WO 03/ 037905 PCT/ GB02/ 04900 1 SILICON COVWOUNDS Field of the Invention
This invention relates to conpounds and their therapeutic use. Background
of the | nwermiosT™od Nor adrenal i ne, 5-hydroxytryptam ne (5- HCI/GErotwni n) and
dopam ne are nmanmalian nonoam ne neurotransmitters. Noradrenaline

(norepi nephrine) acts as a neurotransmitter in the synpathetic nervous
system and as a hornone throughout the body. Its neurotransmtter effects

i ncl ude regul ati on of nood, whiSIHCON GOMPQUNBSeffects include the control

of bl ood 19 heﬁsuretl., heart rate, breathing and contraction of the

gast r oi nt gﬁiﬁgj—gt—%%l——'.on& HT is widely distributed throughout the body,

i ncl udi ng bl oodrhi iat@htiinSrelatdstb@dinpoahds@id theinthdragetieniseal nervous system
(CNS). 5-HT '[()l a&s a role in inflammatory responses sinmlar to histam ne.
It al so a&%—miﬁg@@dm‘%%tter in the ONS, playing a role in nood
controk. DopamiNtadrénaliredtsa{drbRythypeamind d5a¢t, S s&rBtonit) aghd dopREhidkd are
adrenergi c receptors throughout the body. It also stinulates the rel ease of
nor adr enalmMama wamwn@mﬁﬁg@nsw&ﬁﬁ ne affects brain processes that
control — movengradr8ARIHeRBlepirRpPARS Bk 4 hBudlbhirhittek f 18X RobERGe:

pl easure and paln. Dopamine has been inplicated substantially in

Par Ki n;on'ngﬂdgugéu%téﬁaﬁfuﬂ as Q@.omary%thépughéubthe ﬁoﬁﬂdlt%ﬂ%fﬁifaizﬂn@@frﬁf&ﬂﬁfijs t hat
sel ecti Vel dioalfoh M dd, Wikt & nbARHE SRIMLIHCAIBHEBRRol obibte!

i ndi vi dual'l'y""or Tn any conbi nation, may serve as effective therapeutic
agent $0f opresshiee, headratenbregthing gidieontraciiasn of the gastsuntestinaltracthe central or
peri pheral nerwous . - . e 1S | I N the
generation of \céﬂﬁﬁr{léﬁ%glgﬁdlgt{)ﬁg{egentéga%bg%thihgsbﬁ%ﬁpﬁgg@ﬁpcﬁ%%?ﬂagggﬂshot wel |
under st ooéhtedtingl waifaraktpe camtral ndrvops sisitere (@i%)s 5-125 platys alolebtioflammatory

noci ceptive transn Ssi . t ' Ly . be._ .nedi at ed
by 5t afepeapraaminal sl eSS stResisna ot B s dar o “oray
a rol e i nanoiuihahoah corfitrendupaimine &fd eatesholdiinee and rexasionefoparyne aef ef or e
{’,Lﬁ?’a]a i B et 0 trebSptSrs' bl GRS Shy°" AR SirRAhfbsS Y RiBase of

i.e. é- [ 2- dbm?é}?jdliamfrm?] hetve Mihmypbﬁ?min)aafﬁxctd b%am pilweesdeslihei cont@D i s an
ant i depr essant u t he preparation of whi i s disclosed in US 4535186. A
vt e of Maemsib stieditel TR I 031 2t {6 pents, Regienand, pain

Mont gomer yopdmirfe has. bednsisphictied ¥ubddntiallyl Br HtRinkd98 Bisea¥e rindfaio pigysis a

ser ot oni n/ nor adr enal i ne reupt ake
role in addiction.

20 Compounds that selectively modulate the activity of these neurotransmitters,
either individually or in any combination, may serve as effective therapeutic agents for
the treatment of a wide variety of diseases of the central or peripheral nervous systems.
For example, the mechanisms involved in the generation of chronic pain syndromes
such as neuropathic pain are not well understood, but supraspinal and spinal events,

25 which modulate nociceptive transmission from the periphery to the CNS, could be
mediated by 5-HT and noradrenaline pathways. 5-HT pathways are also thought to
play a role in modulation of endorphin effects. These monoamines may therefore play
an imporfant role in transmission of chronic pain signals.

Venlafaxine, i.e.1-[2-dimethylamino-1-(4-methoxyphenyl)ethyllcyclohexan-1-ol,

30 is an antidepressant drug, the preparation of which is disclosed in US 4535186. A
review of its pharmacology and clinical efficacy is contained in Montgomery, J. Clin.
Psychiatry, 54, 119-126 (1993). Venlafaxine is a serotonin/noradrenaline reuptake
inhibitor. There are, however, side-effects associated with its use as a medicament,
including nausea, insomnia, headache, dizziness, sweating and occasionally

35 convulsions.



i nhibitor. There are, however, side-effects associated with its use as a
medi canent, including nausea, insomia, headache, dizziness, sweating and
occasi onawby3/03®0xonvul si ons. WD 03/ 037905 PCT/ GB02/ 04900 PCZ/GB02/04900
Sila-substitution (C/ Si-exchange) of drugs is a relatively recent approach
for searching for organosilicon conpognds whi ch have beneficial biological
properties. The approach involves the replacenent of specific carbon atons
in conmpounds b)ySilassubstitofion #0/Si-erchidnge) ofdingsvist & eelbiivelyogicent agproguty for es  of

t he conpounds have change 5 Areview of this approach is provided in

e e aaTcatto. o G asiicon enedindBdnan hive oGt h Bruadiod bioRetEs, of ¢ ne
| nvent i on THaeagpreachihvolRge el r@ala@ém\éhﬂeﬁspé@mm@unﬂm Semisah rvoﬁ@oandss by con
atom and whi ch have desirable properties. 10 Conpounds of the invention

are of forsigPa and mmtorlpghmtq%blg@g(chbprog@m%ofﬂ@\ MpReHNds eye fhanasdn R1 and
R2 areg I ndeRrAFSIthis¥p Fb‘é@ﬁ‘i’s‘%ﬁﬂw@éd#{'f‘é@ke%hd?@cg'ﬁté?ﬁ@éavdédrt Rew BRrigé typogen
atom forma heterocyclic ring; R3 and R4 are, |ndependently hydrogen,

hydr oxyl , 1&1- '@7a(l1ﬁ§¢) al koxy, al kanoyl oxy, cyano, nitro, alkylnercapto,

am no, al m no, al kanam do, hal ogen or trifluoronethyl;
25 R5 is nym" g@%fgﬁglglbéitl‘& and nis 0, 1, 2, 3 or 4; or a

phar maceut i cal I'fhedresspt iabertionirevigesgomyioupgs @pq@alam @gslhrcgn atomhand which

met abol i s%g é%e@ir Egﬂlegs defi ned above. The conpounds of the invention
may have an I nproved- pharmacol ogi cal profile 30 conpared to the parent
conpodf@d. For @mmﬂtmdsphﬁ!ecnmmonmeah@rm@alﬁetter tolerated by the
patient, or have an inproved phar malgloki netic profile.

15 0]

20 wherein R' and R? are, independently, hydrogen or alkyl or together, with the nitrogen
atom, form a heterocyclic ring;

R® and R* are, independently, hydrogen, hydroxyl, C,, alkyl, alkoxy,
alkanoyloxy, cyano, nitro, alkyimercapto, amino, alkylamino, dialkylamino, alkanamido,
halogen or trifluoromethyt;

25 R’ is hydrogen or alkyl; and

nis0,1,2,3o0r4;

or a pharmaceutically acceptable salt thereof or a prodrug form that is
metabolised to a compound as defined above.

The compounds of the invention may have an improved pharmacological profile

30 compared to the parent compound. For example, the compounds may be better
tolerated by the patient, or have an improved pharmacokinetic profile.

Description of the Invention

The term "alkyl" as used herein refers to a straight or branched chain alkyl

moiety having from one to six carbon atoms, and includes, for example, methyl, ethyl,



