadonas,s-dib@wiopysdive l“ﬁihﬁatedlmd%)yc for 14
A Viola et al., J. Chem Soc., Chem Conmun. ][ ]h
hourS(wglg;)mol@raemul\@@ngﬁ of pRkassiug iseRrepoxigea ® dry ssopggpapol in the presence

of co?gc%{'r cﬁwdgpgf o Q%I oF RS 250 fi%%élo??lgfgﬁ gfglia% ’gea'lé?i Qﬁs}é tube to yield 5-

uran to yiel

bromb|r3nied31hy]b0)d)dpjrﬁ(hné Absﬁcoud/paphamyd Of SHboamnt-isoprapokyridine from 5-
The hal o- ubstltu yr| i ne & %
bromguigp gpacid FEbRR B 5@ b 'ﬁ@’f R dronisatinifaacid s gopyprted to 5-

r n r i
bromgﬁlgotlgﬁgrﬁom yrtxl%ét.frﬁe%[ et . chlidlidRNEoRH PR r&dtion of the

Ine is ea at 1400 C for 1 hour s )
intermeédidte 2cidotdoridequitly abesoius aufmcpma &3 iThenresmtmgopbranttmigotinamide,

dry iso nol . in the nce of co ) 5%, .
oGl BB Gl SSRGS, OB et
to HdfRa¥h 8éHaBition by treatment with sodium hydroxide and a 70% solution of calcium
hypochlorite. (iii) The resulting 3-amino-5-bromopyridine, previously described by C. V.
Greco et al., J. Heteocyclic Chem. 7(4): 761 (1970), can be converted to 5-bromo-3-

isopropoxypyridine by diazotization with isoamyl nitrite under acidic conditions, followed by
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br ono- 3-i sopropoxypyri dine. A second preparation of

5- br ono- 3-i sopropoxypyridi ne from5- brononicotinic
acid can be perforned as follows: (i) 5-Brononicotinic
acid is converted to 5- brononicotinam de by treatnent
with thionyl chloride, followed by reaction of the
internmedi ate acid chloride with agueous amonia. (ii)
The resul ting 5-brononicotinam de, previously

weatriR) O g ( BipRIpdinies ng gt At VR HSPRRT Yot SUS | Bhromo->-
1sopr5iyoxtyf>$ﬁfu’i€9 Nthe Watl&&&ﬁ%fé@z@d’ @&ﬁﬁﬂng%f 3tomoB0eEhdkypRitline and

ci um pochlorite. (iii) The resulting
N-meghydN- mamwwmml)&-p@terp?@wmsw dested| bew b¥n C.acsgonitrile-

Het e %
et ot oy vbie ¢ GHEDRY GmpBatt'SED sFoIEe A Higare and 4
moledh &Z@Itbl&@)hb@hm&. The teﬁaﬁﬁli}ﬁan lbb Eﬁﬂrk@ ol 8leHeatiid e Components at 80°
condi tions, followed treatnment of the

C forj 3 kquig i vield (dE)s&lofﬁFtbﬁﬁ'lgéteft'wt‘?’ﬁ/c?@%Ylbé"&?rb‘%OP’EOBOW'é1PéI“dlnyl)-

-pen%enb 2odmn§ oi%éngo%gf SRR }gé?tlylgdgpr}’gglggg 3)r @g&kn%%&g} &ﬁtbglaxgo%‘fbhshed

by trdbltmﬁtt h\yih J¢-rhdlar équbstaﬂemxsyofaﬂﬂmyweﬂd a¢id ivi arisdle atri°1¢Etoiafford (4E)-
carried out in acetonitrile- et hyl am_ ne

N-mee@flﬁg(Sasqpé?%ﬂxyérpsmwl)s? PHYCTSP-amiR %V%ﬂ&éf’f ﬁd’flﬁfh{lrﬁl 2 >-alkoxy
0 0540

o 51 BN 20Ok MBS 15 By win

this tyie ﬁﬁeclﬁofogy (120, toemtment tvathysodiuwi or potassium alkoxides or aryloxides and

4 I-N- ert - but oxycarbonyl ) -5-(5-i sopropoxy-
s“bse% ﬁb% mgﬁn é‘fﬂr%tﬁ 0E‘S)am ne. Renoval of the
tghpt a@d&ﬁ&xwmb@mﬁ{ ar @Btﬁ{%&dﬂ’dg sqapua% G#9)-K8nethyl-5-(5-methoxy-3-

acconpl i shed by treatnen 0 nolar equival ents
pyridinfyl)t4-pdnitanc?-eminst ¢an bec syhthesizedh |bycqoeplang @ halorsybstitpied pyridine, 5-

brom%éﬁ%?tﬁy)ﬂpgmelgeivglgb 28 DO('}W §01bt§1In ng & ys‘esonj_iaxaf oA hol functlonahty,

penten—2AolV afide Hécla frealdkioe Edhdlitions{ Smdath @es)lting rpyrldmyl alcohol intermediate
pent en- 2-am nes are avail abl e

can ber gm{/flgt @I 1@9? %Trflglglyqr:q)ég]?fmtqqutqg folfoyyed by, peatgent with methylamine.
Typlcaﬁihtﬂg éﬁ%\é og’lproce urteg &tfgﬁﬂ E %Pa%kuemazéJ p@%%ﬂe%“ﬁ 2947

es an sequent
(1979 8d Naornhl%ﬁu @n)J a ? Gl gy SB)mQQBZ)E:WOJVmg apmlmwmcatalyzed
such as (4E) N- net h 5- met hox
coupligrafenielq m@d@ér@fwtry@ hare aie- H%e Byarnbstityledipysigine, 5-bromo-

I .

e AR MDA RO 5 g sttty . e
Hertogeeortﬂar)yeoal deiol ChiscPapnBhs t67;374- (19248),e nadelgl by ulmziang 3,5-
ck _reaction _conditiagns; and the resultjng pyridi Hg
dlbm@loemfane Mithod fmpiax eunialentbf ceder methoider pedry methdnol in the

I
preseﬁ)ce ﬁl‘ @ﬁ?‘sg‘l‘{]&?y@cal fved'f thi@ Slt @E@gu%%ngi‘;ng)gfggﬁ ?%aéé@l's%lgss tube at
150° fco rfoh 14nhdtks G frodue s:-bmho 3-ndetha@ygyriddhe nThed Sesulziag 75-bromo-3-
(1978). and N.

methctxyggr ing, N%qlwsfygdeggrglgqa lg%ﬁ)ﬁﬂ‘n (Ecgglgxp%%&, 9h 81[2 C%Zm ?5396% (1990),

can be coupled with 4-penten-2-0l in acetonitrile-triethylamine (1:1, v/v) using a catalyst

)

consisting of 1 mole % palladium(II) acetate and 4 mole % tri-o-tolylphosphine. The reaction
is carried out by heating the components in a sealed glass tube at 140° C for 14 hours to yield

(4E)-N-methyl-5-(5-methoxy-3-pyridinyl)-4-penten-2-ol. The resulting alcohol is treated with
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coupling of an olefin and an aromatic halide are used.
The hal o-substituted pyridine, 5-brono-

3- met hoxypyri dine is synthesized usi ng nmet hodol ogy
simlar to that described by H J. den Hertog et al.
Reel . Trav. Chim Pays-Bas 67:377 (1948), nanely by
heating 3,5- di bronopyridine with 2.5 nol ar
equi val ents of sodi um nethoxide in dry methanol in the

e e
meth{/10%- (iﬁeﬁféﬂ%—% PR y?dﬂﬁ@ntéf 060 B0 BRI 5R1. PiHel @byIe idtB@nediate

Fesultin met hoxypyri di ne, previously
is treated @\Mhbl@@ Img,larl}quLvalanmnfngeth)éammp as g 40%@u€@5@nﬁutl% cog@ining a

b
smatkgriotgh ot 0! 77 TRV Ao f S BEENT e Betpgpyppuridingd-
4-pert@3iaglind) Wikdn 35 @brem¥pyaidinesidisubhitled t@@-&tzlat:@upaﬂﬁg w‘lth N methyl-
nole %tri-o- tonIphosphlne The reaction _is car

N-(tegichutexycarbeny hérpenfen-2cmponewndst icanditiensaflesaribn aé‘%oVFuBIemethyl'N'
(tert-%gfg%yc%[b%n{'lﬁg (%é) %@8 133 (al )eéi %/nrt?ndz-ﬁ II}C le gr%dtug%d 2Tt(1)1F can be

couplBli€inr£substqurgt Blecio h‘@lctld)rs “tmheayremb whd Heprﬂ@@ted (ramdcaval of the tert-

| -
buto{y&qgrlb\éq%ﬂ :gr}ta;’p)gfes tdggcgllfbgg %év%x&%} R gcilxje!, ?4{]13) -meth}q S-[3-(5-trans-beta-

styryg&tl@*kflﬁil F?t@?yb%}f 3sididrdisEbhd - éoﬁﬁin%e%l% Qthynylbenzene, and

onat e he tosylate int diate Ts
subsdquesttdegrotéctinn, IR0 give &4 E)umetiastl-SHi3S(Sepfhemyethyydppiridin) pld-4epenten-
40% aqueous sol ution, containing a snall anmount of
2-amiffhanol as a co-sol vent to produce

( At forné %f @E&J’&Q’é 1 30kt H¥finic amine compounds, such as

4- pent en- 2- am ne. -di bronopyridine is
(2S) ﬂH@meele-ﬁd%pguﬂmgbtﬁgpqmﬁgl -amineN-qapt bﬁy| prov1ded In one synthetlc

aoprih i RN BENE R BB SRR o PR o BB Sl pyridine
3- br&ﬂ@&hd@é‘t@mﬂ/ ﬁﬁb%ﬂyﬂo)sse'ésmgliabh@aose’éomy dlcah{dl)fuﬂcupﬁmqa,m) 4-

-2-amne is produced. This can be coupled in

penteyuaogleqm Hedk reectioni epndijierts. sther apsultingd chépk thélétnéfH alcohol
inte gﬁg% gil%) %EL % &’?f‘am)’ﬁ Yt ;ge)&e%af glo ﬂzy corfVefEP )to 1?sscorrespondmg p-

toluehicktfotdtdredtéry lwhﬁ:h[ i8 sﬁ&eﬁﬁ@ﬂ? tfRe@fed-with methylamine, resulting in tosylate
styrylpyrldln)yl] 4-penten-2-amne. Simlar secg nd )
displecsmsnt Wih ipersien H§/P8ﬂf’cgéf?£léﬁe'fypa¢?ély, diggReg pf procedures set forth in

W. cdfgnﬁhﬁ%ftﬁ'l?rgmﬁfé,ngg’ 047 |978) and N. J. Malek cf al, J, Org Chom. 47:

53951(1982) anviolving Qpﬁliladalm-yatatytzed/muﬁohngmf af aromlatlahaiuhraylﬂ an oleﬁn are
substituted ol efinic am ne_c

n
used ¢ oty S AR 5t POUBY 1oy Ry 10 PIERSEF B U3etaiephgf the chiral
oo L RF RN ol QORI B TR Bl L Compars)
with hmlyhn&gmbsanmthndmnﬂe nd icdppee(l) iodiderin m@m}aydrdﬁmm atpwheraperatures (-

