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WO 2004/ 022071 PCT/ GB2003/003887 1 MUILTI VALENT METAL
SALTS OF BORONI C ACI DS FOR TREATI NG THROVBCSI S
WBAOKE@ROUND 5 The present disclosure rel ates tBCT/GB2003/003887
phar maceutical |y useful products obtainable from
organoboronic acids. The digclosure also relates to

the use of nenbers of the aforesai

{ OMEHGTRLE GIRAER R, o8 RORT Iy Spial on = ety fitbSezs

synthetic internediates and to other subject matter.
BACKBRoGNsCl osure further relates to oral pharnmaceutica

formul ati ons containing the described products. 10

Bor oni cAci d Conpounds It has been known for sone years

Thet grédentodisdvaire ralgties t<§3 gna@mau@dscaﬂm dserdn @hddu€te bbtambbly &Bm organoboronic

L. St ers, al |t| ably a :
acid, Fh AP 51 Satier PP Gt s bl Srssantiiiin ol rddics to thei
formtetibih, eheirgiremalation, 1beiBiyothéterintsmnrediated aﬁdﬂfﬁ‘)bthet Qutject mpibert

t hat 2-phenyl et hane boronic acid inhibits the serine
protease chynotrypsin at mllinolar |evels. The
Thedisepsyire fudher olateshiprasal phaysiaeputieatifosmyations edntainiyg the described products.
aryl boroni c acids (phenyl boronic acid,
m ni t r o- phenyl boroni ¢ aci d, n}aninophenylboronic aci d,
BoromisAxichQdrapoirisfsr oni ¢ acid) is reported by Phillip et
al, Proc. Nat.- Acad. Sc!. USA 68:478-480, 1971. A
study of the inhibition of subtilisin Carlsberg by a
It hgsabgeptkpowt fap serodyenrs thatibororie peid icampopngshandytheib gertyafives, e.g. esters,
have'ﬁﬁlblgéica%2 Qctﬁﬂ:i@ss Bbt&l&l‘% @lnﬁytog @r sBbstrafebBs prbtéDes. N%Peﬂﬁﬁble, Koehler et al.

her s, descr | Seuf er - Wassert hal et
B/ocgp@is@y 10: Wg 1e Fﬁpo@ (tligt ngweggethqrgglgproqlcna%g@fbﬂ% fcrﬁgserme protease

chyrh&tRipEth o milin®lar SaYBIS! ITAE @ibRibn Bf Q’(yﬁx@ﬁﬁ%m 14 subt@isin B arylboronic acids
itor, res

etc. designate subs i n es, whi ¢ch .
onyBorgi ST o e R gl ie e PR i R inyoroni
acidBls, repartedSBy Phillic ef atle%oq) Mést. eddathesSc. 2854cef-478s480Nn d971g A study of the

inhil@ﬁiﬁs&l ?lﬁ)tll%nl EQ%b%Q%@?E e\laﬁétg\tdff"@?)‘?ork_n a@&; ga"s;g%ﬁﬁyﬁ gmnglhboronic acids
subgtitutes melp.BmCé-las gal, B@@@p@mhgqsomgggcrpgg by Senfer-Wasserthal et al, Biorg.
Meagz/% é]?,§§4f31&gg In thrombin, the S1 binding site or

y . . S

cket” is a well defined slit in the
enzyme, whilst the S2 ‘and S3 binding subsites (al so
In dﬁﬁﬁﬁﬁ%wh@%r}! 0 élf(dsﬁ‘ ed Hlepr% 9@&% niﬁ_l P@W@ @ics Hé&gnate substrate or inhibitor
ro IC

are P/ Obl C and intera
resiciis Whgh gradneino-tepraiag) de the acisgile Pepe e (@8 -Sbhe Sén%}ﬁgg?s'gnate the

corr@épﬁﬁfuﬁ_; sugﬁteﬁbﬁﬂhmﬂiel frétbase & B@bieBndeMitd: Sehethie, 1. and Berger, A. On
ein

b 2! 76 UL ) e A B ol St 1, 1997

throfh®in} mersu rn:gndag ity mﬂ‘specﬁatycboalrw1 inguell dgéfinedhslibindihe azyme, whllst the S2

ond SRy b0 @ﬁ&h@ﬂg%"%‘a%f@@ﬁq@ﬂ%‘rﬁﬁ&gﬁ%ﬁtﬁ

hydmm@&mi mteutacs straglydvith higspegiévelyi Rre and RtPheAMeyIsh athers.
a-am noboronic acid with a neutral side chain mere

effective 35 inhibitors of elastase and has bee
Phafmscewigal desgycrh nEReFesng prgg@p%mhlgm has pqvesh o éﬁ\eagrpp{% agylporonic aads

to b%baﬁa&t . éi%eptldebtdhltaflmgSa Mrorﬁ@mmmgw @‘@ﬁ esamimpeehdkylic acid. The
bo qnlggng gla;p P%B nvatlseg nc|>f?enat8 I1‘<()jrrrlI th{es ért ° henV| a&IPeA qgﬁﬂl and US 4499082)

disclosed that peptides containing an o-aminoboronic acid with a neutral side chain were effective

inhibitors of elastase and has been followed by numerous patent publications relating to boropeptide
inhibitors of serine proteases. Spexcific, tight binding boronic acid inhibitors have been reported for
elastase (K; 0.25nM), chymotrypsin (Kj, 0.25nM), cathepsin G (Kj, 21nM), a-lytic protease (K,
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el astase (Ki, 0.25nM, chynmotrypsin (Ki, 0.25nM,

cathepsin G (Ki, 21nM, a-lytic protease (Ki, WO
wQeod2071 PCT/ GB2003/ 003887 2 0. 25nM, di pr@t/Geg003/003887 . _ .

am nopepti dase type 1V (Ki, 16pM and nore recently

t hrombi n (Ac- D- Phe- Pro- boro?rg-(]ﬂ (DuP 714 initial Kl

. . eson et al, (U 014 and ot hers) and

0 23k Apealty o iahebiaotren B thrct PP MR FGERY thEpmbin (Ac-D-Phepro-
bortoRfg-oMl (L 7@55;"',-}@418[3%34)_& sclose thronmbin inhibitors

having a neutral Ctermnal side chain, for exanple

an al kyl or al koxyal kyl side chain. Modifications of

0 scri b e I L ncl d.

Ceb R G TRPI TRl AP thd R oG8 Blo BoRzo sl Bty members
incluging BISt 8%48338) digeloesh threrabipZntihitorsabayingl a mepirdl detetming ssifle chain, for
exdnfpld #PAIAL&DIRYyaAPNQIdB hain. 10 | i nkage. As exanpl es of

non- nat ural peptide |inkages nay be nentioned -C02-,

-CH2O, -NHCO-, -CHYCH2-, -CH=CH, -CQ(CH2)pCO where
Moplificegiords, of ZhedtonpoundEdédaivbad by aRkaCENIdre inclbdd 1M\, 96/25427, directed to

peéti@?_lé%ﬂé@eﬁ%i_w%%@ﬁ%%&%%#a%ﬂé%ﬁd@%@g% isyyeplaceg; by another
linkege. aAs axampteswf obrecatirabpeaptidel inkages Mayi ke mkrdionduialCoge ACH,0-, -NHCO-,
ecially, F. ticul ar non-natural eptide | inkages
-CiffP2 (=t ~COBonCO BhagR R By i Bt97 (3EP828"1Y661C%%"2[\J%" -CHY-NX-,
NR ¥ycot, hecH-= ey H%ng ri. ot eA)-Np- -
(d@gji\gs)gs vyr_?g%'\tsgo of t@’ﬁ)e- Pr o- gg%@rogﬁbo?‘g@ggtc%eggi BH-CHOM-,
whevk Xd$H tohan #8inépretectingrgeqipaanée i ity oalralagemaspacally F. Particular non-natural
wdr L. ~Am no acid such as
S R e
p-tert. butyl -di phenyl -silyl oxynet hyl - phenyl al ani ne or

e ST D OBV S By 55508 DB e

variantis neft Riyd-RpiBptoAtdc porppeptities inephialc gherf3 Bife isheepRRedPibp an unnatural

: hyorr@p%lgé’eaﬁ’ﬁfno boyft lréuaﬁ Phd df‘rinﬁa@@% rl i .ldgué?ie?Eb-g%rgi%tﬁ-g%@gsilgf)xymethyl—

N-substitute glycine i1s
phqul@,lgmi@e_ onshydresi@athylghengglaning@ndaifg Pplﬂglp rehain @ray e neutral (alkoxyalkyl,
alkylthio8IP or trifR@BHlalkylY 8( 4) : 1221- 1227, 1997. See al so US
5,585,360 (de Nanteuil et al). 25 Anparo (WD 96/ 20698
and fam ly menbers including US 5698538) discl oses
Thep eplatahasit BEtHeCE2 PO refidue St austiptp@de thrombin inhibitors by an N-substituted

Aryl -l inker-Bor.o , ere Bo Aa),. .
ovlen gesPTD S LY PRk W LR AR Bk pin s ot o 7o
Hadmmst. @8@pl2d- 1887, . Setlalso UB 2108b, 366 (defNanteuil étahmul a
-(CH2) NCONR- (where mis 0 to 8 and Ris Hor certain
organi c groups) or_ anal ogues thereof in which the =
Am@@{W@@G&Oﬁ%@ farityrembess inguding{S6886 383 disdespgrpeptidomimetics of the
structﬁ%ﬁ?’r?r—llinkel%gqmah); Qﬁele% @ord(’/(at) _'ntﬁQtaﬁ'anba‘PﬁiNdboiroﬁ:tﬂtﬁ h@sﬁﬁdeiwri]th a non-basic
N or n subst i e 0 r ree.
s 3oy [ e BIBHRY ¢ B HkE ol FEdamroup i RBNR, (e is 0 1o 8

[ ; I 1 i - i
ond 1868 LA s GAUBPIMOBNG el M oo oo

yl - ( CH2§” _ , . a.
replagsigh PYarCSNR1, 1802 Rai %023 -HEReT PhedO2ovAYhISPhRNYLshaghtgyl or biphenyl

subg'tituted by one, two or three moieties selected from a specified group. Most typically these

compounds are of the structure Aryl—(CHp),-CONH-CHR2-BY1YZ, where R? is for example a neutral

side chain as described above and n is 0 or 1.

Non-peptide boronates have been proposed as inhibitors of proteolytic enzymes in detergent
compositions. WO 92/19707 and WO 95/12655 report that arylboronates can be used as inhibitors
of proteolytic enzymes in detergent compositions. WO 92/19707 discloses compounds substituted
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35 Non- pepti de boronates have been proposed as
inhibitors of proteolytic enzynes in detergent
W@ o09posiori ons. WO 92/ 19707 and WO 95/ 12655 r eppCT/GBR@B/003887
aryl boronates can be used as inhibitors of
proteol ytic enzynes in detergent conpositions. WO

S Sa8AS el B SREPAY IR Yol BN etgitoonar oty

sufghiedtigo PNHSDTHEY DEekyle@ne] M G/ 085 tRBINA GhalokMo-substituted compounds
acetamdo (-N ), sufonam do (-NHS02CH3) and

areuRsFickm no. WD 95/ 12655 teaches that ortho- subst i tuted
corrpounds are superior. 5 Boronate enzyne inhibitors
have wi de application, fromdetergents to bacteria
Borongje &P%(f“ied)'?‘i‘phqﬂ'ﬁuhﬁﬁ WS apnligatigh, framhdaleroeniniodacteial speulation inhibitors

to plmmmmtsl cal e ﬁﬂadnadehlﬁ:élef él@ méﬁee@tpaként fﬁfe?eltth’réﬁiescnblng boronate

lnhggfgrg 8t<%e HBnrg%roﬁehgeg,ﬁ%{ eﬁ(a Ig étar ac%ﬂrjal, I;qy,kéqnﬁ relce)nt%tgsgs plg&\gn as well as
othpit gesing protessessikd pralgl endmﬂealrdasseandrig Ap Proteass eRhrdmbireis ffieGhsy brotease in

the%%g?ﬁeég Qﬁ béjc £l @H %ctjs % lﬁjdr(}PJsg “o%?glﬁ%lv‘%g{ c%ggdrﬁlx etagh ) hlgculle o%‘ fi brlnogen

se I n
thuhyigprgteytglg ltsmlvrr@rmtmn gtept Qe farmedn tb%lbmﬁarrﬁbrm:mlsenem‘ may be cross-

hnkfadj lbl;:l fQ&&eﬁIIIa,l thfcl'i‘ 4s ItQEFHcma%&f b)n Shrbrhisin. p%yﬁ@ﬁlbﬁ' %llo%g is a potent

't near fibrin polynmers m

Onc
actitg o PP RIRCUPBVICHC 81 54 SHeQC F@SPRPIS: ST siso potendtes its own

prodgdtibiy B ©d altivatidiropfefors v ard \addi tion, thronmbin is a
potent activator of platelets, upon which it acts at

specific receptors. Thronbin also potentiates its own

Otfpr edinobdramatebyr gehdoharbnatainhibitorefor Batstrates of\seding prdteases atdbdescribed
. @ her aninoboronate or peptidoboronate inhibitors or
" substrates of serine prot eases are described in: US

o AS3BAHE®3 EP 341661 WO 94/25049 20 WD 95/09859 WO

o /342499 WD 96/ 20689 Lee S-L et al, Biochemstry
36:13180- 13186, 1997 Domi nguez C et al, Bioorg. Med.

© MRAH/2pWOt . 7:79-84, 1997 25 EP 471651 WO 94/ 20526

o WD 950865603 W97/ 05161 US 4450105 30 US 5106948

e WO 96/12499

o WO 96/20689

o lee S-L etal, Biochemisiry 36:13180-13186, 1997
 Dominguez C et al, Bioorg. Med. Chem. Lett. 7:79-84, 1997
e EP 471651

" e WO 94/20526

+ WO 95/20603
e WO097/05161
¢ US 4450105
o US 5106948
o US 5169841,

Peptide boronic acid inhibitors of hepatic C virus protease are described in WO 01/02424.

Matteson D S Chem. Rev. 89: 1535-1551, 1989 reviews the use of o-halo boronic esters as
intermediates for the synthesis of Jinfer alia amino boronic acids and their derivatives. Matteson
describes the use of pinacol boronic esters in non-chiral synthesis and the use of pinanediol boronic

esters for chiral control, including in the synthesis of amino and amido boronate esters.
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US 5169841. Peptide boronic acid inhibitors of hepatic

C virus protease are described in WO 01/02424. 35
wovedogesom D S Chem Rev. 89: 1535-1551, 1989 rpwi/6®2003/003887

the use of a-halo boronic esters as internediates for

the synthesis of inter alia %n1no boronic acids and

their derivatives. Matteson describes the use of

pi nacol boronic esters in non-chiral synthesis and the

ContgasObt jal UAOREMOhed @hani 246: €BBEN S, 1983 a&chiR! he@NitFaflolecular N—B

udi n n the synt hesi.s of o and am do boronate
C°°é§ﬁaett°§ %@d S755h 6y 159%%%%50%%%0%%?0 PoeEgit Fsisrs orepared by
reagtingale, CHCIRE gBth ovith tdiett@halamindsl 6:  213- 217, 1983 descri be
how i ntranol ecul ar NN*B coordi nati on was denpnstr at ed
by spectroscopic studies on cyclic boronic esters

Bofjahie paide shddysterr @ﬂfpbum M@Gidﬁw Bolised dshinhibitors of the proteasome, a
t hanol Eam nes.

muﬂu&%tglyt& %rB egif;ergspap%l?ﬁﬁ gcgotﬁg n}aacl#yb?fa Bﬁr@ce@:ﬁartqchelmurnov%r Ciechanover,
Cefy r7<9t1éa?so 894, deacmag| thatdthe alop¢asameisothe aeaeolyis momsmrtehteOﬁthe ubiquitin-

progég% %\F/)‘Z\e,%)y u? h /Cﬁtd’l’(%glﬁ% gl’él %Fge ﬁ?'a@é&éﬁ&% ﬁ:g?JugEa]’g]ign to multiple
mot@ﬁ@@%aig@ﬁwtm sCl@%@nqyﬁml@bﬂeWetth@bhhp shigyiin-proteasame pathway plays a key

roléRiaCdtidt B imPbreinE AR/QBBgIBA bfYARYes, I N Whi ch proteins are
targeted for degradation by conjugation to nultiple 10

nol ecul es of ubiquitin. C echanover also teaches that
Adarmettablmatenn NP 5R80RAS5 (ngspwsfwa@m 1 8065730 (2650), US b&teritMNo 6083903

L R e i Y D

est@&ﬁﬁ'ﬁﬁlﬁ cOrapA0YS udeEBl #apretehsohie |ﬁﬂ8f&9503l‘he(e2(ﬂlﬁ0)1emalso describe the use

of l?og(g'ké’ % eggécé %(gab 3&1}%933 eggk‘ré ()tl#lsﬁfgjc:éat;i‘g\ﬂfs rrogé%9 ggr]aﬁat é’" to reduce the

actyyigngfolimesin sl up r cqoﬂwgtr@agbﬁ@radamrb@ftréﬁ Protam ingaecell, to inhibit cyclin

deg#&fa%mntasceﬁlté Phifle ffe'dr&h blﬂ@ A& &, t@ HhBR Iaﬁt.g%ﬁ b?é'serﬁ‘aﬂgn in a cell, to
unds to reduce t eraeo muscl pro

.‘ mh@@@&Fa@aﬂeP@Wentt <5l PASER. e o YT KPliRtioRF- “Brfag Fiepl O 98735691,
tea€iftk that boteagshahibitos, rnam&n@f)orﬁiﬁ(gécﬁﬂ@iﬂp@ﬂhd@,far@ Dsefup Fop tr@htivg infarcts

such s F PG RO SHOcBieh TEapERy BT S flo oy /5, teches tra

prodeasongeainhilitoessaee isgful €n triesiting irdldinnatohyoandi aotvinmineldiseadss.

dependent cell adhesion, and to inhibit HV

replication. Brand et at, WD 98/35691, 20 teaches that
Unforturtatels onganphenontisi adidsscani bec relpdivaiiy diffisns e obtaini @ analytically pure form.

Th&omwgﬁo a(?JseanHStﬁ&P bort)ﬂﬁestefrgﬁﬁérperJséH‘si%{/&t $(0rc§|4~‘€thala§ Chem. Soc.
occur duri ngpst roke or infarction. ElI

ott

Perlga Tgans. ¥g#dy9P1%; fepghes; tggrg%gébqr% ac1dp||s(g@aéigyé e)ﬁgzed by alr to generate 1-
buthifthakd BodE scidr e useful for treating inflamuatory and

aut oi mune di seases. Unfortunately, organoboronic

acids can be relatively difficult to obtain in
1t iskedwnt thataderiyatisatioe of doronic a2iBs ahoaglic edtéry ployidesoxidation tksistance.  For

' KhOX] e t - &ANSLt M. r - lami

cxciple, YARorBRVGE A8 (3 Torlh 5. 46§30, 95 i@ U Gcblanciamine
derivitisatidpuargyidss morieciom against gossiblgdioropicaeiddixieaiipng U Patent dlo 5,681,978
(MARER B 8t 512 tkehanhht RRGiROSHACE, Reilol; fdrtexhplk HMAEbILBA stable cyclic

derivatisation of boronjc acids as cyclic esters

borgpigcatere habare faksagly o¥diss% t ance. For

Wu et al, J. Pharm. Sci, 89:758-765, 2000, discuss the stability of the compound N-(2-pyrazine)
carbonyl-phenylalanine-leucine boronic acid (LDP-341, also known as bortezomib), an anti-cancer
agent. It is described how “during an effort to formulate [LDP-341] for parenteral administration,

the com_pound showed erratic stability behaviour”. The degradation pathways were investigated and
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30 exanple, Martichonok Vet at I. Am Chem Soc. 118:
950- 958, 1996 state that diethanol am ne

wa@leoswzdorsat i on provi des protecti on agai nst poRGI/GB2003/003887
boroni c acid oxidation. US Patent No 5, 681, 978
(Matteson DS et al) teaches @pat 1, 2- diols and 1,3

+ di I Lnacol . fo
t 5 soubgl o2 I ot R ol Bt tiony pRpaeptrbued 1o
pergxidesior nftegulan ox®en .apd BOradibds. 765, 2000, di scuss the
stability of the conmpound N-(2-pyrazine)
car bonyl - phenyl al ani ne-1 euci ne boronic acid (LDP-341,
W, P¥859¢ab isclesss Berienie agidipraducts whigh ere deseribed as sigldeit In particular, these

prodectél Qé%h&ﬁ@or‘@ﬁéﬁhdéﬁ%ﬂdﬂﬁ b@%p@ﬁtﬁ@rﬁﬁneﬁ& ih hlPH R Boronic acid id group has

-341] for parenteral adm nistration, the conpoun
DeBRURISE YL § SI08E A Ao GivatvesTHichibeye AwitpMOHC amino acd
sidpettainspars ofvae foritlyest | gat ed and WO 2004/ 022071

PCT/ GB2003/003887 5 it was concluded that the
degradati on was OF%dati e, the,initial -gxidation being
attributed to perjoxide ecular oxygen and its
radicals. WO 02/0 31 [i ronlEg; aci d products
whi ch are descrife icular, these 5
products are certain borobbptld an / or
bor opepti dom netics. ign which the borgaic acid group
thr@% been derivatised with a sugar. The discl osed
sugar derivatives, which have hydrophobic anmino acid
si d& isdydiopan oraanemnfo dréng dratecting enolRty) R2 H ~N H A NTB~Z2
I I P is hydrogen or an am no-group
pr otﬁésclﬁﬁrr? éMqrr(grl gw 10 R is hydrogen or alkyl; AisO,
lorisR1or@ and R3 are |ndependently hydr ogen, al kyl ,
cychoa)l R St IS
l{ "JH kalej 3 & |l| e%r]de a/l %n gllé\g/ clg zi\ﬁlprarypor Elq ES

one of ary ara

2‘;; gggéﬁéhﬁr:\qsaanggtlﬂ)r@tffyénrl aﬁ%lgﬂ 'cly(\ﬁ@aqys hieto ¥c@l heteroaryl, or -

W-RS, whirg Vs as:halcbgar yrhd RGais alkw;yl al kar yI cycl oaI kyl ,

het Vi teroar

he! BRPEAEE M o L6028 M 9 By By B, o
heté@o&mwi m‘eky Rdﬁnﬁ Mazﬁ dah @abﬁt.oﬁalgawbstlwr %hdﬂ the atom

atta fhed to boron in each case is an oxygen atom 20

Son' @id #tedethes Srosenoiels Agivan femarsugasirein e ainm atiagked to boron

in Bh dab¥ 34 dxyb&ERombove) . Many drugs conprise an active
noi ety which is a carboxylic acid. There are a nunber

of differences
Some of the disclosed compounds are sugar derivatives of LDP-341 (see above).

Many drugs comprise an active moiety which is a carboxylic acid. There are a number of differences
between carboxylic acids and boronic acids, whose effects on drug delivery, stability and transport
(amongst others) have not been investigated. One feature of trivalent boron compounds is that the
boron atom is s h.ybridised, which leaves an empty 2p, orbital on the boron atom. A molecule of
the type BX; can therefore act as an electron-pair acceptor, or Lewis acid. It can use the empty 2p, -
orbital to pick up a pair of nonbonding electrons from a Lewis base to form a covalent bond. BF;
therefore reacts with Lewis bases such as NH; to form acid-base complexes in which all of the atoms

have a filled shell of valence electrons.

Boric acid, accordingly, can act as a Lewis acid, accepting OH™:

B(OH)3 + Hp0 = B(OH)4™ + H*
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W@ 2000022971 ot her s) have not been investigated. EXBEGB2003/003887

feature of trivalent boron conpounds is that the 25

boron atomis sp2 hybridi sedg which | eaves an enpty

2pz orbital on the boron atom A nolecule of the type

BX3 can therefore act as an el ectron-pair acceptor, or
Furthexy orangd glidsl of tbarypaskB(OHp anepdibasi2 pd hambitvt!calpKaQ [Ah@tker point of
d.up. ai r of nonbondi ng electropns froma Lew s
ISHGHR ZOWRPEETMPRIAG IS BESnusyialiy saerb epgth ©5 bengls g P%Omé%vgmch three
facloaesy euedpodsibldNH3 t 0o form aci d- base conpl exes in which

he ato have a filled shell of val ence

. +ﬂ@ qﬁ%gﬂp§é %%WIC acid, accordingly, can act as a
2. lopictcovatamt tksormaagpting OH: B(OH)3 + HRO - B(OH) 4 + H+

5. HOERGp R b e SBIRRL o oo hive two

pKa's. Another point of distinction about boron
The8RHA @é’ulllbﬁa Bhﬁ)ré’h' %H%Eﬂbxxyﬁ@&‘r ds it §d1u%l§§ KH He Eﬁ%«i tb@low (excluding
boron, for whi hree factors be responsi
fom_‘lat'oliQFﬁ%men of pI c-pl ¢ bonds; 2. Ion| c- coval ent
resonance; 3. Reduced repul sions betvveen non- bondi ng
el ectraons. The presuned equb,k ibria bor oni ¢ and
korcar beg i e=aci e +i e aquesas Keear ezBstmm bekew koH+ re< O
(excl ulf'lng 10 formation of °RB022- )bH IH KOH + RB(OH on
HO + K+ + RB(OOH RB-OH K+ KOH + RB(OH bH KOH + RC , OH
H O+ K+ + RC'0 4'~O0 2 ~0 Am noboronate Synthesis 15
,k@ibv\un 1bhg prigr grt0to synthesise TRl 50c
esters\m a the Tollow ng prdocess: O\ 0O\ B-H/ O O
The product of the above step is then converted by

known nethods to, for exanple, TRl 50b. See
Aminoboronate Synthesis

It is known in the prior art to synthesise TRI 50c esters via the following process:

The product of the above step is then converted by known methods to, for example, TRI 50b. See
for example Deadman J et al, J. Medicinal Chemistry 1995, 38, 1511-1522.

Thrombosis

Hemostasis is the normal physiological condition of blood in which its components exist in dynamic
equilibrium. When the equilibrium is disturbed, for instance following injury to a blood vessel, certain
biochemical pathways are triggered leading, in this example, to arrest of bleeding via clot formation
(coagulation), Coagulation is a dynamic and complex process in which proteolytic enzymes such as
thrombin play a key role. Blood coagulation may occur through either of two cascades of zymogen
activations, the extrinsic and intrinsic pathways of thé coagulation cascade. Factor Vila in the
extrinsic_pathway, and Factor IXa in the intrinsic pathway are important determinants of the
activation of factor X to factor Xa, which itself catalyzes the activation of prothrombin to thrombin,
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pofelifatesI5tanhaRiand bLfE arivahor,Pbise b VB 6 Gertiehand Beguin in
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Cré\nn}g&nl{)d na@??@@é&r}lﬁ lﬂﬁong%rldym%rn %emcis §lf aB<§) i "8@@%5‘5{ nppegé-lp (1987),
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As maRaed Yhove! ﬁﬁt@@t@'pl&? ) ﬁn[ﬁﬂb&' rbl@@fn%ﬂﬁeﬁ %émosté%”’@‘ﬂ*sts b?faggregatlng,
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leading to the formation of thrombin, so that thrombin can be generated at a rate faster than its
neutralisation by antithrombin III. The reactions that occur on the platelet surfaces are not easily
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of blood flow at their sites of formation. In general
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coagu ation ons
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appPipristdU Hatd RQuigforyR@BHti@t @ disorders such as, for example, deep vein thrombosis,
cerebrovascular arterial thrombosis and pulmonary embolism as distinct indications for the purposes
of Iicensing medicines. Two main sub-classes of thrombosis are arterial thrombosis and venous
thrombosis. Arterial thrombosis includes such specific disorders as acute coronary syndromes [for
example acute myocardial infarction (heart attack, caused by thrombosis in a coronary artery)],
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nfca as anticoagulants are the heparins
and the vitam n K antagoni sts. The heparins are

Thd thesBteéd A8l Kakikdr&F 8iattht SHiEAHISs® BorySAE e3i@E telRSnind i@k amino acid
sequence D-Phe-Pro-BoroMpg [(R)-Phe-Pro-BoroMpg], which are highly specific inhibitors of
thrombin. Of these compounds may be mentioned in particular Cbz-(R)-Phe-Pro-BoroMpg-OPinacol
(also known as TRI 50b). The corresponding free boronic acid is known as TRI 50c. For further
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Cbz- (R) - Phe- Pr g=Box,0Mpg- OPi nacol (al so known as TRI

50b). The corr:spOrding free boronic acid is known as

TRl 50c. For fu WO 2004/ 022071 PCT/ GB2003/ 003887

10 information rel atﬂ ng Rl 50b and rel ated
conpounds, th% read re en-r%]l t @< e foll ow ng
docunent s: N i gn of

Synt heti c Inh| Thr , dbaesqn G et at Eds,
Advance 73 Ex e r| rrent al Medi CI e, 340:173-178, 1993.
5 da et at, BiochemJ. 29%0:309-312, 1993

Tappar e Cet at, J Biol Che 268: 4734- 4741, 1993
Claeson G in The Design of Syntihetic Inhibitors of
Thronbin, C aeson G et at Eds @nces in

Experinental Medicine, 340;
P (RSR)—TRI 50b: Cbz—(R) -Phe-(S)-Pro- (R% %oro]\?pg Pinacol

Whilst indirect acting thrombin inhibitors have been found useful for the treatment of patients
susceptible to or suffering from venous thrombosis, the same is not true of arterial thrombosis,
because it would be necessary to raise the dosage used in the treatment of venous thrombosis by
many times in order to treat (prevent) arterial thrombosis. Such raised dosages typically cause
bleeding, which makes indirect acting thrombin inhibitors unsuitable or less preferable for treating
arterial thrombosis. Heparin and its low molecular weight derivatives are indirect thrombin inhibitors,
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Phillip et at, in The Design of Synthetic Inhibitors

of Thrombin, C aeson G et at Eds, Advances 10 in
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et at, Trends Pharmacol, Sci. 14:366-376, 1993
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compounds include amongst ot ers:

o boropeptides of which all or a majority of the amino acids are hydrophobic

o boropeptides of which at least half of the amino acids are hydrophobic and which have a
hydrophobic N-terminal substituent (amino protecting group)

« non-peptides based on hydrophobic moieties.

Typical functionalities required for interaction of drugs with their physiological targets are functional
groups such as carboxylic and sulphonic acids. These groups exist as the protonated form in the
stomach (at pH 2-3), but will be ionised to some extent at the higher pH of the intestinal fluid. One
strategy that has been used to avoid the ionisation of the carboxylates or sulphonates is to present

them as ester forms, which are cleaved once absorbed into the vascular lumen.
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10 identified as the principal site of oral drug
absorption. In particular, the duodenumis the

w@omborry target site for absorption of oral PgT/GB2003/003887
adm ni stered drugs because of its large surface area.
The intestinal nucosa acts @s a barrier that controls

ror Bsale, Bsidridectng Hoglipdaialy },rggaﬁtﬁg AP RRr PO astromntestinal
absarption) pdsi temmireal cdrbg@phd bindino@ra@ps brd isiaspurandtierad of Palsrokvhen the

carbgtg&g%%%ar‘iiﬂlﬁ&%g%?% a?g gn&ﬁgﬁ?r erJg 3_\r nﬁﬁc?rgé iiélr%Zg/Qa was therefore developed
whichepai prefecting ghaipe forsthe carhodylic anivtl arddlfor dfet ehrylmatasd) nSbe a;hore lipophilic
mol%ég{eil\tgé’r\n Hglrag?t%fn ARSHLRLY ABs Q%e rlrfynéyef‘ﬁhgrgaé Qrcrltured epithelial

erent occaslions In

CacqrAweliscihtimes higher [than| that Qim@%gatm L Wakleoadarlaéw 2{rep tpres higher
thangthrehﬂﬁfislrﬁteg?éetladntéé WaNay mﬂchS SRdller Dﬁ?gﬂpggn Qhe bRE uender the Idrug plasma
conGiRERRa i AP SIS i i Rrrae AR i iy g

for passive absorption, a route associated wth
Boro@g:\éaglrdét%bl c{rva %g n&[&gal%o%gst. r\]r\‘rai’{henf FJn oxgg{g)agzbl‘g,:eri Egglzltferso(l.d\) more typical of
singleahonds; uuhhielsypem:raﬂw cetpample @@sand\ﬁeo &besrip carbexylic and sulphonic acids.
Con%@ﬁﬁ%?'tmr&g@acr@ﬁ@% %@Q\H/ |onr§bQBrf1 nSRhias. h’hé’ﬁcﬂ'ﬁhr& k&d group will be

are 1 ndicate avoured fo

part[ydcpfgs,egtaé aH's 8f gwefqugqienglrfgqrd Bt lggﬂieg Ao tI%deﬁ)gﬁqypassrve duodenal uptake.
Thu§! & ASEEH Q&bﬁat@qmrﬁbrt‘é@ 'quﬁ@'ﬁomrd)% shsamed fhyedl pslominantly active

g et %é@s?hy Hi HEPERT ey &%7'@%'%%&63%5&7@?@ Bor

a majority of the anrno aci ds are hydrophobic 30

N-ter m naI subst ituent (am no prot ectl ng group)

: The;BuanQL%QeEﬂeFjS@u;p 8Ffitt 5B réqﬁéHIHQQféQ@dQn Pl @hdifishs of ¥Rl fleBina to form the

nctionalities required for interaction of dru m
correspeRding,PRFeNiG PEidBEP, WhifTistonsigeed: farRe: the Rative "3%6@ RA@Whén ibits the
cataBME BteaF tif@h@XY| i ¢ and sul phoni c aci ds. These groups

exi st as the protonated formin the stomach (at pH

2-3), but wll be ionised to sone extent, at the
The Ipegtiver bopdrlicodcid foemédnbyesikch nlabvafié of TRI Eﬂ])e(thesacldas degjgnatied {TRI 50c) is

rela@vgﬁlbrgs%ﬁrplg { \ﬁéjterI 8?%¥g‘¥%t 5{}@ 6r|0r{él1tt$aﬂhl-l Oghdqendts lP&?‘re poorly absorbed in the

es of resent
stongesh @sd ¢rodérmlmrsThe\md th the etrl@tué%@@o"h@rﬁ’tfe&éf@gléﬁ’@'éd into
the vascul ar | unen. WO 2004/ 022071 PCT/ GB2003/ 003887
12 For exanple, the direct acti n?lpt hr onbi n_i nhj

Whareisatie PRRAIS RT3 CHeb PRRPGAL, Fofiie &fisHbder duodena

conrﬁﬁb?r@ R4, it8 hat Bt AFvbUYEd fof BAIOX Warpétt, @Btedion thegicid @Rsdesigned for a
witterion at

oGP (e GORE R PG G B PHG SBBRE £ Pgpo 1 2 ron
basip PO €itid ghalih @ﬁé‘dﬁﬁﬂlywasthrbﬁypmmﬂp surhdieat ¢heotpipeptidevbansists Io’é@ree non-polar

amng Céﬁe h;l%%%%grr %P Rr% detbhr%gr‘éﬁlfsip i%réeyr{oin%r@s%.blg aﬁ@ﬁrefe%r-ﬁhﬁng species

further impart lipophilic propertres s0 encouraging a high rate of passive transport.

Computational techniques have confirmed that TRI 50b and other diol esters of Cbz-Phe-Pro-
BoroMpg-OH can be predicted to have good bicavailability. Thus, polar surface area (PSAd) is a
parameter predictive of bioavailability and PSAd values of greater than 60A correlate well with
passive transcellular transport and with bioavailability of known drugs (Kelder, J. Pharm. Res.,
16:1514-1519, 1999). Measurements for diol esters of the above peptide boronic acid, including the



10

15

20

25

30

35

5 nol ecul e than nel agatran. The prodrug has a

perneability coefficient across cultured epithelial
w@ame/o2ocel | s 80 times higher than that of el BOEGBaW3/003887

and oral bioavailability 2.7-5.5 tinmes higher than

that of nelagatran as well apg much smaller variability

under, SIBpcAGRALENL ¢ tion

o oo TR & 108 St I ot e PR BET hel PR g8 preacve of
pass@lirahsiortiedd go@DBddvailalilty Bo stomndn Bebleds ar e di val ent

functional groups, with boron-oxygen bond | engths

(1.6A) nore typical of single bonds, unlike

supEatie &3 BfAdvalunsod selscted dia) estess of ChzBhgtBrq-BoroMpg-OH

carboxyl i c angiepUl PhoTi psafVdige | Consequently the

boroni c aci dgroup has two jLonigation potentials. The

boroni ¢ aci d aselp wiI|l b®-7bartly ionised at pH s of

t he duodenal | pihdaedloiand nodg.s4l1 ted to the desired

passi ve duodenal—uptake— Thus,—la charged boronate

i nhi bitor H D PheProBoroArg is absorbed by a
Theptcﬁd;@ﬂiﬂnﬂla@trh()hoﬁﬁdrdm\/ealcohEI (er @nakembl) ¢Bed avers reoffsbiziddotop unstable,

sporbtalaogsfqy nggv&g {)Il%{ats ftheB%cru - lj{% dEes’éerg‘ 1(’) t’r}iélggu%7%gmna%g(ﬁc% )ahd pinacol
have ethaoted dinet@r ga:ﬂmb@eoemregf rfrmhxbiom Blgolwlse intthat agewmablﬁydrolyss to
the ;{3}\ o-23% defi aﬁl@@ﬂh%%ﬂl ?ééwg@ypegssbaaté B a %?:ﬂglhfré AR rEJ&ﬁon
asna to ormt correspondi ng boronic acid
group, which is considered to be the active noiety
cumBreHERPEQEICATIORE catal ytic site of thrombin. The
peptide boronic acid forned by such cl eavage of TRI
50b (the acid is designated TRI 50c) is relatively
Thid specificabibre ab desortiedrin nespdtailcbdoy, atncadis th garitoulan eartonabubject matters
ol R £RE O DEP Bl BE b Bhbbcrs
son@tmesvﬁmt lnobal%rsbwﬂgl iQHhe Vierstirtian te tiefep ipprogectheamaniibipg these novel
Reifitn®: fHCHANDIE tideinPis Baddlih Meddgs.Sed under
’g‘e%{fc n!:b B, nt| ons lg(ﬁd tg lsat elxt?anta unf avour ed
for passi ve transport, esters of the acid are designed

Thef é@lbjeét m&tked of ﬂlejls@IBSL@@ﬁﬁm&@ syinthatis methagd aévisad Jn an earlier part of the

reseﬁ naglgoc[%g?%rt\]q%itpéb £ (%%ﬁgl"l(\e g%ggclfﬁwg Frf)duc S, W%h hn‘r@ho%s generated
oneng@trierx irppueityd and \sere rotrtehme hdtaisshie psapmthtm goindistias saafe. The term

“Sygﬂlﬁfic JE%Eg&sg El]?[? sgCI @)ﬁf g?:t al\ﬂr}lﬁ)s g%ﬁgﬁ zhegfies%ﬂﬁlon to refer to such

earlies tnethodsp fariemampipie |t@en is fisgel frhieeadingsp alite sHigsd e gelating to the Novel
Pro@fc&peﬁsro ih@Rte V%HOLE régﬁééfsatg'sn&eﬁilehilygﬁbvfs@@ Syrfeti® @e%ﬁrﬁlé{dés for making the

ransport Conput tional techni ques nave C

novel campyRds 5%mt@ﬁaeddﬁt%eme'@f0& af@s*ie@F%e'VohlngBE”tbrPéodeta obigigable using

theﬁ%@We@ﬁ@%ﬂbSyﬂhﬁﬂt MeRodsOITN &/ Songifds (but not always) used in the
r surface area

cesspaRanouele f il Pt rIogG G PaBPEi R S B et atieast

in céRditl@spedts, GynthaticMethbdsnll GEphesent & elbade ofveyrithelic tMethods I. The specific

assi v | Lular t “
orof it s Pty s foF SRR el refrs to as “High Purity
ProRteets”. THeGHigioALilyPreducts @809 subisetaf thrediavaltRsodugis. di ol

esters of the above peptide boronic acid, including

t he WO 2004/022071 PCT/ GB2003/ 003887 13 pi nacol este
TheTiRrasgoliovekPreductshamtheieMethers TeSmiietc MstbedsBBag (gl Pl Products are

use&@hll&ly FHoMRAVERMee s Gt ttﬁb@ﬁndeﬁs&ﬁ)ﬂ [ aéehnﬁﬂn@ g edope afithe invention,

i oavai |
whlgn lncludbes %?e éantlreas%t)]ect n‘\l/atter ors the \glgclosure mc*u& ing all materials, species, processes

and uses thereof.

BRIEF SUMMARY OF THE DISCLOSURE
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Tabl e 1: PSAd val ues of selected diol esters of
Cbz- Phe- Pro- BoroMpg-OH Di ol PSAd Val ue Pinacol 98.74
werwanznrol 90.64 5 The correspondi ng nonohydPORGB2003/003887
al cohol (e.g. alkanol) esters were considered too
unstabl e, spontaneously cl eﬁﬁi ng to liberate the acid
PR 'It,rﬂ,r?fﬁ ésers of diols such as pinanedi ol and
" pin 26 27¥ enhanced kinetic stabili ty over esters
To cduntertatahgedihehighlyl desireblesfeatures tdfl IRI 804, et hgsaeen alscovered that TRI 50b

ten({}gtﬁg*@{i%mes 'Fh%s mt Q id E%IH?OI%S¥O$ Qﬁ{lé l‘llﬁl_td é’sgzily; QE?ISCW IL Iconverted to the

reasSsocCl a
acidrfe witlhh A shqt)hamllfe{,)@h‘th)lrﬂ'pﬂEs mmmm;lgm thi idgodenum and elsewhere in

the SREOLiAtb GRS tRB lnﬁslorgces?ﬁélé@\ﬁtqdi WoulPleSistd b e! tra*ﬁ?dopc"&nd if anything, be

concerns 1 n partlcu ar varl ous sub ect matter
absoragchlpy; Ve EnARoVe IndiEdshR é‘iﬁ?&'sofé(?f@b@d%'ﬁ%%'?'? ft¥ns. For

conveni ence, the term "Novel Products" is 15

oS QT i BB e L5 S o e

compoghdcandie forrhilatios, asfvaell ae incthgsteragdef themmcewgical S@ohulations containing it.
headi ngs. The subject natters of the disclosure
i nclude synthetic nethods devised in an earlier part

Anotiter che¥engingsiffieudti vis haebegropeset by JRb§Paisnibatclbe datrsheny significant

varibthf W%%Evaﬁiﬂﬂﬁk“%ﬁmee%uﬁﬁcﬁet kads vgl‘?d?oﬁifyatcﬁrq maA@ 8Ndu Fcandidate

nor e |npur|t|es and were ot herw se not usabl e as suc
unagsPighle PRt weyld Hereforg pe desirpile togpiice BippbrYSdaidtifods |

is sonetinmes (but not al vvays) used in the descri pt| on

o 20 5500 o B T B 8, M o e

hydtotysis,hes shichve Hiol ¢atepdikecTRI SAbsan bepledicted Wb oxidations reeistant asfcompared

witt} ﬁﬂss%g ugf ‘i:l’llél re SI'W ﬁ%dknfﬁm ttltﬂaectrinﬁ sL€ CAN LR Bo E er?rg%t E?Bliltﬂ gnd glycolato

vel nmedi ates t
borgrehag beesl s}w\mn dh hp\m enhynqed aues sl GeapPied U8 iRigeR 8D.S-Matteson,

Sten%&ﬁr%&e& es%hméé?éi%m bg;‘%n&b%lﬁa'ﬁbs Syﬂ'r‘ﬂj@l\leﬂad\/bimd%h " Slﬁmlarly, the

sonet| mes (but not t he Cri
a1t e 5oh bl s ek TS PO o8 TRt s Pt il srov
is highly Sﬁéhcbln' hedete@gsnd Msfive@st nucledpitier itadk aspehet dpron.  In fact

et t hods, | | t
R AT o e oy e Y, b, RSPl e, &Y "l hbl o145
144D) 19978 itereas Ghey eeNesacprosssEs unfewourableer rTéG Ringnegiol "gsfeg however is

cons%{)é(}s té? slg\? Qc?ﬁ(galvﬁbn Vpe%ﬁﬁ ahl 8l ljéﬁ‘l IBQ/ a ﬁééadcﬁ BF(ﬁldé‘E@lnﬁ)roved diol ester.

roducts. rases Novel
Products, Synthetic Methods I, Synt hetlc Met hods 11

AnoBRf séTit@R 18 e lids¥abinfy st R §Olfi\fv&ﬂd b@@%dﬁﬁl@éryn ftoplace TRI 50c. However,

.convenl ence and are not to_be un%ﬁrst imting
TRISAe dafe sysgesshat FRI 30R a0 ffera fromyyariabity 'ﬁgpﬁ‘@@%" e entire

subject nmatter of the disclosure, including all
TRIqS%c es{l ers fsurth np fe Cn|1 ﬁ]sst?abl ! oc%ﬁa% %ﬁere ?snadprg ematlcr}g{d%ﬁ)gy fonst%e boropeptide
moiety itself to degrade via de-boronation (carbon-boron bond cleavage), by a pathway previously
considered to be oxidative as taught by the literature teaching (e.g. Wu et al, discussed above). The

level of degradation can be remarkably high.

The properties discussed above of TRI 50b and TRI 50c will not be restricted to such compounds but
will be shared by other boropeptide esters and acids, even if the properties of such other

boropeptides differ quantitatively.
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BRI EF SUMVARY OF THE DI SCLOSURE WD 2004/ 022071
PCT/ GB2003/ 003887 14 11 Novel Products To
w@eouwanzaobel ance the highly desirabl e features BET/GBR2003/003887
50b, it has been discovered that TRI 50b tends to
hydrol yse. Thus in acid conditions, for exanple HPLC

Thegﬁ'gs%%t %sc,%;ur? ?sbpréd?c\?\,ﬁeg Veg ! edisteoghet{) g}eméqrﬁt | aF C{ﬂ? CI;F%tlﬁlét?lgorganoboromc

acid produdie adundieatedhica bel Oéleemnh@r stalility.5 Anhther basis of the disclosure is the
[ I ul d
G5 SRRl R0k Lk SapBAGLESe YRt
absorbed by active transport, indicative at best of

TheV I?énéﬁtb |off‘3th'éI p‘P@k‘ﬁ' disdlturé ntudd B %olhﬂ‘b‘htt@klhé brbMIelﬁfof BBlon&ORiol ester and
a Sohﬁresents #Otent|a |Sadvanta es in

eSPB?'%'kSaTR&tﬁo\éd“%?b"%é derfpsandhea STt dissiPsrdl %fPﬁ"{SF? proide inter alia
phamdadologiaamy ractiveecoRipouiraig avhith #vé afor@e@bieitha TRIOSOBUArRI dthdR Scomparable

est%mn tﬁ ﬁeggeq%f ééaRmBi% g@q ; he[RFpe glg%ésgt%q:{lrﬁ%{ gnlfl];.{éesgaastog&/%rhtBWe problem
of gggnobdrogiantid instabilityt trra’n isi n sby Gwevpreseath Hlsctlgsedbetomcgtn provide /nfer alia
phaﬁH@o%@fcﬁl&bﬁﬁﬂé biRE W chyar Hor Ble 3o YebSor® 'tl%ﬂt'l‘ﬁl 50c. The

unacc |t mo re be desira
stalpilisyy Q@éldew'ﬂwbﬁ@rfmwoﬁwféhﬁ ﬂlﬁcﬂgsurels n%ﬁbﬁ@@mbufs'él"awpvﬁﬁ relative to

thetcgmbzﬂﬁtof BeniRlhdsi tiie BEnefitdl offeRla BNQ'QHé dlsél&uﬁé%@lné? ﬁmsmaé th@fprowsmn of

ester nore stable to dro si s, ch
unedpngedegrp@fctq PRigh, -Iqqptr%btoceé(ﬁeq% g ecd é)artlgaar eIow varlablhty in oral
bio#vgilalhlityl. on resi stant as conpared mnth TRI 50c. In this
regard, it is known that ring size can affect boronate
stability and glycolato boron has been shown to have
In ewehaspeetd dadesed teret Bha Isalt pf eophpamaseuticallypicaeptaple multivalent (at least
dw%@t Sh\é% 48R rga &o%n?cog:'idr d?'ﬁg% egls aQ'XlE;sgg&h Sal¥¥ drdnot only contrary to the

or anes, rlnger Ver

: 1).
dlresil% plafeypriof 17 b s aliieYe g TEproyas W&f tabiive Wi Gannot be
explaiied Pc')rn@r@&Eted td ﬁhel §asﬁebﬂ Rr\tﬁ\ﬁ\ tientidrybeqaesaltd ia& mdlcated to have

a rou erica ered
unelres Rl disheert et ora Seavlalty bor et BrsoRietpa gy te basis o
knotvh anegkessises) fi cation from pinacol to pinanediol has
been reported (Brosz, CS, Tef. Assym 8:1435- 1440,
1997) whereas the reverse process is unfavourable. The
Thepdisclaerd inoludessamengsh other/hings & clagsaif saligef which the dgladietfige acid) has no
chaFdeﬁadf&JlﬂOQ @Jyg aiirﬂﬂ Jtnﬁ'rtﬁar{ %“Ebl%ﬁat@ (B&SQC ta@d)ofn@?étydé?ld an amino

ther sol uti

mmpwst'gtpﬂ glpql%;urgflncqus gocﬂ)a%paitsb%f whichy Hgi Q{P%zte? freq apﬁ% is a peptide

borSa®€ Al of RhoRQinddRIe¥SRIues halRlunddfged sbi@cteirggest that TRI
50c too suffers fromvariability in bioavailability.
TRl 50c suffers further frominstability, in that

In dehtein @mibsdimers telosyamstioeortcesideénydrdphobit. hRartiuiao prgpndbdrenic acids have

a pE\lgIH?l’b S%etf%cbepéﬁetg% ! 9 (r:\f%g%b(gdagsj\(/{/agerd&pgg{eﬁ rb%tlb(_g'ﬂ of. greatcir than 1.0 at

physiolngicall epte dnd 25P6 oS@mﬁtusaf@ bysiraphelzith tordapoharaniq a@@( aqvgr@ partition

coe{‘f?@gthbr g dfée?stgl 5. Wy %%ssal)f u§é'ﬁﬁ q‘ﬂ?k%ﬁt%bﬁ:b&ﬁ%borgmg acki€ Y& a partition

I'on can be renmarkabl'y high. "The properties
coeﬁ‘]cgewgemomb%S of TRI 50b and TRl 50c will not be
restricted to such conpounds but

One particular class of salts. comprises those wherein the organoboronic acid comprises a
boropeptide or boropeptidomimetic. Boropeptide drugs which may beneficially be prepared as salts
include without limitation those of the formula X-(aa),-B(OH),, where X is H or an amino-protecting
group, n is 2, 3 or 4, (especially 2 or 3) and each aa is independently a hydrophobic amino acid,

whether natural or unnatural.
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35 will be shared by other boropeptide esters and
acids, even if the properties of such other
whorapzpri des differ quantitatively. WO 2004/ 0RPQDGB2003/003887
PCT/G82003/003887 15 The present disclosure is
predi cated on, 'anpngst ot heyg thlngs the finding that

Dlschgerdg?asl gelr]t(ﬁ)lra?fgg;gags{ %g:n(l:qlttv grlltg{ﬁgtﬁl t‘xjcéfs gy%r?%gc% I?(? llp]oggrgiceacmI inhibitors of
throphbBC | gt righibiers ey cmmwlh?cﬂrophoﬁfc ammgaa@chnpraam itids @assdof amino acids

inch@ gw)g% ﬁlg%%rﬁll{ %hglgels)l(— ﬁ’gl%/ h¥ gcgﬁ)yf‘ %og? rljréqsaerhlp -chain oxygen and/or

 linkegdi tsalhmusemaladerrwtrudmlexulscw @t iirechatnexydes Opnhdbtoem, of any of the aforesaid

groJlf)?] @Q@Etﬁb ﬁfu%d %’@Wox@mglogﬁ&elﬁh@ré%eggﬁl Ré&%?egtglti\éesréygrophobic side

chaipg inglude glkxtr kil reither Qi/th%\ afopnsaid nﬁ@6|Sé@ﬁ¥i@éﬂd| Ry gfcleasy ene aryl or
hete?&‘m oémd ﬁet%hﬁfh affi @utﬁﬁ’tﬁféd Sﬁyfﬁ?“&stt &@al@Rbn@ Q&ter@ﬁ\@l fb&Rited by at

npar ab sters in se of sta
cosh R i Sraine PR SURSENG SRS Wi FIRaPs FHEH s oY £08e g P fne o the
moidtis lidi&! ip frRiPrefous edntedt@analko hpfophobici d i nstability,
that is to say the presently disclosed products
provide inter a/ia 10 pharmacol ogically active
Somedwiropintis sidhicodinsaoetaindros & taalfl @rhoo atteisoe.onzonicyelic neigkies having 1,
2, 3Tc§| %%a aldh®, Sdedbind E&nﬂ%ﬁg 'aQ:?&c \QLJUP'tyrblc_taWaDJt rn@i”r?e\‘)@s@é?nly contain

sclosure I's not
front Btaat3 Ng me(mbetsraed HIAPICATes ﬁreoqs'ﬁfpybarrﬂ#@' SU*PFFEUt%%‘fﬂetoﬁ two phenyls.
of fered by the disclosure further include the

praovi si on of unexpe d products i ch rary t
Tncigled aea BRIPISRE HENRG B TOPIC AP T, TDIEEPS BT 5 Sty based on
moitfed Wwhich imapfop laalie lchdity of allydiophahiveandispeid, as dhsgibed sizde.

herein is a salt of a pharmaceutically acceptable

mul tivalent (at |least divalent) netal and an
Hydmpg@hmtm'rpomds reayi @ntdinu fpr example, cing SEninosarep asllarpngagid group (e.g.

: -cog ngjlcﬂ)t Cé?e'ﬂ&rra 90 h&t&ontdhh rn’ﬁf&fple%la%roh;k%f@ﬁy} &e tﬂfet

|onal ve an inproved | evel of stability
whi ch cannot be explalned or predicted on the basis

Oneat{%aég %P Wro 867«}18@%1%’01)0%@‘8 a&&é f"n %rp%rﬂ’ug{ii 'cg@ﬁcfe% B{fwgﬁvlen-gpcanol and

CONSI S ent oral bi oaval
wateraxpressd eptog 7l of gesfater f8h drpd physielosigaltphiang 289G for exaeplgnhRI S0c has

apgﬁﬁm%ﬂéﬁ{gﬂ ngE,SmQ,h,gfeIIyozsure i ncl udes anongst ot her

I ngs a c ass of salts of which the drug (the free
acid) has no charged group at physiol ogi cal pH ot her

SOnIefL%Lclakés M]yaﬂapﬁdhlc(daganswvrm@a‘ddd)arermmtdﬁscaheu t?trFomlntlauﬂ)fand (IID)
sur asSsS O salls O
bel% P%r ﬁﬁé‘eﬁq"ﬂﬂg D(E{aﬁeéjl '%%ﬁ%’k&%@raqaa rPgépst i de boronate

all of whose anmino acid reS|dues have uncharged side

The, (@ ‘gf/lﬁ? in Iﬁde%eb%ge ﬁ‘%ﬂg P(gucoefci&@%%’ haVR a;?]paﬁf’hlolﬂii coefficient

rgano oronic acid o
betvpesentli-n-pasamobangifvatesi eesmesss«éas/\b@ﬁ of gigatge tham b0 %HWSW&EIE@‘ pH and 25°C.

Sorr%ﬁﬁ’sreﬁﬁ’ %@[Qldé‘sbo oﬁﬁ EP ldQ‘Cha\lear £ dh@ifior E&ﬁ' ckn@ofaét leé’s@ 1.5. A class of useful
st ol ogi cal pH 5C. Sone usef dr bi c
hydmp vdﬁhowne@acﬁg hﬁmﬂg'%ﬁ?ﬁmﬁnb ”86%1’ ?‘gf‘ g‘nt of at

least 1.5. A class of useful hydrophobic organoboronic
In aa(s:ubdgiasg% the gaﬁsf to% Lcl)rggeptlé: fboropep Qrtnlm% ics, %eng'ggnobggﬁc gcxd is of the

formula (I):

R _OH
SN.CH-NR2-GH-B 1)
B} - ~
RS ] [ OH

R3 R
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One particular class of salts. conprises those wherein
t he organoboronic acid conprises a 35 boropeptide or
whoroapzri dom neti c. Boropeptide drugs whi ch negT/GB2003/003887
beneficially be prepared as salts include w thout
I imtation those of the formya X-(aa)n-B(OH)2, where
whr is Hor an am no-protecting group, nis 2, 3 or 4,
?Sspe0|ally 2 or 3) and each as is independently a
hydr ophobi ¢ ami no acid, whether natural or unnatural.
WD 2004/ 022071 PCT/ GB2003/ 003887 16 Di scl osed as
EéT?ﬁﬂﬁmgﬂéﬁﬁF@gnare mul tival ent metal salts of
hydr ophobi ¢ boronic acid inhibitors of thronbin. Such
|nh|b|tors may contai n hydrophobic am no acids, and
R? tishHs o [Caa3 Jhvdvaearbith apiionally cpiainingldischaio 9/gesh @% ssulfrcrad optionally
I [
sy 8o DR N MR R s RIS Rer of tne
nol ecul e by an in-chain oxygen or heteroaryl, or any

f th wh tituted by h
et B0 S e B 605 o MR P M i s = -
si dﬁ]emﬁéiéd MiRg Iaﬂ&lvw% @Idehél:ted aiohpém;aéd&ytwhe%ié B%‘hcrféﬁ drNBear) and
af oresai d when substituted l%h% ast one ar

I

het Bo¢ete Fpntaigipg, n inchaia SULF o 1y |N %EB‘E&“P‘B EF‘&%‘/F by at
| east one al kyl and heteroaryl substituted by at
3I east one alkyl. Proljne and other imno aci (Es V\:hi
R fgithe sam@sgu%@rﬁntlﬁrtogbﬁ’womﬁdﬁmgo glorpihamene GhR* gpgR< is H, and is H or
a néffafdidetsrolp; sted in the previous sentence are also
hydr ophobi c. 10 Sone hydr ophobi c side chains contain
from1l to 20 carbon atons, e.g. non-cyclic noieties
r4 hay o C%«C %ydl%cé?ﬁyl Aopﬁ&{ah&p@orﬁélﬂ in-ehaf€ oBed B8 sulfur and optionally
conpris é a cyclic group typically but not
substéated byaa subgtituent selkdcted ffamoirald hydsoxy3ind iifigonmatber s and i n
many cases are phenyl or al kyl substituted by one or
two phenyls. 15 Included are inhibitors which contain
hy derophari R? 1gethgrefpint d €115 ataeaswhxmhlnmmmmetmwpthd‘atﬂ yorms a46

DRt PnerhSuls el e e BEblandla e inar) nd
Hy dsirymdne britaified1aroidedsn sEfr @onkeantaN (fl-Dilhrtﬁglaﬁ‘pllllmr, amle
am no group and/or one acid group (e.g. -COOH,

-B(OH)2). CGenerally, they do not contain nultiple

R B%@rw}ﬂfeﬁ?“@ﬁ n@lﬂwm@rd)}/a fophoBie mo%ﬂ/ dareete€ Framhdfroup consisting of amino
hobi ¢ or aci ave a

e T iel ABLRPISH 5 LTS At PO Ao g ey o whic

mo@hand@if Brediyd@plesbicarnd Xhsa odarsdmipdiyeicatiggirapl pH and
25C. For exanple, TRl 50c has a partition coefficient
of approximately 2. 25 Sone sub-cl asses of hydrophobic
Also digdosed ereophiagnagelitidally axceeptahlesuuligvelsnty inbféldsaliy of-a paARfidg doronic acid of

fO”Eege @ﬁd((nﬁ)'ér (fV%J beldg! ow, under the heading "Detailed

i‘on ‘of Several Exanples". The disclosure
|ncludes base addti on salts of peptlde bor oni ¢ aci ds

'Ihé"ttﬂr&fh AR Of ﬂ)rrﬁlﬂéé (i &3 (99 @flﬁlﬂlt%@ﬁhbm bﬂéy/@(ﬂﬁlt anti-thrombotic activity in
-n-octanol and wat er r eat e

oot 03 301 AR P i BRSOt Pl UBR i One

exaRBIRIdf 8 Borlonit @kl 6f fadhule: (H@\Bﬁd AVPRITRI 56c0n coeffi ci ent of
at least 1.5. A class of useful

The Examples in this disclosure contain data showing that the calcium salt of TRI 50c is markedly
less soluble than the potassium salt and yet has higher -oral bioavailability and higher consistency of
oral bioavailability. The finding of an inverse relationship between solubility and bioavailability of two
salts is particularly unpredictable. There is no known property of organoboronic acid drugs which
accounts for this finding. The disclosure therefore includes amongst other subject matter a TRI 50c



10

15

20

25

30

35

hydr ophobi ¢ pepti de boronic acids has a partition
coefficient of no nore than 5. In a sub-class of the

W@ 2004822071 bor opept i des/ bor opepti dom neti cs, thBCT/GB2003/003887
organoboronic acid is of the formula (l1): 35 R4 OH
NCHNR2-CH-B (I) RS/ I | QW R3 R1 V\D2004/022071

PCT/ GB2003 003887 17 where: NPV
derelih YD TS atapl pe, Ty 3y B ool i FEHEP S gty i
absarptimhawmmgam beenh@bsmakyx@bnTMrSObLﬂrﬂuTRIaﬁmt @pd iadveataggously enables

ent selected from hal o,
ade@g%%dgbé%%ga@hlﬁ %%érg%rr?gi I; or RL and R2 together

forma Cl-Cl3 npi ety whi ch in conbination with N-CH
The FE4MBesdn ﬂhlﬁdlsdﬂgﬂf‘éea‘isﬁctoﬁﬂaﬂgiaé"ﬁésrﬁﬁhétﬁ‘ahnd &a@ﬁk%ﬁlh@rq sEli 8fTRI 50c is

al kyl ene (whet her branched or |inear) and 0 al kyl ene
markeglyt moraistableathan AREBRG nAgain, hgre s ng FWCPWE?WI—"@‘W accounts for this
fnd,h@rough a sulfur; R3is the sane as or different from
Rl provided that no nore than one of Rl and R2 is H,
and is Hor a neutral side group; 15 R4 is H or
The Gimilst 3f tonthooms répyrkseotet ibp fanlige (dhead (V)rgpriesent hear neighbours of TRI

50c wﬁ%l'g?arl]l B pr d%geéjltfé 8@23} &?%l%n m Iayp é%ﬁ tbtl'Hf gﬂ by a
trlfluororrethyl or R3 and R4 together forma C1-C13
CalcllRY i ng%%ﬁ?égeﬁtgtn)erbf%‘%m%} Wb%c&\ﬁt&ﬁl{ 'S{af)le rnﬂﬁtlvé‘ielﬂ‘nﬁetals It is also a

rin which 1s selec From al kyl ene

represmetrmf %?’%fﬁ ©h ebprppcettiGabn pgcepipkle d%@efélf‘@?'éﬁé other members of the
clas§|%‘}l?érﬁérﬁ|gne@ﬁndgﬁeéﬁlhﬁbrm ¢l fur or linked to N-CH

through a sulfur; and R5 is X-E- wherein E i s nothing

or a hydrophobic noiety selected fromthe group
TRI Gomsicﬁstmgmh@f framinmst otaer atgan{aetdudrads iothal tiveadcid grbyp efniRI 50c is a

r

bordAER %ﬁg‘ P§{ tga%\/?\)ﬁ\ﬁirc ﬁ%’ %h@ggt @ tﬁ% H@?osg%%ﬁrngkagﬂﬁ o%multlvalent metal

unna ura nore t are

. saltseaf@rganq)l@rmlcmmdaﬂmgamqwemp@d@@ﬁlﬁal gHlegmetinkedty Aﬁ@bw which enhances

the gl'nélﬁ‘it %ﬁ@qzor%fs?enahéfr H@e{'?/ﬁlgéblllfyw it)ﬁo@scﬁ&ﬁblﬁm @lam!)leéduy@ﬁ@rliffect is not

boronic acid

inkeg tp)soluplmm ey i 1 VA SO0 5 O, Bl UFntiatve relationsip

betvie@h B3liARY a{rhlbto)avaialﬁlntﬁ fiké)thatiobsdpiet! fortTRDBAL. n.  They exhi bi t
anti-thronbotic activity in 30 both venous and

arterial contexts, and are considered to inhibit
Tl henrel istbhalebdte v the mtmag;ubenstto aubetiher borona@gen aeueanqgssodytigm fggm the ‘trigonal’

B(OH)2 g'n‘te%ral?edra(lj B(()OH)f3o bgrch)L specges tl)\}t mdevgde\/ge seems to lnglcate that at a pH
below the first pKa of the boronic acid the main boron species is the neutral B(OH);. In the
duodenum the pH is likely to be between 6 and 7, so the trigonal species is likely to be predominant
here. In any event, the symbol ~B(OH)> includes tetrahedral as well as trigonal boron species, and
throughout this specification symbols indicating trigonal boron species embrace also tetrahedral
species. The symbol may further include boronic groups in anhydride form.

v

The salts may be in the form of solvates, particularly hydrates.