Description of the Invention The term"alkyl" as used herein refers to a
strai ght or branched chain alkyl noiety having fromone to six carbon

at ons, amwoimob19aes, for exanple, nethyl, ethyl, WO 03/ 03P2@EB02/04900

PCT/ GB02/ 04900 3 propyl, isopropyl, butyl, tert-butyl, pentyl, hexyl and
the like. "d-, alkyl" has the sanme nBaning. The term "al koxy" as used
herein refers to a straight or branched chain al koxy group containing one

to six camhn‘pyl asaprepyl andylj tecttbudié pentyd rhesxyicanl tbe likeet"Box plky hb® ihe sange

pr opoxy, iso ro oxy, butoxy, tert-butoxy, pentoxy, hexoxy and the |iKke.
"Cl.6 alk NiNthas the same meani ng. The term "hal ogen" as used herein
refers to F, GTheBérrﬁf‘allkoxyThﬁuiem“m einabfromystydid htasbmdednemaannlkbgy ers to

a saturated or unsaturat rocyclic, rin ving fromfour to
seven car E&P%@%“Qﬁ&“ﬁﬁ’eﬂ’b‘?arw go Oa%‘f‘@f‘gﬁﬁng é’@P%@f“&g@Wo XYoo, s P
and Si g apgogd o'fo 18pokyP butdxiniehutdXyD pentaky) exoxyrard tkilide.n YT, amesxghol i nyl
and the |ike he term" “al kanoyl oxy" ‘as used herein refers toastralght or

branched ®R&tHe SANRIMRANINIXy noi ety contai ning one to six carbon atons. The

term "al kyl mer eyl tarm Afaldtedt ab 8564 Refef! Ridts kOFACISBF 8¢ 19ht or branched chain
15 al kyl mer capt o noi et contai ning one to six carbon atons and i ncl udes,

for exanple, nenigrepetamayclyliias ysedherainigiesniong satusated O Upsatusatedi ght or
branched ¢ S'CEﬁII Mbgmettyrngvmgy rorﬁqa rafor%éwn%?oomoatéan& &R & oPhipE and

i ncl udes, eterm "di al }/amno" refers to a
di al kyDamhaterq@homSySW@frwné‘éc@s %\IH’(?hd@ (ﬁu"ﬁ inglgdgss fog exgeplen etpesidiovle. Thi s

termi ncl #59&811 ﬁﬁrmﬁgﬁgmhgan@{ i@yl am no. The term "al kanam do" refers to

a straigh ranc kanam do noiety containing two to six
carbon atons, dine tennl"alu@mylob(wasauseﬁbheenm@tetammstrelghwlt braneled ehaio

formula I, I%]ng’l kyl, more preferably

nmet hyl . "ﬁano}f)lg)é}?eraeb)( Wn@}ﬁﬁn@%@ rrct!)arre pre erabl y nethyl. Rl and R2 may
al so form 25 &hedesn Entlsydmercaptphgs u$eztfhe3‘gmrrpieﬁtol‘d%tﬂigh’tayblfanchedachain

mor phqlin r piperidinyl arou I OoXY.
Vor o prer alBrgBeRE maeR arBlid ncr g bl aﬁé‘@?s ol RB

hydr ogen. nidthyimeedapto.preferred that nis 0, 1 or 2. Mre preferably nis

2. Preferred C%Qernrﬁj 'salkyiamlrr\]oe'

rePerg pot rlsl (S){Palgﬁt orlf)ranched chain alkylamino moiety
containing one to six carbon atoms and includes, for example, methylamino.
The term "dialkylamino” refers to a dialkylamino moiety wherein each alkyl group

20 s as defined above. This term includes, for example, dimethylamino.

The term "alkanamido” refers to a straight or branched chain alkanamido moiety
containing two to six carbon atoms, and includes, for example, methanamido.

With regard to formulal, R is preferably hydrogen or C, 5 alkyl, more preferably
methyl. R?is preferably C, , alkyl, more preferably methyl. R' and R? may also form

25 a heterocyclic ring, for example, NR'R? may form a morpholinyl or piperidinyl group.

R® and R* are preferably H or alkoxy. More preferably, R® is hydrogen and R* is
methoxy. R® is preferably hydrogen. |t is also preferred that nis 0, 1 or 2. More
preferably, n is 2.

Preferred compounds of the invention include:

30 1-[2-dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclohexan-1-ol;
1-[2-dimethylamino- 1-(4-methoxyphenyl)ethyl]-1-silacyclobutan-1-ol; and
1-[2-dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclopentan-1-ol.-
Compounds of the invention are chiral. They may be in the form of a single

enantiomer or diastereomer, or a racemate.



30 1-[2-dinet hyl am no- 1- ( 4- net hoxyphenyl ) et hyl ] - 1-si | acycl ohexan- 1-ol ;

1-[ 2- di met hyl am no- 1- (4- net hoxyphenyl ) et hyl ] - 1-si | acycl obutan-1-ol; and

1- [ 2- di mewbybB/ozasdho- 1- (4- met hoxyphenyl ) et hyl ] - 1- si | acycl opemtGBI20490D .
Conpounds of the invention are chiral. They may be in the formof a single
enanti omer or diastereonmer, or a racemhte. WO 03/037905 PCT/ GB02/ 04900 4
The conpounds of the invention may be prepared in racemc form or prepared
in individual &hagbimpoerdsoftite invdntionmeayi fe preparad neecemisifomeopepaced as wi | |

be apprecijated art.. Th 0 un ved
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ol | owe ractiona al |isation and.regeneration o ree base.
A ter na | SRR e TR i es tsromang) S BERABEA Y s Bt ea by
HPLC usi ngitA ak Bpficdlly aethvéraid fEMtﬁvmyﬁmm;saleﬁysttaMeaﬂdmmre@éhemwrmthm a
protected amno form The term protsggftﬁd am no" sed her ei n@gﬁg;ers to

an am no GP8EASHnAREMALVEl: Hheerastiomer Bnﬂﬁ‘?{r‘f@mp ‘inéY besep ski'll ed

in the arby HMIC 8RR cRiral2BIUMH. N0 group can be protected by a
benzyloxycarbon |, tert-butoxycarbonyl, acetyl or |ike group, in the

formof a pht hahPFPEROERds ¢fidBe fvenpon %M@ed'bﬁ]ﬁ’é‘?}ﬁ@f@d@m'?%@r%ﬂ-ﬁﬁl AMhay
exist in ed?@tef:@d%rﬁinos% E@é&’%ereflrﬁ)Fef@?éqmneammﬁ#&ﬁ@Whldmﬂsggo%b@@l hlﬁaé |

within the sco resent i nvention e conpoun
i nvent@ onnmyetef@rerﬂan ta taow sldtledyirf thenart fFor ngabp@etammﬁwmﬁwaam (OH)

group att %eag Fb%néwwgfc%mkgfeatrfg%tgﬁma@glagew evmeﬁg %nog» gl fied

reane te co e'the c in the
active fofcmn offajpmthﬁlne;d@oouﬁsgmml be apparent to the skilled person, and

| ncl ude groupsd, tcoﬁ%kﬁ&%ﬁtéggodﬁdl%gggxi&qnHéeff)ﬁﬁU‘é"&\gbt%[r éReAathopdi ch can

be hydrolysed tO0 tormt or exanple, sul e repl acenent
groups |nbydrd'es|—h/vh@?@]somem)tﬁin tioe soofRGLf thépresemdnvendioan al kyl group,

R N e
i nventi onhymyxweOthmhpzatftmhudmb thersiliconatnt ineptérpprisecegroap et issaddified f or
ST 3P B R Bl 30 AR S SR PR A PR © ¢
hydr ochl ogugaae btbups wilriecapgireht tothesskiled ipersan; ahcanclueeubmwsrtma_tmplabe Organi ¢
B o R RS sSs hen AR R B B Do
20 For example, suitable replacement groups include H, OR®, N(R®),, or NHR®, where R®
is an alkyl group, preferably methyl. Hydrolysable phosphorus-containing or sulphur-
containing groups may also be used in the prodrug forms.
Compounds of the invention may be in the form of pharmaceutically acceptable
salts, for example, addition salts of inorganic or organic acids. Such inorganic acid
25 addition salts include, for example, salts of hydrobromic acid, hydrochloric acid, nitric
acid, phosphoric acid and sulphuric acid. Organic acid addition salts inciude, for
example, salts of acetic acid, benzenesulphonic acid, benzoic acid, camphorsulphonic
acid, citric acid, 2-(4-chlorophenoxy)-2-methylpropionic acid, 1,2-ethanedisulphonic
acid, ethanesulphonic acid, ethylenediaminetetraacetic acid (EDTA), fumaric acid,
30 glucoheptonic acid, gluconic acid, glutamic acid, N-glycolylarsanilic acid, 4-
hexylresorcinol, hippuric acid, 2-(4-hydroxybenzoyl)benzoic acid, 1-hydroxy-2-naphthoic
acid, 3-hydroxy-2-naphthoic acid, 2-hydroxyethanesulphonic acid, lactobionic acid, n-
dodecy! sulphate, maleic acid, malic acid, mandelic acid, methanesulphonic acid,
methyl sulphate, mucic acid, 2-naphthalenesulphonic acid, pamoic acid, pantothenic

35 acid, phosphanilic acid ((4-aminophenyl)phosphonic acid), picric acid, salicyclic acid,



acid, citric acid, 2-(4-chlorophenoxy)-2-nethyl propionic acid,

1, 2- et hanedi sul phonic acid, ethanesul phonic acid,

et hyl enedwearngmes r aacetic acid (EDTA), fumaric acid, 30 @CwaHwepion c
acid, gluconic acid, glutamc acid, Nglycolylarsanilic acid, 4-

hexyl resorci nol, hippuric acid, 2-(4-h§droxybenzoyl)benzoic acid,

1- hydr oxy-2- napht hoic acid, 3-hydroxy-2-naphthoic acid,

2- hydr oxy eteasin e goidp heudcnicacaal], tawtiobawdi dartaricd acig, ttoefithalics #cishape,

mal eic acid, nali [ ndel | e| sul phoni ¢ acid, nethyl

sul phat e, %cﬂ‘ﬂu%'?e uk’%“’ﬁ'? agl%gg}%{%ﬁs#éé”n@:g%‘?'%ﬁﬁﬁ?*@qggi d, panpic acid, pantothenic
35 aci d, phosplsattsimay aleb de( fodmadiwithphengwhit hlassp hSucle irrganic bpse salts aci d,
salicyclicg ﬁ?'d, WO 03/P37995 ?CH/GBOZIO4900 5 tearl&racid succinic

aci d,  t aniidse T SKaTPE, (561 & AP ER PRAEI, Sledh IS MagBEdiBhoni ¢
aci d, 40- gpgrsiennisodiam, ginaredtielikd. ke. Salts may al so be formed with