25 tog- &ﬁ {Z?Bg shlefgséln?n g]@yn %%1%2{%@?@32,% #gbgr%%gek J. K. Stille, and L.
S. Hég]@@gs%.glodjrgc enght 40 n883 (1917, 85 MrdriROR L hpkAtknLYd1 e ¥bulting chiral
alcohol is subjected to a Heck reaction with 3-bromopyridine in acetonitrile-triethylamine
(1:1, v/v) using a catalyst consisting of 1 mole % palladium(Il) acetate and 4 mole % tri-o-

tolylphosphine. The reaction is done by heating the components at 140° C for 14 hours in a
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intermedi ate, (2R)-(4E)-5-(3-pyridinyl)-4-penten-2-ol
is converted to its correspondi ng p- tol uenesul fonate
ester, which is subsequently treated with nethyl am ne,
resulting in tosylate displacenment with inversion of
configuration. Typically, the types of procedures set
forth in W C Frank et at, J. Og. Chem 43: 2947
(1978) and N. J. Malek et al., J. Og. Chem 47: 5395

e

1. Bedeestitil nch1£a2 Riyr iR d1edhol -i9 | tr@a@éﬂi Qﬂtpreﬁiﬂﬂﬁd e@ivalents of p-
treat men t he chlral epoxi de, -Ero pyl ene

tolueo&aul;fen)(l @blmréﬁ di alry pyriding pa® €. fa @ﬁﬁ@rﬂlthkép ngegmediate. The p-

ET T —
solutiohD céitaivfigg shfaﬂ genet Jf ahdabhat iaccossiamotoopiodade @S)-(4E)-N-

Kal i vretenos, J. K Stille, and L. S. Hegedus, J.
methﬂ'@@'ﬂ‘f&ﬂﬂbé‘i’“ﬁ@%@ 3(“1‘991) to afford
i
b & P e dhe oJRGobREHe st oldhniifline Ghantiomer,
such afse(ZR’)Jf(UE)-Nanéthylei-t&ﬁbﬁninﬂ}e)-4-@é.nt&n 2xakmﬁe usannbe asynthesized by the

s i Qe B .5
(4E) gqg ‘j,yhgmklﬁa ti‘Sl 9505(91‘?/@1%3 & &p %Qer@sﬁlﬁglaédfvdﬂ%r@ subjected

g ass tube, to produce th
to methgdmhlne rdlqplaoctucttt The chiral alcohol (2S)-4-penten-2-ol, is prepared from (S)-(-)-

S LTI R TR T TR S ——

10¥BhPlo BEtUeVa@tR ter @b E8bh 9P EFULL-pENien-2 0l BOOR)i(W)-propyl
anaogBy |c(>)yr| dine at 00 C ppipg afforggt@heﬁt osrl | ate HER)!(R)-propylene

oxidd astreportedi byt 4., Kalh@etpnOSthI{;eﬁﬁrébuarrddne& é{essdu@rJ i @rgh€hera6: 2883
199f§‘ th 82 nolar equivalents of methylanm ne as a 40%
( gueous solution, containing a small anount of

etlhae[h@{heﬁﬁ%ﬁo% %@éhV@cﬁﬁpou‘h@s B¢ Q3INOe-neli)1 4L BEB=-dhinopyridin)yl)-3-
nmet hyl - pyrldlnyl -4-penten-2-anine. In a simlar

butemhﬂmrre cap redpyomblicetingza 3-halevsybtitytad pyridinesychjag 2-amino-5-

brom()ggﬁncﬁlae @H{{E q?%m cals(lfcfrgpa%ér} to X %aliashugl-cata zed cguglm%reactlon with

an ofdfid pBsseysitighas pm&tdaly afnfive  fileCikndlivyl p bichg a@fN-methyl-N-(S-buten-l-

3- br.ono yrldlne and (2S)-4-penten-2-0l. The resulting
yl)bepzwréfi%éﬁ]e denzoy{-prjecting group from the resulting Heck reaction product can be

remo(lef‘dz)ogQ}egtﬁ'nlggWlfhdﬁ1 olﬁaast gmﬁ’ Wﬁtggﬁb 33]53)'%}:1"-61532195:1 ‘—9(‘% a?an(gﬁfrldm)yl) 3-

nesu
butermahhlydea fTiha eleino sanmgemnbteridlh & —mlathlbe @ I-lmlrhnel -yl)benzamide, can be

2S) - 4- pent en- 2- ol d f S
prepas by FeeRan 41 empcloRHIBIeCaR B o Chtspadersihmafhylanie in NN-
dlmeglgw gﬁﬂﬁ@ﬁ)reééﬁéen gf oﬁﬁﬁ&rﬁdéh"rﬁonaén% %Q@Uﬁ-rﬁ&hjflhﬁbuten—l-

for t preparation of (2R)-4-penten-2-0
aminé.rreatmB)t-of the fertaphmpoend vwith denzayl ehdgratetin didhjorgmethane containing

trlet@ ; Vr%&ngszrggglj ﬁ(ﬂf@@c%cham N-metgylLN (? buE:'rel —)qlsjls)énzamld() g-

The compounds described herein can contain a pyrazine or pyridazine ring. Using
procedures reported M. Hasegawa, er al. (European Patent No. 0 516 409 Bl), 2-
methylpyrazine or 3-methylpyridazine (both available from Aldrich Chemical Company) can
be condensed with N-methyl-N-(tert-butoxycarbonyl)-3-aminobutanal to give (4E)-N-methyl-
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I n anot her approach, such conpounds as

(3E) - N-net hyl -4-(3-(6-am nopyridin)yl)-3-

but en-1-am ne can be prepared by subjecting a

3- hal o-substituted pyridine such as 2-am no- 5-
bromopyridine (Al drich Chem cal Conpany) to a

pal | adi um cat al yzed coupling reaction with an olefin
possessi ng a protected am ne functlonallty such as

N--nmet hyl - N- ( 3- but )b d
N- (teﬂwarb?‘gﬁ)é%'E#Hg’QﬂPﬂb% 5 n a‘iT‘émFe es u?”fél ng R methyl-N-(tert-
butoxyB&bbiy?)I53- Bﬂ%ﬁ&m?fim P&ltentﬁﬂ?ﬁﬁﬁd RYpelBadly."ReovBl of the tert-

aqueous acid to giv
butoxyg&ponyl gmupyzvltMm@go(o@cqlmamdp&yﬂh mpqh)oy I(4E)3N-methyl-5-(2-pyrazinyl)-4-

pecith it B RS O ML, g T

requiSiie NEAGKHYLN-GertbRORydarbunl BI3carinbbutaial e¥dhe 1R Q)froduced from the
condensed nethylamne in N,N dinethylformamde _in

t he
corregpogdiag @cobel tﬁmga@ghlmﬁeé setssivad By M Ailares zyk and Y ¥ Chen'in PCT
Inteng;t)lrgr%% E)}%pl\%lat? ! W%l 921?@% efheT g@ﬁo’fe tmﬁp %’tﬂ;éltrt](g{ycarbonyl)-}

benzoy | ori e I
amm@ﬂﬂiu&inﬁl R@n bé miadé h’;éinadﬂrnﬂeralﬁﬂjb adaslablb@f lqldﬁnyFﬂ butanahe (Lancaster
hai n, N—neth | - 3- buten-1 - benz The

Syn“@élﬁapéﬂ?rbsbﬁ e%eSP‘F“é'é 1RAYEivR eglepaesm é‘wﬁh amsghe/@m% gjd sodium

dgr
cyamﬁ\g)fdhg'ﬁ'ﬁ&epﬁs&g Eﬁem%@ﬁ F%’ng% BERS ghtﬁérﬁ%ﬁ%ﬁr&fg Msa: 1le4 (1974)) and

proteéhon_rmztmtyﬂ-tplymam dieabonge.nmet hyl pyr [ daZ| ne (both
a\éﬁﬁﬁg‘%ﬁc%l&g Iézlaézjtrlcl)ncclrl]escrl?’ge:rgI ove is als ggfulcm preparlng compounds

that ]glfs\glégg ?‘)éh‘snhl' fub &L ltln%) %Eﬂéi‘dé?élé@%h)m%@ﬂhdbo@éﬂ Boalnth&sized by the

pallad\lhllmt-cataiyzbdl pmn)}mglorﬁarbym)w Betecpslicapmpphind, sughesst Ghromaarimethyl-

trin Qo s biogie b e pp Ay dprioged i 2mi sige chain, N-
methil%-@@ﬁﬂiu‘#@dy&’arbd?@m Aént&f-21ahfind. Q‘S/ﬁlcaltwt dﬁe%rdf Prickdures set forth

group with trifluoroacetic acid

in W (aasramm h#larﬂr Chenp\A3a294H4/(1978)- anééhﬂ eMaEk&ﬁﬂhe’ ggl Chem. 47
5395 gd%%% Bltvg@érr a pa?lﬁlé ! élgl?ezdl co}dpﬁng oSt ﬁidaem 446matic halide are

used BFormBE flipldig( fegétiond qh@xm&rxkgotemlb)u&yaafbmﬂ)ptmd But-pastected)
produced fromthe corresponding al cohol usin

intermnastaie oafbe; Sehuestad toelepalenVIWiHija AEonNBacihgush as/riTlemeagestip acid to

prodg (AR R AR RO DL i BRo e PRR AP Béten 2-amine. The

requisitdl Nroiolinidanepyridarn bdbromota- rﬁetbmrfblmielam[éjsl-upyrldme can be
avai | abl e 4- hydroxy- 2- but anone (Lancaster, heS|
prepapedc iy $376 s@lala% Wi AFatingdder diginom- ﬁm%wl ‘%Ft acetic’ acid in

I 0) e
e S

Chend, 16B@))53 51583 (11178).e 213-Diamind-H-bdomomyridineutay Ibe prepared in 97% yield
di, car bonat The_Heck cqupling reaction ri
by heglipg, ¢-adios}-DipriRs éf’HFOHYHSBF SR IALY ﬁﬁﬂlﬁ%ﬁ%fcromn@ﬂmh Chemical
Comﬂ%ﬂgpsﬁﬁs @Hté?" nftlﬂﬁfsd 'Iﬁd) nGigh %51@[[)083‘1&11&3 dih$8@f in boiling ethanol
ounds can e synt hesi zed by 't
according to the techniques described by S. X. Cai et al J. Med. Chem. 40(22): 3679-3686

(1997).
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pal | adi um cat al yzed coupling of a brono heterocyclic
conpound, such as 6-brono-2-net hyl -
| Himdazo[4,5-b]pyridine with the previously
menti oned ol efinic am ne side chain, N
nmet hyl - N- (tert - but oxycar bonyl ) - 4- pent en- 2- am ne.
Typically, the types of procedures set forth in W C
Frank et aI , J Og. Chem 43: 2947 (1978) and N. J.
| ek
b oSt Giinels abfan ST FgersRiels, sttt ohorai L ofolos s

b]pyﬁtﬁﬂé’@éﬂ' e ddapled Qithrige predi8tsly ﬁfenﬁ&&d@l’éﬁlﬁd zﬁﬂmé gid6 th4if,. N-methyl-
The resulting tert-butoxycarbonyl PE);@Ot ect ed

