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Pl PERTDI NYL CONPOUNDS  BACKGROUND OF THE | NVENTI ON The present

i nvention relates to novel piperidinyl compdunds which contain a chiral
sul f oxi de noi e gnd. RLac related to their synthesis and production.
The conpounds - cal conpositions containing the active

i ngredi ent are useful as dopam ne antagoni sts and are particularly useful
as anti psychotg j Hﬁ?@s' The conpounds may al so be useful in

ot her neur ol oglfl?aE? an p%%ﬁl atric disorders including schizophrenia.
Certai n net hanoant hr acene conpounds containi ng racem ¢ sul f oxi des useful as
D2 dopani ne r es@RERGUNDOEABR BivENPPOIE been di scl osed. .See EPA 0 533 344 Al.
The present irnventron, on the otner hand, relates to methanoanthracenyl
conpounds that are essentially or substantially pure chiral sulfoxide
enantionmers or di asTisr peesEnt Div@nplar retatesi talnoselpdpetidingl conpeundisng
said active ingredients.wherein,th QURO r f S

dopam ne ant ag X t%°n§§i'\}veﬁ Fﬁgzéals '°§g$%?" gg?’rzfaaﬁ?;%%ﬁ%ﬁ% T et%gﬁ:aolDr%rgair
conpounds havessathesis enédroduttinned Thadconpoundsanod dbeeplizrnageutdpali ne
antagoni st 1at d qholi &fingBon siﬂngdgﬁ latBi 1AfrddTBEOURE el GRl abgafihbe in

humans. The presgnt conpounds are al so serotonjin S5HIZ antagoni sts.” The
present i nvent#dsanisss andpre Ragtiglarly wsehel &8 yrtippyehetic agents in

met hanoant hr aciamshs S UlThe Xd dipsundemnsy alk6 el aOERAS inltdthe? GReusloPishl and

oxi dati on met hods %o sel ect i1 yel iox'd'.ze a netq%noanth acenyl sulfide to an

enant i oner i cal PSR e S‘é’ﬁﬁﬁgi 13 Wﬁlﬂsﬁc&lm R t%m %rt'a&i{t her purified

to a pure or smetrhhacdnthrigenpucemposbdscontiiniag canphicssulfngides usafwlddstBn,

the present | nyGALEON dEELAIESalBefnliACRSR bokn WIGYIIsERY IBEMICOBRLEAR! S
n r sul

or those enric in the esifed nmet hanoant hr anceny oxi de enanfi omer
whi ch may be réladi The psependdinyentiome oBnthe otken band, &elptiegat? on to produce

pure enanti onBjdi¢hafi®drthk#denyl compounds that are essentially or substantially
pure chiral sulfoxide enantiomers or diastereomers and pharmaceutical

compositions containing said active ingredients wherein the compounds
are useful as D1 and D2 dopamine antagonists as well as SHT2 serotonin
antagonists. The claimed compounds have an improved, balanced and
more favorable D1/D2 dopamine antagonist ratio which may be predictive
of an improved clinical profile in humans. The present compounds are
also serotonin 5HT2 antagonists. The present invention also relates
to novel syntheses of chiral methanoanthracenyl sulfoxides wherein.
the process utilizes several oxidation methoﬂs to selectively oxidize
a methanoanthracenyl sulfide to an enantiomerically enriched sulfoxide
mixture which can be further purified to a pure or substantially pure
methanoanthrancenyl sulfoxide. In addition, the present invention
relates to a process for recycling racemic materials or those enriched-
in the undesired methanoanthrancenyl sulfoxide enantiomer which may be
readily coupled with the enantioselective oxidation to produce pure

enantiomeric material.



-2-  SUMVARY AND DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention relates to novel nethanoant hrancenyl piperidinyl sulfoxide
corrpounds and their pharnaceutically acceptable salts of the fornula as
described and set out on the first page fotl%wi ng t he Exanpl es section

wher ei.n the varjous groups on the fornula | (X nd. R1) are defined as
fol | ows: S ' D ] Qdmaﬂ 0 hydr ogen, hal ogen
and Cl-6 al koxy; ' Rl is selected from Fi ve- and si X- "

menber ed het eroaryl r%bﬁfsggptiﬁb%}l%eﬁf{%er d v%t h&;v%ﬁ ?&%gﬁ ir om

nitrogen, oxygen, z I'ves thereo y bear
1-2 substi tuenmépg@deeﬂe@ulfq;ﬁﬂezlcompaml anmwbem;pha@lacsuaiqad%y aqiceptablay

bear a trifl uopgyed f&f' t!gar eHRmu1Elad d@kl‘%ﬁa&ﬁogéfé outlod thY HiQs¥ glagy! |
benzyl oxy, hal %P?‘Cl- al kyl am pocarb anj nocar bonyl hﬁw ng the

on
formul a: CONR[ &P11aqig the,Feamples Fﬁeéﬂ-‘{ %F‘ﬂf‘e%/ he various gEqRs (¥hit
sel ected from lEgaigeDn, (}2 wydrrdom;jlawldefaﬂéu Gsefdlllottbkyl or wherein Rerr]
and R[err] together with the nitrogen atomto which each is attached forms
a 5- or 6- nenbered heterocyclic ring in which said nitrogen is the only
het er oat om R[ er r ] SEOM&Ar ave Rhdepenbehtlyndelceed | fSomtterdepger] baldgeanand
Rlerr] are ind %? Jé}y sel ected from hydrogen and C[err] alkyl and n is
0, 1 or 2 and SFerr 'sel ected. from C1-3 al kyl car bonyl am nophenyl and
di(Cerr])alkylamno (Cerr])al kyl wherein at |east one of the substituents
on the five- and/ or rsi ¥s ¥eIERegdfdm:eroaryl ring is a chiral sul foxide of
the formula Cerr]al kyl SO The invention further provides a
pharmaceutical conposition conprising a conpound of formula | as defined
above and shown on tFlieepagdssifxel hembened heeexazypp|ragsrubdntainihgr feomett3 cal | y
accept abl e sal h5:LAGEGRA s306kr3dPRARREGHELS R oYgBECHR U fus) LHE Wend'

exci pl ent.

derivatlves thereof, which may bear 1-2 substituents selected from
C1-6 alkyl, hydroxy, Cl-6 alkoxy which may bear a trifluoromethyl
group, C1-6 alkoxycarbonyl, Cl-6 hydroxyalkyl, benzyloxy, halo, C1-3

alkylaminocarbonylCl-3alkyl, aminocarbonyl having the formula: CONR®K
d

d

vherein R® and R® are independently selected from hydrogen,

2-pyrrolidinyl, and Ci 6 alkyl or wherein R® and Rd together with the
nitrogen atom to which each is attached form a 5- or 6- membered
heterocyclic ring in which said nitrogen is the only heteroatom,
ReS(O)n, RfNH, and R8S wherein R® and Rf are independently selected
from hydrogen and C1-6 alkyl and n is 0, 1 or 2 and R® is selected.
from C1-3 alkylcarbonylaminophenyl and di(C1_3)alkylamino(cl_6)alky1
vherein at least one of the substituents on the five- and/or
six-membered heteroaryl ring is a chiral sulfoxide of the formula

C1_4a1ky180.

The invention further provides a pharmaceutical composition
comprising a compound of formula I as defined above and shown on the
pages following the examples and to pharhaceutically acceptable salts
thereof and a pharmaceutically acceptable diluent or excipient. The
claimed composition may be administered to a patient in need of
treatment thereof in a suitable dosage form via an effective delivery
system to provide D1 and D2 dopaminergic antagonist activity and to
relieve or treat or prevent neurological and psychiatric disorders

wherein antipsychotics are a prescribed treatment.



cl ai med conposition may be adnministered to a patient in need of treatment
thereof in a suitable dosage formvia an effective delivery systemto
prOV|de D1 and D2 dopami nergic antagonist activity and to relieve or treat
or prevent neurol ogical and psychiatric disdrders wherein anti psychotics
are a_prescribed treatnent. - 3-
The invention further provides a nethod of treating neurological disorders
conpri si ng adm ni st Bieé dgvéntian phirithext providesda ofethod af nerdatihge meofological

phat maoeut] cal by ShEES Lo ATRY WipBls R AIPRYY LAEEALIINGE JO Gy O 2

phar maceuti cal Ty ‘accepta ereo he 1 | on so rela
met hod of t reathexgmswohmeuwﬂlx|erfgea1éirv1en$muetnﬁgaaccmmm@ée@rd,iagl 1}0

effective amufdrmiliad BR3d %ﬁ%deﬁﬁica@.@?%%b%t%lecﬁ{ﬂtatﬁéﬂ&fQn het i ve
i ngredi ent as described_in gr mul a armaceutically acceptabl e

carrier or dilinvention,@lsq relateste @ f"ﬁs%m Of freating RSYRNONAH comPTising
ant agoni zi ng aaddindstering @p&meﬁmmreffécmﬁmmﬁmﬁ lasphiatmaceutical

adm nistering an.a psychat unt t und rmul as
o o phar macePRRk R follen iR R Herds G- SETRE A 4BRGARRA Y, EBphR "
the active i nguuljlaepharmaceuucalllmacmwablm@atrmt Obrdllum!:-t erns " aI kyl" and

21 koxy” i nol Ugts abdheibh %fibher YLNANEDSHnEORIA of HkGhAZLR'S bY drd D2

under st ood t hat erences to In |ca S S
" propoxy" embr %@mme receptioghin dnapaps ﬁamp@énnarﬁﬂlmm:sﬁ’f@ﬁw eﬁaaqﬁpszréwta%

"isopropyl"” or amdun®Pé©RAE YcomPbnd ﬁE&frrdQﬂg 1@ sm&ualp%&l ¥ .pharmaceutiddle term
"hal 0" is inclusive,of fl uoro,ichlt ‘P_@D &n ﬁEunI ss ot, hervm se
shacititd. | THESPGR LR BRI tht FORPYE Bf eRmiE fay be

i ncl uded as a mgretiiéntent as further shown herein. Particul ar vaI ues of
Cerr] alkyl include nethyl, ethyl, propyl, i sopropyl , butyl, isobutyl,
sec-butyl, tert-butyl, pentyl |sopentyl neopentyl, and isohexyl.

Particul ar val ues oin G[he$ rs]peaiﬁi,qatliml tihe mmﬁwaliéﬁ'hynd "l oppelude

Particul ar val ygg @frddlght dndabkaithed thh A & aBBENRXYbutiB 0K unBEQRVYY  that
| sopropoxy, butoxy, 1sobutoxy, . sec-butox tert-butox pent oxy

i sopent oxy, neERFERERSEE tﬂeB&S‘Hl dug} jradigals Spgh qfar?‘f‘{?éfil'z'ir°r\/ PiRPé”QS’F C[err]
al koxy i ncl udeenbrabexshe Stfiight chafn WadPEaly and branched chains such as

"isopropyl" or "isopropoxy" are referred to specifically.

The term "halo" is inclusive of fluoro, chloro, bromo, and iodo
unless otherwise specified. The term "hydroxy" is given its ordinary
meaning and may be included as a substituent as further shown herein.
Particular values of C1-6 alkyl include methyl, ethyl, propyl, .
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, and isohexyl. Particular values of Ci3 alkyl include
methyl, ethyl, and propyl. Particular values of C1-6 alkoxy include
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, isopentoxy, neopentoxy, hexoxy, and isohexoxy.
Particular values of C1-3 alkoxy inciude methoxy, ethoxy, and propoxy.

Particular values of five- and six-membered heteroaryl rings
containing from 1-3 heterocatoms selected from nitrogen, oxygen, and
sulfur include 2, 3- and 4-pyridyl, 2-pyrazinyl, 2- and 4-pyrimidinyl,
3- and 4-pyridazinyl, 3-, 4- and 5-isothiazoyl, 2-, 4- and 5-oxazolyl,
2-, 4~ and 5-thiazolyl, 4- and 5-oxadiazoyl, 2- and 3-furyl, 2-, 4-
and 5-imidazolyl, and 2- and 3-thienyl. The preceding rings can
optionally bear the substituents listed above in the preceding



Particul ar values of five- and six-nenbered heteroaryl rings containing
from1-3 heteroatonms selected fromnitrogen, oxygen, and sulfur include 2,
3- and 4- pyridyl, 2-pyrazinyl, 2- and 4-pyrimdinyl, 3- and 4-pyridazinyl,
3-, 4- and 5-isothiazoyl, 2-, 4 and 5- oxa'zél'yl 2-, 4- and 5-thi azonI, 4-
and 5-oxadi azoyl, 2- and 3 fur - and 5 |mdazol

3-thienyl. ThePaEPgF:%ﬂ’rsng P@r"ﬁb%‘”@ﬁn"ﬁb‘?? REaPERZ lS’@E?“’artPrge% L?rfs?jr‘feueﬁ’? | i sted
above in the pﬂkﬂSﬁéhbdjed heteroaryl groups include the various quinolinyi;

par agr aphs. Partic rivativy ered
Mot oroary!” or onssotievaycn Betpor PR drtiths, e gy A, B SoBieliad
benzot hi azol ylwighobade whigh nal)kyalwoabbomhsmunwaecsmraﬂanO or (err]

al kyl or al koxy groups as shown above. Particul ar values of Cerr]
hydr oxyal kyl include hydroxymethyl, 1- hydroxyeth 2- hydrox ethyl, 1-3
hydr oxypropyl, 1- hy RATSAGRkaspYELUPE, of¢q._g Mydrgmradiyb dpglude hydroxymemhyd ,

particul ar val yagasixybeas) Y-k ﬂﬁbwﬁ&h?!frlageliymdymlpsn, '\iﬁh?dﬁb&%f@*haﬂ,
val ues of C[e(rﬁ’lﬂ :i\ :g&y i nclude Clerr] kyl, 1ncluding nmethyl, .
propyl, isopr (i xythF =butyl and isobutyl. Mre partrcul ar vaI ues
of (Jerr] alkyloxy (al koxy) include values of Cferr] alkoxy, including

e hoxy,  SUMOXY. PrRRRXYerds30RLPRRRYes BEUPYNS ¥ ABHIED My Aol Sil RAEOKY.

More particul ar val ues
cont ai ni ng fr ofare- pantdcularavatuessef étit.gdalflwémnﬂltlﬂ%g?qm, ai@’berin&ﬂ\ddml fur

i nclude 2, 3- :mtﬂ:‘ﬁ914 &Kﬁi d)fnlropyi iéo propflL O bl N8By P and‘&so%ﬂgyl

5-thi azoyl and 2- 4-1m oy V\/nerern the r tronal
substituted wi¥aFet h%rfslﬁ%acrr FEHﬁSS°5§1def§]rWd°’%(59g?°%r’é‘cg'glj? |V@&P °\f‘al ues

gf benzI dlerl vag.i vesmfxlyt | MR Iudiig ﬁeﬁmnyntaheﬂy,h@tepoa@L , Visopiropds, rncdoutglg
qui noly L.hol | ny enz |.azo an
ﬁ\(}g ’Wa?f@cﬁffrg?b%f%es&?ﬁe %fe?rﬁﬁﬁydvra&%fl%l rFlur'enchde val ues

2- benzt hi enyl .
of ( err] hydrsizyménbered hettensany}dringgneadtplining fron lhadre(t)eyaﬁmylb seflegted

hydr oxypr opyl . grom nitrogdil€ oYy éne’éﬁz?%u‘igﬁf’%ci&{e ¥, ad Jhd E%d%d Jlergin

are hydrogen an ch 5 E%/ drogen bei ng nost pref erre§ e preferred

val ue of and 5- isothiazoyl, -, 4- and 5- thlazoyl and 2- and 4-imidazoyl
vherein the rings may optionally be substituted with the substituents
as defined above. More particular values of benz derivatives of five-
and six-membered heteroaryl groups include 3-quinolyl, '
4-isoquinolinyl, 2-methoxy-3-quinolyl, 2-benzothiazoyl, and
2-benzthienyl. More particular values of C1-6 hydroxyalkyl include
values of C1-3 hydroxyalkyl such as hydroxymethyl, 1 or 2

hydroxyethyl, 1-3 hydroxypropyl.

The preferred values for X and Y as defined herein are hydrogen
and chloro with hydrogen being most preferred. The preferred value of
Rl

- substituents and particularly includes 3-pyridyl substituted at the
2-position with Ci4 alkylsulfinyl wherein the Cios alkylsulfinyl
lends chirality to the preferred compounds described herein.

is as a six-membered heteroaryl ring substituted with 1-2

A preferred compound may be selected from formula I as shown

following the examples wherein:

X and Y are hydrogen;

Rl is 3-pyridyl substituted at the 2-position with Cl- 4



Rlerr] is as a six-nmenbered heteroaryl ring substituted with 1-2
substituents and particularly includes 3-pyridyl substituted at the
2-position with CJerr] al kylsulfinyl wherein the (Jerr] alkylsulfinyl |ends

chirality to the preferred conpounds descrt®ed herein. A preferred
conmpound may be_ selected fromformula | as shown. follow ng the exanpl es
wher ei n: alkylsuhfinylar A spesiddently preferreqegmppundsis. pyrj gy

sg bsti It Et Ied ?]E (tha-2e Pﬂﬁ-bilixﬁ?_o\@,]fllfmlﬁﬁfahbanthgacené-ylmet_hyl)-4-(2—ethylsu1fin
-5- al kylsul finy]. egci fi, y preferred conpound.is .

(O)-12067 100 b Fi-avstosd Rinariibie i aboc afe SpsREt RITSRtIoR Alep incdudes

yl - 3-pyri dyl) pepertideeri¢- mixtufes ofr ebenbove peafemedatapoumt Whessin the (-) '
enant | oner ! ¢ ThiddiGRe'ts! iocBROS BLELE! bR EAIMQYUhMREGREY the (1)

enantiomer is present I n excess over e (+) enantfoner. When X is
chloro and Y is hydrogen, 'in general, 9S,10S stereochenistry may be

preferred. The ster gr&hanistdhlofdanBey 48t Bydropes, By gdnaRsley dspBshods such
as coupling an acid chloride at_t t hanoant hr acene )

. he 9-position of th
ring with a chFF%H”FE%’UisGFYIQ“aVe%é’HFg?'geEro&gﬁes"frﬁ?éleg&%t’iﬁ @R P& er eomer s
whi ch can be seeceratined by senysd aethadst sach @s soupling lanpayidockivrdde ldtqui d
chromat ogr aphy _{ " HPLC")_.or her ¢ t ogr aphi c_.net s.tqQ. ce. t.he
pure di aster eoﬁé? lj\lj\)/h%%)etigﬁs% ﬁﬁee mset%%[e%gﬁ%rﬁcgp? yn(t:l n‘mﬁeﬁ c%‘é‘géie)& 5d ?nl‘ﬁlélg.
Di ast er eoner i creagtntt to pagdudess, mixtur o diastaremens ohichecaneharsepathiied

fractional cryg}aldck¢edd1992ation or viJhﬁ%ﬁWHﬂ%cgr%@EQ&eﬂ?ﬁgéﬂﬁ?i de

herein may be sel ectively produced by chiral oxidation nmeans o
noi ety present (HPICAE eBEhem chromatagaphis metheds tynprodure fhevSyi dati on

of the sul fidedi@itRic¥orie? Wic¥UaRsAANLE NREEQIRNL SRl Yart Rhes HRddéternihad.
wher ei n one enanptioner pr.edo n%t]es a fur{ her descri b%d herejn maty1 al sdo be
coupled to ar bﬁﬁﬁefﬁﬂ“%ﬁﬁcﬁggc B2y 5Pne h AT ST FUY %??ﬁ’nb? separate

by fractional crystallization.

