13 DEC 2005 1 PHARMACEUTI CAL FORMULATI ON The present invention concerns a
new oral pharmaceutical fornulation, conprising a basic pharnaceuti;aﬁ 9@%5
active ingredient having pH dependent solubility, which inhibits 5 t

rel ease of the basic pharnmaceutical active ingredient fromthe fornulation
at acidic pH (preferably below pH 3) and preferably provides substantially
pH i ndependent controll ed- release of the pharnaceutically active ingredient
over the broad pHrange in the gastrointestinal tract; a process for the
manuf acture of said fornulation; and to the use of said fornmulation in
medicine. is Effective controlled rel edse pharmaceutical fornulations are
desirabl e pharmaceutical products, as these allow optim zation of drug

t herapy; and an opportunity, th tq.decr reagyency of dosage and to

m ni m ze undesirabl e side dydck iké%%ﬁs@iél ign of such |
controll ed-rel ease systens is not a sinple matter, especially when the drug
formulation is iﬁgen ed dor.oral adm ni st 1.0 pass. through t he

15 gastrointesti TprfsfeﬁdeenWﬁc(?ﬂcegﬁﬁlnﬁwf’?;ﬁ?%%a'% eﬂﬁ%qnu PHO SEPRISt i ¢, a
| arge vari atd tesicipharmbtenddaliyngtivd mgﬂemaghbmung\ﬂnyepdmddgsmmW, wigichasibits properti es

t b ' f tl ble i.n thi [
compared 1 o i TSP U OR PBRVETSRHERTS PARAER foah ot BerRet it A ap B dependent

sol ubi | i ty i(prefeneblygisesdw gH Bit 228 prefeadblytpravddes elﬂ:mtalitﬁﬂylbl’({-iﬂd@pétﬁérit atitellao drug

rel ease profi t n-.vi v | oa it bl ens. Sever al
attenpts to%1\7%5?855\39Pﬁaﬁ‘gacﬁ%ﬁlﬁ’eﬁbﬁfm% eepe gle fwggl:'x fﬂ%?ﬁ’tg of basic drugs
have been demsrdiiyestinal Thasepretessdboratlys manufaroranfead foemulgtonoindan ttemtesfi ¢ pol yrer,
whi ch is insglu PI e to retard drug release in | ow pH environnents
[ see, for e>s<sglrrp l%gﬁkl%gg%‘ and A Streubel et al. J. Controlled Rel ease,
67 101-110 (2ooof-rfecuap cqnhellcdzsleasqplonp@matchlcfwmfmmSIam/dembbecul ar wei ght

organi ¢ aci %&%a@meaﬁ, omktsaggtﬂésgﬂmhvpeg[ oMo | WH@%%W%

formul ation matri x eeping t ub acgés const ant [see,
for exanple, bofd tg deamatss frequengy of flpsagpmdrtmnmameﬁﬁw ifpble srdseﬁeca» Hopgwerp02 (1992),
and V. K Thonge nﬁa@fén&‘sucﬂdﬁﬂﬁ[ed-rﬁ% %tex‘n@ﬁ noﬁa]sﬁrﬁl)lc mgtgbr,]cgﬂecfaﬂi @8 the The

i ncorporation of = an anionic gﬁ (for exanpl e sodium al gi nate) show ng
pH dependentdréoiompilatiopys iptgndgd °HH§'§”‘P€§F“HH‘F adibaTio Rass ERCugh &% conpri ses a
neutral pol yABFointGaNA trhdd SRlishRkBbRe hhérpGtHef SRAEEH®Ss, a large variation in pH

along its length.

)

Many drugs showing basic properties ionize at low pH and become significantly
- more soluble in this pH region compal;ed to & more neutral environment. This
manifestation of pH-dependent solubility in the gastrointestinal {ract can result in variable
20  drug release profiles, with parallel in-vivo bioava.ilabiliiy problems.

Several atternpts to overcome the problem of pH-dependent solubility of basic
drugs have been described. These strategies include the use of an enteric polymer, which
is insoluble at low pH, to retard drug release in low pH environments [see, for example,
US4968508, and A. Streubel et al. I. Controlled Release, 67, 101-110 {2000)], or the

25 incorporation of a low molecular weight organic acid to create an acidic micro-
environmental pH inside the formulation matrix, thus keeping the solubility of the drug
constant [see, for example, K.E. Gabr., Eur. J. Pharm. Biopharm., _3'_8(6)', 199-202 (1992),
and V.X.Thoma and Th. Zimmer, Pharm. Ind. 51(1), 98-101 (1989)]. The incorporation of
an anjonic polymer (for example sodium alginate) showing pH-dependent solubility in 2

30 drug formulation which also comprises a neutral polymer, gave insoluble gelling properties

at low pH, resulting in a strong diffusional barrier which was theorized to be the main



at low pH, resulting in a strong diffusional barrier which was theorized to
be the main 13 DEC 2005 2 nechanismretardi ng drug rel ease at | ow pHL E ;
[ US4792452; and P.Tinmns et al. Pharmaceutical Devel opnment and Tec M]I 8&9“
2(1), 25-31 (1997)]. O her nethods have involved enploying charged polyners
to influence drug release by either conically interacting with the drug
[see C. Caranella et at. Pharm Res. 14(11), 531 (1997), H Y. s Park et at.
Drug Delivery, 5 13-18 (1998), N. Caram Lel ham Ph.D. thesis, Uppsala
University (1996)) or by influencing t gelling and swelling properties of

t hese polyners [see KM Picker, Drug v. and I nd. Pharmacy, 25(3) 339-346
(1999)]. The fornulations wused here were generally based on one type of

pol yrmer. Bav i scl oses that
when a noni o%%aﬁgra?émfhhgre&mg (EE{I%%&%%PS& m @éﬁﬁ{zﬁgﬂ&nﬁ%@g “gm ymer ( NaCMO)
rel ease is r%ltaamctechcaJFEmglapmmmdélteclaiomgM@ Dedl (19%0)]1PRérerraethpdsiaye 2299
(1988) di SC’ 0580 oty RlrolibMler 8 it 28 g R M i@udihiye di T Fer ent

rel ease profiles a- carrageenhan an ive ngredi ent are
di scl osed i ninARcHRY RiLHB6 dmEvebCrizarimails eiodl. Ripma Regyiléd 1% 53 1911959).41.Y.

H i nd d 6/26717, WO
89/ |283ggegn§ E:g%ﬁ%g@g{@%fe Weegﬁrta%&s%a% g)sélgﬁg Fee conponent
matrix for mubaivesity @83Rardr oy influencing ghergollipgrends wallingipropagtias #F thpsegiolyinsrsent
agueous sol Uf%hé W, pRig: Bﬂ%fdcwhgdﬂ{doﬂ%ﬁdc? gst)?@ SRR t'!['l%r}oﬂ% which may be

varied, with ] ust ment these proper give d] ustabl e reI ease
rates. Two o‘FSﬂQ1 h@e wengiRenrEally ased m@lcmca’fg‘évmrng poI yimer with significant

pH-dependent sol whidik Ly, %H(jbhﬁ:%ac%@ﬁ’ds@ﬂ‘sgﬂisfﬂsﬁbﬂﬁkﬁ:scs@ﬁ@ whedShddidagt pol ymer
with | ow or insi gn|f1| cant pH dependent’ sol ubij | I’qﬁgbmsuc as hydroxy propyl

met hyl ceP | uPBERET (FRNE) isgpixsdorithen agipwn polyRerfaC lepieitreteslepoR®Be i nvol ves
ei ther an enkgydiel, gﬁ@tmmumiama 48229@(1@83)rmlhmdufe§ offnklylcemaby mer (VWO
96/ 26717) ; Evg@% fr :i\rea/?gtﬁr'm 1; pes of nethacrylic acid
pol yners, @@‘)e i &fﬂ%ﬂ&%&wf i¥s o GHTagsEn Bthy |

cel | ul ose (Vﬂgﬁ%ﬁgﬁﬁﬁgc]os&ﬁnmrSSGthese strat egl es, have-not, in general,
specifically tar dbaS| drugs, and ve ~depended o iC coat type
or water insol ublg‘g’mgﬂ‘la%P tra‘§§fgsnt°§§ve§ Pﬁ%‘f’%ﬁi’%ﬁ/’ﬁiﬁgeaéecqrﬁﬁeg‘ﬁ‘lej’

pH dependent regetet i[ sae) Wipbe/pa717, VoD 0Hy28805 amﬂWm%D@smaAHeuuéamfmhmdluﬂs ug

rel ease at | Oflee? léor%&ﬂexﬁt%‘amxr}tonﬂula%on cc?rr?'psntsmg the&ed anwrrBrs with typically different

aqueous sojubility and swelling properties, the composition of which may be varied, with
adjustment of these properties, to give adjustable release rates. Two of the components
involve a gelling polymer with significant pH-dependent solublhty such as sodium

20 alginate, and a gelling polymer with low or insignificant pH-dependent solubility, such as
hydroxy propyl methyl cellulose (HPMC) or polyethylene oxide. The third component
involves either an enteric coating polymer, such as methacrylic acid copolymer (WO
96/26717); EUDRAGIT® L or S, which are specific types of methacrylic acid polymers,
(WO 99/29305); or a water insoluble polymer, such as ethyl cellulose (WO 99/39698).

25 However, these strategies, have not, in general, specifically targeted basic drugs, and have
depended on enteric coat-type or water insoluble polymers, such as a methacrylic acid
p.olymcr, or ‘a pH-dependent gelling polymer, such as sodium alginate, to retard drug
release at low pH environments, at least in some part.

The present invention provides an oral phanna;ceutical formulation comprising iota-

10 carrageenan, one or more neutral gelling polymers and a basic pharmaceutically active

ingredient; which formulation inhibits the release of the basic pharmaceutically active



The present invention provides an oral pharmaceutical fornulation conprising
i ota- 30 carrageenan, one or nore neutral gelling polynmers and a basic
pharmaceutically active ingredient; which fornulation inhibits the|geregsg
of the basic pharmaceutically active 13 DEC 2005 3 ingredient fromthe
formul ation at acidic pH (preferably bel ow pH 3; especially about pH 1).
Substantially pH independent rel ease neans that the release rate is
significantly redarded at pH 1 and slightly increased or unaffected at pH
6.8 so that the amount of basic 5 pharmaceutically active ingredient

rel eased at any one tinme becones | ess pH dependent. The present invention
further provides an oral pharnmaceutical formulation conprising

i ot a- carrageenan, one or nore neutral gelling polymers and a basic

phar maceut i ciagfe§iem €loiriie fortoul&ibn@ndeidid pol @refoaatlyeigpbransid 3 Speclight@aggd y, present
in the fornmuJ.ation of the invention at a level 10 of nore that 15% by

wei ght The iota-carrageenan is preferably of natural origin. One type of
pharmaceuti cal giSasientidlypHiadepagiennasasd avaas thajtherefes@mb Msigiifiogtlyymer ) has a

t f I t han. ent i poi , f t 5-10
R L L
measured at ptathaskdticalty aBtﬁadkgré(ﬁérﬂrelehsddvﬁasgommhmbeﬁézh&seﬁsmubpeﬁde#ﬂ spi ndl e
runn! ng at a Spe uﬁrfeseé ion él‘ e¥ %vx?gsag'loratpp agmaceat %tl Ot a- Carrageenan

(avail able from i'ochem ca)  prererab a4 K Vi sc05| of not |ess
t han 14 xnPacosyprifiog 10&-@::&6%@(1@:@00&0@0%@ g@ﬁmwol:mdrstamd Qﬁlﬁlc after which the

Vi scosity .9 | I1'ingball visconeter, of type Haake, used
t oget her Wltlﬂm{lﬁ‘?%&!lll F@gq%)%l%? C3 and Hakke Mess- System [11, and using

gol d- coat ed st ai Mdizeamragtens is,\padférebly presegbinghe fprnyilgiog pEHS invargiom ke levelut r al
gel 1ing pol Yikord t%axais% e gghto{"l}e%tﬂﬁﬁta cﬁan% glyté?%‘tu&f‘@n i Q3" al

er odabl e pol yner(s) havi'ng ng pro ertle havi ng s stantlally
pH- i ndependetipe of Sbirmatenticay gradetietaatageearn @edilably Qowmﬁropplgmerb hasfer abl.y,

present in t»hﬁ:oi;W%'o@l%és%n%tceﬁlpbﬁé/&bs) p?éferﬁﬁ?ﬁxth@%gelﬁ% Qetrold £igr ably nore
t han 20% by wei ght. { and "erosion" refer to dissolution or

di si nt egr at | WHtier prEd @n@ %tlef Wﬁ%‘bﬁ’ﬁ?%ﬁtyﬂbﬁ“sﬁe@ 30150 wérh 2 Beaskdirdd 25
enhanced by ¥ )ﬂs&gncﬁs? i ik SRk Anm@ At abﬁcc%rb? aneRsl RYypRBChaRicqal
interacti on with solid matter,
grade iota-carrageenan (available from Fluka Bmchen‘uca) preferably has a viscosity of not
less than 14 mPa.s, fora0.3 % aqueous solution warmed to 20°C, after which the viscosity
is measured using a fallingball viscometer, of type Haake, used together with a Landa
thermostat C3 and Hakke Mcss—System 1, and using gold-coated stainless steel balls of
density 7.8 g/lem®.

20 The neutral gelling polymer is a single, or a mixture of more than one, neutral
erodable polymer(s) having gelling properties and having substantially pH-independent
solubility. The neutra} gelling polymer is, preferably, present in the formulation at a leve]
of more that 10% but preferably more than 20% by weight. {"Erodable" and "erosion”
refer to dissolution or disintegration either alone or in combination. Dissolution can be

25 enhanced by mixing and disintegration can be enhanced by mechanical interaction with
solid matter. } ‘

Suitable neutral gelling polymers include polyethylene oxide (PEQ), derivatives
and members of the PEC family (for example, ﬁolycthylene glycol (PEG), pfefcrably
existing naturally in the solid state, of suitable molecular weight or viscosity). Thus the

30 neutral gelling polymer is, for example, a polyethylene oxide or polyethylene glycol.

If used as a single neutral gelling polymer, 2 PEO preferably has aMW of 2 4

million (4M) (for example a MW of 4 to 8 million), corresponding to an aqueous solution



Sui tabl e neutral gelling polyners include polyethyl ene oxide (PEO |, ‘
derivatives and nenbers of the PEO famly (for exanple, polyethyl enlggte/mé
(PEG, preferably existing naturally in the solid state, of suitabl

nol ecul ar wei ght or viscosity). Thus the 30 neutral gelling polyner is, for

exanpl e, a polyethyl ene oxide or polyethylene glycol. |If used as a single
neutral gelling polynmer, a PEO preferably has a MWof > 4 mllion (4M
(for exanple a MWof 4 to 8 mllion), corresponding to an agueous solution 1

3 DEC 205 4 viscosity range of 1650-550€ nPa.s (or 1650-5500 cps; neasured
for a 1 %aqueous solution at 25C, using a Brookfield RVF visconeter, with
No. 2 spindle, at 2 rpm. O her exanples of suitable PEGs include a PEO of
MN ar ound 5 nis¢dsitprangesiill 6505500 :E'po (oalil 6F- 1560 canmenyured €rs ad G agieomn Vi SCoSity
range of 5500

- . 1500..aPa. s, L0r P ar Qund. mJ i s .(8M,
cor r espondi ng T ag% %‘&@63? Y ‘T’Jlfllﬁc?rﬁ v\‘/sl‘:%%%%ri ‘E’Xt/l%r\]gfr#gsé’mg&’ T&(%B%q #do nPa. s.
This range eeusies of ablalPREEs ifidudetayfROcA MWatauhd § millibs (S08), Eoyrefpiondingis )
nmeasured at 25C, quoted for .this | in the NF ,_.2000
od o, pp. Syt Saien ko ol 83T 0 bPa 17 3R 1Y Ropd §if b | <
used as as si (8yecaresondihy @ah hqueguspolutioreviscoditypingt of HIODY-15E0S niPal3i Fhis nol ecul ar
10 wei ght, for exanple, .a of .arpund .20Q0Q, cqrrespondi to .viscosity
range of 2705%%%%?%@{?153 mypfﬁldﬁl?lggb‘ﬁsc(?ﬁgg{“c M‘lg@n%é%gq‘é?ugé% agueous
sol ution (W w)s palyn0,G the USP BYNE-10 27000 kbditioh, yp. R2SIAEAS6r ThishkEd adadaver
equi val ent) . eg‘%%g’gean Phar macopoeia 3rd Ed., 2000, Supplenent, pp.

908-909.] O e Y] gel ling polyners include cellul ose derivatives such
as 15 hydr oxypr ofyPi@ishuydd as ekingik oagral gdRNMEpolgmertiyplefoxplyttay 4 bigh inoleode ( HEC)

10000" cpet. - PR Bgbu Ao S et it AR el /e BFRUE, D
a singl e neussoalmBscl (yrag00-3500\ps) ongapsreysingat 59 aqomhol solwive (wod) wrad’e, | i ke " HPMC
10000, et e bSO R NN GRS S Mo SRRBE S0 05 ©
11250- 21000 _&‘bE;i., 200n SuppleasuppP08902DC with a 2% (ww) aqueous sol ution,
Vi scompter (Upbel GRasiart ghfnd Akl Sl b A uEN By BB E0) el 1l ose
pol ymer, ' or hydesxapaspdmethyigeliviese (HRMO) @ipydnaryethylzplivleqer(EEE) Guhprelereldy es
I ncor por at edubRy 3R Rieabl§ AR iscosities (for example "HPMC 10000 cps”, "HPMC 15000
: Eps", "HEC type HH" or "HEC type H"). When used as a single neutral polymer,
hydroxypropylmethy! celluiese polymers like "HPMC 10000 cps™ and "HPMC 15000
cps" have, respectively, apparent viscosities of 7500-14000 mPa.s (or 7500 - 14000 cps),
20 and 11250-21000 mPa.s (or 11250-21000 cps), when measured at 20°C with a 2% (w/w)
agueous solution, calculated with reference to the dried substance, using a capillary
viscometer (Ubbelohde or equivalent). One type of hydroxyethylcellulose polymer, ff.;r
example, *Natroso] 250 Pharma, type HH", from Hercules Incorporated (Aqualon), shows
typically a Brookfield viscosity of about 20,000 mPa.s using a Brookfield Synchro-Lectric
25 Model LVF instrument, at the conditions 1% solution concentration, spindle no. 4, spindle
speed 30 rpm, factor 200, 25°C (See Natrosol Physical and Chemic_al Properties booklet,
. 33.007-E6 (1993), p. 21).
When a mixture of neutral gelﬁng polymers is used the mixture can, for example,
comprise a mixture or blend of two or more PEOs, two or more HPMCs, a PEQ and an
30  HPMC or 2 PEOQ and a PEG. For example, a PEO of MW 4, 5 or 8 million could be
blended with a PEO of MW 1 million, a PEO of MW 400,000, a PEO of MW 100,000 or 2

PEG of MW 6000.



typically a Brookfield viscosity of about 20,000 nPa.s using a Brookfield
Synchro-Lectric 25 Model LVF instrunent, at the conditions 1% sol uty@mgC 72005
concentration, spindle no. 4, spindle speed 30 rpm factor 200, 25C (See
Nat r osol Physical and Chem cal Properties booklet, 33.007-E6 (1993), p.
21). When a m xture of neutral gelling polyners is used the m xture can, for
exanple, conprise a mxture or blend of two or nore PECs, two or nore
HPMCs, a PEO and an 30 ' HPMC or a PEO and a PEG For exanple, a PEO of MW
4, 5 or 8 million could be blended witlR a PEO of MN1 nmillion, a PEO of MWV
400, 000, a PEO of MW 100,000 or a PEG of MW 6000. 13 DEC 2005 5
Alternatively, a neutral gelling polynmer (for exanple a PEOQ <can be used in

conbi nati on wi t hAger@iveyed heudg gBBLE ﬁcﬂ}mdﬁ@ﬂoymﬁl le2wEh) am 1R ub@ih MV PEG, f or
exanpl e a PEG, hayi

ng_aMNbIowlOOOO sof | ow MWPEGs in such a
conbi nat i on COFRIBIRISVIL PR 85 “WE?@(P@ ’%‘Eb@?@ggé MY ¥R donsrapRigfty range of
388 2%8 ga E)G Bdving aMWEl0of 100005 680hp(es 6f @ IIWTEEHTIGh §uBh & cOHEEEA LY ralngg of
a..s t wo' or ra es can incl ude
bot h | ower v‘f‘éﬂ‘&ﬁ%ﬁ( °f%ﬂ@r§%é%¢g?rfﬁ%‘3“%5‘ﬁﬂa hyigRey f@ff%&@@tﬁ CREE) gr ades.
For exanpi F,Pﬁmoc@naspoqdh!gm ﬁ?ao@insra%girwng)d:m&spp; h%l ng, g
respectively, apparent viscosities o - a..s, . 3-21. Aa.S an
4.8-7.2 nPa.s, @6'8'?‘8’?%‘5%@88 flﬁ 0%?’?{881%8/5???@? czﬂléf“ihﬁéﬁ éﬂ%"\’f‘é“si%‘%an be used
asI bl ends }Ni(lhhn dﬂﬁgﬁﬂ?ﬂﬁr ﬁmmfy@%dl;dfgﬂfﬁﬁ&59&@xﬁﬂﬂ" "}E?dtrltsempk"pf two or tm)rle
pol ymers o N er ves better 4 on contro
when t he forﬁ%@%so@g ﬁgﬁ%né&gﬁt %’F‘Pgl %Sﬁeﬁtm\gb%@fmqt&sﬁm%%feﬂﬁ al one or
in a mxt uremPahel B2ghePats sl 4847.2 inFREQCcurdidg totthremétizsisadibr define qbo‘keyner is
required S‘H%%(ﬁega;ﬁé lﬂﬁﬁlﬁ% e eng s“%rtlﬁ’l\tlﬁ?sdoﬂ‘é pAtion. 15 The exact

formul ati'on e | nve ronis nt on cul ar wei ght and
mol ecul ar wei ght Ad:l@tdrormtqrmremolmms of thie [sarpgkipblbyy pdiffertrs MEWs gies wel | as t he

quality of eggh erégfontcbxﬁropghéﬁlr{ﬁ'srf%mﬁfgﬂof?¥ﬂ9c inbihiBf1R 1PSPEbrR whiisbvent | on

t he neutr al a? about lion or nore, a
PEG of MW ofél@fisenin azr@@tymwphwbqféhel\éWOJPE@lqsm @g@swm%&lrw isTeaMimRg 20 an

apparent Vi sgegikd A/fo?rﬁulﬁthﬁlﬂ:co?cﬁ&% feSnvektionDr e (measured as above).