The salts may comprise, or consist essentially of, acid salts in which the boronic acid is singly
deprotonated. The disclosure therefore includes products having a metal/boronate stoichiometry
consistent with the boronate groups in the product predominantly (more than 50 mol %) carrying a

single negative charge.



10

15

20

25

30

35

The Exanples in this disclosure contain data show ng
that the calciumsalt of TRI 50c is markedly |ess
W@ loubr2®7t han t he potassiumsalt and yet has PCT/GB2003/003887
hi gher-oral bioavailability and hi gher consistency of
35 oral bioavailability. Thei$inding of an inverse

Thé{ s%‘t?Fn%f %@H'lﬁlape%t W m‘h%qs}:: I%#plﬁaé%ggﬁ tg ega.‘\éérhéaﬁihlleig tb% g%fmethod of
Exaknnlew3, of ablenst ;ab@fc %V@mbﬁgmtec theoi a edurihg@ abdut Oh%. In the case of
phaPR&RURES fohRllatiohd, SSLIEH B J ec? bl bRy V@lﬁ%ﬁ%ﬁ%@%@ally acceptable

I ncl udes armngst ot her su matter a
dilugnfsxeipieyar PEiEIsaB2003/ 003887 18 deri vati ve which
enhances stability as conpared with TRI 50b and

duces th vari abi | | orption which been
Orel B BRar i e TR OIS o4 BIEh. Py B B e Pypvided oral
forrmnlaﬁmhe%*,omﬁrdmg Lhd el in ahxs bdliti phbsearial dxa@ple particulate salts formulated as
. The Exanples in this disclosure
n%ré)sg cgtﬁl aPsé'Pea'ermnstrati ng that the cal ciumsalt
of TR 500 |s mar kedly nore stable than TRl 50c.
Accgtglﬁ"ng% Ftﬁng{eleaépégf Pthgg%é’?nltggsag Fé ¥héf’@is%§>vfa€&:9ﬂ{éﬁ§)d fof"){reatment ofa

S represent

congijiorf wher aafeth(qnnhoylc Aty ip wqur@bwfé@brﬁ@th%%ﬂmpﬁ@sm @qm@'stratlon of a

the@faeuTnE’élly efBctivd embiitt & aCAMiBRNPMEE! Sitest o Boréhiy&id of formula (III) to a
cularly S|mlz?r I;igrog rties, to TRI 50c. Calciumis
kgt syfferin

ar
per nrsé g HRa P & & SMofUBASPHEHOBUL i cal | y

acceptabl e rrultlval ent metals. It-is also a
e, BRI Sl P eBl, B B B 1 ppug 0 metd
pregdriag stheresglth Gromethei cnesbondion doianin aait ag i ancintetBedidRe, &0well as the
mte'rrﬁed#dtéﬁ rHr%‘écﬁJﬁ‘%onfrﬁ ot rQétF@ffoP[SrgﬁéFlhg igacid drugs in

e acl roup TRI 50c 1s boroni ¢ acid and
not a carboxylic acid. The data in th| s disclosure are

.2 |nd5-pﬂ%y@mfhowgﬁ| val ent netal sal ts of

AR b 5 R b Ay e e

to ERIcb0c @sigissdndrthys of TRiiS0a e [raditd bbey or lnbredmemtnat Sjrahdtiowethods I

(uné rh‘rf}gt%d ?E ?faﬁf ﬁf Ehﬁs%gpﬁcgf Cﬁﬁ'f 'n’?‘akfﬂ?tth éé J\;/%(dl%glttg Bne or r%ore %mgurities and

n eve case
very high paiy sﬁltawqﬁannt dhtzingdy éurrtlaﬁr,athe gaits have proyved weetrehallenging to obtain in

hlghsl_%lrhkg +Hu§)_ll%ﬁﬂ‘gtl$ﬁ t@&\ﬁﬁhé&a\m ¢ \Iléf'e lab[hl@d falidt 1o Qhﬁ@&e\/\%ﬁb High purity salts.

te In litera
HPLGhl eF be SPHeaeT 3 USRS e SMGY Bl Mgiar iabished TRI 50c ester

synthbéds GAM e salt B((QE%QOrpﬂéchrﬁ(ﬁéi agdmatic M&SQSDItB-In lbtepRords, in order for
ndi.cate
the FepsaAREPES PhREF STISRAS GTo-ERL QLD Aoy, s mst be

obtéimebie ihduswiallysSip addgeately putefermandtthapur8fcdi)nust banattaingble without the use

Ofeg(ﬁegg\?ﬁ?ﬁw&g%%%eEl'ﬁlf“casuohlté‘cﬁk%{ el%O be between 6 and 7, so

ecies is to be predom nant
her e. In any event, the synbol -B(OH) 2 includes

;rhet Elgél&nﬁdﬁl%bldﬁste\fmldue?? | ort |5dr9ﬁ’r§babrggz%b9%n§ pc%ﬁl'p&ﬁ)ds 3dﬂ6| techniques for

ecl cation synbols indicati
relnirg @o’ﬁ%ﬂﬂtalﬂdhfb AurgY, B prENGBANGFIA CEEIUEHS, PBd fHRIERUSS Of such techniques.

TheSh&&hEdisciodite ftﬁﬁhgﬂﬁbwd@)é rheliiddrue making budh Righ piir balts ghdthp high purity
saltls r’gheanpslg gsrl ?n par? cular, glsc!osed hereln in one embodiment is a method comprising a
chirally-selective precipitation step which results in a precipitated boronic acid derivative of high -
purity. Further provided is a method for hydrolysing organoboronate that can be used to help obtain
high purity salts. In another embodiment, there is disclosed a method for preparing the salts
described in the previous paragraph in high purity and wherein selected solvents are used to help

achieve high purity levels.
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The salts may be in the formof solvates, particularly

hydrates. The salts may conprise, or consi st
we@s®enrioal |y of, acid salts in which the boronPCT/aBR@3/003887

is singly deprotonated. The disclosure therefore

I ncl udes products having a nmggal /boronate

stoichionetry 35 consistent with the boronate groups

in the product predom nantly (nore than 50 nol %
In grathey iasppctthess isgbrevided ganovek syittesig eisef\iOn 200 4repar20ahl of the TRI 50c
borggﬁfi@%ﬁgﬁéégggﬁégundé%Isgg‘)?oavﬁ)@b tarse m%t}aﬁonét@s 5@9{;&%%%%%% obtainable
indipggthy fiem gnetsrfbiesist Exarrpl e 13 of at I east about 90%

e g. of greater than or equal to about 95% In the

ase pharmaceutical fornul ations, such salt fq

Th%?%@“ﬁ%rﬁﬁ?‘f‘?@é RRFnfe ?ﬂﬁ‘aﬂfﬁ@é gRscifisd P&V'%@E‘é BP%{B‘P@”t'Ca' formulations
conhirlingethdrs,, exci pients or carriers. 5 Oral formul ations

of the salts are also provided herein. In particular,

there are provided oral fornulations conprising the
In ewlaspect, ihe disclosarei ptovislea the, usé of dietkenpiEinéneptaresotye lbp peecipitation boronic

aCIdS(.QJn‘&J%F r(Wf%)t"ﬂEAl‘é‘g ﬂ{gﬁrcﬁ%?u ¢ t‘%@&bgg&e% er)a?vh?rﬁln the acid is of the

forruil® X€¢R)-aadi (SEhaBsNH- e*(Rt)nax(eH)zs whereea Y ed? andml freds déscribed below and
treatment of a condition where anti-thronbotic
C* i@ ghirplicpntyespreseptinitialty iVBRtR shirlitiaso d e isppsuesiirtpsr frovides a method of

res@wiﬁg mesfhl'ralt isehergf lnaNhléhhﬂ\@aﬁétHéﬂoﬁﬁlHeYIs QlsdE a arvemamtudm 25 + 0.1
ti V oy on

e Sets P g b e 534 o RRBS PGB 2 (- copraton.
of suffering from such a condition. 15 The di scl osure
. . . S . ‘
ol 45 o A SRS 8! ) 44 Bk PR B Suns o
degrddetianoby €Splndi ategvager uginaca dedhiques nefrdesianesl et protectivesagainst the

[ f
pre\ViG.lély KASwrh Eﬁ%ﬁﬂ?@ﬁ\%&ﬂ}ﬁ%ﬁg ?)Itf gg@?nt}rﬂrl:"lz&v n?’hgtrr:eg‘%ﬁ/gyrhﬁns@i dhe aqueous

hydtysiERF asEonisPOPYEYCRO. BREGN e o6 a&F@Odo%#§|<%ﬂ%vcsf‘9¥téubstant'a"v to

avoilRleaPdye of Hea-8 bodd VISMERSy, of RxdMle BeEricl/dFtndetidre thad ab&s 30 minutes at
to TRl 50c esteri?gand thus to TRI 50c give rise to one

aboy, ropm femperatifeMay b mealigtetet i ¢ Met hods | (unpubl i shed

as of filing this application) for making the salts

r%xer .ﬁg&dea‘? tbé) us B agétor{'m ia @BIV%‘& n'Ftﬁe:s‘ Pt%ggatlo\ﬁeo? erglg‘.]&}aronate salts. In

a ne
particalae q@rauge@dbmct aczzdwaldlsecmﬁdng agatongtiieng cpriactesd \yikh a base to form the

con%%ﬂo'nﬁl}fg on%&gﬁ’cﬁxoroﬁéﬁa'sglt C R tsbiRNorb SRS AHEE Saitdh Gl Wa@‘er mag be dried by

ed roduce very high purity salts.
‘09 Vﬁ'ﬂglacﬁ@'ﬁ'tr% usabl e on an industrial scale to
pur| fy salts made via published TRI 50c ester

nt heses and the aration techn
s Rtk 2P R bt ot BB et PO APk Forfle 001
therapeutic benefits of TRI 50c salts to be provided
to those in need thereof, the sg|ts nust be
obt ai nabl e industrially in ad tely pur formand
the pure form Miga’-ae?-bitt-illdhl e wit hout ? ) use
excessi vel y expensive purilficat®dn techni ques.

R
where:

X is H (to form NHy) or an amino-protecting group;
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30 The di scl osure provides techniques for purifying

or ganoboroni ¢ conpounds and techniques for helping to
woredonpziom t he purity of organoboroni c conpoundBCT/@Be003/003887

the products of such techniques. The present

di scl osure further provides met hod of maki ng such

hi gh purity salts and the high purity salts

t heaa}els v aminonaqgish residedl b&(R) adhfigutatioe deléctedefromifheoben and wholly or

gl sing a 35

chlr I{@H%g%%g??ggkg@g?ﬁpltgtlon step which results in

a precipitated boronic acid derivative of high

pur Lby ' t

O gt i A B bERS el BB O B 4y Rl B

purity salts. In anot her enbodinent there is

dis posed a d for r|n alts escrib
: 'é aﬁg‘{ﬂ % %{%r C%lﬁ?sl 32!‘ 3 to)r/ El n%lg 3! —g)gfle —OFEt or
Selﬁﬁiﬁﬂasq|gﬁ are used to heI achi eve hlgh
purity |evel's. mb 2004/ 022071 PCT/G82003/003887 20 In
anot her aspect there is provided 'a novel synthesis
us edfrdlwhere ¢*iea piiipeenaei on of the TRl 50c boropeptide
and ot her compounds; al so provi ded are am noboronates
and boropepti des obtainable indirectly fromthe
the pyoatdaegising: There are further provi ded boronic acid
sal § bﬂﬁng Eca' £l @Ul[lﬂlotnylnad?&hﬂ?ﬁé'rrﬂ?cae%rbrﬁé‘lspeae selected from the
for atro cont%lnln n one aspect ﬁ
borehics §¢I@§Dr@dpltso©ﬁt@é§\"ﬁ1hfé®bglé sglpctey] &Pﬁaﬂ@h@m'mé"hﬁb the sole potential

eledt®f AbNG? h@ﬁér&f&%‘ agé Bﬂgbwm&{ @f‘ﬂh@ borlJQIC 26ted cﬁl@é@&km&he oxygens of
[ OVI

the%\{]eé,fgnctlwqb grotp e ec,t%gdsqﬂglonb]coqtﬂgmg be‘?\ntaﬂng{uc speaes havmg a chiral
centfe CRbf @R@kor{f@mﬁﬁa&nﬂ"ﬂo:@ﬁk Riaclds B§vilg)achiraptuenitee @edt (S)aafiguration; and

(B) ?@ﬂ}a&éarglp% St Elle %r?oﬁamtl)rlmeth))/epnleg nlg \évo%ﬁgurﬁlcé\? a11|2|§ t+|aoeflabl%Lﬁllents based on the

. borahisspedesin @hichichirakbrenipe 6 isdé R) gonfigtdatien, afid mixiag & fpim g mixiere;

;Ei %ﬁ%ﬂi ?P%\F&vi\.g 5%@ b%?@ljig bhdcR€ afl] fleARhaEhRE tb ?eaHﬁlﬁﬁill é Brecipitate

equi val ents per equival ent of
form$i@ndor oni ¢ aci d conpound having chiral centre C* in
(R)reg&,@f,,gggmga,tet,gfhte 15 Anot her aspect of the
di scl osure relates to the protection of organoboronic
conpounds from degradation by C B bond cl eavage,
Thelsédiiraont stephigiietpativerfor speasi hgvingla thirabeenipe 6t efo(R) wafiguration, which are
anhnst the. previously known oxi dative mechani sm of
recveggd ihRIg YAy age. The method conprises the aqueous
hydronS|s of a boronic conpound, e.g. boronic ester,

The grroc prﬁdé/' Eg brﬁlbl%ﬂézltwe $é3:9\'7<—:rreos Hlké%lb@arﬂé 't@ltllley aél@ o?@ormula (1) by
C ava

dlsng{mg de precipig w @ prgamc g(gjmjnf s@@tqﬁy frorp i}glolg{drocgrggn& aqdocgmbmatlons

theteBfTRBRANY the P@Mtl&f sdlRiohivaihesh adueblishediiim,Clov dgghpls ah lqueous acid
use of acetonitri

.havglggaam—bgfoq%} éNhgggby §heS I%OI\S/%JaVr%%@ e2|F Eor&a&%ﬁ[ﬁﬁ%{ghﬁ@%ﬁg acid, and

recéVetiflh thé folingls @) wed by svapeetiomni trile and contacted with a

base to formthe
One process of the disclosure comprises hydrolysing, e.g. allowing the hydrolysis of, a
diethanolamine ester of an acid of formula (I) with an aqueous medium for a time sufficiently short
for the product acid to be substantially free of impurity resulting from carbon-boron bond cleavage.

One class of processes further comprises converting the recovered acid of formula (I) to a
pharmaceutically acceptable base addition salt thereof by dissolving the acid in acetonitrile,

combining the resultant solution with an aqueous solution or suspension of a pharmaceutically
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25 correspondi ng organoboronate salt. A solid

or ganoboronate salt containing water nay be dried by
w@2@aniz2prng usi ng acetonitrile. Al so provi ded PGI/@B2003/003887

process for separating diastereoners of a boronic acid

of formula (XX): OH X-aal-ma2-NH-C"HM(XX) OH R1

oS B AT B S g s

to obiEinRo exRrp@tipRssidue of (R) configuration selected from
Phe, Dpa ang whol Iy or parti aI 'y hydrogenat ed
ues thereo aa2 is an imno aC|dre|due of
The Garma et i IR e GRATODE B ARG HRER S atong
is a group of the formula -(CH2)s7-Z, where s |s 2 3
or 4 and Zis -OH -Owe, -CEt or hal ogen (F
Thednveptjon farther quggl@s progass g)r@pﬁkmap heoearicrasid of fgrn@qlge(lj in Wthh Rl is of
BSH D Iy i
the R G oy o D B b bt L & iR P, or for
makingla0ihthetR Gitémictihtedtrbutt & &81 therotedsitompiesiriao! s sel ect ed
fromal cohols in which the sole potential elect
dorercting e drvefelnatopplsangx yerr heplikenalkang i ﬂfethecﬁ?rawlac (CH)s"O-R3,

) and]af?tﬁrea{te %s eglrtor %?rRSQQm%@nE BfFo?%.IMIgg\ﬂg.OOf .15 the es_t er

rou | uti on cont ai ni ng

bot h boronic sippm (eﬂzjga)m?ng a.qhial centre C of (R

configuration and boronic species having a chir
the proaess @pionallyf fultisyr cemprsinguGoaYariyg; th%lﬁ(anpoe of Formula (VI) into an acid of
fornl1 RIS a ki icpishanol ami ne being in an amount

of 1.25 0.1 equivalents based on the boronic species

in which chiral centre C* is of (R configuration, and
In ofk Xla&0oftpfockedNtife EOMpblicesf FoRtiga (W) i8fcomdettethinttgart dster of the Formula

0 28, 2R aihlted I SLEARBORONITS f iR Mbbbpr
therphiaen(ecqyer(edif@ furtitee ppeessingi fétablprthe dleqbarpoiangr@q eansesiasifigagipn is used for

' reso %C&fﬁ'ﬁl E?r}{érggasaﬁgaweﬂl he&r&it r'ﬁ\ec?esdi\fed (ﬂlve RS R lsomer may then be

ura recovered 1 n hig CPurl g
converted from the diethanolamine ester to the free acid, for example as described herein, and the

free acid may if desired be converted to a salt, for example as described herein.

The disclosure includes the products of the aforesaid processes. Further products are described and

claimed in the following specification.

The Synthetic Methods II and products thereof may be performed or, as the case may be, provided

on mass or commercial scale.

3. General

The salts described herein include products obtainable by (having the characteristics of a product
obtained by) reaction of the boronic acid with a base of a multivalent metal and the term “salt”
herein is to be understood accordingly. The term “salt” in relation to the disclosed products,
therefore, does not necessarily imply that the products contain discrete cations and anions and is to
be understood as embracing products which are obtainable using a reaction of a boronic acid and a
base. The disclosure embraces products which, to a greater or lesser extent, are in the form of a
coordination compound. The disclosure thus provides also products obtainable by (having the
characteristics of a product obtained by) reaction of an organoboronic acid drug with a multivalent

metal base a well as the therapeutic, including prophylactic, use of such products.
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25 The process may conprise converting the recovered
precipitate to the acid of formula (1) by dissolving
W0 b@4/022Ci pitate i n an organi ¢ sol vent sel ect eRCT/GBRP003/003887
hal ohydr ocar bons and conbi nations thereof, agitating
the resulting solution with @ aqueous nedium for
I
The%%grpc o"fscl@ﬂj g:ﬁggmﬁteﬁ%'sgortgg F\?e:t’r%og?)g Br ﬂca:f(i)}{r]lvdg?*eoégﬂt;’ provided that they
conﬂa@rawbnrwa@q pegies féﬁrw%mfnom Bgromé agd € |an@a1cwt€mmnﬁuah porpnate species
mayaﬁé HorB¥at® YRBRY Atdn® qumﬁmﬁm%ﬂﬁ @I%?’ed?f ThBQerdl] SlBSHINEform” refers to

onpri ses hydrol ysing g'k ['owm ng the hydrol ysis
d'ff%mg Tl of et WA GPERSUES W fnabPe spRreseE Brans g gquption (e.g.

boroMid dtidain eélﬂllbﬁﬁm SvitRiordiicl aPhydRidé hiftEin %tlunlﬁbnememw diffeBdn® bbronate ions).

cor st BN B ot SR b g e s

pha@&bmén eonadrias borofate ardydiddes sasf aubdrérés equiibmiunt sgesies. o fhvie ndtiregyired that

6 0 o
YRR ——
Furtbgr, meshsdbsurmgcludee Sdt:prdducm vehichtngjantibeirggarded @g mﬁirwﬂh gret)éﬁ@d by such
an dcRipiHst ARktion fsWeh Qﬂ sé/Mst()Btaf?1leé‘9?#J Fr%\)lﬁ ?h%l dﬂﬁﬂaé’c@rls‘ﬁEs of products obtained

suspensi on o armaceut i ca
by) P@ql')’ BEPFO Br %’Q@B‘H‘? A2Zex%iﬁl@%spf’fal?ﬂsélblbd@%’e‘:ta‘?ﬁ)aéa&lﬁ’g|'T‘Pd Iy mentioned
proc@kded Wh W\ﬂ\lchhﬁﬂéiaﬁlﬂalaﬁébvéﬂveofalﬁé dalt, Oit i p@ified tah@/or treated to modify its

oy ReRic profstese o e p oo o o RERRR Fl et

|ncorporated in a pharmaceutical forrmulation. 5 The
h [ , . ' :
i YA o Sl ALY RO el S gentay e o
anhydyidergpegies.( CH2) S 0- R3 wherein R3 is nethyl or ethyl and.
s is independently 2, 3 or 4, or for mneking a
synt hetic |nterned|ate for such an acid, the praoce

Furthemaspeds Ary emmqnﬁ%ofathg disglpsire a5 ngfgy | g Shrefollowing escrlptlon and

. clailhéie al koxyal kane is of the fornula -(CH2)S 0-R3, 10

and a borate ester to forma conpound of Formula (VI):
(HO2B-(CH2)S 0-R3 (VI), the process optionally
Thréughbdl&lne dmmmtmrsarmgclatmn viethisispeyificdten cihepotds dcamiprifes rand ontain” and

vanétlong of B QR RF! %nfgle “CBIQI[){SIHgS ahd )comEJr‘?sres’e ¥REPN ﬁ%lp%g%ut not limited

nown process. ocesses,
to”, @odpreuted inkdndgebiortandadq Nt) excbdez:@thwm@@sluaﬁtiltsv&azncoes@mnmomtegers or
stedshe Formula (1) acid, which ester is transesterified
Wi th di ethanolanine to forma precipitate. The
precipitate may then be recovered for further
Thldob&@rﬂsa%bﬁtgtlonswntaﬂ@ data tnhi&atdigethdi’taﬂh@|sﬁl’ﬂ|ﬂy€(res;stance to deboronation) of

orgqrp Sfélslé gc(?%smqygb;gll?q?%é%as Wg[?rg\gcﬂrfl Ot%)ﬁm m?t'lécg qur{r) régsagtjgé/\ftﬁ‘t'nultlvalent metals.
TheRsal, fay be e racitesaltt hE&hnis bbilisatiery tachriqlief formms padrk of the disclosure and is
app dcggltg,??)gé} dﬁ%]tg %rg%%b%(’od\ ?,%:Ha %5%&1 &l @fdefih fr@édlﬁd(mkGRMD” and to

er el ree aC| 1 f desired
Aorgam)bwomvemdsei¢5¢lbe<hln@abltatlm%meréi@aﬁrﬂpq'f@eratbatd@ i#9-bed
her ei n.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an HPLC plot referred to in Example 13, showing an impurity profile of encapsulated TRI
50c calcium salt after having been maintained in blister packaging for 1.5 month at 25°C and 60%

relative humidity.
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The di scl osure includes the products of the aforesaid
processes. Further products are described and cl ai ned

wo poottloz20f 0l | oW ng speci fication. 25 The Synt heP€T/GB2003/003887
Met hods Il and products thereof may be performed or,
as the case may be, prOV|de on mMass or commerci a

he escri bed her
Fi iy LG Hoh LI B, SEma 1ﬂg5rpwg‘9 GRAPREBLPLE P ppuerea TR
50c aalﬁumdaltbfteraﬁvm@b&lnnﬂalntbméd in ebiiatén maokagfng tfidrel . evooihi at 40°C and 75%
th a base of a nultivalent nmetal and the term
relaf egiufn\ﬁltyher einis to be understood accordingly. The
term"salt" in relation to the disclosed products,

Flglﬁ’@?ﬁ it c Q)@ ?e?erpégtto ReseRpR 15! é’noMﬁBlaX ihblRty Srbfe of encar%sulated TRI

Uct's contain discrete cations and anions and 1s
50c k§é‘C'U'ﬁcFé'|t sitgyopviag besrpnaipipingd phserflistsr packadingfpel-> month at 40°C and
So,pma@{,@mm,@ using a reaction of a boronic acid and a
base. The dlsclosure enbraces products which, to a
greater or |lesser extent, are in the formof a 35
Flgut@e lish chatti referred oo lEKaﬂnpleTh‘E shibvéirg] ihs neseltd dflesthppmiin ahaidolytic assay of

Tm?ﬁg? g@{l ggl%a%ngsl?ut Iﬂ?%b@&ﬁ%’#@@%‘g{éﬁ\é is ther @gXI{r\um ratefof reaction

measured)bganldbimssaa acid drug with a rrultival ent netal
base a well as the therapeutic, including
prophyl actic, use of such products WO 2004/ 022071
anmﬁmwgfﬁc%@sv Exapplerdbe sioning Ot PbRss Slegrgtfeaant! &ingfigs following p.o.
dosthé) Witk SR 538 of Prt50E. Met hod of preparation of the salts,
provided that they contain a boronate species deri ved
fromboronic acid (1) and a counter-ion. Such boronate
Flglﬁ@ec’lk essecmﬁypldnerehﬂe@mﬁre Exaipten25, i shoveiny oeat) phdsk iddatante and kinetics
rm.ther The iumforni refers to
fouoa‘flqgf %tFﬂdH ef]%l dﬁ%n go‘?" e%@sgganﬁdég%ounds whi ch may be
represented in an equilibriumequation (e.g. 5 boronic

V DErﬁﬁ_'EB dEECIﬁﬁ'HbN JR'dey 'ES(NMQEEW oni ¢ anhydride and in

rrumwith ditferent boronate ions). Boronates
| n the sol id phase may form anhydri des and the
GloSdaty! 0sed boronate salts when in the solid phase may
conpri se boronate anhydrides, as a boronic equilibrium
species. It is not required that the salts be
The[F6IRARME @shmbYind stibedviatitnsafe @et) mdkis seaifieation:ng t he
counter-ion and the boronic acid (I). Further, the
di scl osure includes salt products which m ght be
Therexgrassitadacid saltids prpfied tp saknf e ddropig asid a¢fersdo salfs of which a single -OH
t Stehdtab| endYsalts wherein the
gm‘?‘ﬁbp{hga[ﬁﬁ?éﬁ?%é\%%@%egﬁcstélujgus'ﬁ? é@ﬁ éﬁﬂﬁ?s@"ébt ai ned by)
bor@mtd‘lgnonphcareeﬁ apdirgieanagaiivenchaie axangl bs rqireqweelabl 9(0H)(0) or as
irect preparation may be nentio

B 1775 agld BB, T PRTeSHED BUSMIEROTS POl Pr Sl g & velnoy n wherein
the Wdrfrdztibdof&ﬁﬂfnmracﬁrte ased i epprdhdtsly ntts 1. dhypsdctcat beems, dbed observed

StOIﬁ'{R:Olj'IF ! éé ﬁ@‘kﬁw ?gpee ?é)ga( l re\.it5b% WRQB;) rréénﬁ%%ﬁtﬂmfhoer mtﬁﬁ% n:1 stoichiometry.
For ssxbrgle, ctbusrmbsemechmhgsdtpf e mgelcmight; varm figrrh thescalcHlaled gpgss for a n:l
stoﬁﬁo?ﬁ({ﬂr{ysﬂ) heY, ok é%&ﬂ aboﬂnfﬁ“)?ré geno? ﬁﬁ?é fan bt 18%; in some cases an

aspec and e I scl osure are set 0
obsewect mags of Beméetal Mgk M@'ycfg:gb ﬁhepfql%lﬁtegn@assclpyapqrgnore than about 1%.

Calculated masses are suitably based on the trigonal form of the boronate. (At an atomic level, a
salt stoichiometrically consistent with being an acid salt might contain boronates in a mix of
protonation states, whose average approximates to single deprotonation and such “mixed” salts are

included in the term “acid salt”). Examples of acid salts are hemimagnesium salts and hemicalcium

salts.
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20 Throughout the description and clainms of this

specification, the words "conprise"” and "contai n" and
waQ 2004/a2300ns of the words, for exanple "conpri sPCyGB2a0vd/003887

"conprises", mean "including but not limted to", and

are not intended to (and do pgt) exclude ot her

noi eties, additives, conponents, integers or steps.

25 This patent application contains data indicating
o-Alrirsboriohie acitl abBdrofay) efebstiosihanm® dcid it @Rl eealdgidupdias been replaced
b &gganoboronlc acids may be increased by providing them
y ‘the formof salts with nultivalent netals. The

salt may be an acid salt. This stabilisation technique

forns part of the disclosure and is applicable, inter
Theaterra ,"arhioo-grogp privertiogimoiely € refars de sy grb@dused de terivhigse an amino group,

espgfgé?lg'éﬂgN i&lﬁl%%?ﬁ&lgrou Q)g at [%Btl%ooroé 5]% 8 r Q.{ul{:]h lgr%ﬁstd‘?‘nclude without

ribe ons one
limitpsiei gyl SRR mwpammcmnvmn@mww@solemagurléowaveers the term

“anﬁrfb d;?‘E’lepprB{e@ﬁ Tgrrﬁt‘;l&fl’r B ot lﬁtehcﬁédﬁfﬁmhﬁed-% th§§é3¥3¥rﬁ&9lala&otectmg groups

npurity encapsul at ed
thaalP COBFPRY efﬁameﬁgn BraRC FHathesisi R 'ti 'Putequ§? be lipigdida grawgs that are
reafliffcledvableront h at 25C and 60% relative humdity. WO
2004/ 022071 PCT/ GB2003/ 003887 24 Figure 2 is an HPLC
plot referred to in Exanple 13, show ng anirrpurity

Theﬁ gﬁlfaké @%tﬁimftgﬁlﬁeiﬁ” !a@c{-:@gblg RLS erﬁ@ﬁyeﬁ ahé}tlhl MyS %r gh%ge compounds,

ving been nal nt'al ne packagi ng
maﬁ@ﬁﬂ%hcompoelmsm@ﬂ/%%sa%|f%rm5vwhlﬁumeduw'v\m sheFisrgae @f Fopngl medical

Judg’fﬁeﬁﬁpéu@adlﬁ fok u:feﬁﬁ %r’ft&.@ witR tHerhsEQ@%phlﬁnalngbebr@Q @V\?Malﬁﬂlthout excessive
cC calcitums

pr encapsu TRI I
g, i) TS5 E5rPRAsen O ORI Pt O HPTONEHOTp et with 2
rea§onkbld bénefipivk hatat - 40C and 75% relative humdity.
Figure 4 is a chart referred to in Exanple 14, show ng
the results of a thronmbin am dolytic assay of 10 TRI

: Thel@:f?&es(sf'énQI “URBSbiABE MBI U RER! fo) adpddddR wiadh, wiie iR YERE of sound

maxi mum rate of reactio
phagnqzca[ggny‘qll Jgdgggnggy is ppt@lmagy gr agtualypqmg[chgtrt[g?lgl pefuly as @n inhibitor of
thrdfnmrmin@ 1r2:&de§fefﬂmme t® Eﬁstaﬁdféﬂﬁﬁcm taraprisesCe pharthadduti@tly adive species

andr_tf Sﬁs’cv%egg rgmgfeg é)E Sﬁtb r%Fcy?s g g%Tr%Rr!Pt?lrg %%{b%r Té? %ngblr%[glglbltors may be
selestivaitivey) iothely gob asgardet e aitlimdee srvde kxfrseundcsharmanOIogml rigdgement, as

seléB@gr ﬂ ? a%bl_g oAy t%%ﬁé?l r RO Tthd BrmOQGectifEMMAFPinhibitor”
GBIy RO dEotitRyt e bl petts =lectiveHEmE nhi

includes reference to substance which comprises a pharmaceutically active species and is described,
promoted or authorised as a selective thrombin inhibitor. The terms “protease inhibitor” and

“selective protease inhibitor” have analogous meanings.

The term “heteroaryl” refers to a ring system which has at least one (e.g. 1, 2 or 3) in-ring
heteroatoms and has a conjugated in-ring double bond system. The term “heteroatom” includes

oxygen, sulfur and nitrogen, of which sulfur is sometimes less preferred.

“Natural amino acid” means an L-amino acid (or residue thereof) selected from the following group
of neutral (hydrophobic or polar), positively charged and negatively charged amino acids:

Hydrophobic amino acids
A = Ala = alanine

V = Val = valine

I = Ile = isoleucine
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G ossary The following terns and abbreviations are
used in this specification: 25 The expression "acid
w@ a001/02231 appl ied to a salt of a boronic acid Pef/eB2008003887
salts of which a single -OHd group of the
trigonally-represented acidogroup -B(OH)2 is
deﬁ_:_otegjn_a} ed. Thus salts wherein the boronate group
carri £ 2"yl e negative charge and may be
r e esMent=anktidonindB(OH) (0-) or as [-B(OH)3]- are acid
salts,, Th X i on enconpasses salts of a netal
,ha\fitﬁghea"\giré? élﬁ%ﬁﬁ% wherein the nolar ratio of boronic
aciPd=Po =pplien i s approximately n to 1. In practical
tenpgs, it 0 ved 30 stoichionetry is unlikely to be
exggleT;bnﬁ?B@Bﬁnw Il be consistent with a notional n:1
stoichionetry. For exanple, the observed mass of the
metpdlar [Aedifdl of @lcHarbédd Binindecieal cul ated mass for a n:1
st N sPkPaREfayage N0 nore than about 10% e.g. no nore
th _%boyt .95% 1in some cases an observed mass of a
metal “H g V%ry fromthe cal cul ated nass by no nore
t hagn=arogglufieibine Cal cul at ed masses are suitably based
on b%lJéi‘ga&al formof the boronate. (At an atomc
| evel , a §85°Sal t st oi chi ometricall y consistent with
beiSvgSere safingl salt mi ght contain boronates in a mx of
pr of ORAL L eRegindt €S, Whose average approximates to
singl e deprotonation and such "m xed" salts are
i ncf ad¥o= MPSiRe term "acid salt"). Exanples of acid
salts are hem nagnesi um salts and hem cal cium salts.

WO 20_04/|O 2071, PCT/ GB2003/ 003887 25 a- Ami noboronic
acifgsl BIPgEG eps %Y an anino acid in which the
gr6lp been replaced by B02. 5 The term

" ard adtig: biegliner ot ecting noiety” refers to any group
usgd_t o derivati se an am no group, especially an
I\I-ﬁgri'?snaﬁglléér/ﬁ no group of a peptide or am no acid.
Such groups include, without Iimtation, alkyl, acyl,
al YRR RAIAD andid atpgar bonyl , and sul fonyl noieties.
Hovg L ekp =tBgriceicm ' am no-group protecting noiety” is
not intend?d to bg l[imted to those particul ar
pr dt 8&Y APURFHERYY that are conmonly enpl oyed in
organic synthesis, nor is it intended to be limted to
groups that are 10 readily cleavable. The phrase
ACN'phestoniidleut i cal | y acceptable" is enployed herein to
refer ta t compounds, materials, conpositions,
Am'gon%?%rh%(ﬁgg%ﬁforns which are, within the scope of
CbzsOhengyloxpadirtoayl j udgnent, suitable for use in contact
with the tissues of human. beings or.,animls wthout
Chags, yglgRexyiglaniae @ﬁwfei’*t%?',c UnipatyTel ¢ "?%Onéc{dgl | ergi c response,
ChaRjed %J@E?da @ bﬂug?bmagﬁ@l;@ of @ral moleculesp BXyEMSBING adidresititds) a carrying a
reasonabl e benefit/ris atio. The.expr [
crarge o OB RO A Pe gL LR S BB PRI AP i i
Dchh Qedic%l@l@lﬁ&rl&énimumﬁdro@ﬁbﬁ: nReAleghoa acdyidgenent , is
potentially or actually pharmaceutjcally useful as an
Dpa = Hipkgnylakenipg (a hydrophobic unnatural amino acid)

Drug = a pharmaceutically useful substance, whether the active in vivo principle or a prodrug

i.v. = intravenous

Mpg = 3-methoxypropylglycine (a hydrophobic unnatural amino acid)
Multivalent = valency of at least two, for example two or three
Neutral (as applied to drugs or fragments of drug molecules, e.g. amino acid residues) = uncharged

= not carrying a charge at physiological pH
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20 thronbin, and includes reference to substance which
conprises a pharnaceutically active species and is

waele®antdoed, pronoted or authorised as a thronbP@I/GB2003/003887
i nhibitor. Such thronbin inhibitors may be selective,
that is they are regarded, wsthin the scope of sound

Pma?ﬁ«’:}{ qol%ogl calmylrgggemsnt as selective towards

uteRedil her proteases; the term

Pinan&dfdl €Ci3- Mﬁar{eblbmb l6/6-timBihibitylo [3.1110 ﬁéptﬂ%sz 3-gberence to
subst ance whi ch conprises a pharnmaceutically active

Pip 3 pipegoiic agifd i s descri bed, 25 pronoted or authorised as

po.d 3F Esgtbwﬁéhﬂﬁmé’ Fﬁgb@ (nIDh b GhrmuRen fs%ﬁnﬁ’@ustepe’dﬁ’& GRS

ito ective protease I nhibitor ave
mmmﬁahMQMws=ﬂﬁaﬁ&dg§h The term "heteroaryl"” refers to a
rin stem whi c as at | east one (e. 1, 2 or 3
S.C. Fr?ygq”% Oet er oat ons and has a conj Ejga?ed in-ring )
THFdo@bhmmhme1systen1 The term "het eroatonf includes 30
%:% sul fur and nitrogen, of which sulfur is
Thrsd mbifes | ess preferred. "Natural am no acid" means
an L-amno acid (or residue thereof) selected fromthe

ro of neutral (hydrophobic I ,
”bﬁggﬁF%% J%@H§BH@H ahd negatlvgly gharéedognfgoa;%ids:
35 I—||3/Qrop|r10b| c amno acids A= Aa = alanine V = Val .
= val.ln = = i .
The eYeb 301 ABeanle orgB £ 8 YL A Eheplg ottt et fast
divateet) imetaiiane an Proangtipeonic asfrbdyg Ahvkane the tepn Zdrpg oenebrades pradeugs).  As
prev'i_b ¥¥/1 Staldd? CFie ttéMPt‘ééﬁhz?&eP 035 drtikt E@Htau‘ﬁﬁg dNmbvRE)metal and an

orgapgbqg())na?%maes, @rét(mq%; p?osgugtrh%qégnt%e &ha{;‘e&%@tncg o%)é §éqduct of a reaction

betvieh laR 8rgdncbordilc atid lahd & BadeBmprirg aTrylﬁltlvalethétsll (fo exabiple a +2 ion); in

Positive char
particular, such cllglractenstl com[grlseihe Qjen%gl] ol?%we multlvalent metal and of the drug species.

One class of products comprises those salts which are acid salts. A second class of products
comprises those salts which, whether or not acid, are salts of a boronic acid of formula III. A third
class of products comprises all the salts in contexts relating to their oral administration, for example

when present in oral formulations.

The acid may for example be any boronic acid drug mentioned under the heading “BACKGROUND" or
in any document referred to under that heading, e.g. it may be TRI 50c or LDP-341. It may be a
boronic acid described in WO 01/02424. In this paragraph, reference to a boronic acid described in
the prior art includes reference to the free acids of boronate esters described in the prior art. It may

be any other boronic acid drug.
In certain embodiménts the organoboronic acid is hydrophobic.

Disclosed herein are embodiments in which the organoboronic acid comprises an aminoboronic acid
linked through a peptide linkage to an organic moiety, which organic moiety may be hydrophobic.
The organic moiety can comprise an amino acid whose C-terminal carboxy group forms part of said
peptide linkage. The disclosure therefore inciudes salts of compounds of formula (XIII) and a

multivalent, e.g. divalent, metal:
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R=Ag = arginine H= H s = histidine K = Lys =

lysine 20 Negatively charged amino acids D = Asp =
w@sanrioct acid E = Qu = glutamc acid. 25 AGMEGB2003/003887

acetonitrile AmMmno acid = a-amno acid Cbhz =

benzyl oxycar bonyl Cha = cyclggexylalanine (a

hydr ophobi ¢ unnatural am no d) Char ged (as appl i ed
to drugs or fra | ecul es . amno
aci d residues) ggggpﬁ§%ﬁd%£\\30 char ge Qfm
physi ol ogi cal pH, as |n the d@de of an anino, amidino

or carboxy group Dcha =Rdicycl ohexyl al anine (a
hydr ophobi ¢ unnatural am no acid) Dpa =
In fermpma X a® Eranrsgqnis m@vdph@@n@lewnmam&ngdpg%hﬁr w@h 2&Q-c) residue of an

optleh&l§ FtedmPRGT SM&RUE %f# Hoyadftﬁ 8f ylpras Q§gaH$§ptld¥W%t Hfhble N-terminal
theacthEanVO pre{Jeora

subﬁﬁy@rg\pglﬁg){fg eg@nman ggo ngq) B@Ip\@ >l}tcl§ ﬁéld(aé:haln of an amino acid
(WH%F Qﬁmpér%nHﬁp‘gf) U'Ga.alnd %%b@ﬁ)’d@ph DT & vabe Qrﬁl Rg group as described

val ency of at ast r exan'p e two or
belogsut r al (as appl i ed to drugs or fragments of drug
nol ecul es, am no acid resi dues) = uncharged =

SIS LT 1 ——

or Bhr&pegitidontirgtic- FoSexanibleniaci ab-dRissafitbelealtssthe organoboronic acid is of the
ﬁwﬁmg i nanedi ol = 2,6,6-trinmethyl bicyclo [3.1.1]
f ne-2,3-diol Pip = pipecolinic acid p.o. = per o0s
= by way of t he uth (thus an oral fornmulation is

adm ni stered p.o.)™\5 Roomte era,t/lQ = 25C 2C s.c.
= subcut aneous TH/th ?’bﬁw\an Thr = t@r onbi n

10 Novel Productgs The| Conpoynds TK¥products of the
di scl osure conprise a sabt of @ pharmaceutically

acceptable nultivalent (at |east
where:

R1is H or a non-charged side group;

RZ is H or C1-Cy3 hydrocarbyl optionally containing in-chain oxygen or sulfur and optionally

substituted by a substituent selected from halo, hydroxy and trifluoromethyl;

or R! and R2 together form a C1-Cy3 moiety which in combination with N-CH forms a 4-6

membered ring and which is selected from alkylene (whether branched or linear) and
alkylene containing an in-chain sulfur or linked to N-CH through a sulfur;

R3 is the same as or different from Rl provided that no more than one of Rl and RZis H;

R%isHora C1-C13 hydrocarbyl group optionally containing in-chain oxygen or sulfur and optionally

substituted by a substituent selected from halo, hydroxy and trifluoromethyl;

or R3 and R* together form a C1-Cy3 moiety which in combination with N-CH forms a 4-6

membered ring and which is selected from alkylene (whether branched or linear) and

alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; and
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di val ent) netal and an organoboronic acid drug (where

the term "drug" enbraces prodrugs). As previously
wGar@imeeko7t he term "salt” refers to a product cpCl/aBRi0BH3SS7

a multivalent netal and an 15 or ganoboronat e speci es,

for exanple a product havingp4he characteristics of a

product of a reaction between an organoboronic acid

RS B XcE-iGIRLE & GRBING O A HYOIORAGPIE MPISHISECRB T 19 BPURSERFing of amino
acid® (raturelodt)unndtiival) Bed ﬁépﬁ@és&:‘f twcS@lGﬁbr@ BAMma Gtied GnSﬁJkeﬂi 8r unnatural) of which

C ri t he, identi. tlval t al
morg B e BB, 3 pedBesife s or B pphdlBiade) may be
substtiatse bg al (Ilscl\yfhydrbcaib)da OﬁttnndllyscanlntammgAn-slmhomd/ged ars sulfof and optionally

roducts 20 i ses those salts ch, whet her or

S“b?FETte%EY a ,S“béPtée’gé?'%ecbﬁma hRigr 'B/Fl'f"éy 3’61 faﬂwom%vwnammwe of such an
N-sébstitaemtts 1Clo@SSiIk@f, apd HGUIE bisancamiiio-pro®stinglgrouphe sal ts in

contexts relating to their oral adm nistration, for

exanpl e when present in oral formnulations. The acid
SaidTﬁyCig)hyde)caimdlcatidznall\aay\tdimrrgdmcwiramderdmmaglfumnﬁyi herseldcted from alkyl;

alof SN By oLy oa RSV Groat arvk Sl het S Hgterocyey

maylse hd¥teatdl. It may be a boronic aC|d described in WO
01/02424. In this paragraph, reference to a boronic
acid described in the prior art includes reference to

RL tag bk hee paer. dm s@fneb-;‘g’fb@ﬂiﬁléﬂsel‘ﬁt @fngalrﬁfub(lb iZDleng atohe. :5(1) may have
rior e any other boronic acid drug.
mﬁﬁwfgg??gfﬂm@%ﬁgH%H@ﬁF§ the organoboronic acid is

hydr ophobi c. Di scl osed herein are enbodi ments in whi ch
t he or ganobor oni ¢ aci d _conprises gn am nobqroni c aci
In qne lestol RIMBRHGAS & ﬁﬁ%ﬁm%@/ ?Fm@wﬁ@gghs%ﬂf o wpmfformula A
or BAhi ch -organi ¢ noi ety may be hydrophobic. The organic
noi ety can conprise an am no aci d whose C-term nal
carboxy group fornms part of said 35 peptide Iinkage.
The{d@ﬁdtﬁﬁg@e(ﬂhﬁaﬁfore i nc(AWdes salts of conpounds
of formula (XII1) ‘% mul tival ent, e.g. divalent,
met éCO)aWQB@éf@@éHE (l%(ET/ GB)03/ 003887 28 CH
GCONHCHB\ (X111) OH RIn formula (XIl), Gis an
organic noiety, for exanple conprising together with
wherédlD- a residue of an optionally Ntermnally
ans%%l?it ituted am no acid or peptide (e.g. dipeptide), a
sultable N-term nal substituent being for exanple an
EBX,group as described below. R is a side chain of an
b aﬁb‘ﬂ e |@Ebéﬂd§1tl&%ﬁ5@ﬁ&g&%éﬂ bt (‘bengﬂ friarh@rtak or, aStindsdtnay be,
dr ophobi ¢ be an group as ‘descri bed
m‘*Bb'F‘ffW" 1C§Glé specific class of salts conprises those
cisoleenei n the organoboronic acid conprises a boropeptide
bi é} iropeptidoninetic. For exanple, in a sub-class of
5h¥s¥ salts the or ganoboronic acid is of the
E is H, C1-Cg alkyl, or a saturated or unsaturated cyclic group which normally contains up to 14

members and particularly is a 5-6 membered ring (e.g. phenyl) or an 8-14 membered fused ring
system (e.g. naphthyl), which alkyl or cyclic group is optionally substituted by up to 3 groups (e.g. 1
group) independently selected from Cq-Cg trialkylsilyl, -CN, -R13, -R120R13, -R12cOR13, -
R12c0-R13 and -R120,CR13, wherein R12 is -(CHyp)e— and R13 is -(CHp)gH or by a moiety whose
non-hydrogen atoms consist of carbon atoms and in-ring heteroatoms and number from 5 to 14 and
which contains a ring system (e.g. an aryl group) and optionally an alkyl and/or alkylene group,
wherein f and g are each independently from O to 10, g particularly being at least 1 (although —OH

may also be mentioned as a substituent), provided that {f+g) does not exceed 10, more particularly
does not exceed 6 and most particularly is 1, 2, 3 or 4,'and provided that there is only a single
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10 formula (1): RAN~_" /OH NCHNR2-CHB (1) R5 1 1
OH R3 RL where: RL is Hor a non-charged side group;
WA 200RR22081 H or Cl1- C13 hydrocar byl optionally cReit/aBei0ago3ss7
i n-chai n oxygen or sulfur and optionally substituted
by a substituent selected frgm hal o, hydroxy and

subgrtr%t%eé{ H&l‘é%ﬂ@ﬂ%ht’ isg | na%ﬂ/dco lninﬁ%NrS gggl?térg rJPE%s §1 Er%lkylsilyl' and

I"'on W
1 ® 18 _PRIRA

E FBV\h Qrebéragﬁc nmltl ?ﬂ%@%’%&n‘?? %(S‘E .?DE] Wﬁé{ 8N€a 5-6 membered

ringCmB RAP B deRciadh fiom- qktey thiaiRyMilfiFCND FR15) m&lédRBo INZOBRB -R12C05R13, -
through a sulfur; R3 is the sane as or different from

Rlzaicﬁ-ﬁpamcdermé bihiato edogemsr €e.d. HatheolaierodaseRlo fomd aRI-R1S rhiiety which is
R4 is Hor a Cl C13 hydr ocar byl p optiona

dichippephenyi where R1¢ bred R oE;(&;«,g“ewecttvel}z,ualnfR}1Lﬂ regigdy @ptam?%l rajety as defined

25 bstit t t ed I
s A B B 3 BT B G SR ST
forma Cl-Cl3 noiety whi ch i n conbi nation W|th N- CH

in \/th%ﬁ I ee?])é éf( I%nmpﬁ @e{)ﬁg)n gqg gz? %Egglp)d' aro %[; Bﬁthf 5rfalrﬁny one or

morg dydredeniainisendad-te naarhorsatpmmop@wnallly fﬂ@@@ﬁdtftv hnlom, espema"v F.
through a sulfur; and 30 WO 2004/ 022071
PCT/GBZOOS/003887 29 R5 is X-E- wherein Eis no rz
In csrtely XAPIBD IO & FbREE i SePRcPed: f FoRTiRiar GFaTpes: a+bhcrd) and
(a+B-06¥%) SileindGnové than i RAd ar@Ghdis edpba@dlivinpl orB. (ambad-dl &lay be0d
peptides of two or nore am no acids (natural or
unnatural) of which nore than half are hydrophobic,

Exen'nBIar\W_j s B6PE, Eﬂe$2téh6 B3 lhcﬂlﬁtﬂeﬂ&rﬁétlchngf. B&h%ﬁihbﬁlﬂf naphthyl, pyridyl,

I 1. nk a bst i tut C!
gl SR s S HAE el o5, oY S, Bhohecnyt
satubgited ﬂmﬁ;l dugh as syduhiboiyt, foreekabylea B ulagtbetaufisdd gred ﬁ/silemdcontammg both
from hal o, hydroxy and trifl uororret hyl (an

_ arorggficrand Aon-RogwAG Fnde. R Bamplertvoreyle Ongidess § E %u%’@ﬂdﬁwmups are

arorfétic@ (InchMfing O hdterahrembiid) Orifs O Wipecidiyl @-rienbieied Bipane ambzyl In some
optionglly cont |n|E9 i n-chai n oxygen or sul fur

compeunds tEds Fmbist&r lkypd E- arglneyH; i8 ¢19s¢ Famporrflsp§xappies @ﬁ’gﬁﬁwﬂ E3 groups

68 bPmEGhMuteds ¥itd ©atfaiyl, eRf Wkihyiand/ or
are lgétﬁglr(g%f/c [yl Hetergf:eyg |yl g %émr’fla;@]be héter oaryl. Rl

may be non poI ar. In sone enbodi nents, Rl contains up

1n dn8 &8s &3, o@d&ﬂmﬁhﬁﬁﬁ tor%ns’%hd@ﬁt\ﬁ&wt \Aﬁﬁcﬁ'lg‘t];&f EWI Godan Syl)carbonyl,

subsite rot ease I'n one cl ass

carbisky Cg-Ca alkplj eltyy(lmjddmg hieteeganiiy dspegally Smbmbereﬂorf wref&r@ly 6-membered
roup of formula A

aryl %e g. phenyl or pyridyl), or arylalkyl (e.g. arylmethyl or arylethyl where aryl may be heterocyclic

and is preferably 6-membered).

In another class of embodiments, E contains a substituent which is OR13, wherein R13 can be a 6-
membered ring, which may be aromatic (e.g. phenyl) or is alky! (e.g. methyl or ethyl) substituted by

such a 6-membered ring.

A class of moieties of formula A or B are those in which E is a 6-membered aromatic ring optionally

substituted, particularly at the 2-position or 4-position, by -R13 or -OR13,

The disclosure also includes salts in which R1 comprises a cyclic group in which 1 or 2 hydrogens

have been replaced by halogen, e.g. F or Cl.
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or B -(COa (CH2)b-Dc (CH2)d-E (A

-(CO a-(CH2) b-Dc-Ce(E1) (E2) (E3) (B) 20 wherein ais
w@2mnr/022071 e is 1; b and d are independently O BPCT/&@B2003/003887

i nteger such that (b+d) is fromO to 4 or, as the case

may be, 25 (b+e) is from1l §p 4; cis 0 or 1;

DisOor5; Eis H Cl1-C6 alkyl, or a saturated or
The disslesuie Siriber ipghedes a cigssel paliati whichibe RhproypseferaiuldALgy (Bloare of the
folldvind RGeS cano gEf:icularly is a 5-6 nenbered ring

(e}mé ph;ﬁy?? g?qé% 8- 14 nenbered fused ring 30

Sys C("@_z g. Q%apht hyl), which al kyl or cyclic group is

optionally substituted by up to 3 groups (e.g. 1

gr oup) ngfﬁéndently sel ected from Cl1-C6

yl

trialky , -CN, -R&3B, CH : 512CCR13K-
R12CPRRE3 ar(@®) - RL202CR13," wheYéi n RS S(o)r and
R13 is - )gH or by a npiety whose non-hydrogen
atons c gt of carbon atons and in-ring heteroatons

and nunber from5 to 14 and which contains a ring

system (e.g. an aryl group) and optionally an alkyl
whet@R/c0fs fRInKY|815e QY. RUB, 1 3P 2WART 8 T isafdbpéhd@hty 18AFKen, one or two

i ndependently fromO to 10, g ggrtlcularly bei ng at
haldgenss{e.d. F ak tdougiMes, 04N, nil?, aDBY, bEORENt-LOpRId @rs-CaCR13. In some

substituent), provided that (f+g) does not exceed 10,
embpgineentseof sirediiras (B) and ¢Bs Triroat tha dweetion ek phesyl group(s) and is -R13, -

ga[qgl_ |13iS_, 33 134, led rovided that th r_
or P "oite B0a3 ¥ 4 B A3 o B S bt B o 1o

SEid Yenkis b, tpes ' Lk :

on Pl 9013 b Ao SUSLDMos g3k ity .12
in sef@ R! Grbupdot tagislibkchisgmas @dddriBnadepthdent | y sel ect ed

from-R15 and -J-R15, where J is a 5-6 nenbered ring

and R15 is selected fromCl-C6 trialkylsilyl, -CN,

In onBERss oftie2@Bdies, RRE 2ERAda (C)Rhd SBBR1E indepdndaddiy @ & OR13 and R13
and one or two hal ogens ée.&qé inthe latter case to
4 R

is Ciér il -I0 semeSofrthesetcompgiin issrafichas alybastddm ihgrs itihetraight chain.

R12 and R13 are, respectively, an R12 noiety and _an 1
In SRS MAiRties, JheaRUMper pfrfaEhon AI9ESdS from L4 e IRIOHST Gipss o mpigties, R™ is of
forrda AYarfa3T GPOENR IR oA oREo BAI6ERs; I8 thése GoMpouhts, d Mqdk Thor 1, for
jety of Formula (A) or (B) any ring is carbocyclic
aromatic, or both, and any one or nore hydrogen

atons bonded to a carbon atomis optionally repl aced

b){ hal ogen, especizall F. 310 In certain exanples, a.is .
Oneglasg pf gpmpgungs h%vedzayas %né R2 g, “‘f}eﬂ' t Wheiie By 'Sé‘ﬁ'é\Iﬁ'dT ig g’eferably conjoined
with( ﬂ’*%’ %'rﬁ\)a @5‘9 moiety. Where R3 is H, R4 is preferably a said hydrocarbyl group, for

example a C4-Cg hydrocarbyl group comprising a Cg-Cg hydrocarbyl ring; the hydrocarbyl group may

€Xa g?) Ile

be saturated, for example an exemplary R4 group for these compounds is cyclopentyl.

In particular examplés, R% is H or R3 and R% together form a said C;-Cy3 moiety.

Where R3 does not join together with R* to form a said C;-Cy3 moiety, in some embodiments it

contains up to 20 carbon atoms.

R3 may be a group of formula (A) or (B) as defined above, for example a group of formula (C), (D)

or (E). In one class of compounds, R3 is of formula (C).
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(atb+c+e) are no nore than 4 and are nore especially
1, 2 or 3. (atb+c+d) nmay be 0. Exenplary groups for E,
wEgo4@20and E3 i ncl ude aromatic rings such as PCEGHR03/003887
napht hyl, pyridyl, 15 quinolinyl and furanyl, for
exanpl e; non-aromatic unsatugated rings, for exanple
urat ed rings such as cyclohexyl, for
In o%%fa?{‘o%ﬁ%yéls nOtEe ‘a fused ring system contai ni ng bot h
aromati c and non-aromatic rings, for exanple
1n drlotheF 95“%' By gggsds Qlienke offdne &%@@Wﬁh%@%ﬁo% sr for example
aromatic (inc I ng et eroar onat i especi a

suce%ﬁmﬂéoﬁnam%ﬁ%dsl Bay haygsa sifey cwawr@o‘#ﬁama@sarbmatp@s HIn some
corrYMahrkc@,t E B8mpiies F3edquefice ¥ tonlor mBret Mﬁféh&ﬁt"ﬂ?ﬁlh@ 8&ds (e.g. 1 amino acid)

cach SEHRER ey el bl ) s el diveag p oramgf formula ()

(D) '@t(lf)%’ br is 2R uﬁiﬂ@ aéiJj Efélse)@fnpfé@%' t?Fé"ffoﬁnedEwHéﬁ M1anAR23f Formula (1) are
substituent which is Cl-C6 al

Joingd! [agpYiera 1 pg plass oéﬂtﬁy&@?nﬁs Qf@namﬂ ac'dgﬁvvg 7 sirkeehgtniof formula (D);
In dnether dE Bt dalts, EsBRdtdflay aind RO sl Ddideuhaih & cElidriula (E).

6-menbered aryl (e.g. phenyl or pyridyl), or

arylal kyl (e.g. arylnmethyl or arylethyl where aryl may
Ondbspetifict drse ofysalts compBisesaimde inswhitheheorgiroporéniaecid s o the foriala (1I):
whe&ﬂf?t her cl ass of enbodi nents, E contains a substituent

Ich is ORL3, wherein R13 can be a 6- nenbered ring,

whi ch nmay be aromatic (e.g. phenyl) or is alkyl (e.g.

met hyl or ethyl) substituted b)/H such a 6-nmenbered

ring. 30 Acla h.;)JRALEH! g of formula or B are

those in V\hichﬁglsé\mG Fr{nﬁrb\e aromati@ring

optionally substituted, part| cularly at the

2-position or 4-positi onR by -R13 or -OR13. The

di scl osure also includes salts in which RL conprises a

éﬁ% a‘@%egé'%geﬁq'gﬁlag\égf'}] 8" %nlﬁl%5$pr8%¥%5°§q% apgi Eois 4Bt G568 hydrophobic

amiRCAdidzB2003/ 003887 31 The di scl osure further includes
a class of salts in which the RL groups of fornmula (A
or (B) are of the following fornulae (C), (D) or (E):

RS Eahl2pGaiaR, {bstitutdd thoiefghtofliatning EghlZgoHs (ddjoncatargs {elerted &dmBhe group
erei.n i,s fro - . A h
cordl B Al a1 Sl e gl stosprhaft pepo BloB%i preeray
haldgen (f, CF-Bol) @id)the all§il ivioBties-bEiNg braRal@d or giright chapORIB,
-CO2R13 or -02CR13. In sone enbodi ments of structures
(D) and (E), T is at the 4-position of the phenyl
aahgisoal piydrpptabid ansine REi8, or is glycine N-substituted by a C3-Cq3 hydrocarbyl group

optionally containing in-chain oxygen or sulfur and optionally substituted by a substituent selected

from halo, hydroxy and trifluoromethyl.
R/ may be X-, or X-Phe or X-Dpa.