I norgani ¢ bases. Such inorganic base salts .| , for exanpl e alts'of
al um'gni um bi SMlﬁ'ﬁe(’a{gp&q%%fegF@qtmuahﬁalﬁgwdeg%gﬂgebagedglgqrm%Ee t&?@ﬁhm zi nc
and the | bkeepthbleWnky HeeusPinebripyd Suvht sais ¢linysiod blepapsdby dedttihafie t hey

are pharnaceutlca1[ acceptabl e, may be used in therapy. Such salts may be
prepar ed B9MpedRd WHY aisHiable GRIGATRESRIN & canventiond MANRET-d” or base in a

conventi onal MANEHRoURd R HROMRERtRIn rﬁ%\}ﬁ‘bé BNRBEdDY MY REDIBIRAAGE -ndih any
sui tabl e method known in the art and/or by the follow ngizprocesses shown
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0=S=0 1 NH SiCl4 Si(Ov)4 N4 Me i MBr MyBr O (i H2)5 (i H2)5 5
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and 2 may be synthesi sed by anal ogous processes, the alternative groups
falling within the scope of fornula I. Any m xtures of final products or
i nt er mediwD®3/08190&i ned can be separated on the basis of PE&E/GB02/04900
physi co-chem cal differences of the constituents, in a known manner, 10
into the pure final products or interngdi ates, for exanple by
chromat ogr aphy, distillation, fractional crystallisation, or by the

formation of a|s@dit bé fun@BRERRN it @h@broclé@@%l &ét@.némd@évet BR: SHIERURE tRNCES.
The activity and selectivity of the conpounds may be determ ned by any

sui tabl e pamy ot Hisirating theavantion ans sngulageep%%%wed afdmitieg it Pé?&?ﬁ/e
conpound” ﬁ’gtS Sinilgr &‘Hﬁ%%Tﬂs %agfegfsraﬁdﬁorl:ondms%bwa 10BARE Q@?&HF\ teRdrt Y

acceptable saltls thereof e conpounds of the invention nmay be used in the
t r eat ment nedy aiseree vsed toghtain moymr@yna of therveatien. dinfasticadar; ¢RIMRAYNAS Of but not

limted ttﬂ%ﬁﬁentm%rﬁbhsﬁdﬁgﬁmém«of 65RO R5mes§taéeai>ﬁsééﬂwé50ﬂ

hypert énsi on, di sease, obesi enesl s, psychosis,
schi zophr end& m@dpd@mﬁmisgdbygealgeousmgmsess tneeajteswuegmpsgalwm‘gw :

di sorders cit hyperactivity disorder, irritable bowel
syndr one, ’ﬂ.ﬁﬁ‘é%?g’ Afg&"ﬂﬁ%!iul ation, nmenstrual dysphorl a syndrone,

premenstrual t ey miRtures offiay prodaotstor nmsmedlatqammbtalnedcclaudbersgpanatécammt ory
pai n, neuropathic_paip, chronic dache chr Lesche- Nyhane
G sense. i Gent o BF sBuuE e el EHRECS & Hinsdisledis. Fia RinwiBB0RTe uee.
_thﬁ ?qbi vwﬁomlpoymd i .F\edactmcm ﬁrﬁaﬁ@dialwaalfby examplealbyychropatagraphyal | % by
i nhal ati on um)ar elver t opi ca or to the
buccal caistationy & %‘1)"’18?7 K b3b|”?§/ fgrm ﬁon ?h@ssafﬁ@peof{%qr@b%ﬂflc
conposi ti @assiple urfdaeth@rmgmgtahay@ntlon may take the formof any of the
known phar maceuti cal nposi tions for such nethods of adm nistration. The

conposi ti ons rrﬂ&he@ét"'f"dlaﬁﬁF%!?@'ﬂ"tﬁeftr'ﬁcﬁmﬁ‘élﬂﬂ‘n’élm% TR ANYRIKIRR i n the

art so asagga)gkﬁ(ﬁvrﬁnql%lgﬁol | ed rel ease, for exanple rapid release or
sust ai ned rel'ease, of the compounds of the p"resent i nvention.
Phar mdeut i cal IAP used derein) the germ’ aéh\@ cAmRoARH edgnates,d eompodnetof feBREdsi ti ons

are wel |l . of the invention may contain
y%%ﬁbr %e@t[c{a lly ;{:}% Oun défs_lih%ﬁf y

0.1-99% b e conpositions of the invention
are general |y ghepempounds ohihe ipSentionaney boraed br bedreaimgnt of numeroddse

compr i ses l#ﬂ%ﬂecédn\ﬁﬁloheg gqlsggéeé uHclﬁﬁm&'B?HH&t l%te\ﬁ%%gfooééggéﬁ Q;U(Ig?OZ/ 04900

9 1-500 exci pi en S use aration these conposrtions
are the elmpnrqs&enxkaal(ﬂmfunntlcpmélyaemnsnon mlgraine, Alzheimer's disease, obesﬁy,

20 emesis, psychosis, schizophrenia, Parkinson's disease, restless leg syndrome, sleeping
disorders, attention deficit hyperactivity disorder, irritable bowel syndrome, premature
ejaculation, menstrual dysphoria syndrome, premenstrual tension, urinary incontinence,
pain, including inflammatory pain, neuropathic pain, chronic headache and chronic
pain, Lesche-Nyhane disease, Wilson's disease and Tourette's syndrome.

25 In therapeutic use, the active compound may be administered orally, rectally,
parenterally, by inhalation (puimonary delivery), topicaily, ocularly, nasally, or to the
buccal cavity. Oral administration is preferred. Thus, the therapeutic compositions of
the present invention may take the form of any of the known pharmaceutical
compositions for such methods of administration. The compositions may be formulated

30 in a manner known to those skilled in the art so as to give a controlled release, for
example rapid release or sustained release, of the compounds of the present invention.
Pharmaceutically acceptable carriers suitable for use in such compositions are well
known in the art. The compositions of the invention may contain 0.1-99% by weight of
active compound. The compositions of the invention are generally prepared in unit

35 dosage form. Preferably, a unit dose comprises the active ingredient in an amount of



The adm ni stered dose is preferably simlar to that of venl afaxine. For
exanple, an initial dose may be 10-100 ng, 2-3 tines daily or up to

150- 400 ryodaiosiwos n severely 5 affected patients. AppropPCAtGBIAdOSMYE

| evel s may be determ ned by any suitable method known to one skilled in
the art. It will be understood, howevep, that the specific dose |level for
any particular patient will depend upon a variety of factors including the

activity of-sodeng. spheidxcipientsTpesdth erpprepadiion lve thgm, chnpysitiumsgire thgener al
health, sex, diet, tine of 10 adm nistration, route of adm nistration, rate
of excr et VPN MIHAtASAMTon and the severity of the disease under goi ng

treat ment. CO”pﬂfe'éd'rrﬂrﬁﬁtefréHdd%ﬁeEié cﬂramyglhﬂa.ttb%t@f@emﬁf@mérB&és@mp@sltlons
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agqueous Orxritay p'gﬁgﬁ@nm ons. The pharmaceutical 15 conposition containing
the active ingredient may be in a formsuitable for oral use, for exanple,

as tablets, trdpsepratedesagedevelsmayibe deterginagd by apesidiabiesmeliod kaewn b| e
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for, exa n cac

or | ni ¢ aci en e st (]

o o1 0B, Srcamposton Gameii B P G SHip RaY bE T & B HERE Tothrrl R 1,
agents, f QixafmpliITdsCtdbRIfEFOEHBEs, I2RAHEE, Gaqt,@bﬂﬁrolrfbllil(-‘du@ ensidred, clispbhgibieabl et s
may be uncoated or thgéﬁma be coated by 30_known tec ni ques to del ay
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provi de a cmpicitioRs lrﬁéﬁdéHToPé{r%l use hayee brégﬁféd)@bcoﬁﬁﬁg exXamphethod khbWe del ay
mat eri al such as gl yceryl nonostearate or glycer di stearate may. be
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di | uent, exanmpl e cal cium 35 carbonat e, ciump ate or kaolin, or
as soft g@géﬂ’isnﬂ%@ﬁﬁw égemﬁe‘i@w”@@@eﬁ'@ﬁW@rm%BQ@9?9@5” pder tErorida 900’

pharmaceutically elegant and palatable preparations. Tablets contain the active

ingredientin admixture with non-toxic pharmaceutically acceptable excipients which are

suitable for the manufacture of tablets. These excipients may be, for example, inert

25 diluents, such as calcium carbonate, sodjum carbonate, lactose, calcium phosphate or

sodium phosphate; granulating and disintegrating agents, for example corn starch or

alginic acid; binding agents, for example starch gelatin, acacia, microcrystalline

cellulose or polyvinyl pyrrolidpne; and lubricating agents, for example magnesium

stearate, stearic acid or talc. The tablets may be uncoated or they may be coated by

30 known techniques to delay disintegration and absorption in the gastrointestinal tract and

thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate may be employed.