15 The exact formulation of the invention is dependent on the molecular wei ight and
molecular weight distribution of the gelling polymer chosen, as well as the quality of each
of the polymers employed. |

In one aspect of the invention the ﬁeutral gelling polymer is #PEO of MW of about
4 million or more, a PEG of MW of about 20000 or more, or a cellulose derivative having
20 an apparent viscosity of about 7500 cps or more (measured as above). _
The ratio of neutral gelling polymer (for example PEO, PEG or HPMC; especially
PEO or HPMC; or mixture there of with each other or of 2 or more PEO or HPMC ) to
iota-carrageenan is preferably in the range 20:80 to 80:20 (espcma]]y about 40:60 to 60:40,
for example about 50:50).

25 Basic pharmaceutically active ingredients have one or more basic groups having a
pXKa preferably from 1 to 12 (for example from 1 to 10 (especially from 1 to 7)), and
optionally also having one or more basic groups having a pKa of more than 10. Thus, the
basic pharmaceutically active ingredient may possess one or ﬁorc pKa values but at least
one is, preferably, from 1 to 12 (for example from 1 to 10 (especially from 1 to 7).

30 Examples of basic groups in these basic pharmaceutically active ingredients having pKé's
of from 1 to 12 (for example from 1 to 10) include hydroxyamidines, secondary or tertiary

amines, or primary and secondary amides.



The ratio of neutral gelling polynmer (for exanple PEOQ PEG or HPMC
especially PEO or HPMC, or mxture there of with each other or of Zb?r E%®e
PEO or HPMC) to iota-carrageenan is preferably in the range 20:80 t 8b 3
(especially about 40:60 to 60:40, for exanple about 50:50). 25 Basic
pharmaceutically active ingredients have one or nore basic groups having a
pKa preferably from1 to 12 (for exanple froml to 10 (especially from1l to
7)), and optionally also having one or nore basic groups having a pKa of
nmore than 10. Thus, the basic pharmacgutically active ingredient may
possess one or nore pKa values but at l'east one is, preferably, from1l to
12 (for exanple froml to 10 (especially froml to 7)) 30 Exanpl es of basic
groups in these Baighbk bﬁb@ﬁﬁﬁﬁﬁ)@lﬁﬂcﬁlﬁﬂ detiveaspirddicatsiprgéraily BiMeJowR\heaRnPKa' s of
from1l to 12 (for from1l to 10) cl ude hﬁgrox m di econdary

e u
or tertiary é"g)ﬁg?(fﬁ’relxﬁ‘&?lﬁ a%l?ﬂfl‘e%’éé%‘wgl&?’? “Bﬁ*}l Qé@?fG Sui t abl e
basi ¢ phar rratbezomyﬁﬂi)l & ¥5°@@hd MEpH O &daRpbstiehedherzedkith HiR\e mofRWodi@venedi UM

Cdamonr ai 1y Bitsostesbtfie TR et S S0 o )3 A B R [ oe
char ged wis_thaoﬁvemgememquaqﬂ{tfweeamﬂhpmgess (cdgaaemgdpmgtm)the nunber and pKa
Cfor exanpl o pr Bk taat pROAmoR ol ol naroart St Erapifthy E-azayd ©
phar maceut i cldving cambvasexlarlagtmgll(@ai asiapeptidgror pepaﬂq)hle thaomhhrrmmum:i) havi ng

i bi Lor) - PBAR bR harE BpBERY W Bon OB 1805 Lo R O 1000,

have 1, 2, Sllrdqageé,aqﬁespw de depqnddoag:é@ﬂamdl‘lmhwlum—thdemddmbsuhmmmm ty. They
i ncl ude the REP #ﬂoﬂ'ﬁﬁsttllfhﬁ'&&gj ibsdoRBA By &%?ycgrﬁ xgaggpceﬁ-ge rmhérbﬁwé%w

descri bed genher: nore s evi ew pa
Cl aesson in B @mgsoe@aglqu Cegpk Fibrin. é; 4141954, ]?99’41} as these\isclosed dn ¥

in US Pat enﬁaté}loNo 4433@@?8()frﬁemitﬁhﬁ'PE'L%&'AQ%aUP:@W@WMb'W@th@E@BW\O 97/ 23499,
WO 97102284, W97/ 1422 93/ 05069, W93/ 11152, " WD 95/ 236009,

W095/ 35309, %7@@/7%5%@@8/0\9@292@2%859 WAL 1B ¥ XUePoIBVIRPFIIER: and -
Eur opean Pat wiat 961234480 $19306 W0 93/1688 a0 9B84AB16888hd EtecpedFhien559 046, 64]

115182 550, T e e ot g e i 2T 7
therefore) emiac,abl §o2i rel3dd 53006093 &80, 686 6ER G 3idrand 601 459. Peptide
thrombin inhibitors (or prodrugs therefore) especially include inogatran, melagatran
{HOOC-CH,-RCgl-Aze-Pab-H; Glycine, N-[2-[2-[[[[4 (aminoiminomethy])phenyl]-
methylJamino]carbonyl}-1-azetidinyl]-1-cyclohexyl-2-oxoethyl}-, [2R-[25]]-)} and
20  H376/95 {ximelagatran; EtQO;C-CH;-RCgl-Aze-Pab-OH; see Example 17 of WO
97/23499; Glycine, N-[1-cyclohexyl-2-[2-[[[[4-[(hydroxyimino)aminomethyl]-
phenyl]mefhyl]amiuo]carbonyl]—l-azetidinyl]-Z-oxoethyl]-, ethyl ester, [S-(R*, $%)}-].

ose dlsclosed

In another aspect peptide thrombin inhibitors (or prodrugs therefore) include
A inogatran, melagatran, H376/95, Ph(3-Cl)}(5-OCH,CH,F)-(R)CH(OH)C(O)- Aze-Pab(OMe)
25 and Ph(3-CI}(5-OCHF3)-(R)CH(OH)C(Q)-Aze-Pab(OMe).
In another aspect the pr;:sent x'nventioﬁ provides a formulation as herein described
wherein the basic, pharmaceutically active ingredient is:
Ph(3-CI) (5-0CI-IFz)-(R)CH(OH)C(O)-(S)Aze-Pab(dMe) {Compound A}; _
Ph(3-CI)(5-OCHE,)-(R)CH(OH)C(0)-(S) Aze-Pab(2,6-diF)(OMe) { Compound D});
30 Ph(3-C)(5-OCH;CH,F)-(R)CH( OH)C(O)-(S)Azc-Pab(OMc) {Compound E};
Ph(3-CI)(5-OCHF)-(R)CH{OH)C(0)~(S)Aze-Pab(OH) { Compound F};
" Ph(3-C1)(5-OCHR,)-(R)CH(OH)C(0)-(5)Aze-Pab(2,6-diF){OH) {Compound G};



{ HOOC- CH2- RCg1- Aze- Pab-H, dycine, N-[2-[2-[[[[4 (am noi m nonet hyl ) phenyl] -
met hyl ] am no] car bonyl ] - 1-azeti di nyl ] - 1- cycl ohexyl - 2- oxoet hyl ] -, | 2R—[§§R2m
and 20 H376/95 {xi nel agatran; Et Q2C- CH2- RCgl - Aze- Pab- OH, see Exanpl e 17

WO 97/23499; dycine,

N-[I-cycl ohexyl -2-[2-[[([4-[ (hydroxyi m no)am nonet hyl ] -

phenyl ] met hyl ] am no] car bonyl ] - 1-azeti di nyl ] - 2- oxoethyl]-, ethyl ester,
[S-(R*, S*)]-). In another aspect peptide thronbin inhibitors (or prodrugs
therefore) include inogatran, nelagat r.g H376/ 95,
Ph(3- C1) (5- OCH2CH2F) - (R) CH( OH) C( O) - Aze- Pab( Owe 25 and

Ph(3-d ) (5- OCHF2) - (R) CH(OH) (O - Aze- Pab( Ove) . In anot her aspect the present

i nvention provi deﬁh(ﬁcf)gtmméﬂﬂm?@{@ﬁf)@ddﬁ L(SIRSCEIRGHE) {CMHpb&IaT)t he basic,

pharmaceutical ly active ingredi

Ph( 3- O ) ( 5- OCHF2) Cempprmnd @4 br piepyrss) by aetimdp similgnyo thoseslgssaibesichelapy: for the
Ph(3-d ) (5- %,}gg,)aﬁcgn@f@% ;Q)nﬂﬁ.ﬁ)Aze Pab( 2, 6- di F) (OVe) {Conpound D}; 30
Ph(3-Q ) (5- ound E}

CH2F) - ( (S)Aze-Pab(OWw) {Co
Ph(3-d ) (5- ocHF2)In (aPé)ﬂéB‘I&G'é @G@eﬁfr’S)“AEfé“’Pa‘B(”éﬁ)a %‘?’%‘B%f@}mlaﬂm
Ph( 3- Cl)(&OQﬂEL%}mﬁﬁa@H(pﬁth%@caﬁfl&wm tmif- di F) (OH) {Conpound G}; 13 DEC
2005 7 Ph( 3- CI)(5 Aze- Pab(OH) (Conmpound H).

Conpound G can b& (- @H‘GWI%’E"%’% 95qxﬁ131(7511?132{ﬂ{5°}’fﬂ}q£§s%1]a@3%“ bed bel ow for

the preparati onylfyrofyl BRbIBES ofitridd Gvhidh chipcdidis Redrred SPREdinaftBeas pr esent
invention provi dss a rmaceutical fornmulation s wherein the basic,

phar maceut i cal | y-&e§9 Pngredient is: 1. 4-({ 3-[7-(3, 3-dinethyl

- 2- oxobut yl) - 920ka-bdtyl2-¢li-BZadkympaliino)Bop31]D-dxa-a/7-dazabitycor [0 Syl inon-3-

| am no) benzom tr| Zeth c(a\%/nmgh conpound is referred to hereinafter as Conpound
B); 2. t eh- bu ty %

7-[3-(4- cyanoam tertvoolyp2- bb&‘rk(]#wgammﬂ)bmyﬁrMathquJah)c)[CB (3.3 IjonSn- 3- 10

yl ) et hyl car barrat %etlﬁ’lﬁi atplb

2-{7-[4- (4-cyano -9 0)a- 3, 7-di azabicyclo -[3.3.1 ]non-'3-
yl ) et hyl car banét @r@sty %ﬁdﬂﬁmﬂémkw}%h?ﬁimﬁi‘&ﬁ%']’ 7-9-oxa- 3, 7-
di azabi cycl o[ 3. 3d1&abi§&m’[l333:m&as 1) S8 PEdbRE (WRchnpbird89R%med b @ further

aspect the basi ¢ pharmaceuti cal 3/ active ingredient is netoprolol or a
hereinafter as Compound C

these compounds having been described in WO 01/28992.
In a further aspect the basic pharmaceutically active ingredient is metoprolol or a
salt thereof (such as a succinate or tartrate thereof}.
The formulation of the present invention can include: a processing additive,
20 stabiliser, plasticiser, colourant, lubricant (such as sodium stearyl fumarate), binder, filler
or surfactant, or other excipient normally used in a pharmaceutical preparation.
In one particular aspect the formulation of the present invention includes a lubricant
(such as sodium stearyl fumnarate).
In another aspect of the present invention the molar ratio of iota—carra;gcenan to
25 basic pharmaceutigally active ingredient is in the range 3:1 to 1:3. |
. In a further aspect the pharmaceutical formulation of the present invention
comprises 15-80% iota-carrageenan.
In another aspect the pharmaceutical formulation of the present invention comprises
15-80% of one or more neutral gelling polymers.
30 In a further aspect the pharmaceutical formulation of the present invention

COmprises i-SO% of a basic pharmaceutically active ingredient.



salt thereof (such as a succinate or tartrate thereof). The fornul ation of
the present invention can include: a processing additive, 20 stabiliser,

pl asticiser, colourant, lubricant (such as sodium stearyl fumarate),]30FHHES
filler or surfactant, or other excipient normally used in a pharnmaceuti cal
preparation. In one particular aspect fumarate) . In another aspect of the
present invention the nolar ratio of iota-carrageenan to 25 basic
pharmaceutically active ingredient is in the range 3:1to 1:3. 30 In a
further aspect the pharmaceutical fornulation of the present invention
conpri ses 15-80% i ot a-carrageenan. |n gnother aspect the pharnaceutical
formul ati on of the present invention conprises 15-80% of one or nore
neutral gelling polyners. In a further aspect the pharmaceutical fornulation
of the present iImvassﬁtlifmﬂnernp&rpmbplmndccﬁ&%foﬁnﬂatbasmepb@hﬁﬁ&auéﬂ cally active
i ngredi ent. urt her. .aspect...t he phar maceut i cal
fornul ation CSPPW%S:&E&%@SRTCR}HN33?58 aprgggﬁsbr}g @8@ gS%%ef EEESEh| |y 1-109% of
a processi ngoldant hubgcants biabdr ot Sliek, or plhersdxtipiestarormally @bed it Apiarmicetticalc ant ,

bi nder or fi I I er or other excipient normally used in a pharmaceuti cal
preparati onF H @ mechani sm behi nd the inhibition of the release of the
basi ¢ phar naceut'l‘mahechaﬁsrm Mmtzllﬂgnﬂdbl&dﬂtoﬁtmmishef thobasidlphirimasendtal aci di ¢ pH

(especially the.su dependent c troI r se) i s thought
to be as fol¥fB mgrﬁenﬁgw 1f¥1fr%1gn%%ﬂ &Cﬁﬁgpﬁﬁé tﬂ?ccs&%’%?ug@tpﬁse i ngr edi‘ent
drug woul d hedegondent tedrolial falzase) iathoethato beak foilowvghAt ls@pHlxhé bdsyg as it is in a
strongly ionj . n how a 10 fast
rel ease pr o;b:h @%@%ﬁ%@mg %ﬁeﬁgﬁgcrﬁ;&ﬂﬁ%gﬂd mﬁ)e%gcte%%%ggépg&ﬁ ggf]kgigﬁ at acidic pH
and in the spiubifitneéioh alsmralyoamzeég@@naxd, theraforep iowd bt ¢xpegsed tophad st s bet ween
t he negatj v r n p ged drug,

whi ch re%dar 3?3"’?3% @gﬁ%gglgtagyn%%ﬂ%ﬁ&cgﬂ% ?‘l@grllfggglatf %\%/g?i%ﬁl axcrlrg{}gé const ant

rel ease pr offrysence pf iolsicatseseenspy an jgmicratteagdonyrxistsipgvsen the eggadivelirbrrged ess strongly
i oni zed, or 1&9t:ax+a‘§£ﬁn§x‘?g1d@$c kitivel Piidred B8 @F?Eherctaﬁﬁp%gr%c shaufxpected to

show a sl ow rel ease profile fromany neutral patrix, it is theorised that
t he contributes towards a more constant release profile. At hlghcr pH when the

pharmaceutical drug is less strongly ionized, or not ionised at all, and, therefore, would be
15 expected to show a slow release profile from any ne‘utral mmatrix, it is theorised that the
ionic interaction proposed above is also less significant and the release profile is controlled
predominantly by the combined swelling, gelling and erosion proﬁles of the neatral gelling
polymer/s, and the anionic poymer, jota-carrageenan, used in the formulation,
The final swelling, gelling and erosion prbpertics of the formulation of the
20  invention are related to properties like the molecular weight, and molecular weight
distribution of the gelling polymer/s, and the anionic polymer, and also related to the pH-
depcndent hydrolysis rate of the anionic polymer. Thus, different release rates for the
basic pharmaceutically active ingredient may be obtained by adjusting the nature (for .
example the molecular weight or molecular weight distribution) of the gelling polymer, the
25 amount of iota-carrageenan present in the formulation and/or the ratio of gelling polymer
to iota-carrageenan. .
The formulation of the present invention can be presented as a solid dos.age form
(such as a tablet, capsule, pellet or powder dispersed in 2 suitable container, or in the form
of a multiple formulation (such as coated pellets administered in a tablet, capsule or

30 sachet)).



ionic interaction proposed above is also |less significant and the rel ease
profile is controlled .predomnantly by the conbined swelling, gellingram,
erosion profiles of the neutral gelling polyner/s, and the anionic poyner,
i ot a-carrageenan, used in the formulation. The final swelling, gelling and
erosion properties of the formulation of the 20 invention are related to
properties |like the nol ecular weight, and nol ecul ar wei ght distribution of
the gelling polymer/s, and the anionic polyner, and also related to the pH
dependent hydrolysis rate of the anionig polymer. Thus, different release
rates for the basic pharmaceutically active ingredient may be obtained by
adjusting the nature (for exanple the nol ecul ar wei ght or nol ecul ar wei ght

di stribution) of thbg 4 clﬂh@gwafﬁwpﬁwestahm&éomﬂyzo@oomgt@pe&awﬁﬂeenan
present mtheforrrula ion and/or the ratio of gH I'ymer
At

i ot a- car r age89aR of tasis Phymataulieally Actiye ingtediep(Bsh 37r§(/5?§n?1i @mpelaw “’b@ %r esent ed
as a solid degage form (such as a tablet capsul e, pellet or powder

di spersed in a sujtable container, in the form of a nultiple formulation
(such as coated pEhandpepbammacsiticy! é?f@ﬂla'i“-ﬁ' o the REPER Inventjpady messteddp asachet ) ). 1

3 DEC 2003 O9tzbRt lﬂﬂﬁbl@ﬁpgﬁfcrdbhﬁndde\s’lﬁﬂttﬂapﬂl tBE DMic @B hetR@MPr | Si NG
20- 500ng (espeéj ally 4 of basic har maceutically active_ ingredient

(such as H378EG8ENG: felepihdl H’&‘s%‘ °fr§“t9P’SEdé? YRENHRET AR Perecpert e

formul ati on @.’fstrb:htestmﬁﬁ&etnbvdr mp&maloﬁibomszombﬂsefme&dmpls 1822 sodr@bl et the tabl et
IS preferablgalt q g @05 é g t he basic pharnmaceutically active

i ngredi ent PR dor B#%ed or uni oni.sed.form dependi ng on the pH of
each part of themh ganﬁlﬂmlndnhgﬁttlthwd is pnbaidéd,amvms farprepsainﬂgla edrmelixiontof O hour s,
for exanp al.ternati.vely for In a stil
further aJs,Qpegrt‘a’scfl ﬁéwrcély?nsco &8{5/1%“&‘ T I?Jt? Sceéeen?n Pne?'r poé? Ill'érel'éaﬂf)3 l% of nul ati on of

the 10 pres gwirmcrnmmhwnpkwmpmtsmh@cmexnmgimmam ewaondg@emamssmamad or nore

tral I di ent
and, " opt Fonaf s BROBLf A fre@atth RBLE (RAR LT e lhiulfie b PC°0F
| ubri cant {sumhr@suabémnmPEUEBHywfmunaﬂﬂ@e_ sold under the trade nane PRUV
rm ) to form a 4 ahleben bR Bk B bR LIS BY o BEeRLERALAE: o:Ohet SX¥ATP! €,

by a direct conpression
15 granulation techmque

For the direct compression technique a basic pharmaceutically active ingredient is
thoroughly mixed with a gelling polymer and iota-carrageenan and additional excipients as
needed. A Jubricant (such as sodium stearyl fumarate) is sieved and added to the iota-
carageenan mixture followed by further mixing. The resulting mixture is then compressed

20 into tablets,

For the wet granulation technique.'a basic pharmaceutically active ingredient is
thoroughly mixed with a gelling polymer and iota-carrageenan. The resulting mixture may
then be moistened with:

a solution of a suitable binder (such as polyvinylpyrelidone (PVP) dissolved in 2 suitable
25 solvent (such as ethanbl or water); or, a suitable solvent (such as ethanol or water);
and the resulting blend is granulated using a standard or modified granulation procedures
(such as spray-granulation). After drying the resulting granulate (for example in an oven at
a suitable temperature (such as about 50°C) for a suitable period (such as 20-24 hours) the
granulate is milled (for example dry- or wet-milled), mixed with a lubricant (such as
30 sodium stearyl fumarate, magnesium stearate or talc) and the resulting composition is
compressed into tablets. The dried granulate could be used to fill capsules (such as

capsules made of gelatin).