N-(tegtHnoxyearberst et pentpm@mingliusing  ¢hen Hesk steggtian ebhe gesulting Boc-
protet t{eﬁ 3}1%%%&3% 8‘@“ Be %E;SrS{%&ez’i‘%fﬁ a %&8& &d ts[u’:H‘ L&Rffﬁ@&%&étﬁ acid to

prodt(cé EQ4rE1)lNIBiefhyl 5364 ﬁS(d?o;JdiBi[h,ﬂ Ib] bﬂr&dlmtjazm[nﬂe,n&hhmw iTie ngequisite

yl)-4-pent en-2-am requl s
bromgrcgmpopqﬁ ég)z”@ﬁ?-rlp?dﬁilﬁéolo[4 5- b]pyrldme can be synthesized from 5-bromo-2,3-

dlhyﬁog{gg lvvn A_sl' 5 ofk'?)zf) [}fdréxdb]lﬁﬁ)'p?hﬂﬁoﬁea@lé% methylenation

/o yi el
proceﬂu&— dslﬂgnhn@thTromqhyma dn rthe vprd:si&neec of ipotassiurd d¢arbonate and N,N-

el 29,2561 0,00, L5 L1 I o vasir b, o
b.17%9%@7 8%9)0’ ?‘B@S&B‘Q “RaRy 1k1ﬁ'1k=,n€an089 BRBpaRE RIS Gubtial (2-
0

by heating 2-am br onmo- 3-nitropyridi ne
furaldahgd&rec@nmbﬂc;allav avdilablee fibmo mlAtldr | @ltcnﬁm mComipanyCaurg a hgncaster

sy S Ui . Nl 22 RTS8 24 s

t ! REkL c@h b Machccordi h
1736 éﬁ@ﬁ’) ﬂg&g%t)@% 5 g}g&ge@é} @ih{ 7@&@% n be gr?%taher ccording to the

technéquasgéseribed in EPO8A iketa-D. |Rm§e fied Ny M@ylel e, such as

Smlgrﬁ(r)lgtﬁgr %ﬁﬁg}p? X | %HP? g#g\é{)%gsles%e RO 38 ?%ﬁ %gtlépoggae the bromo

compbtiﬁ‘d Y- bromaE: Zhhlihydro-l 4-dioxino[2,3-b]pyridine (also known as 7-bromo-5-aza-4-
N-(tert-butoxycar bon ) -4-penten-2-am ne using the

oxacleniane)ean bp epndemspd w@smemrﬁgmsbtmewm@é eledigic amine s1de chain, N-
methg}%ﬁ[ dlt(?xt rggn ? IO L5 3&?951%&@ c}ji%cl? Fda0iich. % gesultmg Boc-

UOT I C acCl

proteété&)coﬂpﬁﬁﬁd%hn %(&p{‘&eéﬁedﬂ IthOktﬁ{n@ Seidb]spytt iaslitriflydrpacktipeacid to
uisite brono cop

prodigsby oW)iN?}ﬂQHIi%)?oWd? -ghysfrpn) A-dionigobatr I?é(“g‘ymlﬁemn%dz'amme

The lgrr gf?o%on%_ ﬁ?; dfl&r%mod% ?ﬁ?&}%@rﬁp {dﬁ%lr%g&z 3ﬁgﬁ§ahdiﬁ@%n %8 prepared by

treatin® SHytbwo 2t 3-dihydrpokypyeidine ewitts il 2edibroomethaho achpothssive canhonate in

N NGRS i APERAE S0 P e B e FoLRUBRIR gyl . parurforseh.

34 bDTZi?a-;:}%%'S(lg% LBn%rrM? ﬁrdf oxyg ﬁg?enganggeﬁ%%eéZ%rﬁefgoa{rrl eﬁérfural as
descritred mbdwer f ur al fural dehyde commercially avail abl e
Ch | nd L t .
sy APHoBsliescli, e@”%&%?wwﬁ@ S Brequed By b Hegk goaction. Thus,
certain@loh@olieds @h b8yntKesiZ¥a by thdp3@Bum3idatdlyzeld Héfpling of a bromo fused-

ring heterocycle, such as 6-bromo-1H-imidazo[4,5-b]pyridine-2-thiol with the previously
mentioned olefinic amine side chain, N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine.

The Boc-protected intermediate, resulting from the Heck reaction, can be subjected to
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1736 (1979). Alternatively,

5- br ono- 2, 3-di hydroxypyri di ne can be prepared

according to the techniques described in EP 0081745

to D. Rose and N. Maak. In another exanple of a

conmpound that possesses a fused-ring heterocycle, the

br ono conpound,

7 br ono- 2, dlhydro 1, 4- d|0X|no[2 3-b] pyridine (also
oxachr o

et U AR FIRHU Do H BT S ACE OB BF e FIEAE el (6-C-

thio- ﬁq%lc@aﬁ I5-b]Pyridin)yl)-4-penten-2-amine. The requisite bromo compound, 6-
ﬁr ]b?TbJ¥B garbonyl) 4- penté% 2-am ne u3|€g

bronrpfﬂéi mlclkz éédﬂmhﬂm thipleseant ibeg meparedyr by ereating  6-bromo-1H-
1m1df{z§)['£$ g&yggl?lg tv@ ﬁﬁr ﬁtZ%BtZ%H ogl ag&rﬁliﬁé e %:e'ttgod§ Hg&rl@g’d inY. M.

A *s

Yutiloé, Ekhzbl‘ W&&isr@ Thoédin26: 3799 qu( 1988). 4=-Bliofo- H(D-[lrﬂ;dazdﬂl,ﬁW]pyndme
d|n) 4-penten-2-am ne. The brono conp

can be mhmedz fmmy; Higaadtldrich themicad| Qorsp@]ypyf?ditﬁnmve% ahbiggno-1H-
1m1de%'bféﬁ§&ﬁ)%! g?ﬁg chi 89%)*1 ggreé bg 5@5&9}&2 $: dﬁjdnm{g rs%éfrﬂxlga’rﬂl'n{éewnh formic

ronoe ne a §sium car bona

acid ihl ;i\d-l)dihﬁf;ﬂlbw: ﬁﬂd rmng dﬁt}mdokogyi sifrglat @ ﬂhhtedemtﬂed tg[PogyDabey et al.,
acker Nat ur f or sch. 1729- 1736
Indzamév@)em 36Bi@re! 2535 @??ﬁ)d?é@@mqﬁmw%@e (528 ParRigpared in

97% gfeﬁ{r}g{ Héaftxﬂ 3lanfifo-5 HEGHS '3%ﬁlo;%€ar S G(c@ny&@klé@f&eawﬁﬂﬁé from Aldrich

IC C npounds can be pr
Chentiedl € oropany Tind s, ancasear t Synthesionipolimith toH) bﬂosg}mﬂihe@a@em boiling

ethan?)i/ ﬁtbcfg)?fggg lltclbgyil ilég}hn(i&&?gl eggﬂ)eg %u pé QgCal et alb r.Io I]?edf l&wm 40(22):
36795686 @W? bk 1t #9219 G-brmd- P Liimi 2674 Bﬁbfyﬁ&lmwttﬁlol B be prepared

previously mentioned ol efinic am ne side chain
by hihtiregt 12)3- dMItoei-brdmnpzymsimarwahyK) ACSeNItem 2quenus ecthanol using

e Y EE DA 5 SRS A et 9 T o1

(19953 §§f[§lﬂlﬂ1n%05 gvor&)lpghdlﬂé carl bd preoir QPF ki 2Carfifb S5 -BromBL a6y ridine
- N- et hyl

asdeﬁhﬂndhbwwn1dazo[4 5-b] pyri di n)yl)-4-pent en- 2- am ne.

ere te
Br?Dre ‘lrﬁaH’gE O%ﬁgmg?pp@lenglme yéth{ohl 1m1Cdgﬁo[4 S-b]pyridine can be
coupléﬂ YRAMEN rBactibh Sathi thgprévidusirehtibned olefinic amine side chain, N-methyl-
i m dazo[ 4, 5-b] pyridine with sulfur at 230-260 C

N-(testchusraarbons) 4 Rentpr-iaouiee. dkhscreputing Bec-protsgted inrmegipte can be
subjegtté%% t%% n?t\x?l'(tﬁ; Zoﬁgﬁg Eﬁ]d,pguch dz%gtrﬁﬂlg)radﬁ %ﬁ:sgcbd to Rroaiuce (4E)-N-
meth§l£$6-8- Mylﬁied’_fylthh) Thémidaad[4 Sabipatidin)yH-4-pentat- I-umhr;e The bromo
compope PrgoRo 3-BeBHMABVEb T RVBYRFAG RTINS o b gared by
e L S T T
bromideB( @e: p&kn &3 potSsith. ca@pﬁatabwdrNrN)—dﬁndﬁhyiﬁmmylmw ne can
gegp,ﬁrng grggyg\n‘l&ﬁ% e eI d q%éaﬁg%rlgﬂr?ﬁ@w@p anJPIyitted sequentially to
palla@¥@ lcaRlySed Qlﬁilﬂgd £ Q‘jﬂmethyl-N-(tert—butoxycarbonyl)-4-penten-2-amine and
deprotection with trifluoroacetic acid, gives (4E)-N-methyl-5-(6-oxazolo[4,5-b]pyridinyl)-4-
penten-2-amine. The requisite 6-bromooxazolo[4,5-b]pyridine can be produced from 2-

amino-5-bromo-3-pyridinol by condensation with formic acid or a trialkyl orthoformate, using
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Chem cal Conpany and Lancaster Synthesis, Inc) wth
tin(ll) chloride dihydrate in boiling ethanol
according to the techni ques described by S. X Cal et
al., J. Med. Chem, 40(22): 3679-3686 (1997).