The compounds produced and claimed herein may be selectively
produced by chiral oxidation means of a sulfide moiety present on the
described heteroaryl rings. The selective oxidation of the sulfide
moiety to produce an enantiomerically enriched mixture wherein one
enantiomer predominates as further described herein may also be
coupled to a recycling process whereby the non-desired sulfinyl
enantiomer may be reduced and reoxidized to form additional desired
product. In general, a compound of formula I may readily be obtained
by synthetic methods described herein. An alkylthio moiety may be
prepaied prior to the chiral oxidation and/or recycling procedure. A

process for preparing a compound of formula I may proceed as follows:

(a) by treating a piperidone having formula II with a
corresponding compound of formula R1Li in an aprotic solvent such as
THF. The lithium compound can be conveniently generated in situ by
reacting a compound of formula Rlz, vherein Z is a halo group or, in
some cases hydrogen, with a Cl_é_alkyl lithium compound such as
n-butyl lithium in a temperature range of -20 to -100 degrees C; the
compound produced after coupling of the heteroaryl anion to the
4-piperidone methanoanthracenyl species is preferrably utilized as an
intermediate (which is also part of the invention) which is further
modified to form a compound of formula I wherein a C,_, alkylthio



enanti omer may be reduced and reoxidized to form additional desired

product. In general, a conpound of fornmula | may readily be obtained by
synt heti c net hods described herein. An alkylthio noiety nay be prepared
prior to the chiral oxidation and/or recyct i5ng procedure. A process for

preparing a conpound, of fo la | _ma roceeqd as, follows:, .(a) b
treating a pi p'g&iea"gn%s t‘?éﬂﬁgéf g’f"‘mff’ﬂxl W%%?a%ﬁ%%\g?\m%acﬁ?ﬁbé%&%%p
formul a R err]ohithenfive apdiori sixs-akbnlssriedshetierasycli. rihigevherehn utheconpound
can be conveni g I! . ' ' b ' f
Rl err]Z, wher e?n ¥}§£§n@%\g+n§q6#lg¥l?%%&l |X%l£}§%§r§é$ cqg%gg&%gg?%gg%% \&a? %f%ﬂ the
Jerr] al kyl | invengiemodpoenmtienslectively axidizedshi umin a tenperature
range of -20 to -100 degrees C, the conpound produced after coupling of the
het eroaryl anion to the 4-piperidone nethapoant hracenyl species i,s
preferrably utilizefPhd¥atreating r?e&?%&eép?'aé}inghawea?géowﬁe &fa (Hith a
L\Event i on) q\/\hi eimdaisié lwe*ﬁhemgrrag!éﬁﬂ,eﬂoi @xample, al ithipe Wldmdiun hydeide ¢

erein a CJer a t hi O . - 6- .
noi ety is basi Hrea&e( ’d“elt‘hﬂﬁu&ﬁl%%icgﬁ‘}leé‘ﬁd reacted with a | eaving group on
the five and/or six-menmbered heterocyclic ring wherein the resulting _
enant i osel ecti vel y 86l dFyehvihd ﬁ%%\?“%f??i’ﬁ?}?ﬁ%l" A i
of fornul a |l advfarrespoanding pigeridineefgiagire, If dn Bheappeeence| ¢hjayreducing
al um num hydri ngntr sBEH AB§ FHrmBkdmphe ) doddhen coamIEohydride; (C) by treating
an al dehyde of tfornmula Il (Gis hydrogen) wth a correspondi ng piperidine
of formula IV in the presence of a reducing agent such as, for exanple,
sodi um cyanobor ohyd(dy€or a compounddpf fformalac Enyleredn afhef valael af Icl\i\/gearlédony
t he val ue of r Xy, f ej t b X0 Y | Sj g)@ eaf |
correspondi ngcéglrrrp%ﬁﬁéd‘k gf leg? %ﬂldaetstﬂ]?%ﬂ‘!e}’gitnrgﬁkgnrgd % Jl;(gﬁ-%s/ ro%béw@oﬁ"hg%éﬁ
desired base afermuilryl Wherefm Koo 3r bs thydresk with @odevined(base and

alkylhalide to form the alkoxy compound(s). -

The compounds produced in the above steps may be
entioselectively oxidised using an enantioselective oxidising agent to
produce the chiral sulphoxide of formula I.

In a further aspect of the invention there is provided a process
for preparing a compound of formula I, or a pharmaceutically
acceptable salt thereof, which comprises oxidising a compound of
formula I, in which X and Y are as defined above and Rl is as defined
above with the exception that the or each of said groups of formula
C1_4alkylso is of formula Cl_4a1kyls, via a chiral oxidation process
so as to enantioselectively oxidize the said group of formula
alkylS to a chiral sulfoxide of the formula Cl_4a1ky180, thereby

c
1-4
producing-a compound of formula I; and where a pharmaceutically

acceptable salt is required, treating the compound of formula I with
an acid which forms a physiologically acceptable anion or a base which
affords a physiologically acceptable cation.

In general it is preferred that the oxidation is carried out
using a suitable oxidising agent which (as mentioned below) include,
for example, a titanium/tartarate/peroxide mixture such as a mixture
of a titanium alkoxide (eg. titanium tetraisopropoxide), a dialkyl
tartarate (eg. diethyl tartarate) and an alkyl hydroperoxide (eg.



The conpounds produced in the above steps nmay be entiosel ectively oxidised
using an enantiosel ective oxidising agent to produce the chiral sul phoxide
of formula I. In a further aspect of the i nvention there is provided
a process for preparing a corrpound of formul’a=l, or a phar maceutical ly
acceptable salt thereof which conprises o und of fqrmyl.a |,
in which X andtPutyd bydrgeeraydde b ofEher, gu i—f&’?’h Qdéd ng%erﬁﬁo{‘/'écma? mi‘t‘l’l"@:l
exception that oké:ﬁrmdnﬁaaehcmfassesﬂ-(g]mapphmfsuflm@ll exd2ieldinel, kg dS6ui sabde

fornmula Cferr]al leWIJ OXI e?l%e}?ioﬁa{s %A&%&i& L al PEP&F?&t agerr tﬂ?ﬁtllg(d{:ocarbon

enanti osel ecti Vv e Sal d®group
chiral sul foxi aelmtt sm:hf 88 rholuews and]is RW‘@@ialﬂﬁéfr éwisﬂdml'-c?’h@ goebmgound

of formula I} gad jWhene ranpd'a780€ et hitlehY @mpePItaRee salt is required,
treating the conpound of forrrula | wth an acid which fornms a

physi ol ogi cal | y acceptabl € anion or a base which affords a physi ol ogi cal | y
accept Sb| e cation. Advantagtladliklge(l‘jlﬁfeabrestentSirﬁrieﬁfﬁfnr eclldteat td beprg)dgdlat%rn i S
carried out using,a.suitable oxi PfiQn elo .
i nclude, for eREFHcane & f:f’T%orﬁn #?Pf@‘} g/%@r% ‘%gﬁﬁ'h?ﬁreésgug as a

m xture of a tEokkvwing dibeokxatplés) vhereiankKyud and Rai sopdefineddas; a di al kyl
tartarate (eg. diethyl tartarate) and an al kyl hydroperOX| de (egq.
REPLACEMENT SHEET -  shown as 18 or
equivalent Jerr] aRk§nd JartpoApdenepdertly spdeased sfrPMeleFPé%R’ebaW&eﬁ apd

di aryl phosphor gl-@aidexynd a trialkylamne in a suitable solvent such as

nmet hyl i sobut yl ket one or equivalent to forma corresponding acyl (or (err]
al kyl carbonyl oxy) azide as a key internmediate which is then heated in M BK
or equival ent sol veRl 1 skbeaned fxmm:espondi ng i nternedi ate i socyanate which
is then treated with excess aqueous sodi um hydroxide (to reflux) or

equi val ent base and_aqueous HCl (heated) or equjvalent acid to forman

ani no al cohol (as afiveeland sigrtmegberedheterx@ryhinings sophainingnfrasohtd act ed

via a carbocat h@fhfo&’c@rﬁﬁ%glé’é&d(@m&nﬂé &k %ﬁ&géﬂ“ Eﬁ@%ﬁ§§u10f ahd Denz
equi valent) to formthe fornyl-nmethanoan hraacené 22:; al ternatlvel(i/ﬁand | ess

preferrably, tﬁéri?ﬁ@a?%%f)ﬂ@fac‘iﬂ&@s‘“ﬂ beaiilvd| fibstithepts gedgeypd from
SOCl1[err], DWVFcise tadkplnhydfoxyQr 01-8Nallxer wiridhahsy asmd ahai:iﬁiﬁoﬂiﬂéﬂiyls t hen

treated with NaN err ter at,e _an corr SPO
azi do whi ch | SETHEN Fheh BMOU BRI AN V8 M LRt a bR S a0 PET
basified to foshintlheisedarbomtlCdhddlkgDd, (amsndcarbdnyls hahingf the famnmka f cONR” R

tol uene or an gﬂéjxle\iﬁl 3! nﬁoﬁd/%%)mdependently selected from hydrogen,

2-pyrrolidinyl, and Cl-6 alkyl or vherein R® and Rd together with the

nitrogen atom to which each is attached form a 5- or 6- membered
heterocyclic ring in which said nitrogen is the only heteroatom,
ReS(O)n, RfNH, and R8s wherein R® and Rf are independently selected
from hydrogen and Cl—6 alkyl and n is 0, 1 or 2 and R® is selected
from 01_3 alkylcarbonylaminophenyl and di(C1_3)alkylamino(01_6)a1ky1
wherein at least one of the substituents on the five- and/or
six-membered heteroaryl ring is a chiral sulfoxide of the formula
1 4alkylSO, said process comprising the steps of:

(a) forming a 9-formyl-9,10-dihydro-9,10 methanoanthracene of
formula 22 by reacting a tricyclic aldehyde of formula 14 with a vinyl
ester wherein the ester is vinyl-O(CO)(C1_4)a1kyl to form an
ethanoanthracene acetoxy aldehyde of formula 16 or equivalent C1-4
alkyl carbonyloxy aldehyde which is then treated with an oxidizing
agent selected from CrO /H2804 in H O/acetone or an equivalent
oxidizing reagent or system to form a corresponding 9-carboxylic ac1d



alternatively, the internedi ate isocyanate is acidifie |

acid/HO mxture in a solvent such as toluene or its wmgbﬂEETMSfEEENt
primary amne 20; the free am ne produced |n the alter atIVERmIEF&EQS th(—:
ring contracted via a carbocation internedt & € to form

form ng a 4-piperidone of for by r ti u of forrrula
22 with a prot gh‘f‘@‘daﬂ BEr?%‘gﬁéﬁ’xﬂ’ieme f‘ﬁ'g' ﬁl?f‘@i?’iynagg‘faggd?é ScHR%en
froma ket al otratledrwi«h_t andapybilecphoxyl azidiepandawtriadkylandeesid kl ed | n

t he chemi cal C
t he internedi aE“EﬁE?‘l yF JL[]‘rfanfc')lr}*%g{' ﬁgéhﬁi%%%ﬁf&%ﬂ%rér#g étr‘érrg' | at'e and
prot ect ed ver srorrespondingnatydh (6% thgmermémsé@xn)smgda a§u¢t1€ﬁ7| e acid to

form Il interniediateOiRidhd1 8 e TR Bl R1MO m%mvsieﬁtowweat to
wherein Rerr] _1s equal to a fjive- and/or, six-nenbered et‘_groaryl ring
sel ect ed from form a corresponding intermediate isocyanate whichgis ﬁre,vm.'eageq_5 or

ng vial ﬁnt ﬁ[ewlulh &ngyés a@m{sy_hmim?wqiomec lité Srelfhﬁ() btea;uel dalt/udthb@se

I ar 0S or azl de ang. r ah ne e solven S x
ehol PeonP ol ¥ HSS BEr Toknbh ¥ “WRelehSpctl bE Hefm o 86 Ml |
al kyl carbonyl ¢ay)analiCti@rasuitakby sabtp20evhizheisithen ripgt tmntractadediam M BK
or equival ent gﬂ%%ﬁ’u&xp 1h P& M £ ?E%Et"ﬂﬁ%&a%%*iﬁg c@E?d QE a”at e which

is then treate excess aqueous tO re
equi val ent bas eqwamlaq@e&esfmltkméatwrmeﬁha@qmwpme a2 cnlﬂ:srnaexrlﬁebh and

anmno al cghol tfléés &eﬂﬁlraeiy,sué adulcard i% %Qi?ﬁnszbrleﬁutibmnrtl 4 wgeRtdact ed
via a carbocati g a di gzoti zatiOh process

equi val ent) toV¥ ﬁr}f ﬁBFfwnﬁgFfm t %&nﬁh PHP fReReIB: iaﬂtFe?“r?é{ F‘%@i‘%‘? WhiFh ess
preferrably, tHhe thenatisatydivithcial,161.5 eg))uov b ithe SinteamddddteViant

SOC1 ' | h th
t rea’E 2(rtlr3/m th Nakﬁre(s%k‘g&q’g) L% O{'mc n# %‘3{.2& ?r‘%g‘li q:t af%%"dggoirs%gg%\géngl nlgsa2| 32
whi ch is then heeswasate Wh@qahnl@nth@bbaﬂfeedsmiamttéemi@h 3leohpk20basi fi ed

to formthe am(f.‘ébl%'tﬁ@%' RO frbs UahEUe AR £d10ehé &7 SNdYRI P41 1VeRE) ;O0r an

equi val ent solvent); alternatively, the internmediate isocyanate is
aci dified withalteRakivedyacthe ieverpediateciseryanaty ¢&racidified,vithyppciretds

i ts equival ent aéfd/HCL Mixitard in"RrsblesatSudk) ast BEliens o its gl e4leneded N t he
?'Oﬁ o ggt Ve SteDs the fiSaty Whif W0} A e Ve afi St pROGRALH O 'bhE STRELS tl%et ©
steps is then ring contracted via a carbocation intermediate to form

22;

(b) forming a 4-~piperidone of formula II by reacting the
compound of formula 22 with a protected 4-piperidone wherein the
protecting group is chosen from a ketal or other ketone protecting
group known- to those skilled in the chemical arts which is then
reacted with a reducing agent to reduce the intermediate 9-ylmethanol
to a 9-ylmethyl to form an intermediate and protected version of 22
which is then deprotected using a suitable acid to form II;

(c) forming an intermediate compound of formula I wherein R1 is

_ equal to a five- and/or six-membered heteroaryl ring selected from:
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(b) formng a 4-piperidone of formula Il by reacting the conmpound of
formula 22 with a protected 4-piperidone wherein the protecting group is
chosen froma ketal or other ketone protecting group known to those skilled
in the chemical arts which is then reacted-W th a reducing agent to reduce
the internediate 9-ylnethanol to a 9-ylnethyl to forman internediate and
protected version of 22 which is then deprotected using a suitable acid to
formI1; ( Clivd-Oaiid 3G xamenbéfid Retdroar gD Fingy Gontaindnguiven! 1300er ei n
Rlerr] 1s eauodQodudus’ So1d28h Frod AiTSRES Sy dH8, SO SHat " BRF LS ) 1
of the conpoundexivptivesoriéreoif hywdvioh QyayObear 1-2 substituents selected from

nmet hanoant hr acg-£9- t ~4- Zwiekh fol -3 o )\V{ P WY el ol
for the treat rrginl-tﬁg(é)l *ﬂ;’ E%%%ogg, i2cn1 Eu#akﬁuga‘{@ght%yﬁgé%d%e%ﬁ&? g&oc?dete ﬂfe&

cl ai med i nvent 8¥¥Peh pkaxyearhonyln -6 hydzespalkyls henediesBurhples Glir3

ant agoni st of 4116132 a@PRATCIBAIRGEP il SocaRBoriylchhg SRS THERMIIA: F CONRSRO .
Thi's bal anced profil & is, piedicitive %fg Ea}.& [ rrfrovgd cli |qc§alffprof| | e since
anti psychotic ¥ereda” and X 1,pre Jadeprpdeptly selested from bydrogepath o2
receptor ant agi’.nqiyrrlmft)]ama'm;:rl,nianm'tlzrelcd_)_.6 alkyl or whepeif af red RT agethdrowith the
produci ng crys ' -)-21-(9,10- [ hydro- _ -

met hanoant hr ac%%ggk%ﬁéﬁoﬁyﬁ' gﬁié' g?%ﬁéu%ﬁa%§%gior%yar isdy?lj p6i p%?"l‘bgf?lq 4-0l is
a feature of theterbeyeidg ringedniwichraridominrogers ishthes pnls heteroatom, (a)

formng a COW)S?lﬁﬁﬁadanfdrﬁgﬁ YnbAimYVRE ga_ngloRﬁiaQ¥ ffdefendently selected
10- net hanoant hr ancéBe by reacting a tricyclic al dehyde shown das 14 (X and Y

= H) in Schenef2omhydragen dnd;Ceimpdkyd a0l ) 1510, 1505 % a7d Freisiisetsotedkerr] C
to form ?g g hﬁftma/ gé_ a&g;g&@box§mm_ Ha[;.h&ﬁy%/;ahahituj(sg m%cyramﬁh@pb&rvy'rsunk&Qg_es
reagent er,r r err n err acet an o.torma esponadil n
o o boxyl o sierela R arey ent lof, Pt HRPEHIBER GRowhen LT ERRIR | i o
(>1 Eq) and trs$btdmphberiedcheteroatyly rispliat y|suitiidiecledving (froup | which hayr bea

ol vent To for erAUEHYE Gl Ak Bl R AR e e
(d) forming an intermediate compound of formula I wherein the
heteroaryl ring is as above and the Cis alkylthio moiety has
displaced the leaving group to form a compound of formula I wherein at
least one of the substituents on the five- and/or six membered
heteroaryl ring is a -S(Cy_4 alkyl) group;

(e) reacting a compound produced in step (d) above with an .
enantioselective oxidizing agent under suitable conditions to form a
compound of formula I.