15 granul ation techni que. For the direct conpression technique a basic
pharmaceutica and additional excipients as needed. A lubricant (suchpgg s
sodi um stearyl fumarate) is sieved and added to the iota- carageenan m xture
foll owed by further m xing. The resulting mxture is then conpressed 20
into tablets, For the wet granul ation technique a basic pharnmaceutically
active ingredient is thoroughly mxed with a gelling polyner and

i ot a- carrageenan. The resulting m xture nay then be npoistened with: a
solution of a suitable binder (such as jgol yvinyl pyrolidone (PVP ) dissolved
in a suitable 25 solvent (such as ethanol or water); or, a suitable sol vent
(such as ethanol or water); and the resulting blend is granul ated using a

standard or nodi fii £@ther Rpedl Bt pREnDIAHEEHIEFHdes @PetBssd6r phdpaddg Qr anul ati on) .

After drying. the resultin ranul ate (far exanple in an oven at a suitable
t enper at ur egff’g?}g??."a§3haa5%‘i‘]’%f°%?)%fcﬂfbﬁ' a suitable period (such as 20-24 hours)

the 30 granul at e Th&thiinbiti(d @mpexrTRidahel prodr@fs ciebe kEkbd fehe trefin¥®d W th a
| ubri cant (su as ?odi um st earyl fumarate,. _na,g@e%l ug} stearate or talc) and
the resul ti r§YObRSEYTA sk hrambosis Aad hypereope ity irhbipest and/of figsues,of aimels anul at e

coul d be useicliiding inbd. Ici8REIHIARat hgpeeddapBabiltppsyieSto MRgbOtmbRicAlstags. 1 3 DEC
2005 10,11 EgHASk: 83R5Eh i L eyl VG LoD, BRI SE3e2, hicess 07
conpounds  artg rhdnéibred frichee inferitehor abgnirdd sxtivited protaie ( sesisthmoe)dach atick or
il s 5. 1P e BRI pohied R PRl 2207
t hr ombo- enbdlli progins @sxen S, HeparuicbfacslL{tbo comlitads mows thypaseiagwiabi | ity and
o oo A RIRG T M TR S B =0 7
(factor V Leintesdjes (Lupnsiantipdrgnianty f!iomocyaeiqemir Mmﬂeﬁlﬂ@h@thm@@weahmd hr onbi n
bl e R0 PR Rpsahacitykl o Batp puhidas Lo, Lo be
ci rcul at i ng iavisgshissgsasilaten EPICAANA esgvlasinionip eeperhfpreaample v P,
honocyst ei nefdgerypeparin i nduced thrombocyt openi a and
15 In a further aspect the present invention provides a formulation as hereinbefore
described for use in therapy (both curative and prophylactic) for example as a medicament
{such as a medicament for cardiovascular disorders, for example thromboembolism).
A formulation of the invention useful in the manufacture of a medicament for use in
therapy. '
20 In another aspect the present invention provides a method of treating a
cardiovascular disorder (for example thromboembolism) in a warm blooded animal
suffering from, or at risk of, said disorder, which comprises administering to an animal in
need of such treatment a therapeutically effective amount of a composition of the
invention,
25 Certain peptide thrombin inhibitors, or prodrugs thereof, can be prepared by the

methodologies described below.

General Procedures
"TLC was performed on silica gel.. Chiral HPLC analysis was performed using a 46

3% mm X 250 mm Chiralcel OD column with a 5 cm guard column. The column temperature
was maintained at 35°C. A flow rate of 1.0 mL/min was used. A Gilson 115 UV detector

at 228 nm was used. The mobile phase consisted of hexanes, ethanol and trifluroacetic



defects in fibrinolysis, as well as coagul ati on syndronmes (for exanple

di ssem nated intravascul ar coagulation (DI C)) and vascular injury 4R [EC 200
general (for exanple due to surgery). 15 In a further aspect the present
invention provides a formul ation as, hereinbefore described for use in

t herapy (both curative and prophylactic) for exanple as a nmedi canent (such
as a nedi canent for cardi ovascul ar disorders, for exanple thronboenbolism.
A formulation of the invention useful in the manufacture of a nedi cament for
use in therapy. 20 In another aspect the. present invention provides a

met hod of treating a cardiovascular disorder (for exanple thronboenbolism
in a warm bl ooded animal suffering from 'or at risk of, said disorder,

whi ch corrpri&e&nam&iamrsﬁratdrmgashmlmd ﬁmbercrhhoﬂnpmundiéb@mﬂfy, taplodhateat nent a

t her apeut i c; Als Yiv aneCt' Ve, amun tfetg 1’31 85' |to(r11 ﬁéhthebl vent| on. 25
Certai n peptiae throMBlrRa HREEY 8ree 8 oasr {yd MR SO RS e prepar ed by
the nethodol ogl ésdldmpmatbaﬂ:ehml bWMWSevaabezﬂrrmmuﬂgemuoomsummf ormed on

i ralcol oS EBPHAOACH Bs T B BB i v ne s 08P Re L ¢ vas

mai nt ai ned amlsaﬁﬁimnAAntAmMﬂ@ll(ecxat) MS @eteridmvas wsed - Ths gow rde @hd SDALAlib UV

d 8 f h
et hanol - ana. ¥F P RARH @ atien) Deeoe S AR aer o AR D A R T at i 0s
are |listed fatmedchacearpotinchntaifyngioCah foymic hkié @madmllomoludwmalsved in a

i el DUt ol SURANGL A0S WS SRS BN BBGBRLe phase. 1 the

prepar at i ons or med Hst r unent
equi pped Wi t dwitghi@gicn Rte {mmseetgem/all-4005 aﬂ&hlgmmomS'Fhewm@&Mﬁl Hyper si |

BDS- 5 Clg C\QAerEchde%rhsiAgoaﬁ%%asé §@ir%?9cr g@ﬁ% £6 b WaShi BE mode [RGssl | OW rate

was 1.2 nbL/mn an hase ent) consisted of 10- 90O
acetoni tri| eraggetoyz d¢-1090% with I@“W%Iéfcphahl‘rﬁﬂgﬂis Acesingreal mpysinddht ai ni ng 0. 2%

form c acid. O hegymwaesp eétﬁ‘%e?&%é&dé&hﬁﬁ%ﬁﬁ&%thy%ﬂﬁﬁ%&eﬁdﬁé?ﬁ@haﬂﬁfcﬁ recor ded
using a Mcromass ZQ spectroneter in posneg . switching ion node (nass

range m z 100-800); and high resolution nmass spectra (HRVDS)
Preparation of Ph(3-CI)(5-OCHFE)-(RYCH(OH)C{O)-{S)Aze-Pab(OMe) {Compound A

Q
o N\—H N-OCH,
HO \_©_<
N .
\j NH,

ci OCHF,

15
(i) 3-Chloro-5-methoxybenzaldehyde

3,5-Dichloroaniscle (74.0 g, 419 mmol) in THF (200 mL) was added dropwise to
magnesium metal (14.2 g, 585 mmol, pre-washed with 0.5 N HCI) in THF (100 mL) at
25°C. After the addition, 1,2-dibromoethane (3.9 g, 20.8 mmol) was added dropwise. The

20 resultant dark brown mixture was heated at reflux for 3 h. The mixture was cooled to 0°C,

and N, N-dimethylformamide (60 mL) was added in one portion. The mixture was
partitioned with diethyl ether (3 x 400 mL) and 6N HCI (500 mL). The combined organic
extracts were washed with brine (300 mL), dried (Na;SQy), filtered and concentrated in
vacuo to give an oil. Flash chromatography (2x) on silica gel eluting with Hex:EtOAc

25 (4:1) afforded the sub-title compound (38.9 g, 54%) as a yellow oil.



to .were recorded using a Mcromass LCT spectroneter in ES negative
i oni zation node (mass range mz 100-1000) with Leuci ne Enkephal 3 DEC 2005
(C2ssH37N507 ) as internal nmass standard. 3H NWVR spectra were recor(11edD usi ng
tetranethyl silane as the internal standard. Preparation of
Ph(3-Cl) (5-CCHF2)-(RIC HOH)C(G-(S)Aze- Pab(OWe) 1Conmpound Al 15 d' v
"OCHF2 (i) 3-Chl oro-5-nethoxybenzal dehyde 3,5-Di chl oroanisole (74.0 g, 419
mmol) in THE (200 nL.) was added dropwi se to magnesiumnetal (14.2 g, 585
mmol, pre-washed with 0.5 NHCl) in TLEF (100 nmiL) at .25C. After the
addition, 1,2-dibronoethane (3.9 g, 20.8 mml) was added dropw se. The 20
resul tant dark brown m xture was heated at reflux for 3 h. The m xture was
cooled to OéHNMR@QQ,MHdiqﬁQIﬁyﬂ 5.9 (el Fe53((6 A BM 7\ 38 m d HAddSds, iLH), 388 porti on.
The mxtureé\é\@ gppartitioned with diethyl ether (3 x 400 nL) and 6N HC1 (500

The co ngd organic extracts were washed with bripe (300 nL), dried
(Na2804) , filtered and concentrated in vacua to give an oil. Flash
chromat ogr a eI uting with Hex: Et CAc 25 (4:1) afforded
the sub- tltﬂnys(:g%)09 byb Qﬂ&%d as a yellowoil. 1 3 DEC 2005 12 1H NMR
(300 MHz,s CE#S&CQ&)UOB 0939@0f@s5-m4h9xyb5m$®h(® (ﬁ?—l} 137 meg®l; (s stepH)), abﬁﬁel@ (s, 1H,
3.87 (s, 3H) i S

CH@ i%@nﬁnzaurage oléretb)é‘ii‘ %&ﬁﬂ%ﬁh@&*@l@fn 167 n&?&l}’\b% %ﬁd

3-chl oro- 5- neth oxy e , see above) in
CH2Cl 2 (250 drpvisayerci§atindA t@;sgr@ns-@@rrewnmmmwfﬁahéﬂol@o asaﬁsezi mol ) was
added dr opwigy OMﬁrsol%§oanaaQ theﬁ\feit?d&teéﬁwhﬁ 1,092 x 15CmLE Ak oQaniB i weref Or 2 h,
H20 (50 nl) vvas added sl ow % he solution was then extractéd with Et20(2
x 100 ni). TaembigedydredMeast ) Slteied wd censpasrarddn vagrq- tash Rpromeagrephyfon| t er ed and
concent r 3§ edsilich gd 3RMAg with ﬁ&bzmcqma@ﬁfde@hus&mmile(boﬁlg&dna@s gglzs%l) uting with
Hex: Et CAc (4:1) afforded the sub-title conmpound ( H NVMR (300
MHz, CDC13) 5 9.85 (s, 1H), 7.35 (s,1H), 7.20 (s,|H), 710(slH) 3. 68
(s,1 H 15 (‘HNNER3IICONRY, Tl sbley o, ARV NS WD Z2 @.¢H) d0 (£1n0d.68 i on of
3-chl oro-5- ta/(ljlr{)oxybenzal dehyde (7.5g, 48 mnol ; see step (ii) above) in 2-

15 (iil) 3-Chloro-5-difluoromethoxybenzaldehyde
A solution of 3-chloro-5-hydroxybenzaldehyde (7.5g, 48 mmol; see step (ii} above) in 2-

propanol (250 ml.) and 30% KOH (100 mL) was heated to reflux. While stirring, CHCIF;

was bubbled into the reaction mixture for

2 h. The reaction mixture was cooled, acidified with 1N HCI and ektractcd with EtOAc (2
20 x 100 mL). The organics were washed with brine (100 mL)}, dried (Na;SQ,), filtered and

concentrated in vacuo. Flash chromatography on silica gel eluting with Hex:EtOAc (4:1)

afforded the sub-title compound (4.6 g, 46%).

1H.NMR. (300 MHz, CDCl;) § 9.95 (s, 1H), 7.72 (s, 1H), 7.52 (5, 1H), 7.40 (s, 1H), 6.60 (t,
3 Jyp=71.1 Hz, 1H)

(iv) PR(3-CD)(5-OCHF,)-(R.SCH(OTMS)CN

A solution of 3-chloro-5-difluoromethoxybenzaldehyde (4.6 g, 22.3 mmol; see step (iii)

above) in CH3Cl; (200 mL) was cooled to 0°C. Znl; (1.8 g, 5.6 mmbol) and trimethylsilyl
30 cyanide (2.8 g, 27.9 mmol) were added and the reaction mixture wﬁs allowed to warm to

room temperature and stirred for 15 h. The mixture was partially concentrated in vacuo



propanol (250 nlL) and 30% KOH (100 nL) was heated to reflux. While stirring,
CHCIF2  was bubbled into the reaction mxture for 2 h. The reaction Kt (e
was cooled, acidified with INHO and extracted with EtOAc (2 20 x 100
m.). The organics were washed with brine (100 nL) , dried (Na2S»4) ,
filtered and concentrated in vacua. Flash chromat ography on silica gel
eluting with Hex: EtQAc (4:1) afforded the sub-title conpound (4.6 g, 46%.
1H, NWR (300 MHz, CDC13) 5 9.95 (s, 1H), 7.72 (s, IH 7.52 (s, 1H), 7.40 (s,
1H),,6.60 (t, 2s JHF = 71.1 Hz, 1H),{iV)

Ph(3-d ) (5- OCHF22) - (R S)CI-l(OTIVB)CI\I A sol ution of

3-chl oro-5-di fl uoronet hoxybenzal dehyde (4.6 g, 22.3 mmol; see step (iii)
above) in Q}‘%ﬁﬂxﬁg h20- dm‘e);orﬂmnmqh@dxdtx@hxaﬁuaszlséd%u(eaay&ngtcp &yBelgwriol) and
trimet hyl si lvé g C%Ja]%é % % 9 mol) were added and the reaction
m xture was “4fP ¢ e ﬁ’ilztalé?i‘per ature and stirred for 15 h. The

m xt ure was partlally concentrated in vacuo 1 3 BE C 2005 13 yielding the
sub-title ¢ used directly in step (v) bel ow
wi t hout furt ization. (v)

N 1
(Pg( gZCI ) (s5- WWH(G@@@WQW@EN (5 BPEt(agsuﬁile)zlé EnQEBﬂFs%d% stﬁRi@)i@V'é)OTNtB) CN
assune v), above) . was adde se to

HC1/ Et gC;’]-I ( 506 A ‘%gd?ﬂ‘éls? @J@%ﬂﬁﬁf@tﬂgﬁ kﬁd’gacg?% PPage Yes ghirreq Eﬁéhﬁ’ebartl ally
congent r at etlbaitﬂﬂwmmugﬁhcﬁhd?dmg yichiﬁhg&htbeu?-hﬂé ﬁmq:ﬁﬁﬁml’aﬂlqﬁt& whidh wsugkd Whi ch was
sed in ste t r ification or characterization. 10 (vi
lFJ>h(3-c| ) ( 5- d?:ﬁ&l@w\(%&"%?‘ﬁhf ; [E’:?%j"b%?‘ﬂmﬁ%“(r% tltii)(5 OCHF2) - (R, S) CH(O—|)C(NH§ CE%
(6.24 g, assune 22.3 nmol ; see step (v) above) was dissolved in THE (250
rrL) g@gﬁhg i : #:he reaction was stirred at 40C for

65 h, cool e f ated in vacua to renove nost of the
THE. The redbf3 @MS@%}@S@H(QI‘H@KNM @t adasminne 222 @Y Seesten 00 nl), dried

s (Na2SO4) apdye) \u& ol\?\ﬁq ﬁﬁ?%@use ﬁwH‘sdﬁ@M gfaa d%&tlﬂgre%ﬁg title

conmpound as a sol i I'n ste (vri ut furt

purifi cati onvaspireh ar4eE &ri6s htdopiad ar(d\ihqn)Paqﬂhlbewwepwe@@HEcuyﬂ( RMSYCH( OH) C( O OH
A sol ution @fosHiTtnd-THr), 1Pz (Sadtiod knififte RaHHbA G4 LD it ELO (PP 1@ mIgSEicAe 22.

mol ; - see
15

(Naz80y), filtered and concentrated in vacue to afford the sub-title compound as a solid,

which was used in step (vii) without further purification or characterization.

(vii) Ph(3-CH(5-OCHF,)-(R.SICH(OHYC(O)OH
A solution of Ph(3-CI)5-OCHF)-(R,SYCH(OH)YC(O)OEL (6.25 g, assume 22,3 mmol; see

20 step (vi) above) in 2-propanol (175 mL) and 20% KOH (350 mL) was stirred at room
* temperature 15 h, The reaction was then partially concentrated in vacuo to remove most of

the 2-propanol. The remaining mixture was acidified with 1M H,SOy, extracted with Et;0
(3 x 100 mL), dried (N2,SQy4) and concentrated in vacuo to give a solid. Flash
chromatography on silica gel éluting with CHCls:MeOH:concentrated NH4OH (6:3:1)

25 afforded the ammonium salt of the sub-title compound. The ammonium salt was then
dissolved in a mixture of EtOAc (75 mL) and H,0 (75 mL) and acidified with 2N HCI.
The organic layer was separated and washed with brine (50 mL), dried (Na;SO,) and

- concentrated in vacuo to afford the sub-title compound (3.2 g, 57% from steps (iv) to (vii)).

30 'HNMR (300 MHz, CD;0D) & 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89 (t, Jur=71.1
Hz, 1H), 5.16 (s, 1H)



20 step (vi) above) in 2-propanol (175 nlL) and 20% KOH (350 znL) was stirred
at room tenperature 15 h. The reaction was then partially concentrateg ﬁ
vacuo to renove nost of the 2-propanol. The renai ning m xture was aks dEE Wy
with 1M H2SO4, extracted with Et20 (3 x 100 nmL), dried (Na2S™) and
concentrated in vacuo to give a solid. Flash chromatography on silica gel
eluting with CHCL3: MeOH: concentrated NHAOH (6:3:1) 2s afforded the ammoni um
salt of the sub-title conpound. The ammonium salt was then dissolved in a

m xture of EtOAc (75 nL) and H20 (75 myy and acidified with 2N, HC1. The
organic layer was separated and washed with brine (50 ni), dried (Na2SO4)
and concentrated in vacua to afford the sub- t|tIe corrpound (3.2 g, 57 % from
steps (iv) t(eiii} Phi3 71-(N ; B, (aYG03 , , 1H), 7.22 (s, _
1H), 715(?%@@%&‘%\]HF 71. 1 Hz, 1H) 5.16 (s, 1H 1 3 0 EC 2005
14 (viii) P (R)CI—l(G—l)C(O)G—l(a) and Ph(3-C1)(5-OCHF,)) -

(S) CH( CAc) C(Lfktufelay PHXSmlx5~0CHFgf(RBm}K€ﬂ)¢(CBO%-JE2) FARnfBpCkeGH) Giip) OH (3. 2

Seetaie (125°R aRHERRES tom 1e50af il eBEE DS AT PR g e

reacti on m xvasrheatedist refimalf@ds hf The eacidn tdvtae glas éoeledfidlerel thraupgh Qelie®f i | t er cake

washed with E The filt S nratedlnvcua and subjected to
flash chr onaatn%gjra\agm %ﬁ hﬁm hE\eﬁA elﬁﬁf ]ﬁﬁrage\)ﬁaf ﬁonff—l?&rﬁg %lﬁcent rat ed
N1140H (6: 3: siz;oJewceﬂodIastgchtdmtc@mpfbﬁoum@gbltmtmg Mth&H@th@Hicmoemmdunds (a)

and (b j H20 ed w th ZN HC
and ((ax%rac'w&ég)yﬁq%hgﬁ&omgﬂkyﬁ eodndcrlomevam%"a@ gld "brine, dried
(Na2sSO4), fiCamepamdd Gihek asabwcsectnsspm@d HoR, a.pahﬁmimtb 22 HQragd PmCGdlb'étbl t | e :
conpound {a o2 { 300 :
CDgBD) S )tb%& T rgzrg@layze Eséggﬁd%miﬁmg?m@ %ég)ﬁétggé?w ( _ 71 1 is
Hz, 1H), 5. 1C¢m(esxtrat§d4ﬂ vesue Yo Fprdthergtile@ompounyl () K- DHETH)-C( O) - Aze- Pab( Teoc) To
a solution of Ph(3-0)(5-OCHF2)-(R)CHOH)C(OOH (1.1 g, 4.4 nmol ; see step

(viii) above) and H Aze-Pab(Teoc) (see international patent appl i cati on WO
00/ 42059, 2.TFrgub-itlexomponngdd| ) in DVF (50 nl) at OC was added PyBOP (2.8 g,

5.3 mmol ) artg 160t B6H M1z (Ep,8D9 5 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89 (t, Jup=T71.1
15 Hz, 1H), 5.17 (s, 1H) '

(ix} Ph(3-C)(5-OCHF,;)-(RICH(OH)C(O)-Aze-Pab(Teoc) .
To a solution of Ph(3-Cl)(S-OCI-IFz)-fR)CH(OH)C(O)OH (1.1 g, 4.4 mmol; see step (viii)
above) and H-Aze-Pab(Teoc) (see international patent application WO 00/42059, 2.6 g, 5.7
20 mmol) in DMF (50 mL) at 0°C was added PyBOP (2.8 g, 5.3 mmol} and collidine (1.3 g,
10.6 mmol). The reaction was stirred at 0°C for 2 h and then at room temperature for an
additional 15 h. The reaction mixture was concentrated in vacuo and flash
chromatographed on silica gel (3 x), eluting first with CHCl;:EtOH (9:1), then with
EtOAc:EtOH (20:1) and finally eluting with CH,Cl,:CH30H (95:5) to afford the sub-title
25 compound (1.0 g, 37%) as a white solid.