R8 is preferably not substituted. R8 is preferably 2 C4 group, e.g. alkyl or alkoxyalkyl, such as 2-

methylpropyl or 3-methoxypropyl, for example. In variants of Formula (II), R8 is phenyl or benzyl, in
either case optionally substituted by —CN or by one or two halogens (e.g. chlorine).
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OR13, -COR13, -C02R13 or -02CR13, and R13 is Cl-C10
al kyl and nore particularly C1-C6 alkyl. In one
wGeaip4otass, T is -RL3 or -OR13, for exanpl e i nP@GBR00B/003887
and g are each independently 0, 1, 2 or 3; 10 in sone
Rl groups of this sub-class,33T is -R120R13 and RI13 is
H In one class of the noieties, RL is of fornula (C
Whea rat" dig dhsutpstitged gmmﬁeﬁh{%ﬂtqupstlmemelsdpr ERBPEnd 1G hydepcarbyl group

compich e Chl RyTovahl T e BPecr D oM PRy R il for pgmle an

f 1t
exer ] K7RioBb i nest SRR obri %&%ﬁgﬁﬁ 15 fL?IILl 2
(E) and T is -CN or one or two hal ogens; in these
The %Wﬂgﬁmmg aldly mQPb@th@ rsarilre of &?f’fere&’éﬁmr%xang’@b&ie%‘éﬁd @bm amino

ounds have
acids, g a e hain of @rr@w%\w;?r éfé}rﬁs =GP hEd 30%4e¢ #0- \F/@? fqr@ﬂﬁi%fﬂa or (E), and
fron® Mhikb H@diseéy deéﬂtﬁéﬂﬁnr&&omﬁ H‘heRﬂsdo@urﬁﬂﬁd‘lLeieablq}‘asa o8 aald wherein the

orgaé\gl%{ﬁw? aqfﬁiéﬁ PE oHau %(I&an&él%%gygl:og@cbﬁn? ath(ge; bgl;l NPthe %g}ﬁgéfrl different,

havehy €id® clainbgohtaininguyp to9 carben astamsipad eftin dootainiag appid é3 garbon atoms or

are Gr‘rh%@(!l(%r T %ygFogﬁb%lc}t hind g&j&%ﬁpﬁg lé%fé éhgmc‘%%%ﬁéﬁ Mbviously for

I CU t oget
hydibpabicaasad @cids STIaoRC faBReNEEOTEPTAHAS noth FofUASet of salt

cont%ﬂﬁg Ja’ﬁ{ula"\ﬁlf)r‘acﬁé e ﬁy%moﬁlcsa?ﬁu% Qéld (s1i3ydraRhrelYor HeEbré‘aWFEor which

contains up 0. car baon atg
inclygles Bothy mm;@a@tfyl gk haﬁngrgar(I A)esu&es( §51e hydreraghylres lgﬁéugg_pnalra <¥>ntam in-
chalﬁWh echéy QEP U siktithed myl far &nple( Blogenr(e.E),.2 o8 lekmen atoms) or

b B i B A, B

be pe@liht &r dnother indridEcidg. | n anot her class, E is conprises a
sequence of one or nore hydrophobic am no acids, for
exanpl e such hydrophobi c anmi no acids nay have a side

In cEifeh Variagy,i RYQcokifaink @ had}ommbhtammtamdmhldms b e orfnother imino acid. In
conpounds, E conprises a se f one

suchgrhaspieDis; e AWAARTORE AR89 R4 SuiRb G5 Al BB fagpula (A) or (B
desoMBEE Prefigilyde. g%f(ﬂ@nﬁha(opo.qt)]forrml a (A or (B) as
defi ned above, e.g. a group of formula (C, (D) or

(E), or is an imno acid, for exanple of the type

aah iy %@xm@b% nal ﬁ@roﬁﬁobﬁ‘h’nﬂﬂﬂ &Rid( &). @ber Pjeoi ned

together.” In one class of salts, E consists of an
am no acid having a side chain of formula (D); In

In RSN Qahg&kﬁgéaﬂgc@go I&@) 056-?%@ -ohsm&e}@nxu@:wwi (CH)p-O-

avi n e specific

C(OgI \/@%%lrgf) SRt 9, §,Qm§rdr g(f%f Whﬁ%@ ah@l\&hal @hfetrb@ and RO |s Horabsto 13-

anoboroni ¢ acid is gj 2 wa(?
memt@rﬁd aRtic gEp M@puyguk)qtlpﬁted by 1, 2 or 3 substlt entd selectéd From halogen, amino,

nitro, hydroxy, a C5-Cg cyclic group, Cy-Cy4 alkyl and C1-C4 alkyl containing, and/or linked to the 5 to

13-membered cyclic group through, an in-chain O, the aforesaid alkyl groups optionally being
substituted by a substituent selected from halogen, amino, nitro, hydroxy and a Cg-Cg cyclic group.

More particularly X is R6~(CH2)p-C(O)- or R6-(CH2)p-O—C(O)- and pis 0 or 1. Said 5 to 13-
membered cyclic group is often aromatic or heteroaromatic, for example is a 6-membered aromatic

or heteroaromatic group. In many cases, the group is not substituted.

Exemplary X groups are (2-pyrazine) carbonyl, (2-pyrazine) sulfonyl and benzyloxycarbonyl.



10

15

20

25

30

OH R8 R7 is X-E - wherein X is hydrogen or an

am no-protecting group and E is absent or is a
whyanopdobi ¢ 15 amino acid; R8 is an opti onal PGT/GB2003/003887

substituted noiety containing from1 to 5 carbon atons

sel ected fromthe group corgisting of al kyl, al koxy
The%ﬂ%n%dﬁ%ﬂﬂéy bd Qgroﬁa%é ﬂﬁﬁﬁiltor,si%péiah{pﬁeé‘ée?mgﬁh%se inhibitor. Thus

r ox prefera alogen (F, d, Br, 1)

the Iogqrq*(yrpcluﬁ@ﬁ &alis eef @émqlrglalgﬁtaﬁ\@ﬁb@nq),ansqrgzmoecpfpm@ regid nmhlbltor of a

# Serma@Broted @f&)é%r@pﬂ@%rﬁbnﬁéﬂ FaBtoPd. Jas exBmplSs &shi dAganoboronic
Coa%ﬂhglabstrl t EE edsbéu% Cl- C13 W?’Yﬁdr 0 b o
]

ac;damqy&gdpqzryor@g q?éoans,C Iq.ilagaélgéﬁld%ﬁ, I'glﬁtrlp%ﬂtld%&lhlch in either
caseDpay enak pyotatifsdrodputa @dn-hydreged Xiasdup) orethie Nsietneind] achino frfotaty. .
hal o, hydroxy and trifluoronmethyl. 25 R7 may be X-, or
X-Phe or X-Dpa. R8 is preferably not substituted. R8
In ai pefpred dasalbf horaniCAcidyr whigh are agii-thaprkipdtic @nd ialclkdec JRII Ry, the acid has a
neutral %l{i’ygca%FbléTﬁt bR rtemél thR)'fnbﬁ’\ Sff%?&émmeg Ry kL ’hycerﬁhobxlc mo:ety capable

n varla For mu hen
of biseina i the o St 5 9esiten Th6GH gy Eisamiic el o)
or by one or two hal ogens (e.g. chlorine). 30 WD
2004/ 022071 PCT/GBZOOB/OOB 7 33 Wien aah is
N-substituted glycine, substituent is for
exanpl e a C3-C6 hydr Hd?hyl group c&Wrising a C3-C6
hydrocar byl ring; the¢ hydrQtlarbyl group may be
saturated, for exanpRe an exenplary R4 group for
t hese conpounds is cycloal kyl, e.g. cyclopentyl. 5 The
whelgimdr ophobi ¢ anino acids may be the sanme or different

and for exanple Iect froma Vi
Y cgrme{ge% ﬁamﬂet&fwry%lr tﬁgpe (g?m%rrgn @(Rﬁ?&&igoﬁas qunl% for the
sub&ra% blﬂfmgfsﬁé BtthAnbia) ano( D) or (E), and fromimno acids
descri bed preV|oust The di scl osure includes a

cI ass of salts wherein the organoboronic acid is of

- R i% émﬂ i chdid Allé)ff‘pl%uﬁ fﬁf‘enjﬂfét‘éﬂ QPQ%r%&@étﬂ& IRkdgES te.d2210R ) and in which

sSane or ferent ave a side chain contalnlng
the total homB& of etybenaraitcaren atochs ¢ 3, dn5 ooﬁn(eag ) nIgRglJl@ —{CHo )}, 3W where m is

carbon atonms or 10 are imngo_a hohi ¢ .
2, 3afhioh& (& ARy a0/ oF halpdea (@hcil B G 0. dgss@%é N DR8It chain alkyl
inteRlRYd BUSHe)or fridke ethatdiniepenb0-9 n&ambe meattninds alkowidligd (oad intanruption) and

the fragment X-E of Forgul oék . In a subset ofaﬂ?ﬁlts q
alkoxyaonraly i Biemuption) | R iEancakoolidl F50H 1B 9% Bibset A prgpounds: €.
alkoﬁ&dllé}l dontaMrg ueemoR¥lomer heteroaryl, or which includes

bot h hydrocar byl and heteroaryl resi dues. The

hydr ocar byl residues optionally contain in- chain

In aﬁ Q%Pbor%rﬁrsé(mdgay @fﬁke?i%stHfﬂgs 9@)1—@%( by E%éptﬁiéﬂ!ﬁlﬁb@ Such acids may be

ogen , ogen a or 15 hydroxy
reprebantediby diernulg (XB: nor e t han one hydroxy group) .
Al ternatively, hydrophobic am no acids may be proline
or another imno acid.
/,OH

Y1-CO-NH-CH-B (Xt
SOH

R
wherein
Y1 comprises a hydrophobic moiety which, together with the aminoboronic acid residue

~NHCH(R9)-B(OH),, has affinity for the substrate binding site of thrombin and RY is as defined

above.
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In certain variants, R7 contains a hydrophobic am no

acid which is not Pro or another imno acid. In such
wepdvas2aoent s, t he hydrophobic am no acid of R7PGUGBaBY03887

has a side chain of forrmula (A) or (B) 20 described

previously [e.g. of fornula 4sD) or (E)]. aah may for

Typigz;l(le,%lgreefog')g tlgeeglgitsﬁ:{g%e hObbé Yamf?r (glq)dcmp%ses an ammo acid

resmlﬂ@ (Qvﬁﬂ!tﬁérp\aﬁ(‘@)ﬁunnaﬁfhl)(\@lﬂ) Hindilitb the G -sulmsite Both(oEiHR) amd @ linked to the
H)WthEIanSOlZ3450r6(Of whi ch
fragmelatmﬁ 1R9a1BéOl-@Q@y @rqegl@ﬂe hgkﬂge,g@e aainQ agid residye (bging Al-terminally linked to
bpnal Iy substituted by 1, 2
My Eﬁ @@%@ééﬁtﬁ&%Hﬁé@? fron1ha|ogen, am no,
nitro, hydroxy, a C5-C6 cyclic group, Cl-C4 al kyl and
In oﬁg-'cl% rﬁngﬁfr{ ac(‘fﬁ‘)t Fdai N, an%?ﬁ’én%fy N-keMaREiy Rotbd8d Sipdpide residue which
ere cyclic group through, an in-chain 0, the
bmdafto Itiess 83 dnd6X pindigg emqfssofdptombmadiddyls lieked go ~SHERD-BIQIDp Y a peptide
by a substituent s
inaib e AP niposs e 691 prionaf g Mg e s s ot Sitdifed oy @ o
C13>%y‘dﬁbc§gy cg)t"gaaﬂy %rQamlné’ﬁn &Bim( %érpops@ﬁjp)and dpsbrBlly Subituted by a
nbered cyclic group is often
substitu@nBselected rfromdtaer bmr@cmnd tifluprometbylafipe &-tersningl protecting group, when
presgg1 ¢ el %%%g; &Eamtdeﬁned%o E(% Pﬁ\%l‘?ﬂgfrb%xﬂrl%mallyl the %8Bl ¥ontains no

I's not s

N- s@stnj:uygg pgpt@ie(hgkqufr, afmemyhe@alp 158 ﬁ\&yq;ubst(tlg:etg)yepglge ﬁ@sage, the substituent is
oftef YT 19 R¥ | ali@in orRe gy btk 3 am Ml termirdd p%c%%btﬂﬁ@(b? 4n X group) and

PCT/ GBZOO /003887 34 The organoboronic acid may be a
unsysBiiutes PPLAR H3P8Sor , . f or exanpl e a serine protease

i nhi bitor. Thus the di sclosure includes salts of a
Whese l\} }svai1 lgﬁfg[%}pcgte}%sg e, @%I %&)Ilb rr%tag}ﬁlpc? 8&'@5«%@% H@'OP RI)Qan iguration
and}dp rtﬁm’gz Bin@ifig E@iﬂﬁ@ma%af (Se-&orﬁbgaﬁpd)reSTth fragnant —NHCH(R9) B(OH) may of

B RSRSL I o TR T PSP e Bt e

which in either 5 case may have a protecting group (a

The scgs% ege%}e%c QURL; ehgecom'gﬁs%@rggﬁél rr“eﬂéi’ AR & dganoboronic

erre ass 0] oron ich are
aClCBMthhtdte dirbwbin mfmrtdrs; n@‘th@ély'pﬁqpctgg@hromhlg infyikitgrsy, Gaving a neutral P1

(st %ﬁgﬁpﬁnm | %V mG;%Hﬁanln?anQrﬁ a%uf‘ﬁhbﬁﬁestvﬂn&hﬁwdtth rtig®H, 82 8dd S1 sites of

e ot R 5 30 s S5l ol e g S

Cfu%nta’bie%fmllaﬁﬂﬁéms@f/ §:01891804, (998 Rewidi@! Yet bl; Berrédi Pharmaceutical

Des?gggég%}%ﬁghgaﬁhg&ft%%ﬁ 5P | Ses{/?eé”%_b%y 1}{@' GH1-738, 2001. The

throafbii mhiblorf Galtst dfethe slistiedurentre riok fiditerytosthose kving 8o biapd St affinity
groups%eélc%bed in the publications listed in the preceding sentence.

The organoboronic acids which are thrombin inhibitors, for example the acids of formula (IIT), may
have a Ki for thrombin of about 100 nM or less, e.g. about 20 nM or less.

A subset of the Formula (III) acids comprises the‘acids of Formula (IV):
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RO is a straight chain alkyl group interrupted by one
or nore ether linkages (e.g. 1 or 2) and in which the

wa odoal2zonber of oxygen and carbon atons is 3, PAT/GB2@B/003887
6 (e.g. 5 or ROis -(CH2)mWwhere inis 2, 3, 4 or
5 (e.g. 4) and Wis -OH or hgsogen (F, Cd, Br or 1).
As exanpl es of straight chain alkyl interrupted by
one or nore ether |inkages (- QgH may be nenti oned
al koxyal kyl £ and 20
alkoxyalkoxyaﬁﬁg? ?% Bﬂye%t??u Ffons). Ré“ps an

" al koxyal kyl group in oneqsubse of conpounds, e.g.
al koxyal kyl contai ning 4R%rbon atons. In a class of

X iPimBigly ordeld 48 the Wi-fefmihd] BIER grduipafditia be B&Fdr4 l\h’% &he identity of X is

peptide |inkage. Such acids nmay be represente
notf gitigal byt (Y be: a particar Xymoly NﬁﬁcrlquBib(qu | Jin ope @@nm there may be
meNRBEEhdhzy Y&y&%mﬂl ses a hydrophobi c noi ety which,

together with the am noboronic acid residue

-NHCH(R9) B(OH) 2, has affinity for the substrate

e e e T o 0 20 care

atoR de.67 to 13 ped esiosally upepridsentond) By egrapEng lepst one Gclic group

ha\{ %hu?{ﬂ QS %rla uatélﬁgg i;n c%ﬁﬁlg ?Qa@qu% n v\,ﬁ%g‘%qg Bro[lg(é %%%1 Raveg?s 5 or 6 ring
meMB&S] Foﬁmélﬁndehth@ fdiegrafisls) oF ab} Mmkebe 49 drbgs, faftRAE®Bhenyl. Typically,

-CH(R9)-B(OH) 2 by a peptide |inkage, the am no acid
theyecate ARROTHWP GYFlinarOWIsHR Higlapy sife eaid Qet;am Sidgrphainswompyiseor consist of,

memylrgd&uﬁm byoné BPSlotse od- hidmiardirAgs.5 | n one cl ass of

Forrmula (I1'l) acids, Y is an optlonally N-termnally
protected di peptide residue which binds to the S3 and

Mor%2 #ﬂlcﬂefhggaas'lg ﬁ@e Ypat d?raOW%IIV (ﬁ"]ﬂrtiaﬁ’y hydf’é@%gat&cpanalogue thereof. The

kage,’ the pept
Wh‘P'Wr‘?K‘H@@@‘F%a'%%U%ﬁﬂr%i ‘%ﬂcﬁ CR?BEP I y and i ndependent I y
bei ng N-substituted by a Cl- C13 hydrocar byl

optionally containing in-chain oxygen or sul fur, and
aa’gp i iried acd residisthaving em Byo § ingmewibersi Airsmrtivelie patis &ly N-substituted

by b r(%[ﬁelg alyBrocatifllgfy, 85 da tcsidgl Mardeareji rh\‘d)up c-Bhfbrli}hgt 8 VCEHC% 3lydrocarbyl

ting group, when present may be a group X
rlng;! dtfe hydicayd geoup oehbe satlhraued,tfyndexagan)exenmtarwﬁ{sulgstltutemte are cyclopropyl,

cyclobli t? %ﬁﬁw §ncf‘8/cloh\éx§lu %td H%F&%bﬂ%dp%nthi’nﬂé BEE S more unsaturated

ere titute

bor@amub@mmtloneg ph@wi @w m@hvlcpr @@vbwbyutumd)bé pb@rnag@ gef-phenylethyl, as

Wdaﬁﬂﬁﬁd@m@m@nw&hﬂern1naI protecting group (e.g. an X
group) and unsubstituted peptide |inkages.

An exemplary class of products comprises those in which aa? is a residue of an imino acid of formula

V)

11

PN ),
H,C
.

CEICOOH

d
)

H

where R is -CHy-, CHy-CHy-, -S-CHy- or ~CHp-CHp-CHy-, which group when the ring is 5 or 6-

membered is optionally substituted at one or more -CHy- groups by from 1 to 3 C;-C3 alkyl groups,
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15 Where Y is a dipeptide residue, the S3-binding
am no acid residue may be of (R)-configuration and/or
wo b@48220bi ndi ng resi due may of (S)-configuratiPCT/GBRE®3/003887
fragnment -NHCH(R9)-B(OH) may of (R)-configuration
The disclosure is not restrigyed to chiral centres of
t hese confor mat j,ons however. 20 The di scl osure

foriexarple & form kg R &e@rovﬁeér%'r@m sOfcfbﬁﬁsr'm@p #gids apetigine-cgrboxylic acid,

N L A e
i nhi bitors, having a neut raI Pl (Si -bi nding) noiety.
It \Eﬂ?rbergzbbr%aht@é HoRPdhk %Bo@bcﬁétt %%Fe‘fe@n%d"&%‘s@gf !%a\fétst @ndidl§ of those in
and S1 sites of hro see for exanple
wh'flapp]aaa% ik PhecPret Ialamotﬁ'er@rﬁﬂe“rdélmsmeblaaz iSOpa- Prb4 In other products aal-
g g JDQQSP Sgl?der sonI al, Current i ci na
aa ‘i {he-8orgy Delap-Prog hse, i%'@du RreegesPending %[P “CEEHSF%N? which Pro
is rElhladeddg Girhazatidine-2zabesdigacid. 5: 1043- 1075, 1999; and
Coburn C Exp. Opin. Ther, Patents 11(5): 721-738,
2001. The thronmbin inhibitory salts of the disclosure

RO& & defiedlin Feldtiedl td Rrodldo ga). NRVdnR @laS3ef cSRpaUNds ﬁiheanéf offfbrivila (IIT) or
gr oups %SC“ bed in the publications Ii1sted in the

formplédald], issregrpemefdhe folaularGHnebbr bisger sie R onthansty iar-eH, ~-OMe, -

n itor f or, ex e i ds of for
el i £3183ef 16, Vb, Hrderabigiory s PRk Bel AsiEiE 2 gBp F50.CR and -k,
esmmallyeﬁ/l,e én gertaitboampl2®s i3 for all kg@upsAané,ub@ﬂ forf alkt foinula (I11) or (IV)

o i 5565 £ RS S SSA, S Seah romobur, +

chiofolayll; xm2thbikjb(iyl-cid, éspéda‘w, 3- tfr]:inodﬂﬂ)yb,(&cblompmpylahg? 3atideybropyl. In
to the I\I-tegmnal am no group and may be Hto form 9
a sppgfic expraple, fisip |3fr9ethxyg(op Imaqot@r i€xq Ziﬁyleoxypég,yl fsdhe, preferred R
gropprticular X noi ety described above. In one exanple
there nmay be nentioned benzyl oxycarbonyl. 5 aal is an
am no acid residue having a hydrocarbyl side chain
Accootirigly, abpegifin dassorf ealis lnansisBOf dasdafiacidaviive formulg X-Rhe-PrasMpg-B(OH),

esrR gl OB R eouTR 'ﬂgﬁﬁut o ﬁ%w%qéatr%%r? og xR L g which Mpg
is I’ﬁ[ﬂ?}:&& h\tég II‘E%IC@%( %gpFr?oﬁiber Oﬂgﬁ%e I%golu%%%nrd? ﬁ’g? %placeél é% Dpa or another aal

resdyel i ¢ group(s) of aal may be aryl groups,
particularly phenyl. Typically, there are one or two
cyclic groups in the aal side chain. Certain side
Th@h@h nsiety @ fiel salt is prefecablyajf:{k) @hfiguration. rrE‘hdnyahz mibiytis prafeebly of (S)-
one or two 5- or nbered ring

cor}ﬁgllxr@qlqg\u |Parrtlpl§}arlyd)(§qferre§1 qa}t,%hav%%l Qfl(R)aC(\RPﬂH”ftS?" apd %rolf ‘%FP’ﬂfgurat'on
Th%éfﬂ%loc%ﬁf?@t I\ﬁ-ﬁj } le‘.s‘ re%??rflf@;(R) E_Jﬁggubgc%?il |1th conSIdered that commercial

oenated s ar e IS an
formnlﬁi‘ms adl hgve 8}9 Cdju@ Cﬁfﬁﬁﬁs ﬁg(%ﬁ.%}ﬁr@ng%m@t rap nf@' qwnwj@ ingthe case of salts

of AztPREPRLBMpg-0la2 is Gy N-substituted
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by a C3-Cl3 hydrocarbyl group, e.g. a C3-C8
hydr ocar byl group conprising a C3-C6 hydrocar byl

WO 20vg/0220ne hydr ocar byl group may be sat ur at ed, PEDGB2003/003887
exanpl e exenpl ary N-substituents are cycl opropyl,
cycl obutyl, cyclopentyl and gyclohexyl. As a
hydr ocar byl group contai ning one or nore unsaturated
bonds may be nentioned phenyl and methyl or ethyl

substituted by pheny=\ e. g 2-phenyl ethyl, as 20 well
as p, 3-dialkyl phe An exenpl ary cI ass of
products conprises 3

o:e |n mh|ch aa2 is a residue of
an imno acid of fornula 1 H2C CH COCH H 25

where R11 is - CH2- CH2_ -orH
- CH2- CH2- CH2-, whi@ ngg |s 5 or 6-
menbered is otlona W's ub t|t$|t d a rmre

- CH2- group \ fromlto9Q ci- groups

2004/ 02207 382003/ 003887 3 exanple to form
the R11 group -S—C(CHG)Z-. O these Ym no acids,

azeti di ne-2-carboxylic acid, especilally

(s)-azetidi ne-2-carboxylic acid, andOmere particularly
proline are illustrative. It wil | be appreciated from
the above that a vé&bg-(RrBetd)Em-tRidsoMpg-PHoduct s

consists of those in. 5 which aal-aa2 is Phe-Pro. In

The cps% 8%% m@lﬁggs‘iﬁd'ltﬁglﬁﬁt gt salﬁsg)} Cgia&l) I[B@?‘r ?5} %KP -{9- &or‘oﬂlg& bpl%nd of other

Comosroiswﬁmetfdmﬂﬂaaf“@)xfb? (Do iiibagMpe Sl ehic pres gsh 9}9% pure, e.g. at

leadtd o is replaced by (s)-azetidine-2-carboxylic
eaao:';dérbu is as defined in relation to forrmula (I11).

In one class of conpounds [whether of formula (I11) or
In BkBad tormm) th sélks\ﬁe]scrrbw hér8in anegltﬁttpnsm‘erédhe chregsparideto -ﬁéﬂﬂﬁ) moducts of

an ﬂrgar&oggrﬁ%t: Ecrg & aeﬁcr’rbe\% a%% rﬁr d?ﬁ%e of grn}q_t'lvﬂe%etal i.e’a n(PJtal having a

¥'er s art farly
valénky ofsttvo at mees; ﬂleg;raszpre haw@/er Mmﬁeﬂjt&r{ﬂuctg resgijec frem |59ch a reaction

andI rﬁ%\{/gneé%b[a%ngﬁ 'B%?I a ?'Il‘ﬁe Hg& alds éfécra'ﬂ{l CoﬁnggggS and,

Particul ar R9 groups are 2- brom)et hyI 2- chl or oet hyl ,

1. 2GR E)'Tprﬁé‘tglt('a"ﬁlélrneéar@hﬁé’fﬁl?lﬂyl 4- chlorobutyl,
4- hoxybutyl and, especially, 3-bronopropyl,

3-chl oropropyl and 3-nethoxypropyl. In 15 a specific

2. BICHER pRarmBRuiiGilBact@idpidialenpybtal, kY. Arcpbher exanpl e,
2- Et hoxyethyl is the preferred RO group. Accordingly,

a specific class of salts consists of those of acids
3. afGrdupéllfhvetakul a X- Phe- Pro- Mog- B(OH) 2, especial ly

Cbz- Phe- Pro- Mpg- B(OH) 2; al so included are analogues of

t hese conpounds in which 20 is repl aced

Dy a..
One exgmiiaey lass 19f sallstcR@prisgs dw{@% p@atqj ﬁ%ﬁ?p A W@F'V Elﬁgrap\ée class of salts
corﬁ;ﬁ@ésatﬁg galé?l)?n Bna. Qﬁotﬁ%aﬁ%ﬁlar%ﬂustréml cfigof shlfeconmiises the magnesium -

noi et he salt is eferaply of (R)-configuration.
saltgh A f rﬁ?ﬁsé'f splt EO”ﬂPF'é?SéE%B“%/Sa (S)- configuration.

Particularly preferred salts have aal of
Spegﬁ%: _sglgsnafrle %P thet alrc%nborgn%tea% ugﬁ\f in( gctrg Hlfelagrﬂ rsafts r‘ﬂgy contain a very small

proportion of the doubly deprotonated boronate. The term “acid boronate” refers to trigonal -
B(OH), groups in which one of the B-OH groups is deprotonated as well as to corresponding

tetrahedral groups in equilibrium therewith. Acid boronates have a stoichiometry consistent with

single deprotonation.

The- disclosure further includes therefore products (compositions of matter) which comprise salts

which may be represented by formula (VI):
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25 The chiral centre -NH CH(RL)-B- is preferably of
(R -configuration. It is considered that conmmerci al
wo eoomokari ons will have the chiral centres in PEY/6BR)03/003887
arrangement, as for exanple in the case of salts of
Cbz- Phe- Pr o- Bor oMpg- OH: WO 2804/ 022071
PCT/ GB2003/003887 38 SOH HII NS NBp OH 0 0 Ow
Cbz- (R) - Phe- (S) -Pro-(R)-boroMg-OH _The disclosure
includes nmultivalent nmetal salts of
Cbz- (R) - Phe-(S) ¢ Pro- 51@(31 borol\/pg/@-l ((and of ot her
conpounds of theX 8aheazaNH-CH M (V)
X-(R)-Phe-(S)-Pro-(R)-boroMg- Q)O ich are at | east
90% pure, e.g. at |east 95uypure. J In broad terns,
the salts described herein may be considered to
correspond to reaction products of an organoboronic

G SR BP0 7Rl BB e v, s

2 of §8s %ﬁl dse Fi‘rﬁ)e bEoINB\AET, Ytd kY Hreta8 defirfed Fébé\k'izu c;ftssprewously rndrcated the
resulting from 'such a reaction and

borgjiaterayaRoMpEse Higtraedra PRecif %qcorrirgglrég'b'é%%yr PSP%U phaye agtoYchnometry

con§Etentvith theba fofmalikal i ne earth metal ); 2. another
pharmaceutically acceptable divalent netal, e.g. zinc;
or 15 3. a Goup IIl netal. One exenplary class of -
Thesdi$ciosure adgitionaiysindides lcelatimrest! ahagsesiuis saltg\ op derohic wkid drygs having an

S T SR ot PR T 8IS e o
" (braates), Catrpori “gesoriates), mgijh_e}ni aliver salialof this typef thetnietat iszings §ne class of
Salt%F\%SI@ stuE gﬁ) rjaétg'gr n ﬁfeé'sﬁﬁsoﬁfgqoro?ﬂc s BPRThiik Elﬁ,g%:sitfgr example in

ractice t
the sagetof a sallyof therfoanutaia very smal | pr oportr on of the

etort Lo tri Qo PR R ORISR one of the

- sucPsEHb&iPERRpNAted FER187.0MHé elceareNBtilde Saltsof the above formula in which

corresp ondlmé tetrahedral groups in equilibrium
Ca%f"He replatadrby Macitd Alse inslgieckase FaitesPQndiag ane ity i pylybe understood that the

abo@é’ rﬂédréEﬁQﬁonWE th notr%ﬁal Srbrlﬂﬁie‘ﬁta@l@rp bPh er’@iuttOWhosIhﬁserved stoichiometry is
u

IR NI S TR

represents boronates which are trigonal, tetrahedral or mixed trigonal/tetrahedral.

Particularly exemplary are products which comprise:

0] species selected from (a) acids of formula (IX): X-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH), where X
is H or an amino-protecting group, especially Cbz, (b) boronate anions thereof, and (c) any
equilibrium form of the aforegoing (e.g. an anhydride); and

(ii) divalent metal ions, particularly calcium ions, in combination with said species, the species
and the metal ions having an observed stoichiometry consistent with a notional species:metal

stoichiometry of 2:1.
Considering the metals in turn:

1, Divalent, e.q. alkaline earth metal (Group II metal) salts

One example of a divalent metal is calcium. Another suitable divalent metal is magnesium. Also

contemplated is zinc. The divalent metals are usually used in a boronic acid:metal ratio of
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whi ch may be represented by formula (VI): WO

2004/ 022071 PCT/ GB2003/003887 39 O X- aat aa2NH
woR®+/0MoH (VI) 7 OH RO n where Wh+ is a di val emtT/GB2003/003887

trivalent nmetal cation, aa2' is a residue of an imno

acid of formula V, nis 3 as the case may be,

2 of

and [, X and R9 are as deflned abpve. As previjo -
st Lo o ' BUTBR AP REy > SRR PEL tore Bt QfEhF APis containing
mixtGf2e of digalenfdenlspé.§.ghixtures lof alkdinadarthengtals duectis dosiemplated.

stoichionetry 5 consistent with the above fornmul a.

The di scl osure additionally includes cal ci um and
Furtherg discidsednesalptaslud$ (bampositionsaefi ohatierh gdhidhacdntigiseygalts which may be

[ & try consistent with the salt being

repr%%%%@é?ﬂwg%?@gﬁgggﬁfabl e by) the formula "(boronate )2

Cat+s or "(boronate-)2 Myt+". In other salts of this

type, the netal[is zinc. One class. ¢f 10 salts having

such stoichionetry conprises. sal f boronic acids of

formula (1V), asxfanle®NmleHiBl the cdd®e of ¥IBalt of

the formula: [ Qz-(R)-Phe-( )-%;q ) - Mpg-B(OH) (0-)] 2

Cat +, such salt| being desig at ed TGN 167. The
- disclosure incltdes salts of the abode fornula in

which Ca2+ is replaced by Mgt+. Al so included are

corresponding zinc salts. It will be understood that 1 .9
where M2+ 16a divalens measg) caliaanegt amakalige garfiomplghey) zinc cation, and aa-, aa“, X

representation of a product. who i _
SRR 00 BBy n VDB AIER s o e son
are deprotohated frel raiioves of cudnshls, As peevipndlyiodiestedy thegparengtermaygcomprise a

r represents boronates which are trigonal,
tetr%‘%?'%gﬁjtg‘g?sél or mxed trigonal/tetrahedral.

Particularly exenplary are products which conprise: 20

2. (1) greRstt gsagel ected from (a) acids of fornula (IX):
WTR}%W‘(‘SX-Pro-(R)-I\/pg-B(O—I)Z where X is Hor an

am no-protecting group, especially Cbz, (b) boronate
Suitalé Gnsupt Iemetak indiudd afuedini@n yand @eiliurh.i Saftaicontaining wikturdseof Group III

foregoin .g;, an anhydride); and (ii) dival ent
metﬁ]@@@ Si°c9ﬂ§(,er(“§5lg?‘i cularly calciumions, in conbination
with said species, the species and the netal ions

The%o\éf;ogge ﬁ@lu&@?ﬁfdﬁ&gc&ﬁ ilsiﬁg'i%é?tg%F th¥ fFR0E gt \é\" tlh a

onal "speci es: neta stoi chionetry of
Considering the netals in turn: 1. Divalent, e.g.
al kaline earth tal (Goup Il netal]) salts 30 One
exanpl e of a diyalent netal is cdPcilum Another
suitable divale t)%rmlaazmbl—(?ﬁgﬁgsi um Ao (v
OH

R® 3

where M3 is a Group III metal ion and aal, aaz', X and R9 are as defined above, as well as salts in
which both hydroxy' groups of the boronate group are in salt form and mixtures of such salts. As

previously indicated, the boronate may comprise a tetrahedral species.

The salts in solid form may contain a solvent, e.g. water. There are included a class of products in
which the salts are essentially anhydrous. Also included is a class in which the salts are hydrates.

Synthetic Methods I

1, Peptide/Peptidomimetic Synthesis
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contenplated is zinc. The divalent netals are usually

used in a boronic acid:netal ratio of WO 2004/ 022071
weEOnAeBA003/ 003887 40 substantially 2:1, in oPCEGBR@®3/003887

achi eve the preferred nonoval ent boronate nviety.

Salts containing mxtures ofidivalent netals, e.qg.

m xtures of alkaline earth netals, are al so

contenpl ated. Further disclosed are products
The gyotheeis pft bayepsepédes ninelgding) fasiexarhple Gl Rhe-PsaBergMpiPRinacol is familiar

to tﬂ@éé spﬁed iR tﬂeea‘?f ﬁﬁ%@.&cﬁgexhx tﬂeglmf &t H\Hﬁtﬁ)né&/éﬂo)/e, quud?ﬁg C%@son etal (US -

557,4@%43qmd(9§}qr ﬁnd gakéar e&ﬁl (&{q(%’.)}/q)ﬂgég @’gjrf?lﬂll)h@%}aq}er%lpclliq I’WCUS 5648338) It
is deddrib@Nals@bd Elgélrﬂdy eﬁ@lZAdv Yop. ded, B9, @I9R) 340: LVBHI?BGLD%PQH@on G. et al

POAC DA BRI R  s—

et & dl Vel Chissn. 38aY116152b y190Rdi cat ed, the boronate may

conprise a 10 tetrahedral species. 2. Goup |11

metals Suitable Goup Il netals include al um ni um and
Sterpabdldctive syShedswithonersR eanfiguratior tat the<shisd! Betpronins! garipon may be conducted

fé ?bﬁ’sh@é efbddbdy QRL&EP LAY Q@frah@%ndéeﬁciﬁméﬂzw qbsid @R 92/07869
an

ucts conprising salts of formul a (VI L
naamuersmgnedmaeas BoA1P) g TG CRoErl mh irenedi 26 dhesciral diretor

(Ma@é%hnetlau Amemém Is@@ 168161@@119 1%6;2Matte\§oraétdal B%aﬁdi/ﬁetalks 3:1284-1288,
deflne above,

S8 r BRI PSP o enks 5%{%1%%@5*'“3%0 e PP oo, Mpg-
Boamwmta( t@écﬁeelpébtam eiie gaslréds(R)-Asmeparevionpis litytoi thel Hipeyitidel moiety (e.g.

Cb@@ﬁ FE at levfh Fhorg Iesag C% b%é %r?’? rvﬁ”ﬂlchs\p ﬁ%rﬁlsthe Tﬁ?ﬁamder of the

formrra Qontain a s
molehde.e are included a class of products |n mhlch t he
salts are essentially anhydrous. Al so included is a

class in which the salts arehdates nt
Theveeages ds referned aisede ioHey PEQsICEHNA WOWW%@\# 'v\%'s specification, for
exadPRANOB2 BAAntPETAdER2 03/ 003887 41 The synthesis of

bor opeptides, including, for exanple,
Cbz- D- Phe- Pr o- Bor oMpg- OPi nacol is famliar
The boropeptides may be synthesised initially in the form of boronic acid esters, particularly esters

with diols. Such diol esters may be converted to the peptide boronic acid as described next.

2. Fster to Acid Conversion

A peptide boronate ester such as Cbz-(R)-Phe-Pro-BoroMpg-OPinacol may be hydrolysed to form the
corresponding acid.

A novel technique for converting a diol ester of a peptide boronic acid of formula (I) into the acid

comprises dissolving the diol ester in an ether and particularly a dialkyl ether, reacting the thus-

dissolved diol with a diolamine, for example a dialkanolamine, to form a product precipitate,
recovering the precipitate, dissolving it in a polar organic solvent and reacting the thus-dissolved
product with an aqueous medium, e.g. an aqueous acid, to form the peptide boronic acid. The
boronic acid may be recovered from the organic layer of the mixture resulting from the reaction, for
example by removing the solvent, e.g. by evaporation under vacuum or distillation. The reaction
between the diol ester and the diolamine may be carried out under reflux, for example.

The identity of the diol is not critical. As suitable diols may be mentioned aliphatic and aromatic

compounds having hydroxy groups that are substituted on adjacent carbon atoms or on carbon
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to those skilled in the art and described in the prior

art nentioned above, including C aeson et at (US
wG20040227and ot hers) and Kakkar et at (WO 92/ OFGHGBawd/003887

famly nmenbers including US 5648338). It 5 is

descri bed al so by El gendy et4at Adv. Exp. Med. Bi 0%

. = 173- 9 , . . i .
ooy LHEE 1) ool dmet kOB Sp e 90h PR FRfgs hving o
leas tvpmhydrioxy 4998, sepziatet Py Bidershrie coprecting Grbonatpms@he hain or ring. One
clasg%f 3@% Jcbr%a%%s hyePSRrbo ﬁx‘b@cﬁ&@cﬁ Bf bia¥@y SRRy §ro\6‘f)st rbn% such diol is

configuration at the chiral B-term nal rbon may
pinagg a@eﬁm}wéﬂpmaf@d@sthﬁ'@ @t%bﬁwaorﬁémmwlsw 1,2 ethanedol, 1,2-
profdnedign dy3-gbpaatdidic iahietheas, 1lBdikoprapyletdn&tich§8:dedf8dol and 1,2-

. 92 9 and fam |y menbers including US 5648338)
d'cy\ﬁ/@’%{%@}e% BF (-)- pinanediol as the chiral director

(Matteson et aI J. Am Chem Soc. 108:810-819, 1986;
41284

The%k r%l%l o‘f;‘fl}eg&é%@ gtg&?ﬂgg‘%rgélglhg\% ﬁh égr%ea %grﬁél atorln? §r§9 the alkyl groups
mayalp uhgmaﬁrahféerenht@rwmplameﬂ(eé ngilet*ngtherBCPl nacol) to

selectively obtain the desired (R)-isoner and couple

it to the dipeptide noiety (e.qg. 15
Thecailgyl @R}Jpspﬁ@th@ jallppelamipg, preferakly giﬁlé s 28 Y4 carbon atoms and the alkyl
gro&B@ZmQr BB ahé-sEh@ )or Wiffeedht M Al ekepiphan kizlkasdtaming & dietharidl#@nine. The

e oo o RS DEFPeR Py € et el hond te rte
of hiydiolysiemayind acceléreteBy pddingreciel opbasadans et at. 20 The

boropepti des may be synthesised initially in the form

of boronic acid esters, particularly esters wth
Thedtiotsir srga®e edivedi is pre@%até'r@@m@ﬂ!ﬁé expotples Breplvhelogenated alkanes generally
andFé‘B'Rﬁ éc%%t@%%ﬂh&pl@%hydp@a? offRRE shRAelis AEEhtablé othEStheR aIEdPnols

nver si on pti de boronate ester such

Cbz (R) - Phe- Pr o- Bor ol\/pg 03| nacol may be hydrol ysed to

Theféllhéétk hed lscﬂﬁté&ﬁ@@!ﬂﬁgﬂﬂ)rwicdaad/ht aQ¥ieh theerebion glesifchias hydrochloric
&rvertl ng a diol ester of a peptide boronic acid of

acigy into the acid 30 conprises dissolving the

di ol ester in an ether and part|cularly a di al kyl
nsirgion KR She O s R ROR SPARN N Bhed L) B omple, il or
anofhepthilé baspr eci pi t at e, recoverl ng the precipitate,

dissolving it in a polar organic solvent and reacting

the thus-dissolved product with an aqueous medi um
An examplepha sRATEE BOCRk TS 3% B3t m the pepti de boroni ¢
1. ThE |pﬁ1acoT&ﬂ3ma|ﬂ@d' S Rbter GFehethelBiyd beptile barutt adt i dissolvieth & diethy! ether.

t I f h
2. Getftbtie W oSt fiEnbiet BISRN Phe ool vent . e g
3. Thyg peacpjpaiedprodutt ismeteoved ﬁtﬂnmd),mrasrwd Susubllyseyeral tlmmﬁe«mh diethyl ether or
ano&h%?@&ér o'p%aélr%%gl\/}@ﬁ Bthtept%arg%rf)élcoﬂﬁlt &ld (ﬁ@&i d gf‘%y @{/%bl%ﬂbd{‘@ndgp\)écuum)

out der ty
4. T dnherodlichis dissolved in T palarioganic ssalger% eﬁhﬁ@bbﬁrearu@'ahgl FrilyChifds. Adueous

acuﬂ&ﬂﬁa’s@ﬁ%gd@l k. Bhl%Po%hlé\%cﬁr Elmif lafd tHe QHIRGNEIStirRa Ydr R, approximately

roxy groupS that are substituted on adjacent carbon
1h @ttremt%rpeatflr%ar bon WD 2004/ 022071 PCT/ GB2003/ 003887

5. The organic layer is removed and washed with NH4Cl solution.
6. The organic solvent is distilled off and the residual solid product is dried.

The above process results in the formation of what may conveniently be referred to as a “diolamine
adduct” of the peptide boronic acids of formula (I), especially such adducts with diethanolamine, and
such adducts are themselves included in the disclosure. The molecular structure of such adducts is
not known: they might comprise a compound in which the two oxygens and the nitrogen of the
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42 atons substituted by another carbon. That is to
say, suitable diols include conpounds having at | east
WO m4lymroxy groups separated by at | east two PCT/GB2003/003887
connecting carbon atons in a chain or ring. One class
of diols conprises hydrocarbgps substituted by exactly

dlofame@féj Efl))éyor@ﬁéié’cpg[ th?b%roﬁuﬁﬁy ma@-l ﬁoﬁigm% iORC %heaébq%cts are however

another 1s pI nane e nentlone
considege e Pe gitsrs.olA, pag[tlcglarenqyglm;@nl@t inclyded is; they disslgpieselisgthat obtainable by

reaétmg aoﬂilﬁ’ci?ﬁr‘@rqinﬁhedlcz egterbéﬁaﬁ erld' of Formula (IX), partlcularl (R,S,R)-TRI 50c,
I1SQ ropylethanedl decanedi ol

andi %*{)‘?ﬂo e tthaPRvE RHpd ”Cﬁ’fﬁé" Qﬁ ?&1 T‘&ﬁ@ﬂﬁ@”@f‘o'?'ﬂ'@e *adduct” where the
acidlis@k BR)-TRI $oer preferably have 1, 2, 3 or 4 carbon
atons and the al kyl groups may be the sane or
different. An exenplary ether is diethyl ether. 10 The
Theadhdadgmmg mategals off the Hisclaiiel nkeeyrive Idefiiried @s p carhpasitibnh 9f rhetiee cdiprising:
or 4. gggp?pmﬁh&ﬁg)and the al kyl groups may be

the ame o ferent. " An exenpl ary dial kanol am ne is

di et hanol am ne. am.nePbor o acid
reaction pr oduc?(-(ﬁg%n'eé Sigré’g(ﬂfh ér\?gt\e@ at n(gg
tenperature and the rate of hydrolysis may be
whereio &l ieHadremh dmyincaprdieatingagrowp, the Hesoneator Gs q‘ﬂtenqﬂm [ceardinated additionally
Vet terfnd ! dyEiay be attached
il 3G At 58 g TABEFHEEH tho (i, o denele BT IR iRey be attache
to aGetont! covdldént hond) Hepiorisedaasy -@o loarhaee genn othelolfmeatampte intermediate,
C le . hol s. The aqueous acid is
Sta@gﬁ’ ?@%ﬁ‘?@d'ﬁé er’%écégt‘f’ﬁgﬁrege&&ﬁc acid at a pHin the region
of 1 such as hydrochloric 20 acid, for exanple. After
reaghi on,\WdRs bAgmAkd G the reaction mxture is
sui?gbly &g Eed mﬁth 6ﬁor exanpl e, NH4Cl or anot her
mld base. 25 An exarrp(PQHz@*ﬁza specific procedure is as
follows: 1. The pinacol or plrhaneotb(bl ester of the
sel ected peptide boror@@,Etid i s di ssol ved in diethyl
ether. 2. Diethanolamne is added and the m xture is
whergin | the selengy status, of3the oo} alemandahie Ve Po@aR @Lqms Is open. It will be

ﬂr&fﬂﬁéﬁetﬂat(&é Eér:ﬂfn@l@xygéﬁ@%d?%f&h@bb’éhby ofSeMRI{X) fahdifﬂfé)oxygen atoms of
Wi er or., another ar organi c_s

thegprce o Fa (K01 B e G BFPER BB g Byt i B SRk of formus
(XTpfoehad a dielcagtarnvith tha@pe@es dhferndday(Xpr oduct is di ssol ved | n

a polar organi c solvent other than an al cohol, e.qg.
CHCI 3. Aqueous acid or base is added, e.qg.

It wijldbeoepriredidted ek dhg gfaregping aaehnidke RIMRISSS canj exagypler plag method for

rech¥fing aif org@IBbIB KL BB %l'o\ﬂuct 1the ?ffethroa Q%br%mﬁ Qﬁ’éﬁdﬂgﬁn a Bolvehb & dissolved
organi c layer is renmoved me cngIth

midF GRTTEINg e aeRNBPIgaR aEd op And e @%?aurtﬁlf havigg, fyvo hydroxy

grobiptSaridesm Shuiad gl@@ﬂ) (i Erdiwﬂdﬁrte),l @uﬂig &thllowidd thEh@garbarenic acid and the
n the f

dlogglﬁ\getﬂl %eH:F ?(g/ L a:, @F%?'Pged aP égvegng Epe oﬁ)rg Itjh)lﬁPey The soluble form of the

organoboronic acid may be a diol ester, as discussed above. The solvent may be an ether, as

discussed above. The organoboronic acid may be one of the organoboronic acids referred to in this
specification, for example it may be of Formula III. The method described in this paragraph is novel

and forms an aspect of the disclosure. A recovery method is filtration.

The reaction between the diolamine and the soluble form of the organoboronic acid is suitable

carried out at an elevated temperature, for example under reflux.

Another "aspect of the present disclosure is a method for recovering an organoboron species,

comprising
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adduct" of the peptide boronic acids of forrmula (1),

especially such adducts wi th di ethanol am ne, and such
w@oauor®7ar e t hensel ves i ncluded in the di scl oRtF/€B200B©03887

nol ecul ar structure of such adducts is not known:

they m ght conprise a conpousgd in which the two

porP bR P bl 3PE ofer bR EradiReod T Prample g g such

egth@c%lmomﬁoftfweylaﬂlam(%npn se ions. The adducts are

howeytRing. a%@lﬂﬁér%"tt%%oh@le*?&m%&h%reﬁwer'“ particul ar’ novel
product included in th i scl osure |s t hat obt ai nab] e

by Corpbining W@ sglutbqnﬁ/ggbq dlalkarmaﬁlé{ﬁ@ap &flovdng Qr cagsingthe dlalkanolamme to

reaemﬂﬂu@@bmie foe efth@orghnéboropiattid wifbiaw dryingdRib, gicipltie; and
and di et han |am ne, i.e. the novel product is an

(R Sec%e”'ﬁ% eé’&’éﬂﬁ? &t hanol ani ne "adduct” where the 5
acidis (R S R-TRI 50c. The diolam ne materials of

Thd {E?T déoﬁft‘bleo ‘?h%g P@@éﬁlr@epa%%]ﬁépﬂ '?Q‘er?%o ﬁ)eng{WIQ&{ Efré ngb S%f]tlally more soluble

in me(rggctntprh me@ngy tpanols (tpg pnegglta@doprgg()ct 1dn m@p@qﬁ the methpd, ghe ether is
repficefiy tﬁﬂer@' RaRshdrREbnei Yhvent. Ne boron atom'is
optionally coordinated additionally wth a nitrogen
atom and the valency status of the term nal oxygens

Thé élet'hﬁrﬁﬂan(lﬁékﬁ‘&cnﬂi@ﬁonh@dﬁltqh@ﬂéb&ﬁbed tabov@ |§@€®ﬁﬁhpié(wﬁ ahcird novel method,

Whl§§é§~,ﬁ|"%§h°ﬁt @F ﬁ%a‘feg % from ?tﬁ?ru%}f Ylorbﬁ anmalcﬁto[g rign%d) jol ester of a peptide
bor@sis @citl a:tompnsnmdwdassehmg ieftanglarihe & thp editios, @bwing romgehtamg a precipitate

to (‘({ﬁln)and%% E)?Scéltatm%dglf% @ri\dav\ggs@esv@érﬁﬁ’&)bf this methads in

en atom an oxygen atons
whick aqstan diol ilhaiv\plhacom pingpasickisiusaded t hat the terminal
oxygen atons of the species of fornula (X) and the

gen atons of the species of formd

The REGIRRS BRGRrica 6B Idli e i GroopsRete i e pnpferonic acd, fo
exe]cn]fﬁléfTW @)nltaz (ihvith 5@5(!7&5 Thedicl m@slheedn sduebustdaid, fop egdngte an aqueous

of fornul a ci at
inosgRF 86 { ki aBoveo 10 PEEBYEE ) BfpdRts " Srappiglp on oroenic
solfemt, prioreto deiag tongacsed with diseneiilor oni ¢ aci d product, the

met hod conprising providing in a solvent a dissolved

m xture conprising the organoboronic acid in a soluble
Thé dischsarredhercforsrmpayinesia meitiod dortmiasing gl piSRRObRIONIG RERFEMAFYNG converting
its ﬂlﬁlaﬁmerﬂééc&g\%ﬁ’du(:ﬂ to®he &igdi ol am ne), causing or allow ng

he organoboronic acid and the diolamne to react to

forma precipitate, and recovering the precipitate.

Thd B&d fRlitik Forh Eemafiods AescribddgA feippews Cwapdrarapimynalp e aonverted to

di ol t Th I Nt
o Suer 4,500 ol 8L SERRE B0l el S B0 F . Pl o o
phiracduéicabéontositior ig arabtissagefocn.aci ds referred to in this

specification, for exanple it may be of Fornmula I1I.

The net hod described in this paragraph is novel
3. Salt Svnthesjs

In general, the salts may be prepared by contacting the relevant boronic acid with a relevant base,
é.g. the metal hydroxide (alternatively, metal carbonates might be used, for example). Sometimes it
is more convenient to contact the acid with a relevant metal alkoxide (e.g. methoxide), for which
purpose the corresponding alkanol is a suitable solvent. Iliustrative salts are acid salts (one -BOH
proton replaced) and, to make these salts, the acid and the base are usually reacted in substantially
the appropriate stoichiometric quantities. Generally stated, therefore, the usual acid:base molar ratio

is substantially n:1, where n is the valency of the metal cation of the base.
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30 and fornms an aspect of the disclosure. A recovery

method is filtration. The reaction between the
wale@iarione and the sol ubl e form of the organobPtDGBL003/003887

acid is suitable carried out at an el evated

tenperature, for exanple undgs reflux. 35

@(é%#&@édure?é Eglﬁﬁonoéf tth Z) [)o So%mmcdécﬁic iln ap %t%r—}n%cﬁle 'B%gan@\%olvent for

recoveri ng ron Sspecies

examwcggmwmormﬂm @@3-/ il gztrels WEthPl:p? U‘@piﬁoh éor eP@T“Fﬂe Beprapanol, or
ano?ﬁ?e'r lémaﬁbl)' i &ﬁb%t—:@ Wlth aﬁ%q@é&@@@lbﬁﬁn‘)&' tﬁe ﬁé'ded Tﬁeoefmd and the base are

nd fo

a'IO(vr-‘F rfy gt @P‘é/)tge rk r‘ﬁ Fﬁg%er%dm T gRacgen t’%@’p%'lyufﬂ”?ée‘jf B‘Frﬁt ambient
tenipratdie (elt_;;het a !éﬁhﬁbﬂaml'd’lgf tfioen $51tot3oen mgt 15 &o 25°C), but an elevated
nol am ne n usi n
tenigeahE Gy e o BBl Re rORHE RS, drffe epston, e but more
usublyelowerg a,god tanperatura of gp tap4d6rom5a3C. | Treoleadbibe mixture may be allowed to

oveiring the precipitate. The term
ﬁaw&ﬁ&%b&ﬁéﬁus stt:rrrﬁ cedi ng paragraph refers to species

whi ch are substantl ally nore soluble in the reaction

Thé"?T?rQé SiFng mﬂh H"% ahti%ncﬂ’fh‘é(b'a% dratRfhel "t@%&tls ndt @nﬂéﬁlrﬁu@fﬁh% been found
et hod, the ether is 10 repl aced ﬁe;o uene

desjgahle H)épaugial@ F}:@trpqgtlgrbmvglfﬁ for q{H%asB?r@t H'hcﬁ %ﬁl‘rlp from one to tVI;IO hours is
usuBiyestitabie 1t lofder r&ehidhl thinee n§ D6 emplegedabove is an exanpl e

of anot her novel nethod, which is a nethod for

recovering from et her soI ution a pinacol or pinanedi ol
Thesalermaof bearqne\(ﬂécﬂérombtb\em&bmoachldturecbmiani' siitaiple method, for example

evagé‘?iﬁ&l glj ﬁgﬂaﬁénhaﬁ%{: @Eigr? {A bterkgrrﬁa W b)p Qddu‘?i éno&cgég dt'a miscible

form an Fecove
sol\m\bmmmmahessaltme lifitesicdobybilive 1o oo m@ééeﬁbaﬂwﬁtessatsﬂs recovered by

evak(Mifig tr@aQﬁtﬁ] Miﬁturé’\ﬂa'df;\}r'r:neén athBes id b@er&ﬂ%ﬂer@éﬁé@%@’f fi e@ I'for example by

I nane I's used [ eci |tate mat eri_a

redtsp%vmgata@ Eﬁitt l3eforqz@l§;ergg3 tl@dﬁwfng éaluﬁlqlpt ayd dpdngs i, é(g example by evacuating it
to dYread) O IredisGlutRR nﬁhy He@erforgnéea ishg whtyr, e@nﬁlaﬂléd water. t Thaishlhmay then

ve Bt niiied Yo Gearint Barier BLreove Pt Sl o fu BB Giution 1n 2
sunabie\selvenﬂ'hlehlqbrlsaadvpmhmoeslyraly\ylkwetﬂtesm'leVédlowﬁd) by evenerpting to dryness.

Th(—i ?]url‘?lnatlgﬁ n%% re dﬁ@%: ?fee@i’riedp(; A a Her*ﬁén%ré;uggg(?agt ?ﬁto"‘ﬁot’@ e.g. 15 to

osure t erefore provi
25°Chrorrablei meflesity algvgied deronasie, such @s ecge FPETRSrAigre not exceedmg 40°C or
500%0?&%(5;{1;518 thel daft iy HeAdlisBfed RGO QB bl @gitdliRg with or without
he acid resulting fromthe nethods described
warnnnqt]qefob@)@mplsuy two paragraphs nmay be converted to a
salt of the acid with a nultivalent netal, which salt

Als% Bﬁﬂlg% |% g {g]%tq% f(%? rlrl‘llj(_iij %g %’ﬁﬂ? cgyg rg raﬂ%g%gl[ %%ﬁ(#eh oronlc acid salts,

corhpisigg dissodding themeinszml drganma;plv@& Pg.aptiyt awtaty orchtit at;tmergevaporatmg to

dryngsg,ége b$\é9£lt]at}89ron| c acid with a rel evant base,

Generally, preferred solvents for use in purifying the salts are ethyl acetate or THF, or perhaps

another organic solvent.

A general procedure for synthesising multivalent metal salts of Cbz-Phe-Pro-BoroMpg-OH is as

follows:

Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in acetonitrile (200ml) with stirring at room
temperature. To this solution is added the requisite base as a solution in distilled water (190ml)
[0.1M solution for a divalent metal; 0.67M solution for a trivalent metal]. The resultant clear solution
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e.g. the netal hydroxide (alternatively, netal
carbonates m ght be used, for exanple). Sonetines it
WO goope®7conveni ent to contact the acid wth aPCEGB@BN03SS7
nmet al al koxi de (e.g. nethoxide), for which 35 purpose
the correspondi ng al kanol isg@ suitable solvent.

B P T A AT B o n v

casbasfdraar eneusuab lhyurs.e Jb¢ emictian is ypktlxreairiad loyt attambient temperature (e.g.

5390 0 LS L ATy SRR 3 o1 0 10
or K)iB)s t etreastion mpfiute is {ies euaciated tq mesewéiﬁbxﬁcwﬁn Wil itmﬁ@matrature not
excE&@irlgP3yo8f tybibfy *&?ﬁ@d amlt%%ﬂ(e%ﬁp&laﬂ: W{a%aﬁgig/ Qﬂé%ﬁ;ﬂacky liquid is

45 I'n one procedure, a.solution bor on
redigsqlvgdimthg ”W&T‘@P ampwtt phflistilled YRl Q?C%SS‘TW ZWB"‘ 0|L DAYy 'Ti‘ warming
(e. G CEB@ANACY, Useallp for @ tad BAUNThé eoli@ion & fixared) su1taﬁﬁixt theough filted paper, and

eva%ﬁa%%ﬁ&qérynqsgrqggﬁgﬁ | SO r 2 ag%é% acgutg)gl n& c%edu];:g %E’C or freeze
dridolaSkhe r&dul’aaarmorodud fmecriel elndmgecuame)vemlghbme@rmaﬂy vielct whitedrittle Solld
If tﬁ@&o&&lt s pr é)l esseﬁt%g QY S 8|d1ta @Qghdr tﬁ@ncﬁt ISQl%sél\%dtuy thﬁ %l:été(te and evacuated to

drypesaie p@duQEethebrOﬂth:r@s 25vhitg sl Tf@ \/g"mfg"dt lé twsei)v a gRgrseggmorphous
poﬁd gvated tenperature may be used for exanple up to

the boiling point of the reaction m xture but nore

usual ly lower, e.g. a tenperature of up to 40C or 50C.

In Vdratidreag itth® Gfofﬁ'glsl’hgl fgenermypr&tedlﬁb,l eedetbitrilesis aggaced bp@nother water-
i tated

il G AL 2 S S erana, o
propdiriol orcambthbrugropaholhas been found desirable to maintain

the reaction mxture for at |east one hour. A period

of fromone to two hours is wusually suitable but
Thd alrye synthesic torasedurdsrase aprligatisealearisl erpeaing kel mglat safgpf BRI 0c and

: othéleéb?alﬁcr éacgd fdéé&ﬁﬁerdh'\%refne ﬁﬁ%ké?ﬁbléﬁhﬁééﬁf%r%la%ﬁﬁ SHésTe%llkaEmetal salts are

or exanp 15 evaporati on_or er eci I tatl
useﬁﬂ @é, @,sﬁag:tqgorﬁatﬁw f@,realgeé@a‘tly%ayrghlﬁse%yf Wl ‘ﬂﬂ‘t @Ixiag§swhere direct
synﬂ1fe5|§l friingRe Bliis irkoivéaBit, 49Tn \ Wi cabe bﬁBEmSIﬂ\Patenhmstal fiyaitokielel which is less

S B LGB0 45 o s et

salidlis \oeing Snadé e stastiny materfl ethe smmhnymehepemétracthmuseﬂ|te(make the alkali
exa i, ss0| f I b

me{aﬁgalt 18 s liy adg\étseg {toﬁ a oﬁ %g#}eb ﬁgprE&f'e §r‘ﬂa<¥|d %bgtr Qﬁe )?(uacl:ﬁpb lﬁ{)}e@@ synthesis

from\eacalkali imetgl salt, esp@cutllvyhae@élumm Or éltﬁrrsaﬁmhuth?@ﬁtaﬁﬁwn E?J.* the boronate

alkﬁeﬁlétgf;]ﬁﬁ% H&lgﬁg lél\ﬁatn?arcted &vitl- a éjdltsdf 'tl'\é F%ﬂavéﬁ@tnﬂal (ﬂaﬂﬁﬁalﬁrai dalt having a

further purifi e rder
phargaces il 2FCeRPRIEANONGE or cfﬁcgﬂdr-‘hr {THE o 84 L grige) P eg. 2nd) s
typiibllytlﬁbdl @ 5@ﬂo}éﬁiﬂﬁ]etm/\(bbﬁiﬁlclaﬁnd&ﬁi’gﬂﬂhﬁgi@@ﬂsily waerbyl is the valency of the

8 {v@%{?{z eﬁaﬁ 6?‘8?@&[?%" cﬁorlg hengreéo erga Yiaf ?.)?émple it will often

e carri e out
prealpitate ott (whamp dreahultivalefs argtal 4t is tes8 6@ bleeingthe t&mctian meiBm) than is the
Qi Tofs I tePHGR t1R3igBid %.g. By filtration,

aIk%:] m&élr atur e%ﬁ%% m§%§e\eﬁgﬁaﬁgmﬁx8@%ﬁ b@ts O% ef or exaqurp 'ge% y et
andsmrfedmy be di ssolved in water and/or solvent by

agitating with or without 25 warming to, for exanple,

37C. Al'so included is a nmethod for dr sal ts .of
The prepaating|oh gﬁrrwltyﬁlgntdpq@rsalggm the cgéesa%]dglg 5@( lamgtg‘ sggs is novel. The
alk§IOFBEal &iitd Gndl iR Qlgiidolg sbItkAS o EstmOgagtadti the prkant niiscloseirey. The alkali
me?aﬁ t;XIts aare eatnaatdean argeerugFas caopn%alteg ecg tl%ay %%E&%Hlﬂ@ aEiQs in that they are more
resistant to degradation (their boropeptide moieties are less prone to degrade than are those of the

corresponding free acids).
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dryness, e.g. by evacuation. 30 Generally, preferred

solvents for use in purifying the salts are ethyl
waeatar®7or THF, or perhaps another organi c spCTEBR003/003887

general procedure for synthesising nmultival ent netal

salts of Cbz-Phe-Pro-BoroMoggfoH is as 35 foll ows:

Also%wgézﬁs tP S gse@ﬁ %%%o(\%%mﬁ %gﬁ %?e)gaﬁMe d tﬁroq{bﬁﬁl%ﬁft%por an acid of

RN
formléarﬂé,rtatnuake a sy as Hisdossd herelno dn¢l@6d@t§@¢s a ﬁ@thp@ qﬁprquﬂeg a product,
cong)g§iu% &ﬁtta%tlrﬁgoé blatp'tlﬂg‘bdr&@écﬁ djrh%] %dg W?o%ﬁulé @19 Qﬁ*),)(III) @V)%A (IX), with a

fon for a dival ent meta M sol Uti on
base caRpHIE OhmakiRg Fh a safthe r esul t ant cI ear sol uti on V\D

2004/ 022071 PCT/GBZOOB/003887 46 is allowed to react

The 5pGE BTG 2 SPE (S P e BB PEp PR SRES G GLP or GHP

quatitpporio mrmhaﬂébewmﬂel(gaon labsratorpprectice)yorciMiy (gem roanufagiuring practice).
15-30C, e.g. 15 to 25C) but
&mggFQS%ér&ﬁagﬁﬁ?ﬁ%&?gég%rature may be el evated (e.g. up
to 30C, 40C or 50C). The reaction mxture is then

Slmﬁéfﬁlctg@'éi% 5rg uStiauy st‘éﬁle WREIBF aéé@ﬂé%ﬁdﬁ"phﬁnia&éﬁtléaﬁﬂﬁ.e%ﬁd biheaspect of

not exceedi ng 37C, pi cal |eu$ﬁ$ F
thelrsent GSOIISI Fldom T i POTEERY 1o GRAST WD 1 §17Ten O rcceptable for
phakrh&telitdtal Bse, o o QGny Qdmbﬂsetsfhepébtﬂda momnarmimbf ﬁJ‘rmuIa (IV). Such a

Congdoglﬁcl’f\l/éﬁ}%#\é\{'agft“aeyz l@nlg 8ar?61?a§%fo£r6085 {Tﬂﬂa&fcé i/ﬁ lfqg?.l%olﬁfa qn " gispersion.
hours. The solution is filtered, suitably through

The{ 'Iﬂé rﬁédlé?eaggri mag%g gn F?Y]Igt‘é ?c?rﬁ]dar{d%ugr{ ¥O&E¢ acn?ﬁb%%&d\n the present

era I'On not excee

dlsdlqsetezespeqmﬂv isdlated peids vehichl areyp peifld Bereric pcd ef rf@rétﬂ"adﬁaer

vacuum overnight to nornmally yield a white brlttle

solid. 10 If the product is rese t .as a il or tacky

solid then it i &@&edPyRaRe M@Qﬁ@%“écetgvg and

evacuated to dryness to produce the product as a

white solid. The white solid is typically a coarse,
whegein Xihid (ks forpid\itpe er an amigepioRCingrOUBf t he af or egoi ng

general procedure, the acetonitrile is replaced by

anot her water- 15 miscible organic solvent, notably an
Onaltypidablvay @6 paivisingsthe dntavediate ecigseisi a8l & waélmﬁ@tﬁ dlomposition  consisting
preHEﬁ Fﬂﬂ? by su'cl? g e@rdg BERAL 288, éhﬂ Ql’ié@@ Eorﬁ;?o@lﬂé'r%‘%'re |na— 0Rd FPO¥ Risclosure.

ures are applicab repari ng
Thespeptidd baraicACkailen £ores atregst E%{e b&mﬁ'ght(ﬁf ﬁ'@rCOB'B? n@nd,ypiglly at least
859 5 Welghtet tiadofibBsitioh 08.9. @ fRER 989/ Byaskfyhobf thecdmpositidnl | 1) .
These al kali netal salts, are 20 useful as a starti ng
material for alternative syntheses of nultival ent
AndRdraypicaBhvéysof prbvding the rirtterimesiitet dutels iissasf @ Gqmid ¢onpagiiian dogsisting of, or

cor%n@?gg%?%éael&hqf c% pe%tldleebg)gon%aasc % ffcn%urgJ If) \ﬁlﬂlaefﬂfg grﬁfé?\@lle in which it is
dlssda/adbr suspereled. uiting hnunds@hrclefmﬁyrmtancmwcys gedigmpe.g. water, or an alcohol,
Rold || or FR&tRAr protahd, dn§th@reéll%gol'6aﬁlﬂ1|xture of the
for%ﬁﬁ\lﬁﬁ%@%ﬁ%‘? l’\rér\lght‘:a‘e?l gﬁp,%ptgﬁée Osft ol chlpoocrrr)gt ry of the
aforeg@®¢.i on used to make the alkali netal salt is
usually adjusted to 1:1, in order to prepare an acid
TheS ?c)lrrtlp05|{lclnqns %lfl Sc:hg Ir?}cgrmedlagel arc%(s: tare ge¥1era|hy s%er‘cl’e The compositions may contain the

peptide boronic acid in finely divided form, to facilitate further processing.