The preferred compound produced in the above process and
utilized in the pharmaceutical compositions of the invention is the
.crystalline form of (-)-1-(9,10-Dihydro-9,10
methanoanthracen-9-ylmethyl)-4-2-ethylsulfinyl-3-pyridyl)piperidin-4-o
1. The preferred crystalline compound is characterized in that it has
a melting point of 185-186 °C and has a specific rotation of [a] -106
° (¢ = 1.0 in MeOH). The above preferred enantiomer is preferrably
utilized as an antipsychotic. The use of the crystalline form of the
compound (-)-1-(9,10-Dihydro-9,10 methanoanthracen-9-ylmethyl)-4-2-
ethylsulfinyl-3-pyridyl)piperidin-4-ol for the treatment of psychoses

in human patients is a feature of the claimed invention. The use of
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which is then treated with excess aqueous sodi um hydr
equi val ent base and aqueous HCl (heated) or equival
am no al cohol shown as 20 (X and Y = H) and i sol ated
is then ring contracted via a car bocat i on=i ¥ er nedi at

using.NaNJ err]/HOAc in Herr]0) to form22 (X and = - alternatively,
the internedia ‘é? frﬁf%;&h%t%]rF'st&PﬁiWBB‘"{ﬂ(l‘h)’gﬁ(gt]é)t'ﬁh’ff&?af‘l—‘& m xture
in a sol vent smethanpabthraeem-%-pliiathpl)+ie2aethydswl fiopbi3-pPridylpipesidimg-o
contracted viaythe. hocatiion | j_at [ o 3 )
formng a 4-pi %efr]?erdgﬁéeq%% oe?‘%u{)gtplg? %egnﬁl %%lrﬁ)pgki&trs e}'ﬁ:tai ﬁ%até& (Q:o?rfpc%ﬁd
of fornula 22 eiaimed pnventioregharjsitgeizedotie thakethei aristallpinet eennongd ghsoap
is chosen fromyaedidhabe Wi Gk D3/82@Bpamine receptors and the SHT2 serotonin

- 10- the crystalline formof the con&)}und &)1%8,3 10-Di hydro-9,.10

met hanoant hr ac ERSPLOF ne IS batanced preldies 15 predicifive; of) a7 JopPFeFed- 4-0 1

f f)r ot hg treat rT_EDiniQEl PEOEi DS eﬁgi:@ thﬂmchatioe afﬁdalelygﬁs‘ ashisvedodnd bide
clainmed inventi aracteriz n.that the cryst e C nd.is an .
ant agoni st of Fggec%f/ ﬁsoﬁgﬁ{é‘?ﬁe%hf géefo'?c(??gméﬁax?%og'i 'es'g{rgé?' gﬁéjdn‘ receptor.
Thi s bal anced profile is predicitive of an inproved clinical profile since

anti psychotic ef fi Cacyrdsarpd peY&shs2 P ProfuihleGstabune! @I)e@'-y,tlb- D2
receptor antagonismare mnim zed. A Er ef érred _process for _
produci ng crysDP&bydree?(10) methapoapthrpcen §r-glupthyl)-4-2-ethylsulfinyl-3-

met hanoant hr aCEﬁrﬂiy}lbﬁﬁi&_&Hin4=—3l aishy | sealtlibd i~ he RY4indyd! Jidiep€ioliafd4- 0l is
G

a feature of the clainmed inventipn and conprises the steps of: (a)
formng a conpSAMRF*SEF et 9PEoRtO- f or nyl - 9, 10- di hydr o- 9, '

10- et hanoant hrancene by reacting a tricyclic al dehyde shown as 14 (X and Y
= H) in Scheme 1 wt

to forman et hanoant(E? ;fcog)r{{%n%% e{:%&rpr?})uuf"g]sfzg%%éldgﬁ??ngg? %o:xﬂ\yﬁgg,gtogﬁi%? ﬂlgﬁ’g%g
reagent (Cr O edPimeghanegusbrancepy hyh refieing s sxdexnidctaldebyds shewn aeshbrdi ng
9- carhoxylic aghd ¥2 mpiiahsmmehﬁmi_tnaﬁh?ﬂ ek Brdiphesy) PROSRBRIeH tagd de
(>1 Eq) and triethylamne in nethylisobu Ié&e one_at_>8 ¥ rr]C.to formg
correspondi ng 38@tdxbafogm hetha %nFmeﬁ% egq“ﬁllﬂ/l-’é(w ‘Sb& i thanchyeate
sol vent to forwith %ﬁé@&pagdimgcfog/aﬁmlgi aﬁeizbsmtaﬁat@ form a corresponding
9-carboxylic acid 15 which is then treated with diphenylphosphoryl
azide (>1 Eq) and triethylamine in methylisobutyl ketone at >80°C to
form a corresponding acetoxyazide which is then heated in MIBK or
equivalent solvent to form a corresponding intermediate isocyanate
vhich is then treated with excess aqueous sodium hydroxide (to reflux)
or equivalent base and aqueous HC1l (heated) or equivalent acid to form
an amino alcohol shown as 20 (X and Y = H) and isolated as the HCl
salt which is then ring contracted via a carbocation intermediate (by
diazotization using NaNOZ/HOAc in H,0) to form 22 (X and Y = H);
alternatively, the intermediately isocyanate is acidified with an
acetic acid/HCl mixture in a solvent such as toluene to form the amino
alcohol 20 which is ring contracted via the carbocation intermediate.

to form 22;

(b) forming a 4-piperidone of formula II (X and Y = H) by
reacting a compound of formula 22 with a protected 4-piperidone
wherein the protecting group is choséfi from a ketal which is then
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which is then treated with excess aqueous sodi um hydroxide (to reflux) or
equi val ent base and aqueous HCO (heated) or equivalent acid to forman

am no al cohol shown as 20 (X and Y = H) and_ jsolated as the HO salt which
is then ring contracted via a carbocation =ikt er nedi at e (by diazotization

;J ﬁian?n'lt\l:rNgedl a]trgf‘?/tq%s%gvghaf%‘l"i é“%%ggP? |s§§29ée§h%é‘ﬁ“ éc%‘f‘il:% 5%4“%%%&4#% e !

in a solvent sachoksr sclwentetd dofmrarptrétecied veraiaod| faddulsildhvhichr isg

Form ng. o 4 pi Rark (EREGEREPNLR! £ alPCiifact Ot Foh By i g a Compound

of fornmula 22 with a protected 4-pi peridone wherein the protecting group is
chosen froma ketal cahi Cfpringng Qﬁnmtermedlater&ﬁaﬁaﬁﬂi Vet forpul £ FUGhabia0R Nt
selected froma bo on educi ng g‘ﬁ in a oI ar solvent to ff}gplgf E[rote ted
versi on of for f3P pro-S3-PREIYaF 3e ‘E;rtié’& { Sompoupds af ¢ 4t dvi
formll; the(a’n)ionfgn"mﬂga(ﬁbylfﬁaetmgiaafhxoeommdmh withaDagl a | wherein
Rlerr] is equal to 2-flubro-3-pyridyl by reacting a conmpound of forrmula Il *

with the anion generated by reacting 2-fluoropyridine with LDA (d)
form ng an internedi(d)e foomprgiad bitetmedhate dompbendeif frentd I whexpial r} gs

2. thylthi o 3 Ll BlechfRaionsjfajTing! Alde el AR SONBIALSdnl L €2 | N0

Et SH with sodi um r oxi sul t Se In sui't abl e sol vent sel ected
from 1- met hyl p)speﬂqtesnw Sreddae By SEhvith Fﬂdicqﬁ'ehlﬁ‘%fr?ﬁb@m&rgé‘ﬁé:ﬁh%%cl’aisﬂ in ap

(c) above, andsuitable sd¥knttdedattdil) fi'dihe 1-methylpyrollidone or equivalent with
1-(9, 10-di hydr 9, 10- net hanoan hra

yl met hyl) - 4- ( 2- g?h‘iﬂ"'lpﬂ'i"b 5%% 89|5"pfb%l’r i) nabA?VSf ad‘gnerat ed in step (d)
above with a cool ed soI ution of d| ethyl D-tartrate in undried toluene or
equi val ent sol vent; ath_.tE I_ _ roxi de
to forman enantione ca hymr# al %9{){1@?%#‘8 519 ltne‘?g 1\1&}'&9%8{3% t hen
recrystal | i zedyme%hYémT‘t-a(Br-etlydvzbm3 BMY&EP%G@WH‘E@UB@%@WM%‘ 56
pure (-) enantii@yeibove with a cooled solution of diethyl D-tartrate in undried
toluene or equivalent solvent; titantium tetraisopropoxide and t-butyl
hydroperoxide to form an enantiomerically enriched ethylsulfinyl
mixture which is then recrystallized in a suitable solvent such as

MeCN or equivalent to form pure (-) enantiomer.

. Thus, in a further aspect of the invention there is provided a
process for producing crystalline (-)-1-(9,10-Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-(2-ethylsulfinyl-3-pyridyl)piperidin-
4-0l which comprises treating 1-(9,10-dihydro-9,10-methanoanthracen-9-
ylmethyl)-4-~(2~ethylthio-3-pyridyl)piperidin-4-o0l with a solution
(preferably cooled) of diethyl D-tartrate in toluene (preferably
undried) or equivalent solvent; titantium-tétraisopropoxiﬁe and

- t-butyl hydroperoxide to form an enantiomerically enriched
ethylsulfinyl mixture which is then preferably recrystallized in a
suitable solvent such as MeCN or equivalent to form pure (-)

enantiomer.

If not commercially available, the necessary starting materials
for the procedures such as those described above may be made via
standard synthetic organic chemical technology or from known methods
used to produce analogous compounds in the synthetic chemical

sequence. For example, compounds with the formula Rz can be made by



Thus, in a further aspect of the invention there is provided a process for
producing crystalline (-)-1-(9, 10-D hydro-9, 10-

met hanoant hr acen- 9-yl net hyl ) - 4- (2- et hyl sul fi nyl - 3-pyri dyl ) pi peri di n- 4-ol
whi ch conprises treating 1-(9, 10-di hydro- 9, ¥-net hanoant hr acen- 9-

yl met hyl ) -4-(2-ethylthio-3-pyridyl eridin-4-o0l w.,th a _solutjon ,
(preferably co&P%lEﬁ/ ayes Figd tﬂ'ﬁ@fgt‘? ibed ap, éfeﬂ?gs‘fapreéf gjr'abkflemaﬁvéd)
or equival ent i'olmemgattuneaalllium‘,hmwr;sdprSm;ingeie—Van]:hg {be8%A)l. 1In the

hydr oper oxi de 9 UsTbALIBAYoLRERY bRl duk SEIIARRE LuhiVA1o bbidedyhe Tk

which is then prefer y recrys ized 1Tn a SUI e so vent suc
or equival ent BETeRmH haneebeen e@hlaﬂ?@ﬂorré’ror example, Etf is ethybn®BF disal | y

avail abl e, the t@@f&@&%fﬁﬁaar%hnﬂs RREEIhRYS, T 14 %oﬂrﬁ&@wﬁseswﬂmaﬁs

t hose descri beg ﬁfﬁ’ﬁ@? rrgde Vi a stan&&jg ga(;&; tic_organic chem cal
technol ogy or PABgY 6 trolle iR pgthyd, v 8 PRI B RMAE in the
synt Bet i cdchgmphedly]seqﬂelrsce.halEogrdmaﬁm-lheas Odlﬁpwnﬂanmﬂhnii‘&agawﬁubﬁ R1Z
can be nade by ‘el . - 12 - techniques
simlar to thatané%lslé}:%uemd CP'PpongﬁaasrﬁadeeﬁcréPe.%‘ Preparative Pol ar
Organonetallic Chem stry |, Springer-Verlag (1987). In the discussion which

follows various st a%dé&ﬂnoﬁhﬁiﬂe%é?ﬂ%rf&@ a&m&scﬂ@gu@ﬁ %“Tl?vf" RN

enpl oyed. For exanpl e, is et z/ THF Is tefr ran Bu Is
Itert-butyl, RTiPENIgM isoapaacddut® isprtoorel biokeddigh Batidex(

mﬁlt hyl ,\mez g_geaiﬂagbemzasl @Mﬂ_mfbkfhrtﬁ%mhﬂm| THis Snﬁerhléﬂﬂatﬁr eatg bguﬁiueas

chl oro when I gnard agents or .a | t m.co are escr| :

A comon i nter ﬁgd@ﬁ’t"@ gbﬁcﬁ%ﬂﬁ lllgwlb%hpbﬁ u ?@gg‘g%ﬁgf?‘@ngh 9 ﬁ%‘wﬁfﬁh A2 an
acid (Gis hydan‘tlyda)quhnormcbﬂ floarinu e 10 ﬁm be arddated gootle sortespendimigor o) of

formula 111. Hnéhz‘a%ﬁ té’{nﬁaga{h Bgnﬂg‘lﬁﬁé‘sanﬁhé’ oh£‘ faﬁﬁﬁx?ﬂiel A%lrgpeﬂeb

illustrated fo ovmng exa raun
reduced to the 18o¢%fle§b€hcbﬁng°f¥§ﬁrmfh@en@%ﬁotwmﬁnz?ﬁﬂﬁ@’dm hé using

agueous ammoni iho%b&@%ﬂ?tﬁ%hi@ﬂdhh&m hem&amefaﬁ.dnmdhhe Feak£fsnPepdi ng
9- al dehyde 14 ui phos ro‘a X I chl or N- e X formanl l'ide.
Reaction of al & ﬁé}g'élelh" P}ﬂ? CSE%’E"'JP(’-J? éﬂ e‘AI"’Gé‘F“P@ Aaftgrds heor ds
the bridged cobpbdged démpsland iecahidhhesn lvhen Xbedpidlzed tvithh¢ominum teisndidde
(in the presence of sulfuric acid) to the corresponding acid 18. Acid

18 can then be successfully treated with thionyl chloride (in, for
example, toluene) to make the corresponding 9-acid chloride, followed
by sodium azide (in, for example, a mixture of water and acetone) to
make the corresponding 9-acyl azide, followed by heating (in, for
example, toluene) to effect rearrangement to the corresponding
isocyanate, followed by treatment with an alkali metal hydroxide (in
an alcohol such as ethanol) to cleave the acetyl group to hydroxy and
hydrolyze the isocyanate to amino, thereby yielding the amine 20.
Amine 20 can then be treated with an alkali metal nitrite (for
example, sodium nitrite in acetic acid) to effect a ring contraction
and thereby yield the 9-aldehyde of formula 22. Aldehyde 22 can then
be oxidized with, for example, chromium trioxide in the presence of
sulfuric acid, to yield the corresponding acid of formula 24
(corresponding to the acid of formula IIT wherein G is hydroxyl). The
corresponding 9-acid halide such as the acid chloride may then be
obtained by treating acid 24 with thionyl halide (thiényl chloride) or
oxalyl halide (chloride).

If a 2,7-dihalo substituted methanoanthracene is desired it may



(in the presence of sulfuric acid) to the corresponding acid 18. Acid 18
can then be successfully treated wth thionyl chloride (in, for exanple,
tol uene) to nake the corresponding 9-acid chloride, followed by sodi um
azide (in, for exanple, a mxture of watefl Lha acetone) to nake the

correspondi ng 9-acyl azjde, fallowed by, ating (in,,faor exanple, toluene)
to effect rear 85 ﬁ‘fd ta8t?7f§‘n§o‘l"°r ggﬁoﬁ?ﬂ?ﬁ‘&“ﬁs%%?ﬁ%tper? c?%‘ﬁe(ﬁwe@ by

treat nent w t huaresniled iacidt24 (hgximesolired( ifh aanoptiicehlyt esvidheds et hanol) to
cl eave the ace r | S t 1 No,

t hereby yiel di %Lt{%@:@%&rﬁéggp%&ﬁg\ﬁ%g@%ﬁéggnﬁ{iﬁgﬁiﬁ)gﬁﬁ ngts gﬁrt?% agt:n?a kal i
netal nitrite @efpesidiapyigh adgpixadyhalq substityens ie rgacged (ithia dhionyl | ng
contraction andaliwr ebymakectik cherddpahdingysacall dhlofide 2ZhisAhdphthda B2 can
t hen be oxidized wth,. for fxarrpl , cgr o um trioxide i n&l;lhe P4 es&gce of

sul furic acid, FERCEAdeFiEY e r%’g‘ﬂgﬂ iSHGh 29 Bethaned, op, Exhanel £ ARE0Fd i ng
to the aci d of 9+allipll estdrl. Vither 2+hml1G estelrycamothén beThitrated expoheli7Zng 9- aci d
hal i de such as, 4aC1 |.ord de t ' r [ acid 24 =
with thionyl h!ﬁ’%‘e‘%ﬁt |‘ %%&ié’ |%ﬁ%8)9§?a§§eaﬁ§%‘a#§ﬁga%é(‘% g gy

I f a 2, 7-di hal conbinatienofdtyidfilnernagatin apbydride andsamgogiym nigyate under an

- 13 - be pregagAd 036 CQ.QL Wi thBd)CabiispR¥Ed1) APICEEActRBAGAIY' Senellly
unresol ved acid 24 or resolve an optically enriched disubstituted

d if . 1 ( ,
|product is desPredpcennimixtpee afng-halgsf joruf itsp Rogdtionddsitomsss yhigh £an
desired hal o sbbsidpanetéd by dowehtidnal tdeparidiofAnydchifduede tThemake the
correspondi ng ?'ﬁ@[ d,chloride. This eacted w t(gl a | owner

£ Fayr t.hen l%e

al cohol such a %g'ﬁ%’l I8 HERANA" PB a?flfl%?dd 8 _eaf:%ﬁesgg? & The 2-hal o
est er can then7panimot2diadd cdampohed by posiitalie bgducdngtagentvsuch as sranmdise
nitrating ?‘ge“Ehf&ﬁgea&ﬂh%ﬂP 'b@afdr@?elofcohsétféeﬁOfooﬁﬁgtéo‘i'r@ﬂ;MQEﬁg_e. and
ammoni um nitrate_under an_inert gas (e.g. ni t_roger% at mosphere. Thi s
reaction will @gefredilirly adkph rsken by xeaqtdopivizhydiazotdeing mgert sis8i 25 onal
i somers whi ch ¢apctrFERAtai € £HY1ARAVISN tiroitalent GARR A Up2Ac LIRARAE JUGRe The
2-halo-7-nitro i soner c&g be reduced i&lt he _cogie?%ondlsgg 7-a -2-hal.o
conpound by a ESFELGRR theg,be r’fge YRo Pt ansuitable hase s(surh A9 @ i BRtakan
be further conupdieddep tioheffordr gepencraspodingd? jinldohaldsybsEixieed id.
reaction with a diazotizing agent such as tert-butyl nitrite foll owed by

treatment with cupric halide. The ester can then be cleaved wth a suitable
base (such as al kal iIfnan sixygenated substituted methanoanthracene is desired (e.g.

2-halo-7 alkoxy) it can be prepared staring with the 7-amino-2-halo
compound(s) described above. The amine is treated with a diazotizing
agent such as tert-butyl nitrite followed by treatment with the salt
of a suitable acid such as trifluoroacetic acid ( the salt being
formed, for example, with potassium carbonate in trifluoroacetic acid
as the solvent). The resulting trifluoroacetate can then be
hydrolyzed by conventional means and Ci 6 alkyl groups attached to the
oxygen by treatment with base in the presence of a corresponding Cl-6
alkyl halide.

An amide of formula IIa can be made by treating an acid chloride
of formula III (G is halo) with a piperidine of formula IV in the
presence of a base such as a trialkylamine, for example triethylamine.
A piperidone of formula II can be made, as illustrated in Scheme 2 by

“oxidizing a corresponding hydroxypiperidine of formula 32 using an
appropriate oxidizing agent such as (1) chromium trioxide in the
presence of sulfuric acid and using a suitable solvent such as

acetone; (2) sulfur trioxide-pyridine complex in the presence of a



hydroxide) to afford the correspondi ng 2, 7-di hal osubstituted acid.

| f an oxygenated substituted nethanoanthracene is desired (e.g. 2-halo-7
al koxy) it can be prepared staring with the 7-am no-2-hal o conpound(s)
descri bed above. The anine is treated with ¥ di azotizing agent such as
tert-butyl nitrite fo Iomed.b%iqﬁre,at nt Withr_ilhf salt of, a suitable acid
such as trifl uBPBRCUEPas Eripikyipnine, (¢- 8o FRipthyiamige) rand wsing,p suifp

pot assi um car baohtent sudlr iak| al@onbixaition adfi dethyléhe chbérisiet and DHEOy exu(3) ag

trifluoroaceta ' b r epti : oL T
al kyl groups atct'3 %cﬁ{égf&%%tfhgx%¥qg%lnﬂ%§&t lr%}e‘gttcrsrir@?\st fl&v&]‘tg ﬂ%gg‘;@%@ﬁ% gﬁggﬁsednce
of a correspon®@sg suchrag aatmlimbamiae.and using a/golyentisuch Fsomethylenea can

be made by treghissigal acid chloride of fornula Il (Gis halo) with a
pi peridine of formula IV in the presence of a base such as a trial kyl am ne,
for exanple triethylanine.” A piperidone of formula Il can be made, as

} N uslt rag gd in SCheImhﬁdﬂ%)typi@dﬁaiqtgpﬂ_mmﬁRSBanﬁmge hwil(éowwﬁpnéﬁ @fncheof

or mul a usi n n r rpa oxl,dl zZI {. suc as cnr m LY
et oxi de i n ¢ ndopfk SREBAE ip finehd 119 BEHonTd 92 S B enel Wikeetdy.,
as acetone; (2)ithl4-hydraxypipetddpye iadd reoddumsiyerobarobydride eseyieldftha

- 14 - base syughyaSohdidy S¥idB8e Q\Qt&wa&%%%%’é% de?Ps db5 Q&S%SE? or

sui tabl e sol vent such as "a conbination o ene chloride an

(3) a conbi nat o&kdiedoand gpnventsd he the copREopdingn Jetcidy chlarddasds with a
base such as apkbtdusYy aldsoLittad £5166ed byOtMRARMerRY GRLIR S -APAFKY P ridine,
chl ori de. . A hédrox¥gl%erl,&tr;§do%b orrrulg 32 can, lig‘%imde bé?el t her
of the routes MiFRRR AB:%tse cH& de PaFY SRS 2 TR HE ARG 9T
directly with éxhyplegxyriethylaiine) aodysaldi tihe cyaredpondingdamide 80. yi el d t he
correspondi ng ] ) i -al C LIS oxidi zed
and converted ?ghl?%gﬁéoorfrpdggg%&ngpn‘y%}/g%}?&ﬁc%lee%% g%t%ég %Pg@#oclfgll gﬁedle)égri bed,
fol | owed by tr canduotedvia affond, Hydroxpbinaridinee32wi t her in excess or with
added base such as a trial kylam ne (for exanple, triethylamne) to yield

t he correspondi ng am,de 30. Reduction of amde 30 with LAH in diethyl et her
or THE can then be FPiperidines having formula IV can be synthesized as illustrated

in Scheme 3. 4-hydroxypiperidine 50 can be reacted with
carbobenzyloxy chloride (Cbz-Cl) or other suitable protecting group in
the presence of a base such as Et3N to protect the piperidino nitrogen
and thereby yield the corresponding 1-(carbobenzyloxy)piperidine-4-ol
52. .Oxidation of piperidine-4-0l 52 with oxalyl chloride and DMSO
followed by treatment with a base and in a solvent such as methylene
chloride yields the corresponding protected 4-piperidone 54.
14

wherein Rl is as defined previously or a Grignard reagent Rlngz, at a

Piperidone 54 can be treated with an organolithium compound R

temperature of -20 to -70 degrees C and in a solvent such as THF or
diethylether to yield the corresponding protected hydroxypiperidine
56. 56 can readily be deprotected by treatment with a
palladium-on-carbon catalyst (for example 10% Pd/C) and cyclohexene in
a solvent such as ethanol, thereby yielding the desired’
hydroxypiperidine of formula IV. It is noted that many of the
materials for synthetic methods as described above and herein are
commercially available and/or widely reported in the synthetic
literature - '

The Cig alkylthio derivatives used as precursors to the

preferred chiral sulfoxides of the instant invention may readily be



conducted to afford hydroxypi peri di ne 32. Pi peri di nes havi ng
formula IV can be synthesized as illustrated in Schene 3.