Formulations for oral use may also be presented as hard gelatin capsules

wherein the active ingredient is mixed with an inert solid diluent, for example calcium

35 carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active



10 ingredient is mxed with water or an oil nedium for exanple peanut oil,
liquid paraffin or olive oil. Agueous suspensions contain the active

mat er i al swon3mslivdxture with excipients suitable for the mamdsehHigoe of
aqueous suspensions. Such excipients are suspending 5 agents,' for exanple
sodi um car boxynet hyl cel | ul ose, net hyl celol ul ose,

hydr oxypr opyl net hyl cel | ul ose, sodi um al gi nate, pol yvinyl pyrrolidone, gum

tragacant hingwadarmwmnmawim;waifemnainmmmmt éxangplapeans oifBlquiparaffiat ur al |y
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provi de t HE" 5&@ B%Ofwa?ee‘i’ffaﬁ?ﬂ’atfv gufgﬁ?m Rr%pr%l quﬁ ?@2 Gi%et t i ng
agent, susgnened neragehuringhgents, WneN® Rofy Aaeowriali amts, ihdt 68 er more

sweet eni ng, flavourlé}ﬁ?and col ouri n%ﬁag Fts may al so be present. The

phar malPeutSHeEte i 198 agsuptpse P may al so be in the form of

oil- in-water: e:my ajs@assuofrmagluewomilﬁaed 5§ s uberiire Bt Al € irgtddierit @i aexanpl e
olive oil or %[ s oil nE{M oll, for exanple liquid paraffln
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wi th ethyl ene
preparation. These compositions may be preserved by the addition of an antioxidant
such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a

25 dispersing or wetting agent, suspending agent and one or more preservatives. Suitable
sweetening, flavouring and colouring agents may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-
in-water emulsions. The oily phase may be a vegetable oil, for example olive oil or
arachis oil, or a mineral oil, for example liquid paraffin, or mixtures of these. Suitable

30 emulsifying agents may be naturally occurring gums, for example gum acacia or gum
tragacanth, naturally occurring phosphatides, for example soya bean, lecithin, and
esters or partial esters derived from fatty acids and hexitol anhydrides, for example
sorbitan monooleate and condensation products of the said partial esters with ethylene
oxide, for example polyoxyethylene sorbitan monooleate. The emulsions may also

35 contain sweetening and flavouring agents.



oxi de, for exanple pol yoxyethyl ene sorbitan nonool eate. The enul si ons may
al so 35 contain sweetening and flavouring agents. WO 03/ 037905

PCT/ GB02/W0303037981 Syrups and elixirs may be formnul at ed WPCh/GBRO®t®ni ng
agents, for exanple glycerol, propylene glycol, sorbitol or sucrose. Such
formul ations may al so contain a denul ddnt, a preservative and flavouring
and col ouring agents. The pharmaceutical conpositions may be in the form
of ‘a sterile inggapaland aq«ueonsy be fmhmaag@mwa sestestren agents, fohiesarsplepensi on

may be formul ated accordi nown art u thoseS|tabe
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e e conmBaRac R I, g e WL bl o Teratins SXGBRrT Raich st a"® "

Topi cal |y &diMaR) tsfnpaRitéres @UPRRId atqnéréwrtenade?@mr&@rﬁawusﬁerafdmmem th@ Whi ch
the pharmaceutically active conpounds of the present invention are

di sper sed @stupHgreieqse ”@cﬁfﬁ@ruﬁﬁ%h ApleriRE REp Moe&%fab@nq/m'vﬁtbﬂ%n%ww$ n order
to admqi ster tHEmpOSTEHETEBopid ! ddinfStFtRioRBH Mso suitable for use in the invention.

The pharmaceutically active compound may be dispersed in a pharmaceutically
acceptable cream, ointment or gel. A suitable cream may be prepared by incorporating
the active compound in a topical vehicle such as light liquid paraffin, dispersed in a
aqueous medium using surfactants. An ointment may be prepared by mixing the active
25 compound with a topical vehicle such as a mineral oil or wax. A gel may be prepared
by mixing the active compound with a topical vehicle comprising a gelling agent.
Topically administrable compositions may . also ‘comprise a matrix in which the
pharmaceutically active compounds of the present invention are dispersed so that the
compounds are held in contact with the skin in order to administer the compounds

30 transdermally.
The following Examples illustrate the invention. Except for the conversions
9-+10 and 1516, all syntheses were carried out under dry nitrogen. Tetrahydrofuran,
diethyl ether, methanol, triethylamine and n-hexane were dried and purified according

to standard procedures and stored under nitrogen.



The follow ng Exanples illustrate the invention. Except for the conversions
9-+10 and 15-16, all syntheses were carried out under dry nitrogen.

Tet r ahydrwbuwsasnoos di et hyl et her, nethanol, triethylam ne &od/GBoReOx@NEe wer e
dried and purified according to standard procedures and stored under

ni trogen. WO 03/ 037905 PCT/ GB02/ 04900 1212 The conpounds referenced
nunerically are those shown in Schenmes 1 and 2, supra. Tetrachl orosil ane
(1) and tetranghborypolrdsefet¢ncdacmricalyaratiope shawh abbenemesit &nd 2f er ence

to the pre aration of |nterjed ate 3 Si_I7] thod is
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2: 1, 1- D qiptrofeferdnsd ﬂoaﬁy@kmmeof(na)arrﬁéhms of 3,21 1sad1 2,08 sifilar method

1, 5-di bro%ent ane (161 700 in die gg/@get her (300 m.) was added

to a stir S@Ql%%ﬁem’s'? oWeé‘f Jnﬁ’@n@@?@nﬁ%ﬂﬁﬁﬂg .54 mol) in
di et hyg H!&fm.ééag&ﬂ) AicforbSRghdde nomaﬁéezgted _by gent'e heati ng.

Subsequen e remai ni ng pent ane sol ution was added within 2
hours, causi ng50me. ¢0a selatien ofnl,fiditramepentai® (161 dEP nrobl) inkdiethik &then he
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90 m n an Co resu |ng
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Soom) 3 Wl et b Rnhhe Soihtih, SBFASRL Wil DBl Bos i B 02,
?g?: Ll 0 nmﬂeﬁcdr;o@hmnhree@ beéil ufdRHPeflix) Afeathei adglhbh wamcmtnprae tthe hnbitlrewweder

t he m.xt ur.e ed vi 0, y th a
nechani caf‘e§tﬁgﬂng?r ’@8%&9’ 5 ftughar 0 810 284 r’(\éassl ?cgso c‘%ﬁgo #:qibt
st :jr r edhf gésuiltt@uﬁhg&b?aeé Gﬂ%’rﬁérd aé'ézbetng Wﬁgﬁate?e?\?sm{reﬁiﬁw%admsﬁm: t{at i on
and washed wi ie et her X e filtra ol utions
Ner e conbiLBags BhESHRAED) PUnvedi NESHBa Bk Tasmestir Wi GRUhaBRT &
at nospher 5§ R0 Wa8%dES dréHSe Methid PREUDE & isBiutiah Ioen (¢31 @agﬂemmtm pal ts.
The precipitate was renoved by decantation and wash {;ﬁgt ane (2 X

50 nij5 ad@thylheth@f@%n&),ﬁuaﬂgm%mwr@to Wrmfiﬂfé"&ﬂw@rm%ﬁ@d' theemoved

as descri # I on; bp
To6- 1750 BEREAES SR pURMEY I §TRCHEcH Rret e Rilomor s, ced

pressure sdlfdr doelmxtine vemmstiied|far 19 kouss atRG’e, andthe me@ﬁﬁi@maam@row a 25
col ourl esﬁ%{’llltrg’i&garfd?\@ e@wﬁ?ﬁ*etﬂ?%tﬁ?vé@ﬁza@r'&bl ﬂe%ﬂtré?@% vaa@ﬁ@BlWﬁ%gt e 3

1, 1- Di net acycl ohexane t hanol nol )
was addedwdre)pwnbuaew ehd rthe Gohient W@Sarenmvedriwd%llajlonoww 53"(089*1@!(@; 492

ol )2@ ndprtersisgrtebégL@mgré%o(sgp}gci&tati%n%?mgaﬁésidnﬁ]sélfsh?ﬁ@&%cipitate was removed
by decantation and washed with n-pentane (2 x 50 mL), and the organic solutions were
combined. The solvent was removed as described above, and the crude product was
isolated by distillation; bp 166-178°C/980 mbar. Redistillation (Vigreux column, 30 cm)
under reduced pressure afforded 2 in 62% yield (related to 1,5-dibromopentane) as a

25 colourless liquid (72.9 g, 431 mmol); bp 70-71°C/37 mbar.
Intermediate 3: 1,1-Dimethoxy-1-silacyclohexane (3)
Method A. Methanol (34.8 g, 1.09 mol) was added dropwise within 10 min to a
stirred solution of 2 (83.2 g, 492 mmol) and triethylamine (110 g, 1.09 mol) in n-hexane
(500 mL), causing the reaction mixture to boil under reflux (formation of a precipitate).
30 After the addition was complete, the mixture was heated under reflux for a further 2
hours and was then allowed to cool to 20°C and left undisturbed for 16 hours at this
temperature. The precipitate was removed by suction filtration (700-750 mbar) using
a Buchner funnel and washed thoroughly with n-hexane (1.5 L). The filirate and wash

solutions were combined, the solvent was removed by distillation under atmospheric