Al ternatively,

6- brono-| H i m dazo[ 4, 5-b] pyri di ne-2-thiol can be
prepared by heating 2, 3-diam no 5- bronopyridine with

e Sy LGSR, ARG o LRS00 199 e
use m&%@%xﬁ% #eds prodiies é%%@stntﬁt@&gﬂﬁmmooxazolom 5-b]pyridines, which

3- Di am no- 5- brom)pyrldl ne can epared from
are atsoamhstratss forothe- Beeli reagtign. i Hien eyntlﬁwd@fp 2raihietS-Rpe3-pyridinol

procssly Tt BGRATPROLRYIiEh Chomiet Comamp), Thu bromespyridinel

(prodiddd £6m fﬁHM\F)iaﬂﬂné/éo%o oNE8CPAtONo. VI, 192 94f6¢czﬁf isvdhtotiiaied, using
ment i oned efinic am ne side chain,

method deseroe, o dsedorty) Samwém,a%aaﬂ% 3 ehige-chloro-S-bromo-3-
pyrld uwlInc %h d g&ntv Hed £k L af Q—ppﬁdméllw f&fiht with
{ nmen W , SucC

’trea rong acl
ammbdibf | uor oacetic aci d to produce (4E)- I\I-

" %&ﬁ%&ééﬁ%ﬁ%g&t e Bt unpAoke g o o e

prevxgugx\} QER5iBePhS %g%k%ﬂé&ﬂg}) #’lk.hlhén ézﬂza%“be'susmi RY &% coupling

be prepar t’he previously
with dé—mhybéd(t&t—bumnpcakbdnym%mma anm]ep)Subsd:qu@t Zemhyal| of the tert-

RN IR S e —

penteX 28R, The PEUIRRSSEbIB[F4-BlytiBME | @h R, sytfiRBiz8d Bidhi B&thino-5-
sequentially to palladiumcatalyzed coupling to

bromN-?ﬁmrid}mol M3(armn<b~5mnom3261widom)l by gonsisnsatinn wiglifereniaregid (or a
s 580 HEEH 0, SRt RS EARSh T AR can be e

bromﬁ?aﬂbﬁreuﬁn KB quel RBsdrBEd b ITf Batkowski, Rocz. Chem. 41: 729-741 (1967))
rormoxazol oG[1 5-b] pyri di ne_can be produced from 2

and wmqqgerﬁ-tml@mﬂwqmedwm|(aqy9rd¢ltgn@eth% atfaﬂmd deseriped cbb'rﬁ eX Cai et
o, 54 B AR St 044 Y Syl Gt i 2 i

(Aldﬁ@i@ﬁmygl@mﬁgy) 2799- 2809 (1995) The use of ot her
carboxylic acids produces

2-Qthespalyeyebel amstie spoRreunds of mea@rﬁaepsfm\f%ntmscan Rp pegpared by the
Heckarreaectta' SR Bﬁqzif Aol KA Bﬁgf@&% ah§3Hofb- 1HT@%01%[2 3-b]pyridine

syn esIs O am no-
can dndergo fpaltddinm | catilyzed @&hpﬂfngwhtlﬁ}e rpre\&bus@od@anwd oldfmie amine side

. 5-brono- 3- pyri di nol produced from furfuyr e
chamaclg-@?efgly)ﬁ-é\l ﬁgtt-gu@xymbonyw—pqltma@m ta %V% éﬂirg IG-methyl-N (tert-
butoéjle%lr;%{)@%%-ﬁg S’ﬁierFi ﬁggylél?@ggql%e%?eﬁoi[ bR byndV- (J@))Q\lh-rﬁéthyl-N (tert-
buto@ca‘tbbﬂyl)BS5S-qu1$mmZBe[2,6yb]pyhd1nyl) 4-\phntein-2|-amlnel r%pcxalnelbeSubsequent
remogﬁloltn %te rltgﬁgﬁé’qtﬁlingoxy%gnrbgr?yl gro{lg rrvl\?lthgt H r(;rgaltcggclz acXi l?%rg\ﬁgé (4E)-N-
methyl-5-(5-furo[2,3-b]pyridinyl)-4-penten-2-amine and (4E)-N-methyl-5-(5-1H-pyrrolo[2,3-
b]pyridinyl)-4-penten-2-amine. The requisite 5-bromofuro[2,3-b]pyridine and S-bromo-1H-
pyrrolo[2,3-blpyridine can be made from 2,3-dihydrofuro[2,3-b]pyridine and 2,3-
dihydropyrrolo[2,3-b]pyridine respectively, by bromination (bromine and sodium bicarbonate
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5- Bronooxazol o[ 5, 4-b] pyri dine, isoneric by orientation
of ring fusion to the previously described

6- br onboxazol o[ 4, 5-b] pyri dine, can al so be used in the
Heck coupling wth

N-net hyl - N-(tert-but oxycarbonyl ) - 4- pent en- 2- am ne.
Subsequent renoval of the tert- butoxycarbonyl
protecting group provides

. 4F) - hyl 5- b

in nigSkanel). Bnd TR ArOERE R Qo D Gy b b tronuingug), using

chem?sgrysﬁégchﬁéd ?dEf r@ml“g’ylétmePQdS Té%%@rog wrmsnﬂlss (1987). 2,3-
m no- 5- bf ono- 2- done) by condensation wt

Dlhyﬂnoﬁm)[d bb]pdrlqloe apd 2ded1h)cd§opwe)lq[aérldpj?r)dugpsargegldpm apde from 2-

e R 00T ot B2 By e b o at
Tetraﬁ%@&rlsﬁ\hﬁklsosmgz 19@»6!19[;' fkleopRidic 7ddpl4ckBer) df ti@nchloride (with the

subsequent t|n ori de reduction (according to
sodumh salef hbqtydels@ rar [y@@h frypm@o-Jebuizae) and supgequeny intggsgplecular Diels-

40( 367973680 7 £ )

ey SR Bl P67 BB Lo BRI tne ana 23

dihydep¥RaNo[2,3-Kbjielind @te/ @so! prodadednabinC 3ammamﬁrd$ 291f triabae (E. C.
present invention can be prepared by the

Taylqreeaat.i Baralaggs 4308 H55S deﬂ U aymchsingyng is P@fiﬁ éfogh%lyoxal and S-
methglgm) H”Rcarlﬁz Rl a(w)lP%Bgle?’etb Py rﬂe‘i’é;?% ﬁ@%er»nﬂ%g 971 (1970)).

um catal yzéd couplTng w € previously

d@:@mlm ol ef i dihgdrafirdigridinds Chaldlhydropyrrolopyrldmes and

N-nmet hyl -N-(tert- butoxycarbog ﬁ % % am ne, _to
d1hyc§ppyéa1{ogg)ldlnp%@ ﬁ&;p sst(r@@p far the palla ium cata yze couplmg For instance,

both B4rGR¥ 9B ??9%0}"@%@5@3% (%El% ard ?JbPMﬁb-Q'SD%thrépm M[eR-Hpyridine

am ne and

(fronb btmyﬂmnbmfn&B)d—ﬂ@d(cﬁ‘uﬂo[—B b—)bﬂpymid(){ezmd h]i-gd}&rydmpmrblp{m}p@yndme
e respectively Subseguent

a5 depibed BRNS Fpied S0 BT ROTY PRI AR g e chan in

Helt B¢, Oghgsec téhEMeMotect the corresponding (4E)-N-methyl-5-(5-(2,3-
a e H:]oc > (5- guro[ eﬁ?i)eg]l%rilrgfvelsnyel) 4- Ir)Jent egn(Z)amn y é (

dihyc(rdﬁ)o[&-?»Ftdpﬁg}in);&)—{:-@emtbh-@yamlm o[ 2, 3 and (4E)—N-methyl -5-(5-(2,3-

' dihy%é%@%zgy E)}Z cgl%gp @pqnﬁqrﬁg—]algm 5. uiilreisiall_trkgnt of 6-bromo-2,3-

dlhyd?b{ﬁlf(gb QLlﬁpy?nd?ﬂ@ §dnsbirieeat GRriRE fd’ﬁ&ﬂlewfﬂli €18 [2,3-b] system) will provide
rofuro ridine and 3-

(4E)-N-Myﬁib’b@-ﬂ6'(233-dfl’27d®fm})£'§ myﬁén)ygsébg@mr\-,%-pylmebyThe requisite  6-

bromﬁ‘rg?:g" gﬁ%{il %gﬂ@%gﬁ'ya?lngecr%fb?gﬁ%@ @oﬁ?%%‘%@rﬁg %-mgtﬁg)l i Byrldmo] by

sequ&ﬁaﬁtr@étﬁlhh@{wth&w@ Etjuatents df fithhan zdigopropylanide Usd ggnerate the 2-
chem stry described by E. C. Taylor et at, Tetrahedr

methylenyls B4BysdiBRiop) 98¢ Jone sequivatsng i dibrampaetizang N‘PF’&P Y. using
and 2

il g L SRS A R, S, Koo, 20

(19959 maﬂmﬂprcﬂéctdfpﬁﬁdlbﬁd@%topﬁo Emethyi- 3—&ﬁnethylsmjl'loxypyrldme) can be

et g i, P SauiaPB OB CAISTIREPY B R kg or ary
aldeh?ﬂ%?éﬁ%l ! r%}i%c%r DVH t h2 LAMLRO: ! - BR Y A&y A0E, RO SRR Ibromo-3-
(trimethylsilyloxy)pyridine. Such materlals can be converted, by methods (such as acid
catalyzed cyclization or the Williamson synthesis) known to those skilled in the art, into the

corresponding cyclic ethers (2-alkyl- or 2-aryl-6-bromo-2,3-dihydrofuro[3,2-b]pyridines).
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Al der reaction. Using simlar chemstry,

2, 3-di hydrofuro[ 2, 3-b] pyri di ne and 2, 3-

di hydropyrrol o] 2, 3-b] pyri dine are al so produced from

3-nethylthio-1,2,4-triazene (E. C. Taylor et al.

Tetrahedron 43: 5145-5158 (1987)), which in turn is

made from gl yoxal and S- nethylthi osem carbazide (W

Paudler et al., J. Heterocyclic Chem 7: 767-771

(1970)). Bron1nated d|h dr of ur i nes, . . .
Similar RYemisYr POV PR RS (N OTHGIA By B I ptisg with the
yrld?r{gﬁn%hﬂo %gr?i&:i ﬁiset%gsn I:tgr 2taES'l-p ahd aslh Iy Ba6Ab-¢ Bedihydropyrano[3,2-
b]pyx‘idlh)ﬂfso r’ﬁhes%, 2-sabstipudedy bromfrted- dihpdrofudd-nandadiydropyranopyridines are

R T R VAR T o) AR B e

b]pyr’i’dn:'}e diaRY 8¢ QRvpIed) Qrﬂ % JraRhdiitrni @btﬁl@zed ?}\)‘ﬁodé% Cwith ed-methyl-N-(tert-
above) can be coupled with the reV|oui@é@nent|oned

butmqlcabpnylb&&mxtne&andee,andﬁhp avpling pradkCtiF Svgl.th trifluoroacetic acid
(to r?%n%slg ﬂ‘_ﬂﬁg{eﬁ%u ({3&%% (lmgt%u;\{)estot E%eceilf) %ﬂ%ﬂgﬂ—@g&@ 3-dihydro-2-
phenﬂm§5grpﬁ]p@ﬂ&ﬁ)ﬁ) }p.]ggmbldanamin)a 4- pent en- 2- ani ne and

N- et h (2
i s popyme Srogimg- By valisuae dhe. bogipgied dinydrotuo-

f
. HRUPPhHBRTEC, 1 prRBEe W S rptymatons o commerally
availible i semals.h Thile Z-iheﬂ‘ryiﬂlcamm emd Mldhclpr@hmdeal Company) can be

convérgqaqt ’g\ly-ﬁ ngéoglélgltﬁé r%if(glzep(e qYY}tg Y 3‘@ Llorlge b]b?(yrrrlfn(ej n) %ld) _aérlnmonia
(metlg&%ﬂ%xéle rﬂila(lﬂ Eg toglu Gk ¢ ap% PWété;'bEj@hE @heh €7: 88 66 ( PIN0)), into

pyr| séquential treatnent
5-brdmd-h-rﬁenhylmqmmaahmtBofm‘anh | mifrrangeldemtsoﬁJ 6<bpgm@rﬁm|@hx1n@otmamlde

it BB B e S A P SO B e o5

ne -¥- I@idbuﬂi«{’ehl K@ddesrlfat id.
IS Y SISy AR P, W b

Altemaﬂl\yelly, palotier ethl estei Ghldoich Chemical Company) is converted (using ethyl

3-.t i1yl
o, SR 2E B A VR L S RERA Sy PRl
usméj?lcl)&ﬁ?}%t%%/ gé’t{fbﬂﬁe Wd i’(l’all&oalzzkéfﬂ Jéf)arﬁPa'tbnt Hb deﬁ]gIEHZ) Dlels-Alder
uce a a or
reactg%nar yaf- | %Vﬂ@m ﬁ@th’yﬁxﬁz@e br &Yih. 3-acrylonitrile  gives  5-hydroxy-6-
t hyl t Ly .
meth&tgh g?l?xg 118 ?ykg%iﬁ% tg ﬁf;ﬁCléegry;}’g}de}ﬁz %ru{laﬁ §7§n(1}9@5)), which is

conve&d gtdnﬂﬁo-gfméthﬁ wj'ridlﬁﬂb‘&n h§<}iﬁﬁdnean<$ )Hdﬁmanm réanrangement (Y.
those skilled in the art, in correspond %h

Morigawd etorlevigariol Lhemk39:- 1285 1281 (1975)) The 5-am1no-2 methyl-3-pyridinol

can té?’fn[’%’( g nveﬁe&) %glt raz%ﬂ?dr’ﬁgémqﬁ (ﬁ{]uérgge%c%gg&@}‘%dssﬁg ﬁileT to thd desired 5-

MDnﬂiﬂﬁhM@eshwﬁﬂmoused in reaction with the
pyri di nyl met hyl carbani on, |eads to, 2-alky %ﬁg- h .
5. Blaegsp rethpdsgach Btoenq?yH\eo@rra%lrlsotgle-tmepypma? § as the major
prodgae%gt %\1s%uggiihéeu5egl’mcpr8ﬁbﬂ}ﬂtftdtﬂ' t’% ?fnﬁﬁ (Zﬁgletamcotme-type
hydr opyr anopyridines are SO Su ates for
com}b'dﬁmlis aedotheD n;orrEfsc as befoae described. These minor reaction products can be

6- br ono- 2, 3- dr o-2- ur o
removed using conventlon Ytechmque?s fn c%:swecf: Alternatlvely, as described in more detail

below, the (E)-metanicotine-type compounds can be isolated as the hydroxybenzoate salts,
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b] pyri di ne can be coupled, in a palladiumcatalyzed
process, with Nnethyl-N(tert-
but oxycar bonyl ) - 4- pent en- 2- am ne, and the coupling
product treated with trifluoroacetic acid (to renove
the tert-butoxycarbonyl group), to give
(4E) - N-net hyl - 5- (6- (2, 3-di hydr o- 2-
phgnyl furo[ 3, 2-b] pyridin)yl)-4-pent en 2- amne. The
. p-brono-.2- th l.- 3- pyri dinol ed nt.h z
whicl <3 B BEATG oy o B P OB dhgp ot sy o RS jngluding
hydrdXyBéizese fRUs DfaRe qriinfctansline-ope wﬂﬁaoﬁfxdsﬁ amd et ahinyr reaction
avai l able materials. Thus, 2-nethyinicotinic acid
prodycty. dr i ch Cheni cal Conpany) can be converted, by

S o BALAETL TP SIS BT e
compghréds JFor;ledaﬁltrpﬁglylﬂﬁ (B;t@m(at%e-tylﬁaledﬁ}ﬁ)u@élgaﬁl) be pieptred usmg the
rono- e nicotin
gy oot RLAfien Cham 867 430441 13335 G OBF PELSiptee.4.C.5,
50.2497'7\/6%1%%@ 4 fll 0. Q{?Qtﬁgtea TRid Ieﬂyﬂé déd?ﬁpé)u\‘i’ﬁﬁ Crbéfﬁfh bg-substituted

conver rono- 2- rret 3-pyri
metagicatiettygatdnopoundd l:unslmbrapared fmmtthse cmrezsgm'eh]156-subsﬁtmtddmicotine-

d At t |
type SABRRUB} uEih eGPl MBIt QA TERILI G eTnghom- B e Trans.
1(2): Sﬂi 889 %%gxy_ﬂfe%hws@%kzﬁé@ﬁﬂsyﬁ foi’\’gﬂl&hcdng'pduhgﬁ G- Qib¥@uted thicotine-

to 5-e 4- et azol e using phosphorous
type pemponis)earf be symlhﬂsaecéfromé sﬂapamdﬁac@nnc #dad esters using the general

methg?seq"réeeéﬁi?/ Repiglodds i SE kBT 514 (157 Brepatation of ceran

- r I -
sub@t’d’ﬁlféa rggnt\ém@ohtéﬂr%t&f?éé E(:S}Ihﬁ&l;fgy Qg‘d? bé ab&n&;)Tx)sher\Ag?tgktﬁ?\?o@éspondmg 5

substituted evicotide-typeomponadsusing thel geaetpymedmddaughy bﬁy%nhﬁﬁqnoﬁ al., J

ChenBI gqcmw j:;;ear ' g@%e ?;%%8% 1@%%(?{0 r’thSf aFo su% tltmeég{ucotme-type

comp%uﬁda % 20ibh¥d BromotduBbtitiled ieblinkhgie dgnpoands rah&dhe 5-amino
by di azoti zation in the presence of cuprous brom

nicoting-typeeconepomndsican.-betprensredusing thy Bergral recgHes dlsqlﬁ%eééw Rondahl,

Act. p%t{%’og’?]eﬁg ng lﬁhlg\é r(rg& 75 hﬁlﬁES? 1ﬂ}o%gét§ﬁﬁ1]lé§>gm%¥)g)g compounds can be

prepd?%m@ﬁngiﬂieu%n@hei ﬁﬁl ﬁ@t@ﬁﬂs BEToith én Ash1mor1 et al., Chem Pharm Bull.,
M nmet ani coti ne- tH£ ounds and ot her |sorrers
38(NH6124 58 EL99P) ascRo '@lséctm r{@r’mf%ﬁéi 1A 135 YU D can be
renoved using conventional techniques, if desired.
Alternatively, as described in nore detail below, the
( BormBti@néfeapidovineHodrorghendsatesan be i sol ated as the

hydr oxybenzqate salts, 280 which c preci.pitate out . .
| nTl"@u@gt%@m%ﬂq“? hydrosYbesaates 6% fgnpegéy .rEﬂ?ﬂﬁg ey Eénetamcotme-

type E@bgﬂiﬂgdesmwdoéy&%n%ﬂﬂ@oun b an taa@s The st01ch10metry of the

ani cotl ne-type co ot her m nor
individnak tomyponents (E-metanicotine and hydroxybenzoic acid) used to prepare the salts

can vary. It is typical that the molar ratio of hydroxybenzoic acid to base (E-metanicotine) is
typically 2:1 to 1:2, more typically 2:1 or 1:1, but other ratios (such as 3:2) are possible. It is
preferred that the molar ratio of acid to base is 1:1. Depending upon the manner by which the
salts of the present invention are formed, those salts may have crystal structures that may

occlude solvents that are present during salt formation. Thus, salts of the present invention can
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products. O her nethods beside the Heck coupling
reaction can be used to provide the conpounds. For
exanpl e, the (E)-nmetanicotine-type conmpounds can be
prepared using the techniques set forth by Loffler et
at, Chem Ber., 42:3431-3438 (1909) and Laforge,
J..ACS., 50:2477 (1928) from substituted

ni coti ne-type conpounds. Certain 6- substituted

met ani cotin e upds can_be
occu gt PRUAA AT BOSTRIION O &8 ECHP N gdsc?i BoelaGe to a
Subﬁgﬁkagnﬁﬁp general methods of Acheson et aI . Chem

Soc., Perkin Trans. 1(2):579-585 (1980). The

r eTjrm methed frgrevidiog sompeungls OF tlmrwuhmgent@nscabé@m Fereigstance,

T

hydrdi?b&%&e Cfbﬁrii tasadolvy (iRaddiag b soleib@ oPkuitably e compound dissolved
113-118 (1977). Preparation of certain

in etlgnglitpsa mlutl@uoﬁﬁtlaﬁqommﬁ@c agige(l clo‘?ﬁblb‘fi‘ilﬁ‘l‘és) dmthgeol, heated under

reﬂugﬁs ?)Be%gn{a{e Aat Qﬁwﬁj WierandS lli]a?ltol Ewé%ot to exceed
i C sing the genera

10%} ﬁi.l@molb@/ t}i&bﬁsmhate,t (1a} coolihg th@mmltl@solumﬁe lfkneﬂ:essary to cause

premmteg)@pl qfége ﬁjé ggcg 6?}23[}?{%@8@@ @Tﬂctmgu%?gglt Sﬁ&esgtettcﬁlometry, solvent
mix, g&1Gté%ﬁé&ﬁhtl&Pérﬁqeﬁ?&‘aﬁw&n&)s% GRVBRYBESthe BthatiBiEof the salts is
am no  ni coti ne-type conpouhds can be prepared using

withih tiee Igesi ef sitill pf dosclof skill thithehbsed by Rondahl, Act.

Pharm Suec., 14:113-118 (1977). The 5-trif|uoronethy|

ni coti ne-type conpounds can be prepared using the

t e RLAIEST OMe: S Edh@l s set forth in Ashinori et at,

Chem Pharm BulT. 38(9) : 2446- 2458 (1990) and

Rdifi dediled, onet shertydranyb@uzeate saltsard isslaterigothensaityforms can be formed,

o QDB b, AR s APBBEKASRERGR ala or by fr

isolafiif2Gik ifiee bﬁslé?bﬁrdi@ﬂi(ﬁﬂwm@ﬁﬂrd}%—baﬁéf AR xOaRaias aﬁ@pfolpﬁeﬁ solvent)
above w th hydroxybenzoic acids. The stoichjonetry of

and thﬁerea¢tm| witlengthes phpsaraesitisallFageeptable @eid; Sch pepeedures are known
XYPeRZQLC acid) used to prepare the salts can
tOﬂK) %%(¥%1 byplcal that the nolar ratio of
hydroxyben20|c acid to base (E-netanicotine) is
{ pically 2:1 to 1:2, nore typically 2:1 or 1:1, but
IIL. Bhaysmacenticad Comnesitions 3:2) are possible. It is
PrAfer bt he, Uit Qho AGheh PRSI fichde h
Deggndpng %agﬁc%he ﬁﬁgPﬁgy(ﬁhﬁb% gtee salts bf't he © ©
hydrq)tybsnmhtes d&senbedtin:ran gnftlo perel stateharsie tieafotrs Oﬁayomavsatlon in which

cry structures, t hat occl ude sol vent t are.
the Cﬁ‘?“@%‘é%ﬁ A OHEnedanith #yf ofhich RO Ay pTEatil p figucWfich can
be 1rf%fte§1’epﬁeysiorlyg%htl IyORGaN Suel coRfpolifioRS caly ﬁé %Hﬁﬁmﬁ@ﬁd Ofd¥edxample,

sol vat €és of va ylng stoi chionetry of solvent relative
orally, paniekally, rectally, or topically.