4- hydr oxypi peri dine 50 can be reacted with carbobenzyloxy chloride (Cbz-d)
or other suitable protecting group in the p} Sence of a base such as Et 3N

to protect the erldlno tro en a leld the coryespo
1- (car bobenzyl B%/‘%fie e‘?‘icﬂ’F g 2’?‘(’%l ?‘%/‘5# ST PEP difhegﬁ%“tg‘g‘ with
oxal yl chl ori def arfidrDéfimplie)] Ilemmtbﬁlhychat-mﬂm-muuahomﬁhaaeex&ﬁd in a solvent

such as et hy| G Rkt PLA8- HiBEH L8 A5 LRSI MoPTOLRELP Y d5lpReEd done

54. Piperidone ano |th|u oun err
1 wherein R isfrom gepcviag pheanbensiof %Tflaowam V@égén( ,R[1@r¢i]hY§Z° 9at a

tenperature of 10fkth@ncAAtRRHRES- éﬂfivl')ﬂa-fbiﬁeﬂﬁ%ﬁé aamcmﬁﬁuﬂikﬁo&&de) in
di ethylether to yield. the corres ond| n ot ec p&1 ygﬂ‘perl dine 56. 56

can readily be2d L& tsodvenr tarﬁi & 9f Polficat al yst
(for exanple 1la¥kAthis mﬂom;d:hnm»(dngpnaﬁeﬁ melf/mntrosgmhpas The hsodium

t hereb ieldin r er| or mu IS nofed s

Lhat man o 't AliohiBagfatel £ ARMATRN fELRTEN 418 e €0\ THIRveko} ccnBolii

herein are coneed godity hyduideahderastidrglardi cwaliiticapor tThe Fencthen detivemt i c

literature h @fﬂﬁﬂﬁéid aﬂhkc%ﬂ Elﬁug% 621 ¢ a9%e USLH1 BSwed" €&3§r§9é%i to
Ira o) e

the preferred c foxi des e Instant 1 nvention nay rea
|- 15 - prepar tedercgefbpngor #bewke & BMWn@f Fhsee hpvox @adris srrbswsetbt i on

Or Iﬁrl )GXZWI(); utlarijch@.a %ﬁp@hfﬂ@r ontd FRrdmEt |lﬂ{éoaﬁhié?ﬁ1§01ﬁf]ks% is extracted with

yl met hy uor o- per ch is ared from
reacting the aﬁ{ﬂb@rf 8 %ﬁ%uﬂﬂ%ﬁ# (?Fﬁ@q\ﬁn ff#vfnf gan\ﬁgﬁhedlrﬁ%f%m product 1is

10- et hano- ant pumﬁnd%wlsme)cmOpamramwmem kuctlhlaanfhrshm de) in a

sui tabl e sol vep HE | ded, t SIS thio
conpound whi ch %i 02'%1 Pa}h} B%fr;'og ]foublésﬁﬂ sé’d?fjm g{eﬁeﬂ%ﬁ&#“’t gL}l%d
readily prepar EB"&WMHT@SE@J ?11§?I1K91Q'ﬁrwr1@§hiﬂim€|1@r¥d4s@d|CQHNW’dF| dehe

under standar dpgfirbd Uoh oﬂlﬁpi&ﬁﬁb&% Qﬁiéﬂﬁﬁﬂnéﬁﬁs%ﬂ@/hlé\i gi% and the
2-fluoro derlvatlve s al gwed to proceeﬂ% fggr ref]ux for out a m ni num

of three hour sI8FFEEIVey 0L FIPURERy agBRIFA UK §PPHY tuRed, }\%?’é‘?a.ry#he
agueous phase compuhdosd ddsavibed herein may also be reacted with an alkylthiolate

salt to produce suitable precursors to the claimed chiral sulfoxides.

The above 2-ethylthio derivative or other Cig alkylthio
‘derivative as described herein may then be oxidized enantioselectively
to form a desired and biologically active dopamine receptor
antagonist. The selective oxidation procedure of the described
alkylthio compounds may proceed as follows. To a cooled solution (-20
degrees C) of (-)-diethyl D-tartrate in a suitable solvent such as dry
(anhydrous) toluene under a nitrogen atmosphere is added titanium
tetraisopropoxide in a dropwise fashion. The mixture is stirred for
about five minutes with the subsequent addition of an alkylthio
derivative such as 1-(9, 10-dihydro-9,10-methanoanthracen-9-

* ylmethyl)-4-(2-ethylthio-3-pyridyl)piperidin-4-0l which is added in
one portion. The reaction is maintained at the above temperature for
about 25 minutes and is then cooled to about -78 degrees C before the
addition of freshly dried t-butyl hydroperoxide (in slight molar
excess) via syringe. The reaction is allowed to warm to -15 degrees C
over a several hour period (about 3 hours) and is then placed without
stirring in a 15 degree freezer for about 18 hours. The reaction is

then quenched by adding aqueous sodium hydroxide (about IN). The



et her or other suitable organic solvent and the resultant product is

purified by suitable chromatographic means such as flash chromatography to

obtain a 1-(9, 10-di hydro-9, 10- net hanoant hrancen-9- ylnmethyl)-4-(2-Cerr]

al kyl t hi o- 3- pyri dyl) pi peri di n-4- ol corrpouﬁdl.6 The preferred conmpound

produced in this nmanper .is_the 2-ethylthio derivatjve.. Of c se .
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portion. The reaction is _nmalntai ned at the above tenperaturé for _about
mi nutes and i sthdthen 1dauer 188da, to- & Puy o-deenantienes; asth STEsALLIRS of

fT L eshly dried bobﬁ.yl S&Méoﬁﬂeﬁﬁﬁb&t(idé spetifylat clﬁgﬁaaroﬁmesab(sy: @Eh%}ltlinétge_- .
e reaction ig, alla t rmtao - egrees C.over ver Q erio
(about 3 hour s%h%r?éf r\ff@yqt ﬁnggltgioe(foﬂmw ugr gt?ﬁerlﬁtﬁﬁ‘)fwia?ﬁ%ﬁdgg-ﬂegﬂq]gezer
for about 18 hthic coipmindés) ttoofoins thé aesperrive et lifjnyld domppuadue dns Schaheum

hydroxi de (aboyt h"é@ - f@}@ to the five and six membered heteroaryl rings as d&fined
suspension is then dlrfut ed with nethylene chloride and tﬁ% m'x%ure %s

filtered throulfreiaferideofhecnrafierred epantioprr yoduqed bp Jddetmanpep s f i ed
by CP_romat ogr aph)'t Q-@ﬁ][li)—B_ilC}hllras%r Pe&ﬁetﬁbﬁmhegmaﬁ%ﬁaeﬂ%ﬂq an o
Sbout 113 7 of -4 erBreplblgr St PerrabH e adBEne BT
(-') derr] al kdrfbtée mellateed tano prbbessc €oy | produgingnchifradssulgtinylri ned by
HPLC anal ysi s SOk [ r - | op, of € .Rr I xture -
in a suitable géﬁ/%ﬁ? suché@'sieﬁg Pas %ec)r@}’?ieéalhé Hc? g%%@néﬁtﬁagng%é%tiﬁg]x{ure
with a ratio ofompoygdgfeithe formuly I) vhergdnibmed braddhi aie as defined henedar

liquors. Crystgkédpgait amcohiddshs DL NETky 1O mok 88A%1E0 (B) PAH @symmetric

(-)-enantioner as a_crystalline L :
oxidizing ‘reagent selected from (1) titanium/tartrate/peroxide or (2)
a chiral oxaziridine wherein the reaction proceeds enantioselectively
to produce a chiral enantioméric mixture of oxides of formula I. The
present invention also relates to a process comprising the steps as
described above plus an additiomal recrystallization to afford an
enantiomerically pure sulfinyl enantiomer of formula I. Of course,
the invention ﬁlso enéompasses those diastereomeric mixtures which
result wherein at least one of the heteroaryl substituents is a chiral
sulfinyl moiety and an additional chiral substituent is present on the
heteroaryl group as defined herein or on the methanoanthracenyl
nucleus. The present process produces significant enantiomeric excess
and thus the present invention is directed to a novel process for
producing enantiémeric methanoanthracenyl sulfoxides. A process for
asymmetrically oxidizing aryl-alkyl sulfides of specific formulae to
sulfoxides is described geherally in Pitchen et al. J. Am. Chem. Soc.
1984, 106, 8188-8193. An oxaziridine procedure is generally described
in Davis et al., J. Am. Chem. Soc. 1982, 104 5412. The processes



solid. Schene 4 depicts the specific chiral oxidations of either the
pyridyl ethyl thio conpound or the heteroaryl (het) Cferr] alkyl thio
conpound(s) to formthe respective sulfinyl _conpound. In Schene 4, het
refers to the five and six nenbered heter6a1r7yl' rings as defined herein for

%: DTE; dP(rffger rﬂggﬁfgﬁﬁgf{'}?%rﬁrﬁ ﬂ%ﬁg #’%%4 %8% %Si-)afa sr{HEEdei Soxgagfi%hg gdf :complex
-4-(2- et hyl sul fetiyinogniiynaceny]) pligdr sulfidésol Other épimilengtidabientnmnesses
therefore rel abﬁfﬁ,ﬁ goﬁu@ftﬁg‘gﬁ%éé’& uRfed lé?hx&ﬂ)gtﬁgiés %g?ﬁtlit)hgyi!nclude enzymatic
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except Rlerr] isgein/d@burnC] eErahtidntexié HaRio®icotild Waty dlep dWpeadinrapén ¢he
oxi di zi ng reagentgs%ecéaegef ron}(éé). f;l taniumtartrate/ peroxide or (2) a
chiral oxaziri 8fh Bt SACHCTIREYT SUCEFBN proceeds enantiosel ectively to
produce a chiral enantioneric m xture of oxides of fornmula |I. The present

i nvention also rela § o) I SJ t 1 above
pl us an additi onal ?rggrﬁ/%fg?ﬁigg%ﬁﬁt%ﬂ%f ?éolr ge%n%eﬁaél‘@iiggr%rwﬂggﬁyygﬁ%r e
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those di ast er egeggdredtor dhefIdMBisALr &l ioddIRERIvVE 8kida®8sd tRNrdduck N@he
het eroaryl substijuents is a chiral, sulfinyl noiety and an additi gnal
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speci fic formulgae, S X | i | ef, s un e CREdL 18k . Althed -
Am Chem Soc. S?g%%lb?el%)%i,uggfi%g‘%gii%?fgg%%sogg% rﬁlﬁ%‘l:?{]t?:%%&n egﬁggﬁﬁg&ig%ér z'ilih Iey
descri bed in DRYekerzed gompound xaeycdgdnin this maomer i(theszacemathcrfhppcesses
- 17I - detscr:]ri h&ﬁ’eiﬁaﬂ.eédhtlaiﬂilﬂ%i Fﬁé?t(lﬁl _-t-qsagm-rdahycmh_ﬁiﬂ)lamefstjhag@hhﬂ&%neén-g-
conpl ex net hanoant hracenyl. a es. | r. chiral ox i Oon _processes
Whi oh coutd eI ictgasvipstelav e By et prs Lt e hattDy aBERE
means (via chl cedyeion| deiedds dr (Dxi0jadihydro+9,tl Dengrhescantbraicebe®4 ne serum
al bum n. Enant| ' atyi_ 1 2var.y: di.ng up r.ticul ar
het er oaryl noi g?@&wi)g% gﬁ’?@egégs?eg?yﬁd%g‘%"?gﬁ&% %B&r'elg{beagﬁ?%&gls% bcess
wher eby t he nofthiesiompenns,is Jheacoxidizedyie theaenantiossdectine precassi ch i s

then prepared gescibeddtbreifNd £&AIRBHALIBhEL (LY Coriit fiidrON THRrBESRYCENd he
present invention relates to a selective and dual process for
preparing specific enantiomers or diastereomers of Cig alkylsulfinyl
methanoanthrancenyl compounds via a selective oxidation and recycling
proceduré. This process yields specific enantiomers or diastereomers
which are useful as D1/D2 dopamine receptor antagonists such as the
preferred (-)-1-(9,10-dihydro-9,10-methanoanthracen-9-ylmethyl)-4
-(2-ethylsulfinyl-3-pyridyl)piperidin-4-0l compound. This compound
has a surprisingly improved D1/D2 ratio which can generally be
indicative of an improved clinical therapeutic profile in patients in
need of treatment of disorder such as psychoses. Its D1 receptor
antagonist activity is closer to its D2 receptor antagonist activity
thus leading to a balanced D1/D2 profile which may be predictive of an
improved clinical profile over conventional antipsychotic agents.
Surprisingly, the (-)-enantiomer has an improved D1/D2 profile over

the racemate of the same chemical formula.

Examples of suitable pharmaceutically acceptable salts are



preferred enanti oner or diastereonmer. For exanple, a conmpound such as
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ingredients, disintegrants and the like. The active compounds and/or
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the pharmaceutical compositions described herein may be prepared in a
variety of dosage'forms depending upon the preferred route of
administration. - Oral dosage forms may include tablets, capsules,
solutions or suspensions. Intravenous, intravesicular, subcutaneous,
or intramuscular injection or infusion dosage forms may be in the form
of sterile solutions or suspensions. Suppository compositions may be
prepared if rectal administration is necessary. Oral administration
is the preferred route of administration for soluble salts within the
scope of the present invention. Advantageously, the less soluble free
amines or non-salt forms within the scope of the present invention are
administered to a patient in a sustained release or DEPOT formulation
wherein the active ingredient is slowly released over a period of days
or other suitable period to a patient in need of treatment thereof.
The present invention therefore also relates to a method of
administering a therapeutically effective amount of the active

compounds as disclosed herein via oral or DEPOT delivery means.



When used to treat psychoses or other neurol ogical disorders as recited
herein, a conpound of forrmula | or preferably the conpound

(-)-1-(9, 10) - D hydro-9, 10- met hanoant hr acen-9- yl net hyl ) - 4- (2- et hyl sul fi

nyl - 3-pyridyl)piperidin-4-ol is preferably Used. This conpound may be

adm xed with a I I
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capsul es, solutions or sus enS|ons I ntravenous, intravesi cul ar,
subcut aneous, &FaRSAULARRAUSEY AT FH‘}’@B‘P’F%*‘B}W oF it dRtrvaglaroindeckionve in
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ingredient is sFéeativecmountPiothe dgseribed PlP2MHIS entagonist quex 41l e
period to a pakkedidednpdrasd ¥ tih€at ment thereof. The present invention
therefore also relates to a nethod of administering a therapeutical l'y
ef fective amount of the active conpounds as disclosed herein via oral or
DEPOT del i very meanghe dose of a compound of formula I which is adminisfiéred to a

Sustained rele rrul ati,o del | n$ en

described in g%&neg Htofis "ﬁﬁgr |m€'5 Q-,g&r% ﬁ.'/l m%g? f%%ﬁggojefpgﬁqu ong
acting dosage bpemthe meuba't nemenbfaqylsMGsEsrlmt of @sﬁalmdltmem
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dopani ne antagoni st plasma_concentrations. fof nul ation
cont ai ni ng t he PHESIABRE QEdingay| ﬂij-lléd’r‘bﬁf‘g art can read11y determine the

suitable dosage from the ranges described herein and from the patients

particular characteristics. 1In general, a compound of formula I will
be adminiétered to a patient in need of treatment thereof (such as
man) so that a pharmaceutically effective amount is received and this .
dosage is generally in the range of about 0.01 to about 10 mg/kg body
weight. If a drug is administered intramuscularly, it is administered
in the range of about 0.01 to about 5 mg/kg body weight. If it is
administered orally, it is administered in the range of about 0.1 to
about 10 mg/kg body weight. It will be apparent to those skilled in
the art that a compound of formula I can be co-administered with other
therapeutic or prophylactic agents and/or medicaments that are not
contraindicated therewiph.

The compounds of formula I are antagonists of both D1 and D2
dopamine receptors and therefore are useful as antipsychotic drugs. )
In addition, the compounds of formula I are useful as 5HT2 serotonin
receptor antagonists and thus are further useful as antipsychotics.