4. Separation of Stereoisomers




25 froman alkali netal salt, especially the sodi um
salt or alternatively the potassiumsalt, the boronate
w@bdoabz2omet al salt in solution is contacted w PET/@BS@BH03887
of the relevant netal (normally a salt having a
pharmaceutically acceptable ggion, e.g. chloride). The
Thé @ﬂeﬁao@émér@ of at[ﬁﬁﬁ{fet bor&fid Bdter(&- agsynmeﬁ& }ntérﬁedlétX %h\‘ﬁ%}aé%nafte may be
I'n a stoichronetry oroni c aci d:target
respived iny/fps resample, any tkeowmvehc I Barticuips, stq:fg@lggmersmfeboromc esters may be
resBved by@Lent netal salt of the boronic acid is then
recovered, for exanple it will often 30 precipitate
out (when the nultivalent nmetal salt is |ess soluble
5  SynthetioMethodst Il © Stapy @md Pivdity bftheGompakaés | et al
salt). The resulting precipitate may then be separated
fromthe liquid, e.g. by filtration, and purified.
Exidting ppbliegiinateadiihatiorgdnebaneriic acida heerdegradechldy eidation dfrtigmG-B bond.. See
fortePT‘;m;‘ﬁQ Wl R &gé ngv@i K r'% Wohebn $alshii dfsl' Rf' gﬁfceéonf FP—:@ that These salts

rreta salts an el r aqueous sol utions a
and/eyintepadiatesfin thaie pl@p@*gmarwhglamaﬁfée tafe eaieRfaWt thegsftgvere found

10 to %@#aﬁrga Btgrﬁn ﬁfﬁe Wﬁ&t @él@ﬁétéd ﬂﬁ)uﬁ@qpﬂﬁléﬁwéé)evtdaﬁtly generated by C-B bond
[
e g1 R RAR 150 Bt HE BT DYBRIE ML Pt eedaiah g e free acd

prone to degrade than are those of the correspondi ng

Th%rp %%Iili%g]gﬂ I%éc s w%rg gn%gg %2 Qhe qu{l? %/r%?o%g ﬁésg%)’é%? Exgﬂlég’?‘h 37 5 of this

ronic acid
spefcification.ampuetyd hahth@rﬁddlpwmg ﬁllnucmr@ or or an acid of
15 formula (1), to make a salt as discl osed herein.

Included also is a nmethod of preparing a product,
conprising contacting a peptide borgni® aci d drug,

e.g. of formula (1), (I1), (I1I1), or (IX), with a
base capabl e of naking such a salt. he pepti de
boronic acid used to prepare the_plfarnmaceutica
preparations is typically of or GW quality, or
in conpliance with GLP (goo@ oratory practice) or
GWP (good manufacturing,Ppr8cticg Such acids are
included in the disﬁﬂ fr e. atly the acids are
usual ly sterile and/or acceft ab\e_f phiar maceut i ca
use, and one aspect of /t pr esent #l osure resides
in a conposition of mat\er ich is Sterile or
acceptable for pharmaceutical use, or both, and
conprises a peptide boronic acid of formula (1V). Such

a_ co matter [
Fof RaRE” 75 1 G EM S PG ST ot LR 8 SR s b0 Liigp paricuar
descriheelnnrﬁxhnajeeﬂaproduaedyhebfellqvmngl datdl fat the anDf’Wd@mtEaE @ETRI 50c, made by
I the present
20 f°"8“§'9éﬁ“t g?cg&drgs;dggl a[H},‘?q #ggﬁ\gteg’d acids which are a
pepti de boronlc acid of formula (I X):
X-(R)-Phe-(S)-Pro- (R -Mg-B(OH) 2 (1 X) 20 wherein X is
H (to form NH2) or an am no-protecting group. One
typi cal way of providing the internmediate acids is as
a particul ate conposition consisting predom nantly of
such a peptide boronicacid, and these conpositions are
included in the disclosure.
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The peptide boronic acid often forns at | east 75% by

wei ght of the conposition and typically at |least 25
w@0tog2onei ght of the composition, e.g. at | eartT/@B2%0B903887

wei ght of the conposition. Another typical way of

providing the internediate aggds is as a |liquid

conposition consisting of, or <consisting essentially

of, a peptide boronic acid of fornmula (11) and a

| i qiéastevehi|cl BTi n| wirexh{ Heighty Ardount ol Weitk gr%suepended.
The liquid vsag g e may pe an |agueous nedi um e.g

water, or an ﬂh ol, 30 for |lexanple nethdnol
1 eBEmaaidﬂhde' soférl 87 of ¥fot|her propanol ,| dhdft her

2| & KApIRly 10T |A1TH231[UTe87§T | T8y |af oregal ng. ey og

commosli'tions of tlhe |nt or nedilate acilds _are _qgener IIy

3|st efRIB&E TH eﬂﬁfﬂﬁp’o@%??on?,“&ﬁy U690 n/me | BBALI He

poronic acid in r| nelry divided form to facilitate

further ocess 35 4. Separation of Stereoisoners
AUEIptS 00 B9 90 Wﬁgw@ﬁw %’é?”er%"tﬁi‘éce??%raé‘ﬂ itsApReared that, for
exadiple? Ity I0easiyerapated fre tie salky in iPEyluneisi ¢ i nternedi ate

am noboronate may be resolved in, for exanple, any

known way. In particular, stereoisoners of boronic
Reletbieechiralnpyityb ef smtesnﬂdeefdlldy\yngl-ﬁhecgené“asymcduletei of m@g@ and 9 was
acﬂlévs(l’l bﬂe?(ﬁv Ilr'fjsls Hﬁﬂ%f hdcblest ofjgﬂ 56@'@9&{%%31 T%'S@S 138 converting the

teach t at organoboroni c ac

thug@@pu@ﬁaawatbmt@éhq &eltsof Sk ear(;HgLCwa@edureS@enotf Qgceptable for normal
co,ﬁ%g@'gﬂo@ugvyo(ﬁkh@{ (see above). Earlier work on the

salts of" TRI 50c confirmed that these salts and/or

internediates in their preparation are slightly
It Hﬁfﬁhéﬁbe&ofogﬁtﬁ tifax%tﬁ@tpribﬂ‘laﬁ dyltRestabunsmaised ebrbemnanded the heading
. contain a. boron-fr uri t .
HRCIRRER e deiier ) g HB oo s Rt o oRCpde 3P Hh kb thereo, i
formbtiom\ch gre implitiy dsaQrBEdaImparlttI\/elss are significantly nore

stable to such degradation than the f aci d. These

earlier TRl 50c salts were nmade via ¢ ner al

nmet hods described in Exanples 4 and

specification. Inpuritfy | has the folAowi ng structure:
150 o0o=<//OONMNH -~s! N Fpr exanple, an HPLC
chr omat ogr am pre«p@red usi ng &=R&verse phase net hod
nore particularly cribedd n Exanple 13, produced
the foll ow ng datb@/for LM no diu |t of TRl 50c,
made by 20 foll ow ng the proc durgs anpl es 4 and
5 herein:

Attempts to separate Impurity IV from TRI 50c have not succeeded. The same applies to TRI 50c

salts and esters and the corresponding salts and esters of Impurity IV. No purification technique
which has been tried can prevent the presence of Impurity 1V if said prior art synthesis is used.

Synthetic Method II - The Methods

Amongst other things, the present disclosure addresses the problems of controlling C-B bond
cleavage in organoboronic compounds as well as providing chirally purified salts of TRI 50c and other
organoboronic acids on a commercial scale. In this regard, it has been found that C-B bonds seem
to be cleaved by a non-oxidative mechanism which .occurs in the presence of many solvents,

including water and e.g. aqueous acids and bases, amongst others.
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WD 2004/ 022071 PCT/ GB2003/ 003887 49 Nanme RT Area

Hei ght Amount Units % Area (mn) 1 Benzal dehyde 6. 145
WQ2@4/02821 0. 39 2 Inpurity | 11.022 6379 539 1PODGB3003/003887

TR150c 11.679 628872 51108 946, 063 ug/ nL 98. 61

Attenpts to purify salts coniggrri nated with Inpurity I

It @%e? %p @eten%ﬁ_dﬁetﬁ% Lﬁfral \X,aglgct!é/% rr E)ﬁ% ﬁ?cg{\n %?huéei gq {eé:ovleh organoboronic

aci¢4Ph Gigbpliityns. 5 Rel ati've chiral purity of salts made
following the general procedure of Exanples 5 and 9
was achieved by resolving by HPLC t he pi nacol ester

Thigst C-f Rpndstirayagg éafidgieatedpl Partisulas Opneraiinn ot e ) May heentrolied by:
o L RURHEESU N BAltrTRs aSEHPVehE" Weﬁe@so‘ﬁéhﬂ i8 reqﬁlﬂé‘d"'m%ﬁoc%ﬁh@ and acetonitrile

procedure is not acceptable rci
d'?alﬁd ISERTRY |5€JYP“°&@°‘1’ a&a“FEJ?rt ?‘r‘S‘P”'E 9e'ﬁ S‘F'S?E?fﬁ'“tpff%i?sst"ﬁ‘&re a polar
ps"olv@nﬁtnﬁ:ﬂdsnrajerttrh}eeas&nsummn sed earlier under the

rProcedure" results, when

+ LR B R o TR Soc or an-ester

thereof, in forrmtlon of an inpurity designated
I !Pﬂ? 'ItPXS dbk '

O sty o B e kS pA St n, o
OFW@@MO'@W‘IQW%W% TRl 50c salts and esters and the

cor r(l?%é@ll]ﬁﬂnrtﬂ 2 (USIET (I8§ R?é;ﬁm@fs of TRALBOE by chitdlly ddective precipitation
puri tion tec

pr eVEiRg dietiangigning ?fldec°8¥e"ﬁ‘?ﬁ>(ar‘%”{19°tlf@cﬁsfar@yauuan%f"? g‘?""ﬁ? gnaterial TR
syntsbemitise fosn ofsmdsteSyfortdranple thelplnaad edter; - The Met hods

20 Amongst other things, the present disclosure

addresses the problens of controlling GB bond

cl ediangetrdl of thegiaration prstiorcondiigs oh siraiysisye TRI 56 diethanolamine ester,

pr O\fér%gé}\gplgéy Sl A b)) Yich k& hitStidh! © cQﬁtroTBlB b%Q@ b@%g@t her

or ganoboroni c aC| s'on a commercl al scale.
regard, it has been found that C-B bonds seem to be

cl eqypeied¥actonpie BxdcaAt FHETRIBOH) f?d?ieiéﬁlm@ésﬁdbt&ﬁ‘e@ ¥y Sudhydrolysis, for

L1 L SSce L0 SRy S0 S 225 B WG Rl v
2004610:h2 Eahlbe&iah@BaQRE, 003887

As an optional, or even stand-alone, fourth feature, TRI 50c salts may be dried by azeodrying using

acetonitrile.

Tt is considered that C-B bond cleavage may occur by a nucleophilic mechanism, and the disclosure
therefore includes methods in which opportunities for nucleophilic attack are minimised.

The above four features, or any one, two or three of them, may be applied to the manufacture and

processing of other boronic compounds, particularly acids of formula (I) and their derivatives (e.g.

esters and salts).

The disclosure provides in one aspect, therefore, the use of diethanolamine to resolve by selective
precipitation the diastereomers of boronic acids of formulé (I). The starting material may be an acid
(I) or a derivative thereof capable of forming a diethanolamine ester of the boronic acid. The
precipitation selects acids having a chiral centre C* of (R) configuration as precipitate. The
precipitate may be recovered and converted to the corresponding boronic acid or a salt thereof. The

salt may be made into a pharmaceutical formulation.
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50 It has al so been found that chirally-selective

preci pitation can be used to recover organoboronic
wa@edod®23om hi gh purity. Thus C B bond cl eavage BGrdB2003/003887

hence in particular generation of Inpurity |I) may be

controlled by: 5 Selection gf acetonitrile as a

. . . \ t r.

For%ge%ﬁ&} hlrmlﬁlha%d §'Hﬁjéﬁ%ed(';éé®§§§ﬂ“é 'h]%g bk 'aséa n? Ex‘?ﬁﬁiblﬂ@ ola‘g%ut 1.25 +
0.1pequivalenis diaserc en dnilial requivalenss eielber@ﬂléoaddnhmcwélrmmée & of (R)
corB@iron, SOl vent is desirable or necessary. Avoiding

excessive contact with water. 10 In ternms of TRl 50c

salt production, therefore, the disclosure includes
ThdJTnmiﬁletﬁﬁ@ﬁc Wé@d AGivaVE maly RS e)@mplteftbmﬁrigéffrdrﬂ‘lﬁo% to 60% molecules

hav nﬁ Cg"’ﬁ#fe rrel Cﬁfé)& g}{) ﬁg&la)clgrg%r%ﬁ‘l s %}@/?; att? (g% E@’fe&@?ﬁ%\?@"g %ﬁ}%l centre C*

of(s)recmfguratMu on using diet hanol am ne and conveniently,

but not necessarily, using as starting material TRI

50c in the formof an ester, for exanple the pinaco
Theegethod opens( the)wayotat qogimepdialisatien @f the peyanigaeidsofl) and their derivatives,
parﬁ&mvtshl%nﬁs %arhlﬁégjﬁ’&a)és' Gonfherdarlscald prodii@d BN adtidilikd &ing the boronic

npl e as_obt ai ed by such precipitation,
ac'qsdl)@ﬁﬁttheﬁlde@aﬁ"eééf?ot pelmRgEed(iii) use of

acetonitrile as sol vent for TRI 500 for exanple as

obt db h h
In 9@3%?%%169% bﬂ%ﬁ%s % rl)s{lo%‘s%&: éeqasa g, pﬁftgﬁ% grglo? a¥bronic acid of
forndula {Theoomprsirgeir abl e solvent can be tetrahydrofuran. As

5 Oc&gs?é# rﬁ@a#n dl&lﬁyleﬂy?go@ﬁc@rtﬂéglgggﬁm s&gdérs sEletgt&ﬂ’rHﬁ)eche B—(ﬁbmc acid (1)
andaitseastsrs, tthe u)qgoleqrpeqlqs mcgjdmgrqmlqgéle% ving @tch[;al Beesre of (R) configuration

and® |n%ﬂe\éé\9§ hﬁﬁbfg QC el R¥ntre @“%fe@hdohf igurd¥Bs,Nak $B) drthEnolamine, the
the disclosure therefore inc

dm'@ﬁ’ﬂﬂ“ﬂ'%‘?ﬁ"ﬂe@ ap 8?“0'1’1'15 Of abpyhi £p &t ?‘H@’Elegtﬁ gasr?fl r?f‘\r/ﬁ?%leo&‘? nic species in
whidh@ie 2hiesY eentre @ i o QR)Ltbﬁﬁguraﬁbn ancy moang to fona aowixtttey ee  of

or oEhsBF e 2R BorphP shitRs ZBP s ichirBgRIE o fpag yyp @ precintate

foragiadd of formula (1) and their derivatives (e.qg.
est g k date. The di scl osure provides in one
asp gécc VeﬁF th%? etgﬁje? ®the use of diethanol amine to
resol ve by selective precipitation the diastereoners

whed tf@%fa?tFHg%a?é‘riafjﬁ aR EstEON Mdl Be b dster bR theTorthiciabig \Aﬁﬁbﬁ? Blc@Hol selected
or a deriva

A N NONB A AT A Y —

whi¢ilén e ®6ioRikc eatbi, edtreSina @b the @R)igdss dfaivd ¢3ter &unctitnaladroupent r e

C- of (R configuration as precipitate. The
preci pitate may be recovered and converted to the
In s resthadsd theglidinalamine dcin dn @moant i ifiomt hz teebB eqaivatents based on the

boroA SpedBY inRhidTRRR bt c? i ) BidfaiGRl  formul ation.

There are included processes in which the boronate species is an ester of the boronic acid and a diol,
in particular a diol which is not sterically hindered. As exemplary diols may be mentioned pinacol,
neopentylglycol,  1,2-ethanediol,  1,2-propanediol,  1,3-propanediol, 2,3-butanediol, 1,2-
diisopropylethanediol, or 5,6-decanediol. A particular diol is pinacol.

The boronic species and the diethanolamine may be caused to react by heating the mixture to an

elevated temperature, for example the mixture may be refluxed. e.g. for at least 10 hours.
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WD 2004/ 022071 PCT/ GB2003/ 003887 51 For optim sed
chiral purity and yield, the diethanol am ne may be
w@g@d/oz27an anmount of about 1.25 0. 1 equi val BCIt/6€B2003/003887
based on initial equivalents of boronic acid having a
ghi ral centre C* of (R) congz' guration. 5 The initial
oran

The BRI gee%%\l( gjﬁﬁ'é@%ri? bég@r ﬁ%ri edlie e%&/)v%av Pﬁa)élgg%é ?nap/ be washed with
diethylethere The redovérR) preoipitate wftat vashingrifisuich dakes! flgtesoma0be dissolved in a

solx)gg) s%%géﬁ& fraﬁraéﬁz?% r?ﬁ!f kﬁﬁgg ran@c? ﬁa‘gba%gﬁcﬁdsﬂ{ ombinin ;) the resulting solution with

dietB@eRE! @i patticeiat dolventad CHylap. boroni ¢ acids (1) and their
derivatives, 10 particularly salts, as
phar maceuti cals. Commercial scal e products and
Theal‘éEcb\)éieﬂlﬁétldit&le ﬂﬁhyt Héecohﬁrt@ﬂl it€ thedekiddss . fotmula(ly shinz&ilyr by hydrolysis, for
ey Aot B P POk BN s e 10 RAAEBbarons anc
conthinatiora rtesvensy agitafingathd cesolting: saidionl with anfaguenuk dgyid, )e.9. an aqueous acid
c [
ro8TEH ) B BRI ey st v
recevadng the ferwiar @), adichey epwatan. sThecireasici severidnaygbe CHy I2 or CHC'3 A

Parﬁcbl"??pé&‘?"iﬁh%@ Qang'\ %ﬂlg)%er @rlafeégegt Br arh (S:J sgvegglﬁafg her ev?porati.,q from the
recQerddRme@NE)adr ation, and (B) diethanol amine, the
dlethanolanlne being in an anmobunt of about 1.25 0.1
equi val ents based on the boronic species in which the
Th@diécloadlre aentesandiiiods $ v ch(dR)esteonffé opworad aaish(l), aarticuteirly ialgthanolamine
estegp éscﬁyrggglygﬁ it %iﬁ gner #ﬁ‘\kr&g bBhd ag\évg%nt IH?F pRBERP] fhis involves

I et ano amne to react
limipinge trierietiart ef hyboiysis 2t thedeledied ammeragre.ndn Hlee@pppl  digthanolamine ester

hydng?E H%ehy?ihcﬁv's% i) gunﬁﬁfyecrafrﬁh duS aBPodS teperdtdre,"&Yiele f@Ma period not

oronic acid th an al cohol sel ected ;
exceeding ehout 3P Suiptes e 90 mgcee«imshﬁ'a%'ﬁ&Psm\ms%eanéo?pama"v of ‘about 20
mirRkenti al el ectron donor heteroatons are oxygens
whi ch, in the boronic ester, correspond to the oxygens
of the ester functional group. In sone nethods, the
Thiditeé feat\eted pratiitats réferrairto ambe st peradrapbrhul o may b fgdrolysed using an

aqugﬁtqu, %Clla ggrﬁ] flijaéla?/j th‘ocﬁwBﬁh?&g énﬁ 0815? gr?r%'raq %Clg gf %iilé‘r'e‘bHa Foer no more
thah bouti 3@ chimites e slsaub rdom terhpertuteher Igssr SHikRDY, ¥g Praciplate & digsolved in a
non-r?t}cre()e\tﬂl C({;&%lcbéafvgrﬂ' (. gaS'rﬁloﬁ'ﬂﬁocﬁrbgh Qk ahalowardéé\’bbﬁ ﬁMJtLﬁé f&@ example

CHzfilp| and ks reslting %lmtéﬁ%kﬁ%ﬁ%@o\wlmgg r@%ﬂeéwf, y';lpg )%g/)rn% |per|o¥1 as previously
des%ﬂb%deﬁ? ﬁr%g'b?%te |s}he§etﬁrh? fe‘J'th' rm]t Str& %@WM‘@ (1), which remains

prop aned
in e Grgdeic avleati.ollhe AgpiT soiven 83y of @ana?d (iofLbe quegys mpgium and then
ev. Brra%'t{;otﬁg@gﬂﬁ%c@%gfoﬁﬁﬁa fli et hanol am ne may be caused

react ealngthe m xture to an

There are included brocesses in which a formula (I) acid, for example obtained as described in the
preceding paragraph, is dried. In a class of processes, the formula (I) acid is dried when it is in the

organic solvent by contacting the solvent with a hygroscopic solid.

Included are processes in which the formula (I) acid, when in the organic solvent, is washed with an

aqueous ammonium salt.

Chirally purified boronic acid may be converted to a pharmaceutically acceptable base addition salt
thereof, in particular by dissolving the acid in acetonitrile,” combining the resultant solution with an
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el evated tenperature, for exanple the m xture may be

refluxed. e.g. for at |least 10 hours. WO 2004/ 022071
WE@DAGBA003/ 003887 52 The precipitate may be PEDGBeI08/M03887

by filtration. The recovered precipitate my be washed

wi th diethyl et her. The recoyered precipitate, after
aqu\é\@%\r}sgﬁ]nj s(f()erl s@%h%n d(S %kﬁ%é@icalﬁ?é&%%b%‘ bggeglaﬁc? Qadsmg Qr allowing the
base eft theiapid ttatead; then @tmbrannm@ drynesy obtain argeveptraiidngesidue. The step
of idirky or Sh&AY L h@taaﬁ and t‘ﬁe F?)%ettb?é‘éc?ﬁlay$ &lnysRied adxétn%@k&nblr@tmn of the

e recovered preci ate may be converted he acid
acetpnitrile patyiion of !h)? ac@ GP‘{) e |a9uq995 W@P'@) P&%‘F%ens'%?f th“é 'R%?ﬁﬁF @ temperature
of m|"%rt§$lggn¥35ﬂg ahc!i"%f’t@’lfq Bf|3 htﬁl hék Qhang3@20 e50ast Mord thater8°C; an optimal

sel ecte rome al o ocar bons. . an C i na ions ,
temppal R, TO0) FHPRTE G Wi, (R "SR figs G RiGh 0% might be
appaswaeusrhé prgttssimagfugheraomadgeeous acid having a pH of

bel ert er \éigsolvfrﬁyth %9%%}?%%{? %(s%e len %Eét altrl%oﬁd' ec\/aeoratlng the resulting

con reco

t hesdiusiomtd dryreky; aa€i d by evaporation. The organic

sol yent oy Lof@h alhlebRaryAo oftaih bidhHbApor8idn et
is C F?f% Ei n&ggﬁg%r ocegses grrygaﬁl c sol ven{) rl sn =
further evaporated fromthe recovered formula (1)

In s'éﬁl'e%rocérﬂés fhe 216 @ pUr&tioh REdidue @sdiggBivdoin %cdtdihltvﬂ&lot ket@hydrofuran to form
ester of ﬂ)F)oronl c ac

a savienAROhSLAer & semagrent (. S5ty o Bl o5 Pie mlisgyy sow o avod
Ium‘ﬁhbrﬁhtlm rt3: 0k 1:8vR histoek @fchw&gmr ahdwarpauphatmuulr aycjoalihati: solvent to

forrg gl?lpg%c%/pé 8te sald@o lJtl 9 bé rl?ge?cf?igﬁ Fome ‘afetrgbé?l'é@ # Zﬁ@ﬁwﬂ%tict éaﬁent mixture in a

era ure case o am ne
ratleS(B@mtlonmyxtw@b whifom ke thydi5ov/ysi $he presipitate s yecovared agyl some or

subgtléﬁtlaﬂ\} alf %lgﬁnﬁ r@ﬁérﬁ‘tlyfeﬁwové?f frc!n‘? %% refRred pl%.‘%fpltéftéi vxﬁhﬂHt mamtamlng the
m nut es, . ot exceedi ng_aboyt
terr@@ramrmitr@gﬂoraﬁﬁnéé‘t@ gl ‘F\ye”@ﬂ*’e%'d%’ﬁf redigred presti e nc%%: are processes

~in JH‘HH&hé fé%pél%ﬁﬂé/@cr tﬁéistﬁﬂ‘t eEtihp idkyaly®rdcassas stadt 100C and k irerehsedtduring the

raph_bu drol ysed usi.n S
profiat i S50t THRAIPRE 9 UGG SHeal Fo dve & e Sepg R the sovent
majb8ah alkaraa(; ifot egdmysie B h-alkane.gf otheptenarSoree reaations ataw lre c3tied out at
f teS U t y90@dnodt.
el e ey AP e AT BETBRA, G 202 SR AR temperature
mapbgemomdempdrateret (e. g. a hal ohydrocarbon or
hal ohydrocarbon m xture for exanple 25 CH2Cl 2) and the

resulting solution is contacted with the ﬂ
The enlts Prosiieqddy e INYPRIPD GURY| C?“ta'ﬂésg?‘ieb%@”"t'rﬁfat E‘gﬁafﬁ o Ctygoa"phat'c
sol\Peﬁt terberaﬁ Riholhv & Rlsy B8 0119, frafidulédySedsitrm @O1%, fﬁf exampieizh amount of
which remains in the organi ¢ solvent. The

ab%‘nt 8P3%: sol vent nmay be separated from the agueous
medi um and then evaporated to obtain solid acid of

In ;hg:qrﬁ::eg flf)f nglgxacirgie Sfalgratrlee )Q%ase%agdcggapggegag g@ﬁagﬁgﬁ‘h%ﬂd fe used in a

stolchiemetpyr (e)omdlc ragd:pasengfr doptht, n: 1 sInghaitiedlar grecesses|theskasgfs an alkah metal or

alkgwg CESS dtal B8 ft]t;roe&gp{fﬂ)lgaf( élp(all"i\’?été# h{l(ﬁoﬁde' & 9n WRSRe iehrt rﬁetlalrhydromde

organic s tacting the solvent with
As lopg Ibwcmpy be g@nﬁlqgled sodlum hydrOXIde As another base may be mentloned calcium
hydroxide. The disclosure includes processes in which the base is sodium hydroxide and the dry
evaporation residue is dissolved in acetonitrile. The disclosure includes processes in which the base

is calcium hydroxide and the dry evaporation residue is dissolved in tetrahydrofuran.

The disclosure is not limited as to the method by which the boronic acids of Formula (I) are obtained

(for example as an ester thereof). However, in one class of subject matter, the Formula (I) acid has
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I ncl uded are processes in which the formula (1) acid,

when in the organic solvent, is washed with an 35
waeoweoe7ammoni um salt. Chirally purified bor orTGBe10d/003887

may be converted to a pharnmaceutically acceptabl e base

addition salt thereof, in psgticular by dissolving

e acid in acetonltrll - C nin sultan
an R a0R Bhine A ps2085) RS Y otts Pengydentl 2, 3
£ SRR iRBrmRluiafe SHFBFTREGXY): Cal |y

mwggﬁgm?grﬁﬁbgiég ls’%rof%causlng‘ o? ala | ow ng tngxgbase and

t he aC|d to r@mnysambgn)e%aporaomng to dryness to

obtain an evaporation residue. The ste aus r
whigf) intspesigte in @a%%ree‘ﬁ'an pehwesnARoratg e%tera%@ arﬂal&tab@olﬁfa @)@&Wa‘ka“e-

agitating the conbination of the acetonltrlle

a S SOl Qn or

A “%"GL??B?@P tﬁ SLF&I?SH@ %Qg%seg{hegﬁe E“?e‘i%p niFam laoefs" not nore

than 35C and often of not nore than 30C, e.g. not nore

! g kdHeE where th

e, iR Qi FeldoR e SERRHEY ey G RER ARG Ao wnere the
alkd&?alkaﬁ@ B ¢F(thé fdr@ula T(rngr@a%,smtmyorhmretsm Ito Gopm cosxe)our(d 9f Formula

redi ssol ving the evaporation residue in acetonitrile

d evaporating the resulting solution to dryness;
and 10 (ii) repeating step (i) as often as necessary

to obtain a evaporation residu QcC .
b B0 el Hof YA B8, 8 s R BISERSGE mang
alkAGAkyRREdhic! la@dso rwhidt haysy erééér&@d tb? frer Mrmala SRA-OtRY®BIOH),.  Such

and the solution is conmbined with (e.g. slowy added
alkdxgalkydoranicragtde reayf e gqnemadytoSarmwbp@naf@eu and thegpninoboronates may be
deril%g@%ﬂ fﬂ?i) alﬂmg ‘gloub P 3orn)'\ 2 ahidH BdnHNiRkeB fto @h&ﬁéﬂ%(ﬁ‘éﬂ" elfn other words,

an ali phati'c or cyc oallphatlc solvent to g rm
theaan*moé@rppﬁt@am@ besegnyerted |to PPropentigssn g ha drptiepdovgll peye be described farther

wntrdh&HMﬂu@tr&@Feﬁ&éIM%brﬁb@hdjm%ﬂnmlasak\went mxture in a
ratio (solution: mxture) of from1:5 to 1:15 v/v. The
precipitate is recovered and sone or substantially

TheR ktarti@ Mdtatiald 0fos eHevieadtion smayebo e enletalloalmwaikane,ec gver@ignard reagent,
precipitate whilst maintainin

obtwmt;le BA- hg@@koxggall@ne 0 the dargu a{hﬁ(d—@l)s -0 dw eje Eslﬁlelgé ?lggen) and a
boret%cés ?equr”%t%? soﬁgﬁﬁﬁaar n3gnialish /{nBﬁ\eF ﬁl@ﬁ?fs"ﬁthﬁn? |ﬁ“wh|ch case the

rocess is ab

mefali reagent nay Be iprRgaren @v Z@C eéﬁlawk@%@a”ﬂ‘i‘@h é’PWb‘H%l't"Pr: Where the

mefhbd ﬁ‘rbéfabé%%lrép‘a%taﬁ &F thO eI reaBdnt h@tﬁQheﬁhalc%|k6iyaﬁanéarﬁéthﬁloalkoxyalkane

AR G e PRSP BRSieuHE i . To make

GrigraFd le@§n) WiagRdsiumanay lertacteeinvitrtad heoajkoxyalkare. rray e.g. be
15-30C, e.g. 20-30C, sonetines anbient tenperature

may be roomtenperature. 25 The salts produced by the
Suitableebotate estern precestErabhmand: read @i-tinaiona! alsphdshe: %Iof B94k MeOH, BuOH,

PIngGoh 9 v&'»@@é\énﬁ@%: StSu1FB PP 2% s Ay R Yoo PraliE BiR ORDIORE)
wh?% Rénﬁaﬁl’%n'i:l d hnd @g@%gﬂkﬁ altPR&) bd e tdise &rééaf—‘étﬁerf or making

eb nay conprise a cation of valency n
and be used in a 30 stoichionetry (boronic acid: base)

An qx&rg;ﬁ?#f%c?cei}ur% Irf& B%d & WoRthud (1088 $REedifae illtaéir?a?edi WittlFeference to

methoxypropane as the alkoxyalkane species, is:
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al kal i ne earth netal base, for exanple an al kali netal

hydr oxi de or an al kaline earth netal hydroxide. As
wWor@402921 may be mentioned sodi um hydroxi de. ABCHOBLRIV81003887

base may be nentioned cal cium hydroxi de. The

di scl osure includes processessin which the base is

sodi um hydr oxi de and the dry evaporation residue is

di ssolved in acetonitrile. The discl oshjre i ncl udes

processes in which the base 35 is &% cium hydr oxi de

and the dry evapggation residue is diS3olve ol

t et pphydrefur a dic M@/lrﬁo’(—ﬂlmteﬂ"aﬁ/\m

t he et hod by whi ch thé boronic acids of FoH@ul a (1

are obtained (for exanple as an ester thereof?DIPNA
' .I—lovvever in one class of subject matter, the Formula

(1) i d has WD 2004/ 022071 PCT/ GB2003/ 003887 54 an
TheR‘fan'P@ﬁﬁ:Fe gitably earfigsh i ingn O(QEUE)S@V?B‘ - " which R3 is
TheBHolHestribe@ phirédupdr makisg alkskggbd@niclayidPavoldls garerachon ampurity v

b L e il S e BB S8 = v
(salt, rESEBrIEBI)IIthH‘erI Sherpcbeedoye thetaefare pirovitest mmmlaarobtertatr@kmg TRI 50c, its

est&g' Er?t{ safth) %n@t{ntaﬁ?ﬂ %eﬁjtﬂygmé E\P laht?i%lr ﬁ%%%@bﬂﬁ@ﬁfﬂmo&émﬁic acids which are

novel ~aspec osure conprises

subgtipeey of tqtbe heren by esalkorpikyFgrowang a(rvam?mméteﬁ@mr%nua%es analogous
toIﬁﬁMrltp‘?\{.”Hde by reacting a 1-netall oal koxyal kane, where

t al koxyal kane is of the formula -(CH2)S 0-R3, with

a borate ester to forma conpound of Formula 10

t t Z.0-RY-
An %ﬁ%&él@gé&%ﬂ ééﬁdéﬁgl QgrB@E&Jggrvg& rl?é}l bc{( F%re@gﬁé’cﬁbﬁ%hﬁ%ula RZ-O-R
B(C&onmmaw;ﬁprm@rtem it a GMEPOTRRIF Gﬁmﬁwdb@r (FXIBRIA Aekpreppptide, by any
e for S I

swtgtgl d)roced e,beg\)gog%er t e qﬁ%?agtm gggaocp(%lngziﬂééé f(%? rlagmﬁoemoﬁyalkylboromc
acndsmmmqbnr@n@gs, aay fayeonsriine rammbwg@aﬂesaﬂtom@éﬁlde horangigs is illustrated
Wlﬂg Fe‘?é}&cta @ £RIRYAS RGOt IR Fart bitk€ Bkahfled BPtH@ %bed’f@ét%ﬁ.y The reaction

her words t he am nobor onat es

schere By Bp aptifiefs. 9156, ot ﬂsf&awqmmermw%%ﬂq&l@gg F%@%em Steps may be

omftt!éa t 5]‘@170r rabdeht UBBHIHOAE triaf el @A, emleexh?ple,opmmnnnhsy oé replaced by
mat eri,al s or

anoﬁl%fy d@é é&mﬁ%aﬁ'%@‘ﬁ sﬁrgﬁ% basg adld rgay(ge rethgce Y Sagmé{g'en? fich base.
Othgp ednplendidigef bomate hak debited xtoal likizivre d)fsonrbwla‘rrmewmﬂaum 2,2,6,6-

tetr'éﬁlfat:ggr S;th%d%egeﬁﬁ‘fj&w& yl;ﬂg’elr?ﬂld% F4 hitRee ﬂgeréﬂfé ﬁ’thlum%fs@hﬁethylsﬂyl)

i's In nes
amidet addiung His(trimethwsilyDamiddi mtaSéla@eblﬁ(Fféne%W@tl\é}aMer é%?@“@ﬁ%‘ magnesium

chlm IBE fﬁﬂ?ﬁe@ﬁmb%l&ﬁécﬁt’nﬂ& Hﬁﬁylimﬂéﬂ Qr'rﬁ lﬁ@?éﬁﬂ]rﬂﬁélﬁbutoxnde The
hi um \Wher e nme

reagt,o@@ g}a&tm&ﬁrn@@ opiia ARy suifapls go}gg&ewﬁlerg l“d}‘?Prtaﬂ% is used in the Examples, it

malf 8¢ Pabldeax MphoaRE inett Mon-paboivisatx ¢8| dmtier alphytidxe cacloaliphatic solvent,
chl or oal lhﬁ gal kane; the correspondi ng brono conpounds
for gxamplg AANRRE, o gn "'?B‘a%ke a 25 Grignard reagent,

magnesi um may be reacted wi th the hal oal koxyal kane.

e e e b e

pi nacol, glycol, pinanediol etc). For exanple, the

ester may be of ttHazN‘_ox@{ha) 5(_%%@'_()9%)(0%)
|

RY

@)

R? (XXI)
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where Ra, Rb and Rc and Cl1-C4 al kyl and may be the
sane as each other. 30 An exenplary procedure for
woradoisizpoal Formul a (XXV) internedi ate, ill ustrap€dGBRG0B/003887
reference to nethoxypropane as the al koxyal kane
speci es, is: WO 2004/022071 BT/ GB2003/003887 55 My
h HQ G 0 .13 d My OHO Z-DIPIN A The reactions
wgrpg suitably carried out in an organic solvent, e.g.
RX -E"I‘For aﬂﬂnﬁstﬂl&ﬁb’ﬁhl&ﬁﬁéf hdrprbvBitRgRekase for naking _
koxyal kyl boroni ¢ acids avoids generation of Inpurity
is\blkanE(,sam above), or its analogues in those cases
Zv\h&que the end product is not TRI 50c or a derivative
R ester etc) thereof. The procedure therefore
themrmsﬂmapﬁsmmliequmg mduhetalloalkowytikarg Witkl a Erﬂa:te eisibxsto femt ebsronic acid
contam nated by | npurity a

nd
of e korgarR S oSIONING R rah CHPETS FeesteRios izl and
Zn(ﬁ in' e HREREPY sB¥nPths! V@ ktK% r&ﬁl@éﬁppl%ﬂﬁjce%@u LIHMDS and in turn
hcont am nat ed by inpurities gna ogous to ty

coritéétmglttﬂeﬁe?.ulwnkpmmt Wiyt fydrogen chlaided, 1.e. a corrpound

whi ch may be represented by the fornmula RZ- O RY-.

B(OH) 2, may be converted to an am noboroni c conmpound,
The w'odt@k'erﬁpe of @ntemineptatfFordfa BYilany  suit abl e procedure,

one, kn art. A ction scheme for

rrakl ng afl %%%d@y %@F‘%l c aé%)g "into am noboronat es,

and for converting am noboronates into pepti de

boronates is |llustrate ere

%@fﬂﬁ?P@gqnéteéP(I5rﬁPv '%r@a%%dd w'ﬁ%afs%nam a%{Oftpﬁ% 'deﬁ%{wm lpgithsy case may be
suitably $rotgeeed) fo tbalﬁ la @Bptldé'lberohaac in gemerab tdnresmhem‘yrebme disclosure includes

. di et hanol am ne

penggb@imﬁfctag@fS Ogrr\ g Eo%@équent steps may be omtted,

and/ or reagent substituti ons may be made. For exanpl e,

pi nacol may beyr oth ol. LDAis a
non- nucl eophi ﬁ?c%roqg ba F@Q %Olq%e repl aced by
anot her such base. O her ixan‘pl es |ncI ude, but are
not limted to, |ithiumdiigopropylamde, |ithium
2,2,6,6 20 tetranethyl pi perjidine, 1-lithium
4- et hyl pi perazi de, 1, 4-dilgthium piperazide, |ithium
bis(trinmethylsilyl) am de, | sodi um
bi s(trinmethylsilyl)am de, assi um
bi s(trinmethylsilyl)am de, ngpr opy! rragn(%(sxluuil)m
Q-@dRphiske at RRR AY bmiBgaE Edsidag;chl ori de, [ithium
d| et hyl am de, and potassiumtert-butoxide. The
RX jserhentd %h@'tqﬂiywm@ doss RAtEEEVENSYIRESiEny sui tabl e sol vent :
RY W § n- heptane is used in the Exanples, it my be
s agﬁy t%d by another inert non-polar solvent, e.g.
RZ@rgn(tyher al i phat| c or cycloali phat| c solvent, 25 for

whlc?\( OI%EHO%OI%RIC %c: lsr}reé oF anqlmpuﬂy of Iaorml?ln?xxIV)

Q—CO——'—”-—— C(RX) —B(OH),

RY
(XXIV)

The disclosure further includes derivatives of Formula (XXIII)-acids (e.g. acid or base addition salts,
esters) which are free of Formula (XXIV) impurity and derivatives thereof.
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Thus, the disclosure includes a process for nmaking an
am noboronate of Fornmula ()0Q' H2N C(RX) -B(OH)2 RY
WO2RZ/0E24X1 ) WO 2004/ 022071 PCT/ GB2003/ 003887  BGI/GB2003/003887
wherein RX is H or a substituent which does not
prevent synthesis; RY is alggylene; and RZ is alkyl, 5
he process .c sing reactin

a
The exart anioa B owaﬁzua ORephors g et of i gpd prgdycl 3 got part of the
prodesy @it Beriisd  of the formul a RZ- O RY-B(COH) 2,
esterifying the acid, contacting the esterified acid
wth CH2CI2 and ZnCl2 in the presence of a strong
It whiaksseappemiated dtam thetafgegabguthatathe apevediesesibed migthpilsmShbe Hepd in the

manhféaﬁjw& or%ﬁ{;bt ofdht efggli%;h% ak Sésulll ank; IQH&QIr%@ssa‘Nfr foP sequential steps to be

rogen uct 1Is
carr@d rwans mpetﬂ’clont@r Aithg ser)@(ﬁntf) :theyHpay. log PeXiofRse) Ingiieupyp or different

proc@%é |()j|ffer-£hle pafE BORRY QRAdisyhit&did) MBY bBedistangddem Whé Ringr space.
amno acid or peptide (which in eit
Partigylar el @;oq}pbgaggpl@dyoméoqu@}, fxogo H@Hp,l lgeén @&%%@en}nﬂagnesmm salts,
for S@mpleal Thieoes, therefore, the disclosure includes 15
pepti doboronic acids of Fornmula (XXII1): QCO H C(RX)

-B(OH)2 | Ry O RZ (XXl 11) Q CO conprises at
Genblenystth@meaamnsonarcsmtalul\e@ie chaerfed RMt iwdh  oen-eucieabidici solyerit Where a

nuclE&)h%g s&%ﬁ? is 'Bpe%% M%h &X%&h? laferred, % &Xm?lé ifth& ?’a{sg gﬁiydrolysis of

gano oro I c aci ree o
dueti(\anpla\n;;rte)estews For nul a (XXI V): Q@QCOH C(RX) -B(OH)2 RY
XXI

The High Purity Products

The “high purity products” of the invention include infer alia boronic acids, diethanolamine esters and
salts obtainable by (having the characteristics of a product obtained by) the disclosed methods. Also
included are products obtained directly or indirectly by the disclosed methods.

Particular products of the invention are base addition salts of a boronic acid of formula (I) having the
chiral purity of such salt when prepared by a method described herein. Other products are base
addition salts of a boronic acid of formula (I) having the purity of such salt when prepared by a

method described herein.

Product identities will be apparent from the preceding description and the following examples. In
addition, products of the disclosure are described in the claims. Of particular note are the data in
Example 28, indicating that the processes of the invention can remarkably achieve end product salts
free of impurities detectable by HPLC. In other instances, the salts are substantially free of
impurities, e.g. at least 98% pure, more usually at least 99% pure, e.g. at ieast 99.5% pure, in
terms of reverse phase (RP) HPLC percentage peak areé. Salts may at least 99.3%, 99.4%, 99.5%
99.6%, 99.7%, 99.8% or 99.9% pure, in terms of reverse phase (RP) HPLC percentage peak area.
Suitable RP HPLC procedures comply with reference 1 and/or reference 2 and/or reference 3 of
Example 28. Included also are products at least substantially free of Impurity I and analogues,
products free of Impurity IV and analogues, and products containing small traces of non-polar
solvent, e.g. n-heptane. The trace amount of non-polar solvent may be less than 0.2%, 0.1%,
0.05%, 0.01% or 0.005% as determined by GC-headspace chromatography.

Included also are salts containing less than 410 ppm acetonitrile.
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25 The disclosure further includes derivatives of

Formula (XXII1). acids (e.g. acid or base addition
w@alom2207est ers) which are free of Formul a ( XXP&/GB2003/003887

impurity and derivatives thereof. W 2004/ 022071

PCT/ GB2003/ 003887 57 The exggt identity of RY and RZ

i s dependent on the identity of the end product, and

not part of the process or its benefits. It will be
Sonagogaite cinairaiohpfnitiesrot lags thencl0§6 ippy, 0688.PPmhid08 birp.cor 500 ppm.

descri bed nethods nmay be used in the 5 manufacture of

gganoboronic acids salts as described. It is not
Use et theLroquatoef the Disfastt® steps to be carried out as

one operation or at the sanme site: they nmay be

or ne

T St PE Rl PTGy ebes oy RUGRCH fltynigigrng the crug part
of tilé sditt iTppitatly thay ate mefubaxdroteaserabibiiors. Parti cul ar end

product salts are nonosodi um nonolithium hem cal ci um

and hem magnesium salts, for exanple of TRl 50c. 10
The(Salte ofAThirgmbin Inhibiteiaict i ons may suitably be carried out

with a non-nucl eophilic solvent. \Were a nucleophilic

solvent is present, mninmmcontact is ﬁreferred

As desaiibsr @beve, disdosed bereiprare yalie oif paroaic geids yhigh ﬁrgr{gqog\’tﬁnd@wlbltors For

exaﬁﬂee'ﬂ% saft® of the Hokdale é%idi"sldf Bforlﬂhﬁctmtaﬁfe Pbent ﬂhl'cg’fblrpmmbtdjs They are
products” of the inve

RS 8 oMba e TeL i T i B B wnwson
corfoandsivéich fmave:dmmnaaltf@fdosﬂmntng haémastasis @ddl edpedidily firrrdbitimg coagulation,

for @5?%9% E\gtlh melné Prevenﬂl)rf gfc %ﬁc&%%&dﬁ%ﬁn@ gﬁ Pﬁ]g&gﬁl&? infarction. The
mediett! hisel of tl@OcdﬂmOtmdguhw bey progbdactic onclyding toniveah thaspogs @s well as to

preﬁ@ri’ %c&qgﬁée' &nﬁql%ﬂlbt)scigogs \ﬁeltb%r %Faﬁetﬁlﬁ'(ﬂlclﬁ(ﬁmd‘ ®f prebent (&-becurrence of |

Iral purity of such salt when prepared
thrW%‘Wie%%@W'@fé@@WP%@&Vﬁﬁ)el n. Other products are base
addltlon salts of a boronic acid of forrmula (1) having

h t wh d
They élgerglpl% égﬁl thQFye FarLﬂcs: @%lagfz gciyecf &vzl alraﬁl %n?ythropwlbg%wg éjgent is needed.
Furétiepatries bednrfoundtthet tigse eaitd iaregperefiat in thatt the dasglis ugrbul for treating arterial

thr%{notlg ?glgur e‘?{gfbg’f) Ooi)ﬁ)&a)llsg Hﬁdﬁéc lﬂéanth oﬂ{bﬁq%%@\gogalté Ql% thus indicated in

ticular
thertogabment er pnto)ghxla;tsapfﬂhrom@sgmqﬂdéwg@coagwapll@am lﬂ%odt angh tispyes of animals

mcﬂ&ﬁ% ARSI h?fterhh%rbr’ﬂydasﬁt’ ireild&sahief 5&%%1‘&9!% Yhr@Btisie Ve tepBiCthrombosis,
free of inmpurities detectable

carfine é’%fH@'POSISn§‘t”8F?&é§hrOF‘H%Q'Ss &T9eRInG ARORBRREy AHed 4 I %olﬂ)cgg mesenteric
thr&ﬁbo%@ ipiEBahtal t henboSis,d propégatife ShroMBAsisp Uraaimatio rtrombesisl hyd  venous
" | east 99% pure, e.g. at least 99.5% pure, in terns
r@F‘FEverse phase (RP) HPLC percentage peak area. Salts
may at |east 99.3% 99.4% 99.5%

It is known that hypercoagulability may lead to thromboembolic diseases.

Examples of venous thromboembolism which may be treated or prevented with compounds of the
disclosure include obstruction of a vein, obstruction of a lung artery (pulmonary embolism), deep
vein thrombosis, thrombosis associated with cancer and cancer chemotherapy, thrombosis inherited
with thrombophilic diseases such as Protein C deficiency, Protein S deficiency, antithrombin III
deficiency, and Factor V Leiden, and thrombosis resulting from acquired thrombophilic disorders such

" as systemic lupus erythematosus (inflammatory connective tissue disease). Also with regard to

venous thromboembolism, compounds of the disclosure are useful for maintaining patency of

indwelling catheters.
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99.6% 99.7% 99.8%or 99.9%pure, in terns of reverse

phase (RP) HPLC percentage peak area. Suitable RP
woiR@omoocedur es conply with reference 1 and/ oPCT/GB2003/003887

reference 2 and/or reference 3 of Exanple 28.

Included al so are products &g | east substantially free

Exarﬁfgrpé gfp(Jt'éHl gén tg l)l%gxu\ﬁl’?lch r§§y B gét@& &r pre@Btedfwith compounds of

gues, UCtS contal nin
the sissibdure Ineloes tmommnwm aitoke dasttachen thremigyis qaua@ﬂ%uﬁ%oglcal affliction

|
rela-bgaetg} ﬁg&%&)%F%Sbg}fod néagpl gétﬁlgﬁ%ﬂééé ?/iﬂ&arréﬁ&abe{\tbgf?m £8&cidd¥Rith atrial

fb”moheﬁmcbatﬁrégléﬁ r Gﬁ'ﬁ:f"ﬁ%r%fpwper | eIty BRAPaT JBHsg E%ﬂ'ssy cardiogenic

throgfggar?%dggggidoéﬁfé? Evggg%rg}&gét@mghﬂ%g@mmchlelsemedﬁ@ncal heart valves, and
7. .58 Sone salts contain
carqiogsyf Fryqrakoerpolisig assofitef W %ﬁt?dbd B 5000 ppm 1000

ppm or 500 ppm Use of the Products of the
Exa@gl%:éefo (Fltlon? gya\ﬁrr\ggﬁke#él tﬁlroﬁ\bys?seifx&udeftﬂgtatﬁlé’ Sﬁﬂﬂaatgévg%scﬂnstrlctlve pain

or mu , for admmnistering
in chéséoﬂrol:@awamgln), ofyocandial dnfarctionTherrcrausche celf dralh repdtingdeom ipsufficient

blor{?js ﬁl&é@i ei?cﬁ@mfi%ah' d&!’a?e (Itma‘i3 ls'%ﬁérﬁé RE thheRptdion (such as by arterial

ors escrib above, disclosed he
narigmisch of (hovg SO fecChEPRIGLN GF 3D PRI trenduminal coronary

angloBIEétP' reQErosis BREr pe@éﬁ&'ﬁ@ét@ trahh@mlﬁﬂcbfbnaﬁl ahdiepldzoy, GCUILGIOH of coronary
acids o or mu nhi b

artenp gypags graﬁf,h@}degaqgﬁagv ge‘é’plm)va‘s arlqﬁg?s& ?:Eﬂ d/w hl;_egﬁg tﬁ fterio-venous
(miXed thedrotokie,Snti-ehrbinBatie fcompountioafi the disddsurerdnd wsefuh for matmryng patency

i ch have potential for controlling
'“aﬁﬂgﬁﬂgtagtﬁpand especially for inhibiting coagul ati on,
15 for exanple in the treatnment or prevention of

Ott1§|e gc%'aﬁji?ﬁ% gsg&gm?écfswﬁﬂ %%eré&@%fhw é“d thﬂfn%o@ﬂhb&ﬁ dls-EEBés which may be

e conmpounds
mentioned inberied ©b apquirgd dERREES I h%fér'wecp acigh *f{ oc'fC‘ﬁ?tE‘@ eiphospholipid
antB6dids’ (‘Ll‘gﬁﬁ Snttbadul¥n B TROSdcorei@nid)epardnduber tpnbotytopenia and defects
Including to prevent re-occurrence of thronbosis or
'"f.@5$ﬁﬁary t hronbotic events). 20 The thronbin
inhibitory salts may be enployed when an

Par@cg far u%erlr rﬂ%’qb%: H@%ﬂ&d Rlufe ﬁg%gerapél:ﬁé Ellftﬁbrv plbﬁhyié@cﬁ: treatment of

ese sa ts are beneficial in %
venolisatbeonibssisiangfpulmonary embelise rﬁ’gef%rrqdémqwatmm@n\ﬂ%?ﬁ%@r g,e 69“ “thrombotic

prol:h%ﬁf (@Fté(e c%clo@ﬁr@ PRI hE saltEREtHdibsfohie S6idk &fiT5@iul I, for example the salts

iting salts are thus indicated in the treatnent
OFHH5@®§§W9¢8XIS of thronmbosis and hypercoagul ability in
Rl opveniish éflvéﬁdmg&r@ﬁboiﬁbﬁme%nts (ea). dekiprvginiimombdEiseant/er palmonary

ar  BPPAF g ik patRoSy P b e SBER Aol i
t hr ayphaoset, tatsldess reglatehteotrioai bip of kieestiger; paﬁlﬁr@ﬁb@?r@mg
gfz gg”t&% %;uﬁ:—%er{ %r h(?cmgﬁ to?‘ thr %Engu@tll ad {E}HQHHQ% Pelvic surgery for cancer;

s, traungti onbosi s_and
venenrsin paﬁmbrbbwdgn for morssthmq%dms ﬁpqawlth acute cardiac failure, acute

hypﬁ&g&@QVhﬁQ%“h@&mﬁay | ead to thronmboenbolic

e Prevention of thrombosis in the haemadialysis circuit in patients, in patients with end stage

renal disease.

e Prevention of cardiovascular events (death, myocardial infarction, etc) in patients with end
stage renal disease, whether or not requiring haemodialysis sessions.

« Prevention of venous thrombo-embolic events in patients receiving chemotherapy through an
indwelling catheter.

e Prevention of thromboembolic events in patients undergoing lower limb arterial

reconstructive procedures (bypass, endarteriectomy, transluminal angioplasty, etc).
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30 Exanpl es of venous thronboenbolism which may be

treated or prevented with conmpounds of the disclosure
w0 pkae®7obst ructi on of a vein, obstruction of PEI/GBREW3/003887

artery (pulnonary enbolisn), deep vein thronbosis,

t hronbosi s associated wth C@pcer and cancer

ch t.,hera th ted th thrombophi l

3 < PR AR el FEPRBB RO RN ey’ Protern &

def Preveptiayof candivvashilarevents inlabutd Bordeky syndnmmgs (ean dndtbl angina, non
) hr g ﬁ/@%‘m 0%iak Ec!hgaﬁ QS o‘?l Edn%atlém%gfﬁbf @a‘fjdlovascular agent,

ICdISO erssuc asssemc
er yfoh @raam@saa@m( {anetylsaliewic eqid; aéremwéétrq:glﬁéer@d téaéi@énark in Germany),

di S@ashtbbi .e%l(§éé aaomorr&s,amés)tampny@epa&nfsfage@rm*era@mxarﬁms)

co ounds of di scl osure are usefu mai nt ai
Bat ﬁ@tgpeatrof pp%wlqh aﬁléte ayp aéltrgarctmlw@ﬁ),na acetylsa%cyhc
PCTAGB206dRRIcS@e beidd foxa@pipes). of car di ogeni c
t hr omboenbol i sm whi ch may be treated or prevented with
conmpounds of the disclosure include thronboenbolic
Thespneeémaly (dibelpsecihthebnitin dinifiters care shusg indigated |boi dathe therapeutic and/or
m%ga d cerebral bl ood
pm@d 55 'cc%éa%nt ﬁ%‘g@eﬁﬁ%'jeﬁw ro oegsre;bol i sm associated with
atrl al fibrillation (rapid, irregular twtching of

In di'\@ Qr?é'thdaeﬁﬂétpréémW%Elo@d stﬁr'dllnﬁlh irfhiRtbrs lafe) used Br MeO@RIAh&nt Of patients by

mboenbol i sm associ ated with praostheti

haem@ﬁlglégs dy gpoviding ibe serlustain th%gp{ySI é(pl\;t@@ asaa%;;crlbedtm relation to other
thrdhibi rﬁlnﬁiﬁi&ﬁé & woreo1gesbThd pratens Emmsateetﬂemfot'dﬁ|nh&zﬁstdlalysmg solutions

andfl clﬁz;gﬁ%(efgp?n a%gﬁl Yey@%h Eﬁ@p(uo'gg thgl pg%%[]thﬂy ick)é%un gnuatFlrombo& product, as well
as Loakhdd Dfdtaatmanp by dialysisof alpatignt mfneedofcuer Wea@ner@d which method comprises

the T¥& gﬁ gl'agél?dr 0] Lﬁ’ifn‘? H:lﬁ(?\ %QW %ol%ﬁa‘g lm%ngg@ﬂhl'onﬁ)ﬁﬁhﬂbltor Also included is

resu
the use ofem atltlﬁl@ambotmps@a@@f thetisslosyre far dhf R4y @ medicament for the

: treéi’lhélkrb‘;)%a'lyg Bof § thiénla% RfictRdh @Rii-BlrorMiiE PMUING bf Bk dicieaek is provided

, _Ieocclusion during or after percutaneous
in ﬂﬁﬁ"ﬁﬁtﬂ"\&iﬁ@%‘?“ coronary angiopl asty, restenosis after
percut aneous translum nal coronary angiopl asty,
u5|

In a&g 7 g}eb 8d,oté? Cor E%ﬂ? ?ltt %ggmﬁuﬁ)ﬁﬁs%&ag\% to %mbat an(%eswable cell
protifetatior, @s desadhes in (dﬂtlmew) othdtrrtkmhnbls;u@lbltalﬁtm WﬂﬂWfﬂZ@@ .j €he undesirable
cell ﬁW&%ﬂ%igpjcglﬂeurﬁbﬁ%lgzﬂﬁe@plgs"tlﬁ cHFSSIfoh’f{eraﬁ(SH' féméxﬁﬁn?ﬂe Hrdli€eration of

arteriovenous s her condi

smeptls eEck @qﬂs,vqspwahyy yﬁggn&@*aqgmogluqu@)pe% dT%meﬁB‘B'qu% particularly
fi n@é@ﬁéﬁ&?m%é Gjéatﬁ@m d¥entinfd? H?ﬂeﬂjﬂﬁﬁ bithempossht OF whaick isi preliteration of

I clencies in hepar cirg la
s, ARSIl HopTPaos At PR SHREE e Rt e i s accordngly
intiEIMYGrBIEsR iR & fesetejoftektIndudesiestdndsisr onbocyt openi a and
defects 20 in fibrinolysis. Particular uses which may
be nentioned include the therapeutic and/or
Thep tiogrhyih attibitorst are sefsvecrntepfplatadefop ke trigptoedlosh ischemic disorders.  More

parﬁ%”la rkgé%’ W?f@c{’ﬁag ﬁ)thg> Er@gtﬁ\%ﬁte(gﬂ%tﬂg' tﬁ@ﬁ;ﬁe‘ﬁﬁ@o@&h?l@&@}jof an ischemic

|
disqrelest it patiente haviniog or ot risine!, be vavuer a?é”aél§ bréJ'P{“?S'gW%ﬁsﬁ‘ﬂaaﬁ {Jescribed in

reldtiBh t&%HEP tfohhg ishiith& in 3P0 @b/3ER7. S@edentit@ksrdes are conditions whose
results include a restriction in blood flow to a part of the body. The term will be understood to
include thrombosis and hypercoagulability in blood, tissues and/or organs. Particular uses that may
be mentioned include the prevention and/or treatment of ischemic heart disease, myocardial
infarction, systemic embolic events in e.g. the kidneys or spleen, and more particularly of cerebral
ischemia; including cerebral thrombosis, cerebral embolism and/or cerebral ischemia associated with
non-cerebral thrombosis or embolism (in other words the treatment (whether therapeutic or
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Prevention of venous thronboenbolic events (e.g. deep
vein thronbosis and/ or pul nonary enbolism. Exanples

wo pkz®7pat i ent s under goi ng ort hopaedi ¢ sur gePgT/€B2(03/003887
as total hip replacenent, total knee replacenent,
maj or hip or knee surgery; p@ﬁients under goi ng

oreliE e Aot St et b o eLrBre SRR bertuary in

patjeatsi véthi o dbaskrof Y. f or nore than 3 days and with acute
cardiac failure, acute respiratory failure,
infection. Prevention of thronbosis in the

TheyHeerel ihibiters kg alsoufontemplated tfordhe Yeatmantd rheymetic/githrikic disorders, as

de@fsbdSh Adfion FEEREr tﬂﬂoﬁﬁﬁsrﬁnbltog IEWB‘/WQQJ Thus, a thrombln inhibitory salt
cardi ovascul ar events (de myocar d infarctio

maétb@)usqzqqlnﬁ% trezfment, 4f ichrogig @rth@tg, gleglagtop@r@ptl% Iogtg%t@ntls or ankylosing
spongifier or not requiring haenodi al ysis sessions.