Examples of solid compositions for oral administration include, but are not limited to,
tablets, pills, powders (gelatin capsules, cachets), and granules. In these compositions, the
active compound is mixed with one or more inert diluents, such as starch, cellulose, sucrose,

lactose, or silica; ideally, under a stream of an inert gas such as argon.
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substituted am ne. The nmethod for providi ng conpounds
of the present invention can vary. For instance, the
preparation of

(2S) - (4E) - N- net hyl - 5- (5-i sopropoxy- 3- pyri di nyl ) - 4- pent
en-2-amne in a p- hydroxybenzoate form can involve
(i) adding a solution of suitably pure conpound
dissolved in ethanol to a solution of

dr oxyhenzoi ¢ aci.d (1. I ' t |
P gt SR eRg,nciids b BHEE b Alpets, dpf Hatnple, one or
moreqmtc\éht@ QudleAimAUNdLiRh SARFRE 0131!8@ glchRRMt, a(cvatigy (cofkd tablets), or a
exceed 10% to dissolve the preci p|tate (itt1)

vanu@nollng the resulting solutlon if necessary to cause

ngre agtg) S'hf?lﬁg %élgtplgs%@% gl ?rg c%n Pstr%tlolnt 1%1{1@9 bﬁ?aqe not limited to,

solutidfs, YhHehNBEBhiiBiohs RyapE ahe RNLIkSthul e Qﬁminayﬁﬂcﬂ@mcceptable and
vary, but the formation of the salts Is wthin the

typicallyeentain ingt (dilueiits sk es ofaterk ethanoly ghiserohr Yegetrblergils 9 liquid
parafﬁltl ghgs%rco@o 1{(15195 g%‘lt égmﬁﬁgls[lﬁslqantcgg]f}tﬁgli ﬂgn the illluePts for example,

ydroxybe re iso er sa
wettiGdpehs, fvderaneks, thidkeneey dAapore, andystabilizest reaction wit h
another pharnaceutlcally acceptabl e acid, or firs

erile icAgPesions, fok PySatery B miistEpip sainchidey ﬁéarsa‘geaqueous
or no‘%g Bl 5AGHid nsﬁ%‘sxﬁsuﬂﬁ IRPLARIsIGHsE BN df sﬂ%‘glet fffvents and

ctron wt phar maceutical |y accepta
vehlctem ncluejcbutpare ced ulieBedarte dqneous sdlgionk,oprefasibly Kivifferednaqueous
osi t

the art. 111, Pharmaceuytical Co i.ons .The . . .
solutgfs HABUERS EIE0E GhiGeLIAIE. BPoandeRadErmin foRssigrotive oil
injectaPIE! d#Elid BRers IR RAMBRNARAL Sl8atélenfr bthdagpsitiate oﬂgﬁmb helvents.

pure State or in the formof a conposition in which

Thes¢ bampasitipos oals alae énclusteidiianta @snecaai Wwetkiag agents, isotonicity agents,

eutl ati bl.e rod V\:thh C
emul%o ﬁ%t‘r? Sperfﬁqysslag%f &Eﬂ%@%efsy ggflf)eigrl ltln'BO Cg Ibgnsger(l:lézed in a
numbee oﬂ%?@'féf exhble,l B aRpATRINE, ﬁltr@ticiﬂ |by,1n<ﬂﬁp(ﬁﬂﬂi@” ibtilzing agents
rectal or topically. Exanples of solid conposi tions
into the r:oropcaﬂltmdhy irrasiiationiadd by hentinge Theyieansaleo bropreparpd fnethe form of

sterlléc g%lhde (if%?;’)o%}ti% s théhs?anpt?em?1‘§50§¥1e{dgaqltﬁé hﬂleccﬁﬂl%é'lu? §ter1he water or any

ran ese conposition

otheraféhleflajeegmqwmhms m xed wth one or nore inert
di l uents, such as starch, cell ul ose,

| dvamples of rcomnomeans farergftal, adminipiration icpudarrb avg ot limited to,
suppdsﬂgxlr ids C?gnﬁste s%?es%eg of- adﬁﬁgn 18 ecagﬂp@ﬁﬂo?h& n&m‘iﬁtﬂu&' SQipients

e su sta ces other t uents exanpl e

such asn@cod butteprsemi-syarthetia rgﬂ)&esdﬂshamiqumg[}dme Lg\hycstsear at e or

talc, a colorant, at i. 9 gcoated tabletﬁg a
Compositions for topica a ministration can, for examp be creams lotions,

eyewashes, collutoria, nasal drops or aerosols.

The pharmaceutical compositions also can include various other components as
additives or adjuncts. Exemplary pharmaceutically acceptable components or adjuncts which
are employed in relevant circumstances include antioxidants, free radical scavenging agents,
peptides, growth factors, antibiotics, bacteriostatic agents, immunosuppressives,
anticoagulants, buffering agents, anti-inflammatory agents, anti-pyretics, time release binders,

anesthetics, steroids, and corticosteroids. Such components can provide additional therapeutic
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varni sh. Exanples of liquid conpositions for ora

adm nistration include, but are not limted to,

sol uti ons, suspensions, enulsions, syrups, and elixirs
that are pharmaceutically acceptable and typically
contain inert diluents such as water, ethanol,

gl ycerol, vegetable oils, or liquid paraffin. These
composi tions can conprise subst ances ot her than the

B HET A T o -

preveﬁﬁﬁ?@@’ pdianm ke eﬁ@&?%ﬁ:‘h%aﬁgﬁbéﬁeé t§ 8trésAR oFABministration of the
e, for exanple, aqueous or nonaqueous

phanmmqabmp®uwedalcoﬂan citaemstandes, emmpaERd o thespregent invention

vehi cl es incl ude. . but 0
can v8; e o B G b B0 ol @B Ml g ey hrended 0
preveRfibiafidba paabuhd Agsederpr opyl ene gl ycol, a pol yet hyl ene
glycol, vegetable oils, especially olive oi
|nJectabIe organic esters, for exanple ethyl oleate,
v ﬂggmgg Hf'i‘re%?lﬁ rs)tprl ate organi c solvents. These
*‘conposrtions can al so include adjuvants, especially

Wethe| dr@xgbeizdatei sahé @esceibby hegpimtass usefulufositidating those types of
di spersants, and stabilizers. Such sterile

condigighgand disosdiss fosnvhich athertypss 26 gicoHnis coppryids hgye hegy proposed as
therallge%'ilcse X 30D & exg}ﬁtpge? Q’F}ﬂﬁa%szétrlg Us) 232 %&4%)%@{5}1227 (1994); Arneric et al.,

ncorporating s I Zi ng agénts
CNS DengpRai. 1(1911;260(1995)1 Adiesit iena. a!hqb Oypinh e st.nigrugd Bely: 76490 (1996);
al so be prepared in the for '

solid
Benclesthgs &1« Db iy hEar e TPS44P § L455k LIBRENS ehel-of Rlggmacol
I t ] n o]
Exp. me 2% 1@2 ggé%g B§m§]oér/{p chIIYeﬁ)é%%fe?gé I(fra)ggp Ilﬁi&liaﬁQiz ©t al., J. Med.
Chenﬁdm(m)smﬂéa h o (mv);dBannbntetaale Svoance 1279t §d@-800(1998); PCT WO

owoBHE et W3 oBRuREE enT LG nofil Blne "Bt BleumutenBlic! €6 5 S07.019

to Du‘Ple?QP' M st Ri,238 ebmdY B et i ¢ gl ycerides, and
pol yethyl'éne gl ycol s. Conposi tions for topica

adilersalss caatalsorbeamed asf asijunsk thepspe in b@nbm@tmnswnh extistinggherapies in
ewashes *Iutorla I, aer

the mGHSRATRRCOR e ACr bRt DB RO AR RO GRS Biapf fuatons. i

is pr&¥éaBly 16 UARRMSHRE ﬂleazﬁ:tlvé1Q1§’%§d1¥1ﬁ§ Pl meknén elas mibeEney effatts upon
phar raceut i cal | y acceptabl e conponents or adj uncts

nAChkh S@biypearsecleﬁ@nhv,%edhat RI§ @4;89913?@51 with sunsele pnd eganglire| TS can be

oo bR W BRAF DB Moo, SO B8 ATRREs o et ¢ osvd
effecta&eéﬂtéined U 6@ St BRIng Sthie \tl@i%sholcardbsdgeaeqdn&ﬂtts cabisef §1gﬂ1lﬁlg1t side
agents, anti-jinflammtory agents, antl-P yretics,
10

effects o bes sharpapepsical, compsiioneERREe uStd i AElomieeany of the ‘Symptoms
assocf:ags{ t\Mﬁ'P&l‘i)?J (%)ﬁngﬁlon§ lﬂ?slgascég %8 AfdiRLan provide

I Oha
Examples of conditions and disorders that can be treated include neurological

disorders, neurodegenerative disorders, in particular, CNS disorders, and inflammatory
disorders. CNS disorders can be drug induced; can be attributed to genetic predisposition,
infection or trauma; or can be of unknown etiology. CNS disorders comprise neuropsychiatric
disorders, neurological diseases, and mental illnesses, and include neurodegenerative diseases,

behavioral disorders, cognitive disorders, and cognitive affective disorders. There are several
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benefit, act to affect the therapeutic action of the
phar maceuti cal conposition, or act towards preventing
any potential side effects which may be posed as a
result of adm nistration of the pharnmaceutica
conposition. In certain circunstances, a conmpound of
the present invention can be enployed as part of a
pharnaceutical conposi tion mﬁth ot her conpounds

intended to .prevent..or tre I,
CNS dygor Wla)casg c‘ﬁtlr glgrln[f[ﬁg iogs. a\ﬁ:y 6:?16 K Béﬁecg g& g ﬁi}gﬁ{ncnon (ie.,
dlsor(ﬂz?sS GEduafd %ﬁ?'lﬂa;fpf%rklﬁzeflé%lsf of rdetuf@dahdmittb@sleasky MePpropriate
conditions and disorders for which other_ types of

pr0pemqsotqur@ut9@\ammm§rs 1PaSRIOIS 0 NP0 pBaRIIORYIate  intéraction  between

v A ABEH o 3 U BB S Rl o

a deﬁlléﬂ()y df-cB6lire] awnlneﬁlﬁﬁfepmeﬁﬁnmt ancﬁmserofmiim. | nvest .