These compounds therefore have significant serotonin antagonist



may be adm nistered by inplantation (for exanple, subcutaneously,

transcut aneously or intramuscularly) or by intramuscular injection. These
formulations may therefore be formul ated with pharmaceutical exci pi ents
such as suitable polyneric or hydr ophob| c Alterials (e.g. as emulsions in

oil) or as a sparingly sol bIe of t P |.ation
are chosen to aéi&i'ﬂ#l%' %r"e& @3%199565%02&% veggﬁggrﬁqr&f‘a ﬁgt
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It is admnistered in the range of about 0.01 to about 5 ny/kg body weight.
If it is admnistered orally, it is admnistered in the range of about 0.1
to about 10 n¥ERE dody weight. It will be apparent to those skilled in the
art that a compound of forrrul a |l can be co-adm nistered with other

t herapeutic or pro Iactl ents and/ or .nedi canent s that
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as SHT2 serotontn recep agoni st's us are

anti psychot i cél‘heﬂ‘%Pgor’?ﬂéunwﬁﬂ I“mdeﬁéﬂr]@rhat/éﬂsl @h?##mﬁﬂps@%tm Pg-

ant agoni st 1162, 1990) w1th minor modlflcatlons. In brief? the QGﬁdd!hé)biis mell
as a bal anced D1/ P2 profile. D1 D2 and 5HT2 ant agom sm nay be

standard test® &§1%§§F43t§eﬂe’ﬁﬁelcéﬁflq§2°‘%ta§g%h|Cs fP% dn BiruLEs 4 Byo é‘llaﬁﬁa?%
tests such as mNTAUGHCE Bontaiming 140 GHi ME1ans!Amr Kemnt a@omasm stnd 1 mM MgCl12

gsmpm ﬁgl ni;j:ji gﬁdﬁ)c,l xlne Irg es r}cxj'or%r{%omgs hllsgl?el gllnjcre(’?: d{:na I& 8f3 nM
[ H]SCH 23390. The Dopamine D-2 binding assays were carried out at
37°C for 15 minutes in 1.0 ml of 50 mM Tris-HC1l (pH=7.7) containing 40

nM ketanserin, membranes from 4 mgs tissue from rat striatum and 0.1

nM [3H]Spiperone. The Serotonin S5HT2 binding assays were carried out
at 37°C for 15 minutes in 1.0 ml of 50 mM Tris-HC1l (pH=7.7), membranes
from 5 mgs tissue from rat frontal cortex and 0.5 nM [3H]Ketanserin.
All assays reactions were terminated by rapid filtration over Whatman
GF/B filters. Radioactivity on the filter was determined by
scintillation counting. Nonspecific binding for D-1, D-2 and 5HT2
assays was defined as the binding activity in the presence of 1 uM SCH
23390, butaclamol or ketanserin, respectively, and was subtracted from
the total binding to determine specific binding. Each assay was
carried out at least three times in triplicate. IC50 values were
determined from a least squares regression of a logit-log
transformation of the data. Ki values were calculated from the
determinations using the following equation: Ki=IC50 / (L+Kd}, where
L=ligand concentrations used in the assays and Kd=equilibrium
dissociation constant of the radioligands as determined from

saturation experiments. The Ki values of, for example, racemic



tests are described below The following are non-limting exanples of the
antagoni sm of the conpounds of the invention on the D1, D2 and 5SHT2
receptors and clearly show an i nproved and bal anced receptor antagoni st
profile. TEST A Recept or bi ndi ng 3ksays used to quant i tate the
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in 1.0 M of 5EESKBris-HA (pHe7.7) containing 40 nM ketanserin, menbranes
from4 ngs tissue fromrat striatumand O. 1 nM [err] H Spi perone. The
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1- (9, 10- di hydr 38t fpusgt (ehsohiahees . LoNRsteI9aFeS Waﬁrezz @R Gul fi nyl -
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and the number of swims was counted. The height of the tank was 15 cm

and the diameter was 28 cm. A circular obstacle measuring 10.5 cm in
diameter and having a height of 17 em was placed into the center of
the tank, creating a circular swimming channel 8.75 cm wide. The
water level was 5.5 cm and the water was kept at room temperature..
Marks were placed on the floor and the side of the tank 180 degrees
apart. A "swim" was scored each time a mouse swam from one mark to
the other. The mice were observed through overhead mirrors and the
number of 180 degree swims was recorded for each mouse. Activity in
this test was indicated by a decrease in the climbing score
accompanied by an increase in the swimming score at a given dose of
the test compound. Results are expressed as ED50s for climbing and
swimming,.i.e., dose at which there was a 50% decrease in climbing and
dose at which there was a 50% increase in swimming. Typical results
for climbing and swimming respectively were ED50s of 0.54 and 1.7
mg/kg po for the racemate described above and 1.3 and 1.6 mg/kg po for
the pure levorotatory isomer.



I somer of the above conpound gave 13 nM 42 nMand 39 nM TEST B

Femal e, Sw ss-Webster m ce wei ghing approximately 20 g were deprived of food
for approximtely 24 h and then dosed orally,with various doses of either
the vehicle or test agent over a range of °d €s (N=20 mice per treatnent
group). Thirty 'Plﬂes later they were dosed with anorphine HO at 1.25

ng/ kg, sc, and d into clinbing cages. The clinbing cages were 9 cm
side, 15 cmdeep and 30 cm high. One wall had 27 horizontal rungs spaced 1

cmapart. Thirteen MeRUiedsaditir Bﬁiﬂﬁb”&&@mé& $h' 2441 0phys388{EiARYSE Was
observed continugusly for, 1 mn_an ghest and | owest runggreached by
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50% i ncrease in svmn’mnqw] ical results for climh sSW nm ng
respectivel y wEPEaiiesalt aﬁl@435’l‘fﬂ wgs ﬂ%r%yeﬂeeww nduced hyrkhe DGE%'qubed
above and 1.3 @Rl selectiVek@gristprsKFNesInaL e Ve Raminatiothe h€dgohism of a

- 22 - TEST Cgipthreshold dose (20 mg/kg i.p.) of SKF 38393-induced circling
behavior with the racemate described above and the respective 95% pure
isomer. SKF 38393 and the racemate or the 95X pure isomer were
administered simultaneously (t=0) and rotational behavior was measured
for 60 minutes. We found that the racemate described above had an
IC50 value (drug concentration which produced a 50% inhibition of SKF
38393-induced rotations) of 3.95 mg/kg (i.p.) and the member of the
heteroaryl Ci4 alkyl sulfinjl class described above ( 95% pure C1;4
alkyl sulfinyl levorotatory isomer) had an IC50 value of 1.98 mg/kg

(i.p.).
Test D

Male Sprague Dawley rats weighing 60-120 g were deprived of food
for approximately 24 h and then dosed orally with either vehicle or
test agent over a range of doses (N=9 rats per treatment group).
Twenty minutes later they are dosed with quipazine dimaleate, 2.5
mg/kg i.p. aﬂd placed singly in plexiglass chambers. Five minutes
after dosing with quipazine, the number of head twitches are counted
for a fifteen minute period. Results are analyzed by determining mean
head twitch scores and percent inhibition for the drug treated vs the

vehicle treated groups and reported as ED50s, i.e., dose at which



Ten [err]g of 6-hydroxydopam ne dissolved in 2 [err]| physiol ogical saline
containing 0.1 ng/m ascorbic acid was injected into the left substantia

nigra ‘of mal e Sprague Dawl ey rats under so%'éum pent obar bi tal anest hesia at
| east one nonth prior to the experinent, aé¢cording to the method of Perese

t al. (Brai h 5 . ' i
From Br o wePiereats i 382 sedlBeipiots HoHd)ewi EF SSHELEO MM COMALERES
rotational behtiisotestaeneED58s caf 0s6ihgefks ppfors the rapemic pgeninapd k38

( Col unbus Instﬁg;@nw;fﬁo%_ggf@tiggﬁeﬁqgodﬂ)e nunber of rotations made in 5
m nute intervals was recorded for the entire duration of drug effect.

Ani mal s exhi biting >500 contral ateral rotations / 2.5 hour post-injection
period in response to L-DOPA (50 ng/kg i.p.; t=0 and benzerazide (30 ng/ kg

i.p.; t=-15 mn) we used f.or further .test.ing. [ rsl t ati onal
behavi or al so was drgg%- Egﬁ'éﬂ(?gn\”lfi} ??1‘6356?1&519{%%8&%%#%%%8&{“ el ecti ve
agoni st, SKF 38@83dim¥ingxsynthetic lesanpleagbmwbichf unlessbstatedhotherwises (20
ng/ kg i.p.) of SKF 38393-induced circling behavior with the racemate *
descri bed above and the respective 95% pure isoner. SKF 38393 and the
racemate or the 95%plrtemperatiires,ara SiYRN nins dasragsstahsins (&dasIRPTeEieds and

rotational behayd/@r Yesctitms weed da@tidid olit it! 6om Y€ dnbiesit tthaperddtars Achant e
descri bed above. had ggesl C50 vgl Pf&%’d%lg concentration which produced a 50%
i nhibition of Skr 88 rARuCEd T 6PatTons) of 3.95 nmy/kg (i.p.) and the

menber of the heteroaryl Cerr] alkyl sulfinyl class described above ( 95%

| kyl j t i I I 1.98
puy e CheT] 1O, S WapdiRh Bk bt e g ey

hi ng 60-120
were deprived evagoyetion gndepedutadapressupe (Woﬁr(tPOQhE#FCéé§bd'-ér34? iRt g) t"ﬁtg

ei ther vehicl e, 083 thegdnpadsfireO¥ £ up?ts Go9ecOf doses (N=9 rats per treatnent
group). Twenty mnutes |ater they are dosed wi th qui pazine dinaleate, 2.5

ng/ kg i.p. and placed singly in plexiglass chanbers. Five mnutes after
dosi ng W th qui pazi peii)t iashigheomatbgtuphe vas tahdsdasur onWMerel Kieselgel

fifteen mnute ri Resull.t S e lyz by.det er m ni d ptch
scores and perégrh ggg?ﬂ 1Pt %??rf gi;asp ﬁgﬁ&%gg‘%’e‘é 1gld‘ﬂsert ﬁ@&%ﬁ?@ﬁ%ﬁ?rgﬁmd
groups and r epwas edrated=DBOHn Analtechids35mm whlige gel GHLF plates (Art

- 23 - 21521), obtainable from Analtech, Newark, DE, USA;

(iv) High pressure liquid chromatography (HPLC) for analysis of
enantiomeric purity determinations of the chiral species described
herein was earried out on either a 25cm x 4.6mm Chiralcel OD or a 15cm
X 4.6 mm Ultron Ovomucoid column available from JT Baker, Inc.; HPLC
analyses for most reactions and final products was carried out on
either a 25cm x 4.6 mm Supelcosil LC-8-DB, a 25 cm x 4.6 mm Supelcosil
LC-18-DB column available from Supelco, State College, PA, USA or a 25
cm x 4.6 mm Zorbax RX column.

(v) in general, the course of reactions was followed by TLC

and/or HPLC and reaction times are given for illustration only;

(vi) melting points are uncorrected and (dec) indicates
decomposition; the melting points given are those obtained for the
materials prepared as described; polymorphism may result in isolation
of materials with different melting points in some preparations;

(vii) all final products were essentially pure by TLC and/or



there is a 50%reduction in head twitch scores. Typical results in this .
test were ED50s of 0.61 ng/kg po for the racem c agent and 1.38 ng/ kg po
for the pure isomer (100% . The inyention will now be illustrated
by the followi ng non-limting synthetic ex res in which, unless stated
otherui se: mpic shdndiCHRARELIGES Alclelh RBnbty d@&é&%ﬁcﬁhﬁkﬁp@m and
operations and/or reactions were ¢ rr|e out “at ‘room or anb

tenperature, tmigropsalyticghdatange of 18-25 [err]C (ii)
evaporation of solvent was carried out using a rotary evaporator under
reduced pressure (6@@id00PigldscCates giderbfaf iTNtlrasiém oalPpat h tenperature of
up to 60 [err]C (ii1) flash chromat ography was carried out on
Merck Kiesel gel (Art 9385) or Baker Flash Silica CGel; thin |ayer

chr omat ogr aphy (TLCIimxasredw:redi pressurerRrAngivercds @b&Hlutmn mielsi;uaasgéh GHLF

ﬂ: She;r fa?ghr (231 I qui . @m ogr g%ﬁ%kgﬁg?&?ﬁé&sﬁ s sggﬁg?]tllnoﬁ%ﬁ’c(l "

purity determnations of the chiral species described herel n was carried *

out on either a 25C )\rcﬂeﬁmm %ﬁﬁ%a@l@ir%ﬁﬁqrﬁéﬁn&n?smu £019Bwing
Ovonucoi d col u vailable from JT. Baker, .1 nc H ana

or nost
reactions and ¥ Fli‘)?i&&ﬁclfas"ev@ o heen dgedy, ¥ éYP]é‘f“FherW &"é’@g‘ﬁ?x mp gmeliing
Supel cosi | LC Boint), ar..zilcéirs& 4nlS (AD1150REEE)S & dg@aﬂ@-Dﬁnmbl(mmmuaéé)abing
from Supel co, e 2 .6 mm Zor bax RX col um.
(v) in general ?'E’?Lﬁgcou g'% f%%lg A})’ns S]ésﬁf)blafov\ed by TLC and/or HPLC and
reaction tinmes are given for illustration onIy (vi) nelting points
are uncorrected and {oechi+dd £ &L aipgs |‘Qﬁ he, Qpphs. i ven
are those obtai ned 1(of5 t he mat e?'lsla?s prgpare as eéscrlogmc# )Smlgrp Ism
may result in isolation of materials with different nelting p0| nts in sone
pr epar ati ons; (vii) all final products were essentially pure by TLC
and/ or .



- 24 - HPLC and had satisfactory nucl ear magnetic resonance (NVR) spectra

and m croanal ytical data; (viii) yields are given for illustration
only; (ix) reduced pressures are gijen as absolute pressures in
pascal s (Pa); other pressures are given as Y@auge pressures in bars;

(x) chem cal s*ﬁq&&&shave t heir usual neanings; the foll ow ng abbreviations
have al so been—-tsed—v (volune), w (weight), np (nelting point), L

(liters), nL (mlliliters), g (grams), mol (mllimles), mg (mlligrans),
mn (mnutes), Eﬁmﬁgﬁui)netﬁ@&u (xi) solvent ratios are given in
vol ume; vol une - 25 -

EXAMPLES Exanpl e 1-Method A
(-)-1-(9,10-Di my)inow 16)DERYydYdR9 A1U-heEimbathrh @i -9y Imethiy Py G- 34 ctyl sul £in

yl - 3-pyridyl)pi | |tan unitartrate/hydroperOX|de based
oxi dati on) yb4- 61%3"588%?%‘&9% Lon (-20 [err]Q) of (-)-diethyl

Dtartrate (18.55
(titanium/tartrate/hydroperoxide based oxidation)

To a cooled solution (-20 °C) of (-)-diethyl D-tartrate (18.55
g. 90.5 mmol) in dry toluene (425 mL) under a nitrogen atmosphere was
added titanium tetraisopropoxide (14.47 mL, 45.25 mmol) in a dropwise
fashion. After stirring for five minutes, solid 1-(9,10-dihydro-9,
10-methanoanthracen-9-ylmethyl)-4-(2-ethylthio-3-pyridyl)piperidin-~4-o
1 (20.0 g, 45.25 mmol) was added in one portion. The solution was
maintained at ~20 °C for 25 minutes and cooled to -78 °C (dry
ice/acetone) prior to the addition of freshly dried t-butyl
hydroberoxide (90%, 5.28 mL, 47.5 mmol) in a dropwise fashion via
syringe. The flask was allowed to warm to -15 °C over three hours,
stirring was discontinued and the reaction vessel was placed in a -15
°C freezer for 18 hours. The reaction was quenched by the addition of
aqueous sodium hydroxide (1.0 N, 400 mL). The suspension was diluted
with methylene chloride (500 mL) and the resulting mixture was
filtered through diatomaceous earth, rinsing with additional methylene
chloride. The organic layer was separated. The aqueous phase was
extracted with methylene chloride (2 X 200 mL). Combined organic
extracts were dried over anhydrous sodium sulfate, filtered and
reduced.

The product was preabsorbed onto silica gel in preparation for
purification by flash chromatography over silica gel (1000 mL, eluent:
20% methanol/ethyl acetate ramped to 30% as the desired compound
elutes) to yield 17.63 g (85 %) of the title compound as a
yellow/white solid. TLC analysis (sulfoxide: Rf 0.24, sulfone/sulfide
Rf 0.73, eluent: 15% methanol/ethyl acetate). The enantiomeric purity
of this compound was determined to be 1:3.7 ((+):(-)) by HPLC analysis
(Ultron ES-OVM 6.0 x 15 cm, mobile phase 80% 0.01 M pH 7.0 phosphate
buffer/20% acetonitrile, flow rate: 1.0 mL/min, maximum 10 ul

injection at 2.0 mg/ml; retention time: isomer 1 13.4 min, isomer 2



g. 90.5 mml) in dry toluene (425 nlL) under a nitrogen atnosphere was added
titani umtetraisopropoxide (14.47 nL, 45.25 nmol) in a dropw se fashion.
After stlrrlng for five mnutes, solid 1-(9,10-di hydro-9,

10- nethanoanthracen 9-yl net hyl ) - 4- (2- et hyT t41i 0- 3- pyridyl)piperidin 4-0 1

(20.0.g, 45. 25 de ort| s 0, l,nt ai ned
at -20 [err] C é ﬁa soqﬁ% %8? ag e - §ST e‘r%‘ri] f‘é*r:y&llce l?ic“"eflone)
prior to the ad'm]teﬂoho GTOOﬂrMByaWee@dt serded| vithd seprradx¢xistaboRt sag@inl,

47.5 mmol) in gyHepue Se Th@SiceRatd erysth Al 0Rs il & yos allowed to warm
to -15 [err] C over three hours stlrrlngyw#as di sconti nued and_the reaction

vessel - was pl abeRFs-n The gg ’[dei‘"?f EemPERs, Iitragione Fecovering Lhct3 &netas

quenched by thgubfiatille &z ai oaqusottaesmumﬁwrmvlede(i(sﬁmer N+)400) whtio Hge
suspensi on was ,di | uted

th ene hl ori the resulting
rxrure vas 1 APERye, By MRrES: D Co o B reroRl -hof Forhte aRl o
met hyl ene chl oalktwed fiherpstpddize Ifayean wdditiopal zztlfelioursThért@quebL(s? pheise
extraots were B QIEIVENCTIE ERAAE £E poom cetife ke, [DTRLG o WBBEL wpen
The product waST¥ftads st puke dﬁ@@e% i(F) caAfter inherspak atppmntemermkref i e i on
byt L' as Ih/ C[‘rho{f&ifﬁ{aitﬂ%tgﬁﬁrve%fél g;%g/ gflaced GO thd-, frgéﬂ:&nht -Zlg oC overm.ght
nmet hanol / et hyl _acet a 0 0 AS esjre npoun es
Treld 7 63y TS TepebringnEeTie, fuitenbn dhited S ere SRRt L8110 151
anal ysi s (sul fmk) cad f¥lter&dl, She fwhied sollid dasRiried7a; h&khlenahuurﬂ.ﬁ% remove
nmet hanol / et hyl aesh ) Ja6 .en 8 Gre Y H.é/d % ty Sm& S 33
determined to be a‘}gﬂg %& ?‘Gb fﬁ?&’énaP SI's U%trsom ]Egp gwg 13
cm nobil e pha¥eyigdd, of @1h1\81pplum10' pw@phmlmsmaéwsmwach&s@ihsﬁ WGle, flow
rate: 1.0 ni/ ”If‘aceiﬁﬁ%é-méﬁhlﬁ)sué) | RpeCifieNratLod [39/ Mos [&1126! 'l@H@)H‘)' ”96

I somer 1 13.4 | sonmer

15.7 min). Thée&WPFdPerFaﬁé‘?'? &ET s PAF s"§'o|(O’e)dlﬁ?f"%?ofp?fcﬂfa'én"é’taﬁbmbGBF’éﬁfet )
room t enper at u§e17gnd=bA5dRE0MY.t h several crystals of racem c sul foxide. The
racemate crystallizes slowy over 72 hours. The solid was renoved by
filtration, recovering 11.73 g of sulfoxide as an oil at the 5:95 purity

| evel (isoner (+)/(The rfaeechane whst dissaladd bip mEth@lend lwhdovide, wasiddifsed| ved

i hot, tol ueneyaitd phd Qe dudio s VAL %2ed Qinal A9 Legiding AR R10ri0E

oil (7.7 g) was disso uene at roomtenperature
seeded with cr§att#l Yewg fhlteredsrimsed with sfresh %ﬂ?ﬁur@%ﬂﬂ%‘ohﬁ%@r%ﬁure

t he °C, 10 pascal, 18 h) to yield off-white solids, mp sulfoxide 213-216
°C (dec). hydrochloride salt: 1H NMR (d6-DMSO, 300 MHz) 10.19 (br s,
1H), 8.69 (d, J=4.4 Hz, 1H), 7.63 (br d, J=7.9 Hz, 1lH), 7.57 (m, 1H),
7.37 (m, 4H), 7.00 (m, 4H), 4.44 (m, 3H), 3.58 (m, 4H), 3.11 (m, 1H),
2.86 (m, 1H), 2.76 (br s, 2H), 2.30 (br m, 2H), 1.97 (br m, 2H), 1.18
(t, J=7.5 Hz, 3H) MS (CI, CH4) m/z 459 (M+1,100), 487 (M+29,16), 441
(21), 413 (12)