'H NMR (300 MHz, CD;OD, mixture of rotamers) § 7.79-7.85 (d, J = 8.7 Hz, 2H), 7.15-
7.48 (m, SH), 6.89 and 6.91 (t, Jur = 71.1 Hz, 1H), 5.12 and 5.20 (s, 1H), 4.75-4.85 (m,
1H), 3.97-4.55 (m, 6H), 2.10-2.75 (m, 2H), 1.05-1.15 (m, 2H), 0.09 (s, 9H)

3 MS (miz) 611 M + 1)

(x) Ph(3-C1Y{5~OCHF,;}-(RYCH(OH)C(O)-Aze-Pab(OMe, Teoc



10.6 nmol ). The reaction was stirred at OC for 2 h and then.at room
tenperature for an additional 15 h. The reaction m xture was concenigﬁiﬁc}
in vacua and flash chromat ographed on silica gel (3 x), eluting fir iLtZ05
CHC 3: EtOH (9:1), then with EtOQAc:EtOH (20:1) and finally eluting with
CH2C 2: CH3OH (95:5) to afford the sub-title 25 conmpound (1.0 g, 37% as a
white solid. "H NWR (300 MHz, CD30D, m xture of rotaners) 8 7.79-7.85 (d, J
= 8.7 Hz, 2H), 7.15- 7.48 (m 5H), 6.89 and 6.91 (t, Jn_F = 71.1 Hz, 1H),
5.12 and 5.20 (s, 1H), 4.75-4.85 (m 1), 3.97-4.55 (m 6H), 2 10 2.75 (m
2H), 1.05-1.15 (m 2H), 0.09 (s, 9H 30 M5 (mz) 611 (M+ 1)'

Ph(3-C ) (5-OCHFF2) - (R)CH(CH, ) C( O - Aze- Pab(OVe, Teoc) 1 3 DEC 2005 15

Ph(3- Q) (5- Opitiy4- é:?g%)%@ﬁ%é@- Péll?m&ﬁ) (049 g4@653mm9} @ésmb see step

(ix) above), was di acetonitrile and O. g (6.0 mmol)

of O methyl  aye rBM‘%WP@“HQMH@B’PW@I’Ga%?a%5%ﬁ@é’dnmqlh@f QrFI)@th!X’re was heat ed

at 70C for 2pfrox gﬂﬁuneﬂﬂhféﬁméndé@&s SMEP OFR A LARWhs hileedE7)-84& 2BsrhRar ti ti oned
bet ween wat er” an acetate. s The aqueous phase was _extracted tw ce

nore with et fglﬂeﬂbwtew@rwnflFber%@wbw#é@nwwrbp%veerpm@réw\ethylmmd with

water, br 'sneThéqubﬁﬂs W@%Ua&ttédlt\tzﬁé Rdrean cﬁl‘?f’-&@faﬁtaﬁ&ithc Xérﬁr!xﬂsd 9 aﬂfn]: g (919.
“H NVR (400 3) 3 TH) | 2H) . 7. 30

(d 2H) to Vh%wmashﬂ)wmwam b(“ﬁ? dmmavs’%hﬁ{wé m)cvapera&é a@eld ﬁ} 4.89 (s,

4. 87 sk ,447(m 2H), 4.4-4.2 (b, 1H), 4.17-4.1 (m 3H), 3.95
(s '3H), 3. g% 2.68 (m 1H), 2.42 (m1H -0.97 (m 2H), 0.01 (s,
9H). (xi) Ph(3 CI)(5 OCL 2)-(R) CH(OH) C( O) - ( S) Aze- Pab( OVe) 15

P[l( 3-d) § 5- g@ﬁﬁm (48 @gﬁ%b@ﬁ@)&ﬁmgfam %W(béiﬁg,cﬁﬁﬂ(l@i 49, 850 @, £, nIm:c | see
step: (x) a 2}_& sms%)ﬁ %ﬁéog n c or
vin TEA o SEUigR ok MiTRAE AL B e (rd- £400% 1 ASA TR 6t ny!
acetate and Naji0@3. 7 @g1m), 4.The.1 (RIS (9/385,6.67dm, EXY, 2.a8(mdH),W42e more with
et hyl acet at ?ﬁ? ,{1@? égﬂwﬁ gani ¢ phase was washed with water, brine,
dried ( NaZSﬁi} B g{)or ated. The product 20 was freeze dri ed
fromwater/acetonitrile. No purification was necessary.Yield: 0.28 g (85%.
(xi) Ph{3-CN(5-OCHF;)-(RYCH(OH)C(O)-(S)Aze-Pab(OMe)
15 Ph(3-CI)(5-OCHF;)-(RYCH(OH)C(O)-Aze-Pab(OMe, Teoc) (0.40 g, 0.62 mmol; see step
(x) above), was dissalved in 5 mL of TFA and allowed to react for 30 min. TFA was
evaporated and the residue was partitioned between ethyl acetate and NaHCO; (aq.). The
agueous phase was extracted twice more with ethyl acetate and the combined organic
phase was washed with water, brine, dried (Na2;S0y), filtered and evaporated. The product
20  was freeze dried from water/acetonitrile. No purification was necessary.Yield: 0.28 g
(85%).

'H-NMR {600 MH.Z; CDCl,) : 6 7.89 (bt, 1H), 7.57 (d, 2H), 7.28 (d, 2H), 7.18 (m, 1H),
7.13 (m,1H), 6.99 (m, 1H), 6.51 (t, 1H), 4.88 (s, 1H), 4.87 {m, 1H), 4.80 (bs, 2H), 4.48 (dd,
© 25 1H), 4.43 (dd, 1H), 4.10 {m, 1H), 3.89 (s, 3H), 3.68 (m, 1H), 2.68 (m, 1H), 2.40 (m, 1H).
BC-NMR (125 MHz; CDC13): (carbony! and/or amidine carbons, rotamers) § 172.9, 170.8,
| 1527, 1526 '
HRMS calculated for Ca;Hp3CIFN,Os (M~H)™ 495.1242, found 495.1247

30  Preparation of Compound D (Ph(3-C(5-OCHF,)-RICH(OH)C(O)-(S)Aze-Pab(2,6-
diF)(OMe))



1H NWR (600 MHz; CDC13) : 8 7.89 (bt, 1H), 7.57 (d, 2H), 7.28 (d, 2H), 7.18
(m 1H, 7.13 (m1lH, 6.99 (m 1H, 6.51 (t, IH, 4.88 (s, 1H), 48|78 2005
IH), 4.80 (bs, 2H), 4.48 (dd, 25 1H), 4.43 (dd, 1H), 4.10 (m 1H) %FE
3H, 3.68 (m 1H), 2.68 (m 1H), 2.40 (m IH. 13CNWR (125 MHz; CDC13)
(carbonyl and/or am dine carbons, rotaners) 8 172.9, 170.8, 152.7, 152. 6
HRMS cal cul ated for C22H23CLF2N405 (M H)' 495. 1242, found 495. 1247 so
Preparati on of Conmpound D (Ph(3-d ) (5-0CHFg)-(R) CH(OH) C(0)-(S)Aze- Pab(266-
diF)(Owe)) 1 3 DEC 2005 16 (i) 16

2,6-Di fluoro-41(nmethyl sul finyl)(nmethylthio)nmethyllbenzonitrile

(I\/bt hyl sul fi nyI)(rret hyIth| o) rret hane (7 26g 0 0584 nol) was dissolved in 100
mL of dry THiEé : @alriiBut yl | i t hi umin hexane

(16 nL 1.6M : : de ' |rr|n xture was
stirred for (I{%ﬁh%ﬁﬁn 135%\%} thanse?'[squ'guﬂﬁéﬁ?%w%agﬁs e ?Ouo"?‘ggf onitrile
(4.0 g, O. OZEImed)dr)argomaﬂdl@asrcboledtod-ﬂ&PCT Bt ylliais um ¢roldxemk (116)mL7185®I 09dss argon and
t he forner uti on s _adde r.ou annu te ol ution over
a period of %%g) ki addc BYEI M HTing. ﬁlte}‘e%% ﬂl%’?ﬁf%ggnru%?gv@gh #id  when the
reaction shadolnma:c:lﬁéa #mﬂmrblanmnabm&g.lotommq@auﬂ@@nimf &rydOlF wak of water.

T-h € TH-E as 8&%1?@%@{:%&3?290& h%thcefnaler 50 \gmn w%gﬁuﬁthrougg\égan\r}v%% ﬁ rapt ed three

times with T "B Ped ethet ase wth water,
dried (NaZS(D@:r @hnion eveap peravklefi 35 MlneMmr:Q)rﬁhnght(&@%xg bdthHwaivBingvs@endvHz, CDCl 3)

S 7.4-7.25 (., %@east?on%}%x%é%&ﬁbg%@% ﬁ{ré’ﬁ‘%é pouted iftbtaod HL Yk ARESHRLEr) . 2. 34

(s, 3H di ast er one
2. 6- Di f | uor GHF-Wag eyapbiated 2erhthe refraining2q@om 1 yen wasexiphcted three times with

(methyl syl f 'd'f%]y) &gt ?‘B{é &H{b%@&h&%h@%@@&h&d Jith »(/thrlinéa (NBs63 D! ; see step

(i) above) was “di sso concentrated sul furic
acid 20 wasvagued. Yk 2Ris@Fk was teft at roomterrperature for 3 days and
subsequent|ly poured into 450 nL of water. Extraction three tinmes with Et OAc
foll owed and_the conbi ned ethereal phase was washed twi ce w th aqueous

sodi um bi car BOPER S509 ATHAPEEbP 7 A 258 2h: 5 PNsoishbiastsomeRvAPddbed. Vi el d:

1.36 g (98%iastddmeOBEd (5, OB, AfastiibRer, QI50Yd, 38 QakRronada), 228 (blj shed by 13C NVR

The s onal LGNS fLY9he0052) 190 i, By 7 PP oXhI b tec

(i1) 2.6-Difluoro-4-formylbenzonitrile
2,6-Difluoro-4[(methylsulfinyl }(methylthio)methyl]benzonitrile (2,17 g, 8.32 mmol; see

step (i) above) was dissolved in 90 mL of THF and 3.5 mL of concentrated sulfuric acid
20 was added. The mixture was left at room temperature for 3 days and subsequently poured
into 450 mL of water. Extraction three times with EtOAc followed and the combined
ethereal phase was washed twice with aqueous sodium bicarbonate and with brine, dried .
(NazS04) and evaporated. Yield: 1.36 g (98%). The position of the formyl group was
established by >C NMR. The signal from the fluorinated carbons at 162.7 ppm exhibited
25 the expected coupling pattern with two coupling constants 'in the order of 260 Hz and 6.3

"Hz respectively corresponding to an ipso and a meta coupling from the fluorine atoms.

'H NMR (400 MHz, CDCl3) 8 10.35 (s, 1H), 7.33 (m, 2H)

30 (iii)} 2.6-Difluoro-4-hydroxymethyibenzonitrile
2,6-Difluoro-4-formylbenzonitrile (1.36 g, 8.13 mmol; see step (ii) above) was dissolved in
25 mL of methano! and cooled on an ice bath. Sodium borohydride (0.307 g, 8.12 mmol)



zs the expected coupling pattern wwth two coupling constants in the order of
260 Hz and 6.3 Hz respectively corresponding to an i pso and a meta13§ﬁ w{m?
fromthe fluorine atons. "H NVR (400 MHz, CDC13) 8 10.35 (s, 1H) E)
2H) 30 (iii) 2,6-Difluoro-4-hvdroxynet hyl benzonitrile

2,6-Difluoro-4-fornyl benzonitrile (1.36 g, 8.13 muol; see step (ii) above)
was dissolved in 25 nL of nethanol and cool ed on an ice bath. Sodi um

bor ohydride (0.307 g, 8.12 nmol) 1 3 DEC 2005 17 was added in portions with
stirring and the reaction was left for 185 mn. The solvent was evaporated
and the residue was partitioned between di ethyl ether and aqueous sodi um

bi carbonate. The ethereal |ayer was washed with nore aqueous sodi um

bi car bonat e Wefckddedrin pestiond iWith gtiina QA rezptian wesdgibion beain. The sdyaptiwaspr oduct
crystal lI'i sed on Yi el d:
133 g (90% eﬁﬂﬁ&el\l%q 8&9& e RS %E)Cﬁﬁgd l‘/&\wéﬁ’li&th{d@fﬂegﬁgd aHﬁ'Jog; loffk > 10
(broad, 1H} Wirafhonate. c%pm@wz:aldam WALIwRsOesiopisymere h@?%ﬁ@bmb@ﬁm@f@tew@d To an ice
cool ed sol uty h 4 g, 7.32
ol see ot o Fhd AsEL b RGRrd VR BUICH U PRIRRN SR B o8t o 81 el )
in 60 nL bf “Sﬂét’*’ﬁl}quéh@h%lﬁpf qatks. Wadld:dlefdes(99%). et hyl ami ne. (0. 8 1 g, 8 1 =0])
with stirring. After 3 hat O0C, the m xture was washed twice with 1M HC and
once with dried (Na2SO4 and evaPorat ed. The product could be used
wi t hout fumWFWWat@ﬁhﬁ 1261(en 2H), 681 § FBIAC (bregd. TEDNVR (300 MHz,

CDC13) S 7.29 (m 2H), 5.33 (s, 2H), 3.07 (s, 3H) (v) 4-Azidoneth -2
6-difl uorobeaéon , 1 ulre of 4-cyano-2, 6-difl uorobenzyl

met hanesul f oN& 0 ancsPd¥ et ep 20 (iv) above) and sodium
azide (0.02 ’goarf)ic&)doﬂaﬂed Eﬁhlltbonloflz 4.QifNibroof: hydedxghetByliskn2dhitile (D24 PIVE32 mvagl; stirred

at room t enper at tant sub eq | y poured into
200 niL of \/vastegfte%h@ a@?(‘fé%?@&’a{’%&g@yf&#ﬁ 913\,\/&%} g?ﬁé“% The conbi ned
et her eal phamethylw&schm&km aflded eriethyhaasnev 8 h g \VGalt remol) ehith mi-n(lgxla&&‘s@?: hand

evapor at ed d for e product
crystalli sedé%(-'s‘rhTja n%a"gasﬁ%:fﬁg?gatggf‘% aﬁﬂfm&uwﬁvpgu n‘g@lag&? "Ichorrpl ete
dryness. Yi edvipdrithe Gheprodual doyld be ﬁﬁzdgoxthmﬁurmsxspnﬁﬁchnbm Yieid: abhp@vy%yuantitati ve
based on NMR and anal ytical HPLC

'H NMR (300 MHz, CDCls) § 7.29 (m, ZH), 5.33 (s, 2H), 3.07 (s, 3H)

(v) 4-Azidomethyl-2.6-diflucrobenzonitrile

A mixture of 4-cyano-2,6-difluorobenzyl methanesulfonate (1.61 g, 6.51 mmol; see step

20 (iv) above) and sodium azide (0.72 g, 0.0111 mol) in 10 mL of water and 20 mL of DMF
was stirred at room temperature overnight, The resultant was subsequently .poured into
200 mL of water and extracted three times with diethyl ether. The combined ethereal phase
was washed five times with water, dried (Na,SOs) and evaporated. A small sample was

_evaporated for NMR purposes and the product crystallised. The rest was evaporated

25 cautiously but not until complete dryness. Yield (theoretically 1.26 g) was assumed to be

almost quantitative based on NMR and analytical HPLC.

'H NMR (400 MHz, CDCl3) 8 7.29 (mn, 2H), 4.46 (s, 2H)

30 (vi) 4-Aminomethyl-2,6-difluorobenzonitrile
This reaction was carried out according to the procedure described in J. Chem. Res. (M}

(1992) 3128. To a suspension of 520 mg of 10% Pd/C (50% moisture) in 20 mL of water



1H NWVR (400 MHz, CDCi3) 8 7.29 (m 2H), 4.46 (s, 2H) 30 (vi)

4- Am nonet hyl - 2, 6-di fl uorobenzonitrile This reaction was carried out.| DEC.700
according to t he procedure described in J. Chem Res. (M (1992) 31278. CI'Z) ?:1
suspensi on of 520 ng of 10% Pd/ C (50% noi sture) in 20 nL of water 1 3 DEC
2005 18 was added a sol ution of sodi um borohydride (0.834 g, 0.0221 nol) in
20 mL of water. Sone gas evol ution resulted.

4- Azi domret hyl - 2, 6-di f | uorobenzonitrile (1.26 g, 6.49 mMmol; see step (V)
above) was dissolved in 50 nL of THE agb? added to the aqueous m xture on an
ice bath over 15 mn. The m xture was irred for 4 h, whereafter 20 nL of
2M HCl S was added and the m xture was filtered through Celite. The Celite
was rinsed i ] ' washed with
Fronc and s i eatel St BoaBlSploRe 8 (P 0 SR GAN T D BT AR 02, Ve
wi t h met hyl §m§c g&alcmlutdm résolltddomlcb)ndthwhkﬁ-dﬁhmbm@mlegaﬁﬁ ¢ GAPammolnvas washed

i U vt er ol o) CARASOR) .80 3PRE 3 Bt s el B o0, 11 TR

2,6-Difluor mmebahommmycémmmydrammwﬂ For 4 xewizeosalten 20| el of RM &ICUE | Oon Of

4-am'no th Ltk tep(V|)

15 abovg vvé’l‘u%il ssﬂ'ld ﬁ#ﬁggﬁgﬁﬂér%#{%éﬁgﬁlﬁgg{@tcgrﬁ?%%&gﬂgd |1t§a e(S;nate (1. 14
g, 5.22 mmoWpter dnd tHe@ombineddqueidEphess wasdekstied Wﬂétﬁﬂxmsebmawnér madeed for 3.5
h. The THE Hﬂﬁﬁ wat er and
Et OAc. The %ﬁ%ﬁ@aﬁ@m%@ﬁ%d&ﬁ%ﬁ% EE}{]#&%’}@E&QE' a%d wat er,
dried (Na2Smblm@fﬁmpbasaweﬁd&asﬁqﬂewﬁ?mcdmé6&4:8!04) ped eygpatated. t Yigldt - f ar t her
purificatiopg El)(@q% 1.38 g (99%9. 20 1H NMR (300 WMHz, CDCI3) 8 7.21 (m2H),
4.95 (broad, 43 (broad, 2H), 1.52 (s, 9H) (viii) Boc-Pab 2 6-di O 25
A m xtur@ of 2 6-di fl uoro-4-tert-butoxycarbonyl am nonet hyl benzonitrile

(1.38 g, 5. H;@mmmbom&ecﬁé [ 120 (m), 2808198 zﬁ qlr:s@ samppe hydrochl oride
(1.08 g, 0.0155 mol) and tll’?)l et hyqraam ge Xs )/ ?0155menol) in 20 nL of

et hanol was stirred at roomtenperature for

(vii) 2.6-Difluoro-4-tert-butoxycarbonylaminomethylbenzonitrile

A solution of 4-aminomethyl-2,6-difluorobenzonitrile (0.876 g, 5.21 mmol, see step (vi}
15 above) was dissolved in 50 mL of THF and di-tert-butyl dicarbonate (1.14 g, 5.22 mmol})
in 10 mL of THF was added. The mixture was stirred for 3.5 h. The THF was evaporated
and the residue was partitioned between water and EtOAc. The organic layer was washed
three times with 0.5 M HCI and water, dried (Na;SO4) and evaporated. The product could
be used without further purification. Yield: 1.38 g (99%).
20
'H NMR (300 MHz, CDCl3) 8 7.21 (m,2H), 4.95 (broad, 1H), 4.43 (broad, 2H), 1.52 (s,
9H)

(viil) Boc-Pab(2.6-diF)(OH)

25 A mixture of 2,6-difluoro-4-tert-butoxycarbonylaminomethylbenzonitrile (1.38 g, 5.16
mmol; see step (vii) above), hydroxylamine hydrochloride (1.08 g, 0.0155 mol) and -
triethylamine (1.57 g, 0.0155 mol) in 20 mL of ethanol was stirred at room temperature for
36 h. The solvent was evaporated and the residue was partitioned between water and
methylene chioride. The organic layer was washed with water, dried (Na;80,) and

30  evaporated. The product could be used without further purification. Yield: 1.43 g (92%).



36 h. The sol vent was evaporated and the residue was partitioned between

wat er and methylene chloride. The organic |ayer was washed wth vva,tfs DEC 2005
dried (Na2SO4) and 30 evaporated. The product could be used wi thout further
purification. Yield: 1.43 g (92% . 1 3 DEC 2005 19 'H NWR (500 MHz, CD3CD) 8
7.14 (m 2H), 4.97 (broad, 1H), 4.84 (broad, 2H), 4.40 (broad, 2H), 1.43
(s, 9H) (ix) Boc-Pab(2,6-diF) x HOAc s This reaction was carried out
according to the procedure described by Judkins et al, Synth. Comm (1998)
4351. Boc-Pab(2,6-diF)(OH) (1.32 g, 4. mol ; see step (viii) above),
acetic anhydride (0.477 g, 4.68 mmol) and 442 ng of 10% Pd/ C (50% noi st ure)
in 100 nlL of acetic acid was hydrogenated at 5 atrn pressure for 3.5 h. The

T Xture vas 'R e v CPER) £Phi i o 439 eslod 1), £, 2ck gy apor at ed.

The residue was freeze-dried fromxo acetonitrile and water ‘and a few drops
of ethanol . (meed. 3db1¢43 (s Bpr oduct coul d be used without further
purification. Yield: 1.49 g (99%. '"H NWR (400 MHz, CD30D) 8 7.45 (m 2H),
4.34 (s, 2H), 1,90 (s, 3H), 1.40 (s, 9H) is (x) Boc-Pab(2,6-diF)(Teoc) To a
sol ution of (BoEorXab26a€iR)ixHOAC HOAC (1.56 g, 5.49 nmml; see step (ix) above)
in 100 niL ofnishketisdastaiiea Ot a%lid%{é tmg«@ %f'}‘ragfiﬁﬁé d%s&ihl{d Eﬁhﬁ!ﬁﬂsf%b biy$yhgt hyl

p- ni trophenyl carbonate A solution o ot'assi um

46 1.67 g, 5.8 ).
carbonat e (6% {999 41k WY(Z%@‘@@WIG?g'WtWOIM si§P Y8 2BrvBbwi se over 5

mn. The m xtaticRnMRBdSOI4TT £ RB\HENE SB442 hbef IDEPaB$5IPmeNaRPhabed and t he
residue was partitjoned between watgr and rreé)%lstehne chloride._ The aqueous

| ayer was extlr SCEH 2R s Resrernateret X Hmaresse hd he BHSTHEY ieEdni ¢ phase
was washed threbgheCelite} HnsadlWRID&tBanSIOAHE evEpbriaearTae raides wab freek-(RBR&4) and

evapor at ed. - Fl ash. chronmat ogr.a 0 ilic el .wth heptgne/ EtOAc = 211
ran o) 5 Eoraie s AR g ah R cpatcl  Fheab i OAE R BB B 7 43 (m
2H), 4. 47 ( brimaat furitd) purificibn(Vieldan4s geb%).4. 24 (m  2H), 1.41 (s, 9H), 1.11
(m 2H), 0.06 (s, 9H) (xi) Boc-Aze-Pab(2, 6-diF)(Teoc) 30

Boc- Pab( 2, 6-di F) (Teoc) (1.009 g; 2.35 nmmml; see step (x) above) was

di ssol ved i MTHRMRK400 MHz, CDsOD) & 7.45 (m, 2H), 4.34 (s, 2H), 1.90 (s, 3H), 1.40 (s, SH)

15 (x) Boo-Pab(2.6-diF)(Teoc) .
To a solution of Boc-Pab(2,6-diF) x HOAc (1.56 g, 5.49 mmol; see step (ix) above) in 100
mL of THF and 1 mL of water was added 2-(trimethylsilyl)ethyl p-nitropheny! carbonate
(1.67 g, 5.89 mmol). A solution of potassium carbonate (1.57 g, 0.0114 mol)} in 20 mL of
water was added dropwise over 5 min. The mixture was stirred overnight. The THF was

20 evaporated and the residue was paﬁitioned between water and methylene chloride. The
aqueous layer was extracted with methylene chloride and the combined organic phase was
washed twice with aqueous sodium bicarbonate, dried (INa;SO4) and evaporated. Flash '
chromatography on silica gel with hEptanc/EtOAc =2/1 gave 1.71 g (73%) of pure

compound.

'"H NMR (400 MHz, CDCls) § 7.43 (m, 2H), 4.97 (broad, 1H), 4.41 (broad, 2H), 4.24 (m,
2H), 1.41 (s, 9H), 1.11 (m, 2H), 0.06 (s, 9H)

(xi) Boc-Aze-Pab(2.6-diF}(Teoc)
30 Boc-Pab(2,6-diF)(Teoc) (1.009 g, 2.35 mmol; see step (X} above) was dissolved in 50 mL

of EtOAc saturated with HCl(g). The mixture was left for 10 min., evaporated and
dissolved in 18 mL of DMF, and then cooled on an ice bath. Boc-Aze-OH (0.450 g, 2.24



of EtOAc saturated with HC1(g). The m xture was left for 10 mn., evaporated
and dissolved in 18 nL of DMF, and then cool ed on an ice bath. Boc Y74 quﬁ
(0.450 g, 2.24 13 DEC 2005 20 nmol ), PyBOP (1.24 g, 2.35 mmol) and | ast

di i sopropyl ethyl amne (1.158 g, 8.96 mmol) were added. The reaction

m xture was stirred for 2 h and then poured into 350 nL of water and
extracted three tines wwth Et OAc. The conbi ned organi ¢ phase was washed
with brine, dried (Na2SO4) and evaporated. Flash chromatography on silica
gel with s heptane: Et OAc (1 3) gave 1.Q87 g (96% of the desired conpound.
"H NM (500 MHz, CDC13) 5 7.46 (m 2H), 4. 65 4.5 (m 3H, 4.23 (m 2H, 3.87
(m 1H, 374(mIH) 24523(m2H) 1.40 (s, 9H), 1.10 (m 2H), 0.05
(S, OH) 10 (i), 19868 (CH £ 9:5550h4) ar RO mA48ineabi % £k F) ( Teoc )
Boc- Aze- Pab( 2, Gb)d}?F) jI('eoc ) ﬂzﬁ%ﬁﬂ}@ % B?m% above) was
di ssol ved i rRmoY wisge agged £ a‘”é‘a’ﬂ awg'eréaawmﬁd f-‘lC%@ng‘d mﬁfl’ﬂ@“‘rﬁ‘%‘f’a embas | eft
for 10 min. ﬁn&t&u@mrr@tﬁ%reamemlmbxedmerhoﬁabmkd 5& ase was washed

Ph(3-d ) (5- OCHF2) (R) CH % 120 g, 0.475 ; see Preparation
A(viii) abov¥fl @&? 3 eVeP%@‘Bi FAsh £ D%%%TF%PPWIF%EGHWF%OW opyl et hyl
am ne (0. 245heﬂhané-E@9mm|g)avé’\@D97 gagdﬁsieftfrms&da%sﬁmp&ﬂdm xture was stirred for
2 h and then poured into 350 nmL wat er and extracted three tinmes with

Et OAc. The conbi ned organi c phase was washed with brine, dried (Na2S0 4)

and evapor at giNmRl mf@mm%@hmpmsmbl(ﬁasmei 23, leE—B@")\ngﬁ{/),e 0.184 ¢
(60% of the ,g4e5|red sub- I% 8”%@)? g N(}g? (9?@ MHz, CD30D, m xture
of rotamners)35 ¢ 3E) ?43‘?53((%2 g 40§ AP @545 SRt ai ner), 7.27 (m 1H,
m nor rotamer), 7.2-7.1 (m 2H) 6 90 (t, 1H, major rotaner), 6.86 (t, 111,
m nor rotarre?_l H ' [er o 1H, mnor rotarner),
5.06 (s, 1H" : ? #PGF-rotaner), 4.6-4.45 (m 2H),
4.30 (na, 1|-Bocr-’m3c€l’rab@5 diK)t’IEbﬁE)l’(@ 2564g 2400 l‘mnoﬂlsbe steﬂa (dipatfone) \ﬂdsl;dlssm';eﬂlin rot aner),

4.04 1H, t 1H t 2 62 1H,
ni nor ( T ot ane zognmfgh%fég‘ %rtrug(i wﬁfg?@ Rl nfth tgrg]wg rfé% %nngiﬁhd Hef %?tgén()t aner ),
2.10 (m 1H, anmdmslﬂveddlt."ambln)‘ DME. ﬂ’ﬁ(%@h)(S-Z)ﬂ)HFsz-I(OfﬁC(@H)H ®02¢ kid. 47)3

Ph(3- Q') (5- QbR de. BRY Pl QA THiPhsovéSn EH 8283 §1ofabk Meon) i3 sty

15 diisopropylethyl amine (0.245 g, 1.89 mmol) were added. The reaction mixture was stirred
for 2 h and then poured into 350 mL of water and extracted three times with EtOAc. The

combined organic phase was washed with brine, dried (N2;SO,) and evaporated. Flash
chromatography on silica gel with EtOAc gave 0.184 g (60%) of thé desired sub-title
compound,
20 _
'"H NMR (400 MHz, CDs0OD, mixture of rdtamers) 87.55-745 (m, 2H), 7.32 (m, 1H,
major rotamer), 7.27 (m, 1H, minor rotamer), 7.2-7.1 (m, ZH}, 6.90 (t, 1H, major rotamer),
6.86 (t, 1H, minor rotamer), 5.15 (s, 1H,major rotamer), 5.12 (m, 1H, minor rotamer), 5.06
(s, 1H, minor rotamer), 4.72 (m, 1H, major rotamer), 4.6-4.45 (m, 2Hj, 4.30 (m, 1H, major
25 rotamer), 4.24 (m, 2H), 4.13 (m, 1H, major rotamer), 4.04 (m, ;H, minor rotamer), 3.95
(m, 1H, minor rotamer), 2.62 (m, 1H, minor rotamer), 2.48 (i, 1H, major rotamer), 2.22
(m, 1H, major rotamer), 2.10 (m, 1H, minor rotamer), 1.07 (m, 2H), 0.07 (m, 9H)

(xiii) Ph(3-CI}5-OCHF,)-(RICH(OHC(O)-Aze-Pab(2 6-diF)(OMe, Teoc
30 A mixture of Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(0)-Aze-Pab(2,6-diF)(Teoc) (64 mg, 0.09%
mmol; see step (xii) above) and O-methyl hydroxylamine hydrochloride (50 mg, 0.60

mmol) in 4 mL of acetonitrile was heated at 70°C for 3 h. The solvent was evaporated and



A mxture of Ph(3-d)(5-0CHF2)-(R) CH(OH) C(0)-Aze-Pab(2, 6-di F) (Teoc) (64 ny,
0.099 mol; see step (xii) above) and O-nethyl hydroxyl am ne hydrocﬂgchﬂ%gﬁ15
(50 mg, 0.60 mml) in 4 nL of acetonitrile was heated at 70C for

sol vent was evaporated and 13 DEC 2005 21 the residue was partitioned

bet ween water and Et OAc. The aqueous | ayer was extracted twi ce with Et OAc
and the conbi ned organi c phase was washed with water, dried (Na2SO4) and
evapor at ed. The product could be used wi thout further purification. Yield:
58 mg (87%. 5 "H NWR (400 MHz, CDCI3pi5 7.90 (bt, 1H), 7.46 (m 1H),
7.25-6.95 (m 5H), 6.51, t, 1H, 4.88 (s, 1H), 4.83 (m IH), 4.6-4.5 (m
2H), 4.4-3.9 (m 4H), 3.95 (s, 3H), 3.63 (m 1H), 2.67 (rn, 1H), 2.38 (m
1H), 1.87 (bmofediduel\lvﬁs,pa@iri&&d@We&ll‘\i)&ter@ﬂd)ﬂtpm, TRdHHquddds (ayerw)as extracted

Ph(3-C1) (5- 'F%'_(E%)m%? Aze- PablL2s6- di F .

Ph(3-0 ) (5- % ith 85‘%%@?‘%& %Wadi“ﬁfffé%@/’b}‘)é%)dpids@a#&) 0. 086
mol ;  see sdnépvdpstated) Thdmvdnrt asals belued olitied firtheSDpukiticaibn. TEAD: 8800k ed on an ice
bath and al I@ng&to react for 2 h. The TFA was evaporated and the residue

di ssolved in The organic |ayer was washed twi ce with agueous sodi-um
carbonatesand water, dried (Na2SO4) and 15 evaporated. The residue was

reere ol e AR TR I8l IS AR el SR e UL e

1H), 6.52 (t4.8810s)1H), 44838(81 (H), 45H)5, (mf 285 4 4-30%(nf, D), 315 (s, AH53463415 g 2H), 4.29

broad, 1 9 2.64 (m 1H),

(2 38 (in, i I%é]T@n ég?? }61’%’7 (%%&d Nﬁgo(%g%‘ ?\51%12638’(2%)3’9 (car bon§/l ang? or
am di ne carbons) S 172. 1 169 8, 151.9 APCI-Ms: (M + 1) 533/ 535 m z
Prepar ati,pn Qf, ; 3 { 3 . A k 1\& C(O) (S)Aze- 25
Pab(Owe)) (i “magnetically stirred
sol ution of B ?!-C%ﬁ*@@HF@-lﬁ@CH(. (@) A%P@(W)(OMT@QGSZD& 86 mmplunder
nitrogen at QCy LF}QE’&Q) \%is'dﬁ&ch\\éh% ﬁ‘hnﬂ%f(f?ﬁ c%olgd ot BB and alved Qo

met hanesul f onyl | orid he m xture was stirred at 0C
for 1.5 h, react for2h The TFA was cvaporatcd and the resx ue dxssolved in EtOAc. The organic

: layer was washed twice with-agueous sodium carbonate and water, dried (Na;504) and
15 evaporated. The residue was freeze-dried from water and acetonitrile to give 42 mg (92%)

of the title compound.

TH NMR (300 MHz, CDCl3) 5 7.95 (bt, 1H), 7.2-7.1 (m, 4H), 6.99 (m, 1H), 6.52 (t, 1H),
| 4.88(s, 1H), 4.85-4.75 (m, 3H), 4.64.45 (m, 2H), 4.29 (broad, 1H), 4.09 (m, 1H), 3.89 (s,
20 - 3H), 3.69 (m, 1H), 2.64 (m, 1H), 2.38 (m, 1H), 1.85 (broad, 1H) '
BC.NMR (100 MHz; CDCls): (carbonyl and/or amidine carbons) & 172.1, 169.8, 151.9
APCI-MS: (M + 1) = 533/535 m/z

Preparation of Compound E (Ph(3-CD(5-OCH,CH,F)-(R)CH(OH)C(O)-(S)Aze-
25 Pab{OMe))

(1) {2-Monofluoroethyl} methanesulfonate
To a magnetically stirred solution of 2-fluoroethanol (5.0 g, 78.0 mmol) in CH,Cl; (90

mL) under nitrogen at 0°C was added triethylamine (23.7 g, 234 mmol) and

3%  methanesulfonyl chloride (10.7 g, 93.7 mmol). The mixture was stirred at 0°C for 1.5 h,
diluted with CH,Cl, (100 ml.) and washed with 2N HCI (100 mL}. The aqueous layer was
extracted with CH,Cl, (50 mL) and the combined organic extracts washed with brine (75



diluted with CH2C12 (100 nL) and washed with 2N HC1(100 rnL). The aqueous
| ayer was extracted with CH2Cl2 (50 nlL) and the conbi ned organic exi‘ﬁgﬁttsm%
washed with brine (75 1 3 DEC 2005 22 nml), dried (Na2S04), filtered
concentrated in vacua to afford the sub-title conpound (9.7 g, 88% as a
yell ow oi |l which was used wi thout further purification. "H NVR (300 MHz,
CDC3) S4.76 (t, J=4 Hz, 1H), 4.64 (t, J =4 Hz, 1H), 4.52 (t, J =4 5
Hz, IH), 4.43 (t, J =4 Hz, 1H), 3.09 (s, 3H. (ii)

3- Chl or o- 5- nonof | uor oet hoxybenzal dehydez To a sol uti on of

3-chl oro- 5- hydr oxybenzal dehyde (8.2 g, 52.5 muol; see Preparation A(ii)
above) and potassium carbonate (9.4 g, 68.2 nmmol) in DMF (10 nL) under

ni t rogen wasmL), driaiiesbCR), Sitkred amclrvomknt{a@dinnaehid tomfivet thy bub-tite térapeesdi| f onat e

9. , 68.2 , d
{eper at ur e, CTre L F Bl hisf gl Mbsplind e BBl PRon S Prred

overni ght at room tenperature. The reaction was cooled to O0OC, poured into

ice-cold 2N H i t . ext racts
wer e washed ﬁ%?@@&gﬁ)g@ %&é&)ﬁzﬁﬂﬁg 8{2 gﬁgzoziég%? 84 n vacua.
The i s brewnHailH)Was (¢ Me=cridd, 0Hy, apbegl3ln silica gel eluting with Hex: Et OAc
(4:1) to afford the sub-title conmpound (7.6 g, 719% as a yellowoil. "H NWR
(300 MHz, CDC13) S 9.92 (s, 1H), 7.48 (s, IH, 7.32 (s, IH, 7.21 (s, 1H),
4.87 (t, J &) a-aﬂb:o-stﬁgnoﬂuohhﬂfokvben}z el¥délz, 1H), 4.33 (t, J= 3 Hz, I'H), 4.24

gf)l u:t]i ;n301|‘-|z %?luno %5'%%%f5rh or og #oxy%?g fé‘ 5%%0’3%%; eggrq’grc"?'\lmg\(n)r nol ; see

step (ii) aloveypndpuasgimeabobked®.4(g363% gmogxmmﬁi} undei-mg& ¥&10 m_) was

AT S A R S BRI

over ni ght . T#b@vq)@aEWdiﬂQ/mb) dpfvtiteatiroomit¢rhpeHAE:. ('B@Ommy)e Wftsrheatﬁsirtganl c |layer

was separ at eghoo@fj 8¢, aéa\l?,%xg%%ed oteéhg a&qmﬁ% eFARE ﬁ&ﬁ@k VAl YgGHg to afford
n t ha

the sub-title conpou ovvn oi t was used wi thout
further puri9Cerruregrintoicesridy Iﬁ@rﬁ"é@t‘ﬁa@ﬁi WBQ)E@N:) The combined organic

Ph(3- C1) f 5- QGldaGHRER: wfaﬁe&v%mré) @ﬁé@%ﬁhso%&%%@k&féeﬂﬁé@amw geaci d (100
nm.) was added to Ph(3-
15 brown oil was chroma ographcd on s1hca gel eluting with Hex:EtQAc (4:1) to afford the

sub-title compound (7.6 g, 71%) as a yellow oil.

'H NMR (300 MHz, CDCls) & 9.92 (s, 1H), 7.48 (s, 1H), 7.32 (s, 1H), 7.21 (s, 1H), 4.87 (¢,
J=4Hz, 1H), 4.71 (t, J =3 Hz, 1H), 433 (t, /=3 Hz, 1H), 4.24 (t, = 3 Hz, 1H).

20

‘ (iii) Ph(3-CiX S-OCHZCHEE)—(R,Q)CH{ QTMS )CN

To a solution of 3-chioro-5-monofluoroethoxybenzaldehyde (7.6 g, 37.5 mmol; see step
(ii) above) and zinc jiodide (3.0 g, 9.38 mmol) in CH>Cl; (310 mL) was added
trimethylsilyl cyanide (7.4 g, 75.0 mmol) dropwisc at 0°C under nitrogen. The mixture

25 was stirred at 0°C for 3 h and at room temperature overnight. The reaction was diluted
with ‘H;O (300 mL), the organic layer was separated, dried (Na;SOy), filtered and
concentrated in vacuo to afford the sub-title compound (10.6 g, 94%) as a brown oil that

was nsed without further purification or characterisation.

30 (iv) Ph(3-C)(5-OCH,CH,F)-(R.HCH(OMC(OYOH
Concentrated hydrochloric acid (100 mL) was added to Ph(3-CI)(5-OCH;CH,F)-

(R,S)CH(OTMS)CN (10_.6'g, 5.8 mmol; see step (iil) above) and the solution stirred at



(R SYCH(OTM5)CN (10.6 g, 5.8 nmol; see step (iii) above) and the sol ution
stirred at 13 DEC 2005 23 100C for 3 h. After cooling to roomtenperature,
the reaction was further cooled to OC, basified slowly with 3N Na q]g 06y
m.) and washed with Et20 (3 x 200 nL). The aqueous |layer was acidified wth
2N HO (80 nL) and extracted wth EtQAc (3 x 300 nL). The conbi ned Et OAc
extracts were dried (Na2SO4), filtered and concentrated in vacuo to s afford
the sub-title compound (8.6 g, 98% as a pale yellow solid that was used

wi thout further purification. Rf = 0.28 (90 8:2 CHC13: MeOH: concentrat ed
NH4OH) 1H NMR (300 MHz, CD30D) 5 7.09 (2% 7.02 (s, IH, 6.93 (s, IH,
5.11 (s, IH), 4.77- 10 4.81 (m 1H), 2- 4. 65 (m 1H), 4.25-4.28 (m IH,
4.15-4.18 (m 1H). (v) Ph(3-Cl)(5-OCH CH F)- S)CH OAc)C(O CH (a) and

Ph(3-0) (5- . .
PhE g g E 4 %%{ AbER cgcﬂ( %@t%gﬁ)r /tshe%ycH&d \9:{3 erftlier cog%a gtostt) gp 1s (iv)

above) and Lhap@%slwywma d¥a O-?%(b‘)’l«)laﬁ wmdg w:élz:@tz%ﬁex 28050L{The and MTBE (250
) was heasrqsgou@tay&% mﬂﬁsa %kﬁir@ﬁéﬂ(sbgﬂ,z)éld@mm vhmbﬁ%mmol ed to

roomtenperature and enzyne renove }/ 'tration through Oellte(r)
The filter c”él‘l%éc’wb’@ﬂd/@gﬁedﬂwﬂs rveremirigih@Nagi ), filiered andicppaeatraiasiic eqene Bt ed i n

vacuo. Cny Of@fo?cﬂ&@%mu@@o fyduhfgél%ebsfa aHta'pE‘l é/tdomohﬂﬂgﬂéas'}{?e%ﬁﬁ'\' (90:8: 2)

afforded the triethylamne sa t|t conpound (a) as a 20 yellow

oi | . | n addifuthss puifisationr j et hyl amine salt of sub-title conpound (b) (4.0 g)
was obtai ned. The salt of sub-title conpound (b) was dissolved in H20 (250
m.), acidified wth 2N HCl and extracted with EtOAc (3 x 200 nL). The

conbi ned org%fm%zge@?Fé&%cl?l%é?]écﬁﬁ%m(‘%%) filtered and concentrated in

vacuo to yi elriNMRg mmﬂi Idm@w@m%nm)(bm (s(ﬁ{)85913<5312ﬁ>j<)5 pesamy e iow oil, 25
30 Data for Sub- T|

CHC13: MeCH: c“oﬁ‘ﬂc@htlﬁhf‘é%rﬂf%%&mﬂ) ‘F%W‘(ﬂséﬁ) IWE(4 1@:@}0’5}) S 7.09 (s 1H), 7.02
(s, IH, 6.93 (s, 1H), 5.11 (s, 1H) 4.77- 4.81 (m IH), 4.62-4.65 (in, 1H),

4.25-4.28 (m, B enth. ddn bt B (o008 () and Pra-cixs-ock,crp-

(RCH{OH)C(OYOH (b)
A solution of Ph(S-Cl)(S—OCH2CH2F")-(R,S)CH(OH)C(O)OH (8.6 g, 34.5 mmol, see step
15 (iv) above) and Lipase PS “Amano” (4.0 g) in vinyl acetate (250 mL) and MTBE (250 mL)}
was heated at 70°C under nitrogen for 3 d. The reaction was cooled to room temperature
and the enzyme removed by filtration through Celite®, The filter cake was washed with
EtOAc and the filtrate concentrated in vacuo. Chromatography on silica gel eluting with
CHCIg:MeOH:ﬁtg,N (90:8:2) afforded the triethylamine salt of sub-title compound (a) as a
20 yellow oil, In addition, the triethylamine salt of sub-title compound (b} (4.0 g) was
obtained. The salt of sub-title compound (b) was dissolved in H»O (250 mlL), acidified
with 2N HC) and extracted with EtOAc (3 x 200 mL). The combined organic extracts
were dried (Na;SQy), filtered and concentrated in vacuo to yield the sub-title compound (b}
(2.8 g, 32%) as a yellow oil.

Data for Sub-Title Compound (b):
Rr=0.28 (90:8:2 CHCls;:MeOH:concentrated NH,OH)

'H NMR (300 MHz, CD;0D) 5 7.09 (s, 1H), 7.02 (s, 1H), 6.93 (s, 1H), 5.11 (s, 1H), 4.77-
4.81 (m, 1H), 4.62-4.65 (m, 1H), 4.25-4.28 (m, 1H), 4.15-4.18 (m, 1H).

30

(vi) Ph(3-C1)(5-OCHCH,F)-(R)CH(OH)C(O)-(S) Aze-Pab(OMe)



(vi) Ph(3-A)(5-0CCH2CHI F)- (R CH(OH) C(O - (S)Aze-Pab(Owe) 1 3 DEC 2005 24 To a
solution of Ph(3-d)(5-0CH2CHF)-(RCH OH C(O OH (818 ng, 3.29 mmol 1383932[}05
step (v) above) in DMF (30 nlL) under nitrogen at 0C was added

HAze- Pab(Owe) 2HCI (1.43 g, 4.27 nrnol, see international patent application
WD 00/ 42059), PyBOP (1.89 g, 3.68 mmol), and DI PEA (1.06 g, 8.23 mml). The
reaction was stirred at OC for 2 h and 5 then at room tenperature overnight.
The m xture was concentrated in vacua and the residue chromatographed two
times on silica gel, eluting first wth , CHCI3: EtOH (15:1) and second with
Et OAc: Et OH (20:1) to afford the title ¢Onpound (880 ny, 54% . RF = 0.60
(10:1 CHCI 3: EtOH) to "H NWR (300 MHz, CD30D, conplex m xture of rotarners) S

¢ 35T 58 { oy elpittng deiylp alcmolyiyorys dy oo nfl %”‘682f')m ",

3.99-4. 51 ( nepiM)aboe) SPDYE (3R under bitr2e 8 OpGrwaidiied HALR-RAVFONSTIHz ;

: I
(Mo ) < ad3 mh s 2N B Bthilond BBRARIcich Wo Busdd9) BrndP B e 47O
R) CH(OH) C( O3 @@%@@D@BA @wez. £ mmom)‘:ac(ﬂﬂ) O(sORp O C ﬂu_réhFaatb( OH, Teoc)
P3O ) (5 Ol & id I Ol BB B0kn Oy e Q™! 1 S0 20

Preparation D step ( was di sso . acetonitrile and
0.101 g (1. wldwoplamram&drtwymmnrsélchwrmgﬁm with GHELAH15: Mived mi xt ur e

was heat ed f r nd ‘evapor ated. The
crude pr odugs%c 891@(5%&0?2&? gagj&&ﬁ\%\ﬁ?ﬁ?l&%&%{hﬁ{s‘sb%% e next Iostep
w thout further purification. 2s (ii)
3G ¢ BRGNS e a1 4 1as g 02

e- Pa eoc mol ; see
step (i) abm 5\%& e%PnFHﬁexOmPSmFPL°f6Cfm@F2@17’zﬁsﬁn@ (Q= Jrﬁ_SHF A The

reaction wasy 3l pm@{ztmpf @ﬁ?@@l(rﬁ Qky), @bsm srdene@H) Eﬁé\s%%memp@vmeﬂ and the
resi due .was pur ative fractions of interest were

|
bool e and (e dHb g1l Gror 3. 90ag1 eh g 52003y 2PraBdmosD wo St epe. 6554
of the titl e’CHNNPOUREMHz; CD;0D): (carbonyl and/or amidine carbons) § 173.3, 170.8, 152.5.

APCI-MS: (M + 1) = 493 m/z.

Preparation of Compound F {Ph(3-C){5-OCHF,)-{RYCH(OH)YC(O)-Aze-Pab(O

() Bh(3-CIX5-OCHE,)-(RICH(OH)C(O )—Aze-Pai:g OH, Teoc)
Ph(S-Cl)(S-OCH'Fg)-(R)CH(OH)C(O)-Aze-Pab(Tcoc) (0.148 g, 0.24 mmol; see
20  Preparation D step (ix) above), was dissolved in @ mL of acetonitrile and 0.101 g (1.45
mmol) of hydroxylamine hydrochloride was added. The mixture was heated at 70°C for
"2.5h, filtered through Celite® and evaporated. The crude product (0.145 g; 75% pure)

was used directly in the next step without further purification.

15 (ii) Ph(3-CN(5-OCHF,)-(RCH(OHYC(O)-Aze-Pab(OH)
Ph(3-Cl)(5-OCHF)-(R)CH(OH)C(O)-Aze-Pab(OH, Teoc) (0.145 g, 0.23 mmol; see step
(i) above), was dissolved in 0.5 mL of CH;Cl: and 9 mL of TFA. The reaction was
allowed to proceed for 60 minutes. TFA was evaporated and the residue was purified

using preparative HPLC. The fractions of interest were pooled and freeze-dried (2x},

3 yielding 72 mg (yield over two steps 62%) of the title compound.

MS (m/z) 482 (M - 1); 484 (M + 1)"



M (mz) 482 (M- 1) 484 (M+ 1)+ 1 3 DEC 2005 25 1H- NWR (400 MHz; CD30D): 8
7.58 (d, 2H), 7.33 (m 3H, 7.15 (m 2H), 6.89 (t, 1H nmjor rotamerm[]@w%
(t, IHmnor rotamer), 5.18 (s, 1H major rotaner; and m IH m

rotarner), 5.12 (s, 1H minor rotamer), 4.77 (m 1H major rotarrer),4.42 (m
2H), 4.34 (m 1H mgjor rotaner), 4.14 (m 1H major rotaner), 4.06 (m 1H

m nor rotaner), 3.95 (m 1H s mnor rotaner), 2.66 (m 1H m nor rotaner),
2.50 (m IHmjor rotanmer), 2.27 (m 1H major rotaner), 2.14 (m 1H m nor
rotamer) 13C-NWVR (100 MHz; CD30D): (ca%ponyl and/ or am di ne carbons,
rotaners) 8 172.4, 172.3, 172.0, 171.4 152.3, 152.1 10 Preparation of
Conpound H (Ph(3-d ) (5-0CHaCHPZ) - (R) CH OMC( O) - Aze-Pab(OH)) (i)

o nat | onal ok e e 0y ST 89 d5u S8 g gL A

di ssol ved i majey rofmer), SEOOALH sanan roteed), i g (3, HOmeig) rotemdr; atd mydtininer r eact f or

Ph(3. G ) (5 CRrBede R AR B e nhibGo bR g (B3 Vl.“bé“ng,
0.209 mol ) l&rdaift maney), 4.1 (ims b majoytotaires)] 4.8Mmim d H(r@6ormgfamd), 3956molH) in 2 nlL
of DWF. The énghaﬁirb't%ﬁe 63kl {ﬁﬁﬂ\g}%&mﬁﬁs@( k*?ﬁ‘aibe‘?é%ﬁlﬁé?f'zb? bR g0 L of Wat er .

and extract three |rres d organi ¢ phase was washed
with wat er, Tpdraefamneth 29eMin, Hhainovmpsoedt ed. The 20 crude product was flash

chr omat ogr ap 00 rrg (87% .

1H NVR (300 ngﬁ%cﬁ ur)\é\ec'jgponsot arrem}%§(’%bé’?§ r9!1}]gsf’a 172]4 . 45-7. 25
(m 7H) o 7.1123(WR.0IH L. 4gp8r12dt aner), 7.08 (m 1H, minor rot arrer) 7.05-6.9
(m 2H), 6.13 (bt, 1H), 2s 5.25-5.05 (m 3H) 477(m 1H, partially hidden

by the CD30H Si gnal) rotamer), 2.47
(m 111, “ejfEeamptens 220())1 H, ninor

and trlethyl am ne (0.319 g,
3.16 nmol ) “cated for 1 h at 40C.

Ph(3-d) (5- %HZA%II%&)(Z) (sEQ :%Gﬁﬁn@(p&nt%ﬁmﬁwﬁ(ﬂb 920284092 By, D67 AwMRI); See step
(1) above) \Av{?'ag dxssocliveg um(} mL of EtOAc saturated with HCI(g} and allowed to react for 10 min.
15 The solvent was evaporated and the residue was mixed with Ph(3-C])(5-OCH2CHF2)—
(R)CH(OH)C(O)OH (50 mg, 0.188 mmol), PyYBOP (109 mg, 0.209 mmol) and finally
diisopropylethyl amine (96 mg, 0.75 mmol) in 2 mL of DMF. The mixture was stirred for

2 h and then poured into 50 mL of water and extracted three times with EtOAc. The

combined organic phase was washed with water, dried (Na;»SO4) and evaporated. The
20 crudc product was flash chromatographcd on silica gel with EtOAc:MeOH (9:1). Yield:
100 mg (87%).

'H NMR (300 MHz, CD;0D, mixture of rotamers) & 7.85-7.75 (m, 2H), 7.45-7.25 (m, 7H),

7.11 (m, 1H, major rotamer), 7.08 (m, 1H, minor rotamer), 7.05-6.9 (m, 2H), 6.13 (bt, 1H),
25 5.25-5.05 (m, 3H), 4.77 (m, 1H, partially hidden by the CD3;0H signal), 4.5-3.9 (m, 7H),

2.64 (m, 1H, minor rotamer), 2.47 (m, 1H, major rotamer), 2.25 (m, 1H, major rotamer),

2.13 {m, 1H, minor rotamer)

(if) Ph(3-C1)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab(OH)

3  Hydroxylamine hydrochloride (65 mg, 0.94 mmol) and triethylamine (0.319 g, 3.16 mmol)
were mixed in 8 mL of THF and sonicated for 1 h at 40°C. Ph(3-CI)(5-OCH;CHEF;)-
(R)JCH(OH)C(O)-Aze-Pab(Z) (96 mg, 0.156 mmol; see step (i) above) was added with 8



1 3 DEC 2005 26 nmL nore of THE The mi xture was stirred at 40C for 4.5 days.
The solvent was evaporated and the crude product was purified by 1 5
preparative RPLC with CH3CN. 0.1 M N QAc (40:60). Yield: 30 ng (38%. HFFJ@
99% 5 'H NWMR (300 MHz, CD30D, mixture of rotamers) S 7.6-7.55 (m 2H),
7.35-7.3 (m 2H), 7.12 (m 1H, mjor rotamer), 7.09 (m 1H, mnor rotaner),
7.05-6.9 (m 2H), 6.15 (triplet of multiplets, 1H), 5.15 (m |IH mnor
rotaner), 5.13 (s, 1H, major rotaner), 5.08 (s, IH mnor xotamer), 4.77
(m 1H major rotamer), 4.5-4.2 (m 5Hps 4.08 (m 1H, major rotarner), 3.97
(m 1H, mnor rotaner), 2.66 (m 1H, mnor rotarner), 2.50 (m IH mgjor zo
rotarner), 2.27 (m 1H, nmgjor rotaner), 2.14 (m |IH .mnor rotaner). '3C NWR
(100 MHz; C%ﬂ@orc&qmb%yhumdwsnﬁewlm:ﬁaw%@ THe selwefuawa@f rotaners) S
172. 8, 172.2, 171 4, 159.1, 158.9, 154.2. APC - M+ 1) = 4971499 nmlz 15
Abbr evi at i orfyapgrated 35d giendppropuct wiag %@B‘h@fﬁ’f@aﬁn&%@“’éﬁh @0 1Moni sat i on
(in rel ati onyiigo AB10:6APlyietd: 8b [ p&itplo@gsure ionisation (in relation to
M) 20 aq. = aqu‘gégus ?ze(& (S)ﬁ%s(m (:g) azet i di ne- 2- car boxyl ate. (unl ess
otherw se specified) Boc = tert- but yl oxycarbonyl br = broad (in relation to
NVR) C = chepieml &R@m@;@@ Iﬁixﬂxrétﬁ’lré’eﬁrh&ﬂ 5t7cs’y\/§9cm,aﬁ>@!r35-7daa(¥;(,§ﬁnd doubl et
(inrelation to N = dicycl ohexyl carbodiimde dd = doubl et of

doubl ets (i - i?einatlﬁoﬁﬂwrdom 7 Q8 AL Rizocgptamarh BB ATh SRR | de 30

DI PEA = di i sgpra@edetiy sasinerDMR: rotdhnefyNs. @3 (E1HN hajcd RéeiAdr), BYR (lime DVF =

N, N- di et hyl f or mam de
y miner rotamer), 4,77 (m, 1H, major rotamer), 4.5-4.2 (m, 5H), 4.08 (i, 1H, major

rotarner), 3.97 (m, 1H, minor rotamer), 2.66 (m, 1H, minor rotamer), 2.50 (m, }H major
10 rotamer), 2.27 (m, 1H, major rotamer), 2.14 (m, 1H, minor rotamer).

BENMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture of rotamers) 8

172.8, 172.2, 171.4, 159.1, 158.9, 154.2. |

APCI-MS: (M + 1) = 497/499 m/z

15  Abbreviations

Ac = acetyl .
APCI = atmospheric pressure chemical ionisation (in relation to MS)
API = atmospheric pressure ionisation (in relation to MS)

20 aqg. = agueous

Aze(& (5)-Aze) =(S)-azetidine-2-carboxylate (unless otherwise specified)

Boc = tert-butyloxycarbonyl
- br = broad (in relation to NMR)
CI = chemical ionisation (in relation to MS)
3 d = day(s)
d = doublet {in relation to NMR)
DCC = dicyclobexyl carbodiimide
dd = doublet of doublets (in relation to NMR)
DIBAL-H =  di-isobutylaluminium hydride
30 DIPEA = diisopropylethylamine
DMAP = 4-(N,N-dimethyl amino) pyridine

DMF

N,N—dimethylformanﬁde



1 3 DEC 2005 27 DMSO = di net hyl sul foxi de DSC DVT EDC s eq. ES =
differential scanning colorinetry deep vein thronbosis

1- (3-di net hyl am nopr opyl ) - 3- et hyl carbodi i m de hydrochl ori de equivaﬂén@@zﬁNS
el ectrospray ESI = electrospray interface Et = ethyl ether = diethyl ether
10 EtOAc = ethyl acetate EtOH = ethanol Et20 = diethyl ether HATU =

O (azabenzotriazol-1-yl)-N, NN ,N -tetranethyl uroni um hexafl uorophosphat e

HBTU = [N, NN ,N -tetranmethyl - O (benzotriazol-I-yl)uroniumh

exaf | uor ophosphate] is HC = hydrochlqgic acid, hydrogen chloride gas or
hydrochl ori de salt (depending on contth) Hex = hexanes HOAc = acetic acid
HPLC = hi gh performance |iquid chromatography 20 LC = liquid chronmatography
m = nul tipl ebl\/fé'd‘zfﬂ{r&rtﬂyﬂﬂlf&xﬂie'\‘w) Me = nmethyl MeOH = methanol nun. =

m nut e(s) ’

DSC = differential scanning colorimetry

DVT = deep vein thrombosis

EDC = 1-(3-dimethylarrﬁnopropyl)-S—ethylca.rquiinﬁdg hydrochloride
s eqg. = equivalents.