Drugs 5(1):79-100 (1996); Bench L L., J. .
PRapmRIsof (X disqdess thaiegn i’ﬁi@a'(eg the Prgpstaiipesingcompounds

and h@droxybtnz AL a8 ribe pha &tft%?c&r&&%@ons %ﬂﬁhng these
2 A, £?§ 7?ﬁ ﬁﬁ

uroscl ence aday et at,
compbinein andQs(aEﬁ)mclédﬁﬁ Predstfide (drA&Ria; (em ooset étlzl‘@limer sduseasc)e senile
T TN E T W T X T,

AIDSSPeé@eZi gélrgentltao HVldenfRhiig! mult@[éd careialt idadts! ‘Paﬁﬁﬂsbﬂlsﬁt mcludmg

he salts can also be used as adjunct therapy in
Parklmn’cﬂ dia¢dsenPisk shdisodss t pragressines ayriregiclear pelse Hupfngpionischorea,

af orenenti oned t s of dis a S
tardlvpn dgg%lﬁisglr t}EYQFT 1a, I?pllzfa) pxpgl?lg,r fgtf:?/tl({ (f?: ﬁl? nélg(ﬁrgglr anxiety,
deprebdiéh, afkleXR, 'sélﬁicﬁﬂi‘e‘ﬁiht §e}dréksi@nn66§é§§1vé-5tﬂﬁpm1% disdRters, Tourette’s

ef féct's upon ChR subtﬁges such as those that

ar e
syndrameowiildtasgnifive impaizoens (WHeD.grasgissesiaterhmemegs ippairment (AAMID),

lished,b e .ael |
e ECABE S b BRSO Y SR ML Dlonseavence of
alcohlXndi dt€ithnwinbbefitient® 8Yndigme,h@ drbrssdbiated wiitls ageulae du;brdeds with
to cause significant side effects. The har ceutlc

|
genetisligrsiprs GHE asafPr sxamRledrisgnadbl ar gidy ateaign daticiepgies of leaming
deﬁcx%Xdép X OflRie %éﬁ&@;ﬁ%ré\%&%&ﬁ%ec GEns | QR dasdhrﬁﬁﬁ fic lateral

di sorder conditions and sorde
sclerdsi3aimutidple Beletasiatpedpliendd | ned&)txm;phtesgl agi catbraldors spivdrtsgumas.  In
heur odegenerative dé%%%ders arti

additigs e REPOUB R ot PF aiffh e 74t dicehcand GG andfpipinge pehaviora
dlsor&%1 daﬁe&j ! guﬁs%@@se t f3f tQ%eﬁéﬁd@h@JEeeg 51@019)@ n&khﬁe heroin and

I sposi tion, ection or traung;
oplatesn lpﬂynhnstenulalits;gyenz@ﬂi&emrsar gel banbamptqs); eand to treat obe51ty The

opsychiatri di sor eas

compRifulsan AL OF vt POy Fﬁﬂ@‘%ﬁégwﬁiﬁ A <Pggeter within

the g&'tr%ﬁﬁ%ﬁﬁal syRERANLIP b CrélinSOHisesS - inr@lP |bbbv¥ﬁsﬂdﬁ)%djﬁfd3ulceratlve
cognltlve affective disorders. There are severa

COlltlS and diarrheas.

The manner in which the hydroxybenzoate salts are administered can vary. The salts
can be administered by inhalation (e.g., in the form of an aerosol either nasally or using
delivery articles of the type set forth in U.S. Patent No. 4,922,901 to Brooks et al.); topically
(e.g., in lotion form); orally (e.g., in liquid form within a solvent such as an aqueous or non-

aqueous liquid, or within a solid carrier); intravenously (e.g., within a dextrose or saline
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32 OCNS disorders whose clinical manifestations have
been attributed to CNS dysfunction (i.e., disorders
resulting frominappropriate |evels of
neurotransmtter rel ease, inappropriate properties of
neurotransmtter receptors, and/or inappropriate

i nteracti on between neurotransmtters and
neurotransnitter receptors). Several CNS disorders can
pbe attributed to a.defi z?enc of choline, dopam

solutﬁ)g},eﬁq B p YRR Oén‘&JGSPO% e ot A. SERERIN e8' &f

pharfARAHERES talaiptdbi bRqUid eabed ufikiee t hef E- nafidw)) COintrﬁthecally;
conpounds an hydroxybenzoate salts descrl ed herein,

intracerebroveairieniaelyit mcaansé@mag.(e gonsingrcirasieranal patsh). Although it is
pOSSIE%;[& §&gﬁst%qg%?a&} stlf? ’theI fﬁﬁn égg lerke%cﬁsg&l{e 1&?%&%@&&& to present

ne
muislon in a

elrner s

each (AR thed it bha gHathadentical conppsilion loeVﬁbnﬁﬂdtyon for efficient and
denentia, mcro-infarct dementia, . Al.DS-r

effectiemedminisiratiany. Eramplany methads doradmisisiesng AR be apparent to
the sgiﬁééf LARAD! FEP éxgﬁli)léd koGl @Jnkﬁe?actﬂxﬂnﬁt dslﬁ&ﬁce forfl &ta tablet, a hard

sease, progressive supranucl ear sy, Huntington's
gelatibhepade or has dihweretéﬂﬂctapaﬂe aAsiaylp’ehﬂkexaamla thee gilts eps y)ge delivered

cons e e T e Sy RN SRR Yoy Novaris and A

Corpgﬁﬁsﬁ SirHEadiubaoy 6f dlb gﬁz{rgﬁf:&tlca_l%h%’élﬁoﬁs ofSHE PFeQéIR invention
cognitive inmpairnent , age-associ at ed nenor

can bierip@rmittentt o A/aNrydual, ppmxmmus, @omm oF eordrodied paimfor 4 warm- {looded

orders which e age reI onsequence_ of
animh 2o BHEL SRS ORI e By oo Plac, SR B Honkey); but
advaﬁﬁ%bﬁkl?t e c%bhuﬂ@scﬁ'él bﬁ:‘ferﬁb@ Qﬂﬂﬁﬁﬁere@ﬂté A hugRn&eing. In addition,
erations (such as, for exanple, trisony 21) or wth

the tame efidapanddhe olmhe of times pen day rﬂgﬂt thge pharmapritisal formulation is

% b PR BITHEAEHY LG RO B0 RatRs o

phar£debdéHe fatmulidhOinte4d ivéith re@élﬂoxCﬁtee bﬁlﬁﬂm alie B@dynaf the subject that
traumas. In addition, the conpounds can be use

affect fheaflnctioping ¢fehe GATS o oiha earEnetmar (Glatad: oMalre specifically, in
treatxg%“céoé §rd?sor<fer %ﬁ%%lgtfatl%ﬂ gﬁéf@ﬁﬁ is tshét ﬁe?%go Bﬂhnalze the effect upon

pendenc al ne, n a

thoseORle@hr? SecepRYy G\lﬂﬁﬁieb MHichiase aheffeadipaz dei fnmm,onmgd)f the CNS, while
bar bi turat es), and to treat obesity. The

ound
i e oo AN (RYSEIp e i5SEIEN SEIRSS o AT SPiRY I fethods for
admlhﬁfeklﬂgg\?ﬁé Qhi¥s Eaﬁés%hﬁéd (in‘l s nPatEﬁ'teNgagtérO@Q@i etﬁtSrHﬁlll et al., the
such as Crohn's

ste | sease, Irritable bowel
dlsclsspmldsmtaclarsdnadrmatad herein bnycrleferansep matsobndreay rheas. The

mgpner in which t drox benzoate.salts

AcHeRereBFa ©anol By e Grpgn SRR Al Qgeupenpe o the
sympdmsé G{qﬁile%éoﬁ)&r (08 8 treat! dreNSmipRINE &f thd MisdRTeP FdIm FhichQhe patient

nasal using delivery artlcles of the type set
suffefsor By I&ffebtl\& aRatit "thorapetio 2m@nL" tos "Bffodive daseylis meant that
amount Fs)uf%menty to elicit the desired pharmacological or therapeutic effects, thus resulting in
effective prevention or treatment of the disorder. Thus, when treating a CNS disorder, an
effective amount of the hydroxybenzoate salts is an amount required to deliver, across the
blood-brain barrier of the subject, a sufficient amount of the free base drug to bind to relevant

receptor sites in the brain of the subject, and to modulate relevant nicotinic receptor subtypes
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(e.g., inlotion form,; orally (e.g., in liquid form
Wi thin a solvent such as an aqueous or non- aqueous
liquid, or within a solid carrier); intravenously
(e.g., within a dextrose or saline 330 solution); as
an infusion or injection (e.g., as a suspension or as
an enmulsion in a pharnmaceutically acceptable |iquid
or mxture of liquids); intrathecally;
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cell FEFRE ot HE RS PR A PR S i Gty WRGH s Trg I8 useful in
carryBiaf € e prefRHB inkv &t it thidGmblly activate isotopic rubidium ion flux by less than
10 percent, often by less than 5 percent, of that maximally provided by S(-) nicotine.
The salts are effective towards providing some degree of prevention of the progression

of CNS disorders, ameliorating the symptoms of CNS disorders, and ameliorating to some
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effective prevention or treatnent of the disorder.
Thus, when treating a CNS disorder, an effective
anmount of the hydroxybenzoate salts is an anount
required to deliver, across the blood-brain barrier
of the subject, a sufficient amobunt of the free base
drug to bind to relevant receptor sites in the brain
of the subject, and to nodul ate rel evant nicotinic
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invergi%klt %ﬂﬂohlﬂot%%oﬁﬁngﬂfag Qﬁmflﬁ PACRAE lehe*s@ eRAipl&) kil parts and
I'n general includes anmounts starting where
percenfdges e by weigher undesi othawiseenraigr uReactiohf Welds arepeapgrted in mole
but bel ow t he amount where nuscul ar effects are
percehifget-ved. The doses depend on the desired effect, the
duration of treatnment and the admi nistration route
used; they are generally between 0.05 ng and 100 of
Exarapei e Syufhesiandd2Sp6iE)d ymetterl-5y(SitsprepprrcpyridinyD 4-penten-2-
aminegrbkydrokybenpestki ng, a nedi cal doctor will determ ne
the appropriate dosage as a function of the age,
melothand al | thchoth- factors spe |f'3 potg e

hvdr 19:%§ in effectlve anDunts in accordance wth the
f the present invention, often |ack the
abyp- Hytimxylm:nednc atitl (262 igy 49.0 oxmal) wasiadded i iy amgpnsm armqﬂzgolutmn

i.ficant de ree.. Jhis, sel ecti vi.t o
)l N T (B PRSP BT (E79 BCR RO pure
19.0 HERO9 R ifpfo é;yp Ecéﬁz?cé QS@%&%C Ub@#fing tHéCaddiitioRC thystallization of salt was
denonstra l'ack of the ability of those salts

ev1ddnn ddfter wamplets adstfiori of tharmhydsprobEnzait asid) the seasion was heated

near lts %mllling point as isopropanol was slowly added. After 15 mL of isopropanol had been

added, complete dissolution was obtained. Cooling of the solution to ambient temperature
(overnight) resulted in deposition of a crystalline mass, which was collected by suction
filtration and air dried (4.03 g). A second crop (0.82 g) was isolated from the concentrated

filtrate, by addition of acetone. The two crops of crystals were combined and recrystallized
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As such, such salts have poor ability to cause

i sotopic rubidiumion flux through nAChRs in cel
preparations derived fromthe adrenal gl and.