Analysis for C,,H,.N,0,5.1.8 HC1

287307272
Calculated: C, 64.15; H, 6. 11 N, 5.34
Found: C, 64.27; H, 6.46; N, 5.23

Example 1-Method B (oxaziridine based oxidation)

To a cooled solution (-78 °C) of 1-(9,10-dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-(2-ethylthio-3-pyridyl)piperidin-4-ol
(200 mg, 0.452 mmol) in dry chloroform (or toluene) (8 mL) under a
nitrogen atmosphere was added (S)-(+)-camphorsulfonyl oxaziridine (104



crystallization vessel was placed in the freezer at -15 [err] C overni ght.
The resulting solid slurry is diluted with cold toluene (OC, 15 niL) and
filtered. The white solid was dri.ed at hi gh vacuumto renpve renaining

sol vent. This procedure formed pure isoner 4Ly (6.9 g, 33 3 %yield of a

high purity state by HPLC anal Si s 85-186 C (race 206 208
specific rotat™n §-4p2 mmed) ¢ c 2 e(EooMa b JrasetempEe Be FeAEtion, s Ciﬂﬁly
((+)-isonmer spesatmedc té Giodini tempeystiage Chbhversisi.whs hhﬁ-ﬁ)ored by thin Thgedf r ee

base was di ssol n | d i T ¥y t nd
di isut edswi Itflsefﬁ q"alt?ﬁ%%gytﬁh nghﬁgér‘o% gﬁili :% l?‘stgﬁf guﬂ%%ll ere?gllﬁansed
with fresh et h@s73,aeduenti:eli5¥ mevhaned/¢Eyl[ acathte) .10AHesc abvernd h)urSo yield

off-white soli Qﬁarﬁmgsxkﬂtfe(iﬁﬂ%ag1§t1§iGeJlﬁéﬁ11 Qnﬁd&ﬁﬁld KBﬁdBQC&Jiﬁii&F bgaiﬂe 1H
NVR (d6- DMBO, 300

e 1 additionyof mora jwidants; T repgtion s mignches by the, addician.
f gg EB] 4H) A of quu(eBils Jddhiuzﬂhgﬁrc(ﬂildelﬁ) 0 R, 1ﬁ| Kby, S'.)[‘h& ue%:s3ﬁha(é3! tlwgso) 2H) ,
r X
487 (M+29m16) HL%E&“%E‘I i"ﬂl“é’“@‘ﬁ?“é °i{ﬁ_ga’ii39§| %2( Fops wEd CBub1ie ot it
d err] H err] N extiq@itervdre. vashedOritBakatdrat dukedOpveds adliydrpis Godiym NHulfatsy

Found: £t Gbd Ha g\ 5.23 Exanpl e 1-Method B (oxaziridine
based oxidati on$ éréd ?eallﬁ:ecool ed solution (-78 [err]C) of

1- (9, 10-di hydro-9, 10-
nmet hanoant hr acen- 9- yhagjrehdt 4rab i bydd layOfﬁsayéuzdma&dgrapw @vBr 4siQlicd %

ng, 0.452 mol) _in_dry. chloroform a nijro

at mospher e was (348 %gj E+)P‘{éaﬂ%ﬂ’f?f‘g%ff%tk}x@agséﬁ)r Fé &%’4 U5 "o

- 27 - ng, O.4b& tﬁtﬂlé)com]ibmd:«asla 'yelbat/hites spkithved Ehedendntivmeariici purity
sl ow y war ned r rsj n Iayer
chr omgt ogr aphyto?‘llf_l'%?"analfi)yq;gﬁ‘E 4}3‘,! ??t(?)q(;ﬁgg%l?ﬂ) 8{%23'%5 H))ngl 28 @ygﬁ%

el uent: 15% neehaksiset [Ehe érc)etla@'@r confldebe farrthent ehmdsbiartbﬁ rig-‘mtlm al
was still evidgpicamed Cyelyd. not be oxidized by the

The starting piperidin-4-o0l was prepared as follows:
a. 9,10-Dihydro-9,10-methano-9-anthracenecarboxylic acid

To a cooled solution (0 °C) of 9-formyl-9,10-dihydro-9,
10-methanoanthracene (literature preparation: M. Sunaga&a, et al.;
Chem. Pharm. Bull. Vol. 27 (1979) pp 1806-1812; U.S. Patent 4,224,344
Sunagawa et al., Sumitomo, Ltd.; Sept. 23, 1980; U.S. Patent 4,358,620
Sunagawva et al., Sumitomo, Ltd.; Nov. 9, 1982) (78.5 mmol) in acetone
(260 mL) was added Jones reagent (24 mL; 27 g chromium trioxide, 23 mL
vater diluted up to 100 mL of reagent solution) in portions. The
reagent was added until an orange color persists. The reaction,
containing a significant amount of reduced chromium salts, was warmed
to room temperature. The solvents were removed in vacuo and replaced
with water (300 mL) and saturated with sodium chloride. The aqueous
phase was extracted with ethyl acetate (3 x 300 mL). Combined organic
extracts were extracted with 2.5 N NaOH (3 x 400 mL). —The basic
aqueous extracts were acidified with 3 N HCl, saturated with sodium
chloride, and extracted with ethyl acetate (4 x 300 mL). Combined

organic extracts were dried over anhydrous magnesium sulfate,



addition of nore oxidant. The reaction was quenched by the addition of
aqueous sodi um hydroxide (1.0 N, 10 nlL). The aqueous phase was extracted
with nmethylene chloride (2 X 15 nL. Conbi ned organic extracts were washed
with water, dried over anhydrous sodium sul #&te, filtered and reduced.

The pr.oduct was_ purified 1 ash chropat ogr y Quver.sjilica gel (50 _ni,
ol vent - 10% noEALHIA et TR Fatestd b A BhiHuPOLEh’ nihe H5SW COPGRY Y5 Fared
conmpound as a \el 8a¥vydbkld assalvhdte sollié. eMaN{GlOCBS) &/pR3ITt YM«if, 100) S 265

conpound was d 1,Rgd : ( 10%) y HPLC anal ysis. The
(-)-isoner couleig'g?er’llpz?t%%r li)gzr?rl’i g?gcflgz/—) t1%2 {)zrogcedure descri bed above.
The starting piperidin-4-ol was prepared as foll ows: a. '

9, 10- Di hydr o- 9 p10- {®ihagDifydFd-, d6-HReRAdAREN dcen2flylcarbonyl ) pipLrflin0fl sd
solution (O[err]C of 9-forf nyl - 4710- di hydro-9, 10- et hanoant hracene
(literature preparation: M Sunagawa, et al.; Chem Pharm Bull. Vol. 27

(1979) pp 1806- 1812;TanSsollaaianbféls,234dﬁ@ar8magamlheﬁoa-. , Sumitono, Ltd.;
Sept. 23,. 1980; S. Patent 4 358, 6 a et . 1 tamp, Ltd. ;. Nov.s
o Ploaz) (70 & MTICoPRCbSEEHE Bokh (AT MRLE ik tiahe DA Res Bten, N
g chromium tri chiceyl 2Blodidea(sR8dnl,uBbd mpol,o 1189Cg)l diher eeapsdon s@isut i on)
in portions. The {&Rg5Nte 1A% ﬁ&qg&ﬂ%gis %Q?ﬂftﬁ H%ri&ﬁl 'miREtaT %ﬁ?'bu-mfer.
reacti on, contailni ng a Signi ficant a nt o . reauced cnrom um sa tS_, was

war ned to roomIhenfstanreacheda seeadynstatgeVthin i adniat vhteh tine itefsaced

with water (BOQ_ﬁrﬁau@neomuum adhydroRy i idiveh (©rogde, 6DNS mRIs2S BHRSE
was extracted wt ?fiedt?gyl acetate (3 x,30/ rr!a_]z Conbi nfg1 organi c gg)}%{{ac S
were extract ed "#ft HISISPAYIRARYISEs A SABNIfiFant pRauRL, of heat 1y, §¥0 ats
were aci difi ed thet teadthorriGecamnidariat etheVsuspasdbnmashheatedeto aedlextoact ed
wth ethyl acegat goélidxtfdgqgomempg@mwea%doggﬂ'}'eﬁ fort 18GLS YRS Gedllditl %ser
anhydr ous magnesi um'sul fate, - -
filtered, and rdddueedivith pthpl tasetatie §200rmd) tand washedpeithd3 hHCL o¢2xd100
mL), 2.5 N NaOH (2 x 100 mL) and saturated brine (200 mL). The
organic phase was dried over anhydrous magnesium sulfate, filtered,
and reduced to an oil. The procedure yielded the title compound in
quantitative yield as a viscous o0il. TLC analysis (Rf 0.54, 10 %
methanol in CHCl;). MS (Cl, CH4) m/z 320 (M+1, 100), 348 (M+29,22),

302 (16)
c. 1-(9,10-Dihydro-9,10-methanoanthracen-9-ylmethyl)piperidin-4-ol

To a cooled suspension (0° C) of-{9,10-dihydro-9,10-
methanoanthrancen-9-ylcarbonyl)piperidin-4-o0l (described above)(19.6
mmol) in diethyl ether (200mL) under nitrogen was added lithium
aluminum hydride (1.49 g, 39.2 mmol, 8 eq of hydride) in portions.

The suspension was stirred at 0° C for 30 min and warmed to room
temperature. After 18 h at room temperature, the excess reagent was
carefully quenched with the following in sequence: water (1.5 mL), 2.5
N NaOH (1.5 mL) and additional water (4.5 mL). The suspension was
stirred vigorously until the aluminum salts became a granular wvhite
solid. The suspension was diluted with ethyl acetate (100 mL), dried
with a small amount of anhydrous magnesium sulfate and filtered. The
filter cake was rinsed thoroughly with ethyl acetate. The solvent was
removed to yield the title compound as a white solid in 88%Z yield.

TLC analysis (Rg 0.54, 10% methanol in CHCl;) MS (Cl, CH4) m/z 306



in 80%yield as a white solid. M5 (O CH4) mz 237 (M1, 100), 265

(m+29, 10);, 219 (22), 209 (15), 193 (20) b.

1- (9, 10- D hydro-9, 10- et hanoant hr acen- 9-yl car bonyl ) pi peri di n- 4- ol

To a sol ution of 9,10-di hydro-9, 10- net hano-23--ant hr acenecar boxyl i ¢ aci d
(24.2.mmol ) in | u ( ) added thio loride (2.28 nL, 31.3
nmmol, 1.3 eq). (lil*ﬁre f@ct 5%%%?%2&1 %%t ()ézr)ef ﬁ& (grgm' toring gas evol ution
with a mneral oil bubbler. The systemreached a steady state within 40 nmn
at which tinme di Waé9 SloFBitidyoehdDenethadoahthyacenx ) vy jmethyll yr4-piped8dipnong0. 3
mml, 2.5 eq) was added portionw se. A significant amount of heat is

evol ved and the reaction becane dark. The susgensi on was heated to refl ux

for 2 h, cooled to Fodnreelpdepelutien £rd8%iG)r pEP*adyl rhlaride, €310638Li 33-has
Czii EUF\Ieﬂla \&t?zeuhkmll AR ae n(e%ﬁ?léﬁb)clglwiwsth(sd mg);{ﬁx&r%fﬁ%gé@ vaslfdhedl ) .
: X and satura rine .. The qrgapic phase was
dried over anh%tggé%éﬂ%&yawgﬂxi‘% ég'¢&l’“ﬁ'er 2 %\'%‘R}’réo‘ﬂﬁeg g%eﬁgp%i“&?
The procedure Y+ (@,te<dihpdrd-9t, le-mxahmmandhrancen<0+ylhethyly piiperidins4ao0lVi scous

011 TLC 208l Vit (Rl Qe 100 % BBEIO08) Aol kidthprend Bud F10e ) 12

320 (H+1, 100), )
1- (9, 10- Di hydrgelaition nidOhminoanThe zeeetion\waseswinregi o780 (C £0p|30 min priomo

a cool ed suspepsitd 4dHi®isd of tllethPrab@ngi (1996 Q). 140 mmol, 8 eq).  The

met hanoant hr ancen- 9-yl car bonyl ) pi peri di n-4-ol (descri bed aboveé ( 6 Mol )

in diethyl et h%‘?°1(126d?ﬂ3‘ ‘iﬂfdé?m‘?ﬁefjr%‘d%ﬁ}'@\/a%eaaﬁ’c%’d“?’ﬂ% B ooR ntEMRET LI de
( tl_- 49 g, 596265'?&14 1:?% 1eq THe hﬁﬁ&ﬂidazjmiitxmup@mhb?pwrea htmsuzs.tm]gtswml\(\wo mL)
stirre a I mn an war o,r e rat u . r

om Comaer ot i thi il B8 eI adra AT SERTEA Chiondel i3 Tod o).
following in sesmbined organiar ektrdstaiyere2diied dee@Hafliydront )magnelsiadsulfane)
water (4.5 ) g;1H30.8YSRENSdAPed'qS ﬂ*ﬁi?d T\‘nbg@fu‘ags{é’ac'ﬂﬁ]éﬁx :mi%glgresmb?g‘ num

salts becane a granular white sol]d. € suspensi on was u et hyl

acetate-(100 neyrified &y flash shromaresrapbyimvestsiddrg Bedus40mhahe sluent120kat e
and filtered. dfififhédiQkeClkBex@e)’ t85261d RAEOKIENEYcHMpbin®tinYB0RGeLEd @s dhe
sol vent was renopved to yield th&ytl,tle con;pou d as, a &hl_te soljd in 88%
yiel d. TLC anafBidesseid.o Bk anglysis Rendidl n2omethanal) o l\%§tg enecH4) mz
306 chloride). MS (Cl, CH4) m/z 304 (M+1, 100), 332 (M+29,21)

e.
1-(9,10-Dihydro-9, 10-methanoanthracen-9-ylmethyl)-4-~(2-fluoro-3-pyridy
1)-piperidin-4-ol

To a cooled solution (-72° C) of distilled diisopropylamine
(7.86 mL, 56.1 mmol, 1.3 eq) in THF/hexane (57 mL/37 mL) under
nitrogen was added n-butyllithium (2.5 M in hexane, 23.8 mL, 59.4
mmol, 1.4 eq). The resulting solution was warmed to -20° C to assure
deprotonation and then recooled to -72° C. A THF solution (13 mL) of
2-fluoropyridine (4.50 mL, 53.5 mmol, 1.25 eq) was then .added dropwise
resulting in a yellow precipitate. The deprotonation reaction was
warmed to -50° C for 45 min and briefly allowed to reach -30° C before
being recooled to -72° C. To this solution was added a mixture of



-29 -  (H+1, 100), 334 (M29,14), 288 (62), 114 (8) d.

1- (9, 10- D hydro-9, 10- et hanoant hr acen- 9-yl nmet hyl ) - 4- pi peri di none To
a cool ed solution (-78 C of oxalyl chloride (3.06 nL, 35.1 mol, 2 eq)

i nmet hyl ene chloride (100 nL) under nitroge¥? was added distilled

di met hyl sul foxi de_ (5.Q0 niL, 70.2 mo After
1- (9, 10- di hydr 4=6?» IPORM%%&HW%EW@%% %Yolﬂerlﬂirﬂ?rjtd?ﬂe
(described aboydg¢sdriBed imThd )abows) @ddeds,as2 mmbh)ylaﬂddm:himi ibatemisda mﬂ%‘n

10 nl). Th ./ .
Sddi {1 on of o1 Ba byt £ Do T T PRtk § et Babhila. Doxd S0V
removed and t heoumcpf orhenaddigdon o thegrallewpaeaipitate\dissoleds. Thee
reaction m xt U&Eaé”ﬁ%np\?w %ﬂfd(')éraf 362‘25 ) '}1%9:" 1508 a[i&‘d) hbd &ifHURYtEc PRage

extracted with rre ylene c 100 i) ne organi c,_ extracts
were dried ovell@iydr othe ﬁﬁ’dﬁég‘i‘t}ﬁssﬁﬂf"éﬁﬁ Vlﬂ:PIY%eEd("oé?nﬂL)r’e&B%’eﬁ-e@o"’éﬁli'

oil. The cr udeztsacuhom dfidxéxiracted WM Iefthsen alaytiﬂeaw :cbnormwgrm@ﬁy over
silica gel (400 rrt1?_, entiZO%et aceta g '%ﬂ“ eId tlr}e titles
conpound i n 80%YPNeEE FEEARLGHAXEES f’ eT’E %H&F??P y‘? ér? 256>
met hanol in rretfﬂl;rtmd aid cedue). to MSs¢ldd. Crive) producBOdas Mtﬁ:l,fiiaﬂ(l)y 332
(M29, 21)

1- (9, 10- Di hydr S86V5aLL sacton from ethyl acetat (3 grops) to yield 13.3 (77’"
1) - pi peri di n- 408 the title compoundors édwls’(ﬂeuﬁﬁlé# (-TLL @)ﬂdﬁlﬂll |04

di i Sopr opy! ani eny7 aBerdfle 1Rheka] 11 IR eedc1l N SHOFAX B0GY (@7 sig. amm)
under nitrogen_was _added n- buté |th| um :ﬁl n hexane, 9.4
mol, 1.4 eq). Uthe 724 ufddy nlr&dr uti%H2 )Wa?r d(®s02Hbg 669f'0("'as§%)r’e4 27
depr ot onati on lel 1Hyen3r48c 9] @) | @ 972(11(; 21y TEIquhnutmr; 2162 k) M), 2.26

2-1 uor opyri di p #13501 e (23 zﬁl) ”ﬁ?fﬁl ]céﬁ.z 48‘?%{5??&00?? \A)glh%\’\ﬁ%)gd -

resul ting |nayél WpreC|p1ta rotonati‘on teac
-50 C for 45 nBB3 af?d)brThef Eyeenbhegvadst disselvdd igetledefndr ecmyfhgd nighol ed -

to -72[err] C efRedddisudR! Vil RydRn@oiRl aiP ¥h4810¢red, washed with fresh

ether and dried in vacuo (room temperature, 10 pascal, 18 h) to yield
a white solid, mp 188-191° C (dec).

Analysis for C, H, FN,0°HC1'0.4H,0:

267252 2
Calculated: C, 70.31; H, 6.08; N, 6.31
Found: ¢, 70.65; H, 6.12; N, 5.83
f.