(500 nL), causing the reaction mxture to boil under reflux (formation of a
precipitate). 30 After the addition was conplete, the m xture was heat ed
under refwon3foamon further 2 hours and was then all owed POTEGERI/08W020C and
| eft undi sturbed for 16 hours at this tenperature. The precipitate was
renoved by suction filtration (700-75018bar) using a Buchner funnel and
washed thoroughly with n-hexane (1.5 Q The filtrate and wash sol utions
wer e conbipmeskure féigenixwehtmmeRd) crjranddthbyresidiss vk atistied imdecumf\igrepkeri ¢ WO
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as a colourless liquid od B. A
1, 5- bi s(br(bftmagmlsmb.)%Qeﬁmh@gWéabMO%/a@kﬁ)laé@aMé@IUme&thqwﬁagﬁ?e%Quﬁﬂi ur ni ngs

(22.0 g, %Qrﬁfwé% C;lzo'Smg%prormpent ane (46.0 g, 200 mmol), and diethyl
ha

et her (20 ogous to Method A (see above). The two-phase Gignard
reagend was addéethatd B.CAOV,Srbigbpendrnagnekiolpemtane teagant ivgerpyesdregd Stam r ed

| ut f 4 5, ' iethyl eth f t f
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was renove iltration g washe et et her. X t he
fTtrare. rResu LS coiet FORT el & RgREiohddiout 1o LBPRoERb Stisd sPlon B Lncor
reduced prgs sy, &so0adoh hedrewl SHRr\B60 ALY (folrh&tbnt o @Frédblfé@é)umfté? th@i ve 3
in 43%y|eld (relatedto 1 di br onopent ane) as a_col ourl ess I@@gwd (13.

g, 8615 2dditinpwas ageele; &@ REAITS Wk aeated ua@%r nsflu faystéhBoyra dbﬁ'énone

2,4,6-Tri 'aﬁ&Dé@W&&ﬂ'f@?@@U*Tﬁé"b)‘éciplféi/é?lm%?é]ﬁoxfe@by fll Hhﬁorﬁ@ﬁ@%@ﬁed"@vﬁh
synthe5|sed accordi ng general protocol descrl ed in Chanberlin

etal, diejhy! ethan(3 wﬁganhe filrzteand washesalution avare gombingsl, st sRbeh) ; see

25 al SO YR lreMbvedINRIBr reﬁi’U'ced‘E)res%at%7 an§thé‘r%ZIdﬂga/alegtﬁémb@%c@o@@d &
1- (4- Met hoxyphenyl ) vi nyl'Tithium (

give 3 in 43% yield (related to1,5- dlbromopentane) as a colourless liquid (13.9 g, 86.7
20 mmol); bp 75°C/36 mbar.
Intermediate 5: 4-Methoxyacetophenone 2,4,6-Triisopropylbenzenesulfonyl-
hydrazone (5).
This compound was synthesised according to the general protocol described in
Chamberlin et al, J. Org. Chem. 1978, 43, 147-154 (there referred to as Method A); see
25 also Yu et al, Chem. Eur. J. 1997, 3, 417-423.
Intermediates 6 and 7: 1-(4-Methoxyphenyl)vinyllithium (6) and 1- Methoxy-1-
[1-(4-methoxyphenyl)vinyl]-1-silacyclohexane (7).
A 2.7 M solution of n-butyliithium in n-heptane (70 mL, 189 mmol of n-BuLi) was
added dropwise at -78°C within 50 min to a stirred mixture consisting of 5 (40.0 g, 92.9
30 mmol), N,N,N’,N’-tetramethylethylenediamine (40 mL), and n-hexane (360 mL). The
resulting yellow mixture was stirred at -78°C for 2 hours and then allowed to warm to
0°C (evolution of nitrogen; change of colour to orange; formation of 1-(4-
methoxyphényl)vinyllithium (6)). After the nitrogen evolution was finished, the mixture
was stirred for a further 10 min at 20°C and then added dropwise at 0°C within 30 min



[ 1- (4- met hoxyphenyl ) vinyl]-1-silacycl ohexane (7). A 2.7 Msolution of
n-butyllithiumin n-heptane (70 nL, 189 mmol of n-BuLi) was added dropw se
at -78C vwolB3B05min to a stirred m xture consisting of PCTADBIR/0¢R0092. 9

30 mol), N,N, N ,N -tetranethyl et hyl enedi am ne (40 nL), and n-hexane (360
m.). The resulting yellow m xture was siirred at -78C for 2 hours and then
allowed to warmto OC (evolution of nitrogen; change of colour to orange;

f or mat i on tofa solytipn ofSt(hoRgpHBAYIMol) myi-héxane(tAQre).) Thézfrsswltimmmimrewagen

evol ution s fi.ni r 0 m\n at
20C and th aéi’cf8&ﬁa@ﬁg%{%;’Js@%“&?”@%&?‘%@ﬁr%bﬁnﬁg\ﬁ%@%”ﬁ% BRI/ 04900
14 t|0 a soand sttrred)ﬂ'or3dé§k§ mhgreéﬂl&m@ dlﬁmly}allovmmuﬂimmaeonﬁc?léﬂ)lrfm) ice Bagh,

resul ting m rmt of cq om or ange
o yel | ow Hid tAmelRe sPim 8 mbal el s esnlST B s Brorigtefl Ater Ay “cFear
yel I owssol p&ridarbfvzaﬁo@@qh@@be tﬁlatﬁmvasq@nb@é@ and @fwing mrainhﬁur@d {ok 254y, at881
mmol ) was added_(formation o prec pi.tate) period of hour s,

the ice bathCwat %rﬁﬁ%%}em rgmoveel Ry fikEation gRt Wﬁé%d YVHP MheXgpe 4 .2 %@C The

preci pi t at @) yamd Heuitede Bid WdshsdlUtieRs Mk ¥eRbhRED. Wk sBivBRt WAL rdnioved250
m.), and the filtrate and wash sol uti ons were conbi ned. The sol vent was

renoved WHHEF reIEEE BEPSEHESSHP Bbas ot frbeptary syaporaignand e spddua dstllednd t he

resi due di Te! ) f 0
0001 0. 001 pac g o Y O] B R0 ) ISR eE eoond, e

productO) . fratiopr %é‘l%p&l@@i gibgf, arygecropdetht Theagrude QFY-B?'UGfS qftthree identiaalat i on
were combined fg ﬁs ;% %r erfxﬁ}gredb%blbéeé’ NPLY| %ﬁ‘éﬂd(c}@tﬁlﬁﬁqﬁ vaF% K\Vgre > C”)

to give 7 1n ted to S a cotourl ess oi
127 mol); ccﬂxpmlUBﬂrO) to@lvenbinr45% wiedd (reldtealtte 38as a colourless ouly |lC|Uld (33.2 ¢,

1-[1-(4- I | oh 8 15 A | uti f 7
(3[2 0(g 1@0%@%% FZ‘%{h i‘ ebt%ﬁe?(:{goorrg(a\r/]v:s(aéded at ZSCC): uvm! ?Eig 10 mn
to a sti rrlatérmueemon of- [1 (4-Methmthahyl)uimyl]qy-drlm&:léliexw\eqa) 65. 3 Mol )
n di et hyl ethe 2 tur ed under refl far hour s,
:atl I o:/vé@ %/o co %"Hp%%i? Qt:’r’o(p Qh‘g‘?< ; de’,\g Hw?ﬁtth at (#)dnﬁbwas §?$I?Xdr%tc? xtulrJeS
of 4 M hqu%:‘ﬁhwrm#toaéstﬁred% eRdidn Gﬂlﬂhldhﬁélmimtﬁ‘rﬁ Rgdridel® %ed. )65 . 3Tmofr gani ¢

phase was separated and-the 20 aqueous |ayer extracted with diethyl "ether

(3 x 100 rinpietdethes @0al- ngawmre wap nta@teﬂslma\%'rref'lmf%a hgyesy aligyrafdPous
magnesi umc%lai RIYt-€, afY thBn be@em&\my eft@"é %&.r@s miRkiréoHd er@e%chrohe LeEgh

dynami ¢ drying using a c romat‘tc%qrap I ¢ colum densely packed wt

anhydr ous (##@melsi ans diethyhather (1 o difeneroaric Phase ovgs %Qﬂ%ﬂtﬁdlﬁﬁgﬁ'\ﬁ 15
grg 2Bhe JHRBaS e wrabel %W%,efmﬁaéthéfr VAR NRB MLS.NTRE @bRbinedt HghnicS00
solutions were dried over anhydrous magnesium sulphate in an ice bath, followed by
an additional thorough dynamic drying using a chromatographic column densely packed
with anhydrous magnesium sulphate (column diameter, 3.5 cm; column length, 15 cm).
The magnesium sulphate was finally washed with diethyl ether (500 mL), and the
25  organic solutions were combined. The solvent was removed at 800-900 mbar (rotary
evaporator) and the residue distilled in vacuo (Vigreux column, 15 cm) to give 8 in 82%
yield as a colouriess oily liquid (23.3 g, 100 mmol); bp 91-92°C/0.001 mbar.
Intermediate 9: 1-Dimethylamino-1-[2-dimethylamino-1-(4-
methoxyphenyl)ethyl]-1-silacyclohexane (9).
30 A 1.6 M solution of n-butyllithium in n-hexane (9.5 mL, 15.2 mmol of n-Bul.i) was
added dropwise at-50°C within 5 min to a stirred solution of dimethylamine (5.51 g, 122
mmol) in tetrahydrofuran (150 mL). The resulting mixture was allowed to warm to -15°C
within 4 hours and was then cooled to -35°C, followed by dropwise addition of 8 (3.20

g, 13.8 mmol) within a period of 10 min (evolution of hydrogen; rise in temperature from