ES = electrospray

ESI = ellcctrospray interface

Et = ethyl

ether = diethyl ether
10 EtOAc = ethy! acetate
EtOH = ethanol
Et0 = diethyl ether
HATU = O-(azabenzotriazol-1-yl)-N,N,N' N’ -tetramethyluronium hexafluorophosphate
HBTU = [NNN ,N’—tctramctbyl'—O-(bcnzotriazol-l-yl)uronium hexafluorophosphate] |

1s  HCl = hydrochloric acid, hydrogen chloride gas or hydrochloridc salt (depending on
context) '
Hex = hexanes

HOAc = acetic acid

HPLC = high performance liquid chromatography

0 " LC = liquid chromatography
m = multiplet (in relation to NMR)
Me = methyl
MeOH = methanol
min. = minute(s)
25 MS = mass spectroscopy
MTBE = methyl ters-butyl ether
NMR = nuclear magnetic resonance
OAc = acetate
. Pab = para-amidinobenzylamino
3 H-Pab = para-amidinobenzylamine
Pd/C = palladium on carbon

Ph = phenyl



25 M5 = nmass spectroscopy MIBE = nethyl tert-butyl ether NWVR nucl ear
magneti c resonance QAc = acetate Pab = para-am di nobenzylarnino 30 H Pab =
par a- am di nobenzyl aniine PdJC = palladiumon carbon Ph = phenyl 1 133 @EE:ZU{]E
2005 28 PyBOP = (benzotriazol -1-yl oxy)

tripyrrolidi nophosphoni umhexaf| uorophosphate q = quartet (in relation to
NVR) QF = tetrabutylammonium fluoride rt/RT = roomtenperature s s =
singlet (inrelation to NVR) t =triplet (in relation to NVR) TBTU =
IN,N,N ,N - tetranmethyl -O (benzotriazol-1-yl)uroniumtetrafl uoroborate TEA
= triethylarrune Teoc = 2-(trirnethylad!lyl)ethoxycarbonyl is TEMPO=
2,2,6,6-tetranethyl -1-piperidinyloxy free radical TFA = trifluoroacetic
acid TGA = thernogravinmetric analysis THE = tetrahydrofuran TLC = thin

| ayer chr om&y¥BOP apliyenzotdadol]-Floxy ) tripgvilidinephdsptebiugdexdfiuprophosphiate, t- and tent -
have their uysual -”ea%k E\ﬁs: nor mﬁecondar y, iso, and tertiary. 20
Exanples 1-5 and B Pff’&nlp%o i nvention. Exanples 6 and 7 are present

for conpar &Fi ve pustpbstglamaphiimdigidto not form part of the present
i nvention. %,%he Exanmpl es and Figures the ratios given in brackets refer to
0

t he wei ght t i 'O KBREPH® gel I'i ng pol yner to iota-Carrageenan and do not
t ake i nte aecount= tsingleb@siettipha™NI@R)eut i cal | y active
t = triplet {in relation to NMR) - _
TBTU = {N,N.N N’'-tetramethyl-O-(benzotriazol-1-yl)uronium tetrafluoroborate]
TEA = triethylamine
Teoc = 2-(trimethylsilyDethoxycarbonyl
10  TEMPO= 2,2,6,6-tetramethyl-1-piperidinyloxy free radical
TFA = tfiﬂuoroacet:ic acid
TGA = thermogravimetric analysis
THF . = tetrahydrofuran
TLC - = thin layer chromatography
s UV = ultraviolet

Prefixes n-, 5-, i-, t- and rert- have their usual meanings: normal, secondary, ise, and

tertiary,

20 Examples 1-5 and 8-14 illustrate the invention. Examples 6 and 7 are present for
comparative purposes only and do not form paft of the present invention. In the Examples
and Figures the ratios given in brackets refer to the weight % ratio of neutral gelling
polymer to iota—Can'agecﬁau and do not take into account the basic pharmaceutically active
ingredient or any other component that might be present. In the accompanying Figures:

25 FIGURE 1: Release of H376/95 from blends with varying composition ratio of iota-

Carrageenan and PEO, 4 M. Tablets were analysed for 2 hours at pH 1 and
for the remaining time at pH 6.8.

FIGURE 2: Release of H376/95 from blends with composition ratio (20:80) of PEQ
with different molecular weight and iota-Carrageenan., Tablets were

30 analysed for 2 hours at pH 1 and for the remaining time at pH 6.8.



i ngredi ent or any other conmponent that m ght be present. In the acconpanying
Figures: 25 FIGURE 1. Rel ease of H376/95 from bl ends wi th varyi ng.
conposition ratio of iota- Carrageenan and PEO 4 M Tablets were an&ﬁﬁédum‘
for 2 hours at pH1 and for the remaining tine at pH 6.8. FIGURE 2: Rel ease
of H376/95 from blends with conposition ratio (20:80) of PEO wth different
nol ecul ar wei ght and i ot a- Carrageenan. Tablets were 30 anal ysed for 2 hours
at pH1 and for the remaining tine at pH 6.8. 1 3 DEC 2005 29 FlI GURE 3:

Rel ease of H376/95 from bl ends with co?yositi on ratio (80:20) of PEO wth
di fferent nol ecul ar wei ght and i ota-Cartageenan. Tablets were analysed for
2 hours at pH 1 and for the remaining tine at pH 6.8. FIGURE 4. Rel ease of

H376195 from Hgngs dAseVt [ rageenan and
HPIC, 10 000 Char et IO B B gl O e (L Rl P07t e

remai ning tine at pH“@thélffquanéEc‘-Ear th@é@t@ﬂmmmg@awt@wm ends with the
conposition ratio (5911,5,5;&(1 gpgg@s at pff ll\gngrtgtﬂeq&gmgg%{[ﬁggt Tabl ets were

anal ysed for 24 hours ferent " artificlal GURE 6: Rel ease

of H376/ 95 frcﬁm&%_d@lﬂfi?eaﬂééwfr fiem plondséth vm@mornposawawgeawtan di fferent
artificial media. FI ezmaedﬁme Rioob@a&f?o?etém H%c@@i%ﬁﬁ(ﬁ%m ymer

i ot a- Car r ageenan, ana sed in different artificial 8. Rel ease
of Conpound A from blP d frthe remainipptipodipi®h rati o (50:50) of 15

i ot a- Car r ageeraGuRIS. FRide f B &5 R Eleﬁdadmﬁ 1 cofﬁﬁ&lﬂ%%ad@%@ﬂﬁ'aﬁll’ﬁ@ed for 24

hours in different artificial nedia. FlGJRE 9: Rel ease Conpound A from

blends with the conpd<Y PORarGErPEeRage Teksls were apalysed feé?“r*&b‘ﬁé‘h%l ergbtd  HPIVC,
10, 000cps, at pH 1 andifigld fedda. Tabl ets were anal ysed for 24 hours in

o oot ort gl 15 ol S AT RE3S, aBIRRLI BT |
(50:50) and (80:20). diffebdnedrdfidsialediaed for 2 hours | n pH | and remai ni ng
time in pH 6. &150RE 7: Release of H376/95 from the anionic polymer iota-Carrageenan, analysed
~ in different artificial media.
FIGURE 8: Release of Compound A from blends with the composition ratio (50:50) of
15 iota-Carrageenan and PEQ, 4 M at pH 1 and 6.8. Tablets were analysed for
24 hours in different artificial media.
FIGURE 9; Release of Compound A from blends with the composition ratio (50:50) of
1ota-Carrageenan and HPMC, 10,000cps, at pH 1 and pH 6.8. Tadblets were
analysed for 24 hours in different artificial media.
20 FIGURE 10: Release of Compound B from iota-Carrageenan blended with the neutral
polymer PEO, 4 M in the ratio (50:50) and (80:20). Tablets analysed for 2
hours in pH 1 and remainiﬁg time in pH 6.8.
FIGURE 11: Release of Compound B from iota-Carrageenan blended with the neutral
. polymer HPMC, 10 000 cps in the ratio (50:50). Tablets analysed for 2

.25 hours in pH 1 and.rcmaining time in pH 6.8.

. Example 1
This Example shows the release of H376/95 from blends with varying composition

ratio of PEO, 4 M and iota-Carrageenan. Tablets were analysed for 2 hours at pH 1 and for

30 the remaining time at pH 6.8.



FI GURE 11: Rel ease of Conpound B from i ot a-Carrageenan bl ended with the
neutral polymer HPMC, 10 000 cps in the ratio (50:50). Tablets anal ysed for
2 25 hours in pH 1 and remaining tine in pH 6.8. 30 Exanple 1 This EX3rGH{€005
shows the rel ease of H376/95 from bl ends with varying conmposition ratio of
PEO, 4 M and iota-Carrageenan. Tablets were anal ysed for 2 hours at pH 1 and
for the remaining time at pH 6.8. 1 3 DEC 2005 5 30 Rati o PEO 4M

i ot a- Car rageenan(80: 20) (50: 50) (20: 80) 1-1376/9550.5 ng50.5 ngy50.5 ny

Pol yet hyl ene oxide, 4 ML60.0 ngl00.0 ng40.0 ny | ota-Carrageenan40.0 ngl00.0
ngl60.0 ng Sodi um stearyl fumarate2.5 2.5 ng2.5 ng Tabl et wei ght 253 ng253
ng253 ng Tabl ets were manufactured by direct conpression. The active

i ngredient, PEO 4M and i ota-Carrageenan were m xed thoroughly and a

| ubri cant, StafioliBOs{MdergiCafrageanat e(SOREL | s @@ded t haq@glola 0. 7- nm si eve,

Addi tional fgpalgsm xi ng was done aﬂf_lsﬁlge. n_i,d%rﬂ%e was%.sl%grrpr essed with a 9
nm punch in a single-punch tablet presS. The tablets Vwere analysed in a

di ssol ut i on BsdyethylegpPsxi¢é, ¢ 80 rpm 30, 0mgt i f 108i0akg nediddmgont ai ning 0.1 M

HC1, pH 1, fQr._ rs. Thereaft e ta t s wer d to a dissolution
AT o bpe ! s <) Sohp

bath with a osphate buffer, .8, and were her anal ysed. The
resul ts f¥orfadiven sigaayl fumasatear e 15 p?-8s@nt ed 3-hmBi gur £.3mgThe (50: 50)

formul ati on shows igm essentially %ilﬁggiepenfgggﬁrﬁzl relﬁgiﬁaprofi le at a pH

e 7. H
range between 1-6.3. It can additionally be c ude t when bl endi ng
different ratios of the anionic polyner, iota-Carrageenan, and the neutral

gel I'ing. - pol ymer Bl fedmahiBenird BARRC BlbrelsibaMEHL 21104 ﬁlgredieifuf BEGEY PH can be
modi fi ed. 20 Exanple 2 This Exanpl'e shows the release of H376/95 trom bl ends
wi th composi#®p éta-Fagraggenan were mixed thoroughly and a lubricant, sodium stearyl fumarate, was
10 added though a 0.7-mm sieve. Additional final mixing was done and the mixture was
compressed with a 9 mm punch in a single-punch tablet Press. The tablets were analysed
in a dissolution bath, UPS II (50 rpm, 37“‘{3, artificial media) containing 0.1 M HC, pH 1,
for two hours. Thereafter the tablets were moved to a dissolution bath with a 0.1 M
phosphate buffer, pH 6.8, and were further analysed. The results froxﬁ the analysis are
15 presented in Figure 1. The (50;50) formulation shows an essentially pH-independent
release profile at a pH range between 1-6.8. It can additionally be concluded that when
‘blending different ratios of the anionic polymer, iota-Carrageenan, and the neutral gelling
polymer PEO 4 M, the release rate in media with different pH can bt_-;z modified.

20 Example 2
This Example shows the release of H376/95 from blends with composition ratio

(20:80) of PEO with different molecular weight and iota-Carrageenan. Tablets were

analysed for 2 hours at pH 1 and for the remaining time at pH 6.8.

25 Ratio PEO 4 M or 8 M: iota-Carrageenan (20:80)

H376/95 50.5 mg
Polyethylene oxide 40.0 mg
Iota-Carrageenan 160.0 mg
Sodium steary] fumarate 25mg

%  Tablet wei ght 253 mg



(20:80) of PEOw th different nol ecul ar weight and iota-Carrageenan. Tablets
were analysed for 2 hours at pH 1 and for the remaining tinme at pH1G BEC A%
Ratio PEO 4 Mor 8 M iota-Carrageenan (20:80) H376/95 50.5 ng Pol yet hyl ene
oxide 40.0 ng Ilota-Carrageenan 160.0 ng Sodium stearyl fumarate 2.5 ng 30
Tabl et weight 253 ng 1 3 DEC 2005 31 Tabl ets were nmanufactured and anal ysed
according to Exanple 1. The results from the analysis are presented in
Figure 2 and show that using higher nol ecul ar weight of the neutral gelling
pol yner gives a slower release rate ingpeutral pH The release rate in the
|l ow pH region is not affected because there is a sufficient amount of
anionic polynmer s included in the fornulation. Exanple 3 This Exanpl e shows
the rel ease of HpffilOWert MMIrRhuedAdSA WhalyleCRPNGAE Lo IXAmMpRY | The fefiits &1 of PEO
with different nolecular weight to iota-Carrageenan. Tablets were analysed
for 2 hours Baanglpsis arg pepsqnied "‘rg%ﬁ%?%PWgSh?‘f’ Hhet wsingdygher polecpiyr REENSTBEO 1 M or 4
M iota- Car rna@mganngg&@ﬁ?éivﬁalﬁ;&@@eﬁ%&um nefied ¥R Yd BREsePMHé Hehel 60. 0 NT

| ot a- Carrageenan 40.0 Sodi um stearyl fumarate 2.5 ng _Tabl et wei ght
253 g Tabl &9 PRET&EFTs By aifectpd Refguss ihers is a guficien rRpwy of BionicaemsT 1. Figure 3
shows how wsdiHed & t8€tokhigioR0! ymer wi t h hi gher nol ecul ar wei ght can decrease
the release rate in 20 neutral pH At the sane tine the rel ease-retarding
effect in pH1is |ess distinct becdde@ele3 spal|er amount of

i ot a- Car r ageenanThis Ex&gb sh6@dtAedeRek e\ HB7d/9merrRX B1eTs 84th ShayRitioNraibgur e 2.
(80:20) of PEO with different molecular weight to jiota-Carrageenan. Tablets were
analysed for 2 hours at pH 1 and the remaining time at pH 6.8.
10 '
Ratio PEQ 1 M or 4 M. iota-Carrageenan (80:20)

H376/95 50.5 mg
Polyethylene oxide 160.0 mg
Iota-Carrageenan 40.0 mg
15 Sodium stearyl fumarate 2.5mg
Tablet weight 253 mg

Tablets were prepared and analysed according to Example 1. Figure 3 shows how
using a gelling polymer with higher molecular weight can decrease the release rate in
»  neutral pH. At the same time the release-retarding effect in pH 1 is less distinct because a
smaller amount of jota-Carrageenan is used, compared with the examples shown in Figure
2. | |
Example 4
This Example shows the release of H376/95 from blends with varying composition
25 ratio of iota-Carrageenan and HPMC, 10 000 cps, Tablets were analysed for 2 hours at pH

1 and for the remaining time at pH 6.8.



Exanpl e 4 This Exanple shows the rel ease of H376195 from bl ends with varying
conposition 25 ratio of iota-Carrageenan and HPMC, 10 000 cps. Tabl1eg 35%@?
anal ysed for 2 hours at pH 1 and for the remaining tine at pH 6.8. 1 g
2005 32 Rati o HPMC: i ot a- Carrageenan(80: 20) (50: 50) (20: 80) H376/ 9550. 5
my' 50.5 ng50.5 ng HPMC, 10 000 cps160.0 ngl00.0 ng40.0 ngy
| ot a- Carrageenan40. 0 ngl00. 0 ngl60. 0. ng sSodi um stearyl fumarate2.5 ng2.5
ng2. 5 ng Tabl et wei ght 253 ng253 ng253 ng Tabl ets were manufactured and
anal ysed according to Exanple 1. The rgsults from the analysis in different
di ssolution nedia are presented in Figure 4. The (50:50) 10 fornul ation
again shows an essentially pHindependent release profile at a pH range
beéI W?‘endleR@noHPmamdﬁcarG@g}%dﬁdeCtS(Db@t t hesg:sg)ease (@@ agai n can Ibe
nodi fied by_blending different ratios.of various other neutral.gelling
pol ymers, i A3¥$PE case HPMC, 10 0GE-5cps, WOOHRE he ARiSa%E ¢ pol yner,
i ot a- Carragqgaw 1068@gR! € 5 15 Thigo gl q08h t Qg ol ease of H376195
froma bl end vvlth t he "conposition ratio (50: Sgﬁs f PECn)?é4Ma d
i ot a- Car r agd@traATagFeiBl et s wer e anaifpdes forlOQmegour 469.8medi f f erent nedi a.
Rati o PEQ @%mﬁlg{e%y%mg:eenan (%ﬁg) 20 9H346/ 95 90, g, "y Pol yet hyl ene
oxide, 4M 1 ng "lota- Carrageenan 00.0 g% Sodi um s%earyl fumarate 2.5
ng Tabl et Wéblgfmm@ss ng 25 Tabl et®3We&re n@ALMAct ur @83 Er ough di r ect
conpressi on, according to Exanple 1. The anal yses were made in dissol ution
bat hs (USP apparatus 2 wth tablets positigned in a
Tablets were manufactured and analysed according to Example 1. The results from
the analysis in different dissolution media are presented in Figure 4, The (50:50)
10 formﬁlation again shows an essentially pH-independent release profile at a pH range

between 1-6.8. It can be conciuded that the release rate again can be modified by blending

different ratios of various other neutral gelling polymers, in this case HPMC, 10 000 cps,

with the anionic polymer, iota-Carrageenan.

" Example 5
15 This Example shows the release of H376/95 from a blend with the composition
ratio (50:50) of PEO 4M and iota-Carrageenan. Tablets were analysed for 24 hours in

different media.

Ratio PEQ, 4M: iota-Carrageenan (50:50)

w0 H376/95 . 50.5mg
Polyethylene oxide, 4M 100.0 mg
Jota-Carrageenan 100.0 mg
Sodium steary} fumarate 2.5 mg
Tablet weight 253 mg

25
Tablets were manufactured .tlhrou gh direct compression, according to Example 1.
The analyses were made in dissolution baths (USF apparatus 2 with tablets positioned in a
basket’ along the flow steam) where three tablets were analysed for 24 hours in each
media, 0.1 M HCI and a 0.1 M phosphate buffer, pH 6.8 with 5% ethanol {EtOH), added to
30 improve solubility of the drug.. The results, presented in Figure 5, clearly show that a
tablet with a pH independent release profile can be made, when using a composition }with

equal parts of PEO, 4M and iota-Carrageenan.



basket' along the flow stean) where three tablets were anal ysed for 24 hours
in each nedia, 0.1 MHO and a 0.1 M phosphate buffer, pH 6.8 with %O/QE{: 2005
et hanol (EtOH), added to 30 inprove solubility of the drug.. The resu
presented in Figure 5 clearly showthat a tablet with a pH i ndependent

rel ease profile can be made, when using a conposition with equal parts of
PEO, 4M and i ot a- Carrageenan. 13 DEC 2005 33 ( A custom nmade quadrangul ar
basket of mesh wire, soldered in one of its upper, narrow sides to the end
of a steel rod. The rod is brought thregugh the cover of the dissolution
vessel and fixed by neans of two Teflon nuts, 3.2cm fromthe centre of the
vessel. The | ower edge of the bottom of the basket is adjusted to be 1lcm

above the paddl ef' Abcuftb@ rids eitiranguldibhskeitof theshl ik sdldeedfth @ie cﬂ’ﬁtﬁ ,W th the

tabl et under test, standing on its le 6. This e shows the
rel ease of I%‘?%?’é‘gﬁsft?@ﬁf‘f ‘gaﬁ’@ﬁ]tr?%ll'ﬁ'ﬁg‘?qh@“%&%ﬁ’é thegepyer p ‘ZM in the

a:t; g ?g SSSf 5!@&@u@@rv5@gafmﬂmmq%eaﬁbaﬂfmo ﬂloigmﬂs fsfze?emrm A€ tenfré |6ﬂ tad medi a.2 iSS

ene_ oxi de, : i.um st aryl rate2.5 ng

Tabl et wei gHt 813%%10’1“ H108% %ftgé?%mé’ﬁwwgtsgﬁﬂseag%‘ﬁSMHC% Qeth g‘gﬁessi on,
accor di ng t ahExasRpliediketed ABTH SRS WRAA Wil fHeQible dndeRed stindihy on i di f f er ent

di ssolution haths. The tablets in the vessels containing 0.1 MHC were
anal ysed for® &hours. Wen usi ng 0.1 M phosphate 20 buffer pH 6.8 as the
di ssolution nedia, the tablets were analysed for 20 hours. The results in
Figure 6 show that the rel ease ratel.slr'xrall Bﬂ&l is significantly greater than

t

the release in pH 6.8, indicating ng the neutral polyner alone is
not sufficient tOhigExaempke sbbtvs thewckirpervd 8AT6/95dtamahe nprtralf gellmg fpolymer HEdsi ¢ dr ug

possessi g %I%@g/ gqéﬁfggee&ti?ﬁgalrﬂ.? nL}%dafa? E&Sﬁqﬂfe?en? d8Lif fesdlPl € shows the

rel ease of rom-t oni c Car rageenan in the absence
of a neutral gelling polymer and anal ysed in different artificial

H376/95 50.5 mg

Polyethylene oxide, 4 M 200.0 mg

Sodium steary] fumarate 2.5mg

15 Tablet weight 253 mg

Tablets were manufactured through direct compression, according to Example 1.
Analyses were performed separately in different dissolution baths. The tablets in the
vessels containing 0.1 M HCI were analysed for 2 hours. When using 0.1 M phosphate
20 buffer pH 6.8 as the dissclution media, the tablets were analysed for 20 hours, The results
in Figure 6 show that the release rate in pH 1 is significantly greater than the release in pH
6.8, indicating that using the neutral polymer alone is not sufficient to give a pH

independent release profile for a basic drug possessing a pH dependent solubility.

s Example 7
This Example shows the release of H376/95 from the anionic polymér iota-

Carrageenan in the absence of a neutral gelling polymer and analysed in different artificial

media.