1-(9,10-Dihydro~9, 10-methanoanthracen-9-ylmethyl)-4-(2-ethylthio-3-pyr
idyl)piperidin-4-ol

To a solution of the 1-(9,10-dihydro-9,10-methanocanthracen-9
~ylmethyl)-4-(2-fluoro-3-pyridyl)piperidin-4-o0l (described in e.
_above) (2.00 g, 5.00 mmol, 1 eq) in THF (50 mL) under nitrogen was
added the sodium salt of ethanethiol (0.90 g, 10.7 mmol, 2.2 eq). The
thiolate salt was prepared from ethanethiol and sodium hydride under
standard conditions. The reaction was heated to reflux for 18 h and
quenched by pouring into water (100 mL). The aqueous phase was
extracted with diethyl ether (2 x 100 mL), dried over anhydrous sodium
sulfate, filtered, and reduced to an o0oil. The reaction product was

purified by flash chromatography over silica gel (200 mL, eluent: 50%



- 30 - 1-(9,10-di hydro-9, 10- met hanoant hr acen- 9-yl net hyl ) - 4- pi peri done
(described in 1d above)(13.0 g, 42.9 mmol) and lithium brom de (7.45 g,
85.8 mml, 2 eq) in THF (48 nL) in a dropwise fashion. In the course of the
addition, the yellow precipitate dissol ved.3¥re reaction was warmed to -20

Cover. 1.5 h an uenched wth acet.i cid (. The.sol ution, wa
diluted with mﬁgb‘% ?ﬂg‘t?xﬁﬂéﬂg t8%ield: 4 'gh(@g %&m&&a SOMPPRRY o (T1E
ethyl acetate @Rabys380(R{LP.29,h60X @thendd bexpar)c extracts were dried over
anhydrous sodiumsulfate, filtered and reduced to a solid. The product was
purified by re hzat be : afqt gt & G3ger 8aVidd.dgdB.3 9
(779 of the t TNE (Lbens SRONREPE. 5 Vo, MR8 Qpoue 1hY) g&“?}*ﬁz% 22306
ethyl acetate ¥n’ H@xaﬁ'&)v. 7427 (MR 4HIDC8 98 f1, SHDO 4rRd ) (9. &B) x &;58 43, 21H)n,
1H), 7.91 (dd, 3788.3, $1)4 3ms t4) J=7.RHz( mH)5H.8%6 (A 2y, 26D, (ddL7I£%.3,

6

1
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178 (m o) v 8T 9067 iy STod 230  tn b (as Mgt B 1)

free base was d=BsoOHze®BH)N M8 [{C1, LHA) awzd#43 €¥+1y t11R0kL Wl e@+2BIC16) , Th25 .

hydr ochl ori de Lt F&q y t gfﬂ dy. | | uo
(room t enper at 3?’2} \fgépgéjseéaﬁsgl'a%q?i 0 ;‘/’P%I% %Eﬁtag&ggﬁfi_, r?p&ﬁigg?*ilgﬁ%%i
(dec). Anal yBEE. f 8he diydreghlpsidg palemap fidteredcl pénggdovilf £restpether and
ga|8§U| at ]f"d3 C affedin ¥dcub- BBomMNenPedeut@l " pascal, {8 hjOtdFieth Duhiie N
1- (9, 10- Di hydr 8°bidompek7iahta 86 )acen- 9- yI met hyl ) - 4- ( 2- et hyl t hi o- 3- pyr

I dyl ) pi peri di n-4-ol To a solution of the :

1- (9, 10-di hydr @- - gt hangan - .

-yl met hyl )-4-(&%"{%@?2&5— g&&%w&ﬁsgi%gglr%dfs%%-ol (described in e. above)
(2.00 g, 5.00 fimtdulatedsq¥,i . THF H,56.34:) Nuridd% ni trogen was added the

sodi um sal t of pgifanet hi @l 60080 1], 614h;7nMPhe 2.2 eq). The thiolate salt
was prepared from et hanethi ol ahd}gsodi um hydride under standard conditions.
The reaction was heated to reflux for 18 h and quenched by pouring into
water (100 nl) gxample 2queous phase was extracted with diethyl ether (2 x
100 nL), dried over anhydrous sodiumsulfate, filtered, and reduced to an
oil. The reaction product was purified by flash chromatography over silica
gel (200 ni, el uent 1-pDAD-Dihydro-9,10-methanoanthracen-9-ylmethyl)-4-(2-ethylthio

-3-pyridyl)piperidin-4-ol

Reduction Process for Producing Sulfides to Recycle in Example 1

Zinc dust (1.72 g, 26.2 mmol) was transferred under nitrogen to
a dry 500 mL roundbottom flask equipped with a nitrogen inlet, o
addition funnel, teflon coated magnetic stirbar and thermocouple.
Distilled tetrahydrofuran (200 mL, from sodium/benzophenone ketyl) was
added to the reaction vessel via cannula and the resulting suspension
cooled to 0° € with an ice bath. Titanium tetrachloride (1.44 mL,
13.1 mmol, recently distilled) was added to the vortex of the rapidly
stirred zinc suspension to reduce splattering. The initially formed
titanium tetrachloride-tetrahydrofuran complex (yellow) quickly
dissipates as reaction with the zinc takes place. After stirring for
10 minutes, a tetrahydrofuran solution (50 mL) of the substrate,
1-(9,10-dihydro-9, 10-methanoanthracen-9-ylmethyl)-4-(2-ethylsulfinyl-3
-pyridyl)piperidin-4-0l1 (1.50 g, 3.27 mmol) was added dropwise to the
gray/blue titanium (II) suspension. Reaction was instantaneous with
the formation of a titanium (III) suspension (purple/black). The



- 31 - ether in hexane) to yield 2.00 g (90% of the title conmpound. TLC
anal ysis (Rlerr] 0.29, 50%ether in hexane). 1HNWMR (CDCl[err], 250 Mz)
8.35 (dd, J=1.6, 4.7 Hz, 1H), 7.58 (dd, J=1.7, 7.7 Hz, 1H), 7.22 (m 4H),
6.95 (m 5H), 4.27 (s, 1H), 3.58 (s, 1H),-3%8 (s, 2H), ,3.28 (q, J =7.3

Hz, 2H), 2.89 2 .80 (ddd, 14.9, 10.7 Hz, 2 2.62 (d, J=1.5
Hz, 2E)|), 2.12 H%lm'é% bath yas "te“mﬁe‘i]? En‘ilz"he?,ﬁacf\}é‘”t Eps main ?')*HH‘ A% FOPRA-1 |
100), 471 (Mr2%eifgratded fbi&)wo Rowersf.r erheb e tdas whissqudnched iby ehéletddﬁﬂibn
aci dified wi thogtygrear did) 18, @égas?%@ Bl 4505 B2 5" k! UBBHE) 1

with fresh ether an to
yield a white @auequs W@?Baﬂmt}‘m VlthAh&Y}sa@tfaﬁﬁ (2 X 250 mL). Combined

60[ o ] H[ err] ] N[ %Eéirﬁfé[ s&&ﬂa%kme%r&ﬁeé Fﬂferrr Lﬂxydi?a&sc %a{&p suffacdd. filicethd
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1- (9, 10- Di hydr angnrm‘“ﬁ%% 28 e B @‘a}Vﬁ’e"t K§F)° 43¢ 20 ﬁf’w"wﬁ hexane)

- 3-pyridyl) pi panditdated-cte prédetuetdfoprdduaeecatlyl orTher pehitiog p'izuhﬁmderast 0
Recycle in Exa

| £¢2 : nmol ds
under nitr ogen%’é&#&r?ry g&ﬁs?@igguﬂ“ﬁ%‘?{%}%% ﬁgaca&‘ (ﬂlg\n\,\q‘ﬁ r‘ﬁp?i'gt(r;%‘g
inlet, additiodtfwithehot thekhmn (20aildd rgrethrdeftheabimg andrefiorpoddapl e.

D st II d tet (o} 9{% e S
adgelj tg thg ;gggﬁi%&u{'/%gsfé |eg1-acné{1%u ae%aﬁ%%e reg t ng s&ggé%l)sﬁhgﬁ

cooled to 0 C \ﬁ»lmd&ncnc@a%mtiqn t3RRPARA tethagerpeskpde the veprystalidzatinmp|
recently distilsbeebm Was dded tooot fme vmtbexmferamoﬁaplt%ys&l%ﬁf QfhsZi NC

otrachl ori do- FERTER BROANP TP A0 HAS AT ISP PP R JTACERE  (qp8 HemapEaTuge, 10
reaction with phscali,nt h)akethqolpaaeedu@é tydelddd nr2hg (86.4%0 of vheesitla
150 100 o hydr SRl 8 ol YOLIHe) sag WELCHBHREE apatyrically pure by, N
-pyridyl) pi per tHi WB4 (EPCI33 . B7D YHz)3 8235 nﬁféb)hﬂaé, dadetz dlBpwi’s 88t dd,hé=1.7,
gray/blue titagi ! L) ,SYSPENSI, Oy, ReaBt (RBEYASs Irstantapealsgwd,h 1y,
3.48 (s, 2H), 3.28 (g, J=7.3 Hz, 2H), 2.89 (m, 2H), 2.80 (ddd, J=9.3,
14.9, 10.7 Hz, 2H), 2.62 (d, J=1.5 Hz, 2H), 2.12 (m, 4H), 1.35 (t,
J=7.2 Hz, 3H)
MS (CI, CH&) m/z 443 (M+1,100), 471 (M+29,16), 425 (25)

. The following example is a preferred procedure for preparing the
title compound.

Example 3

(-)-1-(9,10~Dihydro-9, 10-methancanthracen-9-ylmethyl)-4-(2-ethyl
sulfinyl-3-pyridyl)piperidin-4-o0l

To a cooled solution (-16° C) of diethyl D-tartrate (2.10
moles) in undried toluene under nitrogen was added titantium
tetraisopropoxide (1.06 moles); 1-(9,10~dihydro-9,10-methanoanthracen
~9-ylmethyl)-4-(2-ethylthio-3-pyridyl)piperidin-4-0l (1.0 mole) and
t-butyl hydroperoxide (1.18 moles). The reaction was allowed to

- proceed for 48 hours at which point 2N NaOH solution was added; the
solid Ti0, vas filtered off and solvent evaporate to yield the title
preferred enantiomer in an 8:1 ratio (65-70% yield).

Recrystallization in MeCN yielded pure (-) enantiomer in 72% yield; mp



the formation of a titanium (111) suspension (purple/black). The

- 32 -_ cooling bath was renoved, and the reaction was maintai ned at room
tenperature for two hours. The reaction was_quenched by the addition of
wat er (100 nlL) and aqueous sodi um hydr oxi de3?'(2 5 N, 100 nL). The aqueous

22? _f:c}[/vgsm:?(;rgﬁ_g%%ma gnf%&&?‘g trggﬁ‘flgfh éa?[f"gt £l ereg'eodljigr'?egl%bed to

an oil. TLC analysis (Rf 0.29, 50%ether in hexane) i ndi cated the presence
of product only. Th&he estiarting pRorbylibdo-ppyridyl) -pipetiidint4roh compeund
residue in hot ghol IRARL{ckBusly pROFhrdl! 44 DB dvis: W th hot hexane (20 ni).

After brief heating to refluX, this solution was filtered and cooled to
roomtenperature. After the sul fi de crystallization appears to have peaked,
the recrystall iazat i 9nEsmpAem 10a8ilydebes) 10ométhanodithescarever al hours the

sol vent was renpved and the solid was dried on high vacuum (room
tenperature, 10 pascal, 1 h). The procedure yielded 1.25 g (86.4% of the
title conpound as a'.l‘jzelttmwshlci dldehydé shopeaasell4 dimabghemeal | (K pudé! Bl) NeR.

$ NWVR (C7DC“2L~;* (:@?&f%’@i%@g%ﬁ;{l( qgﬂsa{e 767174eJ) 'iﬁ) Jsgl.legi i\:ﬁﬁe 1801‘1?1&31( 7.7
2H) , 3 28 (q, 9 valalerilzconmyu qwge Ethanganthraceng elde #de) shown Ast
é:l)4) r2“252 S, 23 ~1611155 fgﬁemégh J%né-@ dx%galﬁ'ﬂh dro§5H§$0 ) I | H%O{ioeftéﬁ O(Vh\/nﬁ?]éﬁl
exanmple is a pggharartegaﬁsocz:écﬁ(i‘ly %’(?r %ﬁ‘?ﬁﬁ?‘?‘ﬁﬁgt%éafp?’fyél‘éo"rfdﬂund )
Exanpl e 3 ethanoanthracene shown as 15. Reaction of 15 (X and Y = H) with
gul)flln)(/lg éop)[/)lr péﬁ%ﬁ’?}%@”ﬁ&igﬁﬂ %a‘%egq’? ‘X‘gng%gﬁ“‘%l F‘utﬁgﬁs(-&é[%f“q
of diethyl D-taethddgobutylBetrpeetfIBK) and0+%d °Cariedded uvdarthei coxngspondiog

added titanti U'Ihi:@fnfeﬁiag&o%%@( bA& isbcPfhat®) GFker treatment with 100 T,, NaOH
1-(9, 10- dlhydro 0 anoanthrace

“9-yl met hyl ) - 4419 e®nin t" BEs 3 £6F .YdyH Pipthe arimaryopmine (ispiaged aﬂ«?dthe HC1
salt from MIBK) depicted as 20 in Scheme 1. Ring contraction

initiated by diazotization of the primary amine using NaNOZ/HOAc (1.5
eq/25 eq) in H20 gave the starting methanoaldehyde in 90% yield after
neutralization with KOH and filtration. Alternatively, treatment of
the intermediate isocyanate after treatment with the
diphenylphosphoryl azide with acetic acid (0.5 wvol); 1.18 mHCl (0.5
vol) in toluene yields the primary amine 20 (X and Y = H) in 72% yield
and subsequent ring contraction via a carbocation intermediate using
the above diazotization reagents gives the methanoaldehyde in 90%
yield.

b. 1-(9,10-dihydro-9,10-methanoanthracen-9-ylmethyl)4-piperidone.

The methanoaldehyde produced in step a. above (1.0 mole) was
reacted with piperidine-4-ethylketal (1.5 mole); 8M BH3’py (0.45 mole)
“in MeOH at 25 °C for four hours to form the ketal protected
1-(9,10-dihydro-9, 10-methanoanthracen-9-ylmethyl)4-piperidone which ws



t-butyl hydroperoxide (1.18 noles). The reaction was allowed to proceed for
48 hours at which point 2N NaOH sol ution was added; the solid Ti(Qerr] was
filtered off and sol vent evaporate to yield the title preferred enantiomer
inan 8:1 ratio (65-70%vyield). Recrystal Fi¥ation in MeCN yi el ded pure (-)
enantiomer in 72%yield;, np

185, 186w t h a JBRRRIeEFEd BB SROUALAL FEGRtmER AR 41D £ons-1MGL ((Refbig 2
The starting - Bo(lfﬂ h;zk) haind- 62)pywi Nalo) - gplpeidrdian-85°0C O pHOR 8] unekl the
advant ageousl y _

9-fornyl -9, 10- 3?{%&&) ?gh‘i% Freet g\r,}%ear'ﬁl ﬁ&agg%ound) precip iﬁ%te? rllncZI?: yleld‘
al dehyde shown as 14 in Schene 1 (X and Y =H) was reacted with vi nyI
acetate (7.17 @q) in-foSRADEYIrYLS i é&%w&&é&tg%@tﬂm-qogatesrlﬁa;@d-lsy)
to formthe et hanoant acengﬁi"ﬂtr ems hown as 16 1 s ‘Schene "1 one

oxi dati on (Cr OPEF}dylp rE#PfeF ‘b‘r“rﬂ' in Herr]0/acetone (1.96/7.7 vol) at
20-25 [err] C gave the correspondi ng 9-carboxylic acid et hanoant hracene
shown as 15. Reacti o] 5 (, nd Y enyl phosphoryl. azi de )
(6.85 eq) and triet ﬂ‘@f‘a{‘ﬁ'#emé%ég[‘@sr }’r@ @Aqérof'rflﬂﬁg‘?h%qogbb{)ﬂp%@ 8ﬂ£"e
(MBK) at 90- gﬁnﬂereabﬁeq'imthléﬂ-,ﬂwmpyrdaimerﬂsipmwsr)ngaii ”R7er e db afermathale
and i socyanate

yi el d of the pP Y S‘Hﬁe’?ﬁg‘of’xg t‘@e%g}%ta E{:&L&ﬂ{s\%&{ 4&’9&3{)%(@&? #OEF%?(P&W%

20 in Schene 15tep iy ‘é@rﬁqfac‘ﬁheoﬁiﬂm eonpouad by THe Zegction was qyenehed pithary

ani ne using Nablg)l?” H:‘Q%néé ‘bet®éHn2R, /&b lhéheHhAd lchkPs ANz Frah Hollhée in
nmet hanoal dehyd%P 90% vyield after nefitralization with KOH and filtration.

Al ternatively, nt of the internediate isocyanate after treatnent
wi th the diphenyl phosphoryl azide with acetic acid (0 5 vol); 1.18 nHC

(0.5 vol) in tgluen l.d p§i amne.?2 Xq8l H) i.el d
and subsequent (al’l ngqcﬁ%’?lroag l|£3;(;d‘r:i;‘°v§| allag'r'%/té’r ocg:Pl %‘hegll EY_laPt A= kj ﬁy%%
above di azoti zaBrewridehlyedperigiines-olhe net hanoal dehyde in 90% i eI d.

1- (9, 10-di hydr o- 9, 10- net hanoant hr acen- 9-yl net hyl ) 4- pi peri done.

To a solution of the title compound described in c. above (1.0
mole) was added 2 moles of EtSH, 4N NaOH (2.05 moles) in
1-methylpyrollidone at 90 °C for seven hours. After partitioning
between Hzoltoluene, the toluene was evaporated and the title compound
was crystallized from isopropanol in 79% yield. This compound was
then wutilized to form crystalline
(-)-1-(9,10-Dihydro-9, 10-methanoanthracen-9-ylmethyl)-4-(2~ethylsulfin
y1-3-pyridyl)-piperidin-4-ol.

Example 4

The following illustrate representative pharmaceutical dosage
forms containing a compound of formula I selected from, for example, a
pure form or substantially pure form of
(-)-1-(9,10-Dihydro-9,10-methanoanthracen-9-ylmethyl)-4- (2-ethylsulfin
yl-3-pyridyl)piperidin~4~ol. A tablet preparation may be composed of
the above compound(s)(50.0 mg) for therapeutic or prophylactic use in
humans and may also contain pharmaceutically acceptable excipients
such @s Mannitol, USP (223.75_mg); croscarmellose sodium (6.0 mg);
maize starch (15.0 mg); hydroxypropylmethylcellulose (2.25 mg) and



The net hanoal dehyde produced in step a. above (1.0 nole) was reacted with
pi peri di ne-4-ethyl ketal (1.5 nole); 8MBHerr] py (0.45 nole) in MeOH at 25
C for four hours to formthe ketal protected

1- (9, 10- di hydr o- 9, 10- met hanoant hr acen- 9- yFnd hyl ) 4- pi peri done whi ch ws

- 34 -. deprotected by sequential treatnment with_ (1) cgonc. HCl, (reflux, 2
g it

hours, 2X) and™psyesiv,sieerate(3tq 88) at ASSIRAULF 3idon gontaining fhe

product (the 4apowy adeive LhgtediemtT{a0my) Ppoxrorpl tAlnesisvrat?fih naelddntaie.

1- (9, 10- Di hydr ¢ 9. 10- -9. 4-(2-f -2
pyﬁi dyl) - pi per BhseulefEATTY %@E.E&E%%;Q(%%L{n%ttgg%dc\kagé é‘}%hﬁ@‘@ﬁ Yokt
and di i sopr opyrghiricxescarmel boset sedimmt (1520 mgiy aog ymagnegiam sterrabe ed)l - 2tmg) 70

[err]C to format bheidayié dih AdtmBatdohClay'\@ssd h)%h?féiﬁ?é@(i'ls\ﬂlé h fbPeexample,
4- pi peri done produced in st title corrpound'. The reaction

p.b. to formt | a. |
was quenched withé ?@Masﬁa?fi‘ihfao%eb%‘l"\ﬂ@%ﬂfﬂf‘@r?]2(57‘t9|y&§ﬁ€‘eaﬁﬂ vater
Cl’%/St Ei|o| :I)lzﬁddf Enﬁ)mdfgL Ue.l'hﬁsi dihrﬁﬁﬁ/ouéeﬁLdg)r eﬂam’pﬁel, in4ge12 cavpﬁ «11‘ other suitable
1- (9, 10- D hydr g- - met hanogpt hr.acenz 9- t -4:(2-et i 0 .
-3-pyridyl) - pi ggfirvcﬁrﬁ-'ﬁ%aé'ls? e abweT%“ﬁ'Q%ﬁ?#o'#yoPé tprfgp?’?{etqt Eycorrpound
described in ccomemréofdl Gearsl of merbodal dkeaw? impthes aot. ETBe], abbike Nex@hiplés 05
mol es) in 1-meLby| pyEodd ed b@tno%Qliﬁtﬁhgi [ oBRME RSBV GRa/ 2 & ventional

partitioning between .errl /tol uene, the~toluene was evaporated an
title conpoundPhaEmaceyticailly Asgeptabie | eXsApipntsorr iddlyengsypay de added to the

conmpound was t Begive ihgrefent s OfdNfoty H phirndGeutical composition which is
nmet hanoant hr acen- 9 4-(2-ethylsulfin
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represent ati veophgeyehesast in glatdemtasyén need of treatment thereof. The present
invention therefore relates to a pharmaceutical composition comprising
an effective amount of the active compounds as described herein in
admixture with known pharmaceutically acceptable carriers. The
present invention further relates to a method for antagonizing the
effects of dopamine receptor (D1 and D2) agonists or serotonin 5HT2
agonists by antagonizing the respective receptor sites comprising
administering to a patient in need of treatment thereof, an antagonist
amount of the compounds or compositions as described herein. The
invention therefore also relates to a method of treating neurological
disorders affected, acerbated or caused'by excessive activation of D1,
D2 or 5HT2 receptors comprising administering an antagonistic amount

of a compound according to formula I.