25 organic sol utions were conbi ned. The solvent was renoved at 800-900 nbar
(rotary evaporator) and the residue distilled in vacuo (Vigreux colum, 15
cn) to giwe 08/081B2% vyield as a colourless oily liquid (28T&GRP2/0490 nmol ) ;
bp 91-92C/0.001 nbar. Internediate 9: 1 -D nethylam no-1

-[2-di net hyl am no-1 - (4- nmethoxyphenyl )¥t hyl]-1-sil acycl ohexane (9). 30 A
1.6 Msolution of n-butyllithiumin n-hexane (9.5 nL, 15.2 mmol of n-BulLi)
was added-36fO o 3ECat FHe0€sultindyeliol sviutioh vaa stited ate8i0 Eofiond homrs@hd was

di met hyl anj, ne 51 ntetr dr of 5

resul ting Wlthk% B V%%“@F%SB\,@WL‘) \]/élhr‘?‘l"f 0 Sau%@ e\/\ﬁ’( ﬁhe‘ng%] ﬁ%‘?’%s @ﬁﬁe%ﬁs t hen
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W t |naper| 0 tion,o ro : [ erature rom
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sol uti @ vgss §fﬁri‘éd QﬁO"@Ifor Q@ﬁmﬁ Ch"nd&h@@blfvénlaﬁé% feRRved Béﬁlpl’e‘?@? ldJ\VETUuétIN gbed at
-26C for 16 hours. Subseq gh the solution was placed an ice bath

and stirreWaighhat, (5T1§f¢)®fﬁ§€lwﬁ‘} a%ﬁlmrmfndfe@nﬂﬂodw)r FFE?WWTQ‘&%SWE"?Z g,
15.8 .ol rS@Hﬁ’r'f'QtE @Qchgr&%ftﬁwb(b%cﬁﬁmgs r@fn? sxgﬁmém{rbx@ HequF%éﬁevem

colourless m xt ur e was stirred

was renpvedawaghest withy- hﬁxar@d%mLh Hﬂefllv@t@@nd mvvﬁsmaowgy weretorohiped, by
addition o BRI T t 20C,

t he resul t% ncgfh%r ecl g‘f %Végééﬂrmaa\gedr%% tng% %? &?Ots S%\{V%tﬁﬁgathcfg twg%)ﬂ%r@er cake
was wahedresidtif distihekiarvacy@ (Vigreyix ccrlhmnfﬁlcmr) tot gven® oh 169 yistcsds 3 odlatiiess wer e
conbi ned, d t I In vacuo in a water bath
(5-15 O aﬂ@qlﬁH'gh@(jﬁr)% %@n}@ E’SI I e /@@3@% greux colum, 5 cm to

give 9 in jptEmeadiatd s a taLmuhloes-sl-snchIObeqund (115 37 g, 10.5 mmol); bp
115-118C/ 0. 003 nbar I nterpediate 11: 1, 1-Di chl oro-1-si Iacg/cl opgnt ane (11).
This conpound WS pfUPRRWY W3S BEEHEEEY aPB'OQH'éS'%JﬂtWESF@tB? i9 qf124(

di br onobut g nf(ojaléli’-arﬁ 1699, 659 hmol)TReHYRSEILA { 98.4(3 7 1 1), 1
(131 g, 15 771 nmol é;ﬁegfter dIoStI | 1 atllon tdﬁ{clﬁeyrsr‘(at %%Sﬁ@gl)p}ﬁ?gﬁe

(Vi gr eldx cwurnmol)w\ dlsm!auyrmnd@r gleosphetieessusp (Migreux£sigmm g cm; 71
redistill L ol at ed
in 61%yvyi 2‘?3‘0&2 at e 61&&13 %@,@Eﬁ@gﬂ% org@)vgc%cg ggglaﬂn' iquc’i’ﬁ( 6619,
427 mol ) ; cdm}ponndﬂswaﬁmlatbam 61%N@*d1(e@at§déo 12.dlb_rpnmbutann)aammgiourless

S e RBRL 8 C1 2 iyl AR ABUES o epar o anal ogousty to, e
nol ), trilatdmpledidted2( 96. 1,1QimeBtoxyrbkiljcycidifentanedf12).i | | ati on under
at m)s%Iaer copr thlg Eoeméoun%rvséjsxprggar%d aina&)Sgoﬁg]y toSt%e%yr?tfhegirs%?g, method A (11
(66.2 g, 427 mmol), methanol (30.4 g, 949 mmol), triethylamine (96.1 g, 950 mmol)).
After distillation under atmospheric pressure (Vigreux column, 15 cm; 53 g of crude
product; bp 136-144°C) and redistillation in vacuo, compound 12 was isolated in 74%
yield as a colourless liquid (46.2 g, 316 mmol); bp 73°C/100 mbar.
25 Intermediate 13: 1-Methoxy-1-[1-(4-methoxyphenyi)vinyi]-1-silacyclopentane
(13). ‘ ‘
A 2.7 M solution of n-butyllithium in n-heptane (70 mL, 189 mmol of n-BuLi) was
added dropwise at -78°C within 50 min to a stirred mixture consisting of 6 (40.0 g, 92.9
mmol), N,N,N’,N'-tetramethylethylenediamine (40 mL), and n-hexane (360 mL). The
30 resulting yellow mixture was stirred at -78°C for 2 hours and then allowed to warm to
0°C (evolution of nitrogen; change of colour to orange; formation of 1-(4-
methoxyphenyl)vinyllithium (6)). After the nitrogen evolution was finished, thé mixture
was stirred fbr a further 10 min at 20°C and then added dropwise at -55 +5°C within 30
minto a soldtion of 12 (14.3 g, 97.8 mmol) in n-hexane (200 mL). The resulting mixture



product; bp 136-144C) and redistillation in vacuo, conpound 12 was isol ated
in 74% vyield as a colourless liquid (46.2 g, 316 mol); bp 73C/ 100 nbar.
25 | nt er M&¥0i0a10&7903: PCT/GB02/04900

1- Met hoxy- 1-[ 1- (4- net hoxyphenyl )vi nyl ] - 1-si |l acycl opentane (13). A 2.7 M
solution of n-butyllithiumin n-heptan#s (70 nmL, 189 mml of n-BuLi) was
added dropwise at -78C within 50 mn to a stirred m xture consisting of 5
(40.0 g, %s%llomdlt@wamwtN,-in\WimireﬂhauretahsiItrmnhgnemltlamarﬁmr(emsmbmrs and

n- hexane The 30 ti xture S st red at 8C for
D honr e aeangly Sisd % 565ohh By fire REUBhGRETIP% spbiith Ee Sotedoe o
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t he nitrogen lutjion was . fi the. mxture was stirred for a further
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m xture WO 03/037905 PCT/ (B02/ 04900 16 was allowed to warmto -30C within

2 hours artherRes (¢¥2 ﬁQJ’@LXAF’E'N"ﬁ flgraftg,ppq!]wfaSngIWngere epraPings Theralaptstirred

at 20C f orygk ,@asbvemﬂdérer%ah&édﬂgre@k@@r 398 hisaw wbﬂm@ﬂ, &mo%q%%ﬂd thé an.ice
bat h, and 1 odonet hane (12 ) was added (formation
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(300 nbar, ry t esidue distilled in vacuo
(Kugel r ohr 'lg%% éﬁj@g ?%2{&9@? bg’tslgo 6%10@@@)8{: 001 nbar, discarded; second
fraction: I9terhé@iatd1401 rbilr(4-Methdeyphagllvinyl]libsiBaayclodaintdnd (14).i on 10 in

vacuo (Vi greux .col umm ave 13 in 45% r.el at 0,612 s a
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Thi s conmpoun [ eﬁred anal ogous to the sg/nt hesi s of 8% 4\10 7 0,

23,1 TRMORSCISteR R 7 BFE A GPHgRRS ik 10BSCl/ 46 8 2 G TeeP G901 et her
(100 n)) ¢ was 15 isolated in 79% yield as a col ourless oily lLiquid

(7.45 g, 34.1 mol ); bp 77C/0.001 nbar. Internediate 15

1- Di met hy|lretﬁrrnsd1a£& Woinet HyPinethydaminp-A2-gimethyiaptng (4 mﬂmyphenyl)ethyl]

synt host s 1o ey RReRSRE 191 £, o P ol ), el ot hyl am ne-(7.07 g. 157
mol ), a 1.6 MIisaetiponndivaspiepardd anakigemsly to the hyntbesis of 9 (14 (2.52g, 11.5
20  mmol), dimethylamine (7.07 g, 157 mmol), a 1.6 M solution of n-butyllithium in n-hexane
(7.9 mL, 126 mmol of n-Buli), chlorotrimethylsilane (1.46 g, 13.4 mmol),
tetrahydrofuran (45 mL)) and was isolated in 60% yield as a colourless oily liquid (2.13
g, 6.95 mmol); bp 112-113°C/0.001 mbar.
Example 1: 1-[2-Dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclohexan-1-ol -
25 (Sila-venlafaxine, 10; identical with (+)-10).
A 2.7 M solution of n-butyllithium in n-heptane (35 mL, 94.5 mmol of n-BuLi) was
added dropwise at -50°C within 10 min to a stirred solution of dimethylamine (21.6 g,
479 mmol) in tetrahydrofuran (100 mL). The resuiting mixture was allowed to warm to
-10°C within 2 hours and was then cooled to -40°C, followed by dropwise addition of
30 8 (20.0 g, 86.1 mmol) within a period of 15 min (evolution of hydrogen; rise in
temperature from -40°C to -35°C). The resulting stirred yellow solution was allowed to
warm to -20°C within 2 hours and then kept undisturbed at -26°C for 16 hours.
Subsequently, the solution was allowed to warm to 20°C, and the solvent was removed
in vacuo in a water bath (5-15°C) until a residual volume of 50 mL was obtained. This