Prevention of venous thronbo-enbolic events in

patients receiving chenotherapy through an indwelling
Mot@rethe rthromBin énhiitois @f thefdnstchswerbmeaxbeﬂtdddo dvenenutilityi im prophylaxis of re-
occﬂgtog 3[‘% f’tﬁlg) 8£.%°érf{)ég é JQMEJIy 'Bprc@cérfe%[lé arrlst—lgmmal an I_l;{;lasty (PTA) and
corpiaiy) BYpassi qma!ratl@mgthg prexeritipn o ct rommlszqﬁ'@ﬂm@zvzwqry and vascular surgery
in g{%ﬁ?n’aﬁﬁ%ﬁ@e”r/ iR38hE incRBe thelRAspoait an@for P%Wﬁctlc treatment of disseminated

nboenbol 1 ¢ events. Prevention of cardi ovascul ar

intravasadlas cpapulabion eausesk erpgptyr@y\p-}ggp@]té%m\eem@xm@wgtogtgméother mechanism;

antRB&HuRAL tré¥®fent Qh\éﬁweod’frs’ Qfﬁﬁfnﬁbcﬁhlth ﬁfé‘g’iﬁdﬂfééeb f e (bbdiyosm:):h as vascular
i nat t her car

araBR AR T Yot e ol OP AN B0 PRSI pr-piHets g O any other

medleglds‘tleﬂ' and timtedsyulamalr tkeatmerBavhembipdd isSn témtantriadth yredica devices outside

theébéﬁg Eﬂmr{n carﬁ%@la‘?%ﬁr’ger?%&ﬁé ﬁr%aﬂ Iﬁl]i @%%‘@Eaﬁr é’n?}ﬁ&nodlalyﬂs
rryocardl aI [ nfarctl on in conbination vvlth

Th@@lﬁBMBﬁ QIIIHI&%,‘SI Sre Rfhd indikMROhY ttieﬁﬁne(@ oF c&ﬁ‘*tBM\é f/\/ﬁére there is an
exa presently disclosed thronbin inhjbit

undgsi rﬁ%ﬂ}%&# Hfdf"if’ﬁtbé‘d""fﬁelftﬁ'gf‘ﬁ"ft haraermawaqf}émf?f@@wd? rnetrpggenerative

dis@isepduyh acAliiinidire disemat rrodddaibh td |&€E|ﬁaft® bﬁ?ﬁ@lcdagihlaﬁm pletess, thrombin
I_.SC

s AR PP 4 oSBT chseSd BB RaRE st ML encagypie cls anc
smbatle moddla kslis). s Thégforsy thel phesegtiy weclqsed)@mmmounds mhalso be useful for the

theﬁg@bt}ésén%/d?%%bﬁ&c t‘?e%trg%%g d(ﬁiﬁ)%wi@aﬁoeh(ﬂﬁt' t%EanaR)r)pHQt%ss syndrome,

rtors resent
puleoray Hbrgsie fallpwing treataenthwith, creiption an %mﬁ*e@ehﬁept&r@% septicaemia,

lnﬂé’fﬂlﬂat@fyahéé‘ébl{@s,Cﬂﬂi@ﬁﬂhihﬁfee%umréhndﬁol'fﬁfe'dsﬁ) tétféma, acute or chronic
presently disclosed anti -t hrorrbotl F:‘Eﬁ)ro u

as
atherosToRS RS o COPRAY (BT by oeafea EapEl gy e p%%%a%entper'wera' arterial
diséHe6 tefstkfusittc dianialg €, adntedstenogidufieh peratiredusoeampiunties angldpiasty (PTA).
use of a dialysing solution including a | ow nol ecul ar

wei ght thronbin inhibitor. Also included is the use
Thethrambiraintibitonhsabisriney also fpr welutin threftraatmentiofyehasalitis f or
the manufacture of a nmedi canent for the treatnent by
dialysis of a patient, in which the anti-thronbotic
The safguaf tthe boropie agifs ef fpgl’mdlé (IIQ e dwrihee gonsidered to be useful for inhibiting

platelet procoagulant activity. Also provided is a method for inhibiting platelet pro-coagulant activity
by administering a salt of a formula (III) or formula (IV) boronic acid to a mammal at risk of, or
suffering from, arterial thrombosis, particularly a human patient. Further provided is the use of such

salts for the manufacture of medicaments for inhibiting platelet procoagulant activity.



10

15

20

25

30

35

20 in the dialysing solution. In another nethod, the
presently disclosed thronbin inhibitors are used to

wa@eembar2oondesi rabl e cell proliferation, as deBCT/GBew3/003887
in relation to other thronbi n inhibitors in WO
01/ 41796. The undesirabl e | proliferation is

typi cal | |rable astic cell oliferati
e AR o RS Sy S b SEAb cy
pre@&Hia@Coraihk ohacaREoH that &mﬁ@tnbla rupdrdoraelal (3v) atide ateheftantive rat inhibiting
apticul ar find application in the

|
artel“ialgh‘iop?éﬂ{'ss%fpwaﬁf WSFSW& B0t asi a, one conponent of

which is proliferation of snoboth nuscle cells.

Indlﬁft%h? rh%l\/lﬁ%%ﬁgrlgp%rgr%b%|sqﬁcr Lﬁg atc&eq:%hoqm sglﬁ’drgrﬁgé {Esbémhy myocardial

l[asia In

mfamtnens @nd uessameeamgmahccpem%e@/ascélgrt ﬁmigt?%ls asd) pw@%ah ?6@&?' HCC'USIOH and
artéanWhFUn#b%E@ o@URinglag @ l%gnt&rﬁﬂ%a@?ﬁ{ilatﬁdhr vél%rthre@flﬂdﬁﬁa%b &ferio-venous

I schem ¢ di sorders. Mre artic
ShuSNIHNG e R SRRy SRR neFT s el ooZa 2% i provided a

meﬂﬂéd)ﬁf‘)&eéﬁrtgl 6)disehseatr tshaliiemiselecteti ﬁomdmi‘s groum op idicatidns, comprising
n-val vu

adrrfmlﬁenr‘%l tg?alrraﬁ%r(lmmagg gwggwép p%téea hl%trr{b}nthlblto salt %c%ordmg to the

pretent distibsurd. niThédidisdosird rmcl\l@s(mb(ﬁlsme@r uses nhambideril gwrd@n@t eg. a

djitj Si
cort%[ g: (5118@1 or bt 6? a%glr tﬁ\plgb?%ﬁlnﬁ% CF%Q r{?ﬁ@hl?\efrimﬁéscﬁﬂ QititthrBmbin salt
axqﬂmeﬂsm@@aﬁﬂﬁd@€0$M%lude thronb05|s and
hypercoagulablllty |n bIood ti ssues and/ or organs.
Particul ar uses be mentioned include, t

Thasals B hp GmHA ARBIo" (rBHE (B BITITE FELER ke Hed ProPRY@Zealy o treat en
inditi @t dekbved to bafalriek o BuffeBNdg frem arteziabdidntbosiy @ntas cdndition or disease

it SRR e RLRGY (AP PP SHRERY o bromboss o
secorelagtth@mbetidevents)m and/ or cerebral i schenmi a associ ated

with non-cerebral thronbosis or enbolism (in other

words the treatnment (whether therapeutic or WO
Theadigins o2 20T eforRATHUEER 18 3150 0B BE7tveghropP IMIiRE (ORgRneeronic acid salts)

des[cllﬂfeﬁ HRRH 6 ﬁ’éatrhérﬁ: R FeGb8le’ d?s]@ﬁieﬂﬂﬂ/ [%pht/léﬂfl &1 m%py as well as their use
I'schem ¢ attack), particular

in Pher i forRIgRdEs ke AR ARS of PRrBAcEwEa ragpis, "

contenplated for the treatnment of rheumatic/arthritic

i sor as b5 described.in r i
In i e e e oo 0 Apies iy o5 SuRipo0 kb ABIE, tere may be used in
pladerdfialihrombiy irdébitor of iteedissosure abthien anm@agmleratsﬂ’e@ftth%ﬁ'SC‘OSUFG-
chronic arthritis, rheumatoid arthritis,
osteoarthritis or ankyl osin spondylltls Mor eover ,
AdpiinistratiemandPhasmaseqtical Fesmmilationgi scl osure are expected
to have ut|I|ty in prophylaxis of re- 10 occl usion

e. thronbosi after thr onbol er cut aneo
ThQ ﬁ%{ﬁsmﬁmﬁ? rRgmink edo 3515 (fg-l-%amﬁ%d in r(@ﬁ%% o B H% Srug has anti-

thréftsigaiit adtsity, tdebtgin an entt thmmbogemceeﬁebtr dnivieesiase aff laneer anlmals, such as

era
dllent@pbgclpmntSI @ darriesst NENg teoh “magmﬁmngtyea;ceqtqﬂe;’an,:ggi@supcgﬁptablhtv for

botﬁ O%té‘rf?ﬁgﬁleﬂjrpééeﬁa&t\ﬁ{ldhaaccgbtbﬁlllt)p|f(§‘r ﬁlfn?dfh”ﬁiarmaceuhcal use is

I NT OXI ca 1 on or a er nechani sm ant | CO )gﬁ‘ E
prefareedt riprihe wserof mﬁ@éminetratﬁmcwﬁtcawpoqm%rPaftlsF'é e salts of amino- or

peﬁfd{)fb%ﬁiﬁ akiBs, tdhe p*é@éblys?&hmﬁ@'e&’ b8 fhrmr wlﬁ&hge\?éntssthe salt from contact
WItg ?&C@?égqﬁrggégq, ﬁ@?&%ue\p%rn ¥ cgp?tdz{wh\gﬁg%%v |c%%usaprgvent release of

the salt until it reaches the duodenum.

huqﬁnq{%,‘r gngijﬁrageé%Y ﬁ %ﬂl\éi‘n‘céfeﬁeéj 3 %n%ucgrgrz L?mblhﬁlog %\Ptﬁ rp‘%rma%é{ftl&h? facceptable
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nmedi cal device; and anticoagul ant treatnment when bl ood
is in contact with nedical devices outside the body

W@ ewh/o297dur i ng cardi ovascul ar surgery usi ng aPCT/GB2003/003887
heart-lung nmachine or in haenodialysis. The thronbin
inhibitors are further indicgged in the treatnent of

o PR 0 R S 0 05,6 e
Exaekesof enteric neating detpsale ingtuide,ebut dires eeidioied teheelidose acetate’ phthalate,
cell@thgeh%i:éﬁé ﬁcgﬁa%eea&ﬂuloéen hﬁﬂngdeh' Hﬂhaﬁa@e' tSiuBld @edifte ORinteliBite, ethyl

coagulati on process, known to activate a
cellplgseg @ydfgmg@pylﬁetfg@p”u@see shikplatgs th{}y[prg@ﬁpeptgylcellulose acetate succinate,

carf)dx?rhé’cm!l @ﬁﬁyl&ellu%@@ %iaﬁ’éh' dcéﬂate%ﬂﬂtﬂa&te@@&ylo%ﬁt@faté PRUSETLE polyvinyl acetate
Ther sent | |scI(§sed C

o hes GRrHRE, PG el 2 S GG KAt metacric
aciPEdppipyiEre®IPMe05), Mmeityiaerylatesietiakirgip andimretramétmdulate copolymer (MPM-06),

anc{ g\e{?%%%h r%{l?tggﬁ’%ﬁtiareﬁ‘s ng%l (ﬂ%(r) ggly ?rzéu&%é q_a& %)h 8{5t%§éll§ the enteric

coasmptmmanmrmolastlcsept Peawies af thej whshqwmclm‘;«, M@pﬂ)n@émted to, triethyl
c1tr%\4rg,' t?’%hehﬁ‘%hb‘glglihxlzﬂ ha@ e not limted to, edem,. acute

osc %rosis such as coronary arterial
di sease, cerebral arterial disease, peripheral

Th@PFe?édtl?ldlsclgéea &8 ShrofBatR I sakks hd} bel aBMEiRed aﬁwlo.r &ﬁémmﬁe@d with any

per cut aneous trans-1| um nal g Pl ast g@? A? ¢
carchpN ST GBI R GRS GH 1aCohn By TS O @ dst R eptment agents
avallitfe In' @akidRdHl ued, ipamkled@kiublich. andhe pm?dl‘hlsal afeveidpenent, which could be
SGI%% rdfférl %S{ﬁ{ﬁuqﬁ? g{,esegrﬂ{(“ lli?seg Iglroldég&%{; etpg kﬂFe\rg}\glgg gp E‘%&'&%E&%r disorders
by emnthinationydrugthemppr Swchcgehtican be onst dyaepré ggentsmqiegfgd frfqrg, but not limited
to Pévgjar“ ln?for %tgg?oqgﬁ%h@% Eﬁgﬁj'l(?%etn}{g dR¥ %féﬂmﬂg $h QBAﬁQleﬁl Na*/bile acid

ffgs boroni c aci d
cotrapsrertem rinhibitont a rﬂbéﬁte,omlaclfbra 3Bti3 fET Heghdlesisn eater dransfer protein)

: |nhﬁ3lB(Erong‘|?Jo§ 'bﬁe adﬁﬁ&éqh@éﬁlaﬁlr b afti- b)kid'ﬁﬂ’ﬂ lr&ﬁbanMtamlﬁtﬁédﬂerobucol a Ilb/Ila

provi ded t he use

AL RER TN NN A ) e -
p &¥érioble), H%&@Béﬁ@ﬂ@&épt&@ﬂt@ﬁ@ﬂ@lgmﬁm), @adEhesingd’8 receptor

ag?\{:‘ﬁit %S?t%%k%,agﬁ(eb%sgl?cg?cr %cﬁao ragqg)gpg ljifu’r Y%c @E ?aﬁl\l'/' K{JES (éanglotensm converting

enzgmeylinbttedd on t he observation that the for mJI a (1)
or formula (IV) acids are effective at inhibiti ng
arterial thronbosis as well as venous thronposi

The pietl-teaniboties salta vl \ierrgmiined PRAIr radaRIYES with amy, Jtifombotc agent
wntﬁ‘%%fﬁar&@ hRBRNh¥EMY REARRK &S ﬁﬁ%h@ét&lﬁt apenie ai[:éﬂllﬁhcyllc acid, ticlopidine,

infarction and unstable an rebrovascul ar
clopigegstih SP@basae p@F‘?pbor‘iePﬁcﬂ ary %‘?’%ﬁe J@%’tﬂrssﬂ Joskgcyein mimetics  and
ph&f)lﬁcﬁll’elst@}asé inhiBIdO SridADPareteptar (R TYantagentssul t of atri al
fibrillation, valvular heart disease, arterio-venous
shunt s, i ndwel | i ng catheters or coronary stents.

Th@@rﬁ@rﬁ%h ﬂmb}t@ry'seltﬁﬁ\@)t hﬂhe:aﬁep Eshibineti @b @r ics-agiminigtieckeidvith thrombolytics
met hod of trea

di
sugh, 35 HSPYS; [gasamggfp grgw?twd{natg{eﬁ grﬁgormbg%@;p?rlt lg?cﬁﬁe?cﬂﬁ Os?r%tglgnase urokinase,

pr@fbﬂnﬁseﬂaﬁiéwmed plasminayematreptakiase acivhipr aompiﬁ)alﬁAﬁﬁA{:), animal salivary
onbi n i bj t t.a r

oefd SPB oD, ettt B g B T BE LR bE oot cRaERY in partutar
myocardial irdartt®ni al environnent, e.g. a coronary stent or

ot her arterial inplant, havi ng a coating which

conprises an antlthrorrbln salt according.tq the fant. f
The ragti-gembgitis splkss lipe be pomipiRgd §na4/?rscoo?d"i"|‘1§<f%6r"¥ﬁ!}| 3, QQrfiipprptectant, for
exdtpld 8 dBehatineAY)or RO FeREt6r aonists may be used

prophylactically to treat an
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i ndi vi dual believed to be at risk of suffering from
arterial thronmbosis or a condition or disease

w0 popagfozdong arterial thrombosis or therapeuti cab€HGB2003/003887
(including to prevent re-occurrence of thronbosis or
secondary thronbotic events)e4 20 The di scl osure

ThePJ] %r ?Jooﬂrgvdezlcal HERS %H?%regtﬁﬁ af la%ﬁ5§%8££r|9 rébﬁagent that comprises

or ganopor oni ¢ acl
treaueg Hienpatient wlthe@t antirthrogbotichnodisboansl @ NoBeg-§. @yCOX-Z inhibitor. Such

dlseg é%ﬁﬁaﬂdé)éhtsar@ﬁotthl?)ﬁé@%eéh?ltl‘é"eéy&erﬁﬁ IJpl]§ 'ertﬂé%%toshsn rheumatmd arthritis,
armaceuti cal fornul ati ons and @ uf act ure

glorpﬁahoméﬁﬁ VG115 ST RRHoE BN SO e G oA G3B %&f&d'sdosure
maPigs&nibhed ahere-adhintteray withamtNsatmagul ant i n nature,
there may be used in 25 place of a thronbin inhibitor
of the disclosure another anti-coagulant salt of the
Typithilys thesaidre, the Aaltgiofiittst foemulao (TIIxanH fehraulartlykadidscrady be administered to a
hosF % g&laiﬁtal ﬁ\po%bﬂjﬁ? E?An‘ §ffé£? rqﬁ aﬁ{j %@% ﬂr@nr\ rcri mHBIt@ry *E)P%Fm thrombotic
or “exanple, 1n e tase ‘where ¥ he drug as anti -
contet watiiogesitieseimct i vity, to obtain an antl-thronbogenlc
effect. In the case of |arger animals, such as
humans, the salts n§¥ be adm ni stered al one or

At oot oh A SRR 1 ATy SAcd SppaiBtans mey be varied so s o
obtélh laH &fftcRint 6/Xthi Ricguat é‘an@burﬁ(?d) lthe 1S effechiee tocdidheve the desired therapeutic

copBp TSR H oL 2SS ERLRR, o A HEERARERR] AL o v s
"th@apbatﬁaa;bef’factu\ge dnauntiuniie seleateddosge ilavdIWIl;le@ehg upon the activity of the
pargcgf% g{[ﬁ%ef)d hd, tﬁ]e eogrltf 3ffe Q{r‘%l%ﬁl 'b? ?ggﬁ%%ﬂéosér{d%\é %dltlBll;] &nd prior medical

am no-
hlstpwmfutbl@pai@nbbﬂmg Tmﬂt@s Hom\@r,pt sfvéihiapthe sl W?ﬂ”etpééﬁﬁi dpses of the

con}oﬁlg{ 0185 fhePFHEN Rldfufed thetoSa@Iuéveftﬁ@(ﬂ'@sﬁ%é\%beutl%ﬁé&t drdgo gradually

gastric juice, such as enterically
'"Crééf@tt%qm?gﬁﬂ“ﬁltth%%'red/\ﬁfeE‘HS EPREDr event rel ease of the
salt until it reaches the duodenum WD 2004/022071

PCT/ GB2003/ 003887 6 '
For exampleysit is SUTERY X/&‘?"éﬁ ar%;r 3?7% nstﬁ% Itl;a?sg% on@‘ ?@Tﬁl%lbaﬁ% néf?sg}tél of TRI 50c,
thefdalts eighbidreinstantx daakdemistdedeint aar armounbat frog MateRiSmgg twice daily,
calcbl%feququse{% Rye @ﬁ% 5'51% n*léh'{nbg %gmhgteréﬂel Lgﬂlﬁé?\t ?rfora? @kBunts. However,

0se” acetate succl ul ose
therpy@emgemsqnhedwraeta@@ argedtllipiteksie aémsa?t@ntm ByRB| quantiiesor regimens and
mcl@%—{% @4 érHl ens@é@l’d@’éﬁé@é El’é%llbeﬁﬁmt Y bie@blisdefBhice.
oxypropy met hyl cel | ul ose acetate
su00|nate 5 car boxynet hyl ethyl cellul ose, starch

Acc_@ﬁﬂﬁga{oea F?MH%&'aéﬂe@r, tr@l‘&/ lsQF6vidkaedrab@l phdrinadeatia@) formulation including a
progpﬁt ﬁ§|d§¥cgbgd§|§€y€;l%rfg a |Xgﬁr%wgla’ad§% l&%a\éﬁl:li;nﬁ%ly %%ée\f){;a%feead]uvant diluent or

carh@t hyl - acryl ate-net hacrylic acid copol yner (MPM 05),
nmet hyl acryl at e- net hacryl i ¢ aci d- met hyl net hacryl at e
copol ymer (MPM 06), and

Solidetosaderferisafor yrbloadminisrtiencingudeccaggies, @b‘%dﬁ%ﬁ"ed pills), powders and

gra(nﬁgsd AL sro)uil &osggegf))rm@{e'aeﬂél clobhpoﬂna@s V mfed GAR b 1848L one inert,

contal ns a plasticiser. %1 ; itl ciser hosphate
pharmageytically Bsﬂepta'?'% eX@pient; o5 ﬁaé’eff tSHC Al ‘HEHC’ faj O FAEFYTR phosp
and/bﬂ @h@eﬂr Infore: andliedd @téitséhddasi‘lidaﬁlb@iterche'Ehlectpereea&rdsé,)glucose mannitol and

L SR DePB AL STl oS DARES 0 oo,

suchgperdnd ath; &) aumedtants) euch Lastaiycsrob fd) clisintiomiiag @aénis such as agar-agar,
cal{;‘]{uﬁ %tﬁrg)gnatt%ﬁg%ua taf%’c%' da"fla\l %EH} a‘E nEE?{aﬁx' igatH§§nd éoﬂlum carbonate; e)

ion an re-clinical devel opnent
solulitingbtactingl agete such as paraffin; f) absorption accelerators such as quaternary ammonium

compounds; g) wetting agents such as cetyl alcohol and glycerol monostearate; h) absorbents such
as kaolin and bentonite clay and i) lubricants such as talc, calcium stearate, magnesium stearate,
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15 selected for use wth the presently disclosed

product for the prevention of cardiovascul ar di sorders
whygoogoedornat i on drug therapy. Such agent can bECDG82w@85/003887

nore agents selected from but not Iimted to several

najor categories, nanmely, a kgpid-Iowering drug,

solid ﬁ)ﬁ'y%&%l&% gﬁ%ol% B@@g{né%u?ﬂ'sal%é QM l%lx?fl:%sdther%&t é&[l].%o&rsé of Qapsules and

tab(etsh tegivsageybrmemee plse comsice bufrﬁrm eganys. S$afithicnpasitionsaeic@ gmilar type
mag als§ b@cén%)lo?@éﬂ lé?ﬂl ! fof@QnoaﬁErH TﬁBEI' lh’ca{)s'&féls Lﬂjgl'nt? Quch excnplents as

tamn uco ni s
lactgproryilstgar éweltaswmmpéeculﬁi W‘%B@ht B@Jmthvlealﬁ gb{Fg,d‘g*t %‘?@H’é
|nh|b|tor (e g. splrolactone and epoxynexrenone) an
receptor nta

Su@g F?szA'@UlF@Eg Y fFon %%sﬁils%qhﬁlog(a@etgr e |s%oi%|8rl) aid’is not limited as to
its &lestity |56 donp @y it is pﬂa’rmdceuﬂcdllp aqreptable. eiExaInmﬂfsaneAﬁEomc surface active

agegl ngucﬁt ?@ﬁ%gﬁel d Sa és@egs %@X%%E@&é&ér& gsﬁ)rbitgﬁs faweécid esters (e.g.,

e conpi ne
sorbignatintieate)s tpolyettlylevet mingh yohreyethiersniysirogenatere mastor iilt polgpxyethylene

sorgl'tafn F{ttzneﬁldgt'égtgﬂn 3]%)@&@!&%‘ ARyl é‘th@g‘ ﬁ‘i%thb%olyox?lethylene alkyl ethers,

age tS ace sallcy Iic acid

Polmxwﬁﬁ r@|kY|P'ieﬁY|oﬁﬁ’65§anE°'Ye§U@B‘? PN LY %%t%t@(%as olyoxyethylene
alk\}'lé}ﬁh&' t lyoxyiyRAé aame ! ﬂhﬁefﬁbﬁmdo Bxyathgliene polyoxypropylene copolymers,

POl B S Eceroh ot @ ntiDy e W@@p 5 < st plobyiene aycol
mohéfathh @tid leetersp pbiym@ethyiad/ propytane aghyebinmetafateydacid edters, polyoxyethylene
sorE) Eoé?%ﬁ@ acﬁtelrstgs Eﬁﬁg t%ﬁ%l&ér%%gse ]amj g?ngrﬁiﬁeg &4 e@cf)iieva%{d%d salts thereof

(e.gir cHehoreseycholip rod) rcbidic mad,ajeomh@gyclatc@dydrochohc acnd and salts thereof, and
glyaheaérrfF&]‘Q\g %Br\)ﬁ&a'iéaﬂb‘%gf) 'rﬁgrﬁ@ sitfakd YR OhgHRMRIR%s édﬁmmsulfate, fatty

sm nogen actl vators

acigl poaps, ﬁ"ﬁ's'ﬂlf@éatﬁ% alky h@ﬁ?hagqsa@th@rcﬂl?ﬁiﬂhﬁtés J?@’eao%de%?rts ?frPas'c Qm'”o acids;
tricRhbiARiHE 85ap, BMOAIL é’da@érndrﬁ%ﬁfr\@ﬁlurﬁ Isalts andl Afphoteric surface active agents,
anti-thronmbotic ﬁF ng Ige conmbi ned and/ or
suchi3s hefRings avd @rige quhcg ar'dr oprotectant, for exanple
an adenosi ne Al or A3 recept or agonl st. WD 2004/ 022071
Th? & &%&)ﬁ&%ﬁr/ﬁ Oniaﬁ/STst In mt}?c(;) ?nych%sus eﬁ%lﬂ{ %Vé Ht%g e %Qvﬁg tor more of

egase I'n t1ént
thecaboyer mardisnedtaxgpientsn g the patient with an
anti-thronbotic product and an NSAID, e.g., a COX—2
i nhi bitor. Such diseases include but are not |limted
Liquigd desage farms for og&,g&trrypﬁt@tlpru wggde @pwqq@ﬁs&§ll5§g§ptable emulsmns solutions,

sudpBRISABLQIuPs afd ikird. | B, addiBibiP fEhe bave I@b\’ﬁpduh&s. théﬂfé]ﬂldldbtags forms may

co R i S P oo SOl o TR, B cpn
and: erﬁléman’ﬁl stitierae cthd tkaola) lbﬁﬁdp@. aldghpl, il ycarbolhm eftiont @cetate, benzyl

alcplta/ %lzyamﬁ%%? ghg?rfgpgﬁegg @yc()tﬁ %—b@glgne{)?;gwl ﬂl h\ﬁ f&HaQﬁe oils (in

~paﬂhhﬂam‘mottemsa¢d botoondpuief fant gewn, |ohyean§as@f,h@nd sesame oils), glycerol,

l-l'

! aﬂﬁ;?&jﬂrlfu ' ?;tgh(;? ﬂoi%t}l%&{e g{N&Blb a%ﬁm deers GFABIHRH and mlxtures thereof.

te I one age | evels of acti
Besigrgrieatl @ihveats; fetomd canarsiigbe ey alsf inclAp @QH”Y%“B%%‘%&? Wgling agents,
emﬁ@ﬂur%dana%uﬁ)‘énduﬁg agents, sweetening, flavouring and perfuming agents. Suspensions, in

addition to the active compounds, may contain suspending agents such as ethoxylated isostearyl

alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminium

metahydroxide, bentonite, agar-agar, and tragacanth and mixtures thereof.

The presently disclosed product may be presented as solids in finely divided solid form, for example

they may be micronised. Powders or finely divided solids may be encapsulated.
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obtain an anount of the active conmpound(s) that is

effective to achieve the desired therapeutic response
wo ero4@220ar t i cul ar patient, conposition, and nORET/GB2003/003887

adm nistration (referred to herein as a

"therapeutically effective agpunt”). The sel ected

dosage | evel will depend upon the activity of the 15

particul ar conpound, the severity of the condition
Thebativeg cémpeand thap hel givere ag o stglei dose, am chufliplegloseseatiasa sustained release

[ ry of the patient being treated. However, it is
fonﬁ\h“ﬁ?ﬁh the skill of the art to start doses of the

compound at |evels lower than required for to achieve

It \Blﬁlebéj%ﬁd'jér?ﬂodt hemapeUitbiegdihd @t had e goaskdabhatmaceutical products
| ncrease

e dosage until the desired effect is
comERANG SR A Sy s R PETH T SR S ORI BB ERrRte OT0 or
(v} ih @ty firempattidle fams suitalle ot atal adhnihistratibn.aTheoalkatife aethtreetad falt is suitably
an TC}PF, ﬁOc, the salts mght for instance be adm ni stered

79 S8t anount of fromo0.5 to 2.5mg/ Kg tw ce daily,
calculated as TRI 50c. OQther salts m ght be
ExAMPLgd stered in equivalent nolar anmounts. However,
= the presently described nethods are not limted to
adm nistration in such quantities or regi nens and
cuiDiSigfiesexdmpages and regi nens outsi de those descri bed
in the previous sentence. 25 According to a further
aspect there is provided an oral pharmaceuti cal
All fherearhgiés refatd 1 ¢helNovapPraductsra dhecdisciosurde Spedifioally, the Eganmples relate to

[ dm xt ur. ith a. . ' ,
me bt tuen S P AR nePeliatrae e
feor Exanmples aldioi harst 27tol 2hrelate touSiethetip Matheds, IItaag ts o the High Purity
(al §§d%@ ég%ﬁs&%'l\)o@l Prog@aepers and granules. In such
[ osage forns

sol the active col;gound is typicall

i X Exebies  fa 1 reis fo AEetGiatods | prbio e etacieliatin and testing of the

acC RPIPPbEUCRRARIUERS thetechifilics ©F Syhthetic Bethedddi um citrate
or di cal ci_um phos no

hate and/or _ one or re: [ r
o BB R0 JaRTER Uapublitt Sraterasening By Ha ,“JR& 562, Bnd hence
gl uaRSRVel PRdHDELE Ghcding theréforecthe High iPdrity Fjodbétsid enesffediighin arterial as
as caﬁ boxynet hl%/t%)gsel | ul ose, al ginates, gelatin,
pol Y& ?ﬁ/‘feé%sch one, 35 sucrose and acacia; c)
hunmect ants such as glycerol; d) disintegrating agents
Q: 1 j carbonate, potato or
EX‘?’Q’%F%?;O% Zlﬁ“gﬁgﬁé?gfﬁiﬂé'ﬁ%@@d certain silicates and
sodi um carbonate; e) solution retardi ng agents such
Apfarabiy af fin; f) absorption accel erators such as

guat er nary anmmoni um coppounds;. @) wettjn ents_such
ket s et o TBOBE o ) e A5 e e, whee
appRby Rt §ietislisedisiparads féraahdling amtkrdvefetring iof &ir sensifivearagenty are used.

| ubricants such as talc, calciumstearate, nagnesium

stearate, W) 2004/022071 PCT/ GB2003/ 003887 65 solid
All BRI Heated gt 1em160°C Sordt Usast Ahioys bsfolef aseeand rien cooled either in a

m xtures thereof. In the case of capsul es and
deicgpipperdy aﬁ%ﬁf@bw&b@dfp&%%@‘ aaﬁi?@?)m 8&%‘ rnﬁrggerb uf fering

agents. Solid conpositions of a simlar type may also

B,e enpl oyed as fillers in soft and hard-filled gelatin
SolveptSu| es” usi ng such excipients as lactose or mlKk ‘
The oganic asvens| usedais tid pybcedwks oflixamplaed &h3 arfgecﬁll)d@{. rﬁu‘t@qﬁ)@ they are dried

ové}lsX&% wirk BLroXREP! €. 5

Dryness
In the drying procedures of Example 1 to 3, products are tested for dryness (including dryness in
terms of organic solvent) by observing weight loss on dryirig. The following procedure was followed



Suitably, the oral fornulations may contain a
di ssolution aid. The dissolution aid is not limted as

W 2004/0227i dentity so long as it is pharnmaceut i PE/G$2003/003887
accept abl e. Exanpl es include nonionic surface active
agents, such as sucrose fattg;acid esters, glycero

to %ge]rrﬂ%e goﬁs on ﬁr&ng g %;3mp rrgilrsipg %éatn \\éacgtﬁn grlr.?rsa'ﬁﬁ rdls’ecf & 48eC at 100 mbar
for pbbyrax fretiltid axe corkideled deyrvéer dheamsrteaﬂe imiveight upon drying is less than 0.5%

tan fatty acid esters,
m*ﬁ%#%%@*@%ﬁih@%%“ﬁ@ é@thers nethoxypolyoxyethylene
al kyl ethers, polyoxyethylene al kyl phenyl ethers,

Exaﬁr?ieyq Ry %@&rrﬂé }S%rmfan"ttetc\f tAE 'f&iloﬁﬁf] QEStior? UhEAX YAl Wh\@ﬁﬁ)n of the
t hi oet hers,

| am nes, | ene al ky

res‘ﬂ’@ﬂtyW§@Qtﬁ)¢lcé mp%'lt% gr opyl ene copol yners,
pol yoxyet hyl ene gl ycerol fatty acid estets,
pentaerythritol fatty acid . esters, pﬁgﬁylene gl yco
nonof atty acid esters polyoxyethylene Qropylﬁge
gl ycol ofatty aci'@ gsters, polyoxyethyl ene AN
sorbltoF/QEftQ aci d ester§““¢3if§ga0|d alkylohéﬁtdeso
and al kyl am ne oxides; bile acid and salts theregbipinA
(e.g., chenodeoxycholic acid, cholic acid, deoxycholic
acid, dehydrocholic acid and salts thereof, and OH
egC|ne or taurine conjugate thereof); onlc surf OH

activ agent such as sodluntlaurylsu e fatt

acid soépsm N ylsghhggates calkylphosQ ether
z-DEI@BP s 2Qf - bami ¢ ani’n Ysi~o~

triet am ne sdap, a kyI quaternary a i um

salts;” and anphoteric sufface active agents,

as bet ai nes| and am nocar boxyAHIBINfci d salts. Thegéﬁﬁﬁge
cOn‘pound§IC y also be in mcro-encapsulated form if
appropriateY with one or nore of the abéNe-nentione§:>
exci pi ent s.y2%Li qui d dosage forms for oraAl o

adntnlgig?yién\boglude pharmaceutically a ceptaQ@ TRI50b
emul si ; solutlonsﬂzfsuspeﬁsrons é%yr qu

elixir In addition to the active corfpounis;

liquid dod¥@Nforns may contain inert dlluen{i)

commonly used in the art such as water or other

sol vents, sbl ubj \zing agents and enulsifiers lmﬁnmﬂmme

et hyl al cohol ~§f>propyl al cohol , ethyl carbongte,

et hyl acetate enzyl al cohol, benzyl benzoat

propyl ene g@y@ol 1, 3-butyl ene glycol, di thyI

fornantdE 5 (|n 30 particular, cotto eed,

grounﬂo erm olive, castor,+ &nd sesan% NH TRI50d
oil's), glfy eroI t et r ahydr of ur f ur yIHNGBTSKol

pol yet hylehe glycols and fatty acid éstersNb Q?ELt<:>

and m xt uzespinker eof .  Besides inert dlluents

oral conpositions nay al so include adjuvants such as

wetting agents, emulsifying and suspend
sweet eni ng, flavouring and perfum ngda
‘Suspensions, in addition to the act
cont ai n suspendi ng agents such as hoxyl at ed

i sostearyl 35 al cohols, p@lyoxyethyl ¢ orbitol and
sorbitan esters, mcrocrystalline cel ose, al um ni um
nmet ahydr oxi de, bentonite, /agar-agap—and tragacanth
and m xtures thereof. The\preser di scl osed product
may be presented as sbB?q E fo nelwt di vi ded sol i d
form for exanple thgy mayy e gd. Powders or
finely divided solids may be jEeritapst ed. WO

2004/ 022071 PCT/ GB2003/ 00388 6

e conpounds, nay

TRI50c
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The active conpound nmay be given as a single dose, in

mul tiple doses or as a sustained release fornulation.
w®2dow/0290r1 be understood fromthe af oregoi ng tPEl/GBR@BH03887

are provided pharmaceutical products conprising an

al kaline earth netal salt, pagticularly calciumsalt,

LD/?L hf'i‘mHPJuQ “f"g%?“dg of FOHTLH a (llr)y or (I'V) in dry

orm suitable for oral adm nistration.
LiHNRS —authw h@@metavlﬁlﬁlam,aalsoéﬁpwn psslitym pigrirgethdsiylipmide
salt. 10 EXAMPLES GUI DE TO THE EXAMPLES All the

Exanpl es relsat eF_tro t he Novel Products of the
%&Mlly, the Exanples relate to 15

the different categories nmentioned in the "GQuide to

: ication" as follows: Exanples 1 to 3 and 27

Stelpgl Eép‘?@i‘&te to Synthetic Methods Il and thus to the

Hi gh Purity Products (a class of Novel Product)
Pm:—é&%mers 4 to 21 relate to Synt hetlc Met hods I and to
characterisation and testing t he
17. &gdm:& RMARHEAGNSHWE tYrAiBgS aémpﬁu@gol%}rw@gﬁﬂnﬁ é?? gl dry tetrahydrofuran

areMbRRESNd hdfled X Adik.ESThéR 16 anl2& aC@dSIl!itibh Nof WB 4 bdassthmele) 1-chloro-3-
mat eri al servin

el PR AP L S PR PHED EPErHEre HRCRr gl tnl the vigorous

reaBlivhi dtartsPr aftkicths )initiah egotedrinecases e thensobatiore of aichlaw-3- meilhbxypropane is

o8 A0 G A U S PTERETR b i

fi nlﬁhedpé\d weasBonomixiExe isprloeled 1o pr@blgnt tgmmﬁ@;gfedaquyaz@d@lpg, to a solution of
649 gsng?o@qqmﬁ Scfr?te iR rnq Rir @tt%hyd%?@n%h at.|hé $R@r solution is cooled to

ratus transferrin
belg\@ .ng qndy & tpaEm e duripg glq'@gqge ofsthe mapthj\} gggggépq_p rixture must be added

to ﬁ%@ﬁﬁ@&)t@tsloé\ﬁkﬂtolﬁgﬁiafn%e adm e%t@rte of the ¥sleton afeRives396.e Upoal complete
adqﬁqﬂ%ngéggaﬁmrbﬁkgjr%stqqo%e%s MY Ita%lﬁ )99(;? dy 561 i?or anotneq 60 minutes.

. ThémOé \selnmcm ofT2264 ol galfuric asaolwenm $n| unsaedl i addeheslqmos:eem teemaintain the

tenkﬂeragge b I gﬁ;.t grgg iI r%l%waat"%: lgll@ﬁe?&;?éﬁfe%d@eh ereese{)?]rated The
aquboys Iagarpﬁr wesher diyee fimE it P60 1 test Byt iesulties Fheocombined organic

Iayér@%?@ dndwRb tg Xﬁ]?%@d (a'd@ﬁédéfj Waer géﬁél:b%‘(ﬁfrbrﬂ thik %Blﬂﬁonolg removed. The

I'C solve servin 0SS Oon ary
orgatie e s @Wdrfyerpm@ﬂf’éﬂw uilpiss TRese awe%vawtzwﬂmm%e evaporation

reslag{s%gl@@ %QQ@@&ZCIp:@Yedtsﬁth@hQﬁém [igte RSSO TS5 YHin@iena. 34.8 g (292
mnﬁeqpmgcqmqharged tcgj the solutlon %)Howed s%rrlng ag am[mer?tdtemperg'tgrce: for not less
than 10 hours. The solution is evaporated to dryness, dissolved in 475 ml n-heptane and washed
three times with 290 ml saturated aqueous solution of sodium hydrogen carbonate. The n-heptane
solution is evaporated to dryness and the evaporation residue distilled and the fraction with Bp 40-
50°C at 0.1-0.5 mbar recovered.

Boiling point: 40-50°C / 0.1-0.5 mbar

Yield: 40.9 g (70%) Z-DIPIN B (oil)

Procedure B

17.8 g (732.5 mmole) magnesium turnings, 0.1 g (0.4 mmole) iodine and 127 ml dry tetrahydrofuran
are charged and heated to reflux. Then 15 ml of a solution of 66 g (608 mmole) 1-chloro-3-
methoxypropane in 185 mi dry tetrahydrofuran are added and stirred under reflux until the vigorous
reaction starts. After the initial exotherm ceases, the solution of 1-chloro-3-methoxypropane is
added slowly to maintain gentle reflux. After the reaction is finished, the reaction mixture is cooled
to ambient temperature and slowly added to a solution of 64.4 g (620 mmole) trimethylborate in 95
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for 2 hours. Products are considered dry when the
decrease in weight upon drying is |less than 0.5% of

wo b@4pzoal wei ght of the starting material. 5 BEXEHGBR@3/003887
1 to 3 describe performance of the follow ng reaction
scheme and conversion of the6@resultant TRl 50c to a

| b t - ™
ml %g’ l‘c:ditonjé%)_d%?upr%rl\\,l rﬂ\ﬁﬁt%%fglg trﬂ% /&Qng_elratd}@ @ thi® sElutidd' b&dw Milnus-68°C.  Upon

completp/pdsifgn, thg ceagtionympgugsg iy a@vgd%@%% ?q;éb%lub&{’btgarg_s%%az foL\'another 60
minited! Fhéh £sefatioh BF Db.B mi kidurid\ad in0400 niDwwiter @ ddded RbEIQIso ¥ to maintain
the?ter%g’?lgu%ﬁ%%m.ﬁq%ﬁ%gwﬁ %8¢@hﬁ%%ﬁ%ggy&hﬂ%%%nd&:vgcugm\ 300 ml n-
hepfarialiftHarged Acthd ag@ous golution of the evaporation residue followed by addition of 34.8¢g
(292 mmole) pinacol. The two-phase-mixture is stirred at ambient temperature for not less than 2
hours. After allowing the layers to settle, the aqueous phase is separated. 300 ml n-heptane is
charged to the aqueous solution and the two-phase-mixture is stirred at ambient temperature for not
less than 2 hours. After allowing the layers to settle, the aqueous phase is separated. The organic
layers are combined and washed once with 200 ml water, followed by 200 ml saturated sodium
hydrogen carbonate solution and two further washes with 200 ml water each. The n-heptane
solution is evaporated to dryness and the evaporation residue distilled and the fraction with Bp 40-
50°C at 0.1-0.5 mbar recovered.

Boiling point: 40-50°C / 0.1-0.5 mbar

Yield: 40.9 g (70-85%) Z-DIPIN B (oil)

Step 2: Z-DIPIN C

. 16.6 g (164 mmole) diisopropylamine and 220 ml tetrahydrofuran are charged and cooled to —30 to

-40°C. To this solution 41.8 g (163 mmole) n-butyl lithium, 25% in n-heptane is added, followed by
stirring at 0 to ~5°C for one hour. This freshly prepared solution of lithium diisopropylamide is
cooled to —30°C and then added to a solution of 27.9 g (139 mmole) Z-DIPIN B in 120 ml
tetrahydrofuran and 35.5 g (418 mmole) dichloromethane at a temperature between —60 and -75°C.
The solution is stirred at that temperature for half an hour followed by addition of 480 ml (240
mmole) 0.5N anhydrous Zinc(II)-chloride in tetrahydrofuran or 32.5 g (240 mmole) anhydrous solid
Zinc(II)-chloride. After stirring at -65°C for one hour, the reaction mixture is allowed to warm to
ambient temperature and stirred for another 16-18 hours. The reaction mixture is evaporated to
dryness (i.e. until solvent is removed) and followed by addition of 385 ml n-heptane. The reaction
mixture is washed with 150 ml 5% sulfuric acid, with 190 ml saturated sodium hydrogen carbonate

solution, and 180 mi saturated sodium chloride solution. The organic layer is dried over magnesium

sulfate, filtered and evaporated to dryness (i.e. until solvent is removed). The oily residue is
transferred into the next step without further purification.
Yield: 19 g (55%) Z-DIPIN C

Step 3: Z-DIPIN D
To a solution of 23.8 g (148 mmole) hexamethyldisilazane in 400 mi tetrahydrofuran at -15°C is

added 34.7 g (136 mmole) n-butyl lithium, 25% in n-heptane and stirred for one hour. The solution
is cooled to ~55°C followed by the addition of 30.6 g (123 mmole) Z-DIPIN C dissolved in 290 ml



10

15

20

25

30

35

OHOO=< 0 0 NH HO NH TRI50c WO 2004/ 022071

PCT/ GB2003/ 003887 68 LDA = lithiumdiisopropylam de
waedMDR0E | it hi um hexanet hyl di sil azane, al so kPCIMGBa®3/003887

[ithiumbis(trinmethylsilyl)ani de EXAMPLE 1 -

SYNTHESIS OF TRI 50D 5 Step ¥p Z-DIPIN B Procedure A

b B S TRl ST DS B B, e s

is ellvared dol wamj th@atb@dt {eomersturesend FHier 1 19 hayrs. o The FrepEiRprmixiure is

evﬁioragéi 8 dnfd v§;)ora1tloﬁ héRK:e d§50l\lé§'im974yrﬁlrrplﬁé%%e) Wash&bwith 170 mi
tetra rofuran are added and stirred un

wagas fangd /5 uﬁtsa’{urqt%sogliumlge solgfiont | ThHR ckqanicipbase s pgﬁac{ PY§E magnesium

sulFa‘?é tf‘ ItéJed Sﬁ@é\ﬂﬁérafe@ eP&apletd drons8olil! Urﬁmsdleent is removed). The oily residue
nt al

s Guabro i B saen. TRE s ST i Lot Qe At e

pufifica®dn. t he reaction is finished, the reaction mxture
ol i.ent tenperature and slowy added to a
Y‘%@nggézg"/ ?Pgﬂ@ g (620 mmle) trinmethyl borate in
951m drytetrahydrofuran; the latter solution is
st&f?! £91b 56l fdadnd, if it warms up during the
c'gu rse ?"fﬁg reactlég the reaction m xture nust be
added to it suff|C|entIy slowy to maintain the

A doRfEBEbRdeN § (Af mﬁnbkysz:@mmtu in182)8€) PHeptEnCis dilpted with0Ine theheptane and
addi ti on e reac n dto

bl D v B PLRRFIR S (Bagmpbiolet TS e rescton

migtoteUt sib3equbntlZevdcuated sud flushed witle initkogen, 200 thﬂa temaeearturiegs increased in

in aegﬁe&% oj@wjt}?ﬁ&oﬁo%%b Rt Mg%ﬁr@ ‘ﬁ%esoggnttlse tfgjrn’? We oily precipitate

ayers ar
ang hreglared esev;er@etpjmsdtye@p i Heesh adepBS |T§9@ily|rg51¢@mg§g&ved in 60 mi

te&ghk@ﬁfupdnqggiu%t,@ 200 m tert.-butyl nethylether. The
ned organiC layers are allowed to settle and

addi tional water separated fromthis solution is
T aealiﬁé?éﬂ fladi €30 rﬁlrtgmw@rofuaaf@ P4.5 § (61.5 @tinals) erD-ABgPresOHIaNd 6.22 g (61.5

syl f I te apqr.at.e T
mlg{)j Imgﬁy%}? hp@rgal e, ghqr%edfqo ﬁ I%cgto %8% y’ﬁ et?'n‘gsrsgléjpgn g s?lut ion of 84 g
(6$.Blmrdola)n§bml‘ytahlbnofdrmamen an smdétrahvidroﬁuraﬂs adired tapdi gnngs!, for 30 minutes,

folﬁ)gll'eg tb? Oa%g ﬁgr] %r55 rUgBII] 9\) atp—'zgaccobpénsc %&ﬁeﬁ@?&hlﬂoﬂ E[??o 16 mi (115 mmole)

Stirri at a erature
tritbylamioe isladdes totatliet el b0,P-40, MTeRGUrSiG P Pick. The reaction mixture is

aIISN \/va"\%l&rﬁ go Elﬂl?{grﬁ%h@p%?atur@'aﬁé; %rbé@%r‘ Dhdhf sl unBeRRSgRMNEThe solvent is

ree tines wt sat ur at ed
evgesraied bndoess el i Wawatj@nfes%eo@f»ﬁab' inr#® Rl lppugethether (¢
BMEY! trhé Qdlutioh of Yanemah edmMEGs Wasy e ticeawth Iﬂsenlammmmmm acid. The

resi due distil
comblne(gfI acidic washes lal%dgl\?err]]da ;erv]v%shf vr\n CHSO ml ’y\él\;lth jﬁ% combmed organic layers are

washed with 175 ml water, with 175 ml saturated sodium hydrogen carbonate solution, with 175 ml

25% sodium chloride solution, dried over magnesium sulfate and filtered. This solution is carried
over into the next step without further purification.
Yield: 29.9 g (80%) Z-DIPIN

EXAMPLE 2 — SYNTHESIS OF TRI 50D (DIETHANOLAMINE ADDUCT OF TRI 50C)

The starting material used in this Example is the solution of TRI 50b ("Z-DIPIN”) obtained in Example
1. The solution is carried forward to the synthesis of TRI 50d without further purification. The
solution of Z-DIPIN in t-BME (containing 7.0 g (11.5 mmole) (R,S,R) TRI50b, calculated based on
HPLC results of Z-DIPIN) is evaporated to dryness and the evaporation residue dissolved in 80 ml
diethylether. 1.51 g (14.4 mmole) diethanolamine is added and the mixture heated at reflux for at
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50C at 0.1-0.5 nbar recovered. 30 Boiling point:
40-50C / 0.1-0.5 nbar Yield: 40.9 g (70%9 Z-DIPIN B

W@ oiokp220Pr ocedure B 17.8 g (732.5 nmol e) magneBCTEB2003/003887
turnings, 0.1 g (0.4 nmmole) iodine and 127 nml dry
tetrahydrofuran 35 are charged and heated to refl ux.

lea{thl%ﬂ?oqlﬁs mlé;mgfwlfcﬁga%ddgd e Hl%tiuc@ %r Eﬁ%?sg fﬂé‘%‘u?ﬁensnon is cooled to 5-10°C,

filtered andtpelfiltst vesige ara@edww@detaviathgrtu rred under refl ux
unt|I the vigorous reaction starts. After the initial
xot herm ceases, the solu P of - . .
To 1m@ﬁv%%a'§ﬁﬁéh%&i} BFVEbHWéN%tg ter Akl L 1i%iFsgvedin el fichioppmethane,
codl@ntd @s5¥Ehiduhe pAiduer préd]ﬁtafeaaxs‘/tadﬁlﬂon sf i1 mi gietgliethehend filtered. The

t d t
ol R DR 6 ot o B AR BB B o
Yield: Sm&jdag%b)mrme in 95 WD 2004/ 022071 PCT/ GB2003/ 003887
Meglpg%r] ahdeOfuran mai nt ai ni ng the tenperature

so ut| on bel ow m nus 65C. Upon conplete
addition, the reaction mxture is allowed to warmto

ExARALEL %Ee;;ﬁﬁdn éF@&LciLﬂW SARUHES@0 m nutes. Then a
sofution o urrc acid in 400 m water is
added slowy so as to mai ntain the tenperature bel ow

1.2R&. (2. 5hgoley gansoe faal mmpldha it efiseoned hy1005 4t ditHi@dbmethane. 11 L 2%
r. vacuyu t

S Sea s apde g g Rout SDRTR o & B8 Hpl dimaly about 20

millytes) itl rdomotempéraBite. 8 Afer sti2ibg tmenieyery argi allewes! to sEile and separated. The

s RIS} Rl 4 2 a0k A, ronc s

arg washed wittea seltiionAf Geoaamphrde chlgridgdiyarat é\@?er 3060e Wgamc phase is dried
ovél rﬂfg‘ﬁfeﬁlfh? siiftte, RIRAEORE theoritte e@éﬁn%@dﬁo aghats] AR agtagofithefree boronic

two-p hase- meUI‘GISoﬁtlrre

ac) AT B4 VARG BBy TP POUMGED L gl g the sat are

. calt@ats@t tf @.5 MBIeofaMUEfQHSacldhasﬁtairﬁd stiap avadoertion TésiHuerigdisdolved in 5 L

ac%&gteléi?ey fe 08\16? oggguia#gsgogtoﬁpgs é? g 8)@?}:&0%9 gydnmde in 1 L water.

The aschdinm tie slsmédijrotwoahwrs ab afmbienh é&mmlﬁés(e\m t1I5 3@% qftimally room
ter\é\ﬁetrgt[lreg%ﬁd1 &eﬁ &)rd}gdjh@d%? va&IQJnUﬁBf SmﬁM?thr Qté?rgJeFa@hre initially of

evaporati on IStI
abOWEALPE ond \thqnhncmasung-to S0WiteT ot €. THareFROERIR U Is repeatedly

s%&%dd' |ﬂ93 539'fr%§h aé&mﬁﬂ@aﬁd @vaém@te'a tRiRnesslio ré’rhé@}fgtracéﬁofgwﬁer If the

evgmlommdgy lscgry,grdﬁ, Fllé‘.i_(,)i)lpqim %%tegﬁhydmawnd\él wly added ¥ a mixture of 32
L ﬁ-ﬁéﬂta{éyémca‘zw aiBth EtﬁelC hﬂ{e%ﬂltlalmd; &ﬁﬁﬁn&d diovly adutioto 2@id lumping or

stlplﬁlqgmf d'?ﬁ pr%cg% qrﬁ l%gaﬁr tog'h%ver g%gr&% é’g nd{ﬂo o5 |58 ?dan %g%lﬁdﬂes The precipitated

praduict Isi fitgredtoff) washedS@itf otheptaee arpludried Tunider Vacemhl(qf ca. 10 mmHg) at a
['ithiumdiisopropylamde is
epERl i L]

then added to a solution of 27.9 g
Yield: 3P 8kol7 ©p) THSOE RAlgenBsdltn 120 ml tetrahydrofuran and
35.5 g (418 mol e) dichl oronet hane at a tenperature

bet ween -60 and - 75C.
The procedures of Examples 1 to 4 may be scaled up and, if operated carefully, will produce highly

pure salts. In the diethanolamine precipitation step it is important to use 1.25 equivalents of
diethanolamine per equivalent of (R,S,R) TRI 50b. In the hydrolysis of the diethanolamine ester, itis -
important to avoid excessively long contact with the aqueous acid. Likewise the TRI 50b should be
synthesised via the Grignard reaction to Z-DIPIN A.

EXAMPLE 4 ~ ALTERNATIVE CONVERSION OF TRI 50B TO TRI 50C
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The solution is stirred at that tenperature for half

an hour followed by addition of 480 m (240 25 mmmol e)
wW@2@MNozonydr ous Zinc(l1)-chloride in tetrahydrpdTIGBRO0GI003887

32.5 g (240 mmol e) anhydrous solid Zinc(ll)-chloride.

After stirring at -65C for onge hour, the reaction
Thd! s?rlitHé’tﬁ érgceﬁbljeé) We&nﬁ% gf? Loy u@lﬁt syh@ERE RIS A generally

strrred Tor ano 6- hour s. e reaction mxture
peiifermed apster nitregentapd uging die s@vents ag .sunpiﬁd frony gamasigialisgurces.

rermved) and followed by addition of 385 m n-heptane.

ction nixture

L. SUpiEatEY 200 8, O 100U RIS O AP PR O ReDifeTL 500) were
disENel Gméﬁﬁoxfﬁﬁ)atéhp b.lstu dethylé@nest. I61 esfimated thatdiffaterst ddichen of TRI 50b had

l.oride sol utd 0 Nl Gl dri ed over
'SOWﬁ%%g'?fﬁﬁan%Tﬂ Oé?%s 4 F% l?g gaxcgssd)?é%g lié?"é\t ed to dryness
2. Appreximataly iS5k nd alietr@ntlamise mereadded) (1: Irhtelchwm«ytryr@m @tpb TRI50b content),

t st thout furth
ané [h% t@%{mﬁg réﬂﬂ%ﬁaﬁ(tgg qug ?52&) le DIOlIEI’I N g:r Sgr

Step 3.
3. zuaemremmated Peodeictaek ramayed, gvested sevegp! timapigfigthylether and dried.
. Mét% §HEM§I AHEIA A8 drcnhibrt dcRling L play saiBecdnd-tHebiixture was
4 ?@@Vﬁ@g 7 136 m*f?'oq@ n- but yl Wthl um 25%in
stinnedmptoamt@,nth a;trmqmempﬂ@tur@ne hour. The solution is
i JSyef LB halea iR NRGElisbiln. of 30.6 g (123
> ?ri%%@%“%%f%?’ﬁ%%é ssol \?gﬁz‘ in 298 b VD 2004/ 022071
6. PRI OrGIBRORRARQRS Qigtilled Offtaed the mesiiuaifsalidamodunidvadSiriad.
tetrahydrofuran to this freshly prepared sol ution of
Li HVDS. The solution is allowed to warmto anbient
Typieatpieidabppraxireately 230 g red for 12 hours. The reaction
m xture is evaporated to dryness, the evaporation
reng due d| ssquEvedl E174m n h,%%tca wl fﬁy\'ﬁ,sf%&% th 170

sol ut| on. The organi c phase is dried over nagnesi um 5

Cb? I%L% grtofﬁgfqlvlllplggqi-[ &gr@gﬂ .,7‘5‘8e f@ﬂ)g&gpgﬂx)?ed gyﬁ@goﬁﬂ]oﬁﬁogsl?%{xag §rsis dissolved in

acelbsigitd (260l) with Sring at-rbamp temperatufé $o thid s@tun@nls |a§dQ§laia((P|@d asa 0.1M

over into the next step. with urt r ur.ificat
soig i e vgtey U PP o8 st B3 2 Rl at room
tefoddrbitafand Qlﬁdmc&écuétes i} dﬁ/nem wader 24Gun gith &4 tempetagre not exceeding 37°C.

Z-DIPIN D 82 t di luted th 60 m
T*ﬁ-@?&&"&ﬁ@dgﬂn& V&%tgl Egle Sgil% 28% Iff)l I Iovvtl;debyw: nt roduct i on

of 10.5 g (285 muol e) hydrogen chl oride. The reaction
THEISHE HESnkP Rl RAGH VERLIOVERHELR BleAR e 9ARF Wi 1

ni trogen, e’ nperature is increased in 15

i ncrenents of about 20C to anbient tenperature. The
vi§@l i@y, is removed fromthe oily precipitate and

repl aced several times by 60 ml fresh n-heptane. The

oily residue is dissolved in 60 m tetrahydrofuran
EXARIOL U8 i gPCOND AITERMATINE BREPARITION @B KAIIIM SALT OF TRI 50C

. tetrahydrofuran, 24.5 g (61.5 mml e) Z-D Phe-Pro-OH

and 6.22 g (61.5 20 mmol e) N nethyl nor pholine are
SMQH'QHKDCQMZ cwol)erd dissoReDndostiringdn 2% mkgcetenitrile at room temperature

and%elf‘lt 8184 mth §n Acle ath. To this ice cooled solution 100 ml of an aqueous suspension of 3.5
g (47.6 mmol) calcium hydroxide was added dropwise, stirred for 2.5 hours at room temperature,
filtered and the resulting mixture evaporated to dryness, the temperature not exceeding 35°C. The
clear yellowish oily residue was redissolved in 200 ml acetone and evaporated to dryness. The

procedure of redissolving in acetone was repeated one more time to obtain colourless foam.
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(61.5 mol e) isobutyl chloroformate in 20 ni
tetrahydrofuran is added and stirred for 30 m nutes,

w0 odosoeeedt by addition of Solution A at -25C UpONGB2003/003887
conplete addition, up to 16 m (115 mmol e)
triethylamne is added to adj7@st the pH to 9-10,

Thg‘??a?ﬁ‘ (NﬁgreHﬁéoWéd f’h fUd r§|ta'c§t5ne, ﬂ?&ed ﬁﬂﬁédd@ﬁdﬂb%%é’fo&ad l§e cooled solution
enperature and sti

of 31G0¢omt BEtroéF‘th'] 4%9‘5@'?‘1 Hoprrﬂgqé‘ﬁhw% JE yesyiting gol%less prec1pltate was
fi lt@%@ﬁﬁﬁsﬁéd&@ottlﬁmeﬂ itk @aﬁol ainer 40760 Sdased atdep Righ @sdudivigyielding 49.48 g of

o SRR IR U b K ol Y RIS e

175 m 1.5% hydrochloric acid. The conbined acidic

Exéﬁfh'ﬁ%s— f’i‘\/lIr /G1sgi ¥ %BE@RE\ %‘n‘l‘%i\hcﬂ’mté}lﬁé?ﬁﬁ? 5dch 3'1’55 Lh e
wat er,

with 175 m saturated sodi um hydrogen carbonate

UV?\%IIH‘I.'l 5 ¥dtra \ﬁf fnB shif Pesliting @&r(%ﬁé’ﬂ’oéﬂéihl‘é%f EdrASe SCWe‘F@ ke@brded in distilled

dried over nesi um sul fate and filtered.

el 20 78 16T 1R APON0 TIGPC PR 7 B R 710 and 258nm. The

weyh{)%ﬁ%\ld%wés g'\léﬁ h&%jégptge gﬁ%%F o?%alc%laﬂng{ e @(tmctlon coefficient.

The Bingl #12S8NENEseADDISCRtimytioT Feffispal wasgalpyjated tisig the fprmula:-
material used in this Exanple is the solution of TR
50b ("Z-DIPIN') obtained in Exanple 1. The solution

A + sd oehera eds fherabsoribbnte t he synthesis of TRl 50d wi t hout
further purifi solution of Z-DIPIN in
t- BVE (cont ai ncﬁ%ﬂegg celtidtion 52 | e) (RS R TR 50b,
cal cul at ed bad#e R 'eﬂﬂ%LthF%QYllcﬁ”s of Z-DIPIN) is
evapor at egqdt o 4¢ yeesmcihdothi@erevapor ati on resi due
dissolved in 80 mM diethylether. 1.51 g (14.4 mmol e)
di et hanol am ne i s added and the m xture heated at

ExtirefibrucoeffioientapssWO 2004/ 022071 PCT/ GB2003/ 003887 71
| east 10 hours, during which process the product
preC| pltat es. The suspen3| on i s cool ed to 5-10C,

JFQYStIOEUR MISAL

X P 4 ¢ - oty A,
dlethylether To |nprove chiral and chen1ca| purlty
the wet filter cake (7 g) is dissolved in 7

Theiselhpsse dhibisiagrenle was e léa‘gtadn@'f‘séloar?& t'iet%“ﬁ?sotéﬁﬁﬁftbed in Example 6.

ThE rn%alﬂéﬂ tp?dc% ctiﬁ’erél(ﬂﬂmtthélrﬂe@énbé@|rmhald1ﬂh|@yd>fetm &0c &as used as starting
| tered e

magaal iR BP0 Of B8 SRISHONRSI o Wa@hwﬁj gr&g'ﬁ et g a8 ﬁe flration was
cakri30 Wt tAirougHA0.2 M ffittérN Thdsaltnd belidve tdl bn@inldboEDESMPLIR, SR isomer.
PREPARATI ON OF CALCI UM SALT OF TRISOC 1.5 kg (2.5
mol e) TRIS50d from Exanple 2 is dissolved in 10.5 L
TodHetdninine oresimusraguedus soluliity 25malofdbé Hidad; selt ameredshilkendinl wetgr at 37°C, the
sa?@lg fi fté}g(li Fﬂdxth% 07 sbeggucﬂ;l 'rr{eﬁé?ﬁjedf ‘?ﬁe é& ISt FedlduB bF Bitissolved material.
m nut es) room t enperature.
After stirring the |ayers are aI |l owed to settle and
Soﬁﬁm@rvﬂfeﬁalssoW@atlﬁn@me%ﬂ (5 ag@hl).i s given a rewashed
twice with 2.2 L dichloronmethane. The combined organic
| ayers are vvashed with a solution of 625 g ammoni um
ExalPIr 9 dewi virrRb RS TNITYWE eALCITMSAIOTQRITRIG0Phase is dried
over magnesiumsulfate, filtered and the filtrate
evaporated to dryness. An assay of the free boronic
TRI 50c calcium salt was assayed as an inhibitor of human o-thrombin by an amidolytic assay (J.