The compound (-)-1-(9,10-dihydro-9,10-methanoanthracen-9-yl-
methyl)-4-(2-ethylsulfinyl)-3 pryidyl)piperidin-4-ol has good
equilibrium solubility in aqueous and non-aqueous media and retains
chemical and stereochemical stability in solution. The compound as the

free amine is also advantageously non-hygroscopic.



forms containing a conpound of fornmula | selected from for exanple, a pure
formor, substantially pure form of

(-)-1-(9, 10- D hydro-9, 10- net hanoant hracen-9-yl net hyl )-4-(2-ethylsulfin

yl -3-pyridyl)piperidin-4-ol. A tablet preﬁa?%fTon may be conposed of the
above eonpound(s)(50.0 ng) for therapeutic or prophylactic use in humans
and may al so contain pharnmaceutically acceptabl e excipients such as
Mannitol, USP (223.75 ng); croscarnellose sodium (6.0 ng); mmi.ze starch
(15.0 ng); hydroxypropyl net hyl cel | ul ose (2. ng) and

- 35 - mgnesium stearate (3.0 ng). A formul ati on containing the
above active ingredient (10 ng) for oral adm nistration may contain
pharmaceutically acceptabl e exci pients such as mannitol, USP (488.5 ng);
croscarnel | ose sodium (15.0 ng) and
oil formulation may al so be preparee
t he above conpound and a 25% gl ycer}
for exanple, in gel caps or other
formul ati ons may be prepargd b

ggesi um stearate (1.5 ng). A suitable
Eing, for exanple, the free base bf

i'h water m xture. This can be used,
abl e delivery means. The above .
jyonal neans orl net hods known in the
art. The above exanples are fsﬁi * to be non-limting and ot her known
and/ or conventi onal pharnace5 ally cept abl e excipients or di'luents may
be added to the active ingredient(s) to forma pharnaceutical conposition
which is useful in the treatnent of #egfdl ogical disorders including
treatment of psychoses in patients % eed of treatnent thereof. The

present invention therefore rel at ¢ a pharnmaceutical conposition
conprising an effective angunt.,of A agxive conpoundg as described herein
in adm xture with known @m’,; y acceptable carriers. The present
invention further rel ates to'|RAYrddA or ant agoni zi ng the effects of
dopam ne receptor (D1 and D2) agonists or serotonin 5HT2 agonists by

ant agoni zi ng the respective receptor sigiges conprising admnistering to a
patient in need of treatnent thereo d0_ant agoni st anount of the conpounds
or conpositions as described hergi e invention therefore also rel ates
to a nethod of treating neurol ogrs di sorders affectfiad, acerbated or
caused by excessive acti vaty on.of D2¥or 5HT2 receptors conpri sing

adm ni stering an antagoni sti '@@)@ a conmpound according to fornula I.
The conpound (-)-1-(9, 10-di hy\l# QATet hanoant hr acen- 9-yl -

met hyl ) - 4- (2-ethyl sul finyl)-3 pryidyl)piperidin-4-ol has good equilibrium
solubility in agueous and non-aqueous nedia and retains

m




chem cal and stereochem cal stability in solution.

The conpound as the free
am ne i s al so advant ageously non- hygroscopi c.
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WHAT IS CLAIMED IS
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., Scheme I
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3) 4-hydroxypiperidine
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4-hydroxypiperidine :
3 A molecular sieves
MeOH, NaCNBH3

hAs Vo4

32 CrO3 Hz90, or S03/pyridine or oxalyl chloride
acetone EtsN CH5Cl;, DMSO DMS30, EtsN CH.Cl;

O

LiAlHg, E20
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1. An optically active conpound of formula I [err] wher ei n:

X and Y are independently selected from hydrogen, hal ogen and -6 al koxy;
Rl is selected from Fi ve- and six- nenbered heteroaryl rings
contai ning from1-3 heteroatons selected fromnitrogen, oxygen, and

sul fur; and benz derivatives thereof, which nmay bear 1-2 substituents
selected from C-6 alkyl, hydroxy, Cl-6 alkoxy which may bear a
trifluoromethyl group, O-6 aIkoxycarbon?Ff Cl- 6 hydroxyal kyl, benzyl oxy,
hal o, C1-3 al kyl anmi nocar bonyl d - 3al kyl, ami nocarbonyl having.the fornul a:
CONR[err]R err] wherein Rerr] and R err] are independently selected from
hydrogen, 2-pyrrolidinyl, and (Jerr] alkyl or wherein Rlerr] and R err]
together with the nitrogen atomto which each is attached forma 5- or 6-
menbered heterocyclic ring in which said nitrogen is the only heteroatom
Rlerr]S (Oferr], Rerr]NH, and R err]S wherein Rerr] and Rerr] are

i ndependently selected from hydrogen and Cerr] alkyl and nis 0, 1 or 2
and Rlerr] is selected fr errh al kyl car bonylam nophenyl and di .
(derr])al kylam no(Clerr]) e erein at | east one of the substituents
on the five- and/or six-nenbered heteroaryl ring is a chiral sulfoxide of
the formula C(Clerr]al kyl SO and pharmaceutically acceptable salts thereof.
2. A conpound according to claim1l wherein X and Y are selected fromH

and Rlerr] is select from 2-et hyl sul { N and 3o eutically
acceptabl e salts Teof cpz- 3. A cofip i ng -£h%% 6L erein
t he conpound of Ia'?iﬂqsﬂﬂ:z

nd,
(-)-1-(9, 10-Di hydro-9,10-nethanoanthracen-§FyP et hyl )
-4-(2-ethyl sul fi B9 -3-pyridyl) pi peri di n- 4- 3

: ) cyclohexene
R'-LiorR'MaZ 10% Pd/C
THF or Et20 : EtOH

-20°-(-70°)
¢ 56

54

amide lla




REPLACEMENT SHEET -42- said compound is
crystal]ine, and pharnmaceutically acceptable salts thereof. 4, A
conpound according to claim3 characterized in that said crystalline
conpourtd has a nelting point of 185-186 [err]C and a specific rotation of
[a] -186 (c =1.0 in MeOH) and is non-hygroscopic. 5. A crystalline
conpound according to claim 1 wherein the cgnpound of formula | is (-) -1-
(9, 10-di hydro-9, 10- nethanoant hracen- 9- y‘{nethyl) -4- (2 -ethylsul finyl)
-3- pyridyl)piperidin-4-ol characterized in that it has good equilibrium
solubility in aqueous and non-aqueous nedia and retains chem cal and

stereochem cal stability in solution. 6. A pharmaceutical conposition
conprising a conpound according to claim1l and a pharnaceutically
acceptable carrier or diluent. 7. A pharmaceuti cal conposition

conprising a crystalli-ne conpound of
(-)-1-(9, 10- Di hydr o- 9, 10- net hanoant hr Seem8 XY net hyl ) -
(2-ethyl sul finyl-3-pyridyl)piperidin-4-ol, or a pharmaeutically acceptable

salt thereof, and a pharmaceutical Iy acceptable carrier or diluent. 8.
A process for preparing a conpound of fornula I, or a pharmaceutically
acceptabl e salt Ediﬁéﬁﬁﬁlgﬁecﬁicfﬂ l¢n any one of clains 1 to 5 which
conprises oxidising a corrpound of formula I, in which X and Y are as

defined in any one of clains 1 to 5 and 285?8 as defined in any one of
claims 1 to 5 with the exception that t e “each of said groups of formula
Cerr]alkyl SO is of formula Cerpgal kyl-g——v-l—a—e- chiral oxidation Qrogmess
so as to enantiosel ecti vel 74l z¢ the%ﬂd group of formul a t‘;,/‘ ]l S
to a chiral sulfoxide o 3 C &%49U% kyl SO, t hereby '
conpound of formul g m’ any one of .clains J

(S){+)camphorsulfonyl
by approx 41 (-)/(+)
—L—-Cﬁ:g‘:’“e —~ 85% yield
Zn
. toluene
11;%4 crystallization

Generalized Case

1) Ti(OiPr),
DET .
tBuOOH"

2) arystallization

1) camphorsulfonyl
xaziridine

= Cud CH,Cl,
®=CrCo 2) crystallization




conpound of formul d which forns a phv5|o|onLaal|" e

ani on Or a base wh hy5|olog|cally accép. %;'§HEEﬁHUQ@BEEN |
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preparj ng a com#i%a |, or a phar ITB.CEUtI \ t
t hereof, as cl of calinse 1 to 5 which conpri ses: (a)

treating a piperidone having fornula I

and where a phar n’gnss etH’iﬂ '}ﬁzﬁfﬂt able salt is required, treating the

[err] wWth, a Cq{ E%@Hﬁ'&ﬂtﬁ@rﬂ%ﬂﬁa o1 ééyc bét EL?rsfe]tL{mﬂ' Bn3¢heARiAld C
sol vent ; reating a correspondi ng e of formula Ila
[err] : page following he Examples section whereln the vwarious grpups gn the

sui tabl e reducifegmdle Dt (X, Y and Ri§)arle’ 8aftined a1 fainwiyde of fornula |11
X and Y are independently selected from hydrogen, halogen and
C1-6 alkoxy;

Rl is selected from:

Five- and six- membered heterocaryl rings containing from 1-3
heteroatoms selected from nitrogen, oxygen, and sulfur, and benz
derivatives thereof, which may bear 1-2 substituents selected from
Cl-6 alkyl, hydroxy, Cl-6 alkoxy which may bear a trifluoromethyl
group, C1-6 alkoxycarbonyl, Cl-6 hydroxyalkyl, benzyloxy, halo, C1-3

alkylaminocarbonylCl-3alkyl, aminocarbonyl having the formula: CONRCRd
vherein R® and Rd are independently selected from hydrogen,

2-pyrrolidinyl, and C1-6 alkyl or wherein R® and Rd together with the

nitrbgen atom to which each is attached form a 5- or 6- membered
heterocyclic ring in which said nitrogen-is the only heteroatom,
ReS(O)n, RfNH, and R8S wherein R® and Rf are independently selected
from hydrogen and Ci6 alkyl and n is 0, 1 or 2 and R® is selected
from C1-3 alkylcarbonylaminophenyl and di(01_3)alkylamino(C1_6)alkyl
wherein at least one of the substituents on the five- and/or
six-membered heteroaryl ring is a chiral sulfoxide of the formula
Cl_4alkylso and pharmaceutically acceptable salts thereof.

2. A compound according to claim 1 wherein X and Y are selected
from H and R1 is selected from 2-ethylsulfinyl-3-pyridyl and
pharmaceutically acceptable salts thereof.

3. A cbmpound according to claim 1 selected from
(-)-1-(9,10-Dihydro-~9, 10-methanoanthracen~9-ylmethyl)-4-(2-ethylsulfin
yl-3-pyridyl)piperidin-4-o0l characterized in that said compound is

—  erystalline and pharmaceutically acceptable salts thereof.

4. A compound according to claim 3 chafacterized in that said
crystalline compound has a melting point of 185-186 °C and a specific

* c L | s *
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A9 BREET ST BEEN
or Y pEpigdeEl ed, tfeating

(Gis hydrogen) with a correspondi ng piperidine
presence of a reducing agent; or (d) for|
wherei fi the value of Clerr] al koxy for either
a correspondi ng conpound of fornmula I whereln X
desiregd base a kvl hal i de §qrmihe. al (e .

- 44- and mg&ea%i{) éror}?r[égt ilhg t 1 T:fo'@pcljﬁn Bgﬁtag}:ag%q}%ﬂ '?95’,"?%‘3",“( c) or
(d) with an enantiosel ective oxidsing agent; and where a pharmaceutically
accept abl e sal B-i's Aetivistabiliner eomponed ageoxdnEothglaim dovhinhals splesteth

aci d whi ch for Epon (PRYEI(9], DEHIERYd -0 5Tk ARir@ aRtliraBedy -3 (Mgl ybich af for ds

a physi ol ogical ]y accepnt.abl atiqn. 10.. A progess as.clainmed in claims$8
or 9 wherein tﬁé‘@?@?‘@ifﬁﬁyﬁgﬁﬁ?yqlgy %H%Ef’éﬁnﬂ[’b &ﬁaracterlzeqeln that it
titani um t art ahat ggopéreypuiditbitumt solabihityain kiqgnedusoand imondaqueous niefiia fAand

e hanoant nr oo SRLGRASCRELT by Ercsebbun ) BOABINGL O Bgbfbaon. o o

6. A pharmaceutical composition comprising a compound according to

claim 1 and a pharmaceutically acceptable carrier or diluent.

7. A pharmaceutical composition comprising a crystalline compound
selected from (-)-1-(9,10-Dihydro-~9, 10-methanoanthracen-9-ylmethyl)~
4-(2-ethylsulfinyl-3-pyridyl)piperidin-4-ol or a pharmaeutically
acceptable salt thereof and a pharmaceutically acceptable carrier or
diluent.

8. A process for preparing a compound of formula I, or a
pharmaceutically acceptable salt thereof, as claimed in any one of
claims 1 to 5 which comprises oxidising a compound of formula I, in
vhich X and Y are as defined in any one of claims 1 to 5 and Rl is as
defined in any one of claims 1 to 5 with the exception that the or
each of said groups of formula Cl_4alkylso is of formula Cl_4a1kyls,
via a chiral oxidation process so as to enantioselectively oxidize the
said group of formula C1_4a1kyls to a chiral sulfoxide of the formula
Cl_4a1ky180, thereby producing a compound of formula I as defined in

any one of claims 1 to 5;

“and where a pharmaceutically acceptable salt is required, treating the
compound of formula I with an acid which forms a physiologically
acceptable anion or a base which affords a physiologically acceptable

cation.

9. A process for preparing a compound of formula I, or a

pharmaceutically-acceptable salt thereof, as claimed in any one of

calims 1 to 5 which comprises:

(a) treating a piperidone having formula II with a corresponding

compound of formula RlLi in an aprotic solvent;

This Sheet Has Been Replaced
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4- 01 which conprises treating 1 - (9,10-di hydro-9,
FrreRyA=eser=eisn - 4- ol
18 $HEBT drtASBIEN

10- et hanoant hrBus@heeotia Replaged_ 4. (2. et hyi t hi o-
with a . cooled so _ yl D-tartratg in ugdiH ; ;
equi vafent sol ve i etrai sopropoX! de ad_t - RERMAGERIr opegoxi de

to forman enantionerically enriched ethylsulfiny are whrcir 1St hen
recrystallized in a suitable solvent such as MeCN or equivalent to form
pure (-) enantioner.(b) thzatingThecenrgsporidingeamidemfnfiormula ITa with a
(-)-1-(9,1 00 hydipsrielfsducing agent; _ ; _ .
met hanoant br acen- 9-yl net hyl )-4-2-et hyl sul finyl -3-pyridyl)piperidin -4- o1,
or a pharmaceutically acceptable salt thereof, for use in nedicine. 13.
Usehof thehcryst aI9I i(lﬂ? ﬁ%h ﬁl mg”ldn(a])deﬂydéofof&inlhygfm-it%%ﬁf hydroggra)_ wit!za .
et hanoant hr acen- 9- - -4-2-etpylsulfl z 3-Pyrl | peridin- 4-0
or & phar mcouEPEPyRUiRE pRaHatas of TormeLe BV 1 RE wkehly BE: ¢ st
nmedi canent for agest;t oeat nent of psychiatric disorders in humans in need of
treatment thereof. 14. Use of crystalline conpound (-)-1-(9, 10- s
D hydr o- 9, 10- net hanoant hr acen- 9-
yl met hyl ) - 4- 2- et hy| dd) i ¥ap acqnpeyrg, jof pfqrapiaiInvhersin the Fabimpheryt Bwryy
acceptable  s&bt ditGePAH orf Prist d&siFRAUtdehting 8fcodrEBFbnd®AE RompAindUSE as a
D / D2 dopam ne . J . _
REPLACEMENT SHEgpimula I wherein X or Y is hydroxy with a desired baspsand ¢ agoni st
and as a SHT2 atkylhadide adt fg@nthé alkoxst RempouRd(sgnt of humans in need of
treat nent thereof. 15. Use of the crystalline conpound
(-)-1-(9, 10-Di hydro-9, 10 - met hanoant hr acen- 9-
yl met hyl ) - 4- 2- endywhezpsftey| teaging Bpe)¢rimpeunndiohtaingd imr(ad, Halehogufdlkcal | y
acceptabl e salef Ner 8Rfntibd1e BEvdRRMAREUsRnel @ nmedicanent for use as a
D1/ D2 dopam ne antagoni st and as a 5HI2 Serotonin antagoni st for the
treatment of pychoses in humans in need of treatnent thereof. 16. The
u?] e of f a corrplou_ﬁd wd:n‘e_rEOd I]Sﬂhﬁndc,eufﬂicaﬂl? fh’trclﬁﬁt‘a‘ulgi féﬂt' ¥s hre@ﬁi:ﬁ@lf,f abteating ]'Ethe
t hereof, as clained i.n one Gl al s to. r_the manufacture of a
medi canent f or PAROPHe f%m"ﬁ@f 9p k’h?’étal’:ilg whidh'foms a physiologically
acceptable anion or a base which affords a physiologically acceptable

cation.

10. A process as claimed in claim 8 or 9 wherein the oxidising agent
is selected from a titanium/tartarate/peroxide mixture and a chiral

oxaziridine.

11. A process for producing crystalline (-)-1-(9,10-Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-(2-ethylsulfinyl-3-pyridyl)piperidin-
4-0l which comprises treating 1-{9,10-dihydro-9,10-methanoanthracen-9-
ylmethyl)-4-(2-ethylthio~3-pyridyl)piperidin-4-o0l with a cooled
solution of diethyl D-tartrate in undried toluene or equivalent
solvent; titantium tetraisopropoxide and t-butyl hydroperoxide to form
an enantiomerically enriched ethylsulfinyl mixture which is then
recrystallized in a suitable solvent such as MeCN or equivalent to

form pure (-) enantiomer.

12.  The crystalline compound (-)-1-(9,10Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-2-ethylsulfiny1—3-pyridyl)piperidin—4-o
1, or a pharmaceutically acceptable salt thereof, for use in medicine.

I



di sorders. 17. The use of a conpound of for :
pharnaceutlcally- acceptabl e salt thereof, as clg iﬂﬁﬁ$HEiﬁﬁ¥$5ﬁ@Nﬁ

claims®1 to 5 for the manufacture of aln%HcanenL for
neur olbgi cal disorders. - -

& 13. Use of the crystalline compound (-)-1-(9,10-Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-2-ethylsulfinyl-3-pyridyl)piperidin-
4-0l, or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for the treatment of psychiatric disorders

i of

in humans in need of threatment thereof.

14. Use of crystalline compound (-)-1-(9,10-Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-2-ethylsulfinyl-3-pyridyl)piperidin-
4-0l, or a pharmaceutically acceptable salt thereof, as a D1/D2
dopamine antagonist and as a 5HT2 serotonin antagonist in humans in
need of treatment thereof.

15. Use of the crystalline compound (-)-1-(9,10-Dihydro-9,10-
methanoanthracen-9-ylmethyl)-4-2-ethylsulfinyl-3-pyridyl)piperidin-
4-0l, or a pharmaceutically acceptable salt thereof, as a D1/D2
dopamine antagonist and as a 5HT2 serotonin antagonist in the

treatment of psychoses in humans.
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