(7.9 m., 12.6 mmol of n-BuLi), chlorotrinmethylsilane (1.46 g, 13.4 mol),
tetrahydrofuran (45 nL)) and was isolated in 60%yield as a colourless oily
liquid (2v033/08790%5. 95 mol ); bp 112-113C/ 0. 001 nbar. ExanplC&/GB02/04900

1-[ 2- D net hyl am no- 1- (4- met hoxyphenyl ) et hyl ] - 1-si | acycl ohexan-1-ol 25
(Sila-venl af axi ne, 10; identical with (9210). A 2.7 M solution of
n-butyllithiumin n-heptane (35 nL, 94.5 mmoJ of n-BulLi) was added

dropwi se asolui@Cwas dhuted Mith migihyl @tleer{200 mejlasdtheniaddedfin dnereinglel portiore (21. 6

g, 479 AR te vdrof uran (100 he r | tin | X} ure was
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separ d / ] h tracted with diethyl ether, (5 x 100 nL).
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(isolated by quick decantation of the cold solvent, followed by drying in vacuo (0.001

mbar, 20°C, 6 hours)); mp 33°C.

Example 2: (-)}-1-[2-Dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclohexan-1-

ol ((-)-Sila-venlafaxine, (-)-10).

25 (a) Seed Crystals of (-)-Sila-venlafaxine+(+)-10-Camphorsulphonic Acid ({-)-

10+(+)-CSA).

A ‘solution of (+)-10-camphorsulphonic acid ((+)-CSA) (792 mg, 3.41 mmol) in
acetone (25 mL) was added at 0°C to a solution of (+)-10 (1.00 g, 3.41 mmol) in
acetone (25 mL). After the mixture was shaken briefly, it was kept undisturbed at 0°C.

30  After ca. 10 min, thin needle-shaped crystals precipitated. A further 40 mL of acetone
was added immediately, and the mixture was then kept undisturbed at 4°C for 2 days.
The precipitate was isolated by filtration, washed with acetone (20 mL), and
recrystallised twice from boiling acetone (45 mL). (To leave a few seed crystals, the

solid was not allowed to dissolve completely in both recrystallisation steps). The



seed crystals (obtained by cooling of a solution of oily 10 (3.20 g) in

n-pentane (5 nm.) 20 to -26C) afforded 10 in 90% yield as a col ourl ess

crystal |l iwe swobi905 (22.8 g, 77.7 mol) (isol ated by qui ck pdeaaBwRAtd00N Of

the cold solvent, followed by drying in vacuo (0.001 nbar, 20C, 6 hours));
18

np 33C. Exanple 2:
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solid was not allowed to dissolve conpletely In recrystallisation
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added, the0rd yield (eclated ik e)t10)adiasdoldreds atysttfink ol (3180 g, 5.90membBSHHL | Ng
pr eci tatg s isolated by filtration, washed with acetone(2x20 m), 10
and t é\é\@stal lised twice fromboiling acetone (280 niL; crystallisation

at 4C, 2 g)ays)()g.iﬁq,émgng (( )aq\o)seed crystals, the solid was not allowed
to di ssol ve C\%ﬁl et el in these recrystallisation steps). The product was

i sol ated and wddeiay %gerdé%h)l\fmﬁdad@lﬁoaﬁe?oaﬁdo gistisied golatioreof (-1 Qf&'@t@ﬁl(\ 0.001
e 20C( BBy el o 18] b R B LB ) 20
(-)-Sil a- yempHaf % lpneaqqmgn v0)saturated aqueous potassium carbonate solution. The
20  resulting mixture was extracted with diethyl ether (4 x 100 mL) and the organic layers
were combined, followed by addition of n-hexane (200 mL). The solvent was removed
in vacuo in a water bath (5-15°C) until a residual volume of 50 mL was obtained. The
mixture was then kept at -20°C for 3 hours (crystallisation of the residual water), and
the organic supernatantwas quickly isolated by decantation and stored separately. The
25  ice was allowed to melt, the resulting aqueous phase was shaken with n-hexane (60
mL), and the two-phase system was again kept at -20°C for 3 hours. The decantation
procedure was repeated, the organic solutions were combined, and the solvent was
removed in vacuo in a water bath (5-15°C). The resulting colourless oil was dissolved
in n-pentane (35 mL) and the solution kept undisturbed at-20°C. After a period of ca.
30  2-3 hours, an oil separated, and a few crystals grew within the oil drops. The mixture
was then allowed.to warm to 20°C, whereupon the oil dissolved rapidly, whereas the
crystals dissolved only slowly. After most of the crystals were dissolved (except for a
few seed crystals), the mixture was again kept undisturbed at -20°C for 3 days. The

resulting crystalline product was isolated by decantation and then dried in vacuo (0.001



Diethyl ether' (5 nL) was added at 20C to a stirred solution of
(-)-10(+)-CSA (3.05 g, 5.80 mol) in water (85 nL), and the pH of the
aqueous pPWay/0smss adj usted to pH 10.5 by addition of sat ®CatGRI2agpeeous
pot assi um carbonate solution. The 20 resulting m xture was extracted with
diethyl ether (4 x 100 nL) and the orgaffc |ayers were conbined, followed
by addition of n-hexane (200 nL). The solvent was renoved in vacuo in a
wat er bat hmbss, 2856, Bheurs) i give (-J&Iin 98%uvield @8 as0loutlesmerystbling selidl (188
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repeat egl, 2 ((e)-SaivenkPaxiheR$10Rr e conbi ned, and the solvent was renoved
in vacuo in a vvater bath (5-15C). The resulting colourless oil was

di ssol ved in nlpefPRRBed Q@t'?ﬁfj'q‘éﬁfaot’ﬁé‘egdﬂ the peRaradion of(mitil 8t(h)-GSA (see - 20C.
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n al [ owe 0

grew within the ol drops. e mxture was 1 0 20C,
wher eupon “coriseoiratedi ssvacusd tregied with \phtaselam t:ahrbonaileyas adesscube}:lscﬁdm/mé only
slowy. Af re | ved (exc t for seed
cryetai . PEREEBhef: G Ee R fahF BpirBRiy B EHEE B yetedin Y *The
resul t1hg CBpsasildescribepr aishvet (a)a k)i 19(-RCSA. Meld@:za@t(fdlatéﬂ an(i)tlb)eaf @rl ed in
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the crystallisation protocol described above
(+) - 1- [ 2- DP-ABIHYPRAMES-PS(G- et hoxyphenyl ) et hyI] 1-sil acycl ohexan-

1-01((+) af pxi h I hSo talnedln
the pr epa%{(?rg%ﬁo P% (118 %V&J@%ge-ﬁ esaﬁloveyrbev\g? g%uggcp *ggqé (+) 10.
For t Hi5s pmeplm@&yphheyh@tm]dllmepmyﬂammmum:or(thslnmm eSila- wdataxlheeat ed
W th potasgi r hon described for the preparation of (-)-10,
concentrat@@jgﬁgﬁ"maﬁgﬁ(ﬂg oily residue was then treated with (-) 10 CSA
as descri bed ab@ﬂeM sthajeal Mt ddlutlon) (2ETA,, 46’@%:@0%%@}@&@&&1&&@06& sihfle of -a

col ourl ess cr 26 164 10.
Prepared fi @d Jfg? af?&‘g\ é'gf'%mgm (32@9 : : &mODﬂ'éﬂ'ah'ngt%t ?'gedzzoo
col our | essmey. ymea}ésumag $6lution Whs Boled to517¢, BABID fewBedilerfats (Bs@HRLes:
[2-(1 - Hydroxgop -si | acycl ohexan-1 -yl)-2-(4-

from L of the reactlon mixture by Slow evaporation of the solvent at 20°C) were
added. The mixture was kept undisturbed for 1 day at -11°C and then for a further 1
day at -27°C. The solid was isolated by filtration at -27°C, washed with ice-cold
acetone (20 mL), and dried in vacuo (0.001 mbar, 20 °C, 6 hours) to give 10HCI in
90% yield (including workup of the mother liquour) as a colourless crystalline solid;
25 (13.0 g, 39.4 mmol); mp 160°C.
Example 5: (-)-[2-(1-Hydroxy-1-silacyclohexan-1-yl)-2-(4-
methoxyphenyl)ethyl]dimethyl-ammonium Chloride ((-)-Sila-venlafaxine
Hydrochloride, (-)-10-HCI). ‘
A 2 M ethereal HCI solution (1.8 mL, 3.6 mmol of HCI) was added at 20°C to a
30  solution of (-)-10 (1.00 g, 3.41 mmol) in dichloromethane (19 mL), and the resulting
mixture was shaken briefly. Upon vapour diffusion of diethyl ether into this mixture at
20°C for 6 days, a crystallihe product was obtained, which was isolated by filtration,
washed with diethyl ether (40 mL), and finally dried in vacuo (0.001 mbar, 20°C, 6