Deadman et al, J. Med. Chem. 38:15111-1522, 1995, which reports a Ki value of 7nM for TRI 50b).

The inhibition of human a-thrombin therefore, was determined by the inhibition of the enzyme
catalysea hydrolysis of three different concentrations of the chromqgenic substrate S-2238.
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acid is perforned and the anounts of the sol vents and
base for conversion of the acid to the salt are
w@adogirared. |If 2.5 nol of the free acid i s obePEi/G82003/003887
the evaporation residue is dissolved in 5 L 20
acetonitrile foll owed by addiz4i on of a suspension of
93 g (1.25 nole) calciumhydroxide in 1 L water. The
solution is stirred for two hours at amnbi ent _
20Qyé o) saranles pe bifter @nd B8 31 S-223p ierminFypated 37t e s r AinbieeAnd S0ul of

hurﬂ&ga&ﬂ}@rﬂblﬁw‘ﬁ?ﬂ%ﬁﬂ? Wad gdded AThELIARIGI Ghte ©Rinhibedandhinkibited reactions
tenperature_ initjal of about 10C a

werenger@rded figt-en-a The H?Fftea%ﬁ in DBHRL defstey W %g’%ﬁ?’a?fﬁ?rﬁinﬂ {, the method of
LinbR&vElUufdiBairkee maakming apgHrat &inviegte idstednibedLantiné &/bs calculated using the
acetonltrlle and evaporated to dryness to renove
relg§oR of water. If the 25 evaporation residue is dry,
it is dissolved in 6 L tetrahydrofuran and slowy
added to a nixture of 32 L n-heptane and 32 L
di et hyl et her. e additingn is perfornmed slowy enough
to avoi d | unpi ng or gsj ickifpp) of the product and is
carried out over a9 2{‘ c%p}v | ess than 30 m nutes.
The precipitated pr |Itered of f, mashed Wi th
n- hept ane and dri ed under vacuun1(of ca. 10 at a

R R P A 2 S P ] o o

a¢mmk@uﬂmnnymhﬁoﬁﬁ@h@ﬁmumaaad if operated carefully,
wi Il produce highly pure salts. In the diethanolam ne
precipitation step it is inportant to use 1.25
The gamplesl condiss obthe capuirhdissolsed in®MS6r equi val ent  of
(R'S,R TRl 50b. In the hydrolysis of the
di et hanol am ne ester, it is 35 inportant to avo
The xeadersis veferyed to mixor.on Bad Well, -+ EB2YASE e Bl ea'ewu 1979 Academic Press,
the- IdlBBELRE of Rhich s iRBRbopdi@l hetelEby sdfeResifsredl fuitivert deecription of the
Gignard reaction to Z-DIPIN A EXAMPLE 4 -
megpUEMRIAPf VE CONVERSI ON OF TRI 50B TO TRl 50C WD
2004/ 022071 PCT/ GB2003/003887 72 The synthetic
cedures describe subsequent synthetic
TRE&@ &&E%Wésa%sﬁ%"ﬁ‘g r{/‘;’v‘g%‘ér g?ﬂﬂed under nitrogen and
using dry solvents as supplied from comrercia
A AECRS: ke fRS QL PR BPGngsre! TRl S0b. ot ai ned
py thne HPLC puritication of racemc TRl 50b) were 5
dlssolved in approxinately 2.5 L diethylether. It is

TheShibtiRtBrbilitalor thefrkgpeaive hpdbhdee Bf afagrdsiumbéld Aradhre such that, if these

i SONeric urities rangin from 85 n ex
R Bt oS g e e PR TR S B8 Brocedre of
Exd@ple S?Ciﬁ’@dwédd hotshave aBsultee i formdgehedus tsalt fOFRBLIAR0D New methods were

t he m xtur d i B
o3t b B Rkl B bl v e e
extmples Wi th di ethyl ether and dri ed. 10 4. The dry
product was di ssolved in CHCl 3. Fwdrochloric acid (pH
1) was added and the mixture was
TRABPE sodiummsa] (2246 GtOmMDorastcisagivad dn el'ﬁt«ﬂled B\'ate'rl@émm‘)g%moe" temperature

anldaz}ﬁ‘é rchMﬁée ih Q*ITI?‘\(@ d7ANd.5va 838 @ar@ﬂuﬁ;"‘adﬂb@r@ith %l!ilhh@ i mwmt@ precipitate that
ani ¢ solvent was dis ? ? B i dual
lmg@plptely eraed was flkgred Rt ayg washed w1th dIStll ed water_ This Solid Wab disdlved in ethyl

acetate and washed with distilled water (2 x 50ml). The organic solution was evacuated to dryness

and the white solid produced dried over silica in a desiccator for 3 days before microanalysis. Yield
1.20g.
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15 Typical yield: Approximtely 230 g EXAMPLE 5 -

FI RST ALTERNATI VE PREPARATI ON OF CALCI UM SALT OF TR
WG E4/02202t Phe- Pr o- Bor oMpg- OH (20. 00g, 38. 1nV) POI/aBaed/003887

by the nethod of Exanple 4 is dissolved in 20

acetonitrile (200m) with stizering at room
1 r Tt ( a
Hgﬁﬁﬁﬁﬂﬁ%taﬁgmébr? IIdIiIu Iifbg ﬁPAIIB ‘i@'g@h GR ﬂdhib), £58 (4H, m, aCH),
3.65d3l maRt31E1AhmM)sdRIt6HoR chis)s?ﬁ?l( d d7- Sﬁz)h%ﬁ? £Hym), 2.58 (2H, m),
19698 m) SAREIGH he and then evacuated to dryness under

vacuumw th its tenperature not exceeding 37C. The

resultant product is a white brittle solid. 25 The
Besail 79e% 3BRB(ADIOD) 1UBISE r159.80,U138)106) £37.65} 1130C54, t120.62, 129.50, 129.07,

i N T e S R I S

FTBO(KBr Asch @0 (gmTRB2A0G 06572307101, )293R.P e 281555 013¢68, 1956.2, 1711.8,

[ [ 5 t.oni I
1o P RO S P e Bor o e A 8E L8P0, g7, is0, 0976,
748.66¥d0 b5, $86.6t i on 100 ml of an aqueous suspensi on of
3.5 ¢ (47.6 mmol) cal ci um hydroxi de was added
dropvm se, s rred for 2 5 hours at roomtenperature
1oPRER/ Qla M4 : Reaporated to
dryness the terrperature not exceedl ng 35C. The 35

I d I
el il h 00084 oh 7 b R HRECORF AR e o Wpblore. To
thi§ esliton alee iaddedi magnesnlm) methagide (Mgi@aOR) inomethanst 61.95mie/ .8wt%). This
BB S 253 300 MR G490 o et o . gr 5
wagithencagitieshand thé baligion @va;;naje@dmfgu tQIHIRRGE géylelg aglyhlte é@ld ThlS was dried
ov%%@%?%r g9 %I{ri%? re ®kind- Il hidRh&IRs. efidieFeoffy/ 60 and

ether. The resulting colourless
pr eci pitate was filtered, washed two tines with

. HRGIR omek I‘rﬁ(coé@bﬁ@gaﬂm dmzecmm @I@r 6 b @iH, \v@c wBs(4H, m, PhCH,0), 4.38

o 4,5 O SRR b 5 o o

un%mwets)uw VI SI BLE SPECT RA 0: CALCI UM SALT OF TRI
50C W/ Visible spectra of the salt resulting fromthe
procedure of Exanple 5 were recorded in distille
BrvaiMBr 758tz 298K Be(6BaCI@)ORsh 206.560 1180, 1RY.760298Md 1%%’91 44949, 129.09,
12g%e%z§r6ﬁx7@i3 3319 3798 2R%RNe. 5?@6 03-048V3@ @ﬁ87 @é 0d, IE@ 42, 25.29.

sal en measur ed

ur

FTER (681 650 rigad R et FGh I 8TH3 PR, G Kl 2116, 1639,

15358 NHowAs1443 80125521 BXB) Neskiep M020®e017.3,i78b, 698%, 594.9, 504.5, 467.8.
cal cul at ed - usl ng the formula: A = scl where Ais the
absorbance Cis the concentration 15 | the path | ength

paipLhE LMIALEETS OFa0AICTEM] MAGHEST 50C

The following salts were prepared using a boronate:metal stoichiometry of n:1, where n is the

valency of the metal, using (R,S,R) TRI 50c of higher chiral purity than that used to prepare the salts
described in Example 8.

A Calcium Salt (Product of Example 5)

Analytical data Physical Properties

HPLC or LC/MS: HPLC betabasic C18 Column, Form: Amorphous solid
CHsCN, Water

- Colour: White
Estimated Purity: >95% by UV (A21snm)
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Extinction coefficient: 955. 20 EXAMPLE 8 - AQUEQUS
SOLUBI LITY OF CALCI UM SALT OF TRI 50C The salt used in
wao hiog/o220anpl e was made using a nodi ficati on of PETI6B2003/003887
process described in Exanple 6. The nodified process
differs fromthat described 76 that 100ng of TRI 50c
was used as starting nmateri aMelt,,gdg,Q,,rQIMUct of the
Midr&shiah2iel ution in water was dried by freeze drying and
the Tiltr@khon wWasroumd carri eshidifty: SHISE thagaedds Abin
c:filter. TFbeysalt isslpelieved tp4a@mhiai n about 85% of
H:R S,R isgmer. To de&t4er m ne maxi num aqueous solubility
N:25ng of t7/ dried galst were sMgkenl1088.88at er at 37C,
OtlidneB: sanple filtereadiand the UV spectrum neasured. The
sal@a: | ef 3.68 whi te B&Si due of undissol ved material. 30
Solubility when dissolved at 25ng/m: 5mM (5 ng/ m).
EXAI\/PLE 9 - I N VI TRO ACTI Vi TY OF CALCI UM SALT OF TRI
. OB QNG WBRlegdsdayed as an inhibitor
of hurran a- thron‘ol n by an am dolytic assay (J. 35
Deadnman et al, J. Ned Chem 38 15 %é 152t2 1995 whi ch
Analyticakdata i val ue of 7nM f or PRYSC
HPLObY 1)/ M1$:HPLO bethibagia CLBESIG DI Fortniy emelfpbmus sonuas
CHoeN, @ratdrned by the inhibition of the enzyne catal ysed
hydrol ysis of three differentCdoncWhite ati ons of the
Estirhatexh®ugign i>60% Uy $Vr(3dien)S- 2238. WO 2004/ 022071
PCT/ GB2003/ 003887 74 200l of M§|§@P®toN/Abuffer and 50l
Migp awly3838 were i ncubated at 37C for 1 minute and 50I
of  humarfakdt hr onbfogn %O 25 NI FplvRility:Ralyblg fiRgyeous media
Cinitial 0838 of intWBPted andAMMbi ted reactions
HWere recdded at 4.%flm The |plgreaﬁ@3rﬂgt opti cal
denS|ty pl otted gccordi ng hod of 5
Other; vveav 6and Bur The Km and apparent Km were
det and Ki %2 cal cul ated using the
relationshl p. Vmx V1 + Kml +[I] [S] ‘Ki 10 The

' cbuf ffifr#i@ﬂ%g%@l;ﬁf@?gm%ewzsom um phosphate, 0.2M
* , U. D90 b sodi um azide, adjusted to pH

7.5 with orthophosphoric acid. The sanpl es consi st of
ntam,cgp&gwund di ssol ved i n DVS@hysiéal PRsheigagler is

erred Di xon, M a@d V\aébbF E% IBEnZ%@q"jSII’ third
HPé@P'E 'r%'ﬂs '1@@@“35@@5&%% UBres s FOMME RETORNAE re of
CHafY- ‘Frs i ncor por at ed herein leoﬂremrteence for a

: &t of the neasurenent of Ki. TRl 50c
Es rﬁ?ts(?ﬁ Sﬁig A)V\Iﬁ lJ\P ¥¥Pved to hR¥Rg Poifil Naf 1 ONM 20
Micro analysis:

Calcd. Found. Solubility: Soluble in aqueous media
C: 58.21 56.20 ca~2mgjml
H: 6.33 6.33
N: 7.54 7.18 My: 1114.18
Other: B: 1.94 1.84
Zn: 5.87 7.26

Notes: The trigonal formula of the acid boronate is used in the calculated microanalyses. It is
believed that a lower calcium salt solubility is reported in example 8 because the salt tested in
example 8 had lower chiral purity.

Conclusion
The zinc, calcium and magnesium salts have all been prepared with a stoichiometry of one metal ion
to two molecules of TRI 50c. The values found for the calcium and magnesium salts are close tp and
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EXAVMPLE 10 - PREPARATI ON OF ZINC SALT OF TRI 50C The

relative solubilities of the respective hydroxi des of
wore@aesioom and zi nc are such that, if these hpdr/oBR@WEH03887

had been used to prepare the corresponding TRl 50c

salts using the procedure of 7725 Exanple 5, they would

thud Q:anl%ge\ﬁ?wrti?%gé eftulafedTeNBEENE QYRhisAéthy. f U R diktsalt I8 \&kcess of zinc
nmet hods were t herefore devel oged to Pc{pﬁ&_are thetwm nc

wag FRyndiaigpriagiasen taadincsalt saMRIieesc TEUIGRNT RTIPATTEN T RFG BREAEx ¢
exanples. TRI 50c sodiumsalt (2.24g, 4.10mMV) .was
[ % ' istilled water (100m ) at room

E : 0 and zinc chloride in THE (4. 27,
0.5M was carefully added with stirring. A white

precipit [ y [ fi ic-
ol gl R e TR O St/ fe0c W98y ot SheF niino enterc
coatedsisand gedatinicapseleh (see Exowlea20e and washed with distill ed

water (2 x 50nl). The organic solution was evacuat ed

to dryness and the white solid produced dried over
1. TabylatgdResultgiesi ccat or for 3 days before

m croanal ysis. Yield 1.20g. 35 WO 2004/ 022071
PCT.GB2003/ 003887 75 ' H NMNR-400ME—SHCCB36D)

A AANA

L | T 1 D) -

7. JLommpungohy A HCImatiE, (41 PHASBLGplo) ) RuEl
(4H, m aCH)| PadkiGg ( 2ddnditjons3|IHPLLZkiArea),| GHRIT Yodirea)®
s, |OcH3), 2.96 (4H, d, J7 Y| 2.78.{2H ny, 2.

(2H, m, 1.B6 (6H. ZSJT?%ZO(J_OH. ﬁ{é 5 13C NVR !§5M:|z
393K OD)cafisTis 50, 252696090, |138. 05 137.|66, 139954,
129.63.%5%)8. 500 bilsEe. D7, r.h38. 79 1285922, 7390 Z@gqn,
58. 64,-1-@ 18| ®@psuBs, | 3881758006, 28957, 28.36, 73.9
25.[29 [R | wmplistersic) v (cm') 3201 1._13062 7.

)
303L. IpR932] QupspdlS| F10°084850, 19560@, 1711.8, 753
16476 1536/0 1408, 2 145 1392 413431

=Oo

21452 1. 31
1253, JRISPE 16| gapsiles sl 325°6 089%7 | 91604, 887.16, 74806,
699_@3}0&@%3&5 l&hkstaﬁ 10 EQANDL 14 PRERPARATHON-6F

ZAACNE%RM% g@—ﬁ?ﬁlﬁ? e/ Tef 30c (2000g, 1, 90MW7.2as
i siso? d

A oradkhy b el o
e tarto T o AU ST T T TTuU dt I OUTIT
t enper qu Tepsuketli 5 AEOSFAY Bn was S@dbd magnesi 659
et kPRSI cHaey o)t hattot—( 1057849
This 15 Fotion was stirred for 2 hours at room
t enper at e fill.F eoetl starbecalpiven cendlitiops, Samplesyergrthen stored at room
(25nt) mqéméépgnre%ﬂggqawég thdfRg.s0l ution evacuat ed down

ovyield awite

to dryness solid. This was dri_%d )
over sililda fcrpsples peied st g@fr@pgctlb%;hﬁﬁtlggwpm@lgrwm out blister.

m croanalysi s.puXly@k the baABeforkididNida. 300MHz,

SPOCDIC OO, e g 488 gt ool nens o e
S), 2. 73 capsdled Wefe2fdr, anblyma)l unresol ved nmul tiplets),

1.05 - 2.43}0 (1r(_5nl_—|h rglgt%%mlﬂﬂ{; esol ved nul tiplets).

2. Analytical procedure

21 Sample preparation

2.1.1 Assay of TRI 50c and salts ‘

TRI 50c-standard (free acid) was stored in a desiccator over phosphorus pentoxide for 2 days for
drying. Afterwards, the reference standard was weighed in a volumetric flask and dissolved in a
mixture of acetonitrile and water (25/75 v/v %). Aliquots of the resulting solution (ST 1A) were

diluted successively with water as shown in the dilution scheme of table 4.

Stock- and Calibration solutions of Tri 50c
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13C NMR 75MHz 393K Sc(CD3C(0O) CD3) 206.56, 138. 30,
130. 76, 129.64, 129.31, 129.19, 129.09, 128.20,

WA 28402071774, 23, 73.55, 67.78, 58.76, 56.37, 56POBGB2003/003887
48.38, 47.87, 39.00, 25.42, 25.29. 25 FTIR (KBr disc)
Vmax (cm 1) 3331.3, 3031.4, 2835.3, 2876.9, 2341.9,

195;. J.,Ne"/'l‘. oN 63979, 15343, 71498, L, 14b3. 0, Calibr.
1253 'é,e. Pl?hty] Qﬁﬁﬁctml %?sgoﬁed D17 sdivertd 8- P, done. 6,

59419, - D off01. 8. EXAVHRGl2] - ANALYSI S %%E‘Qm [pug/mi]
CAl I

6 & v AND 21N T NS R »
ST38 AThe40.81 | p#B.AY |sal tis wdre %S)reparzcsge;gy@/{,%) h 4007.8 | €4000
borgmatermerat—stjor chi omgtry of p. L, wWhere N 1S the

Witi L—.lllL.ym‘Jf 'ng met A / l.ﬁ;l Nhdii O] R séenVC | Qg imBNeT
SU2AY | had | 1y#§‘<\! 40088 1y b Gty oy ol 2p0sy | c2000

SEB&AIp| e55) | 35AAral 300884l datts Physi waler pr operffled | €1000
stglA} or sLC V53 AHFLQd@@babaSIm C18 Colvstan, Fprngo1.0 C500
Anorpho D1 our rte mated
S-'bl$r4t\/ g)QL_\)/n ﬁ?;‘ Il\u_g@ﬂ%m {Q/\n _004}"'5%1_071 %IS © €250
SPER|GB2003/ 03887 161, SNEJ 14y Pbi nt Wy A M o902 €100
sPoallysi 3. Ca/gd. |Foupgh Sol utu lity: @ealerbl eji ni@queaus C10

medra—C 59275508 ca-4ng/m~ H 6.48 6.43 N 7. /1
7.08 MW 1088.89 Oher: B: 1.99 2.01 Ca: 3.68 3.65 B.
2.MBgdowity Brefile ofthg gtared eapsplesnpl e 11) Anal yti cal
ThPﬁ@éﬁdcféPSUlBﬁ epeveny faich 3 pprcesppnoing QERtc PO tels, 5%‘?086% 10 mg of
thé:%riﬂém’waEQﬁéﬁhed\WépiUDMS valiehétlc MIHRGND diddbiesd moloomk of a mixture of

acﬁgnn“t{e/wq%rkzsrﬁp gg/ o) 'Ilgp%sqogj?lor?s v?é?e |nJecEe%I %&rSImn?mty proHe a%alys:s and for

quantification respectively.

3. Data evaluation
The quantitative evaluation and the impurity profile analysis were performed using an HPLC-PDA

method. The processing wavelength was set as 258 nm.

4.Analytical parameters

4.1 Equipment and software

Autosampler Waters Alliance 2795

Pump Waters Alliance 2795

Column oven Waters Alliance 2795

Detection Waters 996 diode array, extracted wavelength 258 nm
Software version Waters Millennium Release 4.0

4.2 Stationary phase

Analytical Column ID S71

Material X-Terra™ MS Cyg, 5 pm

Supplier Waters, Eschborn, Germany

Dimensions 150 mm x 2.1 mm (length, internal diameter)

4.3 Mobile phase

Aqueous phase: A: 0.1% HCOOH in water
Organic phase: C: ACN

Gradient conditions:
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Ca/cd. Found. Solubility: Soluble in aqueous nedia C
60.44 57.25 ca"7nmg/m H: 6.57 6.71 N. 7.83 7.45 MW
waew3nid71 Gther: B: 2.01 2.02 My: 2.26 2.12 5 ET/GBa@3/003887
Salt (Product of Exanple 10) Anal ytical data Physi cal
Properti es HPLC or LC/MS: HPRC bet abasic C18 Col umm,

T ;un"m FIHWU' phops bld} Rd A‘IJL,NQ/ rater Col our: Wiite

GTW.LAI fret gty Pur Ly 9’610"/0 by —ov ]_(OALI5I1H’) Mel ting Point:

Mg g analysT $0 Car¢d. Rund. | Sol ubi l'ity: Sol uble

|Laquleu&§._|‘n:‘ﬂ'| a §g 08. LT 56,020 C¢ i12my/ M H 6.33
N—gso4 |- 18 gV 111418 Orhier: B. 1.94 1.84 Zn:
I

5. bl 726 NotesT The trigonal formula of the acid
boronate is used in the cal culated m croanal yses. It

5.is Impuutynrefile tphiesof TRISQGGAsalty) ci um salt sol ubility

is reported in exanple 8 because the salt tested in

oA B Wol e G181 purity. Conclusion The

ot ﬁ‘é‘e\;nﬂldu e SrtHM-S s—have—aHl—been

Nafepar %tr LS fimet myeaof pris Amet gl Heght |15 to
Bet"A'F Aol ‘éce[u'. eq cf‘ b8er—Fhe—vatpes—found—for—the
Ech'dél um and rmagnes038m salit s 782% c| 0sk2% o0 {and92\D

2h‘04/ 0220741 —RCH-EB2003/- 08388~ —F7#th cONS] it with
THBOG. | 030,903 s o 11,086 - L~ 602551 | ~ 9802 ~ | "5P35-
;I::\.c;r;uulbl CO— 17U ;III\ J..g?“ ST UT Ul ﬁl‘:‘tly.egku: the
oo okt A exediatt Fire s Touy ongpeiiess
af‘l d-lboronate. P2 5 Th.lc,8 Bxanpl e

NN by g pp. °0° 21 TR 00 caletum

Capsules in blister 40°C/75% r.h.

Amount Retention Time .
Name . Area % Area Height
[g/ml] [min.] ° 9
| Be”ﬁa'de 6,060 12270 2,37 586
Tri50c 786,223 11,681 503867 97,19 21324
19,517 707 0,14 97
20,185 1614 0,31 169

The corresponding HPLC time is shown in Fig. 3.

Capsules (no blister) 40°C/75% r.h.

Amount Retention Time o .
Name [ug/mi] [min.] Area Yo Area Height
Benzalde 6,041 19170 3,64 992
Imp.I 10,897 4433 0,84 345
Tri50c 780,097 11,666 499730 94,96 21526
19,494 805 0,15 110
20,156 2100 0,40 176

The corresponding HPLC trace is shown in Fig.4.

EXAMPLE 14 — IN-VITRO ASSAY AS THROMBIN INHIBITOR OF MAGNESIUM SALT OF TRI 50C

Thrombin Amidolytic Assay

TRI 50c magnesium salt (TRI 1405) was tested in a thrombin amidolytic assay.
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coated hard gelatin capsul es (see Exanple 20). 1.
Tabul ated Results 10 Conpound. Cinmatic Purity Purity
weamkiozay7condi tions (H PLC %Area) (HPLC %Ar ea) BCT/GB2003/003887
nmonth 3 TO Ti TRI50c capsules 25C/ 60%99 73 9 in
blister r.h. TRI50c capsul es gy0C / 75%99 73 9 in
Reg: '%ngt er r.h TRI50c capsul es' 40C h75% 99 75.3 r
c capsul es 25C/ 60%99.2 2) 98 0 Calcium Salt
in blister r.h. TRI50c capsul es 40C/ 75%99.2 2 97 2
IBgffé{m Sal t in blister r.h TRI50c capsules' 40C/ 75%
95.0 Calci umSaIt r.h Notes: 0) 1.5 nonth
109'??9@5’9@0 at§i ven conditions, sanples were then stored
208mMINRCN116885pRr ature until anal ytical testing. 1)

I tared at the respective climatic conditions
0'%?’%86@??/&&. 15 2) puPity of the batch before
0.62%0Nagsade 3) purity of the stored batch (capsul es were
pl_pp;jlred out, the contents of the capsules were then

analyzed). 4) r.h. = relative humdity 20 2.
Anal ytical procedure 2.1 Sanple preparation 2.1.1

)énlé’fsub-&?éte@@%aﬂ‘i%oﬁ/@dl te 4mil (2508 -lsl@hﬁl ﬁ\r \Qatérf I Bfited to 50uM with
aCI was stored in a desiccator. over phor us

assay bpthse feraise Brassay @hyidl-f (223838 H- %er{)éf"ArﬂfﬂNé war ds, the

reference standard was wei ghed in a vol umetrl c fI ask

and .di soIv ture,. of. acet nltr e.and t.er
T35 e W, e A S RS B AP oy e,
Dilili&)to Wesng/mi diith assay buffer ambthiev a Furthei 1 in 3viant wse iretbe séseyn i n

the dilution schene of table 4.

Assay:

110pl assay buffer

- 50ul 5ug/ml thrombin

20u! vehicle or compound solution

5 minutes at 37°C

20pl 50pM S2238

Read at 405nm at 37°C for 10minutes and record Vmax
Results:

The results are presented in Fig. 4.

Discussion:

In this assay the magnesium salt of TRI 50c shows the same activity as TRI 50b as an external
control.

EXAMPLE 15 (COMPARATIVE) - PREPARATION OF POTASSIUM SALT OF TRI 50C
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Stock- and Calibration solutions of Tri 50c WO

2004/ 022071 PCT/ GB2003/003887 78 Net Calibr. weight
weun3208al t - Fact or Di ssol ved Sol vent Conc. nygP@/GB2G0B/003887

/Im [pg/mM] ST 1 A 40.8 98.23 1 10 ACN water 4007.8

4000 25/75 vivm ST [ /mBiad mM Solvent [pg/m] ST

Cbﬁéﬁ&%ﬁé%&éﬁ% ; eréq Bﬁ%g ﬁ@%g %% s%cg\%ilq %ceéo%%nlé'?%_o?g%lth stirring at room

temyzerasure.5 0T, (hisGelIdon BTaddedAK@H As @ 621, splutien Mi@\lledzygtels (190ml) The
res%?aZ\Q ’&Ie%-rsoﬁméh & s%rréi m@lh&rslgc M@&Qémﬂé?@cur% dnd QRkn Sicubted to dryness

10.0 ur.i
R e R SRS e
in b@ﬂ@tﬁﬂe@ha@pf/vl’ﬂe&@mﬂﬁb fp7et fdrabbwt Cianel. t Thersolkereis fittered taough filter

e cont ent

pol o eactees o beshcrarowt) R TREREY 4 o sl ot exgeeding 37°¢
ThetesulfanBigreduatis dried wkiwataerun( kbt to/ nodgally ThlésaeNth@ Ibuttle @@1@
Yie‘ﬁﬁgﬁf*- njected for inpurity profile analysis and for
tTrrPcati on respectively. 3. Data evaluation The

quantitative evaluation and the inpurity profile

THEBEH YRl ifer! P uRRE {A0TR O Shicito BohstRL fiRAy2 O et hod.
e processing wavel ength was set as 258

4. Anal ytical paraneters 4.1 Equi pnment and software 15
Mi@iapagml er Waters Alliance 2795 Punp Waters Alliance

2795 Colum oven Waters Alliance 2795 Detection

Waters 996 di ode array, extracted wavel ength 258 nm

. Sof t WhC@&s Feundi Ot Vidkcand NI N Yeifonindi BRe| Fearsie | Me@l ZOFodnd

Stati )I&%Iic\./) phase(céresl yti ca(ICalgs)I unt (hgpc_)sn (Calc.)
54.84 6.25 7.02 2.01 K 4.29
(57.55) (6.26) (7.45) (1.92) (6.94)

EXAMPLE 16 (COMPARATIVE) — AQUEQUS SOLUBILITY OF POTASSIUM SALT OF TRI 50C

The UV/visible spectra of TRI 50c and its solubility were obtained as described above in relation to
the calcium salt. Solubility when dissolved at 25mg/ml: 29mM (16 mg/ml).

EXAMPLE 17 (COMPARATIVE) — SOLUBILITY OF TRI 50C

The UV/visible spectra of TRI 50c and its solubility were obtained as described above in relation to
the calcium salt. The solubility of TRI 50c when dissolved at 50mg/ml was 8mM (4mg/ml).

EXAMPLE 18 — INTRADUODENAL ABSORPTION IN RAT

A, Preparation of Liquid Formulations of TRI 50c and Salt

1. Preparation of buffer solution pH 4.5
Place 1.48 g of sodium acetate (anhydrous) in a 1000 mL volumetric flask, add 16 mL 2N CH3COOH,

then add water and mix. Adjust the pH to 4,5 using 0.2 N NaOH and fill up with water.

2. Preparation of buffer solution pH 6.8 (USP)
Place 50.0 mL monobasic potassium phosphate 0.2 M in a 200 mL volumetric flask add 22.4 mL
NaOH 0.2 M fill up with dest. Water. Check the pH and adjust if necessary.
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Material X-TerraTM M5 C18, 5 pm Supplier Waters,
Eschborn, Germany 25 Dinensions 150 nmx 2.1 nm

w@ b@agede7l i nternal dianmeter) 4.3 Mbile phaseP@G8ws/003887
phase: A 0.1% HCOOH in water Organic phase: C ACN
30 Gradient conditions: WO 2@24/ 022071
PCT/ GB2003/ 003887 79 Tine Flow %A % C 0.00 0.5 90 10
27.0 0.5 10 90 27.1 0.5 90 10 30.0 0.5 90 10 5.

3. | npRrepargtionobthe fasmplgtiones of TRISOC Ca salt Capsules in

bml 'nﬂa% é%%%%@%élevﬁnt cORPOURE eréﬂ %ﬁéng@g 5cg r7r82;lar1re2/9 m ]
. o Ar ea e 392
he P @&“%@“Q@@diﬁﬁe%‘é 15 98, 02 25135 19, 199

839 Sonidade AP 10 MLEY8 1821 0, 30 105 20,168 1581 0, 26

158 espondi ng HPLC trace is shown in Fig. 2
ﬁ‘]?ég qho‘%%fl'[f ‘ter 40C/ 75%r.h. Anount Retention Tine

mShahﬂformddltlonai HBamwitas ea Hei ght 1 pg [] Benzal de
6,0 , on- i150c 786,223 11,681 503867
947’ %s%@ ;%g& cBricertRion:5 md/miL

B. Intraduodenal Studies

The intraduodenal studies were performed using male Wistar rats, approximately 8 weeks of age and
weighing between 250 and 300 g.

Food was withheld overnight prior to dosing and returned approximately 2 hours post-dose. Water

was available ad libitum.

Animals were anaesthetised using gaseous halothane. A small incision was made in the abdomen
and the duodenum located. Each animal received a single administration of control or test article by
injection directly into the duodenum, using a constant dose volume of 4ml/kg. Following

administration the incision was closed using surgical staples.

Individual dose volumes were based on individual body weights, obtained on the day of dosing.
Treatments employed for the study were as follows:

Treatment Dose level Formuiation Number of animals
(mg/kg) concentration
(mg/mL)
TRI 50c control 20 5
Calcium salt 20 5 5
Potassium salt 20 5 5
comparator

Approximately 0.6mL of blood was collected viz a tail vein into 3.8% tri sodium citrate tubes

approximately 48 hours prior to dosing and again at 0.5, 1, 2, 4 and 8 hours post-dose.

Plasma was prepared by centrifugation at 3000rpm for 10 minutes at 4°C. Plasma was stored frozen

(nominally -20°C) prior to analysis in an automated coagulometer.



19,517 707 0,14 97 20,185 1614 0,31 169 10 The
corresponding HPLC tinme is shown in Fig. 3. Capsul es
W@ pw4io2iost er) 40C/ 75% r. h. Anpunt Retention TPOEGR208/003887
/m] [mMn] Area % Area Height Benzal de 6,041 19170
3,64 992 h. Inp.l 10,897 4433 0,84 345 Tri50c
780, 097 11,666 499730 94,96 21526 19,494 805 0,15 110
20, 156 2100 0,40 176 The corresponding HPLC trace is
Cotaesuftsin Fig.4. 15 EXAVPLE 14 - | N-VI TRO ASSAY AS
TER(]VBI N | NH Bl TOR OF MAGNESI UM SALT OF TRl 50C
Thronbin Am dol ytic Assa 0 TR m.sal t
(TR 1405) wd< %e% h Hoybm 'h‘i"BﬁB?"ﬁ" 5‘?#8@?‘}#?’8%%‘%8?
WO 2004/ 022071 PCT/ GBZOOB/ 003887 80 Reagents: Assay

Buffer: 100nM Na phosph i
Tregimgk, PEGPE00| (5g/ 1) © reum'?%nr\fiama‘i’iné@tgﬂ““% gt 4pe thotr)

Chr onogénd/égsbst rate S2238 dissolved to 4nmM (25nmmy +
10m) (n watef. BBl utled & 53uM1with agsay| buf4er |for 8

R# G | [ aS3RY AU AN (S243% 15 H73 Pe-thp- ATg-aY .| 215
o r(r)orrb n obta Qfgg_ﬁ_f)rCmil-g'IS,}th gg(;zzlnbri:g@% B ogcczlgnce £2.67

N
ot oo

Ca'c'mroéhlg/ 4 o9 th| acd '”'t"'f‘*%? -’i’#” b o e 50224

for use in the &4y, y ?1 i HRly | hirrddy | #1173
Potassium salt 20 20.0 26 5 24.4 23.2 23.2 21.6
comparator £1.92 +3.64 +3.35 +0.83 +2.36 +0.70

sd = standard deviation

EXAMPLE 19 — ORAL ABSORPTION IN RAT

A. Preparation of Liquid Formulations of TRI 50c and Salt
The procedure of Example 18 was followed.
B. Oral Studies

The per-oral studies were performed using male Wistar rats, approximately 8 weeks of age and
weighing between 250 and 300 g.

Food was withheld overnight prior to dosing and returned approximately 2 hours post-dose. Water

was available ad libitum.

Fach animal received a single administration of control or test article by oral gavage, using a

constant dose volume of 4mL/kg.

Individual dose volumes were based on individual body weights, obtained on the day of dosing.
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50ul 5g/m thronmbin 20 20l vehicle or conmpound
solution 5 mnutes at 37C 201 50M S2238 25 Read at
wae®anear: 37C for 10m nutes and record Vmax ReGUIGB2003/003887
30 The results are presented in Fig. 4. Discussion:
In this assay the magnesium gglt of TRl 50c shows the
L\ external 35 control.
T el 1o R SR UG RonTL O - PTASSI L
SALTIr&@EnéhRl  50C Vidsele@l/ 0220 FermpigionGa200 uubersganimas)
Cbz- Phe- Pr o- Bor ol\/glgw (20. OQfeenistiod™ i s dissol ved
in acetonitrile (20 ) with stirring at room
tenperature. To this soluti on (M¥Miyded KOH as a 0. 2M
SOHRId0Pfontrd) 01 Still g water (I9@Gni). The resuwdtant
clear solution is stirred for 2 _hours at room
t emb8FRE e and t hef? evacuated o dryness under
vacpstaeauwidalh i ts tenperature not 5exceedi ng 37C.5 The
resultant oil/tacky liquid is redissolved 5 in 1L
di stPTHES water with warming to 37C for about 2 hours.
The solution is filtered through filter paper and

Apﬁnﬁ)gl?nggefyeg.ﬁﬁﬂg AT RS Ras g?ﬁdééﬁs‘gfétahtaﬁll_ﬂgint REP8RH W Sodiim ditrate tubes

. ution not excee 37C. resul tant product
approxigatelydi8 haers iprigrae desindane pei#it0- d. AdyandI8 Rpuisipestzfoge-
white brittle solid. Yield: 14.45 ng. 10 The salt was

t hen dried under vacuum qver silica to cqns t wei ght
Plasma was prepajeé P’bﬁqﬁ‘glfﬂ@P@. at 300Qrpy lfm&%lqn%t?_soq? %aéﬁq%n‘gwg gtored frozen
(nEitaliyorad) Mot &l andfydiih Bl autbiated cag(iGiatter.) ( Cai c.)

(Calc.) (Calc.) 54.84 6.25 7.02 2.01 K 4.29 (57.55)

(6.26) (7.45) (1.92) (6.94) 15 EXAWVPLE 16
C.(REMASRATI VE) - AQUECQUS SCOLUBI LI TY OF POTASSI UM SALT

OF TRI 50C The UV/visible spectra of TRI 50c and its

solubility were obtained as described above in

rel ati on tTablet3imeanthrombintimes indhe rayifollowingprahadministration

di ssol ved at 25nmg/m: 297mM (16 nmg/ m ). 20 EXAMPLE 17

(COMPARATIVE) - SOWUBILITY COF TRI 50C The W/ visible

sPreatmeat of TRbe 50c and Graup ressn Hisprmbin imaeisasdiHt Hinp &puls
descri bed|{ghoieg) iin relation to
-48 0.5 1 2 4 8

TRI 50c 20 22.9 26.8 23.3 23.9 23.1 25.1
control 4228 | +1.96 | +3.68 +2.25 +2.70 +0.33
Calcium salt 20 23.4 25.9 25.7 24.3 25.0 22.9
+1,25 | *3.05 | *1.94 +0.98 +1.31 +3.46
Potassium salt 20 22.0 24.7 24.1 22.9 23.2 23.8
comparator £1.40 | £2.18 +1.87 +3.29 +1.24 +1.79

sd = standard deviation

.EXAMPLE 20 — INTRADUODENAL VARIATION

The thrombin times determined in example 18 were analysed to determine the standard deviation for
increase in thrombin time, expressed as a percentage of the mean value (this is sometimes called the
‘coefficient of variation'). The variation for the Ca salt was calculated to be less than for TRI 50c, as
shown in Table 4 below.

- Table 4: Thrombin times in rats dosed intraduodenally
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the calciumsalt. The solubility of TRl 50c when
di ssolved at 50ng/ M was 8mM (4ng/m ). 25 EXAMPLE 18 -
WO NDRADIOCDENAL ABSORPTI ON | N RAT A. Prepar at i oPCDB2003/003887
Li quid Fornul ations of TRI 50c and Salt 1.
Preparation of buffer solutigg pH 4.5 30 Place 1.48 g
of sodiym ac jate (gnhydrous) in a 1000 nL volunetric

Pm!!&sk, ofidd 167N CH3 Lhen add water and mix.

T ust ,t bg PH t 0 4 02 Using { % NaOH and fill up with
10Preparqblzgn of bulf7f1@r sol ution pH 6.8 (USP)
Pl ace 5@89 nonglagsi ¢ potgssi um phosphate 0.2 Min a
200 nmLyyepunetri gofskask addpd@. 4 m sp35 NaOHsiw2 M
fill up with destMeatiat er. Quezk t he 1gi83and adia% i f
necessary. WO 2004/022071 PCT/ GB2003/ 003887 82 3.
CaBaiepar atiopn of tI88.3Ror mul ati3@ Place 10 ng of the
rel evans.7Bonpound5i98 an Epp&dorf cup Add 0.5 niL
et hanol23ahd shakeé7f28r 10 m3uAles 5 Sonicate for 10
m nut e@1.57Add 1. 3930 of bufd’eB ShakB for ad@P¥i onal
15 minutes ResulMeang tar ge?0-#bncen®@® i on: 3980°P L
10 B. Intraduodenal Studies The intraduodenal studies
CcOWcIyspONt or med using male Wstar rats, approximtely 8
weeks of age and weighing between 250 and 300 g. 15
Food was wi thhel d overnight prior to dosing and
Exairﬂilesr 0@ chnd p1Yr dndicatat thbty mbltivedant snedal seaitsl @f ehoraniet egids have a high oral
bl e [ ' |sed u5|ng
oYL il iR TR B B ESLARY! F
abdonen 20 and the duodenum | ocated. Each ani rral

Exérﬁ[?g'%ﬁqg%@ate%' ﬂﬂjgﬂ ﬁmﬁ%ﬁn@'n?été’l %tal'tsoBf %roﬁ@%hﬂ@ha\iéra 46 Variation in oral

tion directly in t he dugdenum
le@Sﬁ"ﬁ@“tﬁmM@ﬁ@ %[mnkm\ete@hm@l r?ge‘ﬁf"oul‘i‘@dkt@ SO'FH?MtY -owi ng
adm ni stration the incision was cl osed u3| ng sur gl cal
B S o Bl et SR S o B, Raton been e
boetdstergoup aRdb thEmestdlent s enpl oyed for the st udy were as

follows: Treatnent Dose | evel Fornul ati on Nunber of

animals (ng/kg) concentration
EXAMPLE 21 - ORAL ADMINISTRATION IN DOG

The pharmacokinetics (PK) and pharmacodynamics (PD) of TRI 50c (free acid) and its caicium salt
were studied in beagle dogs following oral administration. Three female and three male dogs were
used for each leg of the study. The weight range of the dogs was 8-18 kg.

The PD was measured as thrombin time and APTT using an automated coagulometer. Plasma
concentrations were measured using an LCMS/MS method.

The calcium salt and TRI 50c were filled into gelatine capsules and enterically coated (HPMCP 55).
The dose was tailored on an individual basis for each dog. Blood samples were taken into tri-sodium
citrate as previously at pre dose, 0.5, 1, 1.5, 2, 3, 6, 8, 12, 16 and 24 hours post dose.

A RESULTS

Al TOLERANCE
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(mg/ ML) TRI 50c control 20 55 Calciumsalt 20 5 5
Potassiumsalt 20 5 5 conparator Approximately 0.6nL

Wwotooblzoodi was col lected via a tail vein into 3P@P&GBRG03/00388T
sodiumcitrate tubes approxi matel y 48 hours prior to
dosing and again at 0.5,- 1,gd, 4 and 8 hours

post - dose. | as by centrif t
ThEG5b B oie flcki 158 B SBELRS B GEUI ISR 480 B ve v
duratienafiiad study- 200) pr| or to analysis in an autonated

coagul oneter. WD 2004/ 022071 PCT/ GB2003/003887 83 C.

Results Table 2: Mean thronmbin tine for
A2 nt rAAtioMeSABl |y dosed rats 5 Treatnment Dose G oup

mean thronbin tinme (s sd) at tinme (hour) (ng/kg) -48

0.51 248 TRI50c 20 21.3 42.1 27.5 23.5 21.8 21.5
Unepaetedy high gan drembinyclaliing times wergJotedg?y degy @F%W%é?t‘a'%m salt. €
ma% ]Naﬁ oﬂs%rv@d Fenodrs. ;ﬁst?d%sérw@z?a fhear thyomiin dditingltinBOofB05Geconds (raised
g ek oS0 AR e b o s 3t
posttdassigiedn @€ 20.2 tsecondsEXAMRYGS ré@ondemhanﬁmmm\pnawmmratlon of
thel%acALgbfa[lteQ@ﬁ%H ﬁgrggl} Skﬁgﬂg:‘vgréj)ﬂw @si)g ﬂfdoﬁ%oséﬁnth the calcium
salBachiaved peikljhme@ln'métmémeé oA up @ L sesongsy @thﬁ@ﬂhftb? FRaiprity °f animals

(foH?é()Jﬂ 9r &8d I«Weé taﬁéas’E &¥cur tiRBPAIGstidMA Blak throMBiiimeof age
an wel'ghi ng between 250 and 300 g. 20 Food was

wi t hhel d overm ght prior to dosing and returned
Aapprgtispat el y 2 hours post-dose. Water

Absorption as estimated by examination of dynamic response (TT) was variable. A peak thrombin
time was noted 1.5 hours post dose (34.2 seconds from a base line of 15.4 seconds). Two animals
failed to significantly absorb TRI 50c as estimated from their dynamic responses.

B. ACTIVATED PARTIAL THROMBOPLASTIN TIMES

There were no significant changes in APTT from base line following administration of TRI 50c. There
was a very slight mean elevation in APTT at 3 hours following administration of the calcium salt (14.5

seconds to 18 seconds at peak) this rise was deemed not to be clinically relevant.
G BIOAVAILABILITY

An estimation of bioavailability was achieved by a conversion of thrombin clotting times following

administration of the calcium salt to estimated plasma concentrations.

Unexpectedly high absorption of the calcium salt was seen following oral absorption although there
was some variability in responses; mean estimated bioavailability including two lower responders was
25 % and as high as 50% in some animals. TRI 50c was also well tolerated orally although the

dynamic responses were significantly less than those for the calcium salt.

EXAMPLE 22 - TRI 50B INHIBITION OF PLATELET PROCOAGULANT ACTIVITY

Platelet pro-coagulant activity may be observed as the increase, in rate of activation of prothrombin
by factor Xa in the presence of factor Va upon the addition of platelets pretreated with thrombin,
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was available ad |ibitum Each aninal received a

single adm nistration of control or test article by
wo@e@i/ozpavege, using a constant dose vol une of PANGBR@3/003887

25 Indi vidual dose vol unes were based on individual

body wei ghts, obtained on thgyday of dosing. WO

cal.lzsg Lb% goz 7%%&%0%%@2%@ ? ' ngturégf tﬂ—lroﬁ\@h%ﬁ%oala&{ﬂplrm%/ Giperty is due
to Bofimdasd inoanidRicnihespholipicani il stirfagenefl Yog platabetcwdtit goacdnifgnt release of
mide i From R Flﬁ%g%e@gtlsr M esthia p'i’:ys&?g&l 4RtDA lahd g&gﬁ whose platelets

otassi um sa n’gar at or r oxi nat el
navstretbicon I gRpPIRtEIragag AR aCthi (5c ffVHdrPW?bS'”@W@%"tCF%aSGd tendency
forsbqggangn citrate tubes approximtely 48 hours prior to

dosing and again at 0.5, 1, 2, 4 and 8 hours

post -dose. 5 Plasma was prepared by centrifugation at
Methédr pm for 10 mnutes at 4C. Plasma was stored frozen

W%E%ﬂ%gl!ﬁ%%@gezggte%&f Eh%xp 1 Tﬂ'ﬂrﬁqrﬁ‘mr&Q3$¥mﬁwllﬁﬁﬁ%nmixture of both

at tHe"Bfhel Bndeh@atioRbt 88Icl ORY 519 vl alldeickithan fot I atimuaa prior to the addition of

st SRS e e TR elolg 3 Wl iy s
deRfmiBed: BBs@iBedpradoutly 2Godtiwindbh etrat| Bidheg J.18(318) 3588 13995

2.70 0.33 Calciumsalt 20 23.4 25.9 25.7 24.3 25.0

22.9 1.25 3.05 1.94 0.98 1.31 3.46 Potassiumsalt 20
TRR 2019 pr2dedrtozhé alpapent dhibisoroof piatelet preprguiznbactiitygthpICsgs as summarised
be&)wé:S? 3.29 1.24 1.79 sd = standard devi ati on

Table 5: Influence of TRI.50b on the induction of platelet procoagulant activity by various agonists:

Table 5
Agonist Fold acceleration IC50 plus pre- IC50 without
without TRI 50b incubation incubation
(nM) (nM)
Thrombin 30 8 3000
Collagen 45 200 300
Thrombin/Collagen 110 3 80

Table 5 records, for example, that when platelets were treated with thrombin they caused a 30-fold
acceleration of the rate of activation of prothrombin in comparison with control platelets. Treatment

with TRI 50 reduced such acceleration by half at the various TRI 50 concentration levels given. The

‘significant potency of TRI 50 is evidenced by the fact that the ICsq values are in the nanomolar

range.

TRI 50b does not have an effect on ADP, collagen or epinephrine induced aggregation of washed

platelets.

EXAMPLE 23 - RABBIT EXTRACORPOREAL SHUNT MODEL

Introduction
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15 EXAMPLE 20 - | NTRADUCDENAL VARI ATI ON The t hronbin
tinmes determned in exanple 18 were anal ysed to

waledoeomone t he standard deviation for i ncreaseCi/GB2003/003887
thronbin tine, expressed as a percent age of the nean
value (this is sonetines callg8d the 20 'coefficient

ThQEﬁcKﬁtﬁdeaJebé?ﬂeﬁ an an aHitRal Vb1t Wit & %Fateiéi‘ Bt Rronub lsVlﬁi’@duced The activity

at ed [ ess than for as shown in
of TRIi08 and brepare TaBPaEed: Thronbin times in rats dosed
i ntraduodenal |y WD 2004/ 022071 PCT/ GB2003/ 003887 85

Th%ééﬁ’é%? alﬁe\g&) rio ﬁxé&lyg/gilgof%gaes%{lﬁs%ﬁnt%@egét%%d %%cré eég 'egléacorporeal
cird(it. @8tafbidg SD¥tspdrielach f@E8 g Surfate 38k Aireddt TarorBlalst dePdsit®i is initiated by

oo 53 S ey 0045y 53, 8l ok G i

in theamesercs of ghremiebggidc surfdresattbstenadhologigaltsfudies dave shewm that the thrombus
is gigthibSrid®f boronic acids have a high oral 5
Ioaval lability involving an unknown technical effect

not linked to solubility. Exanple 20 indicates that
Mdtelials wad Meltheet al salts of boronic acids have a | ow

variation in oral bioavailability involving an

unknown technical effect not linked to solubility. 10
Animalss specul ated that the technical effects may in

Nzg\f E%bl% le{gvﬁ F%hﬁ@%m@%ﬁﬁ&e@gwe@ﬁﬁ@ AR Gater up to the

lndﬂlmrqutws@-\l IN DOG 15 The pharmacoki netics (PK) and
phar macodynam cs (PD) of TRl 50c (free acid) and its
calciumsalt were studied in beagle dogs follow ng

Angesthesiaii ni stration. Three fenmal e and three male dogs

AnRIE werdSREmEdidatRianith Fe@aneffiuahisoret (Hiynormh @.18eimp Rdtalr Ng@amuscular
injgt{ﬁip%ggeﬂeor% isq%\/\gsgﬁga )154\%-5?4 H%ejfli- H\gth G{F%tg%i%)gg'ﬁ?a ngr r%g/me})sto effect, followed by

. endaieeghdab riettgation. Pl Asesthesia was maintained with isoflurane (1-2.0 %) carried in

oxygen/nitrous oxide.

Surgical Preparation:
The animals were placed in dorsal recumbency and the ventral cervical region prepared for surgery.
The left carotid artery and right jugular vein were exposed. The artery was cannulated with a large

Portex® catheter (yellow gauge), cut to a suitable length. The vein was cannulated with a Silastic®

catheter. The shunt comprised of a 5 cm length of 'auto analyser' line (purple /white gauge). Joins

to the shunt on the arterial side were made with intermediate size Silastic® tubing. The shunt was
filled with saline before exposure to the circulation. The right femoral artery was cannulated for the

measurement of blood pressure.

Thread Preparation and insertion:

The central séction of the shunt contained a thread 3 centimetres in length. This consisted of 000
gauge Gutterman sewing silk so as to give four strands with a single knot at the end. (The knot
section was outside the shunt).

Blood Flow
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20 concentrations were neasured using an LCVS/ M5

met hod. The calciumsalt and TRI 50c were filled into
w@edoanzael capsul es and enterically coated (HPMZPI/6B2003/003887

The dose was tailored on an individual basis for each

dog. Bl ood sanples were takenggnto tri-sodium citrate

Bl?(ﬁ ﬁH\AP\)é‘Oelgls\kléé c%{enﬂl'h@d Sage f%oﬁplei‘épr%\l;es ?gé%ﬂ%"ec ). Asilastic probe was

ours post OSG

PoFtipRERANEE tACE P BlisU AR @Y thepoaimtGr 20 sBiam0aBlT areaalm@em Flow was
reed¥ecPdich dhBR r&Bidel WRgRAtiseNdRive piRE.N tol erated well with

no adverse events for the total duration of the

study. A 2 CALCIUM SALT 5 Un%gﬁg{gdl y hi gh mean

thrombin-clotting tinmes were n dogs receiving
T‘_hpgscal ciumsalt. C max was observed three hours post

.

TKE‘A'T’M i tra gn'(b F'” onbi THRO?FBMWE GHIE of 8 N TITHROMBOTIC

conds (ral se roma ?ér secon Y

COhH'Sf e was st 'N/A_’" evatito Zi’hiyi lb II[S)('.‘JI'IUI nm—ctotti IAI:JI

TRISUB‘b 8hours ll‘da/'kgh'/‘"be b8 o c(f“‘j)‘ second Actlvé'\ll

qogs T eapunum'3 i 1Y5 595 h R A5 O at Actiye
HEP*ARiN“ strat o1l 160 u% T o35 G By &144) attthou adtVET €

WelS SOTTE vari 4l d)h/ké[,v' T ¥y g (hLh) G0TS UOSKE, I ddJere bieeding)

the—catciumm——sart achreved peak thronprmctottTnyg
pistd®fon0f up to 148 seconds, al though the majority of

TaBldl dT8Hofvs thah AHelerOMh Q{enﬁl' %Ear%h&hﬁ“dﬁ@de LA ﬁ(ﬁ%t:.e é‘f :fn‘ib‘/l(g to 10mg/kg iv
tines elevation in nmhin tine.
5'9&5§%?t l"?hg%t S Hgorpus f‘?‘FE‘?%‘H‘ VHSPOMWH&WW*’B@ h&W‘&“rﬁoﬁe W‘th'“ the normal
clinies pargs %r(tfeﬁbmgvmwsahnombbms (180upIepil hé[bu’nﬁmammeﬁdcm VW8 higher dose
ofmeﬂaen Oghoﬁggmh% ﬁs%tg )sgv%%igg S 2 ﬁ\eé’eo;%g? R{:Ti]bg\owaﬁﬁ 50b effectively
intybitirg Efrtecdﬂhtbmbwﬁsmthbutmsm@(lﬂeeamgsﬂe r:mnalstedt WithoTRIt5hle inhibiting platelet
] on T -
%ﬁ%&{ﬁéﬂ? ﬁﬁ%ﬁ}gégtiﬁhe %}5@ ﬁ@bgﬁgﬁﬂm when ﬁdmlrélstered at an
apprexinptely equbeifestiyseloss (ineterrey of datiiitipn £ ﬁﬁtﬁlabithmhosjﬁ, pPdupRyl the severe

ble':tehg AR Rhen¥R@mBin\iititors lakOlted FRipdat ShdéBhidribobis) APTT
hours foll owi ng adm nistration of the cal cium
salt (14.5 seconds to 18 seconds at peak) this rise
EXABISL BiEeneoMIMRISANDObB FEbING TIMES Yy rel evant. 25 C. BI OA
VAI LABI LITY An estimation of bioavailability was
achi eved by a conversion of thronmbin clotting tines
Theainh ofthe gtiudyadas tnicernpane therbleafling tireesoaf Ihepanimvath ITRT §0b in a suitable model.

It ‘?sc‘ta&c'e'ﬁtre@ C%haﬁl t%ﬁgﬂ?\ O ‘E)SSF ﬁﬁBiEanO?'platelet procoagulant activity (J Biol. Chem.
253(19):6908-16, 1978; Miletich JP, Jackson CM, Majerus PW1: J. Clin. Invest. 71(5):1383-91,
1983).

Bleeding times were determined in a rat tail bleeding model following intravenous administration of
heparin and TRI 50b. The doses employed were chosen on the basis of their efficacy in the rat
Wessler and dynamic models and were as follows:

TRI 50b: 5 and 10 mg/kg
Heparin: 100 units/kg

MATERIALS AND METHODS

Anaesthesia
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was seen follow ng oral absorption although there was
w@oowe/02Aari abi lity in responses; nean esti mat edPCT/GB2003/003887

bi oavailability including two | ower responders was 25

% and as high as 50%in soneggni mals. TRl 50c was al so

wel | tol r at a t.h h t :

Retfpts SRR i ot oS R 588 el 2R G EE BERBAN souton by

ip. miEction).3SupRAbMbEIEN23thetlid®hs G@B id. BbreBuifddON OF PLATELET T
PROCOAGULANT ACTIVITY Pl atel et pro-coagulant activity —
may be observed as the increase, in rate of activation

Surgicabpraparatiapi n by factor Xa in the presence of factor

A ﬁ@hlé’?%ﬁ‘l %gk.eca%ngtﬁdi 96 @F dahitfisthi®inSoPietit éoﬁ@b@di Wffhehtrachea was also

04/ 022071 PCT/ GB200 3/% 87 ca %

cangylatef WEHB |Swtaaie6ﬁf§w'a@6ﬂ thegeimaly Aipvedip b erEfP girgpon
thronbin and col l agen. This property is due to an
|ncre‘? in.a Jonl c phospholipid on the surface of the
Compgund admiyistya l?Bncom tant rel ease of nicrovesicle

Thdse averd dheensmithe apmopribke wehicle ahiih.0@slke intiaudnopdhy shieppidiyassdministered in

salfhgabﬁl‘fll tOH}I %9 \AB? BQ%o%eW&ﬁad%l ah&kRhshe RAYERNE &)‘ﬂ}'ﬂﬁﬁ fdded to water for

nera procoagulant activity (Scott
anesyM(rlmaﬁ)eﬂ@h@W &nartsw@t@“hsed tendency 5 for bleeding.
Met hod: Washed platelets were treated with either
1.15nM t hronbin, 23g/m collagen or a m xture of both
TeghnigqyR> sanme concentration at 37C. TRl 50b was added
TwihiRRés follswirg aEBrrﬁddtu&i Amiiistration theadistal divtni ofthefanilr@l’s tail was sectioned

.activato mredi,at el afte the i n
A PIE P ol B4 AL i B FCLeoMabs i o snder
unibeisall dontainer, ae ththe they bidnelcstreane wias glsanyy \islhi ditierblesdiag dime ggcording was

sta?%e? th'? éh\{ @ﬁ(ﬁl\g@ tr{n@ec]%gm urkt? a@cessgﬁln o?%o@ HOW &Emithe Afofahe tail. A

at el et rocoagu ant acti vi tg
peict of 30050 s sllpwedt e dne Balpw T3Sy 1d stoppéd to ensre that

aneously.

. blebthd 48 A6 ebmmBice PP Ble@ihgt diesthrd gt ihe Recdfdingl tifeddastcontinued for up to

pr ocoagul ant activity by various agonists: Table 5
'ﬁ@‘!ﬁ'i‘ﬂ“é? ANt cel eration 1C50 plus pre- 1C50 without
wi thout TRl 50b incubation incubation (nM (nM
onmbin 30 8 3000 Collagen 45 200 300
RefH{F%nbl n/ Col | agen 110 3 80 20
Table 7 gives a summary of the bleeding results and shows the increases above base line values.

Table 7

Summary table of bleeding results

Treatment Bleeding time min
(= SEM™)
Saline 5.1+0.6

Heparin 100 u/kg iv | >40*

TRI50b 5 mg/kgiv | 11.3+ 1.2
TRI 50b 10 mg/kg | 30.4 + 5.2
iv

*Seavere bleeding in all animals, with no cessation after 40 minutes.
TSEM = standard error of the mean

Discussion
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Table 5 records, for exanple, that when platelets were
treated with thronbin they caused a 30-fold

wa@emehzaat i on of the rate of activation of propdT/GBRI0B/003887
in conparison with control platelets. Treatnment wth
TRl 50 reduced such accel eration by half at the

Th¥ ?éduﬁéj&owahaﬁfkl%ﬂ Q/@Qtsﬁérer?opfb hé&p¥ah %prgdlu\é&i] less! H@edmg) at alI doses. It

i's evidenced by

ficant poten
shauithbe (i e nym QLY KT 1 REVREHOHEN 5 mO/LTRY DR cheperimtreated
anials BrRéAbmeHe eftentiely RRNEhGHR r@(fefvﬁ@l'l'R!D BOb‘\EIRNastBé\)loﬁgﬁ @stahlished (Example

23)3’%I t%&h[ I eggged&cﬁﬁggﬁggssg Q@HM r§-|@ﬁ'p L&l beotsé than TRI 50b
at brdose dfU2.0 In(gﬁkg\/\(]-laﬁﬂmsolﬂ’ﬁlﬁ}ﬂ"w POrGNEBL 0DBItQORE Si7podB Shibiter of platelet

pr&cﬁ%&hgg&w rgs% s 4k ﬁ\gf’e%?e &Hps%ggnt .}zﬁhvﬁl%b ertln% fantl coagulant

hro us s activi
actWRv bﬁmbblamdofhpamt icopgaiaat as:b‘rﬂwar @ultlowtmth@amlnféblmaéﬁw
and jugul ar vein of anaesthetised rabbits were used to
create an ext oreal 5 CI rcwt cont ai ni ng 2
A RI § RQD OR TRL : P INEFL BSO

dep05| tion is initi at ed by creation of hi gh sheer
rterial blood flow, platelet
M%{E{q‘ﬁ%?‘@h%ﬁ& d by coagulation in the presence
of thronbogeni c surfaces. Hi stopathol ogi cal studies

An@%ﬁ shown that the thronbus is platelet rich. 10
érials and Methods Animals: NZWrabbits (mal es

Ras, Body. vieidal FircaeX58-30Quewere Tised. afienaningalsiwere fagte T Hg@ay of use for
théaiOQta\ﬂ@t Ehim4p wEt‘e fﬁﬁ@d orl tREWUGht fHor & stdyasShB! %%I &hd iAPaduodenal studies,
AnaeSthesia: Aninals were prenedi cated wi

wates e Alved PR NS BRR ORISR 0.15 M tot aI by
i ntramuscul ar injection. General anaesthesia was
i nduced with nethohexitone (10 ng/m ) to effect,
foll owed by endotracheal intubation. Anaesthesia was
Tabtei §it ai ned with isoflurane (1-2.0 %9 carried in 20
Oré?ﬁp{ggn/ nitrous oxide. Surgical Preparation: The
Imals were placed in dorsal recumbhency and the
ventral cefTieatmentegi on pr e%ﬁéﬂlgﬂ‘@rposur gely. The

left carot[fR@EpLery and T1|QHhmgjigdul ar Vei T mere
exposed. The_artery was cannul-ated with ailarge 125

Portex(r) CEH¥R8Eer (yell ow ¥894€), cut to |2 suitable

| ength. The vein was cannulated with a SiTastic(r)

cat heter. The shunt conprised of a 5 cmlength of
Table 9:5 anal yser' line (purple /white gauge). Joins
intraduodenal phase

Treatment Dose mg/kg po
TRI 50b 20mg/kg
TRI 50c 20mg/kg

Dose

Formulation (TRI 50b/TRI 50c)

These were dosed in a formulation prepared as follows: 48 mg/ml of TRI 50b is dissolved in ethanol:
PEG 300 (2:3 vol: vol). Just before administration, 5 volumes of this solution is mixed with 3 volumes
of 5% kollidon 17 8F.