H376/95 50.5 mg
30 Iota-Carrageenan 200.0 mg

Sodium stearyl fumarate 25mg

Tablet weight ' 253 mg



medi a. H376/9550.5 ng 30l ot a- Carrageenan200. 0 My Sodi um stearyl fumarate2.5
ng Tabl et weight253 ng 1 3 DEC 2005 34 Tabl ets were manufact ured thrP?%@EZMS
di rect conpression, according to Exanple 1. Anal yses were perforned
separately in different dissolution baths, simlar to Exanple 6. Figure 7
shows how the release rate in pH 1 is slower conpared to the release in pH
6.8. 5 This effect is not shown when using any ot her honopol yner we have
tested as matrix polynmer. 10 Exanple 8 This Exanpl e shows the rel ease of
Conpound A froma blend with the conpogistion ratio (50:50) of PEO 4M and

i ot a- Carrageenan. Tablets were anal ysed for 24 hours in different nedia.
Wei ght (ng) Conpound A 50.0 |ota-Carrageenan (Fluka) 100.0 15 PEQ, 4M
(Union Carbide) 100.0 PRUWIT 2.5 The active ingredient was m xed nmanual |y

wi th the pol ymer d lubri t. The mxture.was direct] onpressed into
Pabl et o DOExampratgs i Suritaied bR NI oo otk ACBrnain BOEE B f 1 om &
bl end W t h tdmelyceameas pdrioamedrsaparaely mQifHdent dissotitbviChatis) sigfilar t6 E:araglels, -
i ot a- Car r agegnan., ..Iabl et re anal d: for 24 hours.n . differ

med a. vl gne i) SRR e BN PRl v SqmeRliS etk FRT O HevG, 10
000 cps109. Orhis effect is not shown when using any other homopolymer we have tested as matrix

polymer,

Example 8 '
This Example shows the release of Compound A from a blend with the composition

10 ratio (50:50) of PEO 4M and iota-Carrageenan. Tablets were analysed for 24 hours in’

different media.

Weight (mg}
Compound A 50.0
~ Iota-Carrageenan (Fluka) 100.0
15 PEQ, 4M (Union Carbide) 100.0
PRUVY™ 25

The active ingredient was mixed manuaily with the polymers and lubricant. The
mixture was directly compressed into tablets. |
20 ' Example 9
| This Example sh(;)ws the release of Compound A from a blend with the composition
ratio (50:50) of HPMC, 10 000 cps and iota-Carrageenan. Tablets were analysed for 24 |

hours in different media.

Weight (mg)
25 Compound A 50.0
Iota-Carrageenan (Fluka) 100.0
HPMC, 10 000 cps 100.0
PRUV™ 2.5
30 The active ingredient was mixed manually with the polymers and lubricant. The

mixture was directly compressed into tablets.



PRUVTR2. 5 soThe active ingredient was m xed manually with the pol yners and
l'ubricant. The m xture was directly conpressed into tablets. 1 3 DEC1Z(@3(B5
Assessnent of Cumul ative Rel ease of Conmpound A from Tabl ets of Exanples 8
and 9 Two individual tablets were tested for drug release in 900nl nedia
using a USP dissolution apparatus 2 (paddl etbasketl) at 50 rpm and 37C. The
di ssolution nedia used were 0.1M hydrochloric acid (pH 1) and 0. 1M sodi um
phosphate buffer (pH 6.8) with 5% s ethanol added to inprove drug
solubility. The addition of ethanol wagsverified to not significantly
affect the rate of release of these conpositions. In-line quantitati on was
performed using the C Technol ogies fibre optic systemwith with 235 rim as

the anal yti caisessw@mf@mmwwael@asgoflcd%ﬁgd M’ﬁ%m%@l@méﬁsﬁ%lcghﬁm ution nedia
and with 250 nmas the analytical wavelengt en_ nodi phosphat e buffer
pH 6.8 was used é“gfowevnaﬁa&%rtwreﬁs%f%éwsaeleas%le 9%11\%1%@@5&%1% he

reference wamb&(ﬂsﬂ Af;pmthbz @e&dwmﬁé@ at bdpA £H St QNTRBRRLHRAhARAERT basket
of nmesh wire, one of %d]emarrowmdes to the end of a

steel rod. Tﬁ%“" PGHI qygmﬁh‘l%‘t@‘i’td (pH, ll)(ﬁﬁ‘ﬁﬁ 1 psphite btsr (i B HNHS5%on vessel
and fixeds byemarmafm tnvysaovmﬁdgqaum@srhc%daﬁm Jfreﬂﬁﬂdl bes eantdw@nef the vessel.
The | ovver e-?ﬁ fg i@'e% oﬁ tom f t he [Sasket | S, st ed to_.be 1lcm above the
padd| e. Eaeeitertd edF‘FB elegse 5f GG C?‘WEPS’F‘P “F@H‘?i‘f‘%f‘?%“’?she t abl et
under t est Sﬁaaﬂaﬂhd’dglsmglthh CsTecigdBgied ﬁlExa;smlsﬁtehOwImw&h P3saidsehesdislyEeat he rel ease
of Conpound B a bI ﬁjt th a 0 g& %121 of PEO 4M and
i ota-Carr age‘é‘?‘lﬁ[? qeg IW(‘1 ﬁgﬁshn@ %‘%Diu@BWB% d %%q P5P4- car r ageenan
(Fl uka) 104. 0#11113/(1655Qﬁ\)eleﬁﬁﬁ)whé'l\'ﬁnédmud@ho@amé)bm) A1 4.80vhd uged B0hg diB3RURIZn 51 The
medid, nin was used’as the reference wavelength wi medial
tabl ets wer e %5@ ccordi ng ﬁ) Efx n}) q g@l LG8ass, da a shown in Figure 10.
[ A custom m_adc quadrangular basket of mesh wire, soldered in one of its upper,
narrow sides to the end of a steel rod. The rod is brought through the cover of the
dissolution vessel and fixed by means of two Teflon nuts, 3.2cm from the centre of the
vessel. The lower edge of the bottom of the basket is adjusted to be 1cm above the paddle.
15 The basket is directed along the flow stream with the tablet under test standing on its
edge.]
Example 10
This Example shows the release of Compound B from a blend with a composition
ratio (50:50) of PEO 4M and iota-Carrageenan. '

20

Weight (mg) | Amount (%)
Compound B 41.0 16
Iota-Carrageenan (Fiuka) 104.0 41 (“50™)
PEO, 4M (union Carbide) 104.0 | 41 (*50™)
PRUV 2.5 1

The tablets were made according to Example 9. Release data shown in Figure 10.

Example 11
This Example shows the release of Compound B from a blend with a composition

25 ratio (80:20) of PEO 4M and iota-Carrageenan.



25 Exanple 11 This Exanple shows the rel ease of Conpound B froma blend with
a conposition ratio (80:20) of PEO 4M and i ota-Carrageenan. 1 3 DECJqu)CEgOZﬁ@
Wei ght (ng) Anount (% Conpound B41. 016 | ot a-Carrageenan (Fl uka)41.817 (™
PEO, 4M (union Carbide)167.266 ("80") PRUV2.51 The tablets were nmade
according to Exanple 9. Rel ease data shown in Figure 10. Exanple 12 This
Exanpl e shows the rel ease of Conpound B froma blend with a conposition s
ratio (5 0:50) of HPMC, 10 000 cps and i ota-Carrageenan. Wi ght (ng)Anmount
(%9 Conpound B41.016 |ota-Carrageenan gfl uka)104.041 ("50") HPMC, 10 000 cps
(60SH) 104. 041 ("50") PRUV2.51 The tablets were nade according to Exanple 9.
Rel ease data shown in Figure 11. Exanple 13 io Direct conpression of '
Conmpound C wi fim APMCTO~ 00U CP5S. and excipients
material has heen mxed in a be i'\?]éiglglgxémb’ thgaa@ gﬁmwas | ubricated with
sodi unst ear yl { GempaméBand conpres&ed i nto t|dbl ets usiing an exenterpress.

Wi ght Amount  Eonp =50 +6 o HPVE O T800sRs25%. 0 ny82. 8 % Sodi um
stearyl fumar ;Fde%eﬁﬁﬁagf@%@}?ﬁfS ik 17¢207) .

PEO, 4M (union Carbide) 167.2 66 (“80™)
PRUY 235 1

The tablets were made according to Example 9. Release data shown in Figure 10.

' Example 12
This Example shows the release of Compound B from a blend with 2 composition

5 ratio (50:50) of HPMC, 10 000 cps and iota-Carrageenan,

Weight (mg) | Amount (%)
Compound B 41.0 16
Jota-Carrageenan (Fluka) 104.0 41 (*50™)
HPMC, 10 000 cps (60SH} | 104.0 ~ |41 ("50™)
PRUV 2.5 1

The tablets were made according to Example 9. Release data shown in Figure 11.

Example 13

10 Direct cbmprcssion of Compound C with HPMC 10 000 cPs.
The active substance and excipients material has been mixed in a beeting vat. The

blend was lubricated with sodiumstearylfumarate and compressed into tablets using an

exenterpress.
Weight Amount
Compound C S0mg 16.2 %
HPMC 10 000 cPs 255.0 mg 82.8 %
Sodinm stearyl fumnaraie 2.5 mg 1.0%

15

Release rate data



Rel ease rate data 1 3 DEC 2005 37 Tinme (mn)%released in buffer pH 1.1%

rel eased in buffer pH 6.8 000 15-- 308 45 -- 60137 1202012 18026- 24(33@,%@2[}[}5
3604025 4804831 6005536 7206141 8406645 9607149 10807553 12007956 Direc
conpressi on of Conmpound C with HPMC 10 000 cPs and iota-Carrageenan, ratio
50:50. s The active substance and excipients material has been mxed in a
beeting vat. The blend was |ubricated with sodi unstearyl fumarate and
conpressed into tablets using an exenterpress. Wight' Anount Conpound C50
ngl6. 2% HPMC 10 000 cps127.0 ng4l.4 % 4pta- Carrageenan (Fluka)127.0 ng4l.4 %
Sodi um stearyl fumarate3.0 ngl.0% 1 3 DEC 2005

Time (min) % released in buffer pH 1.1 % released in buffer pH 6.8
0 0 0
15 - -
30 8 -
45 - - -
60 13 7

120 20 12
180 26 ' -

240 31 19
360 40 _ 25
480 48 31
600 55 36
720 61 41
340 66 45
960 - 71 49
1080 ' 75 53
1200 79 | 56

Direct compression of Compound C with HPMC 10 000 cPs and iota-Carrageenan, ratio
50:50.
5 The active substance and excipients material has been mixed in a beeting vat, The

blend was lubricated with sodiumstearylfumarate and compressed into tablets using an

exenterpress.
. Weight ' Amount
Compound C 50 mg 162 %
HPMC 10 000 cPs 127.0 mg 414 %
Iota-Carrageenan (Fluka) 127.0mg 414 %
Sodium stearyl fumarate . 3.0mg . 10%




38 Release rate data Tine (mn)%released in buffer pH 1.1% rel eased in
buffer pH 6.8 00- 15-- 303- 45-- 6044 12078 18010- 2401216 3601727 qquggﬁ%
6002751 7203263 8403775 9604187 10804694 12005097 Rel ease rates were

determ ned as follows. Three individual tablets were tested for s drug

rel ease in 900m media using a USP di ssol uti on apparatus 2 (paddl er baskets)
at 50 rpmand 37C. The dissolution nedia used were 0.1 M hydrochloric acid
(pH 1) and 0.1 M sodi um phosphate buffer (pH 6.8). In-line quantitati on was
performed using the C Technologies fihge optic systemwith 220 nm as the
anal ytical wavel ength when 0.1 M HClI was used as the dissolution nedia and
with 260 nmas the anal ytical wavel ength when 10 phosphate buffer pH 6.8 was
used as the di febhsetratodatmedi a. 350 nm was used as the reference wavel ength
with both media. For the first two hours of the analysis the rel ease value
was neasured every 15 mnutes, and then every hour for the remainder of the

anal ysis. 1 3 DREGEADS 3P% released in bufferpH 1.1 | % released in buffer pH 6.8
0 0 _ -
15 - -
30 3 : -
45 - ‘ -
60 4 : 4
120 7 8
180 . 10 -

240 12 16
360 17 27
480 22 38
600 27 51
720 32 . 63
340 37 75
960 41 87
1080 46 94
1200 50 97

Release rates were determined as follows. Three individual tablets were tested for
5 drug release in 900ml media using a USP dissolution appafatus 2 (paddle+basket) at 50
rpm and 37°C. The dissolution media used were 0.1 M hydrochloric acid (pH 1) and 0.1
M sodium phosphate buffer (pH 6. 8) In-line quantitation was performed usm gthe C
Technologies fibre optic system with 220 nm as the analytical wavelength when 01M
HCI was used as the dissolution media and with 260 nm as the analytical wavelength when
10 phosphate buffer pH 6.8 was used as the dissolution media. 350 nm was used as the
reference wavelength with both media. For the first two hours of the analysis the release

value was measured every 15 minutes, and then every hour for the remainder of the

analysis.



[1 A custom nade quadrangul ar basket of nmesh wire, soldered in one of its
upper, narrow sides. to the end of a steel rod. The rod is broughtqtipogh
the cover of the dissolution vessel and fixed by neans of two Teflon nuts,
3.2cmfromthe centre of the vessel. The |ower edge of the bottom of the
basket is adjusted to be 1cm above the paddle. The basket 5 is directed
along the flow streamw th the tablet under test standing on its edge.]
Exanpl e 14 Wei ght Anobunt Conpound D100 ng20% HPMC 10 000 cps200 ng40%

| ot a- Carr ageenan200 ng40% Sodi um stear3?l funmarate5 ngl% 10 This fornul ation
can be prepared as described in Exanple 13. 1 3 DEC 2005 40 CLAIMS 1. An

or al pharnaqeutlcal formul ati on conprising i ota-carrageenan, one or nore

neutral gel %glt"‘amwee%ad@ﬁaﬂa basket & MphyiRe soldradan pre OTAlS HPRFE NEFRJY edi ent |

whi ch 5 for gudsas iheBnd dTRiskbilrsd. U rédal BRsg @&ougmee@\@f @ftﬂmgsmg&utl cally
active ingredient from the fornulation at acidic pH 2. A fornulation as

clai med in ¥essl ARfxGRh BY BEaRS PWOHég?W%%F%E@Ettfleéé.‘ltfeffﬁl?t"ﬁ?@ Thtrgr edi ent has

a basic gromch@@ge BOhSbdRBR oPfhe bhRENid ad‘jtﬁte&%beh@m%bmétﬁeq{aﬂ&lé atie®Rskas cl ai med
inclaiml or_2 wherein the basic pharpmaceuti cal Id%/ actlve ingredient is

xi mel agafr alt dgpctpsklone dyeyfioy. Wﬂ)thﬁ](’ﬁ)bmr@‘l)‘ﬁ% gifnding)oRjts edgodh( Ove) ;

Ph(3-d ) (5-OCHF2)-(R) CH(OH) C( O - (S) Aze- Pab(2, 6-di F) (Owe); or. -
Ph(3-d) (5- OCH2CH2F) - (R CH(OH ) C(O -(S)Aze-Pab (OW) is 4. A fornulation
as claimed in claim1l wherein the basic pharmaceutically active ingredient
st 4-( { 3-[7-(3, 3-di et hyl - 2- oxobjsfaydple & 0xa- 3, 7-diazabicyclo [3.3.1

] non-3- yl]pr, ZaTaTR NAW I

Weight Amount
- Compound D 100 mg 20%
HPMC 10 000 cPs 200 mg , 40%
Iota-Carrageenan 200 mg 40%
Sodium steary] fumarate 5mg 1%

10 This formulation can be prepared as described in Exarnple 13.



20 tert-butyl 2-{ 7-[3-(4-cyanoanilino)propyl]-9

-oxa- 3, 7-di azabi cyclo-[3.3. 1] non-3- yl } ethylcarbamate; tert-butyl f-EE
7-[ 4- (4- cyanophenyl ) butyl ] - 9- oxa- 3, 7-di azabicyclo-[3.3. | ]Jnoii-3 - b ﬁ 2005
et hyl carbamate; or tert-butyl 2- [ 7-[(2S)-3- ]non-3-yl } ethylcarbamate .
5. Aformulation as clainmed in claim1, 2, 3 or 4 wherein the neutral
gelling polynmer is a polyethyl ene oxide, polyethylene glycol or a mxture
of two or nore different polyethylene oxides. 30 41 6. A formulation as
claimed in claim1, 2, 3 or 4 wherein #he neutral gelling polyner is an
hydr oxy propyl nmethyl cellulose, or a mxture of two or nore different

hydr oxy propyl nethyl celluloses. 7. A fornulation as clainmed in claiml, 2,
3 or 4 wherein the neutral gelling p&lBdg is a nixture of an hydroxy
propyl nethyl cellul ose and a pol yethyl ene oxide. 8. A fornulation as
clainmed in any one preceding claimwherein the ratio of neutral gelling

pol ymer to ilet a- taprebpjesrisutira formulatien gospgeini0teg@ragse80; @@ or ®oreA f or nul ati on

as clainmed in any,Qne.ph 'eaganqlf%iam mﬁﬁﬁmcap%ru%% cdiffiaiBceutical Iy

active ingredient 1s nmetoprolol. . A process tor preparing a fornul ation
as clai ned in clfmylationinheity e selepse efghyhasis phagmaneitidabiactive mgedientdyaenan, one
or nore neutral gekd ,ReidAQt ¥RE sand a basic pharmaceutically active
ingredient. 11. The use of a formulation as clainmed in claim1l as a

medi cament. 12. The use of a fornulation as clained in claiml in the

manuf act ur e 20f  as iR RHAGER blafnd id daiREGVEISR th BRid PrhedlaBMtaR ac@ve
cardi ovascul ar dj sorder. . .
ingredient has a basic group having a pKa of from 1 to 10,

3. A formulation as claimed in claim 1 or 2 wherein the basic pharmaceutically active
ingredient is ximelagatran or Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(Q)-(S)Aze-
Pab(OMe}; Ph(3-Cl)}(5-OCHF;)~(R)CH(OH)C(0O)-(5)Aze-Pab(2,6-diF){OMe); or-
Ph(3-Cl)(5-OCH,CH;F)-(R)YCH(OH)C(O)-(S)Aze-Pab(OMe).
15 .
4. A formulation as claimed in clr;lim 1 wherein the basic pharmaceutically active
ingredient is:
4-({3-f7-(3 ,3—dimethyl—Q-bxobutyl)-9-oxa-3 ,7-diazabicyclo[3.3.1Jnon-3-
yllpropyl}amino)benzonitrile; _
20 tert-butyl 2-{7-[3-(4-cyanoanilino)propyl] —9-0xa—3,7-diazabicyclo-[3.3.1]non-3-
yl}ethylcarbamate;
tert-butyl 2-{ 7~[4—(4-cyanophcnyl)butyl]-9-oxai-3,7—diazabicyclo-{3.3. 1lnon-3-
yi) ethylca:bzimatc; or ‘ '
tert-butyl 2-{7-[(25)-3-(4-cyanophenoxy)-2-hydroxypropyl]-9-oxa-3,7-
25 diazabicyclo]3.3.1)non-3-yl}ethylcarbamate.

S. A formulation as claimed in claim 1, 2, 3 or 4 wherein the neutral gelling polymer
is a polyethylene oxide, polyethylene glycol or a mixture of two or more different
polyethylene oxides.

30



10.

11.

12,
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A formulation as claimed in claim 1, 2, 3 or 4 wherein the neutral gelling polymer
is an hydroxy propyl methyl cellulose, or a mixture of two or more different

hydroxy propyl methyl celluloses.

A formulation as claimed in claim 1, 2, 3 or 4 wherein the neutral gelling polymer is

a mixture of an hydroxy propyl methyl cellulose and a polyethylene oxide.

A formulation as claimed in any one preceding claim wherein the ratio of

neutral gelling polymer to iota-carrageenan is in the range 20:80 to 80:20.

A formulation as claimed in any one preceding claim wherein the basic

pharmaceutically active ingredient is metoprolol.

A process for preparing a formulation as claimed in claim 1, the process comprising
mixing iota-carrageenan, one or more neutral gelling polymers and a basic

pharmaceutically active ingredient.

The use of a formulation as claimed in claim 1 as a medicament.

The use of a formulation as claimed in claim 1 in the manufacture of a medicament for

the treatment of a cardiovascular disorder.