15 net hoxyphenyl ) et hyl ] di met hyl ammoni um Chl ori de (Sil a-venl af axi ne
Hydrochl oride, 10HCI). A 2 Methereal HCl solution (23 nm., 46.0 mmol of
HCl ) was wOdaw3ins one single portion at 20C to a stirredPsalGRozomoof 10
(12.9 g, 44.0 mol) in dichl oronet hane éZOO mL). The resulting solution
was cooled to -11 C, and a few seed cry8tals (obtained 20 from20 NL of the
reaction m xture by slow evaporation of the solvent at 20C) were added.
The m xt ur@tlf@stoléé‘{ﬁ M ArHGlin §8% yield as @ gglouress icrystalbingiseliteil.Gdog, R1% ur t her
1 day at F[)‘. é S@|Id was isolated by filtration at -27C, washed with
ice-cold ace 5 and dried in vacuo (0.001 nbar, 20 C, 6 hours)
to give 1EGImple 6: QG%M[QI c(i1(Hr;cdudmrygmu{apytﬁld:hemhher-yll)qao(m) as a
colourless crLysta I|n e 5:

() 1% (1 e yRheb Vs tenitaiogf , GuandE™ () Baventaraxing

met hox;ﬁphe-mdrbehl&yild]aﬂmrﬁbmm anmoni um Chl oride ((-)-Sila-venl af axi ne
Hydr ochl ori de, 1(5{!2 10HCI). A 2 Methereal HCl solution Bl 8 nL, 3.6 mmol of
HCl) was added %@%ddvaswg%ﬁﬁfmmrﬁb?w 9a.6-41moe @nalggaus tertee ) i h

di chl or onefr5Rp61 sédtdiinepr g&ﬁaﬁé}fof é%sﬂi Hbf%d: é&%HErﬁbé%?;eHH%kae%&)@n‘{e% .

Upon vapour diffusion of t'her 1'nto |s m Xt u
days, a crojytalling Mlddﬂ 88 B. 1\Ranmb1rapr1€d Cvx/m ch was isolated by filt ratl on,

hed nmb
1527 Voo, bbb fefuRh St 1
yi el d18s q1&)pl ourI ess crystalline solid (1.04 g, 3. 15 mml) .mp 174C.
Ex | e6: (+ -1 -sil | oh -1 -
ot hoxy pheny | ) IR A EHOUEENY ARRERH GRBEIPLTT BeTE TSR 4 (24 e 5

Hydr ochl oritdemndot) d.ﬂx@tﬂ@luémmm e7@ow@hm>n)maa @M%ﬁrﬁ%ﬁl of ﬁfﬂ“@tﬂrfﬁ.uﬂaqn%l 00 g,
3.41 mol ) anal o Qus to protocol used for gre par at’i on of @é ) - 10HCI
9,

and i sol at€ans, (§9oplsi Q % %O'a"fcﬁﬁﬁ't’ﬂ),l &@hYQfPW%I@ AEL)bolTing qily. @ 3.12

mol ) ;P plddtfet cR¥@ARLE by tane (4 -26°
1-[2-Di rretpﬁgl amﬁé 1-(4- mfsr{ f{/‘p neng/ls)neﬂltl"hy 1]C(1 h ac?clzgp%rﬂ éjral)i and

(16) . 1¥hi sorwapd ﬁ@l Wﬂwqmt@cp@r@dfo yigid asyaosibyrigss omealmd’uesmgm en:m ( 14
(2.54 g, g} di nret hylamne (8.07 g, 179 mmol), a 1.6 M solution of
n-butyllit I'n n- ‘hexane (8.0 nL, 12.8 nmol of n-BuLi), tetrahydrofuran
(65 m)). Efdampd:e By ¢2-(dHydroxy-1-silacyclopentan-1-yl)-2-(4-methoxyphenyl)ethyl]-

dimethylammonium Chloride (16+HCI).
A 2 M ethereal HCI solution (2.0 mL, 4.0 mmol of HCI) was added at 20°C in one
20  single portion to a stirred solution of 16 (1.02 g, 3.65 mmol) in dichloromethane (16 mL).
The mixture was kept undisturbed at -27°C for 2 hours, and a few seed crystals
(obtained from 20 uL of the reaction mixture by slow evaporation of the solvent at 20°C,
followed by cooling of the resulting oil to -27°C) were added. The resulting mixture was
kept undisturbed at -27°C for tHreé day'ys, and the precipitate was isolated by filtration
25  at-27°C, washed with ice-cold acetone (10 mL), and then dried in vacuo (0.001 mbar,
20°C, 6 hours) to give 16-HCl in 52% yield as a colourless crystalline solid (598 mg,
1.89 mmol); mp 163-154°C.



product crystallized fromn-pentane (45 nL; -11C (1 hour) --> -26C (1
day)), and 15 conpound 16 was isolated in 54%yield as a col ourl ess
crystalliweosobisas (1.77 g, 6.33 nmol); np 37C. Exanpl e &CT/GB02/04900

[ 2- (1- Hydr oxy- 1-si | acycl opent an-1-yl ) - 2- (4- met hoxyphenyl ) et hyl ] -

di met hyl ammoni um Chl oride (16HCI). A 22% ethereal HCl solution (2.0 nL, 4.0
nmmol of HCl) was added at 20C in one 20 single portion to a stirred

sol ution oELABI§ 1.02 g, 3.65 mmol ) in dichloronmethane (16 nL). The mixture
was kept upndi st n. 2 hours, and a few seed crystals

(obt ai ned rom%@gﬁg @r%d f’ﬁi%‘é‘%ﬁ, on m xture by slow evaporation of the

sol vent at 20C, followed by cooling of the resulting oil to -27C) were
added. The resulting m xture was kgpt undi sturbed at -27C for .t hree days,
and the precipitate was isolated by ffiltration 25 at -27C, washed with

i ce-colgl acetone (10 ni), and then dried in vacuo (0.001 nbar, 20C 6
hours) to give 16HCI in 52%vyield a colourless crystalline solid (598
ng, 1.89 mml); np 153-154C.osWO 03/ 037395 PCT/ GB02/ 04900 21 CLAIMS 1. A
compound of fornmula I: RL 5.1 R6 R2 S 3 R(l) 10 CH2)n R a wherein
Rl and R2 are, independeéi@ Y. r al kyl or together, with the
nitrogen atom are hetero are independently, hydr ogen,

hydr oxyl , al kyl, al koxy,. an nitro, a(t kyI mer capto,
am no, aikylam no, dial kyI m n haI ogen or rifluoronethyl;
R5 is ¥ydrogen or alkyl; (S*J(ljé 3 or 4; or a pharmaceutically
acceptabl e salt thereof or a pr h‘g form,ﬁh i's

wherein R and R? are, independently, hydrogen or alkyl or together, with the nitrogen

atom, are heterocyclyl;
R® and R* are, independently, hydrogen, hydroxyl, alkyl, alkoxy, alkanoyloxy,
15  cyano, nitro, alkylmercapto, amino, alkylamino, dialkylamino, alkanamido, halogen or
triffuoromethyl;
RY is hydrogen or alkyl; and . .
nis0, 1,2, 3or4;
or a pharmaceutically acceptable salt thereof or a prodrug form that is
20 hydrolysable to a compound as defined above.
2. A compound according to claim 1, wherein R' and R? are, independently,
hydrogen or C,_; alkyl.
3. A compound according to claim 2, wherein R' and R? are the same or different

and are each C, ; alkyl.

25 4, A compound according to any of claims 1 to 3, wherein R® is hydrogen and R*
is alkoxy.
5. A compound according to claim 4, wherein R* is methoxy. |
6. A compound according to any preceding claim, wherein nis 0, 1 or 2.
7. A compound according to claim 6, wherein n is 2.

30 8. A compound according to any preceding claim, wherein R® is hydrogen.
9. A compound according to claim 1, selected from:
1-[2-dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclohexan-1-ol;

1-[2-dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclobutan-1-ol; and
1-[2-dimethylamino-1-(4-methoxyphenyl)ethyl]-1-silacyclopentan-1-ol;
35 in either racemic or enantiomeric form.



20 hydrol ysable to a conpound as defined above. 2. A conmpound according to
claiml1, wherein RlL and R2 are, independently, hydrogen or d-, alkyl. 3.
A conpourwoacmamai ng to claim?2, wherein RlL and R2 are thecIamn201900
different and are each Cl1_3 al kyI 25 4. A conpound according to any of
claims 1 to 3, wherein R3 is hydrogen #8d R4 is alkoxy. 5. A conpound
according to claim4, wherein R4 i s nethox 6. A conpound according to any
precedi ng 19-ai n SRMEPENG aFcqrding to glais 9 selected fiOMonpound according to clai m

6, wherein n is.pq. [ﬁ@un@ethﬁa@mﬁmwﬂe%ﬁﬁh@hﬂ%tﬁﬂ] ﬁ@br%d%@ﬁ@%mﬂof'aﬁbm
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