Both corfipounds were dosed by oral gavage, or directly into the duodenum, at 20mg/kg.
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to the shunt on the arterial side were nade with
internmedi ate size Silastic(r) tubing. The shunt was
wo pdoezkoni t h sal i ne before exposure to the ciretl/aBR@B/003887
The right fenoral artery was cannul ated for the
nmeasur enent of bl ood pressurg2z 30 Thread Preparation

a%ngﬁ}plg{f R a\}eLeO sedTm% %@dgéetﬁ ol ﬁo‘ﬂfﬁ&ﬁ ﬂl?m@l%tl&wh/ﬂ}]&l%tprepared immediately

rea n tres In
beforenas @senbed)ﬁmmtehganuﬂgéﬂ@hea@mm‘ﬁwseé’evﬁt 15i0mg/rgly This wag dosed at
th a single knot at the end. (The

13%"%% (E@M{:{eﬁ%t%%g\gélk%\’ut& de the shunt). 35 Bl ood Fl ow WD

2004/ 022071 PCT/ GB2003/ 003887 89 Bl ood flow vel ocity
Methbdsdet ermi ned by use of ' Doppler' probes (Crystal

Biotech). A silastic probe was positioned over the

carotid artery at the point of insertion of the
Ordllgagagenl catheter. Flow was recorded on a chart

corder [y I s [ b p
e e R e DR R w3, i P Tt s vere
an@gthetisedit e run ACTIVITY Control N A 22.4 2.2 ng (n=5)
TRI 50b 10m/k iv 9.78 1.9 mn=5 Active 3.0m/k iv
3 2.2 mn=5 Active HEPARIN 100 u/k iv 22.9 1.65 m
Inﬁﬁaduqdﬁa@ltadw"lstyeﬂ@nk iv 10.5 1.4 ng (n=4) Active
Thd mnxﬁjsm&@ﬂbtﬂl% dirdetip RittStek diodkAunT afdreanbestiesiovand hiagical procedures
under h arterial shear conditions, a TRl 50b dose
ha%lpeegm % 40 10ng/kg iv significant I y inhibits
t hronmbus formation w thout bl eeding, whereas a heparin
Bld@ﬁemvmhthl n the normal clinical range for treating
ronbosi s (100u/ kg iv heparin) was
i neffective. The higher dose of heparin, though

o Ha¥ caused severe bl eeding. These results, which
r@lﬁf a ?’RI 50b effectively  inhi Eltl n

Blopf {BAHTS 165 (IEh 0 (8.581oHY CBINUB RS SBFL B Hp aysff sodium citate

. follbiving arldbth&ditbaridrdigeiyt 1T fifsk aérﬁiléstwelétqkem@ma@ut past dose. Then at, 1.5,

&,ﬁ“w‘%fx,? In contrast, the thronbin inhibitor heparin,
2 RS BEhPst ered at an  approxi matel y equi-effective

dose (in terns of inhibition of arterial thronbosis),

ggﬁ H}g severe bl eeding normal when thronbin
Inﬂgﬁ F‘ r's are used to treat arterial thronbosis
Blood samples were taken: Pre dose, then at 0.25, 0.5, 0.75, 1.0, 2, 3 and 4 hours post dosing.

Plasma
This was obtained by centrifugation (3000 RPM for 10 minutes) and stored at -20°C prior to analysis.

RESULTS
PHARMACOKINETIC ANALYSIS
Fig. 5: oral phase clearance and kinetics following dosing with TRI 50b or its free acid (TRI 50c).

Fig. 6: oral phase clearance and kinetics following intraduodenal dosing with TRI 50b or its free acid
(TRI 50c).

CONCLUSION
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EXAMPLE 24 - COWMPARI SON OF BLEEDI NG TIMES 20 The aim

of the study was to conpare the bleeding tines of
whepanz2o7with TRI 50b in a suitable nodel. | tPCBGB2003/003887

accepted that heparin is a poor inhibitor of platelet

procoagul ant activity (J. Si 9% Chem 253(19):6908-16,

78 l.ef i ' BWWL: L
wii e % aftgeldsnal 36K V31 M il SENENE Hetvaltbl] ek plasma
confenteation)riean the frae acid.  {The Hath pecceensigieniwit TRE ofih Reigarrgpidly hydrolysed in
plabif4 FARE BRUShdAFATTRE S0 iRing ARk Liive f#@BAEI N and TRl 50b.
The doses enpl oyed were chosen on the basis of their
efficacy in the rat Wssler and dynam c nodel s and

TaHé;‘g lt€geler f/v}ﬂ'l)( teWata fé%; é')ll?glpﬁﬁl %8 tcﬁgl_]alﬂﬁz régjltﬁgAi;] &gmplﬁlem_itoi 25:indicate that
unjts . e | .
orsh GAAAGE7 1 AT PR30 B B0 Wy ALPESInt Waf o et artea

thrambeBtahéor wadusthiolmbsgdxli um pent abar bi t one at 60 ng/ kg
(2.0 M/kg of 30 nmg/ M solution by ip. injection).
Suppl enent al anaesthetic was given ip. as required.
EXAMPLE 26prtiyiman [ClinigabSindiegt i on 5 A jugul ar vein was
cannul ated for the adm nistration of test compound.
The trachea was also cannulated with a suitable =~
In SUTALARICENGIOIE SRR SIFD Rt (2 Brale i (dagarspich significanty
préfdg thhesmii Hottind BA@)Q URIKS 0bCHaH Mb Sffe@tdnGimplite Sleedisy Bme (i.e. bleeding
given in the appropriate vehicle at 1.0 m/kg
timermeasiyesthesinglaSimplate 8 hleedig §ma deMias)-st ered in 10 sal i ne,
whi |l st TRI 50b was dissolved in ethanol, and then the
esul tant solution added to water fQ injection (1
4P - RESTIDUAL oy HEPTANE QF TRL pQG CA Lplque  Two mi nut es
foll owi ng conpound admi ni stration the distal 2mm of

he animal's. tajl ect ione 5 W th S

sab eEne P1pHES (1 | MEATorRr S B R i 1 (4 B HREdspace ges

choowtogiaplyd Date are shawmdw®iow: uni ver sal ' contai ner, so that
the bl ood streamwas clearly visible. The bl eeding
time recording was started inmediately follow ng
transection until the cessation of blood flow fromthe
tip of the tail. A period of 30 seconds was al |l owed
after the blood flow fromthe tail had stopped to
ensure that bleeding did not re-commence, if bl eeding
did start again the recording tine was continued for
up to 20 a maxi mum of 45 m nutes.




Results Table 7 gives a summary of the bl eeding
results and shows the increases above base line
WO 200822071 25 Table 7 Sunmary tabl e of bl eedi ngPCEEBRG03/003887
Treatnment Bleeding time mn ( SEM) Saline 5.1 0.6
Heparin 100 u/kg iv >40* TRI o%0b 5 ng/kg iv 11.3 1.2
TRI 50b 10 ng/kg 30.4 5.2 iv *Severe bleeding in all
animals, with no cessation after 40 mnutes 30 t SEM
Residualmotients: Headspagé r ssiion WD 2004/ 022071
GCRaTa@B2003/ 003887 91 The results show that TRl 50b
ColwmB: superior to heP&rwax 30ndUEM IPeds bl eedi ng) at
Cargipn Gagpses. It sholielmalrRkBa t hat when 100 u/ kg
DeteglgErin i s conpareé:IQMzg(?'lCS nmy/ kg TRl 50b,

Inje AL t r eat ed |s. b |
e e B
ggl c@?'é}‘ﬂ!ﬂ' © 23) that1 parin at a dose of 100 u/kg is a

ss e %t&g i nhibitor of arterial thronbosis than
%. ados%gg 3.0 ng/ kg. Heparin is primarily
Je.i nhi bi t @ge@nd a poor inhibitor of platelet
Tra‘ﬂsuenem FH- acti vijhye the results are therefore

OtteP BbRLERT Wi t h TREerhbrxersthiRGagE theamiant
activity by inhibi tfj@forPim®loa3ehieduriagLl.Afin act i vity
in addition to thronbin rnhibiting act|V|ty EXAMPLE
25 - TRl _S50B_AS A RODRUG-FOR TR l:nc_

] sle

PHARMACOK] AlcTCﬁk{)I‘a HPD

NETHODS. A Ll o PRat o hadyv. woi ah

t ol reon OEﬂ Qﬂﬂ YO
u%téﬂdﬁqhe anl"‘f‘ﬁ!\sﬂbt W@)e f aXelugpe 'X/ onYEEN ;§8° f l?§%a av3e)rage,
15 ¢t a¥ ct . ano rrml.c vwonr o foct Ihao HEP n=

0 SRV LN MDAl R e - R AL
5%&‘81“- "Ras aII U';? tq t Halume{mi) | co cegj;ﬁg .| Tabl e
1 ot& 0136.84' eatjrent—Hgse o kg Py, 117
2 99.12 5 19.82
3 100.03 5 20.01
n-heptane 1
sample concentration (mg/ml) content (%)

1 0.0010 0.0048

2 : 0.0009 0.0044

3 0.0010 0.0050

0.00095 0.005

5  EXAMPLE 28 — HPLC CHROMATOGRAMS

TRI 50c hemicalcium salt made by the method of Examples 1, 2 and 3 ware analysed by HPLC
chromatography, as was TRI 50c monosodium salt made by the same methodology.

10 1. Method

1.1 Equipment and software

Autosampler Waters Alliance 2795
15  Pump Waters Alliance 2795
Column oven Waters Alliance 2795
Detection Waters 2996 diode array, MS-ZQ single quad

Software version Waters Millennium 4.0
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TRl 50b 20ng/ kg 2 TRl 50c 20ng/ kg 2 Table 9:
i ntraduodenal phase Treatnent Dose ng/ kg po n TRl 50b

wQwgbhkm78 TRI 50c 20ng/ kg 3 25 Dose For nul ap¢DOBENRI003887

50b/ TRI 50c) These were dosed in a fornul ation
prepared as follows: 48 ng/ M9 f TR 50b is dissolved
in ethanol: PEG 300 (2:3 vol: vol). Just before
%drri tratlrpgI§ 5 volumes of this solution is m xed
i 1987"¥P28S€ 30 of 5% kol |idon 17 8F. Both
Arabytigab Geigisn 1er e dosest7by oral gavage, or directly into

duodenum at / 04/ 022071
M%%%/Gszoosl 003857 ""i‘hé"'élg dHhds were dosed in a
SupplEf et hanol / kol | i doWatfecermhtarn,@ermdmych was prepar ed
D-ms;ﬁgﬁm ately before g_g di ately under
! the heading " Dose"'15 t OC §512{"8 EM"EB’%I s was dosed at
Prg-caaifl fkg (equi val eipreeol®omy/ kg). 5 Methods Oral

gavage Rats were dosed at 20ng/ kg. Approximately 30
es follow n g the rats were anaestheti sed.

mn dosin
Xigrp M%&waa #Bfe ﬁzEP'%Qa PRNG rHairiabsvonied by J¥gbers Rarposations 34 Maple Street,
Milforgt iMA exd 750, r estdng Ioﬁ&looﬂFE@: C&omerwm; aid@fzo@flae% f&&%bl%es hybrid

L cal.. proce coppl et e
o e o e ST i7hoh s s 15.5%
cacban pald cannul a into (0.09nl) of 3 8% wWv tri sodium
citrate fol |l ow ng anaest hesia and surgery. The first
npl es were taken one-hour post dose. Then at, 1.5,
1%0 2"'0'2!'3%19!5% post dose. Intraduodenal phase Bl ood

AqBEIIR bReNer € taken:a: g 4498% nddpgn at 0.25, 0.5, 0.75,
q Ip2 3 and 4 hours post f%o& ng.

Organlc phase C: ACN

Hp0 = Hy0 by Ultra Clear water purification system

ACN = gradient grade acetonitrile

Gradient conditions
time A% C% flow gradient
[min] [mL/min] shape
0.0 90.0 10.0 | 0.5
27.00 |10.0 90.0 | 0.5 linear
27.10 190.0 10.0 | 0.5 linear
30.00 {90.0 10.0 | 0.5 linear

1.4 Instrumental Parameters

Flow 0.5 mL-min!

Temperature 40+ 5°C

HPLC control : Waters Millennium Release 4.0
Calculation Waters Millenium 4.0

2 Parameters

2.1 Wavelength/Retention time/ Response factors



25 Plasma This was obtained by centrifugation (3000

RPM for 10 m nutes) and stored at -20C prior to
w@arpakpsio3t RESULTS 30 PHARMACOKI NETI C ANALYSI BCFG§2003/003887

oral phase clearance and kinetics follow ng dosing

wth TRl 50b or its free acigg (TRl 50c). Fig. 6: oral

phase cl earance and kinetics foll ow ng intraduodenal

dosing with TRI 50b or its free acid 35 (TRl 50c).

C@Iﬂ‘é. tu&émnw 2Qalibd pReTIdeHET: GB20BH 00388 mLg@nhen

f’agllt:L h gierfu[r)l‘é‘“yuk‘c' a'm oWt Es Uﬁ'se?&é'i?ma*”' CREGprdcal
h,,, " ls i (P | agGFeay ent ﬁéJﬂoﬂEﬁfactor
E:n = he Ilf‘iljé]g zsgcl %33 ( S en Wwith TR

LR alEShol ! gesy I}IgBUI YoFU [HogP! aSMA TO] pHB7 oUC and
VwBeﬁmr yde 1, 6‘1?' Mg [t7Eg aGL4.VE [P84FaCI Pl €. S| haken
t hkdl “acid " “5 5‘2”e Fod TP eXaggy es 18 to]ghyithe
Mepdbulieg 107 ° ’H"ﬂ?' €S >4 [[G3og371[@é Cat € t hat | ognsl

okt o atTqgy. 397 TRI5g50&Gga32TR62 cal €1 um salifiopv I |

provr de am exceltent way to treat arterial thronbosis

and/pr venous thrombosis. EXAMPLE 26 - Human d i ni cal
Studies 10 In hunman clinical volunteer studies with

5 zdeSEanQ.f. U|to|to 2. 5|nrg/ kg hv (dosages whi ch
significan ro I [ [
Lineegitrtanondaons B8 LBl tasre&ion TR Brdeci ng i e (1 e

bl eedijng tI)ITE nmeasured using a Sinplate(r) bleeding
time de e 7 - RESI DUAL n- HEPTANE OF
TR 50C eﬁﬁa"w%s%{@@ﬁ“?" repared foll nvvl 2 t he
net hods [cfalibediop| esareaand 3 tavget canst ed rIJace
gas chr|owutiogr aphy[nAbEl o adeg/sHdwn bel Eﬁaln\hﬂ\
2004/ 0220F150eCT/ %303/ 003889 94 Resi A4 sol ventk:
Heads acelrigfils chr op¥30dgr aphy0 GC Par ane2®e?  Col umml
DB- wax, [30i58c 0. 32| 609D 5100 Carrier GAE-3%eliumb. 0
80 kPas |Det ¥t or - 63’65 220109 n| ect or—1 " ?7 150C ’
Oper at i nglrcefedi ti o 20850/ 7 239 N 10CL idfo4 o/ 2
mn; 40 TrhSQCn 18010162584 | 250 256.

Tri 50c 339503 500 518.13

Tri 50c 326912 500 499.51

Tri 50c 659257 1000 991.02

Tri 50c 647495 1000 973.63

Tri 50c 1322371 2000 1971.72

Tri 50c 1305196 2000 1946.32

Tri 50c 2724410 4000 4045.24

! recalculated with linear equation

10 Linear equation parameters:

Y = 6.75e+002 X - 8.45e+003
r = 0.99975
r = 0.99950

15 Linearity Range 10 - 0,10 pg/mL (detection SIR m/z 508,33)

Table: Linearity data SIR 508.33

calibration | mean area | target conc. conc. found*
solution [pAU’'s] [ug/mL] [ug/mL]
Tri 50c 2188860 0.01 0.022
Tri 50c 2702839 0.01 0.045
Tri 50c 3817226 0.1 0.094
Tri 50c 3833799 0.1 0.095
- Tri 50c 23153550 1 0.947
Tri 50c 24646892 1 1.013




Injection volunme: 1 m Split: On Headspace Paraneter:

Oven tenperature: 70C Needle tenperature: 90C
wae@nstwri t enperature: 100C Qther paraneters: PENPBL003/003887
time: 15 mn, GCcycle tinme: 28 min, injection time:

0.03 min, duration: 0.4 mn 7CaI|brat|on Standards
sanpl e : C:!d; | 2'5 Biﬁﬁat apgar-t—wetght é“’“‘ vor-un
ﬁmh)epfgéw ARYA RS WA A S i

-C@%tﬁﬁwéh '}‘ﬁeué'gtﬁo entration m/m 1 100.84
eqﬁtiﬂﬁlpﬂaméteBQ 12 5 19.82 3 100.03 5 20.01 n-heptane
sanple ¢ L m content 1 0.0010 0.0048
Y 20 0009?8&‘8’@&”’zl SP% %g&{o 0. 0050 0.00095 0.005 5
r EXANPLE @89358HPLC CHROVATOGRAMS TRl 50c hemi cal ci um
5 p salL madgokyfst he method of Exanples 1, 2 and 3 ware
anal ysed gy HPLC chr omat ogr aphy, as was TRI 50c
nonosodi um salt nade by the sane net hodol ogy. 10 .1
2.3Af epliatithtidn Eﬂw prrent and sof tware Autosanpl er V\aters
ThAII|<':}L_nce 2795 t unp ‘I:ers Allla 2&%},
CAMBPLIRNRN At Wap F‘F %ﬁ’f&r? y5Rs tEsepal i ?)CHS eSS 955@1 di ode
Uv asg @y, M dnki ngl e quad Software version Waters
10 w2 Mok E g

2.4 Precision

Injection | Target concentration Area Amount [ug/mL] | Retention time
[ug/mL] [min]

1 250 165805 261.24 11.690

2 250 168644 265.44 11.662

3 250 167858 264.27 11.686

4 250 166947 262.93 11.692

5 250 166925 262.89 11.679

6 250 166294 261.96 11.696

Mean 167079 263.12 11.684

Std. Dev. 1033 1.528 0.01

% RSD 0.6 0.6 0.1

15 2.5 Robustness
Table: robustness data; Standard 250 pg/mL aqueous solution (containing < 1% ACN)

calibration temp./time | area [uAU’s] | recovery [%]
solution [°C/h] .
250ug/mL Tri50c | - 172020 -
250ug/mL Tri50c | 4°C. 16h 166294 96.67
2.5ug/mL TRI50C | - 88034891 -
2.5ug/mL TRI50c | 37°C. 4h 88833175 100.9
References
1. ICH HARMONISED TRIPARTITE GUIDELINE. TEXT ON VALIDATION OF ANALYTICAL
20 PROCEDURES Recommended for Adoption at Step 4 of the ICH Process on 27
October 1994 by the ICH Steering Committee
2. FDA Reviewer Guidance. Validation of chromatographic methods. Center for Drug

Fvaluation and Research. Nov. 1994

3. USP 23. <621> Chromatography
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WD 2004/ 022071 PCT/ GB2003/003887 95 1.2 Stationary
phase Analytical Colum ID S-71 Material XTerraTM Ms
W@1®4H22006 Supplier Waters, Eschborn, Germany PCT/GB2003/003887
Dinmension 150 nmx 2.1 mm (length, ID) Pre-colum ID
no pre-colum Xterra M5 C18i9% gmis a col utm packing
material supplied by Waters Corporation, 34 Mapl e
Street, 10 MIford, MA 01757, US and | ocal of fi
as #n yea.rrgjbg@()@,h@gggof qnplyt@:@lrpﬂﬁth@és Lﬁggllntgnatlonal Feb 1998
or gani Ic/l no; gani c partl cles, consisting of spherical
particles of 5 ore_size and %.
car Bon | Hayibud "%B"q i d?’?ﬂ‘é@“ 5DrAat6‘érBﬁ§r°B\‘gﬁ§ggd%M"eﬁ¥81 Verlag.
+ 0. 1% HEeoH 1sEN razv-zogphdse: C. ACN H2O = H20 by U tra
Clear water purification system ACN = gradi ent grade
acetonitrile 20 Gradient conditions tine A% C%fl ow
3. graddessts min [nL/mn] shape 0.0 90.0 10.0 0.5 27.00
10.0 90.0 0.5 linear 27.10 90.0 10.0 0.5 li near
30. OO 90 O 10 O O 5 Ilnear 1.4 Instrunental
nple Name osodiuprsalt 25 Tenperature 40 50 C
Mters M1l ennium Rel ease 4.0
cul ation ters MIlenium4.0 2. Para S 30 2.1
Napme, e engtRI‘FF N&ﬂ ent tAB‘i'P time/ R#z%,n]se f a® F%Fbe'g t
TRI 50c 12 136 100 0000 604.27228 32.05369

3.2 Sample Name: TRI 50c hemicalcium salt
Injection volume: 10yl

Name Ret Time Area Area Peak Height
(Min) % [pAU’s] pAU
TRI 50c 12.126 100.0000 597.11279 32.29640

The disclosed methods have been used to obtain salts substantially free of C-B bond degradation
products, in particular salts containing no such products in an amount detectable by HPLC,
specifically the method of Example 28. The disclosed methods have been used to obtain salts
substantially free of Impurity I, in particular containing no Impurity I in an amount detectable by
HPLC, specifically by the method of Example 28. The disclosed methods have been used to obtain
salts substantially free of Impurity 1V, in particular containing no Impurity IV in an amount detectable
by HPLC, specifically by the method of Example 28.

EXAMPLE 29 - DETERMINATION OF DIASTEREOMERIC EXCESS

TRI 50b, crude, contains three chiral centres. Two of them are fixed by the use of enantiomerically
bure amino acids ((R)-Phe and (S)-Pro). The third one is formed during the synthesis. The favoured
epimer is the desired TRI 50b, Isomer I (R,S,R-TRI 50b). Both epimers of TRI 50b are clearly
baseline separated by the HPLC method, thus allowing determination of the diasteromeric excess
(de) of TRI 50b.

TRI 50d is not stable under the conditions applied for HPLC purity determination, but decomposes
rapidly on sample preparation to TRI 50c, so that TRI 50d and TRI 50c show the same HPLC traces.
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WD 2004/ 022071 PCT/ GB2003/ 003887 96 Table: retention

and detection paraneter (k' F: 0.5 m/mn, t0 = 0.9
Wworkeosse20y1 Substance RetTime 7 miz response faRCDGB2003/003887

Reciprocal mn [nm [area/jig] Response factor TRI

50c 11.68 258 508.33 660 1 dBenzyl al cohol 3.862 258

d. 1960 Vi 8
Thegwe (rgrpers §£ ﬂl}lgogbé: azraé(? : %%gé E%,h%g%at@d SJ'?H @g buft- bgt{1 i%o%%%sa;ﬁr% (r:liaarly visible.
Thid bidonk8 @HFBUSOGheh7 TRBGO0D. Zepde (Mmintyrg | of| pot[[ 3iseyoery)s is converted with
pheﬁﬁ%ﬁg& %ﬁtoll’é% 36, cﬁjdg %oﬂh' ngb%rﬂ!ré StYrREI5D€ avel db¥erv@ang APUOR@rly at the

tection 8 nm Table Linearity data
Saﬁlﬂ\ﬁ'él&&'rﬁsnb@fﬁrei'bFBHO@ncrﬂ‘i‘eea target conc. conc. fou%d-

28' ut5|382 [10U28] /7an] [ /m] TO 50c 5353 10 20.44 TO

c ¢ . Oc 65809 100 .1 g .
Upcseeyubeston R 504 Fomrie ooty il O3 gadoinel it predtd. In i
casd BIBEBghor&0nly ofe gk deOfRS 60c, 3BeRGRveb0gnal fenti®y is Phservgdc Precipitation

o e R 0 220 708 rone

11 ot ESQBAERd DY 00 HRLHERd. Taprsioe samplea heforegemednigtipnand after one
andltmfoerg %&ﬁﬂa%r\ﬂve\‘ﬂe&%k ikd! @:ﬁ‘l‘i g(ﬁgééﬂﬁddocﬂe 1 ukihd&RipleS GERRT 508 analysed
by HPLC Thus a de of 95.4% was determlned for the crud% samp{ Th% rgp%'ggpsltated sample
resulted in a de of 99.0% and finally the sample that was reprecipitated twice showed a de of
99.5%.

These results clearly show the preferred precipitation of Isomer I, whereas Isomer II remains in

solution.

Tt will be appreciated from the foregoing that boronic acid salts are described that are useful for

. pharmaceutical purposes and which feature one or more of the following attributes: (1) improved

amount of oral bioavailability; (2) improved consistency of oral bioavailability; (3) improved

stability; and (4), in any event, not suggested by the prior art.

The selection of active ingredient for a pharmaceutical composition is a complex task, which requires
consideration not only of biological properties (including bioavailability) but also of physicochemical
properties desirable for processing, formulation and storage. Bioavailability itself is dependent on
various factors, often including in vivo stability, solvation properties and absorption properties, each
in turn potentially dependent on multiple physical, chemical and/or biological behaviours.

The present disclosure includes the subject matter of the following paragraphs:

1. An oral pharmaceutical formulation comprising a salt of a pharmaceutically acceptable
multivalent metal and an organoboronic acid drug.

2. A formulation of paragraph 1 wherein the metal is a Group II or Group III metal or zinc.
3. A formulation of paragraph 1 or paragraph 2 wherein the metal is divalent.

4. A formulation of paragraph 1 wherein the metal is calcium.
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rz = 0.99950 15 Linearity Range 10 - 0,10 gg/nL

(detection SIR nfz 508,33) Table: Linearity data SIR
wG®48R0ckl | brati on nmean area target conc. coneCT/GBd003887

solution [ Us /] fgg/n] TO 50c 2188860 0.01 0.022

TO 50c 2702839 0.01 0.045 Tipg 50c 3817226 0.1 0. 094

5. 111 At b DR el Easgbin 0 T O 2

PCT/ GB2003/ 003887 97 Tri 50c 223007852 10 9. 765
6. 1M1 RQ&rm%l%E% ot Afof ]pggag;%#eﬁg’?to ﬁwﬁe@&ﬁ'ﬂ’%%%&h@&brwlct&d ié RAIphobic.

equat 1 on uation p
1.69e+006 r = 0.99958 5 r2 = 0.99916 2.3

7. QaRtfoinffidiBR of bR} bf patBgrEpaNt td 8twHereid tha drga@Boronic acid comprises a
determ ned using the signal to noise ratio criterion

borgpeqtide argioropeRfidoBNetitn  10. tg/nL 10 Mz 508.3: 0.1 gg/ni
2.4 Precision Injection Target concentration Area

o Aok Ly L EELAB T Ak Ao e i

(167858 264.27 11.686 4 250 166947 262.93 11.692 5
250 166925 262.89 11.679 6 250 166294 261.96 11.696

R# OH
“SN-CHNR2-CH-B . 1)
e ~
RS l | OH
R3 R
where:

R1 is H or a non-charged side group;

"R2is H or C1-Cy3 hydrocarbyl optionally containing in-chain oxygen or sulfur and optionally

substituted by a substituent selected from halo, hydroxy and trifluoromethyl;

or R1 and R2 together form a C1-C13 moiety which in combination with N-CH forms a 4-6

membered ring and which is selected from alkylene (whether branched or linear) and

alkylene containing an in-chain sulfur or linked to N-CH through a sulfur;

R3 is the same as or different from R1 provided that no more than one of Rl and RZ is H, and is H or

a non-charged side group;

R% is H or C1-Cy3 hydrocarbyl optionally containing in-chain oxygen or sulfur and optionally

substituted by a substituent sefected from halo, hydroxy and trifluoromethyl;

or R3 and R?* together form a C;-Cy3 moiety which in combination with N-CH forms a 4-6

membered ring and which is selected from alkylene (whether branched or linear) and

alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; and
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Mean 167079 263.12 11.684 Std. Dev. 1033 1.528 0.01

RSD 0.6 0.6 0.1 15 2.5 Robustness Tabl e: robustness
walad0a/0228randar d 250 g/ nL aqueous sol uti on ( conPGi/OBREW3A03887

1% ACN) calibration tenp./tine area [AU s] recovery

[ solution [-C/ hl 250 /m_1d'1i 50c - 172020 - 250 /nmL

Tri 5Cc
R BKE hEreT SOEUBGT o MHOraUBEs TP S5t FARTHES ARKIREONg S of amino
acidsQrbtARMNh b)) BRI PARAEsTIE tWaJbrDkbrk mino BEXT (fabral or unnatural) of which

B g R e

Cct ober 1994 by the ICH St eeri ng Committee 2. FDA

Revi ewer Gwd nce. [ chr mat ogr aphi
> ot AGHEGh ity W B i ol Ao 2Efi GRS and R togetner
form\/saldlg . USP 23. <621> Chromat ogr aphy WO

2004/ 0 20%1 PCT/ GB2003/ 003887 98 4. L. Huber.

Val i dation of analytical Methods. LC-GC International

10.Feba 14ARBtiéh o Rﬁm{bﬁ@ N@aia@ira@h QW@wefd’h e hyBrvarpjl iolstionBMy, containing

Stavros Krom
in- 53099597 SHILG I sgtd fo° {hes%fﬁw o of sy Sibtiuted by
cydBaIk@s@rdliod hetsiabiyyl; cytakylj @l arerhetapdamyie: 10uL Nane Ret

Time Area Area Peak Height (Mn) %[pAU s] pAU TR

50c 12.136 100. 0000 604.27228 32.05369 15 3.2 Sanple
11.Nané:forTRIatig0ef ane af nesdosaphss xl wherelp BistioB¥Ndvol une: 10pL

Name Ret Tinme Area Area Peak Hei ght

12. A formulation of any of paragraphs 8 to 10 wherein E is a hydrophobic amino acid.
13. A formulation of any of paragraphs 1 to 6 wherein the organoboronic acid is of the formula
(1n):
/OH
R7-aah-NR?2- H-B\ (1)

OH
R8
wherein

R7 is X-E- wherein X is hydrogen or an amino-protecting group and E' is absent or is a hydrophobic

amino acid;

R8 is an optionally substituted moiety containing from 1 to 5 carbon atoms and selected from the
group consisting of alkyl, alkoxy and alkoxyalkyl, the optional substituents being hydroxy and halogen
(F, Cl, Br, I); and

aah is a hydrophobic amino acid, or is glycine N-substituted by a C1-C13 hydrocarbyl group

optionally containing in-chain oxygen or sulfur and optionally substituted by a substituent selected
from halo, hydroxy and trifluoromethyl. 4

14, A formulation of any of paragraphs 8 to 13 where X is R6-(CH2)p-C(O)-, R5-(CH2)p-S(O)2—,
R6-(CHp),-NH-C(0)- or R6-(CHy)p-0-C(0)- wherein pis 0, 1, 2, 3, 4, 5 or 6 and R6isHorab5to

13-membered cyclic group optionally substituted by 1, 2 or 3 substituents selected from halogen,
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(Mn) %[NAU s] }EAU TRI50c 12.126 100.0000 597.11279

32.29640 20 The di scl osed net hods have been used to
wo@bioaiozeosal t s substantially free of CG-B bond PCT/GB2003/003887

degradation products, in particular salts containing

no such products in an anpunjgretectabl e by HPLC,

B Rob L BAE TG I Bt Bt

thefc?&“ g gFBCup |ti‘nT’Bl§§h' Ea% lngdwalh nTH ﬁg‘iifb%%ﬂéﬁlléw grotigd dpitiogally being substltuted by a
mou
subg BT A PP RERE: AN Do P ERAI 5 S groue

di scl osed net hods have been used to obtain salts
substantially free of | npur ticular . .
15.confdermutagorel pasgsignht i whergin, 5%‘?155%5 H{eﬁﬁg@gg% group f5 Aromatic or

hetElBkematdeci fically by the nmethod of Exanple 28.
EXAVMPLE 29 - DETERM NATI ON OF DI ASTEREOVERI C EXCESS
30 TRl 50b, crude, contains three chiral centres. Two
16.0f MHewnultien &fi paedrably 15 Wberaipesaidfs te ddmtembaned Cyci¢ grpup is phenyl or a 6-
e and (S)-Pro). The third one is ‘
'“ef“gl?rﬁgaéamgmmg&@%" FJsqynt hesis. The favoured epiner is
t he desired TRI 50b, Isoner | (R S,R-TRI 50b). Both

f I I
o PRl Tae? s 304 OB B8 OB pE e o

c(@L 8%l fE@ERAI C excess  35. (de) of TRI 50b. TRI 50d is
not stable under the conditions applied for HPLC

purity determ nation, but deconposes rapidly on

1gsampl fbrtﬁuﬁlﬂl@ar(ﬂtdngbrbftpara'ljﬂohéiﬂlctp & evheraiat thd RrgabolebrenitdackkRis a serine
0c S@B‘g%t he sane HPLC traces. WO 2004/ 022071

pﬁéﬁﬁ’ 3/003887 99 The two isomers of TRl 50c are
not baseline separated in HPLC, but both isoners are

Cl eq\r ! %ralv rﬂéc@ut*ca%@rrﬁul?t%ogﬂ?ﬁp)rﬁﬁd 150k of\/‘@%ar-ﬁﬁketﬁi@ﬂy acceptable

oth Isonmers) 1S converted
mqjtwelnw nhetgl ond @n ereangbereniqagid iglybitor f @ eRagulptionisey Wﬁ@e of
TRI 50c are observed in HPLC nearly at the samne

lati ' :

2001 FHPTBIOR PaRTBRIN S8 BN oGNPy a0t btk BT ac.

di astereoi soner is precipitated. In this case HPLC

sho onI one, ong TR P VERLY, ic acid i

21f ‘ oms forgu téon E?r%‘%rggh Rl a&;??l o2 Et%lr?] ik YorgdMbdronic acid is a
thrdinbinlirdbitoret hane/ di et hyl et her renoves the fronting :

efficiently. The level of renoval of Isoner ||l cannot

be quantified by this HPLC nethod. Therefo % nE €S thrombin Si-
22bef dy Bormidtion s pREAEPR 71 AgrekY therthrgmbiniphibiiog hps,g neutral thrombin

’ oS dMBRBICRsbRbInfS288-bMding niviedacol and t he
b@d@@ﬁtﬁ%&é&am%zs%gf TR 50b aﬁsgll yseg by HPLC. Thus a
de of 95.4% was determ ned for the crude sanple. The
23[ epr eci piA pirdateABPpaagraphsiilviheckin the argeisoborfoni0 8cid %af hermula (III):
finally the sanple that was reprecipitated tw ce
. showed a de of
/,OH

Y-CH-B (i)
SOH

R®
wherein
Y comprises a moiety which, together with the fragment —CH(R9)—B(OH)2, has affinity for the

substrate binding site of thrombin; and
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99.5% 15 These results clearly show the preferred
precipitation of Isonmer |, whereas |Isonmer Il remains

WO poo4szdoat i on. It will be appreciated from t hePCT/GB2003/003887
foregoing that boronic acid salts are described that
are useful for pharmaceuti cad)3 pur poses and whi ch
feature one or nore of th

RY is @Fwa chazvbal (P |r6?rr%)F Ibykﬁns & mo?ea%?-l I{nEage Sxd {n]\)rhlch the total
numb‘GB oM eencand shrbbe aoyns &f frap Alto Gicoiv-ACH AW mﬂwre ni B)from 2 to 5 and W

nproved stability; and (4), in any event, not
'S@Ugﬁéélt)‘&ﬂ (byFlt8i& Brior art. The selection of active
i ngredient for a pharmaceutical conposition is a

SO G WP P SR o o v
sutﬁ'ﬁfg ofth@mbffand hé’ﬂ;dkéd)ﬁl@ﬁ(@lB(O by rofptidd ItRaddp Seraddiiocacid being N-
for processi ng, fornul ati on St or age.

terBineliyiakedab i Imofefy whigheltifdsitis Siiqubﬁ?hté ehthr&pifsar i ous
factors, often including in vivo stability, sol vati on
properties and absorption properties, each in

25, pot Arfoimalation gb paagTamt 2o Wheraing is1a8 gpHioneie Hrtef”&'}?lé\frP@Eﬂded dipeptide
res%H% P/vulalégn? tg Qige %4 ang%a%}f\d sﬁfes o}-tnﬁ eﬁlﬁ?rﬁﬂg lquae§€d Q$HB-B(OH); by a

ub) ect mat r
peftidé ?ﬂﬁ}(agé) hise pepﬁ@e Ihkag%ﬁ inothalacip bptfomﬂbreand nnclaﬂ)enﬂmtlvmelag Nesnbstituted by

m ih ﬂqyﬁgttgtgpa?ptlgﬁagy 8%@%5"353 %ﬂg g g!eﬁ/ %r‘gs%@@rgské‘ Bbt%&ally substituted
byEeﬁMuattlsa@ct&i‘fr@ﬁha@n@@hxylanmﬁmmetme netal is a

Goup Il or Goup IIl netal or zinc. 35 3. A
formul ati on of paragraph 1 or paragraph 2 wherein the
261Tet @l foinsulation aif @atagrapi .25 Avifeeaimrtteali-tesminelf prptectingrgrpkp & a group X as

el oharenaner IR B R o of par agraph 1

wherein the nmetal is nmagnesium 6. A formulation of

7any A%r iglg B@EQggr;pht p1 é“ dﬁlh’%hﬁ‘oh "26t Neer8h m&&%@&bﬁc acid has an N-

formul ation of any of
terprawbrgaiagmg QELOUP@n‘BU'%H'éﬁt'BEW Reﬁ@ed'f‘@&ﬁ%bor onic acid

conprises a bor opeptl de or boropeptidomnetic. 8. A
fornmul ation of a

280 geﬁ‘?o‘%‘r Bl?ﬁrr@acgelil%l ?%mglpthnh (réoa pglg’lprgb|aasalt(6 PéNh 5 e'nﬁ&%\\g\%ally acceptable
muBvaleMtnidthl ivPa GiptiBe bdrpnic &5d oflformula@Y)R3 R

OH

S~
X-aa1-aa2-NH-CH~B\ (V)
OH

R¢
where:

Xis H (to form NH>) or an amino-protecting group;

aal is an amino acid residue having a hydrocarbyl side chain containing no more than 20 carbon

atoms and comprising at least one cyclic group having up to 13 carbon atoms;

aa2 is an imino acid residue having from 4 to 6 ring members;
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where: RL is H or a non-charged side group; 15 R2 is H

or Cl-Cl13 hydrocarbyl optionally containing in-chain
w@zopgeeeoor sul fur and optionally substituted BYT/a@B2003/003887

substituent selected from hal o, hydroxy and

trifluoronmethyl; or Rl and RZzg4 oget her forn1a Cl C13

rmlety whi ch in conbination with N-CH fornms (g ) |
RS ircavileniahdl Chdimeld SEpUpmterptes byane or 8191¢ R, ‘&F@%?Fé‘ﬂ in which the tota
nurhi¥de 8 B§GePsrANERA afinslid AGAB ko 6, is 40HA| KW Iveare m is from 2 to 5 and W

containing an in-chain sulfur or linked to N-CH
is -Ohiras hglhgen (BUdLfBIorDR3 i s the sane as or d| fferent from

Rl provided that no nore than one of Rl and R2 is H,

and is Hor a non-charged S|de grou 25 R4 is Hor :
29.C1- G¥arntujatiorocfapalagrapb 328 ivdeeein apl dane by cntj)yli siflechain gontaining up to 13
c 3gen or sul fur and optionally substituted by a

substituent selected from hal o, hydroxy and

trlfluoronethyl or R3 and R4 together forma Cl-C13

207" St AR B ER A G R v

(mhether branched or linear) and 30 aIkerne
cont n- ch ulfur or.lin
3¢ hr ”2?%%? fR?Fagfagﬁ&Q il ﬁ?ﬂﬁ'f&ﬂ}ﬁgg‘i‘} %Bé'%%g/p%‘é‘sm
101 R5 is X-E- wherein E is nothing or a hydrophobic
noi ety sel ected fromthe grou onsjsting of a
200 d<OTWHRLER & PRSI HPAFS B Geafe i sy G Ggrsining one or
twiBJcRh@Rdddyiagoups. (nat ural or unnatural) of which nore
than hal f are hydrophobic and X is H or an
am no-protecting group. 5 9. A fornul ation of

33Par agb@Rihtin Whekfraph 28hefh 2 6s e, Dfa 6f2 wislly-brepadtiaBhydrogenated
and R4 together forma said Cl-C13 noiety. 10. A

anglegugiteiedfon of paragraph 8 or par agraph 9 wherein said

hydrocar byl optionally contalnlng i n-chain oxygen or
sul fur is selected fron1the consi s |n L kyl .
34al kA fosniation PlRaERIRD 28 WherEhd %?Fted i?@h P%fr &) o S ch.
heteroaryl; cycl oal kyl; ar yI and heteroaryl. 11. A
formul ati on of any of paragra hs 8 to 10 wher ei n
35not H flagnulatien oanrW@f PRIRGIERNS S &7 Sherdr o 5 alft S%ﬁgurat'%
10 wherein E is a hydrophobic am no acid. 15 13 A
formul ati on of any of paragr a?lhs 1 to 6 wherein
3601 ganfoboulaiion of paragiaphs3Sofherdiread ds (RiPhe (tbqtll% D-Rhg) or (R) Dpa (that is, D-
Dpay aah-NR2- HB (Il) OH R8

37. A formulation of paragraph 35 wherein aal is (R)-Phe.

38. A formulation of any of paragraphs 28 to 37 wherein aaZ is a residue of an imino acid of

formula (V)
11

R
HZC/ \CH-COOH
~._ . V),

N
H
where R11 is -CHy-, CHp-CHy-, -S-CHy- or —CHp-CHyp-CHp~, which group, when the ring is 5- or 6-

membered, is optionally substituted at one or more -CH;- groups by from 110 3 C1-Cz alkyl groups.
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wherein 20 R7 is X-E - wherein X is hydrogen or an

am no-protecting group and E is absent or is a
whyanopdobi ¢ amino acid; R8 is an optionally PCT/GB2003/003887

substituted noiety containing from1 to 5 carbon atons

and selected fromthe groupiggpnsisting of alkyl,

al koxy and al koxyal kyl, the optional substituents

bei ng hydroxy and halogen 25 (F, d, Br, I); and aah
39.i S A forMMIicARIT @BragrapTB8 Wherelh da? i9of $-conGuyratione

N-substituted by a Cl1-C13 hydrocarbyl group

optionally containing in-chain oxygen or sul fur and
4Qopthggﬁhkmx§y@§§@59{gﬁwmyaﬁagthQHMuent selected from

hal o, hydroxy and trifluoronethyl. 30 14. A

formul ati on of any of paragraphs 8 to 13 where X is

R6- idr($Phz 1 SERRERINSO:Z2 is (RIFfe(SHED RthiHs, S Be-L-Pro).
41'or &W@E&cﬁ) éa%?@- wherein p is (g,) 1, 2, 3, 4, 5 or

6 and R6 is Hor a 5 to 13-nenbered cyclic group

opt | i 241Qfnereirs RO R breRBEHyl, 2-chloroethyl, 2-
esel é?ﬁﬁ*&'aﬁ?’i?finih&éééﬁgm% B g et Y Y
mefhOTebE2 308mEpsedr3-Cigrepram AL3-MetheREoPHy dr oxy, a C5- C6

cyclic group, Cl-C4 al kyl and Cl-C4 al kyl contai ni ng,

and/or linked to the cyclic group thyough, an
43.i n- éliainolabon oflaey eff paragtamhel 2&loKkht whg Sis BethoneIreryl-

bei ng substituted by a substituent selected from

hal ogen, ami no, nitro, hydroxy and C5:Cﬁkﬁ%clic 4 of f |
44.gr odpformslation ofparagraphl 45 Whsein Feeptidle, barpnicyagid, i @rmpeund of formula
Gxﬁaid 5 to 13-nenbered cyclic group is aromatic or

eteroaromatic. _16. A fo e par aph 15
wherein said 5 %%Rﬁgﬁﬁéﬁggﬁgghgyggﬁézgro@%&is phenyl
- A6t & Q3aRRbh 64.9roup. 10 17. A
Wh?%r)ﬁ% sa‘%%%ﬁ?%%y%f p?raagr aphs 14 to 16 wherein X is

R6- (CH2)p C(0)- or R6-(CH2)p O- C(0)- and p is 0 or 1.

18. pAof ' 2 @RS RE-LP, 8, -H0gr @IRE"-(CHy),-0-
451heﬁg?ﬁg%ﬁggg%ﬁygf§%§QQ¥§9gugeriné 15 prgtg§s¢ (Clp
C((:JS)U,%EH@ is phhyl dVa bR BRRABE RSt rodp@ndy igd dron

onprising a salt of a pharmaceutically acceptable

mul tival ent nmetal and an organoboronic acid inhibitor
460f @ ERAMbRbE MY oS RIrhgMEph L8 teoBieherskDX RBbenzAlokymarohydt i on

of paragraph 19 wherein the organoboronic acid is a

pepti de boronic acid. 21. A fornul ation of paragraph
4719 QI fopaUiaigh aphny2d¥ pategrapha2d toetbortgeintiersalhis@ divalant metahsalt of the

thronmbin i.nhibitor. 25 22. A fornul ation of paragraph
pe@fé&H@PﬁﬁﬂdThe thronbin i nhibitor has a neutra

t hronbi n Sl1-
48. A formulation of paragraph 47 wherein the metal is calcium.
49, A formulation of paragraph 47 wherein the metal is magnesium.
50. A formulation of any of paragraphs 28 to 46 wherein the metal is a Group III metal salt of

the peptide boronic acid.
51. A formulation of paragraph 50 wherein the metal is aluminium.

52. A formulation of paragraph 50 wherein the metal is gallium.



10

15

20

25

30

35

bi ndi ng moi ety |inked to a hydrophobic thronbin

S2/ S3-binding noiety. 23. A fornul ation of paragraph
wWQ2004mbp8rei n t he organoboronic acid is of For neCEGB2003/003887

(rer)y: /0H Y- BB (I11) \OH 30 RO wherein Y

conprlses a noi ety which, toged her with the fragnent

5. T ATHBOH b 5Bl Lo SRR, SBEIEALS) onitnt i e
borp@T¢ GBABGOBIhe daBEIRtionmedorinanty earing aiskele Nathaichargs-ky |

aLouE |Eterrupted by one or nore ether |inkages and in

ich the total nb

o Tohiastsee g ron SR S 5 g
oftﬁgemwouh(ﬂ -OH or halogen (F, d, Br or 5 24. A

f

am 1o aci d whi DA B o 22"2% "thr onbi n

and is linked to -CH(R9)-B(OH)2 by a peptide |inkage,
St SOBURE 1 REESPLAbTEn o PhIEGRBEN b5, ™ T

forrrul ation of paragraph 23 wherein Y is an optionally

b| 0 Sﬂn@hﬁtlﬁx o@gﬂ%%ﬁ%@rgg%kﬁep% 48 wiklid fn%i Heco H§h a boronate ion

sites o I'n and
derived Ifiomkibel bpronic Geld ROY aB(o(m)errbgndawhqﬁgpfheOE@It|cpmﬁggsggsseqt|ﬁly of a salt

the acid optionally and
hay %ep@%&gﬂ}}%s&ﬁlrkg' N-substituted by z\ Cl-C13
hydr ocar byl group optionally containing in-chain
57.0XY Q@8 RilatiSHdiiany ofiaeaghipht 0 BRbd Whicibmithd folradf a tajsleBor capsule.
substituent selected from hal o, hydroxy and
trifluoronmethyl. 15 26. A formulation of paragraph 25
SMhequtharrﬁﬁaJtRsbltfemiﬁlamarh lrpbxat dashgen fprigreoomprising @ sgit esigefided in any of

parﬁéraplgsgf;i{q % (!J]Q p%n ceutl ﬁ%&sdlla%tt&c%ént(oga}ﬁér than

paragraph 26, V\,herel n the or ganoboroni ¢ acid has an N

: 9t er 'R @ﬁhulﬂ{ggt g%ml Y pRLGPhs2th BEARATE iR ReRleh&ethe salt or the

oral pharmaceutical fornulation
prﬂé‘b%t siduefleBdal t of a pharmaceutical |y acceptable
mul ti val ent rret al and a peptl de boronic acid of

Go.f or A formugatlg/lz of paragraph %8 whlcﬁl IS enl'_l-rlcally coa{edv) H R

6l. A salt of a pharmaceutically acceptable multivalent (at least divalent) metal and an
organoboronic acid drug (where the term “drug” embraces prodrugs), wherein the observed
stoichiometry is consistent with a predominant portion of the salt having a notional drug:metal
stoichiometry of n:1, wherein n is the valency of the metal.

62. A salt of paragraph 61 wherein the observed stoichiometry is consistent with the salt
consisting essentially of a salt having a notional drug:metal stoichiometry of V:1.

63. A salt of paragraph 61 or paragraph 62 which is as further defined by any of paragraphs 1 to
53 or 55.

64. A salt of a pharmaceutically acceptable multivalent metal and an organoboronic acid of
Formula (I1I) as defined in any of paragraphs 23 to 27. -

65. A salt of a pharmaceutically acceptable multivalent metal and a peptide boronic acid of
formula (IV): '
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25 where: X is H (to form NH2) or an am no-protecting
group; aal is an am no acid residue having a
whyanozaroyl side chain containing no nore thaPCRGB2003/003887
carbon 30 atons and conprising at |east one cyclic
group having up to 13 carbomgtons; aa2 is an imno
acid residue having from4 to 6 ring nenbers; WO
2004/ 022071 PCT/ GB2003/ 003887 Q4 RO is a strai ght
chain al kyl gr Xuge-aa%eNHQH by one or ntve ether
I i nkages and in which theitotalOHnunber of oxygen and
carbon atons is from3 to@i_| or is -(CH2) mWwhere m
is from2 to 5 and W is - or hal ogen (F, d, Br or
). 529. Afornulation of paragraph 28 wherei n aal
whdi@s a hydrocarbyl side chain containing up to 13 C
atons. 30. A fornulation of paragraph 28 wherein the
cyclic group(s) of aal is/are aryl groups. 10 31. A
X isfHOMtdTEbk @ INHG NlorGin apoa@stagiing 3ibumher ei n the cyclic
group(s) of aal is/are phenyl. 32. A fornulation of
paragraph 28 wherein aal has a hydrocarbyl side chain

aal‘l.gf%o%HH X Idgl%‘sa’d haanﬁKa Wéﬁd %@M% %élp)&)ntglhiﬂbl A8 - hmok5tDl'%3 20 carbon

par ereln aal 1S
atoms ang coMDIi$ing eagane .cw if womﬁﬁv@g A& S ABHue
thereof. 34. A fornul ation of paragraph 28 wherein aal
is selected from Dpa, Phe, Dcha and Cha. 20 35. A
azfxs)ammmElcmlrres;lﬂuedm\yngﬁorpaitfa@rllehgnlzasfto 34 wherein aal
is of Rconfiguration. 36. A formulation of paragraph
35 wherein aal is (R -Phe (that is, D-Phe) or (R)-
RY (stahéttaighs chdidx alkyd @joup ﬂﬁerﬁjbted/byfanermlnmm dherdfnkmﬁ aod @p@thh the total

er el |
rurity SE PR THCeDZorh ATt 3 s, e, G yiEredy 19 2o 5 and W
is —Of i BaldgendF,adi, Brfoﬂl’)m.ﬂ a (V) R11 H2C CHCOOH NM H
30 where R11 is -CH2-, CH2-CH2-, -S-CH2- or
- CH2- CH2- CH2-, which group, when the ring is 5- or 6-
66.menhasled, par@ramptss ohizh isyassurtet definedby te feghsesnl amb@f@aragraphs 29 to

s RO Y 0o Sos™ ) 9 VO

67. A calcium salt of the compound Cbz-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH);.

68. A calcium salt of paragraph 67 which has an observed stoichiometry (compound:calcium)

substantially of 2:1.

69. A composition of matter for use in preparing a salt of any of paragraphs 65 to 68 comprising
an alkali metal salt of an organoboronic acid as defined in any of paragraphs 28 to 46 or 54.

70. A sodium salt of a compound of Formula (IV) as defined in any of paragraphs 23 to 46 or
54,
71. A potassium salt of a compound of Formula (1IV) as defined in any of paragraphs 23 to 46 or
54,

72. A salt of any of paragraphs 57 to 59 when in aqueous solution.
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39. A formulation of paragraph 38 wherein aa2 is of

S-configuration. 40. A fornulation of paragraph 38
wob@rez7aa2 is (S)-Pro. 5 41. A fornul ati on oPCT/GB2003/003887

paragraph 28, wherein aal-aa2 is (R)-Phe-(S)-Pro (that

IS, DPhe-L-Pro) 42. Aformg ation of any of

73. FZJaE: g%{ﬁ.@gs ,meQ a ﬁ@?@f%h%ﬁeﬁlm pro%a er IE &@g&%&m%t 'of disease comprising
oral&alii’du@stérmg Q@ylmanrma’ﬁamtmyqahyoq:ﬁdctwem\omat of/a product selected from the
gro?% cgqs%@% 0P yf fo%%lat%&ﬁ%ﬁ Rﬁ?o ﬁgﬁﬁg%@hg Qo4d dhsrEid 8ls of any of

. ox ypr opy tron of paragraph 28
paragnapheiothta§e pepti de boronic acid is a conpound of
formula (IX): 15 X-(R)-Phe-(S)-Pro-(R)-Mg-B(OH) 2
(IX), where X is as defined in paragraph 28 or
74.par Agieihor of paragrgph A3 wBerR) the Adive g$e“5 n &fowag'a? afpLed to release
the%&nfe%%émmvmga@den%ls R6' - (CH2)p C(0)- or R6'-(CH2)p
where R6' is phenyl or a 6-nmenbered
heteroarorratlc group and pis 0 or 1. 20 46. A
75.f or e @kioda self obamy of barpgrapigoa it 68 KB theomantifaghieg ef an oxalimedicament
mul ati on of any of
forSrS%lcg"é’rfgp Xé%g%%)e%g’éﬂ/\mgﬁgﬁﬁgt he salt is a dival ent
netal salt of the peptide boronic acid. 25 48. A

76.F OF Rulb@hb® Nor O{redf%ﬁé AGh&i harfﬂ70r\/\'ﬁ@érﬁl mhrbhﬁosiﬁeby’tﬂ proghylaxis or therapy,

cal Ci 49.
comyisiag g;rin@mﬁfggpgagq grwrgunlg%tl %t(f%ru'zg fr alf) Eﬁé 8&ff¥m ﬂ%r,?rgrfn verrllgus and/or
artdiral ﬂ@dn@déﬁ@ a&ﬁer&@uﬁc@llw\éf%t@kmn’(dnet dﬁat @bduics selec@ddom the Formulation of,

net al tid
ot RPN B0 BE 48 P B0 R EhE 68t ar s
\%um nium 35 52 A fornul ation of paragraph 50
er.ej
77 TP BORu TSR e R Sy anarome.
paragraphs 1 to 52 which has a stoichionetry

78C0NSI rﬁ‘étﬁdatof Phibbrap o wikpdi© fhaldRestt RiHRGteinfyotddal infarction.
for tion predomnantly carrying a single native

charge. 54. A pharmaceutical conposition adapted for

790T1 alAh@&mquiafa@taipn 76 ahereinah® tissisa g aaveoalscthrombsamiolic event, selected
e CO

-Pger %-P a(,% - B( OH) 2.
fr°§‘5the NOF%?%th‘Plogﬂeerve'éﬁgB 0&?{5‘%§ Hu“\r?ﬁrér R%nﬂggtﬂﬁg salt is
an acid salt.
80. A method for preventing thrombosis in a haemodialysis circuit of a patient, comprising
administering to the patient a therapeutically effective amount of a product selected from the

formulations of any of paragraphs 23 to 60 and the salt of any of paragraphs 64 to 68.

81. A method for preventing a cardiovascular event in a patient with end stage renal disease,
comprising administering to the patient a therapeutically effective amount of a product selected from
the formulations of any of paragraphs 23 to 60 and the salt of any of paragraphs 64 to 68.

82. A method for preventing venous thromboembolic events in a patient receiving, or intended
to receive, chemotherapy through an indwelling catheter, comprising administering to the patient a
therapeutically effective amount of a product selected from the formulations of any of paragraphs 23
to 60 and the salt of any of paragraphs 64 to 68.

83. A method for preventing thromboembolic events in a patient undergoing, or intended to
undergo; a lower limb arterial reconstructive procedure, comprising administering to the patient a
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10 56. A formulation of any of paragraphs 1 to 55
wherein the salt conprises a boronate ion derived
w0 e@ar02doel boronic acid and a counterion and WhBCEGB2G0B803887
salt consists essentially of a salt having a single
type of counterion. 57. A forgwl ati on of any of

ther%ﬁ{@g%llé %F}gcf%e %'gou%g fy\% g%ﬁ‘ucit Seldcfbdls P)%} @' ‘afatléh Sl ef pa?efgraphs 23

rrraceu I cal ftormu atlon in oral

to&mamdgeshkbofaraoﬁmfaganhgﬁétos@ﬂt as defined in any of
paragraphs 1 to 56 and a phar maceuti cal I y accept abl e
di luent, excipient or carrier.

¢
84.anyA gtetfigdroh iiniaiing Plateles P'@SOWP'@WCF‘%W&ETH]B{'%%P ?C&“‘?'%Frgﬁé%a mammal
at ﬁeﬁkeofs 811 bufRfing Frem, 3RerRI BfdHatiosis @ tharpeliioslig rufilettiveé Gumodnt of a product

ormul ati on of h

selessa g e Ll of gy Lt cadh PEa bE S suagpaasrapts o4 to
gg8.mul tivalent (at |east divalent) netal and an 25

or ganoboroni ¢ acid drug (where the term "drug"

enbraces prodrugs), wherein the observed
85.st oAotethodwef Dvagrsplﬂﬂnmesﬂifeﬁh@ diggase isanpede 6PN SYNIOMEi on

of the salt having a notional drug:netal

stoichionetry of n:1, wherein nis the valency of th
86.met Al mebod ofrtreating byfwayaf dlesrany1Pr LORNMIEY e PR aftRE ¥61§§?é? yelgrted from

acugt %r&galr? 'ggrfdrféfne!s, fé?&??ﬁ\}a&tugptth P&I herighlal artd$il occlusion and arterial

onsi essen havi ng a noti onal
thrombogis mesuliing §owi adtial ﬁh@%ﬁ{gﬂ Maplvu{pr hearg disease, gylefio-ygnous shunts, indwelling

catﬁ&%@g{r%rbng% Qént@acfoﬁﬂﬁﬁ'@atﬁﬁm%m@td 5 rdinrhalrd ErFapeutically effective

I ne

amgit o 6P g FAEHAL S0 BT Pusiens o D1 HFEEPS PR o0 o the st o

anymftfpa}ag@aﬁlg @a;rtoesganoborom c acid of Fornula (111) as
ned in any of paragraphs 23 to 27. 65. A salt of a
phar maceutically acceptable nultivalent netal and a
87 pe piaintkthdoiof paragraptcstowlmiein fhe disedsa is(an\Acute pEyopayp 8yndepgy 1
PCT/ GB2003/ 003887 107 OH X-aal-aa2-NH-CHB (1V) SOH
RO where: X is H (to forrm NH2) or an am no- rotectinng _
88gr olTpe usesof #zdalt jof anyrpf KRTRAFGPREGIIO 68 Sprdlie MARMFRGYe §F an oral medicament

forfwia{)eﬁéﬁf R¥keddh S &F Rarafrapietsah@ 7 g0 nore than 20
car atons and conprising at |east one cyclic group
having up to 13 carbon at ons;

89. A pharmaceutical formulation comprising a combination of (i) a salt of any of paragraphs 64
to 68 and (ii) a further pharmaceutically active agent.

90. A pharmaceutical formulation comprising a combination of (i) a salt of any of paragraphs 64

to 68 and (i) another cardiovascular treatment agent.

91. A formulation of paragraph 90 wherein the other cardiovascular treatment agent comprises a
lipid-lowering drug, a fibrate, niacin, a statin, a CETP inhibitor, a bile acid sequestrant, an anti-
oxidant, a IIb/IITa antagonist, an aldosterone inhibitor, an adenosine A2 receptor antagonist, an
adenosine A3 receptor agonist, a beta-blocker, acetylsalicylic acid, a loop diuretic, an ace inhibitor,
an antithrombotic agent with a different mechanism of action, an antiplatelet agent, a thromboxane
receptor and/or synthetase inhibitor, a fibrinogen receptor antagonist, a prostacyclin mimetic, a
phosphodiesterase inhibitor, an ADP-receptor (P> T) antagonist, a thrombolytic, a cardioprotectant

or a COX-2 inhibitor.
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aa2 is an imno acid residue having from4 to 6 ring
menbers; 10 RO is a straight chain al kyl group

w0 niogi0220pt ed by one or nore ether |inkages andPCTIGBR103/03887
the total nunber of oxygen and carbon atons is from3

to 6, or is -(CI—|2)vavhereﬁ1 s from2 to 5 and W is
-OH_or hal og

92. par H§r #551°F6% S%Ig Her"ngd é’é af“ﬁ Pf H%ﬁagra@? % e 8@6} thgfmanufacture of a
medi@aiehi foBtr&ting Tyr @dmplapeyertipbsa Gdidvascub? ;hscarderan co-administration with
erm ssi bl [ Lon thereof. 67. A calciumsalt of
3“051’?5‘:36‘3??68‘15‘%8&%%2?’ﬂ%;‘%’ghe- (S)-Pro- (R -Mg-B(OH 2. 20
68. A calciumsalt of paragraph 67 which has an
93.0PSRILVS ct%{)@@l%m]g%g‘%ﬁﬁ%t QF@H&?]%U&H SfHoFhMANIX) as defined in paragraph 44

substan A conposition of matter for
andlm@hannlamm@paru ng a salt of any of paragraphs 65 to 68
conprising an alkali nmetal salt of an organoboronic

acid as defined jn any of paragraphs 28 to 46 or 54.
94.25 ‘?Goml?-?s@%?fdﬂﬁ‘t?éfotm%@"% conpound of Formula (1V) as
def {ined & epediay oftbrpuder @Yr aphs 23 to 46 or 54. 71. A
pot assium salt of a conpound of Forqul a (Iv) as

6

defined in any Qf(RPWeE(QLB@b(R) MagB or (xg0 54. 72. A
salt of any of paragra s 57 to 59 @hen in aqueous

Wh?sfgllfl uﬁ%la Hoqr anﬂwlm f:"ré)% ?n%@%g@ﬂe%qo%ﬂﬁé@ Sssgﬁlgnal% ngrglﬁatedAaddltlonally
with Beitfonerpdtordndche dalenesastetus ofhe rcesmmgl oxpgenk lsyapen (they may be attached

d t | a_th t ffect
to g,f?ggg'g ch?arleléx? %J@t lgggqrgz%st 29 fo? eie H(grll Cablsﬁ pfgr e)%cr:nple lﬁtermedlate

stai9)? Sdn8] ih Béhdg dsteiafioprtherbwitd ons of any of par agr aphs 19
to 60 and the salts of any of paragraphs 64 to 68. 5
74. A nethod of paragraph 73 wherein the active agent
is (D a bepatigs af foomlad@pt ed to rel ease the active
agent in the duodenum g@ The use of a salt of any of
par agr aphs 64 to 68 for t ‘n'@nuf ure of an oral
nmedi cament 10 for tregiip E npl e preventing,
thronbosis. 76. A net hocﬁzo treating venous and/or

whgranetﬁé \?Jleny]{t%@mhegnlﬁ’é(geﬁ RN HvoDxydeR @EcATRYs open.

nprisin mnistering to a manmmal suffering from
or at risk of,suffering from venous and/or arterial

g5t hr Q’f@%bsﬁloﬁ oF Bé?‘ég’%ﬂﬁxm Qﬁérbm tief tbetdal mgarmunt ofcthe species of formula

(X)pa{g\g éllgé%qsé\ a%%%st% pﬁﬂ?f q ﬁcgmgm%ﬁl g?ecltn% san o><%€l naa%s e the species

of fofmiil® (8 Pforms a diol ester with the species of formula (X).