CGenerally, typical preferred salts useful in carrying
out the present invention maximally activate isotopic
rubidiumion flux by less than 10 percent, often by
Iess than 5 percent, of that naxinally provi ded by
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percentages.” Exanple 1: Synthesis of (2S)-(4E)-

ydkw¢m®thyl 5- (5-1sopropoxy-3-pyridinyl)-4- penten 2-
anmi ne p-hydroxybenzoate (2S)-(4E)-
N- et hyl - 5- (5-i sopropoxv- 3-pyridi nyl ) - 4- pent en- 2- am ne
pqgh}dﬁ&%ﬁﬁqupate p- Hydr oxybenzoi c acid (2.62 g, 19.0
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Cherk.58: mu%(jﬁmnlng the addition, crystallization of salt
was

(S)-N-Methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine

A mixture of (R)-4-penten-2-ol (7.62 g, 88.5 mmol), pyridine (15 mL), and dry
(distilled from calcium hydride) dichloromethane (30mL) was stirred in an ice bath as p-
toluenesulfonyl chloride (18.6 g, 97.4 mmol) was added over a 3 min period. The mixture

was stirred 20 min at 0°C and 16 h at ambient temperature, as a heavy precipitate formed.
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evident. After conplete addition of the

p- hydr oxybenzoi ¢ acid, the suspension was heated near
its boiling point as isopropanol was slowy added.
After 15 nmiL of isopropanol had been added, conplete
di ssol ution was obtai ned. Cooling of the solution to
anbi ent tenperature (overnight) resulted in
deposition of a crystalline mass, which was coll ected
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two crops of crystals were conbined and recrystallized
mL etaao cffrtbmmusmbas(: Wrﬁrrﬁ‘)mbmﬁb dsist | Mazii:).cend| coneantratgg by rotary

evapigfons high vt eEpRE1oh 157 o5 Tgbg R Which' G, copfied winn
dlmeﬁ@%ﬁﬁ&h{ﬂ@ (DM @3 nBFMBd 48%aduedls; methplam@fe- (BO 16l)). This solution
anple 2: Synthesis of (2S)-(4E)-

was wm #ysmigentstempengruse Rk &.hp%q Qeﬁwopregl %péﬁlx@re of saturated

aque(?gsggl_ F\l}eélﬂor &ﬁgw ﬁht)raga??xlglgsa ony?'c;rmﬂde Sn()t rg%} "_Fhls mixture was

extra?tmi n\'@ith aelﬁlibrt (Selxu 280 afiL}, handpthey dthex ekenzoateze et (Nm2SO4) and
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d successively Wlt sodium'tert-pentoxid
THF K00 ﬁl(l),) namid)the arigltuiie- was lslyi‘edZatmynmmt |tcmpmfatgre( for 16 hi.) The volatiles
This m xture was stirred f

were (ev_[aipote)te rofany gxaapa(,aélpn,aanﬂéﬁq lgaldgt? wgs Hacuum dls%llfé PSR mm pressure
(bp 73)6@?0?%’% gmpﬂﬂ éjgﬂ? 43idd)&Fclehd BRrlks id.hen added

act or tHe m xture was heated at 75C for
12 h under a nitrogen at rmsphere The m xture was

and vvashed
1fg |-2-amine.

hydrd‘iévBSthcheuene (15 L) and the conbl ned tol uene phases
were washed with water (15 L) and concentrated under
r ehluciathrg o€ Sshromo- i—lsompp@(yzyﬂdlkg (.0 @a PR 20mmol), THi-N-Methyl-N-

(e B ReRaPeP O A S RCUITIPaIEE 1 tp DR ROk Qa2 6. 159

mmol)OpMia8lueh(B) Acek@e (22 /% 0298 Bty dHa-thi=d- &mppllmspmn@w $gne9 mmol)

as a pale | ow oi (2R) - 4- Pent en- 2

was qegmyse armbm@d updeyia nitiggqsratpasrhare; Thg 3tined mixdng vyasdhgn heated at

5o o B OSBAEESOREo B, BAE AR ot v
added’@ FRE Yrred mikeid- wasTaMRd a5@0°C2 &3> [ 289 h) ambient temperature for 16 h

and then filtered. The filtrate was concentrated under reduced pressure, and the residue (83 g)

was dissolved in methanol (25 mL), cooled in a cold water bath (<5°C) and treated drop-wise
with 6 M HCI (100 mL). This mixture was stirred 3 h at ambient temperature, and the
methano! was removed by concentration under vacuum. The remaining aqueous mixture was
washed with dichloromethane (100 mL), made basic by careful (with cooling) addition of 3 M
NaOH, and extracted (2 x 200 mL) with dichloromethane. These latter extracts were washed

with saturated aqueous NaCl and concentrated under vacuum. The residue was dissolved in
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(S)-N-Methyl -N-(tert-butoxycarbonyl)-4-penten-2-am ne
A mxture of (R)-4-penten-2-ol (7.62 g, 88.5 mmol),
pyridine (15 nL), and dry (distilled fromcalcium
hydri de) dichl oromet hane (30nL) was stirred in an ice
bath as p- tol uenesul fonyl chloride (18.6 g, 97.4
mol ) was added over a 3 min period. The m xture was
stirred 20 min at OC and 16 h at anbi ent tenperature,
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3- br ono- 5-i sopropoxypyridine (21.0 g, 97.2 mol),
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Example 4: Synthesis of E-metanicotine 2,5-dihydroxybenzoate

E-Metanicotine 2.5-dihydroxybenzoate

2,5-Dihydroxybenzoic acid (gentisic acid) (0.475 g, 3.08 mmol) was added to a
solution of E-metanicotine (0.500 g, 3.08 mmol) in ethyl acetate (3 mL) and isopropanol (2.5

mL), and the resulting mixture was gently heated until all solids dissolved. Upon cooling, a
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with 6 MHC (100 nL). This mxture was stirred 3 h at
anbi ent tenperature, and the nethanol was renoved by
concentration under vacuum The renai ni ng aqueous
m xture was washed with dichl oronet hane (100 ni),
made basic by careful (with cooling) addition of 3 M
NaOH, and extracted (2 x 200 nL) with dichl oronet hane.
These |l atter extracts were washed wth saturated

NaCl and concent r d d .
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solution. Wth stirring and heati ng to near reflux,
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were filteréd, washed with ethyl acetate (2 x )

8.80,8"7¢%dri ed at 50C to give 1.24 g (91% of an off- vvhlte
powder (98.0% E isoner by GC-FID for the free base).
To renmove the color fromthe sanple, the material was
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m.) to give 1.03 3@(83%recover fZIOf an off-white
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Jo T €ecover Crys I'ne

detenihﬁﬁd 16 décordarierintil tht teéhniquee destribéd fnr ISt aam Not 5 697 919 to Dull e#

2, 5-di hydr oxybenzoat e
al. Inhibition constants (Ki values), reported in nM, can be calculated from the ICso values

using the method of Cheng et al., Biochem, Pharnacol. 22:3099 (1973). Low binding

constants indicate that the components of the salts described herein exhibit good high affinity

binding to certain CNS nicotinic receptors.
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E- Met ani coti ne 2, 5-di hydr oxybenzoat e
2, 5- D hydroxybenzoic acid (gentisic acid) (0.475 g,
3.08 nmol) was added to a solution of E-metanicotine
(0.500 g, 3.08 mmol) in ethyl acetate (3 nL) and
i sopropanol (2.5 nL), and the resulting m xture was
gently heated until all solids dissolved. Upon
cooling, a 39 mhite gr anul ar precipitate was
d osiLted, and cool ed at
Saloreging B st o (B R ARG 39 Jopploficproporpigued =
llmlt?ﬁg2thé'ﬂe3f gRd ifVenB6n 4 @8ned AUMB fallovhiaE didihs Awlth leQuivgleme of the
(29.799 of a light-yellow flaky sol i d, np
ClamEOO QQIIEthed theflR (D20): nono-salt stoichionetry.
Cal cd. for C OHL4N2 C7TH6O4 0.15 H2O C, 64.00% H
6.41% N, 8.78% Found: C, 63.92, 64.00% H, 6.33,
6.34% N, 8.79, 8.84% Exanple 5: Synthesis of
E- net ani coti ne 3, 5-di hydroxybenzoate E-Metanicotine
3, 5-di hydr oxybenzoat e 3, 5-Di hydr oxybenzoic acid (0.475
g, 3.08 mvl) was added to a warm sol uti on of E-
net ani cotine (0.500 g, 3.08 mmol ) in isopropanol (11
m.) and nmethanol (4.5 nL). Upon heating to near
reflux to dissolve the resulting gum the light-yellow
sol ution was cooled to roomtenperature and further
cool ed at 5C. The resulting dark-yell ow gumthat was
deposited was di ssolved in isopropyl acetate (3 nlL)
and nethanol (4 nlL), assisted by heating. After
cooling to roomtenperature and further cooling at 5C
the off-white solids were filtered, washed with
i sopropyl acetate and dried to give 0.505 g (51.8 %
of waxy, tan flakes, np 160-161.5C 'H NWVR (D20):
nmono-salt stoichionetry. Calcd. for G oH 4N2 C7H504
0.15 RO C, 64.00% H, 6.41% N, 8.78% Found: C,
64.03, 64.02% H, 6.38, 6.38% N, 8.80, 8.76%
Anal yti cal Exanpl es Exanple 6: Determ nation of
Binding to Rel evant Receptor Sites The interaction of
t he hydroxybenzoate salts with rel evant receptor sites
can be determned in accordance with the techni ques
described in U S. Pat. No. 5,597,919 to Dull et al.
I nhi bition constants (Ki values), reported in nM can
be cal cul ated fromthe I C50 val ues using the nethod
of Cheng et at, Biochem Pharnacol. 22:3099 (1973).
Low bi nding constants indicate that the conponents of
the salts described herein exhibit good high affinity
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binding to certain CNS nicotinic receptors. 40 The
foregoing is illustrative of the present invention and

is not to be construed as |imting thereof. The

invention is defined by the followng clains, with

equi valents of the clains to be included therein. 41

What is clained is: 1. A conpound denoted

(2S) - (4E) - N- et hyl - 5- (5-i sopropoxy- 3- pyri di nyl ) - 4- pent
ens.2-an ne p-hydroxybenzoate. 2. A pharmaceutica
cgﬁgﬁgﬁgigﬁggé%prising the compound of claim4 and a

phar paesHpduaadldedotdd ¢EPL@B)-N-ethyi-£(5-is8Bidpoxy-3-pyridinyl)-4-penten-

2-amine p-hydroxybenzoate.

2. A pharmaceutical composition comprising the compound of claim 4 and a

pharmaceutically acceptable carrier.
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