96. A medicament comprising a salt of a pharmaceutically acceptable divalent metal and an
organoboronic acid which is a selective thrombin inhibitor and has a neutral thrombin S1 subsite-
binding moiety.

97. A medicament of paragraph 96 wherein the selective thrombin inhibitor is an organoboronic

acid of Formula (III) as defined in any of paragraphs 23 to 27.

98. A medicament of paragraph 96 or paragraph 97 wherein the selective thrombin inhibitor has ‘
a Ki for thrombin of about 100 nM or less.

99, A medicament of paragraph 98 wherein the selective thrombin inhibitor has a Ki for thrombin

of about 20 nM or less.
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77. A nethod of paragraph 76 wherein the disease is an

acute coronary syndronme. 78. A nethod of paragraph 76
wob@re2207t he di sease i s acute myocardi al i nfarktT/6GB2003/003887

20 79. A method of paragraph 76 wherein the disease is

a venous thronboenbolic eventyjiselected fromthe

p nsi t.hro

10 oA ERRE b il arb GBS iy EAH o G, P BleVrorm o -
muttvelemidaibthesos CIrCUIt of a patient, conprising 25

adm nistering to the patient a therapeutically

effective anmount of a product sel ected from
10%.0r fumethpd Ak fogulting a@forwpagw% Rgd gyt g "e?oeaafh H‘et fibility of the drug
spéerks | cofpriskityfo@iulaBiag el e HSthé forin@f BBacidBdalt therdBE WP E nfulivalent metal.

preventing a cardiovascular event in a patient with

end stage renal disease, conprising admnistering to
102.he Aymbineaéutiaal Fdrauiateddagtad foy orf fdaatistretiomanimompadinga

product selected from 30 the formul ati ons of any of

par agraphs 23 to 60 and the salt of any of paragraphs

64 tad 68.a B& spicigvedeleotdd from P bererintarid @f Yasmula I1I), and boronate ions of

thr %Hg ‘Bgﬁp 0 Ebcﬁ:arﬁi\’&@ﬁlﬁﬂu oﬂn@cﬁgélﬁ 'BBroFu@SSdi Xﬁ(f@nd HeFonate ions:

intended to recei chenot herapy through an

i ndwel I'i ng catheter, conprising adm nistering to the

patient a ther apeuti cally effective anount of a

product selected fromthe mul ati ons of any of

par agraphs 23 35 to 60 apcfg{"he salt of any of

par agr aphs 64 to 68Y-G3- Arret hod for(H} eventi ng

t hr onboenbol i ¢ event sji n a @QHti ent undergoi ng, or

intended to undergo;ra |lower |linb arteri al

reconstructive procedure, conprising admnistering to

the patient a WD 2004/ 022071 PCT/ GB2003/ 003887 109

thergpgifically effective anobunt of a product sel ected

fromthe formul ati on of any of paragraphs 23 to 60

and Yt h@npmést a ofoiginywhidh, pepethgr aith sthé 4mirob@snic 8uid rasidue -NHCH(R?)-

I t tivity,

corrp (lg'-sl)lghlédsg %ﬁ*]fog?’grspﬁsg%téob%{glnﬁéﬁgmg'%@gm rF’lcsk of , or

suffering from arterial thronbosis a therapeutl cal | y

effegtive amount of a product selected from

f or rRfliae pleeht ghaingz{/ wourp@Fea@Ptsﬁ ¥ O'Z%Ort%or%@thﬁ'iw'ﬁ‘k?%éa”d in which the
salt 6 t of

par af%trglap 4%%2 n%ﬁ%ﬁ@ﬁg?ébg%is&@ 5aﬁ56a8"3‘§2§c g@%% Py where m is
SYNd¥oRE.3, 4 405 8@l WA v dradlogén; beat i ng by way of

t herapy or prophylaxis an arterial disease selected

from acute coronary syndrones, cerebrovascul ar

t hr dbposiassecqne ispquiee selécteirftosr inaltivatant matl ioms hawidg avalency al
thronbosis resulting fromatrial fibrillation,

val vul ar heart di sease, arteri o-venous shunts,
whergitwéhel forgulationt st @i obesrved ostelhionetey ainfisst te sagand siPRees essentially

coﬁs‘ijs'?@n@WﬁﬁﬁﬁbtbealtsfblcﬁloﬁiEWn f therapeutically effective
: anmount of a product selected fromthe formul ati ons

of any of paragraphs 23 to 60 and the salt of any of
(Paradraghsaphs3Pdb riod efidt).

140. A process for separating diastereomers of a boronic acid of formula (I):

_OH
X-aa'-aa2-NH-C*H-B_ (
OH

R
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87. A nethod of paragraph 86 wherein the disease is an
acute coronary syndrone. 20 88. The use of a salt of
w@pop40220par agr aphs 64 to 68 for the manuf act urBCDEGBaW3/003887
oral nedicanment for a treatnent recited in any of
" paragraphs 73 and 75 to 87. $% A pharnaceutica
formul ati on conprising a conbination of (i) a salt of
any of paragraphs 64 to 68 and (ii) a further
phawh@&eeuti cal ly active agent. 25 90. A pharnmaceutica
formul ation conprising a conbination of (i) a salt of
any of paragraphs 64 to 68 and (ii) another
car diisaV ée fanindit ) preantamina-praigeing 9ram; A f or nul ati on of
par agraph 90 wherein the other cardiovascul ar
treatment agent conprises a 30 lipid-lowering drug,.a

fi bﬁém R annérﬁﬁé Bcud 3f &t)abhfiyuralio®ediedted fith Phé 0Dpa @ndbiviially or partially
acid anti- oxidant, a IIb/llla

b e

ant Aybkpaessted analogiesdasefone i nhi bitor, an adenosine A2
receptor antagonist, an adenosine A3 receptor
agonist, a beta-blocker, acetylsalicylic acid, a | oop
di uped i en inipp agdeof(SePRiouEation hayjng iom Wr%fﬁgd‘?qng’eﬁfgent
with a different nechani smof action, an antipl atel et

agent, a thromboxane receptor and/or synt het ase
i nhRbiis @ group of tha farmelg efCHBc@pvlsre &k Agoitsand Zjs —OH, -OMe, ~OEt or

pr og ti a 35 phosphodi est er ase
|nh|ﬂ9$%?L(gﬁphgﬁ'receptor (P2 T) antagonist, a

t hronbol ytic, a cardioprotectant or a COX-2

i nhi 4/.942071 PCT/ GB2003/ 003887 110 92.
Theaﬁgéﬁ% a Sgﬁﬂa efined in any of paragraphs 23
to 60 for the nanufacture of a nmedicanent for

the?r&‘é&éc‘&%pn&ﬁ exanpl e preventing, a cardi ovascul ar
I sorder 1 n co- adn1QW@ rati

car & oqug)gmgaia sfarting tm)n lﬁflth‘et%erggfa a %Ol&[\l& qsasciles selected from the

box@ﬁiﬁ’mhkis([[)l’l@daifs adikehsl @iith micobols; dmaich calhol$-trensoleapdtentipl electron donor
ned._in h, 4 dj

hetg gg ??o r)}(V%f)? %hf&ﬁelrn tiig lﬁ)%lc és?ér, @?P%sﬁéaﬂdgtgetg?éogygg s of the ester

furiconaligraur, Xf)e Hartifg) sohition (cg)talplng)bg )bomg\g:_ peCrS r@)@g aqhjiral centre C* of

(R)W@&\rf‘ n?UFQtIC% by E!)r@ﬁlc 3PecRETHAON raOErﬁl%F té]ﬁregéﬂoﬁp (S)t BRAMARERA; and (B)

tionally coordi nated additional

‘dleman@!@g@ﬁ ¢ GIRNaBRIEMIOH S0 b AR pmevRt el - - el dpesed on the

bon‘?%bégﬁé%%s inSwiibeRirdl Lt O*Hé/oftlﬂ) @hfiquedtiod, ant tidngte Carmch mixture;
coval ent bo i oni se

For copaimst SRS PRLERE Peom s eunBmi Bad 1 precat

forassandi ation therewith 15 (ii) a species of formJIa

(XI)

recovering the precipitate.

141. A process of paragraph 140 in which the diethanolamine is in an amount of from 1.2 to 1.3
equivalents based on the boronic species in which chiral centre C* is of (R) configuration.

142. A process of paragraph 141 in which the diethanolamine is in an amount of about 1.25

equivalents based on the boronic species.
143. A process of any of paragraphs 140 to 142 in which the alcohol is a diol.

144. A process of paragraph 143 in which the diol is not sterically hindered.
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OCH2CH2 N (XI) OCH2CH2 wherein the val ency status of

the nitrogen atom and the two oxygen atonms is open. 20
w@2004M22001nposi ti on of paragraph 94, wherein t hECT/GB2003/003887

term nal oxygen atons of the species of fornmula (X

and the oxygen atons of the gpgcies of formula (Xl)

14 ARt PP L4 e dlely SAtBROr RS ERaRbl 1 gtranediol, 1.2
propamediol, &, 3¢Pfypanediol, 23-hretdiacivhd i digepmpnylethaneglich, os §l6tdegdnediol.
pharmaceutically acceptabl e divalent netal and an 25
or ganoboronic acid which is a selective thronbin
146.nhiAFrecsss of neragrah Horiewhiethediol smispepl-S1 subsi t e-
bi ndi ng noiety. 97. A nedi canent of paragraph 96
wherein the selective thronbin inhibitaor i.s an . .
1451 gdnBERsTserifcanyagl gargeraphsy Al 2o (1f 1 wichyihg Rergnir (FPEFfy and the
dieandl@hin@sraRAsed B regct By healifly 8 murerslaicalamtd tafiperature.
par agr aph 96 or paragraph 97 wherein the selective
thronbin inhibitor has a Ki for thronbin of about 100
1481IM @rproéessaf p&@grapgh M¥dh whide the noktureas refiwesdh 98 wherein
the selective thronmbin inhibitor has a Ki for thronbin
35 of about 20 nMor |ess. WD 2004/022071
14RCT/AGBBE3) paregeph 1481in whigh the mixiureringiord & blepst 4P Agran
or ganoboronic acid, conprising providing it in the
formof a nultivalent salt thereof. 101. A nethod qf .
159.01 NATORER 2 SRR EOB PO P & SIEBRh s e ey e e firation.
stability of the drug 5 species, conprising

lsi.gg%gcte%an ﬁtnggfrna?%g?@hg %‘M}g r}%? i{wlrrxl]yh?ghltggreé&e%d%?elc‘pitate is washed with

diefylethenceut i cal fornul ati on adapted for oral
adm ni stration and conprising a) a first species
sel ected froma boronic acid of fornula (Il11), and

15Bor drripeess &gy of parampnbiail 4P 90'Pd i whidhcthe regpveresRieqiRtBEe; ffr washing

in therCevﬁt @at BRIgredPRER N Washéd, & dddblvedih @ sbI0EmREEded fedhs CHADH and CHCI3

-C-H-B (111) \OH RO 15 wherein Y conprises a noiety
angvrspodaipitatedylest domnbiningtthe repidting splitinovidrdiethyiaties r esi due
-NHCH(R9) - B(OH)2, has affinity for the substrate

bi nding site of thronbin; and .
153. A process of paragraph 152 in which the solvent is CH,Clo.

154. A process of any of paragraphs 140 to 153 in which aal is selected from (R)-Dpa, (R)-Phe,
(R)-Dcha and (R)-Cha.

155. A process of any of paragraphs 140 to 154 in which the boronic species in the starting
solution comprises from 50% to 60% molecules having chiral centre C* of (R)-configuration and

from 40% to 50% molecules having chiral centre C* of (S)-configuration.

156. A process of any of paragraphs 140 to 155 which further comprises converting the recovered
precipitate to the acid of formula (I) by dissolving the precipitate in an organic solvent selected from
halohydrocarbons and combinations thereof, agitating the resulting organic solution with an aqueous
acid having a pH of below 3 whereby the dissolved precipitate is converted to the formula (I) acid,

and recovering the formula (I) acid by evaporation.

157. A process of paragraph 156 in which the duration of contact between the organic solution
and the aqueous acid is limited sufficiently to avoid substantial C-B bond breakage.
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RO is a straight chain alkyl group interrupted by one
or nore ether linkages and in which the 20 total
woeoobee200f oxygen and carbon atons is 3, 4, 5 PCT/6BRG03/003887
ROis -(CH2)mWwhere mis from2, 3, 4 or 5 and Wis
-OH or hal ogen; and (b) a seqepd species sel ected from
mul tival ent netal ions having a valency n, 25 wherein
the formul ati on has an observed stoichionmetry of first
158.0 PqLeURsk GFAGIgREPh €SB ahtrenl they durationgs sétemdre Whantabaut 30 minutes when

not i | stoichi [ n: 1. (Paragraphs 102-139 do
thelf(?f’tag&%ff’ ?fac%% rqo(?'ﬁ&pxr&%?'ocess for separating

di astereoners of a boronic acid of fornmula (1): OH

- aal - - ~ . . /. - . .
15 TP A0 SR 1, 150 rANEPRE AREAR i yrochiorc acd o
abouyt 2%nw/M sonsepirasien prajoteneagyeousaningial acid obsimigiPHo aci d of
(R colnlf iguration selected fromPhe, Dpa and wholly or
artially hydrogenate | ogues thereof: aa2.is. an
1651 o oo BPSEIPTG Tl B MAUTAG PigRfa opleh B betected from
CHZGEEmﬂBﬂQgrs; 10 R1 is a group of the formula -(CH2)5
, Where s is 2, 3 or 4 and Zis -OH, -Ow, -CEt or
hal ogen (F, O, Br or 1), and where C* is a chira
16€. Nt RocessIor phidagraph OEUEIA WhigR ERIdrgaini@olvéns CHgai ni ng a
starting solution in diethylether of a boronic species
sel ected fromthe boronic acid (1) and its esters
16¥ T H Rb&Wafy of pRratfiphd!13¥ t6 A6 0M Svhich @heSBinRulP@S &A ib Afied.
el ectron donor ‘"heteroatons are oxygens which, in the
boronic ester, correspond to the oxygens of the ester
16.5’6.0t LAu%rséés@aa;barsgwhmszgm high &et forgilas () atid Briried whari iiistig the organic
0 oropi c_ speci es having a.chiral centre C* of R
solvenih £y RIacHRGLHE g‘ﬁ‘&?"h‘éﬁ'#b?ﬂ“@”%ﬁ"é’& nggr‘ havi ng a chiral (R

centre C- of (S) configuration; and (B)

1, 0 Sy LI 8t e i

solventyipiivedhed with an aquepisianEniussalif (R) configuration, and
m xing to forma m xture; '

165. A process of any of paragraphs 156 to 164 in which organic solvent is evaporated from the

recovered formula (I) acid.

166. A process of any of paragraphs 156 to 165 which further comprises converting the recovered
acid of formula (I) to a pharmaceutically acceptable base addition salt thereof by dissolving the acid
in acetonitrile, combining the resultant solution with an agueous solution or suspension of a
pharmaceutically acceptable base, and causing or allowing the base and the acid to react, then

evaporating to dryness to obtain an evaporation residue.

167. A process of paragraph 166 in which the step of causing or allowing the acid and the base to

react comprises agitating the combination of the acetonitrile solution of the acid and the aqueous

solution or suspension of the base at a temperature of not more than 35°C.
168. A process of paragraph 167 in which the temperature is not more than 25°C.
169. A process of any of paragraphs 166 to 168 which further comprises:

0] redissolving the evaporation residue in acetonitrile and evaporating the resulting

solution to dryness; and
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causing or allow ng the boronic species and the

di ethanolam ne to react until a precipitate 25 forns;
w@pa4pzwoveri ng the precipitate. 141. A procesBCD(B2003/003887

par agraph 140 in which the diethanolanmne is in an

amount of from1.2 to 1.3 equsval ents based on the

bor oni c

conf Dgur SEERRG 35ty bR SR BAbiR iy biplpyhletue
whi ch the diethanolamne is in an anmount of about 1.25

176¢aUip é:ﬁ%c%&to? g%ﬁl%?h 06 WikkFeif? EHeQJW é‘va?&%nerésldulﬁgs a ‘ﬁsss on drymg of less

proc n par a

tha B 8I5% Wi detepTined Detying h SEGHELIES A0l 103 gk 013 gours.
in which the diol is not sterlcally hi ndered. WO
2004/ 022071 PCT/ 003/ ?&SE 13 145. A process of

17har AGFOGpTs o RaragaP 174, whigy B‘Ft FEONPTS ol |
neoprsYwgahy &9 Ievapbraﬂareteblamd iacdtonitilile D¢ tep‘eh;,pimﬂmdm t form a solution;

1, 3-pro edi, ol . . . . ]
1" 5oL 857 b e bhlo 360 Blvp rmation, g poutppgo 0 31 to 13 v
mnﬂ)mremés&tmtéthp:aamigaraqjihhalld& cyclomtnheﬂic olventdp dormi & prigripitates Isaid solution
r
T e e
L:5dadsed/o react by heat ing the mixture to an el evat ed

tenp&{,@én%g,ep}é&ﬁ”tat@mocess of paragraph 147 in which
the mxture is refl uxed.

,
o 55RO DT e Exroreres el noBY RORER RGEL phigt maitaining

thd températlii doasiere the035°A process of any of paragraphs
140 to 149 in which the precipitate is recovered by
filtration. 15 151. A process of any of paragraphs

172.40 At grodes® of pamgr'amh 17hwhereip dbe selvknp remavpli pragess issperformed until the

pre"c@ﬁa}g qjlaél\%tl&i 28 ng?éég Qhan ab%ﬁt ?.#g%f%ﬁ%?errﬂﬂ‘neﬁw d¥hg in a vacuum

g I'n whic recovered
d”?fraéd ﬁl@é@%’“béﬁff‘?r&h%m ng in the event that the
precipitate is washed, |s dlssolved in a sol vent

sel ected from CH2CI 2 n epr eci
73y AohiBiest ?fgpaméanhégm .pﬁrggréafr 4 'ar\ﬁ\'/sﬁttﬁe temeen “’e%qtﬁ? start of the
drfgProcBss1s sivat 80°0 bndia inegasgahiufifithe proedss thakiohie358@1 vent
is CH2Cl 2. 154. A process of any of paragraphs 140 to
153 in which aal is selected from (R)-Dpa, (R)-Phe,
1725 (ARredesthetl aapdf ()aRaugrém‘a 171 55173An pihigk @@sallglﬁatlgnycy@bahphatlc solvent is
graphs 140 to 154 in which the boronic species in
e Starting solution conprises from50%to 60%
nol ecul es having chiral centre C* of (R)-configuration

178nd 5 process of any of paragraphs 166 to 174 in which the base comprises a cation of valency n

n_

and is used in a stoichiometry (boronic acid:base) of about n:1.

176. A process of any of paragraphs 166 to 175 in which the base is an alkali metal or alkaline

earth metal base.

177. A process of any of paragraphs 166 t0176 in which the base is sodium hydroxide.

178. A process of any of paragraphs 171 to 175 in which the base is sodium hydroxide and the

dry evaporation residue is dissolved in acetonitrile.

179. A process of any of paragraphs 171 to 175 in which the base is calcium hydroxide.
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from40%to 50% nol ecul es having chiral centre C* of
(S)-configuration. 30 156. A process of any of

w@arageaphs 140 to 155 which further conpri sesPCT/GB2003/003887
converting the recovered precipitate to the acid of
formula (1) by dissolving theigrecipitate in an

1802 Lg nplﬁ(g:CFSSSo(;f\éSY hf Ea?%f%h?%{ {d f95 IJ? WRERX@&%@[SQQE%mW@mde and the

'ons ere e resulting organic

drysmmtatlomremdumlsaﬁSMG@UQEahYér@ﬂtﬂafhaw ng a pH of below 3
wher eby the di ssolved precipitate is converted to the
formula (I) acid 35 and recoverln% t he faornmul a

18%aci & AsgCeEs %?bbY%Q'YStSﬁ anqaster of\a horpRIe LT g ereggtrva%agﬁ 140 or 134,

com;ﬁ‘ls 'c&ﬂactuh(j?trﬂlé%t@? iR a® hqueeit cdiunb &5 weperiod Suficnthashiott substantially
sol ution e aqueous acid is |limted sufficiently
to gvgid £y, pend §f@8¥ﬂ93nt| al C B bond breakage. WD 2004/ 022071
PCT/ GB2003/ 003887 114 158. A process of paragraph 157
erein the durati t
163 im0 PR G edaet B he BBichus BB T R cadfu B xing a o o
lesd hOn aldupB.ocess of any of paragraphs 156 to 158 in
whi ch the aqueous acid is hydrochloric acid of about
2% w' v concentration or another aqueous n nera
18%f & poress qf Hparapsph WZpWB@fagsth%faqaws ac'dp‘ér*adeOQEJWéc i%% having a
corlcBntfaiSn bbb¥iti Bhwhi® aRétE@gGecnd minerd adidofsiilecpied from
CH2Cl 2 and CHCI 3. 10 161. A process of paragraph 160
in which the organic solvent is CH2Cl 2. 162. A process
180f anyrocets (fainpof parhgapisast to 18whaneimtiiechntattepefiod inabeut 30 minutes
63#) acid is dried. 15 163. A process of paragraph 162
O'¥P which the formula (1) acid is dried when it is in
the organic solvent by contacting the solvent with a
yor, ' 4 d @l & RGpaptFe of about
1811'5'56 A?%S%E%Sﬁ %Q%H%rﬁ&'tgﬁ\e @é?%@ﬁ&?lcmsac?rﬁ& when | g{pt he
25%ryad¥i-c  sol vent, is washed with an agueous anmmoni um
salt. 20 165. A process of any of paragraphs 156 to

164 in mhlch or gani c n S, eva ed f
18- c JVREPSEF 4GP ra@rapﬁa@ 190 15 nETHR B st “B'Qfg%"e ester.
par agr aphs 156 to 165 whi ch further conprlses

18?’(; g\llﬁiér%sleeg 65}%{«5& %%éggn%g%qtlgﬂ% %Eéegtag% baS Mdlidn 641 %ftaobcfi“onlc acid as

ase ition salt thereof
deﬁr}eddbyysrebmpfngﬂrotdné5fh@pmpﬂsin|§ acetonitrile, conbining the

r esuht At RO Mjoﬂn@ Wntabetérﬂtn%queous sol ution or
suspensi on o E@ar maceuti cal |y acce ta(t)a| base

caugPmbinig He mﬁu t+ pRlutign s With @ + aue §olption, é)éclfuspensnon of a
phénﬂ%@euh@éﬂ?ﬁ&éﬁfabl@ Bask Oarﬂrcmﬁ!sﬁfg%r tal(bv\ml@ttﬁe Ifas@ Bnd:Wa jporoait badto react;

resid cess of a %Id h 166 in which
t he eg?%’ﬁat'ﬁﬂ t%‘gﬂﬁ% BN HFITOL RS o and the base .
t 0 redissolving the evaporation residue in acetonitrile and evaporating the resulting solution to
dryness; and
repeating the preceding step as often as necessary to obtain a substantially dry evaporation

residue.

188. A process for making a boronic acid as defined by paragraph 140 or 154 or a
pharmaceutically acceptable base addition salt thereof, which boronic acid has an R group of the

formula —(CHZ)S-O—R3 in which R3 is methyl or ethyl and s is independently 2, 3 or 4, comprising:

reacting a 1-metalloalkoxyalkane, where the alkoxyalkane is of the formula -(CHZ)S-O-R3,
and a borate ester, to form a compound of Formula (VI):

(HO),B-(CHy)s-O-R3 (VID),
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19%ar A5PL5P

react conprises agitating the conbination of the

acetonitrile solution of the acid and the aqueous
w@odoyo2m or suspensi on of the base at a tenpeP@El/GB2003/003887

not nore than 35C. 168. A process of paragraph 167 in

whi ch the tenperature |s not 4 re than 25C. 35 169. A

ess o hs 1 6
am&’!ﬁ%?"i'%§ ?qr?m 'quuﬂ of '%%plc})lr i‘{lmdc Ir?gél rk%ﬁvertmg the
acidid®l Ddaidi salt Hreredhd evapor at| ng the resulting sol ut| on
to dryness; and WO 2004/ 022071 PCT/ GB2003/ 003887 115
(ii) repeating step (i gmas of ten as necessary
18% bt Aiprocasschf parageaplo L8g Wosrein dly sypidesis) gfghe Aore%é@% §nfbﬂf it is the case,

cong@rr"sielg fnﬁ)@saéﬁqger% "Hv@\/é’& d }6cedd O afY sRFRFdpRS 14086 118ze has

0SS on drying of less than about 0.5% when
determ ned by drying in a vacuumdrier at 40C at 100

190"'baﬁ chpoudd Bélét"téii from thé brouﬂc@fs@ﬂr@&ﬁ beronip aflaegrf&ﬁrhuﬂaﬁm aotefined by
0 which fur ol vin

porar AR AT 3 PR SR S LIFRCE oS ocHEy TR 0P
protiGeeti OF Mn@itoalof&iyas parageplisrig) tat87a rate sufficiently
slowto avoid lunp formation, said solution to a 3: 1
to 1:3 v/v mxture of di ethyl ether and an aliphati
19%r  dyoinpaund péedtidcianihe erauptconsisiianr 20fonie aFigs @fai@r@ulas@. gq defined by

ﬁﬁ’ ) tl‘ié?&f the compound having a dlastereomenc excess
per3ffth | L35 Y 2 BSHEH i

phatic solvent m xt ur e
of ghgut Q§°/( SIONQIEi Qﬂﬁlorﬂﬁ")’( PfLﬁbéyt B areais, €19 5beyh 99.5 i‘*sor\'/‘?%‘?'
recover| ng the precipitate; and renovi ng sol vent from
o et e e B o R P PSR S or o o
(5)356&(R)1pglB(@H) Yand hedess puilty ganttatad thephityvf euck isait wies prepared by
sol vent renoval process is perfornmed until the
thegretbodnfEE@elhds a | oss on drying of less than about
0. 5% when det er m ned by drying in a vacuum drier at
$0C at 18;93?%05})8 rlggg?vgg %?]s%e:[elaénenég)gsﬁss’%ﬁ cﬁﬁ 8¢, §%O(Ir more and a purity
mekaUrEEas UHPEC a&akhhaa of dtdedst B7.5% hdaen deterimingd by theaaeihqdsof Example 43.
about 10C and is increased during the process to about
35C. 174. A process of any of paragraphs 171 to 173 in
194vhi dfsalt hepasdraithalion er paragsgrbl 193 Mihish it h%mgfaﬂsv@w s3lf
n- heptane. 25 175. A process of any of paragraphs 166
to 174 in which the base conprises a cation v C
i9h” Avalisgeasb N (I SRR A h ot 48 For B SRS -pro-(R-
M[@fB(@h’BLHnd having a purity about that of the purity of such salt when prepared by the method

of Example 4.

196. A salt of paragraph 195 having a diastereomeric excess of about 99.5% or more and a purity
measured as % HPLC peak area of at least 97.5% when determined by the method of Example 43.

197. A salt of paragraph 195 or paragraph 196 which is the hemicalcium salt.

198. A compound of Cbz-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH)j, and the esters and salts thereof (e.g.

selected from the mono alkali metal salts and hemi alkaline earth metal saits), which compound has
a purity measured as % HPLC peak area of at least 97.5%, for example 99% or more, e.g. 99.5% or
more, the % HPLC peak area being determined by the method of Example 43.
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176. A process of any of paragraphs 166 to 175 in

whi ch the base is an alkali netal or alkaline 30
we@aooii2aoet al base. 177. A process of any of par@E@QDGEPI3/003887

166 t0l176 in which the base is sodi'um hydroxide. 178.

A process of any of paragraphsgl7l to 175 in which the

ase is sodi Xk de

150 oo RetelP GO MOty 14" uBB i, B ity MABE TR, Hicaicium or
hergifmagegiumfsalpar agr aphs 171 to 175 in- which the base is

calciun1hydroxide WD 2004/ 022071 PCT/ GB2003/ 003887

process of any of paragraphs 171 to 175 i

n
20th| h:omp@mg gglgctq:(gfr%p@rpmﬁgw(ﬂs@ﬁf ried by, paragiagh 1@}@; 154 and the esters
ancC YRR Oh&bofD the! @mipduRl bendlbubs@htiuad fied of @hpuaitiysl aetbetiinby HPLC, e.g.
181. A aéocess for hydrolysing an ester of a boronic
reverse ghase Pkt i ned by paragraph 140 or 154, 5 conprising
contacting the ester with an aqueous medium for a
20 ggléopgﬁ@ga\gédhgélﬁ %gclf}gtaig %Ege a%?@%% ?{I'tt 6faa| ﬁ&onu{\lgci(g%so(gfﬁn& l% paragraph
14a <bre15aqvmb u@uhﬁmtlalm freg oam%aﬂamo tS@en‘@dufW@ ceapageof the C-B bond
theledps than about 3. 10 183. A process of paragraph 182
erein the aqueous acid is hydrochloric acid having a
concentration of about 2% w v or another aqueous

2021 NRlBMpétfat GeidtecStrdmh b@bm@é‘&ldsjag Hefird W@ﬁ@h%S any estdrs and salts of

ara hs 181 erein the cQ erio
such 756, b comPRITe bond g P aceomep AEH, Bt SBESR sGusyexcept for
pRREAGH: i i gaichLegy. out at a
e errpergit%l}?g gfljougg)(’)é Fbu%’ﬁfctﬁ? d2n$1C%lI g(g ?%6 A process of

any of paragraphs 181 to 185 wherein the ester is a

i et e | -Mpa-
20% & o BN, RicBlanie e bR SHE Sr EBLITREL9 570 (ormpo-B(0M2
whigR lsGObgtantigliydreaof thdebmmdd:by par agr aph 140 or 154,

conpri sing: dissolving the boronic acid in
acetonitrile; 25 conbining the resultant solution with
an aqueous sol ution or suspension K

phar maceutical |l y accept abl e base, s@: ng or

all owi ng the base and the boronic ag=d/to react;
evaporating to dryness to obtain ap’ evaporation

resi due; redissolving the evapo atron residue in
acetonitrile and evaporatln@ e resulting solution to
dryness; and 30 repeatlmg bhe plkgcedi ng step as often

as necessary to obm%lw stgmtially dry evaporation
resi due. g

204. A salt of any of paragraphs 201 to 203 which is in an amount of at least 1 kg, e.g. has been

broduced in an amount of at least 100kg a day.

205. A pharmaceutically acceptable base addition salt of a boronic acid as defined by paragraph
140 or 154, for example Cbz-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH)2, which contains a trace amount of an
aliphatic or cycloaliphatic solvent.

206. A salt of paragraph 205 wherein the solvent is an alkane.

207. A salt of paragraph 206 wherein the solvent is an n-alkane.



10

15

20

25

30

188. A process for making a boronic acid as defined by
paragraph 140 or 154 or a pharmaceutically acceptable
whame/ozaidi ti on salt thereof, which boronic aciBCTIa82@B/003887
Rl group of the 35 formula -(CH2)S OR3 in which R3
Is nmethyl or ethyl and s is {ywlependently 2, 3 or 4,
conprising: reacting a 1-netall oal koxyal kane, where
t he al koxyal kane is of the fornula -(CH2)S O R3, and
2082 bkt & pasiyeph 200wiensimthe soleamp surtkphe.For nul a (V1) :
(HO 2B-(CH2) S O R3 (VI), WD 2004/022071
PCT/ GB2003/ 003887 117 and synt hesi sing the boronic
208Ci Al shif &any BEpAEIFAME R4 Bf 208 hefeinathé ddentin dresértt in an amount of about
desired, converting the acid into a said salt
0.0{%e&r k8%, 189. A process of paragraph 188 wherein the
syntheS|s of the boronic acid and, if it is the case,
converS|on into er eof
o1 ek 5 £y B D85 B SP BLERR o 00,
fromthe group consisting of boronic aC|ds of formula
(1)
210, T S B R pabRRR i flng S e BRER. of preorephs 190
toM9rity of produced by a nethod of any of paragraphs
140 to 187. 10 191. A conpound selected fromthe group
consi sting of boronic acids of fo
213y Theer PhgRtheatargRe 105esaliy Db SeEciB FeARpiERrE JRsHS end 59)
|soﬂha§ b8 barohib Bci€ SFTOGWRATY R \iefM@d By ghraghp BIONRIBE€ excess
of about 95% or nore, optionally of about 99% or nore,
e.g. about 99.5%or nore. 15 192. A salt selected from
213.heArrmch't tcbmpHzing EaN@sHRY womernaf arboropio tagid sif fanmnuddl (13 apdefined by
Chz-
cergpp 40 ot (e i M eces) GnifschfiBofimine to resolve the
(R,ﬁméﬂw(@cﬁ,@ysomers@yrmcmwoof Exanple 3. 193. A salt of
paragraph 192 having a di astereomeric excess of about
99.5% or nore and a purity 20 nmeasured as @6nﬁéc geqb ; .
21%r ed wethed far depidnggp, @s%tk}mehotaé”%‘? R COBYriEiE MRERG g gt OF any ©
pat@frapsaivp ke 2653nto sddh fornuidtibh atef rapedfagieagp NOMOR abksaid salt a year.
par agr aph 193 which is the nonosodiumsalt. 195. A
salt selected formthe hem cal ci um and hem nagnesi um
215.al tAsmearhoddoz proiindPhrearti@yrorftrotic (dRnulatk®, peprisipegliverig do pharmacies a
hav bout that of the purity of such salt
fmﬂﬂ@hr%ﬁ®a%§%hﬁ%§ﬁthe nmet hod of Exanple 4. 196. A salt
of paragraph 195 having a di astereoneric excess of

boyt % r r %4 Gf h
21@ lA %ar%e g% é%)ﬂﬁrlﬁﬁﬁeaggit%ﬂga?c@%%h'l V%gﬂnulatiﬁﬁﬂ&ﬂélﬂﬁg asa Q)ﬂ'lﬁiy paragraphs

er
19%1 29@@“6 fForEprigihg p énalksting ajghotigarion Au'gbaqf?“%] P 'ﬁé‘r %HHC% feaflet.
or paragraph 196 which is the henlcaIC|un1saIt 198. A

o1 TR e SRR b 7 SR ol RS PR R s sor
which salt contains a trace amount of an aliphatic or cycloaliphatic solvent but is substantially free of

an impurity of the structure:
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selected fromthe nono alkali metal salts and hem
al kaline earth netal salts), which conpound has 35 a

w@eosogzomeasur ed as % HPLC peak area of at | eaRtT/@B2@34003887

for exanple 99%or nore, e.g. 99.5%or nore, the %
HPLC peak area being determ gegl by the method of
Exanpl e 43. WD 2004/ 022071 PCT/ GB2003,003887 118 199.
A conpound of paragraph 198 which | Ne nonol ithium
nonosodi um hemi cal cium or hem mag msalt. 200. A
conmpound sel ected from boronic aci dg—as defined by

par agraph 140 or 154 and the esbe 5 and salts
thereof, the conpound being,sulfstantially free of
inmpurities detectable by HPLC, e.g. reverse phase
HPLC. 201. A pharnaceutjcafly alleptabl e base addition

salt of a boronic #N-ct¥as deftNed by=pRragraph 140 or
154 which is substantiakly,/free\e dati on
products derived from cfeatage of the £ B bond 10
t hereof. 202. A conpoun | ected from boronic acids.
as defined in paragraph 188 and esters and salts of
218.UCIA pedeskSor milkinganrapdnobdrohete nfFarmdge OO0H) any conpound
which is of the same structure except for replacenent
of the RL group by a group of the formula -(CH2)S H.
15 203. A phar macdiNTalCR*cedd(Cit),e base addition
salt of Cbz-(R)-Phe-(S)-Pro-(R)-Mg-B(OH)2 which is
substantially free of the compound: 0 0=< O O NH
HZN-//'f N 20 204. A saRY of any of paragraphs 201 to
203 which is in an armun* of at least 1 kg, e.g. has
been produced in an anognt of at |east 100kg a day.
205. A pharnmaceutically acceptabl e base addition salt
of a boronic acid as defhged by parag ﬁ 25 140 or
154, for exanple Cbz-(R)-Phe-(S)-Pro- E)%@ Mog- B( OH) 2,
whakbirch contains a trace anmount of an aliphatic or
cycl oal i phatic solvent. 206. A salt of paragraph 205

" RXihib ped substiteens whiglogqesingt pyaveal waHESS: 30 207. A salt of

vharaqr aph 206 wherein the solvent is an n-al kane. WO
R é%ﬂ@%ﬁ%zg“}% PCT/ GB2003/ 003887

RZ is alkyl,

the process comprising reacting a 1-metalloalkoxyalkane with a borate ester to form a boronic acid
of the formula RZ-O—RY-B(OH)Z, esterifying the acid, contacting the esterified acid with CH»Cly and

ZnCl5 in the presence of a strong base, contacting the resultant produce with LiHMDS and in turn

contacting the resultant product with hydrogen chloride.

219.  An aminoboronate of Formula (XXI) of paragraph 123 which is free of contaminant of

Formula (XXII):
HoN-C(RX)(RY)-B(OH)> (XXII).

220. A process for making an organoboronic acid of Formula (XXIII)
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119 208. A salt of paragraph 207 wherein the sol vent
is n-heptane. 209. A salt of any of paragraphs 204 to
wWQeB4mbperei n the solvent is present in an anouPCT/GB2003/003887
about 5 0.01%or |ess. 210. A product for use as a
phar maceutical, conprising alxalt of any of paragraphs
190 to 209. 1 Jhe \subj xy Mt f any of
par agr aphs whert el r?thqrz?sal &-\I% l:{ng)gof any of
par agraphs 190 10 to 209.{212. The use of
di et hanol am ne to resol ve @y sel ective precipitation
the (R SR and (R S,S) iqomsrs of a boronic acid of
formula (1) as defined by paragraph 140 or 154. 15
213. A product conprising gn (R S,R) isomer of a
boronic acid of fornula (I )gzas defined b()gmﬁf\ragraph
140 or 154 whenever produced by a proces ch used
whdkigt hanol am ne to resolve the (R S R and (RS S

| SOmer s b%ﬁ preci pitation, 214. A method for making an
Q-GHoMPrises higet AR 2P ATl ESIUS,  conpr.i si ng making a sal t

RX gz)Hr a'r%ysu ditueAQviRE R8s Rcﬁ%?evét?cq?lﬂtﬁesgog into such a

lon at a rate of east 1000 kg of said salt
RY & ajigletie; 215. A nethod for providing an antithronbotic
Zfor mul ati on, conprising delivering to pharmacies a
R- skl at i on of paragraph 211. 25 216. A package

thefp%tﬁslc%mpm@ phar maceutical formulation containing a

o 52 e AP R 2 P ) M o 0, o

providisity &l aminoororaike df @aragrapil 124, Angphar maceut | caI Iy

acc%%é)ﬂa ﬁﬁ Qfé\@?p %Q,Q{e vﬁ@%\%ﬂlp&zn%_belected frorln gmlng gICI?S and peptides, which

congmunds ane;onilonaﬂwbletermmhpmtﬁttedn al i phatic or
cycl oal i phatic solvent but is substantially free of
an inpurity of the st ruct ure; %V\gﬁf?r%%féﬁ%gfigemﬁd In paragraph
129 R CRSStef O satdiéraer veHichainifiae lod aio narueitycdeleBied rinomacofripXinds of Formula
(X)&@)N C(RX) -B(OH)2 RY 0 Rz (XXlI)

Q-CO—N— C(R9) —B(OH),

RY

(XXIV)

and esters and salts thereof.

222. A pharmaceutically acceptable base addition salt of a boronic acid of formula I as defined by
paragraph 140 or 154, wherein the boronic acid having the chiral centre C* of (R)- configuration is in

a large diastereomeric excess.

223. A salt of paragraph 222 which is substantially free of any degradation product resulting from

C-B bond cleavage.

224. A salt of paragraph 222 or paragraph 223 wherein Rl is as defined in paragraph 65 and the

salt is substantially free of the corresponding boronic acid species in which Rlis -(CHp)gH.



5 wherein RXis Hor a substituent which does not
prevent synthesis; RY is alkylene; and RZ is al kyl,

WO b@4/0220CESS conpri sing reacting a PCT/GB2003/003887
1- net al | oal koxyal kane wth a borate ester to forma
boronic acid 10 of the formba RZ- O RY-B(O0OH) 2,

sterifving.th i c ' h terifi '
22651 R el roPSudion ‘bRl 3Pk 08 W beriFihu Aot 10 209 and
sulistantiglly fremofeny impyritylierivaddieint synthegir fdcsaltwi t h Li HVDS and
in turn contacting the resultant product with
hydrogen chl oride. 219. An am noboronate of Formul a
226. XX W) presfuctp whergin b pregust {frandnuptaal ioreductsind i smarisen 8 podyst of any of
parhgrapiy 199 ka2 (14 3,316, HMNMELR(AY) - B(OH) 2 (XXI'1).  220.
A process for making an organoboronic acid of Formula
(XXI'1'1) 20 WO 2004/ 022071 PCT/ GB2003/003887 121 Q CO
H CRX) -B(OHH2 RY I O Rz (XXI I 1) wherein QCO
conprises at least an amno acid residue; RXis Hor a
substituent which does not prevent synthesis; 5 R'
is alkylene; RZ is alkyl, the process conprising: a)
perform ng the nmethod of paragraph 123 to nake an
am noboronate of Formula (XXI), or providing an
am noboronate of paragraph 124, and 10 B) reacting the
am noboronate with a conpound sel ected from am no
aci ds and peptides, which conpounds are optionally
N-termnally protected. 221. A conpound sel ected from
or ganoboronic acids of Formula (XXI1l) as defined in
paragraph 125, or an ester or salt thereof which is
free of an inmpurity selected from conpounds of Fornul a
15 (XXI'V):
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QCOH C(RX) -B(OH2 RY (XXIV) and esters and

salts thereof. 20 222. A pharnmaceutically acceptable
whame/ozaidi ti on salt of a boronic acid of fornuPEr/GBa®3/003887

defined by paragraph 140 or 154, wherein the boronic

acid having the chiral centre28* of (R)- configuration
CL@?%” a |large diastereoneric excess. 223. A salt of

graph 222 which is substantially free of any
degradation product resulting from 25 C B bond

1.l eqy V\%Q%f a ﬁ%{méuﬁ&hyy cf% R AGEARR Réd HHd ag %Fg%% |c acid inhibitor

223 ned 1 n par

a
- of :i;tabmblh dagnehs nawtrd girergbin Sebinding W%U%ﬁ%écp@) hmrwgiloblc thrombin 52/S3-

8 é{yaCId species in which RL is -(CH2)5H WO
20 4/ 022071 PCT/ GB2003/ 003887 122 225. A ,
phar maceutical formnulation conprising a salt of any of

2. Par agdaftPN8airA0nicPei 8 ofjatlobordnsciand ofFoinyuld (1B of any
inmpurity derived fromsynthesis of the salt. 226. A

product, wherein the product is an industrial product
and it conprises a product ©OH any of 5 paragraphs 190
to 211, 213,216, 21Y- HdB?19 to 225. YuD)2004/022071
PCT/ GB2003/ 003887 12 CEAbNB 1. Asalt of a
pharmaceutically acceftable nmultivalent netal and an
or ganoboronic acid inhibitor of thronbin having a
\mﬁﬁﬂtral thronbin Sl-binding noiety linked to a
rophobic thrombin S2/S3- 5 binding noiety. 2. A
Y sahjrisedf aahcaétvn vﬂhichh dagether Witk tbe Graproerar-6hi(RO)E(Ot),i saoaffinity for the
For mul a HBl-11, OH (IIl) ""OH R9 10
SUWW@F§WW“95@%WEPF§@@' i ety which, together with the
fragnment -CH(R9)-B(OH) 2, has affinity for the
substrate bi nding site of thronbin, R?
%is pestrgiht c@ﬁla.a.ltwbwrwn intprryeipd Phees PrufB?récF”Efy gA8esodfp pich the tota
nuﬂib@ted}f dxidak aBE GarBotthtorfls WiofiB foles oit |§t—€dH2)n],5V Wher®aris @bm 2to 5 and W
oxygen and carbon atonms is from3 to 6, IS

IS—Qld:BIZf)a*ﬂgWWmeBV@hIDs from2 to 5 and W |s -OH or
hal ogen (F, C, Br or 1).

3. A salt of claim 2 wherein R? is an alkoxyalkyl group.

4. A salt of claim 2 or claim 3 wherein Y comprises an amino acid which binds to the S2 subsite
of thrombin and is linked to —CH(R9)—B(OH)2 by a peptide linkage, the amino acid being N-terminally

linked to a moiety which binds the S3 subsite of thrombin.

5. A salt of claim 4 wherein Y comprises a dipeptide residue which binds to the S3 and 52
binding sites of thrombin and is linked to —CH(R9)-B(OH)2 by a peptide linkage, wherein Y is N-
terminélly protected and the peptide linkages in the acid are optionally and independently N-
substituted by a C1-Cy3 hydrocarbyl optionally containing in-chain or in-ring nitrogen, oxygen or

sulfur and optionally substituted by a substituent selected from halo, hydroxy and trifluoromethyl,
and optionally wherein said dipeptide is N-terminally protected and/or all the peptide linkages in the

acid are unsubstituted.

6. A salt of claim 5 wherein the S3-binding amino acid residue is of (R)-configuration, the S2-

binding residue is of (S)-configuration, and the fragment -—NHCH(R9)-B(OH) is of (R)-
configuration.



3. Asalt of claim2 wherein RO is an al koxyal kyl
group. 20 4. A salt of claim2 or claim3 wherein Y
w@owpioeees an amino acid which binds to the S2PGLIGBR108/003887
of thronmbin and is linked to -CH(R9)-B(OH)2 by a
pepti de |inkage, the amno acitt4being N-termnally
linked to a noi ety whi ch binds the S3 subsite of
thronbin. 5. Asalt of claim4 wherein Y conprises a
7di pepertef arF@éfnaﬂs%mﬁH'w éfrepiahlg sruftijalery anets angha) basonic gail of formula (1):
bi nding sites of thronbin and is linked to
-CH(R9)-B(OH)2 by a peptide Ilnka?g wherein Y is N
termnally protected andthep e linkages in the
aci d are optiona-bg'-aatiNHh@eépBadent |y N- s(ibstituted
by a Cl1-Cl3 hydrocar byl optfi onalQO§ contai ning in-chain
or in-ring nitrogen, oxyger,or sulfur and optionally
substituted by a substitue sel ected from hal o,
hydroxy and trifluoronmethyl, and optionally wherein
5 whakd dipeptide is Ntermnally protected and/or all
the peptide linkages in the 30 acid are
unsubstituted. 6. A salt of claim5 wherein the
X 834 {10 fonin Migl> pon an@ndo-goteetBigdroep) S of (R)-configuration,
the S2- binding residue is of (S)-configuration, and
the fragnent -NHCH(R9)-B(OH) is of (R)- configuration.
/ f
aaw?%rgr?rg@ ggt%la(&:’% ing C%Iéy%)%% s%g% %ﬁ conl%n rrlﬂ7 no Aﬁ‘?l%%gn ca?oon atoms and
10 Cqmnﬂéiméﬂ%?ét enecyCli smnmﬁam(gmp)te 13 carpon atorasl’ - aa2- NH-CH- B
(rr)y 1 sCH RL 5 where: Xis H(to formNH2) or an
am no-protecting group; aal is an am no acid having a
aaﬁda@moww hgvioefranm 4 itn6 dogineibars)g no nore t han 20
carbon atons and 10 conprising at |east one cyclic
]group having up to 13 carbon atons; aa2 is an imno
R-aisiachrowgpvaf nige forrouia 4(CHe) 67, vihag: 18 2PB 64 altl Z iisS-OM, OMEP-0Ft or halogen
15 (F t he fornula -(CH2)s Z, where s is 2, 3 or 4and Zis
(t@-IB X&ve, -OEt or hal ogen 15 (F, d, Br or 1). 8 A
salt of claim7 wherein aal is selected from Phe, Dpa
d wholly or partlal}y hydr ogenat ed anal ogues
8t her/ééalt of Sitn dphersRAPT {F P ctg%%@e?é@ bR @nd mpelly oppastially hydrogenated
anhdesaRdltedENand &ptibhally & selddted’8mipal Pe; DERAandZHha e. gpts (R) -Phe or (R)-
salt of claim7 or claim@8 wherein aa2 is a resid
n imno acid of fornula (1V)
20

o. A salt of claim 7 or claim 8 wherein aa2 is a residue of an imino acid of formula )

Rll
,C - \CH-COOH av),
Ny yd

H

where R11 is -CHy-, -CHy-CH»~, -5-CH»-, -S-C(CH3)»- or —CH»-CH»-CH»-, which group, when the
ring is 5- or 6- membered, is optionally substituted at one or more -CHp- groups by from 1 to 3 Cq-

25  Czalkyl groups, and optionally aa2 is an (S)-proline residue, e.g. aal-aa? is (R)-Phe-(S)-Pro.
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R H2C CHCOH (I1V), N I H where R11 is -CH2-,

-CH2- CH2-, -S-CH2-, -S-C(CH3)2- or -CH2-CH2-CH2-,
wokdogl2mroup, when the ring is 5- or 6- nmenmbeP€HGBRE3/003887

optionally substituted at one or nore -CH2- groups by

froml to 3 C1 25 C3 alkyl grimgps, and optionally aa2

16 ) "B PEFEp i S0 P Fe Bt ERseURMGHRREr R s of (5
cogi%ura%oﬁ 8hd/oi0the AR -NH- @i (B)-Z(oHS, i€ of’\@?_%&if Qurdfich, | s of

configuration and/or aa2 is ‘of configuration
and/or t he fragment -NHCH(RL)-B(OH)2 is of

éf:ﬂtf clf?rgsﬂ ﬁ)ofé)t@gﬁem o%rbgg%%e?ﬁw{,% cﬁio%ethzll, tZ-Cr)ne%h%xyethyl, 3-

bramnmbmqupkqpyl&r 35mdihaxpmppyd) @yd. is 33methbxgpropyl.opyl or
3-met hoxypropyl, e.g. is 3-nethoxypropyl. 12. A sal t

of any of clains 7 to 11 where X is R6-(CH2)p-C(O) -

12R6- (k4D ¢F 20y Q) daims R&o(@vﬂ]}a&xi&rﬁﬁ@ﬂg) com) R@(( 3750)2~ RO-(CHp)p-
O C(0)- wherein p.is 0, 1, 2, g is H
NIOC(®- &r Rﬁa(cug)prmrrtmr ahereiapdd 0,dL, gm ups opd ammﬁ |L- y or a5 to 13-membered
substituted by or 3 substituents selected from

YRR S PRI SUOSHIEREY P Ry &1 MRS cSlegied 65 fifogen, amino, itro,

hydfoRyfa C&-ts Cfcliabioup, @yndl, &Myt GAd &l Ky lalkgiogvheininigh gnd/aﬂlﬂhkélf to the cydlic
l'inked to the cyclic group through, an in-chain

grptethepueh, @8 &i-ehai| Qo fhe gp@gﬂﬁal%gquﬂwa&épw substltuted by a substituent
sefediag tlofUiaffdem) Yarnos HRS| wdktwbnd 8§ C%—@gfc%ﬂc Bogpn dﬂ@'o@ﬁkﬁlglly said 5 to 13-

amno, nitro, hydroxy and cyclic group,
me;plvaremacwhy gralipl i5 aromaty- onelmvpaé@mwclagz i§r obgnyi ©r a 6-membered

hégegr e g?d'uphf%F SLABH B bitzylofcdbonyl S Phenyl or a

ered heteroaromatic group, for exanple X is
benzyl oxycarbonyl. 15 13. A salt of claim7 or claim

1312 wheditelf BlabPola®iR 1b Grhaeindhd Soréic dcrisbH farnfulaX(X):
X-(R)-Phe-(S)-Pro- (R -Mg-B(OH) 2 (DC). 20 14. A salt
of any of clains 1 to 13 which conprises a dival ent
X-(RtPak-(SeHrd-(RYEMighBEOHPY oni @X)aci d, for exanple a cal ci um
or magnesiumsalt. 15. A salt of any of clains 1 to 14
whi ch conprises boronate ions derived fromthe peptide

1zbor on isalt GG obdim§ 230 & whigh edMpABRta Jivalpn it @itlof Wetbaronic acid, for
ghate jons. car]ifyi ng a single negative 25

eXEWB‘FGéaIC'E'@ or RagiesHWe@&ut i cal fornul ation in oral

dosage form which conprises a salt of any of clains 1

15t. 01.5A r;ip oflz Y (? Jla%énflt t14%lc91f oﬂpﬂée@ b]o?on\ggI |8% Jge?‘iv@d frorh the peptide
solid™fornu i 0 and ‘opti ona adapt 0
harerlieagikkand has a st0|ch|ometry consnstent with the boronate jons carrying a single negative

charge.

16. A pharmaceutical formulation in oral dosage form which comprises a salt of any of claims 1
to 15. N

17. A formulation of claim 16 which is a solid formulation, and optionally is adapted to release

the salt in the duodenum, e.g. is enteric coated.

18. The use of a salt of any of claims 1 to 15 for the manufacture of an oral medicament for
treating thrombosis, e.g. an acute coronary syndrome (for example acute myocardial infarction), a
venous thromboembolic event (for example deep vein thrombosis or pulmonary embolism), for
preventing thrombosis in a haemodialysis circuit of a patient, for preventing a cardiovascular event in
a patient with end stage renal disease, for preventing venous thromboembolic events in a patient
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the salt in the duodenum e.g. is enteric coated. 18.

The use of a salt of any of clains 1 to 15 for the
woreowozorur e of an oral nedi cament for treatiPQI/GB2003/003887

t hronbosi s, e.g. an acute coronary syndrome (for

exanple acute nyocardial infqg@tion) a 35 venous

rorrboe for exal ' :

recs g GRRBETPY U o g8 BPReE of BBl B B RRIERARLE events
a patephoatiesgoing |aslovmar lhmh atterizl regonstudtienprocedgre. pr eventi ng a

cardi ovascul ar event in a patient wth end stage

renal disease, for preventing venous thronmboenbglic
19eveAtparanteral pharmegsyticapiorPERtaNePENSINIFCINMBR 9 () el as defined in

anyl &P hcl’aﬁﬁse*.lvtbn% %mrmts%my %Bfnﬁ@@hczﬂl? acﬁ\ie\/\l@d)ént N@r example another

caré%%a&?t}l%&qea%{e&%e@a{) rﬁ%vg %\ngrerlnq (fpéq gefn%?e g,acm, a &atln a %ET P inhibitor,
bll@CélitBEéqu@tﬂahﬁ apr atieskidest, alBb/Ie patagomistrad aldosterone inhibitor, an A2

anl%pgnlsga Iaé;gwksa eaf El;e% él%clt.lérep 'Lg&@@éﬂ&h. aE]?1 9I088 ?Rllreﬂi@t @'Pghegf\hlbltor, an

aniithioinbaricf ageotith piffenent euechagésiT of atbien e aNgaAlet pgant, a thromboxane
rec%ﬁtlamhago@%ﬂ{ﬂe&rse irfhfbeH %Vﬁ'ﬁfﬁ:l%éﬁr reEépﬁﬁ‘tam?e@Bm&gﬁrBrost&y&n mimetic, a

brate, niacin,
phesBiTwlidsterrise |"thé¥t0f: ap, A@gﬂecea‘@r 25D AMRGPRISNE | thfafﬁbO'Vt'Cr a ardioprotectant
a lib/llla antagoni st, an al dosterone
orﬁﬁh#gﬂﬁgﬂ% an A2 ant agoni st, an A3 agonist, a
bet a- bl ocker, acetylsalicylic acid, a |oop diuretic,

zoa” ?Crﬁethmpfc;nﬂlﬁg (R4 sal%\‘tdngl _f QARSL ite 1§‘£{ﬁ)r1§ b%brh@a@m as defined in any

eren ani sm of action, an antlgl{ratel et a

of sﬂarcrﬁrldﬁﬂapaﬁ@ any other. BISHYT CHRAIESF DY R RRGRL SPolA r?’B‘i’ acid in vivo,
th@méﬂqm(toﬂ@ggﬁb receptor antagoni st, a prostacyclin

ng%PIIQgIgIBQ 51(;? (%Qa%thr)%ddaﬁteha[eﬁ‘e dleﬂghail;]rf;ugﬁ%rgf % ester, &g- 2 pinacol ester,

of & Bb1Bhio ptid heddfiaet in any ofala@dXt ® 12phi bi t or. 20. A rret hod

f or gﬁlcgv\hr?ior%gs d?g a%r%@# Iilatneeé f(%%nﬁ’tecg\;eghégﬁl %&Bltétél t(l i)
or (conviedtingrilye pretigitatgoroaierd lrxtfawglﬁleereéfen%éioﬁgctaf%@@m@ Convertmg it
int8 fth{e,ﬂ%'%rgaanwr&m il 'gdb)} cfbn%éhl‘ihg’the ér@@plﬁ% RefrRORET drsdq&bus acid or

ining In a solvent i et hyl et her

bagk, @nh Eiep FenfaqHag Kiedcnibs @\armaéeﬁlcalﬁ AFeRLls bagss fodprm a gt of any of
daindPtoani ¢ acid as defined in any of claims 1 to 12;

al 'owi ng or causing a precipitate to formand

recovering the precipitate; 20 converting the
21pr e méthed efdtlamP@wherkini nt o t he desired end product,

for ex le co nto the free organoboronl c

aci cfS tggg‘?mwc ag%%t B@?rﬂmébﬁ\q/ig precipitated materi al
wi th an aqueous acid or base, and then contacting the
acid wth a pharmaceutically ac tabl e base to forma
salt of any of clains 1 to 1 21. Awg
cl ai m 20 wher ei %-@3'73atNe- d'r' |c ac:ld i's rmul a
(XXVI): OH X-aal-aa2-NH

R1

where:

Xis H (to form NH») or an amino-protecting group;

aal is an amino acid of (R) configuration selected from Phe, Dpa and wholly or partially

fiydrogenated analogues thereof;
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OH Rl where: 30 Xis H(to formNH2) or an
am no-protecting group; aai is an amno acid of (R

. wWaoemiiogporat i on sel ected from Phe, Dpa and whol PgT/GB2003/003887. -

partially hydrogenated anal ogues thereof; 35 WD
2004/ 022071 PCT/ GB2003/ 00388127 - 127 aa2 is an imno

et & 2 g QL bR ShhaperpRknR rhPT0' il ettdld, o

sisz 3or 4and Zis -CH, -QOw, OEt or hal ogen

a_chjral t
progeéssa S?U%P%é%ﬁ?m‘fg (g@z&)fhgh‘g %{Fnsﬁs ’| n° 4%%%5%% opMe, ~OEt or
an agbdh (Bfcitdieraci d conprises: combining in
di et hyl e et her' sol ution (A) a boronic species selected
fromthe boronic acid (1) 10 and its esters, the
bor ghisa ¢pacestse, i ncl udi ng nol ecul es having a chiral
centre C- of (R) configuration and nol ecul es having a
chiral centre C of (S) configuration, and (B)
andtihe tpreaess lohdisselyingtdirthanghming inmsclutiom ef anedstey of the aeid aerenrises:
of @Mﬁm&m&ﬁethﬂetﬂer%%hc‘/@tﬁ@ it ﬁ)r&ﬁ’csﬁp@m@sélé%@d kP e Boronic acid (1)

species in he chiral centre C* (Rl
ang 6‘1‘1@#95% g lP%?P'C %P&El@-‘i Rguding meleuims H@V'Q%C"HSP Q?HF% C& B ganfiguration
andigbldclies du\aﬂh%&mahammdaﬁré T*r 6aCS) wnt"gdrat@npraa@l(;ap tdmdtiganolamine, the
an recoveri.n pr t an 0]
cief RO peift B AT Pt LS el e rhe pghic species i
whiah gambbailcermeoC*asofo[Rbgonﬁgmamtl ng it WI th aqueous acid

* Or RRHRF Sidulitind DofhiR th&fes Ay nd & Ittt until a precipitate
8 clarm

excee g roomtenperatu
forpg;, anWherel n the end product is a phar rraceutl cal 'y

acceRbrihetHEWrddptalesHd/ormet al sal t, the net hod
optionally |nclud|ng maki ng the salt by conbi ning an

acetonitrile solution of the correspondi ng boronic
aci @)V\il'iefprétlditaﬁﬁ nEerial s Torvgried mhﬁtmme Btdafedolaonic acid by contacting it

witﬁ%éue st?]cg‘jomilo IIn re%a%% mimésaétfa &rgrprﬂ?q tm'etn%? F)%:@é& 1l r%org t(—fn('ljperature

fioir PRer conpri ses
an oral 25 pharnaceutical conposition. 23. An ora

22 MediyGARRAL of CRFP 5, %rﬁ&.rﬁh%hd bré@lcE Rta fBERlceiRbily ffepBible multivalent
boronic acid which is a selective
metal salt, the method optionally including making the salt by combining an acetonitrile solution of

the corresponding boronic acid with a base comprising a pharmaceutically acceptable multivalent
metal to form the salt, and the method further comprises formulating the salt into an oral

pharmaceutical composition.

23, An oral medicament comprising a multivalent metal salt of a boronic acid which is a selective
thrombin inhibitor and has a neutral aminoboronic acid residue capable of binding to the thrombin
S1 subsite linked through a peptide linkage to a hydrophobic moiety capable of binding to the
thrombin S2 and S3 subsites, the salt comprising a cation having a valency n and having an
observed stoichiometry consistent with a notional stoichiometry (boronic acid:cation) of n:1, e.g. an
oral medicament comprising a hemimagnesium or hemicalcium salt of Cbz-(R)-Phe~(S)-Pro-(R)-Mpg-
B(OH)», for example as a finely divided solid in a capsule or a compressed tablet, the salt of Cbz-

- (R)-Phe~(S)-Pro~(R)-Mpg-B(OH) optionally being substantially free of the compound:



thrombin inhibitor and has a neutral am noboronic acid
resi due capable of binding to the thronmbin Sl subsite

wo 2ovkeeeorhr ough a peptide |inkage to a hydr ophpti/GB2003/003887
noi ety capabl e of binding to the 30 thronmbin S2 and S3
subsites, the salt conprisingzg cation having a
val ency n and having an observed s hi onetry
consi stent with a notional stoichig (boronic
acid:cation) of n:1, e.g. an oral ament
conprising a hem magnesi um or hem cAT Cl um sal t of
Cbz-(R)-Phe-(S)-Pro-(R)-Mg- B(6H2, for exanple as a
finely divided solid in a cggaﬁe or a conpressed
tablet, the salt of Cbz-
(R) - Phe- (S) - Pro- (R) - Mg B( &) 2 Bt.onauy bei ng
substantially free he ¢ :
PCT/ GB2003/ 003887 128
substantially free of t onpound:
NH HOH// 1

and/or substantially free of the compound:



