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WD 2004/ 022072 PCT/ GB2003/ 003897 1 BORONI C ACI D SALTS
AND THEIR USE I N THE TREATMENT OF THROVBOSI S
WEBAOKOROUND 5 The present disclosure rel ates tBCT/GB2003/003897
pharmaceutically useful products obtainable from
or ganoboroni ¢ aci-ds. The disclosure also relates to
t NG SR Oh B RRETS 20D tuRer Aser A ke tlmssnal oPreaueicss
to their fornulation, their preparation, their
synthetic i nt ermedi ates and to ot her subj ect matter.
10 The disclosure further relates to ora
BACQ eut|cal formul ati ons containing the described
product Bor oni cAci d Conpounds It has been known for
sone years that boronic acid conpounds and their

The %?ésbn’k%éd(ﬁ?re rQat@s toeﬁ{aﬁﬁa%eutlcgiﬁl @%Fp@&&t@&k&ﬁﬁgble fronf1 organoboronic

activities, as I nhibi'tors or substrates

acndf,rmeecgg:@gure p@g reé’;ggfﬁag the usg(ggme@perépf thg@forgpn@@ﬁ@qﬁfﬁqdycts to their
formbfdtierd Eeir phSbaratib® PRt syhthadc interpteanbes Ghd1RMHendP Qs Madsr d
inhibits the serine protease chynotrypsin at
mllinmolar |levels. The inhibition of chynotrypsin and
The gligbibdutd faitherbglates tlobad plammeceatidabformulgrioansontemirgrthe deserigd products.
m ni tr o- phenyl boroni ¢ aci d, m am nophenyl boroni c aci d,
m  br onophenyl boronic acid) is reported by Phillip et
Borahic Acidb€omp¥iindsAcad, Sci. USA 68:478-480, 1971. 20 A
study of the inhibition of subtilisin Carlsberg by a
vari ety of boronic acids, especially phenyl boronic
It hascheds ksavissfor saneeykatsyth@l horddic, acdHdmpbliids ahik Bemnidrivativeay 8.g. esters,

havécﬁolrgﬁéag %\’/ﬁg%, %Eﬁ? %gﬁu‘b@%%ﬁé@%?%tgs%f gpr&%%seg E&r%xarp(ﬁg Koehler et

al. %ﬁ@ﬂ/ﬁ@t 52437, k??bf@a@s &hpt 2mphenyizghanpBoropic gcid dbibity thetserine protease
chyrdtRpin at t%lll@rfoldr EAa] i‘ﬁérxnhl@iéorf Sﬁ:hﬂH&ﬁ/pM hﬁ&"sugﬁl%m ta/ arylboronic acids

amno-termnal to the scissil pe tlde
(phegylborepic "cpqd,,  ReRirgRARMIDPIGBIC  3Fifros JERRINAEeBYBaPYIGS agd, -

bromdwemrbatceacm Rirg@Bed b PRINE @F dlawrc‘oe Matthtadssschtezmte@rmhso 1971.
cljyve 11 e
 sipfpeiecthonan ot Sinlshormbire Dy o el 5 Sotark a6, gy pheny
borohm acnﬂhsm»eﬂluﬁed by hleBﬁEH@,H—Qﬂ; MgO and ethars, i§ Ggsertbell bg Séyfer-Wasserthal et
defined slit in the enzynme, whil st

i's
q"i@ M@ZC@HH 2@23%14%&9% subsites (al so respectively
called the proxinal and distal hydrophobic pockets)
In dg’sggl%éq?pmégrg lgr g{%@t?aéan (plper%éq%%sg%tl,al?sg; rﬁg,g%cl:)&eém@%age substrate or inhibitor
residebaiwhfelc enetandad-termeisa & the stisdle pepide bencp aed 89 %R, S3, etc,, des:gnate the

corr%sg%cmrg s%'ﬁt{ep%ﬁhggogﬁ&e pFogéQtsé Reac or&gﬁfee \(v@l{ )%fpegﬂ IJ am%lcﬂerger, A. On

opep es con nrn
the §ize ibf dthelAotineeSitsf lnaProeeasasa Boclca Boptys.Res. Gooimng,. 27:T5ik162, 1967. In

r
thro@glhg@'e%lqug\f/ﬁg@?éé BP%p%?rfSc 4?&5%3% 3 @%g@éﬁﬂé@%g%tﬂé @hzyme, whilst the

52 29l 58| Rieling suslies (Rksot reerestively selied the grogimabandhdisteliydivARabic pockets)

are R/@kdphidid dhdantBattistrahglyBwiele ré?SB&thlWV‘PFoeand Qlf{)f-%t éﬁ'{@hgst others.
inhibitors of elastase and has been f ol

numer ous patent publications relating to bor opeptl de
Pharimabdukitd] eassarct mwhrmeprmfeaﬁea&ﬂﬁﬁrs th)fmi/efdi feom thie gidple arylboromc acids

o ol P2 Q"o BALAY Sl B g S8 o i
The datdméipadich n@y(bélderiﬂatﬁhl], o@nltpt fogn an ester. Shenvi (EP-A-145441 and US
4499082) disclosed that peptides containing an a-aminoboronic acid with a neutral side chain were
effective inhibitors of elastase and has been f(’)llowed by numerous patent publications relating to
boropeptide inhibitors of serine proteases. Specific, tight binding boronic acid inhibitors have been
reportedw for elastase (Kj, 0.25nM), chymotrypsin (K;, 0.25nM), cathepsin G (Kj, 21nM), a-lytic
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WD 2004/ 022072 PCT/ GB2003/ 003897 2 protease (Ki,

0. 25nM, di peptidyl am nopeptidase type IV (Ki, 16pM
wa@pa4meaog2 recently thronbin (Ac- D- Phe- Pr o- bor PE&r/GBEH3/003897

(DuP 714 initial Ki 1.2nM. @ aeson et at (US 5574014

and ot hers) and Kakkar et at (WD 92/07869 and famly
proteaserifigr 8.25/8\), dipkptidyingnindBefadR3969 1\I{16,C16p815 ahd FridRDieBently thrombin

itors a neutral C-termnal side chain, for
(AC'Q%E%EW%W %f%aw ?14ém%§y3a¥W1 si de chai n.
Modi fications of the conpounds described by Kakkar et
at included in WO 96/ 25427, directed to peptidyl
Claegqg, ?tng (e ot54444 Indrotherelodnsl Kakkanhetcal (Wb 92707369 Mtfamw members

mcluﬂmQtUSj 564883'693@@05@ tﬁr@rﬁblﬁlQﬁﬁbthBé Wd'\‘/ﬁ’nbha?heutﬂa@ d—ﬂen‘?rlﬁr"?‘a@ Side/thain, for

a al peptide |Iinkages may
e"a’Wﬁ%ﬁ) wiar al VP ‘{%ﬁ% - NHCO- CHYCH2 CH:CH-
CO(CH2)pCO V\/nereplsl 2 or 3, -

Mod‘ﬁ@“: %mpo%ﬁ%nb%ﬁy%%%ﬁe& M@gﬁp@ﬂg directed to

peptiglyl sengg- wpierse inhihifiorsrie wiich thel2em raturailpeptxde pnlate Gtremed by another
0 P
lmka%% n?l@ ﬁgdtﬂﬁbrleg o %gﬂl’-’{\% rah;?épﬁ%gl eggeeg B‘r;e@ b%dééﬁtlgned ééé ?) -NHCO-,
-CHYBIp t, e CHiCiitr, (emcn 66-1 wherd pusd5%|8m7 FCOdMY-, |«1bt2QJHzifQI$l NOHY-NX-,
ed to_Trigen leted iscloses variants o

NORRE: '\&?(n)&OBorWé&B SOOI TOAUEAH-1 18- ERgsprs NH-CHOH,
wher’é%plsf}{l: Eg?P¥P% ﬁﬂ{i@?‘h# ﬂJup A9 W&bﬁa‘fog@rm égsec%ﬁy 8 $45%0ar non-
natursl pepfige 'H\!iﬁgﬁSBfﬁ Sﬁe‘rfyl C"QQ yl oxymet hyl - phenyl al ani ne or

p- hydr oxynet hyl phenyl al ani ne and the Pl side chain nay

be neutral (al koxyal kyl, 20 al kylthioal kyl or
MetterpiciréEm ¢7 651 )ahéIUSy$3887OVhéwer leipérazingeansigndd toh®rided LRited) discloses
varlaﬁﬁsbfdﬁﬁe IQrB ngirAQ_]t Pblﬂﬁ@%ﬁﬂ% Rﬁn&(‘*ﬂﬂk\)é“ ph nltHebfst r%él%se%m)f an _ynnatural

N-substit
hydreghghj¢ gamWEd acigh éH@h gas 30me%ﬂslylaﬁein¢2um tiﬁrt,dszu%dlmenyl-ﬂlyloxymethyl-

phenylBSIA®or p- h'ﬁﬁmmbthylﬁl%n?&lar%’ezénd]tﬂgh siH8 Hain %%V%bé‘hﬁﬁrapglkoxyalkyl

et al). ar o

360
| alkyltilgalﬁyﬁgmrm; WEI‘P’%? belulncl udi ng US 5698538) d| scl oses

pepti dom netics of the structure
e _Boro
The f‘oérﬁl%ﬁeonb)eg léﬁ g eEi% préArg%ﬁAeva teoﬂroglpﬁ t‘ngAE mpln lgl? E«g)r% H\élalh N-substituted
glycifeois desceibgell ie FBdg @ Wpet. al Biverd. iMekle€hens 80801306 dndrRupina et al ThAromb.

Haerfy % Feoof Wa6F. eSe@a s3 US 5%%?,% @gﬂ‘aﬁﬁhi\f\#@or certain

org groups) or ana ogueé h the
pepti de Ilnkage -CONR- is 30 replaced by -CSNR-,

Ampar@@@b'@ﬁ/msﬁb%d ,famlﬁ;(r@T@ers%cludrﬁg 28560835 didcRsdd &)ﬂom metics of the
3°h mimet

s B e e S s i v s s

side tnaml o lekampldl B&roMpd: OTHRORENSs 8ff the ‘hfrmhlﬁe-(ﬁlj),#{ebm e(where mis0to 8
y1- (CH2) n- CONH- CHR2- BY1Y2, where R2 is for exanple a
and *h!?d‘i! prgertals; qiganisraguRSkher analsgues Hwrkof iowkichathd paptide llﬁkage -CONR- is

repladed B0-CSRR-, REINRIE-CQY, AB@HESorn Y@, A2 EdyINE BRAFE GaRhyl or biphenyi

P | nh?ygl tors g?iprotcggl ytéls?: enzyrr(gzs [ ﬁﬂéet gr&z Bithy pheny.
substituted by one, two or three moieties selected from a specified group. Most typically these
compounds are of the structure Aryl~(CH»),-CONH-CHR2-BY1Y2, where R2 is for example a neutral

side chain as described above and nis 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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conpositions. WO 92/19707 and WO 95/ 12655 report that
aryl boronates can be used as inhibitors of

W@e@tezdogr i ¢ enzymes in detergent conpositi onsPCTAGB2003/003897
92/19707 di scl oses conpoundsssubstituted WO
2004/ 022072 PCT/ GB2003/ 003897 3 neta to the boronate

48, e GO ORGS0 GBS ity ooy

onam™do (-N
suforiridd AMHSLCNYD 94d 1AGRMmitoeaces dBHA6550 rtedubess whest orthn-etistituted
conpounds are superior. 5 Boronate enzynme inhibitors
comppa0ds i BPCEYpl i cati on, from detergents to bacteri al
sporulation inhibitors to pharmaceuticals. In the

har maceuti cal fiel. t e i [ o
o USRS IS e o PP L gon v
to pﬁ&ha@ﬂ&mﬂi eIt kreopharmacefitialt figld, Xaere KailphieRl Eemture [dassrikirg boronate

. .plaspin. as . rat L r
o33t oy D SRR gy o v
as otheotserreeproteases dike pral leaddpepiidase A9 ARJToRase (Tgrombin is the last
' I f
oA SR P S o st e
of finoa, HsCAEPOGICHRES PNTTFTHER SIS LT PIYmad egrprip govmers
mayg)%?iﬁﬁs-{iﬁkﬁg Bﬂfateﬁr?r f(ﬂnlg} Which¥b itbed'ﬁaacmtedfbyitsroinb?ﬂellrﬁ addition, thrombin is a
vate ronbin., Iln additi.on, thr . .
pote%@@yﬁtérdgtp%eéqt% MPeR wﬁ%& gg.%?%s,peﬂ cor’ﬁc%gqréé mr{}mfgﬁ tago g?tentiates its
owngRRBton Gy tecematosof fAterekahdVAlL. so potentiates its own
production by the activation of factors V and VIII. 15
O her am noboronate or peptidoboronate inhibitors or
Othes Whririobarbeate of paptidohoeonplednhitiiows<or shistrgias of sasiag profggses qrgsdescribed
in: 4935493 EP 341661 WD 94/25049 20 WD 95/09859 WO

96/ 12499 WD 96/ 20689 Lee S-L et al, Biochemstry
o BPBA93B#%D- 13186, 1997 Doni nguez C et al, Bioorg. Med.

. Ebeimgslett, 7:79-84, 1997 25 EP 471651 WO 94/20526

WD 95/20603 W97/ 05161 = US 4450105 30 US 5106948
o WO RHHH8A 1.

s WO 95/09859

e WO 96/12499

e« WO 96/20689

o Llee S-L et al, Biochemistry 36:13180-13186, 1997
« Dominguez C et al, Bioorg. Med. Chem. Lett, 7:79-84, 1997
e EP471651

e« WO 94/20526

e WO 95/20603

¢ WO097/05161

e US 4450105

e US 5106948

e US5169841.

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 inter 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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Peptide boronic acid inhibitors of hepatic C virus

prot ease are described in WO 01/02424. 35 Matteson D S
w@hea0208ey. 89: 1535- 1551, 1989 revi ews t he useCDEB2003/003897

a-hal o boronic esters as intgernediates for the

synthesis of inter alia am no boronic acids and their

derivatives. Matteson describes the use of pi nacol

Con e%r;sg%t&l 18 tagqrﬁa?)ghgt Q:% 24{{:‘3418%2 ﬂ?%g: 395%% Qﬂw mltJramoleI:ular N—B

coordingtiondivay] demoristrated )bptslpasno&opiﬁ saurdigs corangtiia isbrdnic esteesn piePared by

reacgr?gt ﬁ%z%‘?cw%g Oﬁ&gﬁ& %’g (B2003/ 003897 4 Contreras

46: 213-217, 1983 descri be
how i ntrarml ecul ar N >B coordi nati on was denonstrat ed

ool ST S B35 Pl SRl O iSioRSbETR proteasome, 3
mulittatatytiapmtease resgonsible Bar thein@jsity of iatrateletsr @roteio tgyoaved s Ciechanover,

cell, hfbe':‘ gllg éﬁ%@%@a‘gh&rtﬁg A& lp?cﬁea'tsgmé E ? ggostég) yrtlélsggrg%ogx{e%t] of tpe ubiquitin-
proteasemmatbmllav,ym omhlqhmrptamélarmtasgetqﬂr fot degradatiem by eenjugation to multiple
moldcuRS GF‘UB%@F n. C&ﬁr’ahovel7 gls&?éa@r{les tHe? W u&&ﬁtﬁpﬁ'&eéﬁ% febifvay plays a

pr ot easo r ot eol %tl c conponent of
keY[PAﬁ’Q@lV?T'W °BF’§‘P"€@§B*W§‘°‘6@F W55‘F5n whi ch prote| ns are
targeted for degradatl on by conjugation to multiple 10

ARl L A n P ESHROEN a0 RSBy comon

(2008) wAd eqtivalent WOMEp13266) tangh g Hatenb o 62972p7 (RO6 S)saxscribAghapikie boronic

esteé B'égaf:?o U?E,g@%j% r&%ﬂ@%ﬁ,ﬁ@? %ﬁo g%%@% Ogmlejsse( %Brg%l{t ygp describe the use

of beguic\estecand s GBIPLARISE0 reinck theiFatPal eweclaNoro@Podegiaration, to reduce
the S&Q@ylbf E’é?(n %’%!lﬂ%%ddé@ tr%%fé%f%e%r%éqbiﬁ%ﬁ&aa&ﬁcemh‘3 cell, to inhibit

use rot easone
cychd@bgméaﬁps ined el tgdrdhit tb%grpw@ of gecager Ry '@rﬁnf&blfe@t'aﬁn Rigpgntation in a
cell, %' lﬁhIHPNP-QB "Hé?eﬁd@ntrc%ﬁi lé@ﬁesfohearfoafoelnﬁlﬁlt GdrfcaRbipt @raﬁhd et al, WO
radati on o reduce he |V|ty of -KB in

o8/ 581, Catbes Wit pRHPHEA. B, iV o G RS o el for

treatify afa%ei lsuchtaﬁ otdup ukmrtg stlﬁkﬂlbﬂ rﬂyd&@@faﬁidfhlt'dtlmn Eliota etgal Wwo 99/15183,
It _the e tQ i nhihit
reaci o rsauB MRS e Fer o CBRARS fifortry Apd Rt fighune diseases.
dependent cell adhesion, and to inhibit HV
Unf%ﬁ@%ﬂe&séll gﬁbboﬁh@%@ig?tgarﬁk% 6%4@ I2 a%ﬁ éjftgcggoétau{ ﬁ%ﬁ/ﬁcaﬁh?%re form.
Thus, catiyytoreuis, acids @nd) thefr ordxises anercé@mawgfensfth/ar d@@e& GE Rl dsChem. Soc.
Ngo75t ' kiliZed t te 1-
perf T8s P o83 YRS Slot TUPEFORL 2o WVSHIT oktked 5 &t & denerate
butanﬁiﬁfﬁlbptb?@?‘dare useful for treating inflammtory and
aut oi mune di seases. Unfortunately, organoboroni c
cult to obta

It kg ¢ et of BFoRlc S s e bt R odaton gepstance. For

-exampld, MBGEHonBlOV QX iahgsAmr Ehenf, t9on HIBr 9502988, tLDYestatéahatedietbdnolamine

e F QB OR o BBE BegHERofi P abAF 5 3B 5.7
(Matjesoars e d) tdaciteatimdt i@adiolpend &, 3adlq>l$j fon exainplekpinagel, fdwatstable cyclic
bor&\'i?crésYe thSBdrk g&e%l BQEGR ¢ acids as cyclic esters

22 oXi datToN resi stance. For 30 exanpl e,
l\/artlchonok Vet at J. Am Chem Soc. 118: 950-958,

wu 990 Shale. bhabko:diedsapetopakags 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 conipound showed erratic stability behaviour”. The degradation pathways were investigated
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derivatisation provides protection agai nst possible
boroni c acid oxidation. US Patent No 5, 681, 978
wQ@ Matoeon DS et al) teaches that 1, 2-diols aneCGB2003/003897
diol's, for exanple pinacol, formstable cyclic
boronic esters that are not easily oxidised. 35 Wi et

andat was] con@h@édr@hatﬁ% degr§@at1315 Sad ?gdatgg otﬂe trﬁ%a?‘ Gxl3atioh I?ngg attributed to

st abi | g he conpound
perQ?%’Pf)BH?‘P ﬁyﬁéws%n %l‘ﬁﬁéaqméﬁm ne bor on| c acid (LDP-341,

* al so known as bortezom b), an anti-cancer agent. It

[ ri.bed how "durin n effort to formul ate
wo PGB8 isdpies Mzt it ch BT S igRC ° BRG.campasier, these
prod;htsvmjceahamaiorapelﬂ’[dabarid/dr}bohﬁbpﬂdbmm&lcs |H|'hs¢ncﬁ el Bdtarid & group has

bee@@%g e@ﬁ 6%&%68'\7/$§95& s%ﬁ)aqu suggr deri aglﬁ%ﬁ, ) |§ia h?Vﬁé]tydl‘PWé)blc amino acid

sidetbgjns degtdf the forrsilaoxi dative, the initial oxidation being
attributed to peroxides or nolecular oxygen and its
radi cal s. WO 02/ (99131¢di scl @@es boronyic acid products
whi ch are descri b|ed as |ist abl In par[%cul ar, these 5
products are cerNijh boropepti desnand/@r
bor opept i dom [ n ' t bo\rrm}zaci d group
has been derivatisefl withh a sdpar. |[The di scl osed
sugar derivatives, WRlch have Kydr op8obic anino acid
whekdifle chai ns are of the formrula RO R Hfl FrNHA
NYB~_Z% I ?bRB wherein: P is hydrogen or an
amprfﬁ-lﬁjr'?ﬂﬁﬁob? FRIRR-PTREP RBFSEENE MOig R i s. hydrogen or
aI W|bhyd%geﬁ09allqa, or 2; Rl, R2 and R3 are independently
g IkyI cycl oal kyl, aryl or -CH2-R5; R5, in
Pt is one of aryl, aralkyl, alkaryl,
CyQﬂORIKbdR3é‘r@trﬁé bty hydrRh SIIgR r Suher e
Wis a chal cogen FSaéﬁd R% ¥séb§ k l&,ﬁ Vclloa earnél ot\l\7r£1d?ﬁzrllzng

POIRS mireadt instaceph oﬁ@bfdarw M’alkyl,azﬁlldirﬁ,ydycloéﬂlyk &edelocyclyl, heteroaryl, or -
, or heteroaryl in R1, R2 R3

ng(:l oal kyl, heter chﬁ
rWiRse Wiha Bslceganiapd &P Isallelibst i t ut ed: and Zz1 and 72
t og@HeRethef @{gﬁb&tldﬁobﬁbﬂﬁl gresdiy ad, erQWI AaIRdH 2 Eyclotiq ﬁét@rocydyl or

the ataom at tached boron in each case is an oxy
heteggaoylrin l?éoRéd%?g)r &P carhlm qptlerually)s@dtltutad;pemmm are sugar

der vat,i DP 34 ve Many drugs
o e SRodbsr ol Aoty CEHREIOTL: S @R W fhe dem pttached to
boro'lﬁhleeahaase lsaarmmdmaratanf di f ferences between carboxylic
aci ds and boronic acids, whose effects on drug

delivery, stability and
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 sp? hybridised, 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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transport (anongst others) have not been investigated.
One feature of trivalent boron conpounds 25 is that

WO b@4lozaoon atom i s spz hybridi sed, which | eaveRCHGB2003/003897
enpty 2py orbital on the borgn atom A nolecule of
the type BX3 can therefore act as an el ectron-pair
acceptor, or Lew s aci d. It can use the enpty 2pp
orbital to pick up air of nonbondi ng el ectrons from

Further) BUpRic Bﬁ%oft @efwanﬁ OHyz 94 @PﬁS'CIﬁS‘Hd"aV%MO PKes-efAppiger paint of
csthEBE oyt R AR Byt iiabde bR B B8 fich three
factasp ey befespansiblace el ectrons. 30 Boric acid,
1, FBFrﬁé%ﬁ’b boRd? act as a Lewis acid, accepting OH:
B( OH) 3 of .t o B(OH) 4 + H+ WD 2004/ 022072
2. lpigrrQupeiosyop@®Beo7 6 Further, boronic acids of the
3. ReMitRd Pe%ﬁ@ﬁ%?be%ﬁéén%bﬁl@&cﬁhg@&trmVe two pKa's. Another
poi nt of distinction about boron compounds is the
unusual |y short | ength of bonds to boron, for which
Thet frested f ammMas ofrbyrohie aneseaeusylial &ids5Sin 1aquE<msrthH aame ghown below

| oni c-coval ent resonance; 3.
(excﬁg'&%goé@a?oé‘p bﬁs bet ween non- bondi ng el ectrons. The
presuned equi I i bria of boronic and ﬁgar boxylic acids in
aqueo KOH are shown bel gwgy 10 (ex udi ng forrmtl on _OH
KOHgf T=ROHHL RBE OH HE~ +—F ReREFPREH I ROPH REBS oy
oH 0 HKOH + RG' OH H20 + K+ RC O Thronbosis

15 Henostasis is the normal physiol ogical condition of
bl ood in which its conponents exist in dynamc
Ko QUiRE FF um- \Wen: the squclﬂoorl umis disturbed, for
i nst ange fol | ow ng injury t® a bl ood vessel, certain
bi ochem cal pathways are triggered leading, in this
Th? ppie, to arrest of bleeding via clot formation
coaqgul ation). .Coagul ation is a dynam c and conpl ex
process in which proteolytic enzynes such as thronbin

Hen‘%tt%is B tK@Morl’n@l' ;ﬂ‘%s@b@(ﬁﬂc&@ﬂ&%ﬂilédﬂﬂn PBYh RS EdhipohBit® Bgdt in dynamic
ei t her

casca 0 tivati ons
oG e o5 52 L TR PESUASIIPR S 5 B v
cert&iA Halcical E&B\IJ@/& axd triggdred tebdingz){m thma(ampla@td‘lavaqst ofaliekding via cIot
54 e S 5, SR e B85 hp oot
enzyfees sukh ahthrdsmm plag atley yales Bidod caagulation imap oofur through either of two

cascga‘%%t+7 g eﬂ atcf?vahﬁ{ SO derind ahﬂn’crﬁr@%?)lﬂﬁuwgyé & thé! ek Iatxon cascade.

he pol yheri zation o Sn Mononers
Factop VIIﬁablm ﬂhle prxtripaie rpathyay,  pracs FagseroP@als ethe nnféa% PREVAN\A(e important

detdrinhite o Tty SctivioR Y fetorRits Racsi i, which itself catalyzes the activation of
prothrombin to thrombin, whilst thrombin in turn catalyses the polymerization of fibrinogen
monomers to fibrin polymer. The last protease in each pathway is therefore thrombin, which acts

to hydrolyze four small peptides (two FpA and two FpB) from each molecule of fibrinogen, thus

deprotecting its polymerization sites. Once formed, the linear fibrin polymers may be cross-linked
by factor XIIIa, which is itself activated by thrombin, In addition, thrombin is a potent activator of
platelets, upon which it acts at specific receptors. Thrombin activation of platelets leads to
aggregation of the cells and secretion of additional factors thét further accelerate the creation of a
hemostatic plug. Thrombin also potentiates its own production by the activation of factors V and
VIII (see Hemker and Beguin in: Jolles, et. al., “Biology and Pathology of Platelet Vessel Wall
Interactions,” pp. 219-26 (1986), Crawford and Scrutton in: Bloom and Thomas, “Haemostasis and
Thrombesis,” pp. 47-77, (1987), Bevers, et. al., Eur. J. Biochem. 122:429-36, 1982, Mann, Trends
Biochem. Sci. 12:229-33, 1987).
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25 to hydrolyze four small peptides (two FpA and two

FpB) from each nol ecul e of fibrinogen, thus
waeleoe®eting its polymerization sites. Once fPCHBH®2003/003897

the linear fibrin polyners may be cross-linked by

factor Xilla, which is itself”activated by thronbin.

In addition, thronbin is a potent activator of

g atel ets, upon which it acts at specific receptors.
ProteRses e Anzxmes which clkavef prpteins et GID@IH: e:aptkietbnndsaggu@gﬁtét(yn, 7. Biol,
cheéh, 2579086ehodd 8RCkhe SGERhde0 @lté?ifth Elésggfg;lxrﬂgegs% rtggcﬁgnistic basis

furt her accef erate the creation of
into, fiyfy claseas: ot @PEBYIpert Bl agid o jaspartyluthisorink ca'nd onetdipproteases.
Merhie®s aﬁbadhad]as§’|&at@l§'sef &@trﬂlﬂl%lyMs %ﬁ%eptﬁh'ﬂonéssﬁﬁ ?rme{lﬁ%sm have
% gut g nﬂ i ol O(tg Pat
simi3F 3P 8 2P Teiois arieis sstapEble 10l spesiio mpers. For example,
all sediSBiBteasds thaf lve besnthSactuiised Raversn BIVR@MR SiFle TRUES.,
"Haenostasis and Thronbosis," pp. 47-77, (1987),
Bevers, et. al., Eur. J. Biochem 122:429-36, 1982,
Thenpagulation eneteaseBthoentim fadwri Xa, Tat@ 2013 3nd A7 )IXa AR serine proteases

~hav1\ﬁg("-c)|47éI Iﬁ@%ﬁecﬁﬁy MWa%@%?Zequncg Sécfréﬁggs)g& %gt?cﬂ»z%ngs As with

cl eave protelns at
othes feier Rrotepseg the clgavage gyent b@'@nwltmm am@f theo@Bye sitedserine on the

scistilg Gooh@foe &@ﬁﬁb&reﬁé tr@éhlttn@ Qﬁ Ehd forl%tﬂ)‘ﬁsdffay tRaRePA SRS iafk. This is

tic five classes: serine,
rolcipg i osc F P Eranedfel mediip & 9, an # TR 26 aciase o the
amineteahihagofahedeaved sequddeab elydroldis Erandagy| @ssme dlealrised e carboxy
ternﬂ ‘grol ysis of peptide bonds by a simlar mechani sm
ave simlar active site amno acid residues and are
susceptible to class-specific inhibitors. For exanple,

As |F?H &ate'ileébb\%e pREREARE oL lﬁﬁértaﬁf’%f‘esﬁlﬁﬁd?mglhﬂﬁ &%ﬁg | ged bp%ﬁgregatmg,

active sSite serine res | On
thevp?qaﬁtéaf@éae initiabhaspastatie Ay dvhlckamnedu@ttekyrcumllsableeanq fiforoclbroken blood

vesde%a QécSncﬁ;erthé]%Ia&ﬂéPts@ﬁ&ﬁscan 1Rchmy blQatkd Xéﬁé'dafelnh%:g blood clotting, a
prop eC| [ CI ty gr t he cl eavage of sequence- specl

pLelet prageagulaat Jativiy. TysHBIY hesphsered as an increase in the
rater"f Q&f'?@tﬁﬁ%f Fot}ﬁorﬁtl)n‘? By fgor XY f?\%e Br%géneesof\%&% gbnﬂffa@": Keflred to as

he active Slte seri ne on
the §WH§W%W9@€ reasion. t Nergnaliva t'ﬂéﬁ% afeofﬁWa(lfl aph) detting fastorsabre theadurface of

unstirﬁlllé%éd"f%télét? butNiwheh Splatbigts! Qr‘éegctmte&mnle?"aﬂ\?é?y Oc,fhallggt? dohosphollplds

tetr nternedlate to forman ac enzyne

(phqsenaggsg@n@q af‘% @hospatidytnosiganthat reo nomally @n B9 efdtoplasmlc side of the
menﬂﬁ‘m&iéec&ne dt?jmhlb@a)ﬁﬁ brovidé atshfaca el whRR E\Nd@teﬂshﬁ fhe RbEARBS sequence

t ed
°Ccuﬁ| j{‘ QSQ?‘(%P' )?n té&? nus pf acHy atq.dgqﬂgglgtﬁ%rq@pﬁléﬂaccelerates the reactions
leading rtmsheafsrrsatlorlilof Ehrqmliiry sadiot elambingan bé lgenerat@m &t & ¥até easter than its

neu af\?at*gﬁ”bg ?tl}tglﬁ]ﬁlgﬂsi&atfh r@alc s%stg)g u'r'a'ﬁnég %t IF%// {;]etgaare not easily
inhibiied by |tee naturaf a@@oagahntbe@ @I@ed &uchi asaantithremidn BI64 either aite or without
hepé?inoqgee‘%e%ﬁ hi¥CHirséh R0 ﬂﬁ&ﬁgﬁd ?'hcfn% e"i-l%ﬁrﬁos&é%xs%ﬁd ﬁ’ht%Fn%s%t " pp. 737-

procoagul ant activit
8

760,{ (481 ustare ef Al *  Blp@m ane JEQWQFaWaGﬁWSPS'Sp@T@tWWSﬁ,"kP? 503526,

(1981 p@oddwiXat dlNsbdhemp). 8RB R1, aboshact or Va and Ca2+,
referred to as the prothrorrbl nase reaction. Normally,

there are few (if any) clotting factors on the surface
A thmimbusi cesit hemehsidessl g3lantabh@tnal froduct oftsermormbl abezhsisen @idecan be defined

: ot PR s

as a?v‘?a{gl Xlaieggsm Jﬂﬁ%@rﬁoﬁ\:&l%oﬁc R{g%ﬂts%'ﬂ% sig %Jgsdl?'tt sarcllcwg?culgF %Istem, for
exarmjg € yeaghortqqléoqdwegqgl a'gtwpmbcgus@en bé reghrded as the pathological condition
wherein improper activity of the hemostatic mechanism results in intravascular thrombus formation.

Three basic types of thrombi are recognised:
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25 menbrane becone avail abl e and provide a surface on
which two steps of the coagul ati on sequence occur.
wab@4poesphol i pid on the surface of activated PCRGBR@B3503897
profoundly accelerates the reactions |eading to the
formation of thrombin, so thaf thronbin can be
a.rate faster than its neutralisation by

S TOR BiouPhs Fb Sniahy st 1 Sdenamd comemeBnoraraas
. rth@[egltla;pmbmsrwrmhesfoam@n veihs &aiss Egmposediprdtiom@@ntRYoftfiBh and red cells;

. r’cﬁ% Hixed %Bu&%ﬁl‘f *sacgmﬁ?%g f&o%g%ezmgs o? ﬁt?‘n v@%tg aﬁr{}gag%ﬂmbn

and H| rsch in : Bloomand Thomas, "Haenpstasis and

TheTMBﬁm' of throrﬁtﬁ IS ﬂﬁléncea 2 thé\)e%%ﬂ) cg b]}ﬁld& HEk gt ﬁ'n%nr giLes onormatlon In

ge@@gg@@ P'at?'i*qgi!)thro'@a'c‘aw i héﬁh f@W SY#TT}"@ M’é‘rﬁ r ed CO@@tlfll‘Btl'@mbl form in
regibA® of stafis.t NTHRITHIYS sBédr @fé MOBSdrde RleRS tAE) a@&ﬂﬁlfaﬂ‘&{ of coagulation

cha m and ¢ e defined
PR arthe Bl T o B REoRT G BFiBB Rewe KiRedhtts Form thromb
bindingswrtheerea of ddniege vandn OViiebant &ictos.y Stichrthrofmbdr confp&@dﬁltﬂn@ of platelets

areq{ot Eﬂgegﬁ@'afs?ﬁgge %f k?.?lleo ﬁjnuYLEST gérdnﬁgl;]{ tgg% B'r@ﬂrﬁmm again and then

pat ho ogl ca
dlsnefﬁsrcepféwalblcm‘tll/tmwt@ﬂlus lhes Hiinisbedit For the dirambusntor stehilisé, Sibrin must

forrhN 1A s @é@&c%ﬂraﬂdﬂﬁﬁ TP ok BRtdc uéa&%%t@fz élﬁétglet thrombus and

types o are T ecogni sed: 0
ad‘%@f@d’@sﬁ“@@ﬂ'@g’ﬁe t9e plakriet ircorgulant antivitys Titese fwo events lead to an

ovet?u?irfaﬁe Sn':‘@ﬂié tdfe f bEvhRMH éfnﬁoﬁhﬂﬂﬂimsby% f&tﬁrefal ¥ 930,000 fold. Fibrin
at e in veins

depSiipn; SRS BE é’g'tebﬁ? Swawﬁmnmﬁwhrqm BTG o keparin, are
not tdtimically yefekctivd rab irihibgtinghtionlatien Obﬁmﬁeérdééag@l@ﬁpeﬂﬁiﬁi s aedordingly, a

o MBS 800 LA crSo B RISl BE St g

Pre\tehbnqa@mlébrombotﬁ@pmonsn In general V\,hl te

platelet-rich thrombi formin high flow systens, while

red coagul ation thronbi formin regions of stasis.
On ﬁgeveﬁplérﬁngehcgaqraﬂq;p@, tha thypmbys is somprise@ af Bbriny hrombin can accumulate
bec&&6 ok aibiv@ TlodfonGRRgEAbR! sideraind biRtcRESBR) dAlyesmAbr hlae

arterial side of the circulation: only platelets have

the capacity to formthronbi binding to the area of
Thrahabueigds thus nutocondiidrbe by 8@ dirafd indication ®bt, tréthéd ™ a class of indications

oD D e T P G0 s o o
approptidte.f oifhusagegutatern dauthogities deatp diswders cauth rasalfdry exantple] deep vein

throHBS%ss Eé%@cuﬂﬁ%ﬁgﬂimwbﬁﬁb%g'ang ?)[lln}toﬁaerg %FRB&QR%[% aﬁsgﬂ%llr'rdlcatlons for

respec
the AwOSeS oF Iensing DASIIESC APCAD Sul-classesvdithiombodisarladeesl dirombosi
andt%hm%nﬁﬁﬁs ARkiaY *krBmbast Rkiudée sﬁ&\dsp%h? Wls@rrdgrstaﬁeacut coronary

({) atel et procoagul ant activit hese event s
syn

remei [forogample aqlis ryacediy! d“f?'ﬁ%"r‘r theart @Fta%t@wﬂuwnthmbws in a

- coropaIgt Btapyini E’eréb«‘mfaét@ta@farﬁéﬁalofhrMS@C{@trcﬁl@' @ausel by Bhrdmbosis in the

h [
e bR e e o] o PR e o s cause
by vehomrthrah!bqslseafa‘cmep vale thedomibbosiiabd pulmenast énbsliedt.i on  of
pl at el et procoagul ant activity. Accordingly, a
t herapeutic agent which inhibits platel et procoagul ant
The ggariageragnt v dilrdmbesisuenafrudnlyf iovolves ébe iusey oD entipatelatedrugsn@nhibitors of

platéléétt é’gbie@étloh?foom%l' fﬁtu?fﬂ%rﬁﬁo@é}fesns 24 Woﬁﬁb@t%%@?&%t@k&ethe newly

Circul ation nmbus 1's co
forn}eﬁrgﬁtbleﬁt gra Ry at@ghﬂfl'bta@ents being used In conjunction or combination with

anticoagulants. Anticoagulants are used also preventatively (prophylactically) in the treatment of
patients thought susceptible to thrombosis.
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because of the slower flow on the venous side and

platelets play only a mnor role. Thronbosis is thus
woodo4oe203t dered to be a single indication but, PCEHGB603/003897

is a class of indications enbgacing distinct

sub-cl asses for \Nhl ch differing therapeutic agents

c&%ﬁfrmﬂr&ttﬂ& réﬁé(ctipee clagsg 3Pk g? (ﬁe lin?c’ghg%ugé?nt'fcﬁgulants are the

regu atoré_bapt ffeat “dr's
h@@'&’l‘ﬁp?@ t éyﬁarweu f antagomisiesi Bhe benadhw ereadledefised mixtures of sulfated

palsh@harftles that ISIH@@)S hﬁi tﬂﬂ?pdﬂéHtlQﬂénﬁF léft%%%ﬁtﬁi%ﬁﬁla Qfls‘}t\htrlﬁrombln Il is

i ndi cati ons ur poses o I céen

a fRiyraa Peruing "E‘lbétgfs@sfh%ﬁctw%ﬁ%@ @C@FSeIXa,rXae Maarthrombm and probably
xm&w(semse§ Phéifdcol. GRoURL; 99P160 nt-qs@) StheMthrRtthi K@antdBRIGERE SnRh warfarin

R S8 RS o et hosttons of e
vitahdrak tlepetuﬂ@]t kqagulatitsefactdry Ill; hﬂplmal)(S(semH@ch,?zﬁnﬁQr D‘ﬂr@‘r’)b’ Hemostasis
174 tlfr%}ié? \ﬁﬁlrege%&)(/@%\‘g f rtfﬁee {r%aQnBFrtghorggg OEI E.c%’pgp saqnd vitamin K

caus thr osrs T
a@@@t‘"étﬁ)ham thepanf ¢l'bheileaﬁlldeaﬁffle€i5 iof bleeding rrepes insinduachtipdrat®cytopenia (in

th@fcafeoaﬂhéda%)sarﬁial‘rlﬁéb m*!?éfpéﬁ@ﬁ%a lhfl o hlnaJ EmAEER unpredictable

pyein onbosi s and pul monary e e management
tS”lap?LinEﬁ%ma@'bommnl y invol ves the use of
antiplatelet drugs (inhibitors of 35 platelet

S R S g S —
systeinhie expectel do lalleiatd thege ptoblefagi Mg tbatealhdj a vmmyamﬁ/t dfQBrine protease
mHBIto%)l‘;g\}la B@efn tgﬁedMl&degpw\?gﬁ%ﬂ@%b‘?egégptlld on a| G ul baqrgt ?ct %:51 analogue

re use feven
oft anearrmingt acis %&ﬁtuwﬁttsaﬁlmgobghmc gu@d@pmblblmmtmrs have been discussed

eahilaf 9%9%&&#‘ caY}Ql %Mr@f%?tﬂgr%e cﬁgéﬁ%%%{ l%@%ggtmn

Currentl the nost effective c ses of drugs
in clini cal use as anti coagul ants are the heparins

Naittal HIResiduBotoffetitlea®PormbinInhibior epar i ns are
ilt-defined mxtures of sulfated polysaccharides that

bind to, and thus potentiate, the action of
Claestri helo(Usi 5574014. athbtinedsy and Kakked &t &IS(W@ 907869 EAdY family members

in?@%r%%%ﬁég ?Lé]@s{e{bl%ﬁplgl th?o?%xk\ 'ﬁ@qgrgl Oa}vﬁé\g n% gé&% ?Lrlﬁc’charged)' C
tedvinpl ) siﬁmdtaimfoo%dhm!aanfﬁkomﬂw&ﬁie ch®B0) . The vitam n K
ant agoni sts, of which warfarin is the nost well-known

exanpl e, act indirectly by inhibiti n% t he
Theddaesen eical @he Kalkkar ﬁo@l;ﬂﬁ'@m Bmiiep fisglgse botongtgrasterscontaining the amino'

acﬂ%@%@é‘b P?l@@%JB@}BM [(ﬁ&e eWr§LBbHoMpM' lNthh >éré’lﬂl‘%hlgs &$ffe inhibitors of

Sem n. nost asi s

Ao Ob e R é\?aameégenﬂmedtlmearw%%m) Rge-Pro-BoroMpg-OPinacol
(aled koWpQssi TRI SDIB)p aTHen®rradpdndiridt fedd Hordhic & 9 @AGISESTRIS0E. For further

h f t f f
e R30S0 o R bl % B ettt oo
dohweysmts: n) - and mar ked i nterpati ent variability, _
r ?Sji:%s lof! ala ﬁﬁ% lDe9£r9j ]p/".ggr ec Jg@? % off?ﬂ%l gﬁaés%BfG et al Eds,
t hr We%/ﬁ(fxm/h@ﬁtaé/&dl% 0073-4d% 1@9fizyrres of the

coamegad@&ausy&%@,mﬂ@o@wmt eghzt 0 al leviate these
variety of serine

pro
p! otTQBQaée"‘ (?ZSt ?'Mﬁ’ﬂl@?ﬁ’ﬁzsﬁé@g Héen¥ést ed, i ncl udi ng
ber arepin a;iers Thé Déign[bE Sjrithbeis Ibditbia on TAkemBin TheSdH G ettt E8E, Advances

anal ogue of i d. %/)\hllst di rect acting
bor d’r’l? eueye WSW&%B 8?%? 1i%%rs have been di scussed
_e Phillip et al, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al Eds,
Advances in Experimental Medicine, 340:67-77, 1993
o Tapparelli C et al, Trends Pharmacol, Sci, 14:366-376, 1993
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earlier in this specification, they are further

described in the follow ng section. Neutral Pl Residue
w®@eooafpzri de Thronbin Inhibitors 20 C aeson ePCHGBEWWS/003897

5574014 and ot hers) and Kakkai]rg et at (WD 92/07869 and

farri |y menbers including US 5648338) discl ose

Q&H 65 /éJFé%H%U/A?/oh 9)3}* Bb({g%/s? s 1ML, foggeut ral

arg si'de chaimn, for exanple

an %aelaéw ' Kigtrahedeps 588038125199he O aeson et at and

Kakdeaimad J ét'al @aE/%PMefff#;m/ﬁohg%Q&S@b@SG boronate esters
containin uencg D- Phe- Pr o- Bor oMpg

P ( ReAfRaN t@' goM%‘FWZf]'ChW’ﬁt’é’ﬁsé H-h2gnt¥>speci fi ¢

inhibitors of thronmbin. O these conpounds nmay be

The G et LR e LT A 8P esiiee lsorpidpred o be of
(R)-6@ifyuratitnearciothe e%p aesitiua cof fiabusal (E)-canfigurativing at ieainipveemasunds with
t f r TiRh-c ion i
comf dclaﬁg‘bs?ﬂﬁ%higwr A0 d% tHahrgﬁg;TgeggQ@ s ﬁ‘éh@\?e'gntgrﬁreeo @2 éﬁguratlon in
lsonﬁqm w&mcn@me[;@”\d@gqﬁw\gmﬂgtor ag]vgygnd'lghug the aglive, or moghactive, TRI 50b
sterQﬁMF‘ls%nsﬁéFéH hebé 6 R, HRicHifgeasonind Ty @R bépleseffe@asion G
et al Eds, Advances in Experinmental Medicine,
340: 173-178, 1983 Cl aeson G et at, BiochemJ.
290: 309- 312, Tapparelli C et at, J Biol Chem
268: 4734- 4741, 19 35 Claeson G in The Design of
- Synthetic Inhibitorg onbi n, Claeson G et at Eds,
Advances in Exper| d CI ne,O :83-91, 1993
Phillip et al © nth +C Inhibitors
of Thronbi n, a eE’on et , nces in

Exper i Medi ci ne, 340 7- , 1993 Tapparelli C
et at, Phar maco/, Sci. 14y 366-376, 1993 WO
2004/ 0 PCT/ GB2003/ 003897 0 daeson G Blood

Coagul ation and Fibrinolysis 5:411-436, 1994 El gendy
et aI Tetrahedr on 50: 3803- 38120ME994 Deadman J et
al, J. me I nhibition 9:29-41, 1995 Deadnman J et

al (RSFR)b | GOhaFbzeRyRhe (B )e-(RIsharohge Pinagdlos. 5 The
tripeptide sequence of TRl 50b has three chiral

Whl%f3 Hofr&d - act-rrtbeth%?ﬁmrf GhIbHSIE Habe Bééﬁsfodﬁ asbfill qonbﬁheocfeatment of patients
-configuration and the Pro residue of pat

susgeghible &h Py &Uffeﬁ'i‘g &am V&E‘Oqséa@f"b?ﬁ‘?' R u et P e o?artenal thrombosis,
becG@EMBASAEd Yecbkasry ltd) rdliéfth@tiés@ge @Rt iivine tieatrient Np@nous thrombosis by

resi due i el.i ev R) - confiqgurati.o
GRS G S RS AL oo RN W Sted depisl pricly cause
blectiigs whitth mamtmdhect aoti ng‘rtbn&nntﬁcihhlmmrs iiRuit&bDhor 1843 preferable for treating

art%%ﬁh%ﬁht?oggfg %ﬁlﬁ 05}1%' ‘ég lo@\fj mto%cxmgr grglaﬁ §er5at|ves are indirect thrombin

e represen
inhibitors, and so are unsuitable to treat arterlal thrombosis. Oral direct thrombin inhibitors are in

development for arterial indications but may have lower than desirable therapeutic indices, i.e. may
have higher than desirable levels of bleeding at therapeutic doses.

Many organoboronic acid compounds may be classified as lipophilic or hydrophobic. Typically, such

compounds include amongst others:

« 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.
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O (r) NI'Il NSNRB OO QOOOw (RSR-TR 50b:
Cbz- (R)-Phe-(S)-Pro-(R)-boroMg Pi nacol Wil st
WO p@if0z2072 act i ng t hronbi n i nhi bitors have beenP€DGBA03/003897
useful for the treatnent of patients susceptible to
or suffering fromvenous throfibosis, the sane is not
true of arterial thronbosis, because it would be
necessary to raise the dosage used in the treatnent of
Org/ ABSQRPUOA, onbosi s by 15 nany tines in order to treat
(prevent) arterial thronbosis. Such rai sed dosages
t ypi cal cause Dbl eeding, which nakes indirect acting
Ab???ﬁ%ithggﬁﬁﬁpmt%%mi tractSan beby & astve as spagsivefreutabRdive absorption by

trafisp@Btmdthanisiist ehtdélto tH OsHapIsi &mé’éﬁpﬂaﬂivﬂu&@‘%nﬁt\ﬁi% estinal content
n

ecul ar ight derivalives are jndirect thronbin
(GRS po Yot Reget oh A0, 367 cLLElo0Y e Apesirinasiine has beer
identified adithe ipsncipa sile oflorabdrtig abisorpiiyi. rinipaticiar] e SuédeBurh & the customary

ols i al. .j.ndi i.Qns_ but _r have
a8 A TRBS Rl o250 by A RSB P e . oo
inteRiENpEMHEAgh agts B abaries thetesntols eassive trefscellulie dbsagptian: the absorption of

ionit BRI B WidckeddR G The MARYEINLIDEI PRIV hﬁogﬂlﬁ& 8!%?)&@%90%@ (Palm K

I fied I hilic or ro

Eta‘r'IP;'zip zgfmgfp 3’2‘%1@*??77??6%6% %fggggbné?fu@' nggt others: 25

boropeptides of which all or a mgjority of thhe alm' not
oroff e S o RlifenS B STl o paetli afoctsdin dpeebity o
abserptidnytbtveqeh dixdividulls toe betivesl diffands bedasienstin (fensame indiv;]dual_ is unwelcome.
; t i i . .0 ILC, ..
S MRS py 2L 8 BB 55 SRal BHGF 0P R Gaminserea
activg ageplys asprbedarapensraly iaacepiablehe gastro-i ntesti nal

tract can be by an active or a passive route. Active

absorption by 5 transport nechanisnms tends to be
Norlapised FpBPEIRS e FaF HEFRL L BRSPS BTRQTPHPTY 7 IoHiEBEqcitiad with invriabily,
andGedtherfore freXentdfos seMmisht @korptidAl QIBFBSHIcSpERRE A seticuRPbvoured by
pasE e e beny s g PR A, S5t o IpgRny s gre ncicted to be mos
favankesidorpionsistient land high briacabs@ptiont he duodenum i s the

customary target site for absorption of orally

adm ni stered drugs because of its |arge surface area.

Typith dunctiovatitses iretdlredioe PEpacler 6F cﬁ@gsa\{ilh&héiﬂ Hysiblbdal Rgetd 6 functional

orofid $hin & SelRRAE B HBion B o B bt P28 0 bipRrated form in the

storeeos GatypHi 233), Gt Will pejohiséd to somé exteritas theshighansh bt?de gmtzméal Huid. One
. {

sl B e USHBS . A iy oD SREHIAESr R Mg preen

therg anestestferms yhieihare glervgd ancglaysasied dnthb . vastaler iiehi ty of

For example, the direct acting thrombin inhibitor melagatran, which has sub-optimal gastrointestinal
absorption, has terminal carboxy and amidino groups and is a pure zwitterion at pH 8-10 when the
carboxylic a;id and amidino groups are both charged. A prodrug H 376/95 was therefore developed
which has protecting groups for the carboxylic acid and for the amidine and is a more lipophilic
molecule than melagatran. The prodrug has a permeability coefficient across cultured epithelial
Caco-2 cells 80 times higher than that of melagatran and oral bioavailability 2.7-5.5 times higher
than that of melagatran as well as much smaller variability in the area under the drug plasma
concentration vs. time curve (Gustafsson et al, Thrombosis Research, 2001, 101, 171-181).

Oral Absorption of Boropeptides, Boropeptidomimetics and other Organoboronates
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absor ption between individuals or between different
occasions in the sane individual is unwel cone. 15
w@Rovtloza0ry, drugs which have a | ow | evel of PCT/GB2003/003897
bi oavai lability (only a smal lj;portion of the
adm ni stered active agent is absorbed) are generally
unaccept abl e. Non-ionised conpounds are favoured for
passi ve absorption, a route associated with
The baRpBAE SBEY 9r0yp of T G0k sdanitleeleaved i the eendjtioagioffthe plasma to form the
corr&POirt RIRni RGP hidlip, Ahichlié BeHaidkrel Go BB @6 8Siv@ hdiety which inhibits the
artlc larly favoured by 20 passive absorption
Cmaﬁ@%ﬂ@ %ﬁ accordingly, non-ionic, |ipophilic
drugs are |nd|cated to be nost favoured for
consi stent and high oral absonﬁtron

Boranigragids aiigalivelenefyngtiaea) rodes, yisih bprap-axyger bk lafgtf&r@éé) mprefypical of

smgreméhas, RRKE Is@;béar&ram@l:orﬁp’ara@rétcso ahe Sto!perds Qﬂédrbongccald@ Sulphonic acids.
suc car box C an phonj.c a u

coniehy T o b il B M RoiTRHch A3 TRHort St draup wil be
part®-idhised latipH'sviof theliitodenali flsizichntl mos suited &xthe niesit@t] phdsive hih@pleeal uptake.
Thugrgegﬁa}rgéae bérgrgja‘%gﬁrrhrhﬂgrnhgdggrggw AR &%@&geot Bflta aeéonrrﬁa%ey active
transporyrheshartises (Saitoh, 8. pndeseert, B.1. h’é‘ﬁf@s‘?eés il%$9,f 6r Jn?§6 1M)c h

are cleaved once absorbed into the vascular Iunen For

exa the direct acting thronbin inhi

The e HorRls, ciPVFCH SIS HERyREh PotRI b (1ha B Godesigapted FB1 500) I
relafRFARRIUbRNA WARS, dsBéciaiad acﬁlﬂﬁ?@éb&r@@ﬂ &t @hdyOoo Be@Papdy absorbed in

e Saoaiap cBoleh TSR o R AT e e
prodrug H 376/ 95 was therefore devel oped whi ch has
{\ﬁ%fﬁ C&e@ﬁ%é’ bgr%g‘ﬁ n%‘rare tﬁ%%rg%ﬂtf? JquH 9§ {H%rt@lnﬁnigé?f uMe? duodenal
conairmfagacﬂ,rtamat Thtentpunfabourgd s passive éran@am ¢$Qf§/0fdbéﬁ¢'¢’ arieesdgsigned for
a hr@ﬂaﬁasgf p‘é# L{fhﬁg coTei 'stteﬁl? krla@sbort Cﬁ?é%’hﬁe&r&é Eeﬁu&Qe'Phé’fﬁr‘é -Mpg has a non-

agat ran and
sl PLBGREIAEPHigly, e EaT IhG SIeh RIS (REPYGESon s f e non-polar

amrﬁB?ac%QatTﬁ@@stéﬁ OME |pe;§%ﬁe Boehic Sdidare @bn-ibalshdard thy edté-forieng species
area under ntration vs. tine

rrty R R P 0 SFCOLTRPG DG re BLAES Ry sty
101, 171-181). Oral/ Absorption of Boropeptides,

CorpohP D St oD S T B M G e of, cor-phe-pro
BorgMpme@H oén BdrpreBioted to Savesgood bipawilahilingd Thus, peler sufact ared (RSAd) is a
para‘?&etérhﬁe%ﬁrgr@ bﬁo%vgrl%rlﬂ%tan@ pskd biﬁépﬁf@ézﬁa 2k BOR CoRGatd well with

consi e active noie t
pasm Umsceilmabrtnasspprreand oramablgqval@b@wt@ lsown Hirgdspikelders %, pharm. Res,

rgnisiq 5191993 l\%ﬁJrQhéﬁ?é I%F‘Brolfééfé?é 6fAR& bbdve %[&ﬁde b‘Mohia acid, including

6ron-"oxy bond [ engt

the §|nﬁ@:|l estesehia S0, oW gt &qg@r et By eohg Hﬂé@dﬁﬂé‘b@e&‘)ﬁmf&m““’e of

- passvdrdMRpHSaridho6@bibASHAbilE 28 BkbviUR PhaILC aci ds.

Consequently the boronic acid group has two ionisation
potentials. The boronic acid group will be partly

| onTaiel 16PSAHalued oftsetecthdatielrasters lof Chiz-Rhe-ProiBosoMpe-@H
to the desired passive duodenal uptake. 10 Thus, a
charged boronate inhibitor H D PheProBoroArg is

absor bed by |®Digh edoni R&AdVglugct i ve transport

mechani sm ( Sgtotr,—+H: —Aumngst, B.J., Pharm Res.,
1999, 16, 1‘%{{?}1@89) il | .
Pinanediol | 90.64
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The peptide boronic acid formed by such cl eavage of
TRI 50b (the acid is designated TRl 50c) is

w0 edoaeapet y i nsol uble in water, especially at BCT/@iBe003/003897
neutral pH, and tends to be p@orly absorbed in 15 the
stomach and duodenum The acid has the structure

The GluzresivadiRy anddohyeihdxg - aﬂ]dholWeey @i&nblh @sﬂ@&pt/velféecdx‘n@lﬂ@’étﬂ Goo unstable,

oo NG R LB et SR o B0y o v

havé emhapeesisdngtic stakilitg par esters of enogohyfiroxhalcaholisdin dinad atterspagtiaé bydrolysis
- . V
to tl{eﬂ{g%nggeg%'{ g&*ﬁ@eﬁp% V\glggﬁa\’{é) rgaeégtggfn% gf%ﬁﬁt\eﬁt@%lec%ar reactxon
non 20 basic Pl side chain (speC|f|caIIy,
BRIEFESUMMARY HOMHE pIs@WBDRE hat the tripeptide consists of
three non-polar amno acids. The esters of the
pepti de boronic acid are non-ionisable and the

To caamtenbar&nxrerthéh@ rﬁgmvcziea&bteffsatmrbebf TRITS8H,tit hdspeph théovered that TRI 50b

ties rate SSi Vv
B REEANES To S RS B Rk, B R3S et the i
fornt Wil aTeRbrt 5O lifan dvhiol hnmhesjpabd:ntlelsmteacklodn‘naﬂn/z#d%le-uPI:he—duB&enum and

elsey ?Rérg M)tgfe %&tﬁ%e&ﬁqlﬁ(a@ﬂﬁtgtuﬁ Qcé%%?ch%%@ re?%gi ige transgort and, if

I oaval surface area
anything chfeabserbest @/oﬁcbﬁ trﬁ@snprt, ﬂléaiwaaw beist ofivagableriipapasapjlity.

val ues of greater than 60A correl ate vveII with

ve transcel | ul transport and wit
The bnsépz»{ygy PFIRT PP §o Rydr ﬁlé\ﬁlﬁo @Fq%@'gs Ptp{@nt@bgltsadiantmgthreparatlon of the
comPesd,and 1t8 $&mutktion, 16 Wit A5ih e sthags uff shHaERdcButicalrfotiuldtions containing
it esters of the above peptide boronic acid, including
" the pinacol ester TRI 50b, show that the diol esters
have PSAd val ues well above 60A, predictive of 30

Anofh@ragstr%l)%’ngm% ro@ﬁﬁi&ﬁc? WhicA rp‘g Sg%‘ﬂams -8 1l %i l%e '(tﬁag g%f‘jcljag{‘ VMV significant

varigtion eins b@avad;?ﬂltwrbéW% -SBRIEGWh g SR vquab!lltypquwbﬁ \fe drug candidate

una&bcq!é&@bn@@w&ﬂd tHRkeRE BEHARrabROto @ EduMO: e BB ENE 2 BHbility.
2003/ 003897 13 The correspondi ng nonohydroxy

al cohol (e.g. alkanol) esters were considered too
An it Alitlon,to tIRPIAEEAIBE 6AIRI E0Is Wweal ibd Gelelophehtedtadt @olteb@r Metetstable to

vV ctsiscct b e e T SO b ecbr el PR ihon Teaut g compared
withOFRIrBoa0 vy thisopeyard) it BHmbwn that rihdsite @htatfectbdrdnii@l stability and glycolato

borq{?\gﬁ%%@éﬁ sﬁowrF 90 BJ('/ qﬁgﬁ%ec? ?cgj%&llsdﬁgﬁll tcbrﬁ%qrédj qu %naco’ (D.S.Matteson,

O reassocCl a
Stereqstirected rbyntbedRMitE @wahwn@F SPHIFGEPVSEIOOIBE; dul).  Similarly, the

pmaﬁ@cﬁtﬂ%&épﬁ gﬁ‘)ﬂﬁ&aﬂl@%ﬁtﬂa'p‘ﬂﬁ tﬂﬁ% Eeﬂ@eﬁ td E@Eé&é&g oy pnTﬁEdnol group

een di scovere

s Hghl ctyisally Tindered rﬁfvhélsfa&qwﬂs d&lﬁ'ﬁ?ﬁhwénéﬁa@k eh tPPL@ron In fact
tran%@ﬂaatlgﬁfroﬁ%d@ tSQi}MﬁécﬁofMaé Beéhh@p@feuctsmaﬂ dsOr7aR. isdy i, 8:1435-

hal f f h t
1448, TR0, im0, bt Pesclss, B HrVowBG ot BRRnedl eprchauever is

condiderddni@o Get tooeldané @ blashad arid theite rembins iaQited t6 pRVIdE SN improved diol
whi ch woul d resist passive transport and, if

5nyt hi ng, be absorbed by active transport, indicative

at best of variable bioavailability.

Another solution to the Instability of TRI 50b would be to administer in its place TRI 50c. However,
TRI 50c data suggest that TRI 50c too suffers from variability in bicavailability.

este

TRI 50c suffers further from instability, in that there is a problematic tendency for the boropeptide
moiety itself to degrade via de-boronation (carbon-boron bond cleavage), by a pathway previously
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The instability of TRI 50b to hydrolysis also presents
potential disadvantages in preparation of the 15
w@ormpoeaed2 and its fornulation, as well as in tPer/GB2003/003897
storage of pharmaceutical foryjulations containing it.
“Anot her challenging di fficulty which has been posed by

TRl 50b i s, that ata show signi,fican [
cong e B LB P O Ve o ! L ookl P e vl of
deg:adatiam—:chebared'radgblszaigd.i date 20 unacceptable and it

woul d therefore be desirable to reduce the observed

variability. ideal solution to the instability of
TheTHRIPESES digousser mlv@vejefvw&@h@n@ TRF 5Q¢ will pot l@sr@&trlct%leoesuch compounds

but%lgl% %hﬁt@d bbydl’.l{e?|b¥|%b§)tld@%st§#é°éhdaac@b ObveR St Bl proferied ¥F such other
predi ct ed be oxidation resistant as
bor@eﬁwgﬁerwapwaqvﬁy 500 In this regard, it is known

that ring size can affect boronate stability and

ol ato 25 boro S been a
The @%Fé?ﬂfs digglagrg s )Preéjlfﬁtﬁ%r%rh f Onﬁl nagh%f htﬁéﬁ% Wét f] ﬁ‘ﬁ%}n that - certain
orgStoborenid acie: produttsSyraintieatedstovkieto ehagead siabdititynes,
Springer-Verlag, 1995, ch.1). Simlarly, t he
pi nanedi ol ester is nore stable than the pinacol; th
The leenbiish pBihe drasentisiscpaesingeder i golyion i g Repblagh sbpronate flo ester and

espgélaglglﬂu SoBi h&?&llftyy thelt ngl% @5&/ ﬁlédprgéeﬁl‘lya‘dﬁéléséd Wh&@ F?JFUVldeC/nter alia

bor on. fact transester
phap’nargl@glpally@cg\{en@ﬁ@aqrgp v\{li\gg ¥ BR'S gtglge thay 'QF% @g nd & @gler comparable
esterElin tSSNBR oB stakiRD t@@ydr&lﬂs@ TAS Qiédlosorecfuetasr Ihtledes evsalitien to the

oroPlg G rniea e b rari B B 0 R s e ficod ot prouce
/ntdr(almphmsma:ologleily bdivp cmmpodm:lsamhlthqm m@dstaqueotlo debarpnation than TRI 50c.

Theoséa llltey?gras* SJ:Q%I h(‘llpthe ﬂaﬁx?ﬁo Pﬁ%é‘gf?,g(‘rshé l?ﬁotE&ollﬁé)Qut‘l‘Qlng%ved relative

m ni s However
to ﬂiRlcorﬁmatdla@wpgurglge $he bqng ts pffgred by theslisclesire g@eqlp%e the provision

of l%{’\%{( b ok dabcts Wil RAY Bbdriiis inloYal fohRliafdds, suf fers

1er from instability, in that there is a
probl ematic tendency for the boropeptide noiety
Thérlé $¢€ bscibsed dﬁgmnle bbroric Geid hizrivatiod wbith (aveidd tre- disadeantagen df pinacol
cl eavage wa e
estg@%&glﬁ%l%spf%‘g mc@ﬂe eg? %eel?oll!%l (%’ acl%%ee%g% %l%egs%g%l’cated to be of
enadcagihdtadilpyy.t e pdriiduir,athe dBClQSGl‘egll’\dMﬁiS @mongst oties sulpissied pharmaceutical
forﬁ}k}l(éﬁc?r) lflﬁl-&b oln Hs%% aﬂfarrggt? ghRHR décland&%‘av?eaﬁdemm‘@m Yrovide in the

ussed above o
duddehurb @o mmclbloropentldb gpecieswhilstaveiding éhesQﬁ?ﬁVﬂf‘Eﬁ?ﬁ%Qf riingcol gsters and can

proI%E 8?%va||lal§ﬁﬁy Smﬁgn&l}ﬁe@ﬁﬁ%rﬁ@ag iR Ql@rtl\laﬂ\%s Q\?hlcﬁ fafe GENélative stability to
roperties of such
hydjdvmo@}ﬂtdeh@gnitﬂpm Pfélaf%ll!ﬁ&ﬂl intosg! faygpigtions i 'rﬁl’eklé@@ figrombin.

di scl osure is predicated on, anpngst other things, the

Thqu :qggésg?ee%)rn?%nqgg E@?&%Hgﬁ o O y ?%pxen‘)qse ﬁﬁd@%\lo Sf;lﬁ %‘f' %erﬁaer?&ganoboromc

-aci@fdriidde s;ﬁ&cﬁ&ﬁwhydi'bmbb%r@epﬂdei (ele da s d¥itpeptiles) @nd more specifically

thrBlhgiB Qﬁ{qtplisy%\%igﬁ r}el%a%{c% g?o%te Fl]\s g'?:lr%(sesé gl?]c{l:llesgl'ts?re M?tTdﬁl Cf'é%’ary to the
dirgdtionl WE ttse priarvartddut addiionally i lmve an lmproved level of stability which cannot be

explained or predicted on the basis of known chemistry.

In one aspect, the disclosure relates to pharmaceutically acceptable base addition salts of boronic
acids which have 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
53 subsites. In a first embodiment, there is disclosed a pharmaceutically acceptable base addition
salt of a boronic acid of, for example, formula (I):
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phar macol ogi cal |y active conpounds which are nore
stable than TRI 50b and other conparable esters in
wo b@4dz3e of stability to hydrolysis. The di sSBCDEBR@3/003897
further includes a solution tg the 15 probl em of
organoboronic acid instability, that is to say the
presently disclosed products provide inter aiia
phar macol ogi cal |y active conpounds which are nore
stabl e to deboronation than FRH50c. The stability
provi ded wit hi n Y4©ONH ik of the di Bl osure is not
absolute but is inproved relaQHWe to the conparator
conmpounds. The benefitsgffered by the disclosure
further include the provision of unexpected products
whendih ch have usefulness in oral fornulations. 20 There
i s disclagsed.an am no boronic acid derivat.ive, whi,ch
Y eotpgfer oA ot LnO gk oBef 8 eraby Bt e e
~NECHREPSOHS), ha drithy fdr B Jud@fatbiikaRy dite 8f Iednii; endiCi d
derivative which i1s indicated to be of enhanced
stability. In particular, the disclosure includes

© QPR S A R el P 2 o

whithhihe Roteledunibeoyi k@genrant Rerbd® atRdeBMN 26 6 @M. G) or R is —(CHy)m W
bor opepti de speci es whil st avoi di ng the di sadvant ages

whepd mps D,28; @lor §¢.6r4 an@Wds @i or alaeh @& ChiBpanini RAi dnidlkpxyalky! group
in ofs blegof Ko HHE o B alio Rl YpGafy d BoLHB o W "

deboronati on and are useful in oral formulations for

Thel !&io%réiceaf)@égf p;ngeinaceugdagyb?écé gméussg éaeme@wélog hygrophobic boronic

dg ar maceut acce ase addition sa
acl

t e
elvibimaofdhrgalﬁbbmddhw@%reéod\aﬂ@ﬁ auch saltpsof Peptisigibpiogig|apigs which have a

parth:h‘)g r@phasit CocbieR plerrllbété}%f ﬁﬁ@ -n\/\g!:eﬁ iexprﬁ$se@ trais Qe PLf dpgaker than 1.0 at

and .nore s ica thrombin inhibitors ving, a iy
oy TR eR AN o Peptle bRERE Bt el i e dRgsREpsve & pariion
coefficibit of ahleashilys. tAocldskef hydiraphattic paptidd bdréréc guids asefalrin tHewdisclosure has

addi tiapal | inmproved | evel of stability which
apqéﬁ@ ot° %é“é&&ﬁﬁﬁﬁe ngf predi cted on the basis of

known chenistry. 35 In one aspect, the disclosure
DisdiEpd o Bere, DRSS g picll el boh? ARy Safs Ghyarophobi
boregiig arisbiohibikarsofdbiombine Suehiahibitgsa M capfaihhysknphgbi¢ amipp acids, and this
clas% F Qrﬂﬁb gcié‘slilf]xa%&‘éitﬁ&e vdthbsléksﬂﬂé déwlBih W?}ar@argﬂphic?&aib' INdeAGRIng an in-
chalngReD e/ Bl tassremaes” ok e moleedle By AR iR QuYaRR A heteroany, or
anyt lgg_rm_ei sfofbissic | gra;qﬁ afgpdn aguBBRetad | l@,a:CHyy;om;CE@b@: er bigifigoromethyl.

addi.tion salt.of a boranic, agi 0 a .
Resfa G TSRO H0SRS 0 Ee it b TRE T G eprid wher
substitEed biHat I}absBo(aq aryl dB@et.erdaB/I,\mé,rhetenoarW,. agrspbstigitesi by at least one alkyl
andQ%Q%gﬁgoﬁlb&itJ@d 8%)5? }ggélt?lﬁng aﬁk?@ewaﬁn{e M &hérhiﬁﬁno acids which are ring-

roni ¢ acl
substituted by nothing or by one of the moieties listed in the previous sentence are also

hydrophobic.

Some hydrophobic side chains contain from 1 to 20 carbon atoms, e.g. non-cyclic moieties having 1,
2, 3 or 4 carbon atoms. Side chains comprising a cyclic group typically but not necessarily contain
from 5 to 13 ring members and in many cases are.phenyl or alkyl substituted by one or two
phenyls.
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5 -NHCH(R9)-B(OH) 2, has affinity for the substrate

bi nding site of thronbin; and RO is a straight chain
wa@bdoglo2yroup i nterrupted by one or nore ether PCTKBY®S/003897

(e.g. 1 or 2) and in which th1 total nunber of oxygen

and carbon atons is 3, 4, 5 or 6 (e.g. 5) or ROis

Hydfaah@)ﬁhw péggﬁés (zgg‘t@caﬁ% bg’sed oﬁm%@ésl ‘gﬁiﬂ'h "Z?P’%g&"g/ 3 ﬂ@q chain of a

hygiophab lcafmqwdoaﬁedegqmbgcé@bow conpounds e.g. al koxyal ky!
cont aining 4 car bon atons. The di scl osure conprises

ceutic accept abl e base addition salts of
‘hiPgu 6 M.centa'acfpa EXaRISH PR PYING Traup @adYbE ene aditigroup (e.g.
-cmcme r-e(o:m@) iGeadraiyethep U6 Rot eaithih niftipReBH %u&Q{f Ry Shedfeds
whi ch have a partition coefficient betwee
1-n-octanol and water expressed as log P of greater

Onkltiss df. r&d@bhobﬁc d@éhhﬁbd?drﬁ&écﬁﬁ'ham lo%EtgefF Memgﬁ h € ctanol and

n the disclosure have
waﬁegremrﬁsscﬂ 'B%EP?%?t%WPanJf athysielogiqal pH and 28° acg@xwple, TRI 50c has
a patition pdeffizieat gf@pgroxi@ataiprzoni ¢ aci ds useful in

the' di sciosure has a partition coefficient of no nore
than 5. Disclosed as certain exanples are
Sofyf K brelasses ot hydrapheliic ergerdbbenioasids additbie dessiitiet oyoformulae (1) and
Ry r Lhronbln
S e R RS T Tt
and this class of am no aC|ds |ncludes t hose whose
Als6 i difgloSdaaésnariotheP BAbSERAENRMS a FHAHRRERIRY! acEHRibR B‘és@%fdaiﬂ n salt of a
in- chain oxygen and/or |inked to the renai nder t%e
mol ecul e by an in-chain oxygen gsqheteroaryl, or any
of the aforesai ¢ goupsymhey. glbstitut ed q )hydroxy,
hal ogen or trifluoronethyl sentatlve
hydr ophobi ¢ si de chai ns intlude Tal kyl, al koxyal kyl,
either of the aforesaid whdh 25 substituted by at

. peptide beronjp eciciefiformuta (it er oaryl, aryl, heteroaryl, aryl

substituted by at |east one al kyl and heteroaryl
substituted by at |east one al kyl. Proline and ot her
Whe'&i no aci ds which are ring- substituted by nothing or
by one of the noieties listed in the previous sentence
are al %%gro hobi c. 30 Sone hydrophobi c si de chains
X IS RPN POPRHP 11 o tSSpInal ATsHOTaNR A My ke H toflecre W Ehe identity of X

is ﬂ?)?'cﬁﬁc'alelilt | éartlcu%r ﬁm&@tgdde&%%ho%o% oy oBéS ng%n e there may be

chains conprisin rou 1cally
meptioped berrylexycasiylai n  from 5 to 13 ring nembers and in
many cases are. phenyl or al kyl substituted by one or
1Fmo phenyl s. WD 2004/ 022072 PCT/ GB2003/ 003897 16
aaHy din tishadd haying ehidraserbylaside dhgipi costhining naseate ditan 20 carbon atoms

(e.dTRHeS h?%nd"ﬁ‘ﬂtﬁﬁ‘all?ﬁy td Pf@"aﬁ'm%} g & fa{hgo{% k%st méq:k%ﬁ@ El%gg faving up

am no acid, as describ ove. ic Co

to ilr.'byard)amtamms, ﬁmlcertanal&xdnmlesplﬂm qmmgrogpse(gpbf aﬁdméve/mes or 6 ring
neral |y,

E rou é : h
mebers et AR WE’I%Q”&P@) ﬁfn@a&rm@'rwﬁ gmp&myrtlsw@rlytgm@/l Typically,
thefdHe wé cnyq% a0 0 ClndRs DAV e

ik ﬁelaozn nge f Cdbgn'ih‘lh ? srlc%aéﬂgﬁ E&%{m 5 Chglﬂ%CO%lP%rOr consist of,
me*@)('p?k"é%“éi’é@ hy<ong ggwp Sopr grresmthsredirivgm 1 at  physi ol ogi cal

pH and 25C. For exanple, TRl 50c has

More particularly, aal is Phe, Dpa or a wholly or partially hydrogenated analogue thereof. The
wholly hydrogenated analogues are Cha and The disclosure therefore includes medicaments
comprising salts, e.g. metal salts, of organoboronic acids which are thrombin inhibitors, particularly
selective thrombin inhibitors, having a neutral P1 (S1-binding) moiety. For more information about

moieties which bind to the S3, S2 and S1 sites of thrombin, see for example Tapparelli C et al,
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a partition coefficient of approximately 2. 10 Sone
sub-cl asses of hydrophobi ¢ organoboronic acids are
wo bge2mescri bed by Fornulae (1) and (111)) beCD@B2003/003897
under the heading "Detail ed cription of Severa
Exanpl es”. Al so disclosed as another enbodinment is a

Tre%%h%%@# tég gll ll\iﬁs A58 %%@aﬁﬁ?@%ﬁ%&fﬂf&% ﬁe%l/ﬁnaﬁl‘he%stm 5: 289-
304p HI98 nReyvirkel JOEt@fr C’uf;errﬁfﬁ@rﬂ(amtf,ﬂfa/ D gigsy 2:1043-302 :a19ﬁ%| yoburn C Exp.

Op/? OpRie q7aFe9tst1tﬂ€) N’Zﬁ@@@‘ Ik, Q'Hé H’QO@EI@ sHRiIbREY sBi%Vonﬁe hiséld%ure are not
NFH2. The' i dentit is not Critica

hmlwa;;o ose hpng 5% 2aind ﬁh@‘r @tvygra%cq%@ad gb%vepubkqat'%ﬁélsted in the

pre@¥gBérericller e may be nentioned benzyl oxycarbonyl . aai
Dhl s an am no acid having a hydrocarbyl side chain
®MBont ai ning no nore than 20 carbon atoms (e.g. up to
15 and optionally up to 13 C atorrs) and corrpri sing at
| east one cycl i% %roup havi n
R

i e ke Sahunetie ey seb . Geubstfured by o

C3-bavsivesbyd goup,te.d. iartg- Ggﬂﬁbmtesbﬁgroup ostRisiag a Coity heyrotartsy! ring; the
group(s) of aai nmay be aryl groups, Partl cul arl

BT e R R - L s T - s )
cycleht&l r@cl@;%ntyﬁér%ﬁ:y@&%kﬂ ASaMHydotarisi g'r@u;ﬁttﬁhta'lﬁn@@mr infofe unsaturated
consi st of ubst Lt ut
oongs i B AREPTFY AN 38 MBI ShaPH iU AP R € hehethy, as
wellR3, Pdialkyipdelidtyyl.or partial ly hydrogenat ed anal ogue
thereof. The wholly hydrogenat ed anal ogues are Cha

and The di scl osure therefore includes nmedi canents .
Thecoispr debatagn tallitesature. ag. to mebethbr brdnatss ippquspirasebiiion fmmdghe ‘trigonal’

o(oBy 0 stpbseaifitsn bPiRR eyt MK Farshe dea S inebate that ot a pi
beldwo il hirdd it br fﬂé' IRkohic S tHEDMEBin Hotd §REEPR B Malitral B(OH),. In the
noi et1 es which bind to the S3, S2 and S1 sites of

ductlemuonthie pH isslixely tobe hetwerp| 6cartt Zpgathe kridonatsiecies s, likahrko be predominant
herégﬁf"én({)%gfg@étg? %@B—iﬁggﬁfzqmgg tetrgxl?edp_aﬂ Qﬁ\%ll f&% P&Jron species, and

37" Sander son rrent
thrd\dgdcim ithigIspeCifieatios tsymbold indR &g t&Gehal m@% spdaew ambedce Rlsettetrahedral

soeley DRt (E T Pl R ok Iy R 200
2001. The throrrbi n inhibitory salts of the disclosure

Theg#ag? ﬁ?&{ be thitfB tbidtlo J%@Ivﬁt@?%@rtﬁﬁéﬁlyﬂ&dr@és S2 and S1

y groups described in thé publications |isted
in the 5 preceding sentence. Dcha.

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.

Oral formulations of the salts are also provided herein. In particular, there are provided oral
formulations comprising the salts in the solid phase, for example particulate salts formulated as
compressed tablets or as capsules.

According to a further aspect of the present disclosure, there is provided a method of treatment of a
condition where anti-thrombotic activity is required which method comprises oral administration of a
therapeutically effective amount 6f a salt of a boronic acid of formula (I) to a person suffering from,
or at risk of suffering from, such a condition.
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aa2 is an imno acid having from4 to 6 ring nenbers.

Alternatively, aa2 is Ay Nsubstituted by a C3-C13
woganozarbyl group, e.g. a C3-Cg hydrocarbyl grOIpB2003/003897

conprising a C3-C6 hydrocarbylg ring; the 10

hydrocar byl group may be saturat ed, for exanple

SEBRL BhbeeRolBREL IG00R BhRB%ED %egﬂmnysg SFUBLRbhang a sai

cycl
oftrmamcbzsuweng one or nore unsaturated bonds may be
menti oned phenyl and nethyl or et hyI substitut ed by
phenyl, e.g. 2-phenyl et hyl
The; salts] deseribgs %wewri@qlﬂﬂeéﬁtr ofrts 0?‘?*"?\3!% % (ﬁ‘asfma thre Ry Retsritice jpb @ product
obta!niéd trééi:t‘ﬁbnaéf th® byost hes mhﬂ@ftﬁin@%amﬂarﬁlqmewm &alt'umer@m is to be

b L, R S 1 o LELAEIE By g o o

nec&@kariy fiply thet tﬁdvpxtoﬁﬂ:tsf tondin dlisaete tattohe azbanioms @ndiisi td be upderstood as

embgaﬂclaﬁeﬁg{wop h\gi?ﬁ)_ra qtasnatb[@ sﬁ@u% r&ctl \(Aé?égnggrohi@ daQ:@eand a base. The

disctobre lemb@oesairocmple avhes, tos gre&t@‘loy Iasser loxteny argdimthederm of a coordination
con{ﬁ&? ahe PXsu?é’ Eﬁﬂ% Protllgéas a?éﬁ'ﬁ?@ducts Bb@hSle b QI‘\&HQ@%E} charactenstlcs of

I gonal boron speci es (%
2 prokvcs ObRIOEH by)teactigneicd borere prsh 03 b a1 0T ERe 201Gl né therapeuti
.nclﬁcﬁﬁgg&wm&@r@@ oB SRR bRBiu@gbr ace al so tetrahedral
sSpeci es. The symbol further may further include
boroni c groups in anhydride form The salts nay be in
Thel ﬂhé%eﬁth” ﬁloﬁlfre B@lovimhieed as fretht metHod of yremratroatoéme s2i5, Pioided that they

congag] 3 Eorprha¥ nﬁsrq%%édo%?% ﬁ?rgr%%é%% ﬁ?%ﬁd“é E&{ |0‘R|f sudf b&lonate species

mayd e@ rbommtataeudns hemy cigsitibrivgufosm ttheseadf dihe teranaqulé@"lum form” refers to

dlfﬂQ’ 9@ éa{%ﬁ &HE@.\E\@A VRS PARBE rephdriedY lﬁ r5\%‘|tef:|bﬁhbrlum equation (e.g.

SIS oronate groups 1n the product
bormue@mmn ﬁglnl(unym (\mﬂjraebot'qmgrangyﬂnﬁ%pncb,@ egLaI,b,rlym m@th Aliffeggnk, acpr@nate ions).

BorB‘r%@é%tlh‘fﬁe &dhaHsse sy erﬁl'anlﬁ\}aﬁdﬂé' a?nHltﬁmals@cfsetﬂ ib@roﬁétle tsaltsawieen in the
provi ded herein

sl e s ComRise DPORHE RO, S B sy BAE S fuf not requred
thai ih@ s§|€%| H'e(i)reﬁbl’céa @y rdaetioneof arjabeecopainirigthd eduates-@htand the boronic acid (1),

Furmg(3 I}Fed Sﬁgosyga Igcllli(%ﬁ tsﬂlgr%l%gg%ée ggljcﬁﬁqrﬁ rbqu%a?@e[aséﬁl lﬁcﬁrectly prepared by
sucH i st cdcinighase reattivaras wedl qsr&a&ts disteinablayby ﬂmjm@fthq ehasackagiptics @f products
ob’c%aed’3 %Y)e%[&g J\dlr%& né@[zg %loﬂnt hs E&Hn%@oéf' ﬁosﬁﬂ& idirkot ;bréparatlon may be

rises oral admnistra J
meatlonemyp@@paagtm w%u:h, 9ft@rflwtéaif¢09‘@%?f6bmﬁa'to$ Is pudfigdian Pf %{eate to modify
its @%96&&11@& 'pﬂl)pg’t'lesf B BNl to)mddfy SoliB Gt @R hidkth Esrinngr both.

or at risk of suffering from such a condition.
WO 2004/ 022072 PCT/ GB2003/ 003897 18 As descri bed
In Soict Aodients] thatdtiens ofttiedaits &t engpovalentied al so
haenodi al ysis solutions conprising a salt of the
di scl osure. The salts described herein include
In @dnwbmlbcﬁlincdhtsahm aditsecotmprigehaaydnige speeies;hnobhetsethpys Biecesseptially free of
ﬁd? o c% 5 obtained by) reaction of the boronic acid
anijydy! % fong base and the term"salt" herein is to be
under st ood accordingly. The term"salt"” in relation to

Thé Bis Hia g%k%ﬁga’@? WMCtT'ﬁe sﬂ@%&ftﬁﬁ@a pilRE e.d1@6 determlned by the method

necess roducts contain discr
of Bxampiend8, ahat l%asn&mvst %m/e, 3 of Gregier HRAF SRGbE Ut 956, * h the case of

pharmaceutical formulations, such salt forms may be combined with pharmaceutically acceptable

diluents, excipients or carriers.

The dis€losure includes a method for preparing the salts from the corresponding boronic acid as an
intermediate, as well as the intermediate boronic acid of Formula (I) and a method for preparing it.
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enbraci ng products which are obtainable using a

reaction of a boronic acid and a base. The disclosure
wepdpazws2 products which, to a greater or | essECT/GB2003/003897

extent, are in the formof a c%ordination 10 conpound.

The dlsclosure t hus provides aPso products obtai nabl e

by (having the characteristics of a product obtained

by) reaction of a boronic acid (I) with a strong base
Fustherespectssant reenbbimeats @ thecdisclosure lat sat Gort BRRY Fi6iing ’descrlptxon and

Hﬁ@ of such products. The present disclosure is not

mted as to the nethod of preparation of the salts,
provided that they 15 contain a boronate species

Thﬂﬁbhoﬂ?ﬁmefd%&ﬁbm A4 'cISm%‘Uf qlljsg glpkcn?c@ﬁlona tHeQAHRES: orhgrﬁe” 4 ontain” and

bor onat e speci es nate anions in
varaiiany ¢fihg WPﬁd$,69rrﬁxarn@lre e@mprisimé' apg F'epmpeseg], Imean r‘nucmmmg it not limited
to"} 8ddedré nétontertiell te(ahd do h&ry BRILAE oﬂh@ﬁn&éﬂé@ éﬂ@ﬁpé%u%omsc bhtegers o
may be represented in an equilibrium equat | oh
S®B%ronic acid in equilibriumwth a boronic anhydr i de
and in equilibriumwth different boronate ions).

Thl? %ﬁ?gﬁgéggratc%o?@sné tg rﬁaﬂcﬁry %%Wgo#%ﬁlnp éréstérgg IS‘EQJ %ngjoronation) of
orgsheboronigegide owap be g@reasadd:yan‘mmrmem lird e, forars ofasalts) el infetal salts. In
sm@g Lé'xbérﬁ{eh&m:r% &Eum Iskie 'of TROSg S@E%’ 8% d‘étﬁ%&oteihﬁlé drying to yield

prepar reaction o ase con

amem'ﬁrc wP'lSF &h? ﬁw&net f?ét drpronFiTatedatibid decymposition tter debbosated impurity.
Alth‘hugﬁ k I:irlhéhts Réke HAEBech Ebhdubte® @dJ!%bl%dWé'tﬁ&e ”hr%B&at&%bgervahons, there

s |nd}_l ﬁ"tlsaﬁ repar ed such an aci d
s Fr QR0 RS/ Hhick reHricE B Ang CHBDE &1t Aty Toalt may be an
acid balt, alnt @y ieséritcihisatabision Qécﬁmqtﬁlbﬁ)ﬁfhﬂ%ﬂt &Mthe 81d@6ure and is appllcable,

ect t| Qn. S I bl ndi rec
im0, o6 BRI M. Bee (RSN Cine Jien Jadng mBARREAORE and 1o
orgamqbewonic afidg dﬂscnbed: \peiblicatidhns trieationad tnder that Iseaping.i f i ed
and/or treated to nodify its physicochemn cal
Eertles for exanple to nodify solid formor
S4RIPHON OF THE DBAWINGS n some embodi nents, t he
cations of the salts are nonovalent. 30 In some
- enhodi nents t sal ts conpri se anhydri de species; in
F 'gﬁgﬁésr%&gtﬂéé” 8‘? ko 12 Sammls 3 pipvingeneal ghase sliaprperei age kinetics following p.o.
dostedthaRI 50w TRREGcs nay be in isolated form The salts
may have a purity, e.g. as determ ned by the nethod
of Exanple 28, of at |east about 90% e.g. of greater
Figure &nis ér secendaplott refeprod it irdBXdmplen3Z, Isbovai?gs erfanhaSBFdearakn)ce and kinetics
-Hggogl h salt forns may be
fo”@ﬂ?r%’l ne Uﬁvén;é lﬁdoghﬂvﬁﬁ]atgﬁo?ggﬁ@%gccept abl e diluents,
exci pients or carriers. The disclosure includes a
DETrRLEnAsESCRIPTIONGGFeSEVRRALL B@MPRESE S from the corresponding
boronic acid as an internediate, as well as the
i nternedi ate boronic acid of Forrmula (1) and a net hod
Gloksarypreparing it. W 2004/022072 PCT/ GB2003/ 003897 19
Furt her aspects and enbodi nents of the disclosure are
set forth in the follow ng description and clainms. 5
TheThllowingties antebbredationsré ased anitlisshetifisationf t hi s
speci fication, the words "conprise" and "contain" and
_variations of the words, for exanple "conprising” and
The expriggsidns add Saltrréaﬁpp"ﬁidwt@lmlt rfja beroninedid efers toesdlts of which a single -OH

group of the trigonally-represented acid group -B(OH), is deprotonated. Thus salts wherein the
boronate group carries a single negative charge and may be represented as -B(OH)(O") or as [-

B(OH);]” are acid salts. The expression encompasses salts of a cation having a valency n wherein
the molar ratio of boronic acid to cation is approximately n to 1. In practical terms, the observed



10

15

20

25

30

35

to", and are not intended to (and do not) exclude

ot her noieties, additives, conponents, integers or
wWG@et@p®22010) This patent application contains daP@r/GB2003/003897

i ndicating that the stability,gresistance to

debor onati on) of organoboronlc aci ds may be |ncreased

stol@b{xorﬂétﬂ)’ ||b dhigly ‘B@ekeﬂ:tl{r eF] gLﬁ?W !%f%)ﬁélétélﬁ wut% agnotlgp?l Ntk stoichiometry.

si ngl e experine

FOfT%amBBc t@p?Pé%nf%fh mags @fe%rﬁ%%ﬂsmtﬂht uaryufwgw th@ salaglated mass for a n:1
stoﬁﬁﬁiﬁémaby Whinkdpd tﬁah%b@btoio%‘ee §.ahd n@?émﬁﬁtabéﬁteﬂ%%awgome cases an

obs g?POSI EI on to ebor onat ed | rrE&e
89’6 oAt & R VB SO S <! @afrsefgyr BRI tassabout 1%
Calcutatesbmadsexiare Issitablycdabauh the i@jofal Brmi 6F the BorbRlREl Bt an atomic level, a

saf? WO fbrASca cHlsfel WG RIHEOEN U 30 o5R' onsBrbuiie & mix of
protdnktipnsstalidsi Whesataverage apphomingtes té singls depaotdnatibn tiitesuch “mixed” salts are
incltliediGh BRYER 804 sdiS), @gﬂnglgsaﬁla@a salfs%&eﬁ%gﬁo&&cﬂlen&%aﬁtﬁ Snd hemizinc salts.

organoboronlc acid cribe
"BACKGROUND' and to organoboronic acids described in

FEEL A 5 AR 3 RO B8 e e

byBQQ‘ erred to in Exanple 32, showi ng oral phase
cl earance and kinetics following p.o. dosing with TRI
50b or TRI 50c. 25 Figure 2 is a second plot referred

Thet frrh rhnﬁ%@ﬁi@b;??r%%ctlr%hﬁ%t?’gﬁ%ﬁo a‘ﬁp %ga%g%&a{oa%éﬁ%%g%%mo group,

ki netics ow ng | nt uodena
espgfialiy gp '%t?&nmib@mq_wmfsmﬁmﬁmamomamch EXARPIIEBRde, without

Ilmlﬁﬁorﬁ aus/r;? %Ew, di ktﬁyéaﬂiohﬂ%tﬂﬂoéa@d’oﬂ% ﬁ{bds@f@rw %le@iteé orlliﬁwé\fe? the term

B ion; ression "acid
a"%{l? 95?)‘15’! '?r%tSCt't"S ”EP I'ﬁ "‘?Sf'“tﬁndSB F‘bPﬁ Uf“ ite thase ggriicyas D§Q§¢¢l§9 groups
thatodre wémrodnhyeensploygl & orgarlic sPathesisp g i intdhBed to be limited to groups that are

ly-represented acid group -B(OH)2 is
rea@gﬁfg%%at ed. Thus salts wherein the boronate group

carries a single negative charge and may be
resente 3J are acid

re ( ), or as [- B(OH)
Thes e PFH@W%%‘F%@S%@% offpRaRloved digreins toyfrefgr &uthosp compounds,
mathidald, nmaositibhs Naryl/on  ddsageeforms tWheth nark antHiyﬁtth@ sedpeb& YhE medical
o BRI 8 | oSO ELY b o b St ot
toxiglty, $itioni allemgicr sespansea)ndri étbéry probledneorezanaditagion),: dordmensurate with a

reaé%édle ﬁ%‘ﬁefﬁﬁi@ﬂaﬁ ent with a notional n:1 stoichionetry.
For exanpl e, e observed mass of the cation m ght

vary fromthe calculated mass for a n:1 st0| chionetry

b o, " N
e bl Buantl SR S o8 0 crpereBhEh. Wit Perrcope of soune
pharmagblogicah judgémentn lsrm)temahllyud)raacﬂdIlyrrﬁbambgeuﬂ@llymﬁ@ultd%aa’h inhibitor of

N e E vy i
and|ideseribedy prajegted ejtasthorisedrasterthiopbinynhisios i Such itrombin linhibitors may be
seleBfeNthaf R REY GreSbhradd, gﬁ]@hmcﬂ’\@ts%ﬂé &ogogﬁ‘@'i)ﬁaﬁ'magbkﬁ{cg' fﬁdg?efment as

rot onati on statés, whose aver age a
Se'egtl"ﬁ GPveardreiiFastih Bt GoBRash Ofé‘erclprotemeﬁ,ewe teren tssleetive thrombin inhibitor”

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

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 Iess preferred.



included in the term"acid salt"). Exanples of acid
salts are nonosodium salts and hem zinc salts. 10
w@20aiozoolor oni ¢ acid or Boro(aa) refers to an BOT/G82003/003897
acid in which the G2 group has been replaced by B02.
The term "am no-group protecting noiety" refers to any
group used to derivatise an am no group, especially
an N-term nal ami no group of a peptide or am no acid.
“Naorat B0 GGIES MERNS| Al deaming adcb(Qf residas therepd selpded frem i following group
of Gl (hyholsSopiEcor hBIgM Ydositid dhagad Brimegatival dharged MMYd acids:
noi eti es. However, the term "am no-group protecting
noiety” is not intended to be limted to those
par fiydeaphebic @mind eddsi ng groups that are comonly
enpA eyd= alaniog gani ¢ synthesis, nor is it intended to
be \I/Lr{)}_ggal}ng groups that are readily cleavable. 20
Th hfase pharmaceutically acceptable” is enpl oyed
heref e =dsoledtiee t o t hose conpounds, materials,
conmpasiht LS. and/ or dosage forns which are, within
theL sz%%eq%?mgo‘und medi cal judgnent, suitable for use
i n ¥antiegict melhioRine he ti ssues of human beings or aninals
W t haphe exmesgdiante toxicity, irritation, allergic
reﬁjﬁgnse, or. ot her problem or conplication,
conBriEUF RIU % th a reasonabl e benefit/risk ratio. 25
Thewexpipessyptophan hr onmbi n i nhibitor" refers to a
product which, within the scope of sound
phar macol ogi cal judgenent, is potentially or actually
r € pautrioos pedf aminoazcidsn i nhi bitor of thronbin,
andNi=nfshcsparagifer ence t o subst ance which conprises a
phaé%gutgygtghéy active species and is described,
pronoted or authorised as a thronbin inhibitor. Such
t hr 8mbPIR =i AREBNEor s may be 30 selective, that is they
ar egl=egpEd@dineW t hi n the scope of sound
pha%%coLo%i_cal judgenent, as selective towards
t hr 8Ch=iSi"ont rast to other proteases; the term
" sef ecthr wethtebmioarbi n i nhi bitor"™ 1ncludes reference to
subst ance I conprises a pharnaceutically active
speii’g@?" %"géqdescri bed, pronoted or authorised as a
sel ective thronmbin inhibitor. 35 The term "heteroaryl"
r ef 8Livki® cirdddBaskY shh My ch has at |east one (e.g..
1, %ﬂ@%i—matom and has a conj ugat ed
i n-ring double bond system The term "het eroatonf
i ncHud §="63§'9'Q%n, sul fur and nitrogen, of which sulfur
I s geHEEMRmel ess preferred. WO 2004/ 022072
PCT/ GB2003/ 003897 21 "Natural am no acid" neans an
L-ami no acid (or residue thereof) selected fromthe
f ol Negasitivaly chacgeg aminb agidsit r al  (hydr ophobi ¢ or pol ar),
posDt= Aspl=yasphdicgedl and negati vel y charged am no aci ds:
5 l'"!q_fé]ghgglhfanﬁc'gcﬂp acids A = Ala = alanine V = Val =
val I'ne

ACN = acetonitrile

Amino acid = a-amino acid

Base addition salt = a salt which is prepared from addition of an inorganic base or an organic base
to a free acid (in this case the boronic acid).

Cbz = benzyloxycarbonyl

Cha = cyclohexylalanine (a hydrophobic unnatural amino acid)
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Met =
proline

|l =1le =isoleucine L = Leu = leucine 10 M
nmet hi onine F = Phe = phenylalanine P = Pro

wQa\Le04/022072= t rypt ophan 15 Pol ar (neutral or uncPer/gse)o3/003897

amno acids N = Asn = asparaghne C = Cys = cysteine
Q=34dn =glutamne G=dy =glycine 20, S = Ser =

Ch§r§éd ({é? aﬂblled tUHrugs ot ﬁ' fsy drué] mole:EMIEs, & 5gt ¥r%g1§ A& rcﬁidaes)_ carrying a

Positi vel % char ged as no acl

C aégeg¢trpihy§@ ical ph, &s in the cpse @i apamine, amidipg o=carhaxy geoup
Dcl'??gﬁfc@/cﬁhﬁla@hﬁ‘aégﬁﬂy%mc @rﬁéﬂ?al Z@ﬁ Qc@cet p = aspartic

aci d c acl onitrile
Dpai dinfierydalanine (ahmmgblaumrdtm aBmeadbldl t| on sal t = a

f
Dr@""-l é pfé\gr}hg%ug%g ﬂs%&?%u%gtgncreo\gﬁegﬁq Itrga acg\é & we/? Hrlqc esor @gg@rug
|vt=h|atrh>anmm c aci d) Chz = beRZ)k/)I oxycartbony: Cha = 0
ohex I I c unnatural am no aci
P55 BT ERBNB e SIS ETB Tl STHeaE) ged (s
Mump@érit&d/ateﬁcﬁdflagféaéel&wé FRPEMISwmd or kg ol ecul es, e. g.

am no acid residues) = 'carrying a charge at
Newra) Gas apRfigH Endirugs-or fagments ofdsucmelecutss, eg. aminonanid residuds)re uncharged

= ik céP@an%X:Maraé My@g@ Fpifli cycl ohexyl al ani ne (a

ophobi ¢ “unnat ur amno acid) Dpa =
P'néﬁ PRepsH 7 l2andimethyi2, hidansdidbbi ¢ unnat ural ami no aci d)

Pinanediol = 2,3-pinanediol = 2,6,6-trimethylbicyclo [3.1.1] heptane-2,3-diol

Pip = pipecolinic acid

p.o. = per os = by way of the mouth (thus an oral formulation is administered p.o.)

S.C. = subcutaneous

Strong base = a base having a sufficiently high pKb to react with a boronic acid. Suitably such
bases have a pKb of 7 or more, e.g. 7.5 or more, for example about 8 or more

THF = tetrahydrofuran

Thr = thrombin

The Compounds

The products of the disclosure comprise salts of boronic acids which have 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 disclosure includes
salts of acids of formula (I):

/OH
Y-CO-NH- H-B\ {))
OH
R9
wherein
Y comprises a hydrophobic moiety which, together with the aminoboronic acid residue

—NHCH(R9)-B(OH)2, has affinity for the substrate binding site of thrombin; and
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5 Drug = a pharmaceutically useful substance, whether

the active in vivo principle or a prodrug i.v. =
WO paonay®mbus Mpg = 3- met hoxypropyl gl ycine (a PCT/GB2003/003897
hydr ophobi ¢ unnatural am no id) Miltivalent =

val ency of at |east two, for "éxanple two or three

Neut r al as applied to d f
RO i RNt aIkg Oreuh e T i IS B ies G wieh.the toal

t Lyl t i icad; i = . :
it ot 0K 34 Y BQUER BLRRG em i rom.
3, 4ﬁoer%t @Lgﬁaﬂg Qgcﬂ g\y isl-—da & Hatogeri (FpiCh B loi- &)y cAooexaBuples of straight chain alkyl
. e- - n.= ini ' =
oSBT o el QTSR R e 504 Py PAE o
and %ﬁtgiygigigsm SPA% iﬁcebruptifbfﬁs_)s r8 .ist zlzTn @r;}d&yarl]ntyaﬂgwm Bk rsotsgt dfasmpounds,

= V| a sufficien t i
e.g. alkgyyalsyicentaiping # cahpn ApMNS suchy blageslohaveoarS?gt o}M t7h

_(I)_r nor e, t e. % 7.5 or nore, for exanple about 8 or nore

. = Jderrar . = i
Tyite Yo FhPEeE R pifnBaed fug WRARERrr AR RATRRAERS to the
S2 dubsitenif shrambids thetamine #rid residuenfeaingr rterminaliidinkechiei & Molghyi which binds

the SESUHFoGABABRE of binding to the thrombin Si subsite
I nked through a peptide linkage to a 25 hydrophobic
noi ety capable of binding to the thronbin S2 and S3

In c?figtb‘rﬁdﬁ% gﬁ F?r;ml%/ ' %\S(Pié%m-(iilﬂaﬁgpgﬂﬁ}w N&ia‘h'llrrall)obrotaciedsi_iueﬁtide residue
whigobiquct@rég isgé'lg gz ngﬁji%‘?fcthrﬁm%’é'%aypd \/5%_' 8?#%%? ‘é\@ga?ﬁge@ the acid are
optishdilf abddependenkip Nesobatitubed ity & @sC oy itydrocibiligaRe )opignali) containing in-
has affinity for the substrate bjnding sjte of .
chainang /e imFAngaECIpD Ve B 596! EHCEQH‘P@%@ Gbhiiidn supstitept selected
frorh halg, l%fdl;]oﬁv ahd trifib@bmetayik he Yrternnal prokeciingpgrew, bieropresept, may be a
groggg%gqgre]d}egﬁ%i %@p%g%ﬁ%ttg%gh*dgog\é\@. Z,K]oré'llg&, tt@é ?Lléd éwﬁ?seéor ﬂ%&bstituted
peptie firk6dd2) Whahé Wees i amN-sibstituder Peptidedlinkagep thessubsiitygnt ig pften 1C to 6C
hydgcfrcl:g@w éﬁgﬁgﬁl@tﬁg Ihgtﬂév{%anslp thdn-sSdstituBft Binprisks a Mg GX MR @bodiments,

e.g. cycloalkyl, and may be cyclopentyl, for example. One class of ‘acids has an N-terminal

protecting group (e.g. an X group) and unsubstituted peptide linkages.

Where YCO- is a dipeptide residue (whether or not N-terminally protected), the S3-binding amino
acid residue may be of R configuration and/or the S2-binding residue may of S configuration. The

fragment —NHCH(R%)-B(OH) may of R configuration. The disclosure is not restricted to chiral
centres of these conformations, however. )

In one class of compounds, the side chain of P3 (S3-binding) amino acid and/or the P2 (S2-binding)
amino acid is a moiety other than hydrogen selected from a group of formula A or B:

~(CO)a~(CH2)pDc-(CH2)GE (A)
-(CO)a~(CH2)p-De-Ce(ELNE2)(E3) (B)

wherein

aisOorl;

eisl;

b and d are independently 0 or an integer such that (b+d) is from 0 to 4 or, as the case may be,
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interrupted by one or nore ether |inkages (-0-) may be

nmenti oned al koxyal kyl (one interruption) 5 and
wa@bdaxyarkoxyal kyl (two interruptions). RO is BOT/GB2003/003897

al koxyal kyl group in one subsgt of conpounds, e.g.

al koxyal kyl containing 4 carbon atoms. Typically, YCO
(b+EQEREMI8S 42N ami no acid residue (whether natural or

nn tural) whi ch binds to the S2 subsite of thronbin,
cis kj EY%ani no acid residue being Nterninally linked to a
Disrtored;y whi ch binds 10 the S3 subsite of thronbin. In

Eis ”,ecéf#ﬁa%g;fl,l"@ J; ?art ?e db)&sa&u%t?lf ¢ cﬁcé%ou%ﬁlgl%ﬁ] Wﬁl%ahp Bo%tadris up to 14
menﬁlﬁéri el SRy $a b*mdétﬁllﬂar&l ﬁr@s(e@f phéhyl)fﬁblaﬁ gatidmérhisered fused ring

ARG BcBEih ettt R B ohiec b B Ry i p oroues .1

gro@) olu&pemesnﬂsn abledted %&a ?ch OtrikiRyiip), COR] RBNARBIORIA- LRI2GOR13, -
trogen, oxygen or sulfur and optlonally substltuted
R12bw @353%5&1202@@13 whakenrdd is (aphp-had al3 By@HYXH @& a moiety whose
tr| fluoronethyl. The N-term nal protecting dgroup, when
nongyereasit atomagongiet of cargeraaipme@nddn-ed hetergatams o "(Lmtﬁé‘?mm 5to 14 and

whlém@ﬂtar{%ygﬁﬁ&lg@em 'Eﬂ'a' ,grdubﬁarﬁﬁbﬂloﬁﬂlvtaﬁldﬂ@l &d/or alkylene group,

vineis ¢ ik PN ik H3855 5 Gt bomatiee (otrough 01

mayodldoetie riéﬁtbn)ed%a dopdtitueatr pavvided éhag (f+g R tiass ablekceed 10, more particularly

doe§)éﬁtgg><§%{glb% ﬁ% gt I\al-ét%ﬂlgr tljstlugt 85?25 rd E’rgﬁae%tn%\ge is only a single

substidnb Fecthd yubstithient iex as nwiehCroataiiiass nng systEnt or [Eds Caillg trialkylsilyl;
N-term nal _ protecting group (e.g. an X group), _and

andulils UBBsendt B etk pashtindeperidentivagpiested \frast eRYPCDA 1IR13, where 1 is a 5-6

reprRLttEae 6 St S SRRl 7 ﬂad& ORL3, -RL2CORYS, -
1285, @3 AEbH15L L A2y bBGs 725 Oh ML ke BRI UG TE.R15 maiety

whidP¥ dﬂﬁlo%gﬁ&?g' \gﬁ’ér@klpéhd ﬂ_lhearg'r@{pte&ﬁé‘lg € ;@12&9& and an R13 moiety

restr chiral centres o e confor tlons
as defivea\above (imsomeeacids aisse BY, E€ an B cahéain &Rl 3sjroley, g lisell or 10f
P3 (S3-binding) am no aci d and/or the P2 ( S2- bi ndi ng)
amno acid is a noiety other than hydrogen sel ected
in fhidnmaieiyrad Fprmafa Ap ondB) anying is Barb@gclic (oce)pma@@}qz)achmd any one or

ol g B R o

O or an integer such that (b+d) is fromO to 4 or, as

In Eé&%lncééﬁpl@ya l%ea \#)a2iQQ4/cQRa?,DBe? oPGl (a8 RE5H&! (a-ﬂﬂl—c+d) and

e) is from1l I sOor 1;
(a+g+c are no more than 4 anﬁ are more especnally 1, 2 or 3. (a+b+c+d) may be 0.

L

sys

Exemplary groups for E, El, E2 and E3 include aromatic rings such as phenyl, naphthyl, pyridyl,
quinolinyl and furanyl, for example; non-aromatic unsaturated rings, for example cyclohexenyl;
saturated rings such as cyclohexyl, for example. E may be a fused ring system containing both

aromatic and non-aromatic rings, for example fluorenyl. One class of E, El, E2 and E3 groups are
aromatic (including heteroaromatic) rings, especially 6-membered aromatic rings. In some

compounds, E1 is H whilst E2 and E3 are not H; in those compounds, examples of E2 and E3
groups are phenyl (substituted or unsubstituted) and C1-Cy4 alkyl, e.g. methyl.
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DisOorS;, Eis H Cl-C6 alkyl, or a saturated or
unsaturated cyclic group which normally contains up to
wdadood/om®nbers and particularly is a 5-6 nenberkdI/GBa@3/003897
(e.g. phenyl) or an 8-14 ne ed fused ring system

(e.g. naphthyl), which alkyl ©r cyclic group is

i GRS AR LR Bnfh el S chcs toncarony
arfoscl @l 46 1l Yyl (indekiing hE¥krbaryl)RésHetil§ , 5-mEMEE&ddrJreferably 6-membered
© %Cﬁ)z agdyang gRlZO%CRlS, M\/\)he%gi n@R12 IS %CH% p- a%d
aryl¢e.g. phenyl Cp@idyiytar eryialiy! (8 gnayieeihylgieadethyh whem it BYge e heterocyclic
i carbon atons. and in-ring heteroatons

andgén nﬂng,ﬁhﬁ%%d% to 14 and 10 which contains a ring

system (e.g. an aryl group) and optionally an al kyl

I 0 ; o B in R13 .

I e h Sl b el SR & PO BTn S an be 2
mernipered ring, which Mgy bharowptic (ﬁ@ypfeﬂnﬂg%ifea'm (R-9-diRsloy! greethyl) substituted by
suclh Hi3shdrideeddting, Provi ded that (f+g) does not exceed 10,

nore particularly does not exceed 6 and nost

particularly is 1, 2, 3 or 4, and provided that there
A cle§s dFimboetias 6f fogiul A siubarkithase irt whith E lse Gmbrsberédi@nmaticsring optionally

said noiety containing a ri n% system or gis Cl-C6
subgttitgd daprticHpRy at thex-pesiioper 4-posTtoRPYER~30"eOBach

i ndependently selected from-R1l5 and -J-R15, where J

o ity P TR R T a0 BB 0B e
1 oA RyhaehShave BastO28iRe3 by haisheoeg.drorttho hal ogens (e. g.
inthe latter case to forma -J-R15 noiety which is
di chl orophenyl ), where R12 and R13 are, respectivelé,
TheadisdRb@renndluley aafeds afhsaltd B wiithethe sidgschaies phsamidd dAleor(@hare of the
. E2 and E3 contain an R13 group, g
fou?@”%fogrﬁg%@’gg??ﬁémi ch noiety of Formula (A) or (B)
any Cgf,ff@iT, s €@rbocyclic or aromatic, or both, and any
one or nore hydrogen atons bonded to a carbon atomis

opt i onaﬁjﬁpl aced by hal ogen, elspeci ally F. In

certain nples, a isch.cH @ s 1, may be 0. In
par gjtgydrar  eganpl es, (d+B¥c+ady’and (atb+c+e) are
no nore n 4 and are nore especially 1, 2 or 3.
(atb+c+ be 0. Exenplary groups for E, E1, E2 and

E3 include aromatic rings such as phenyl, naphthyl,
pyridyl, quinolinyl and furanyl, for exanple;
non- ar td.¢ U r ' -
onBGRCA BTN S'03% by 20 B8 4 B ey rpey .o
c)exstnE) R13E0maY, -berE, Fammdd b yCRIAt Breomerendbdimeants bbsthuctures (D)
30 aromatic and non-aromatic rings, for_ exanple
and (B)prasyt the@rposttibm et thef phEny! BloupEP ash & -E@,gﬂggﬁ)s-cakg, -COxR13 or
aromatic (including heteroaromatic) rings, especially '13
-OfCRAE renel IR €l iscE1epptaliey! andd mapse particuladve 1-Ce Gligo m @B subiclasg, THs -R* or
whilst E2 and E3 are not H in those conpounds,

‘-Olééarfq:ulagsmplé iEwhighd apd g aje cagsindenendsiBn i 1(3@bst int $pMegside chains

or ubst it uted) 8Rgd1L<L-.CA3 yl, e.g. nethyl. WO
gr%%wgﬁﬁ%ﬂasﬁ’éfézggSIW%ﬁé#'25 In one class of
enbodi nents, E contains a substituent which is Cl1-C6 .

| kyl , 1- C5, al kyl | b 1- I
o 4t 5 U RO o LS g
ORRB §AERIBOL ¥ -8 ARITD & Rfhe of these compounds, R13 is branched alkyl and in others it is

straight chain. In some moieties, the number of carbon atoms is from 1 to 4.
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aryl (e.g. phenyl or pyridyl), or arylalkyl (e.g.
arylmethyl or arylethyl where aryl may be heterocyclic
wa@pa4ioz2op ef er ably 6-menbered). 5 I n anot her cPEEEBRG03/003897
enbodi ments, E contains a subgtituent which is OR13,
wherein R13 can be a 6- nenbered ring, which may be

In nt'an %bbtﬁe (ﬁ%tglﬁtentf)m)(bv}ndﬁ)&xpép‘ildéﬂ ) bel I@-t@mmﬂlﬁl ﬂ?&lect@d or not), the P3
I U
aming %é@ L8 ol RN 1 65 5 Bl oy arethe B2 icun s of an

imink acig. a 6- rrenbered aromatic ring optionally

substituted, particularly at the 2-position or

4-position, by -R13 or -OR13. The disclosure includes
Thegdisclosure thevdfore finclures rPSlicaneiite cormisinn deltse hgi met@bsalisi of @kganoboronic
acndg dh%rél 'EH?&H? hthYM%bl% hpart?cu@ﬂy %lé&\%f @uﬂﬁﬁb‘?n lﬁﬁ%@or@%@mg a neutral P1

repl aced a ogen, . di scl os
(Slwbwému@gleta fpra@gre a#orglamrsabpw Wi?t@ﬁ Whﬁté b@ﬁ Fethersi %artsifSl sites of

throfr®inséeXof &amPle Tadardll € e, T/’@/ﬁds Ao $1g 1ﬁ036‘61§76919(9§3) Sanderson

P efcg F@g{@q@ 5&/05%‘3}%@/56% eé g%% 3%4, ilg%} r%c%gq é{rrgpt f’/garmaceut/ca/

Desfyn, 3:1043-175,a1899parahCobuinsC iAyal efrem dént IPytehlfdncsg:eml-BB, 2001. The

oSS s 0 Sy W Sy 5 T s

groypd)desceped! i( e, pulplicktipng fisted-e the-nreseiling eantepte.t he phenyl
group(s) and is -R13, -OR13, CO?13 - C02R13 or
-02CRi 3, and R13 is Cl1-C10 al kyl and nore partlcularly

 Theibtcol 2K Y v ahr USRI oLt 0f G cFapss, 3. Sbaubni of fess.

for exanple in which f and g are each i ndependently O,

, .2.0r 3; in _sone side chain rou of this

A subiey f e gimu (3SR £ RS G codes PR bk one o ass of
the noieties, the side chain is of fornula (O and
each T is |ndependently R13 })«IOHQ?]B and R13 is C1-C4
al kyl . I n sonX-ad'-adfeNid- CCIdJerunds R13 i@dhbr anched
alkyl and in others it i stiGH ght chain. In sone
moi eti es, the nunber of garbon atorrs is from1l to 4.

30 WO 004/ 022072 PCT/ GB2003/ 003 2 s
Xis BRI ARer 8 GRS G P MU SE P LB SO e dentity of X

is nbE ErRfcan B?J@HaV BRI PhREuRA X%o;&?tdéscnﬁéaeabg\?e In one example there may be

mentioned benzyloxycarbonyl.

In certain examples X is RB-(CH2)p-C(O)-, R-(CHy)p-5(0)-, R6-(CHp)p-NH-C(0)- or R6-(CHy),-0-

C(0)- wherein pis 0, 1, 2, 3, 4, 5 or 6 (of which 0 and 1 are preferred) and ROisHora5 to 13-
membered cyclic group optionally substituted by 1, 2 or 3 substituents selected from halogen,
amino, nitro, hydroxy, a Cs-Cg cyclic group, C1-C4 alkyl and C4-Cy4 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 R5-(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 particularly
benzyloxycarbonyl.
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amno acid has a side chain of fornmula (A) or (B) as

descri bed above and the P2 residue is of an imno
w@eiod/0297he di scl osure therefore includes nmedPCHGBRG03/003897

conprising salts, e.g. netal galts, of organoboronic

acids which are thronbi n inhibitors, particularly
aa1 lfane %}nlnéeaﬁg)re vh&%b?&r@r%gb&l figﬁagﬂra%%oﬁta rqnenzlé};)r{oar%\org]than 20 carbon
atornso (eeg i wstowltsi ard d@tumallxt op th&3 S3ton® andh dormrlsmgtaééeadf one cyclic group

f le T '

ol T A, 1 5B S BRI e bl B s VB 5 or 6

rﬁ%&i%hﬁ&i@'ﬂ@';@k&e SHEY of 2al 289 84y rticularly phenyl.
me evr\n nkelI Ct CCur gﬂgné( »F/’ﬁar ?mceutl calry % P lcuary pheny
TypEalll{DthEFem?Ene or@@@ cychmgto@suthe agh Estq)chanmqertalrr!slée _cha_lns comprise, or
conéh &to?r?ﬁe? §ﬂt ted 8?‘0!76%”(W@9—0&"6- ;Trllaﬁberﬁe!i‘ﬁrgj?m n inhibitory

sal 8I| sclosure are not limted to those

havi ng 83 82 and S1 affinity groups described in the

B t ef |
morR SRIEE, 357 1 0x%; Bl bFlo WHGIPHEGRH By dGRRGR Zpaldle thgreot. The
whatiyhysirodeaeted a@lqguesm@ha d Dehd-or | ess. 15 A subset of

the Forrmula (1) acids conprises the acids of Fornula

(rrr): OH X-aal-aa2-NH-CHB~ (I11) OH RO Xis a
aa2ripareimjnoteoid desitiue davintgeras 4 tor Griingahersieisio group and may be

Hto formNH2. The identity of X is not critical but

may be a particular X noiety described above. In one
An exeniping cladsesfeproduygts bemprises tthasa éd whichajn?- o<y cegidueflan iBtho acid of
fom'ag@a @g’_}zai n exanples X is R6-(CH2)p-C(0)-,

- )p-S(0)2-, R6-(CH2)p-NH C(0)- or R6-(CH2)p O-
C(0)- wherein pis 0, 1, 2, 3, 4, 5 or 6 (of which O
and 1 are preferred) and s Hor a 5 to 13-
nmenbered cyclic group ocgt/i’ |y substituted by 1, 2
or 3 substituents scg ed fro egsd,.  ami no,(IV),
nitro, hydroxy, a -%ngcli group, Cl-C4 al kyl ‘and
Cl- 4 al kyl contai ni ng, r linked to 25 the 5 to
13- nmenbered cyclic group t%{rough an in-chain 0, the
aforesaid al kyl groups optiionally being substituted
by a substituent selected ffom hal ogen, anino, nitro,
hydroxy and a C5-C6 cycllc group. More particularly X

whquS R?is( 9@'_%) gH% -"é':‘g@-&, (ggﬁ ?:ﬁ%%; Eych grrc])ﬂ;? glgiﬁnsth% I‘I%E; is 5 or 6~
me@ﬁ&@@n_%'oﬁud?\ﬁlly}ﬁBﬁﬁﬁéf &R meonfeQCHg)b?diEg By fréma to 3 C4-C3 a}l/kyl groups,

ered aromatic or heteroaronmatic group. In

for BB tolfheh G RIP giosp nsnt(cﬂgﬁzt bt tHe&dimindCacka, @iﬁdﬂfeyz &rboxylic acid,

groups are (2-pyrazine onyl, (2-pyrazine)
espstidltf ¢3)ypkzetiaing-2pearboxyyic peig, lapd mb@rngtlcujarjydmltﬂ@ akd illustrative.

It will be appreciated from the above that a very preferred class of products consists of those in

‘which aal-aa2 is Phe-Pro. In another preferred class, aal-aa2 is Dpa-Pro. In other products, aal-

aa? is Cha-Pro or Dcha-Pro. Of course, also included are corresponding product classes in which
Pro is replaced by (s)-azetidine-2-carboxylic acid.

RY is as defined previously and may be a moiety R of the formula —(CHp)s~Z. Integersis 2, 3 or

4 and W is -OH, —-OMe, —OEt or halogen (F, Cl, I or, preferably, Br). Particularly illustrative Z
groups are —OMe and —OEt, especially ~OMe. In certain examples s is 3 for all Z groups and,

indeed, for all compounds of the disclosure. Particular R1 groups are2- bromoethyl, 2-chloroethyl,
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WD 2004/ 022072 PCT/ GB2003/ 003897 27 aai is an am no
acid residue having a hydrocarbyl side chain
w@emkmeaorng no nore than 20 carbon atons (e. gPCTBGBR@3/003897
15 and optionally up to 13 C gfons) and conprising at
| east one cyclic group having up to 13 car bon at ons.

2—m:g (‘é‘y/fEF1 ﬁilgbrg?f\ Ieﬁ éhlarpre ﬁﬁyﬁlrﬂeﬂ]gg{b% éncéec"f)a"ﬂh 3-bromopropyl, 3-

chiceotebpyt and Gupdtsoxymrbpyhai Most prafeatsy, yit1 grz}mthOXYprOpyl 2-Ethoxyethyl is
rticul arbJ phenyl. 5 Typ| cally, there are one or two
a“°§1¢6W“-f?”§?8 B¥Un the aai side chain. Certain side

chai ns conprise, or consist of, nmethyl substituted by

o s s SRR 51 LS o B U b rorvos
B(Otiye | esgraiallyt Qe RhafPro-MpeB(OWip lalsp pafelreanigrze abaiapuenof hbgaaass)mpounds in

are Cha and Dcha. 10 aa2 is an imno acid residue
whntraMpmg réplaned 4y 8 cestlue ity anasheyof the paricdareympefarsd R} areupsend/or Phe

sesqthase in which aa2 is a residue of
‘Sf‘gq‘f’ ‘?Liqg\h@’ nﬁ“b?raafiﬁs fa (1V) R~ H2C CH COOH (IV),
H 15 where R11 is -CH2-, CH2-CH2- -S—CH2- or

T hﬁ@oa'%mo@a/ et S ﬁaq?ﬁfr%'vs@ﬁ‘sf?f? b, b S a0k ey o (5
conf“ 1on9r OBARRuRYy forddhed bds3ndvk- 553 3F ki -c&rﬁ@h‘é’cﬁm aﬁﬁaoraa2 of (S)-
exanple to formthe R11

configdratinna cihd shirah zeptre &NH&HE%O& iscprgfbnably at (Ri conf@gpem aItll%/conSIdered

L T e R LR

thefcasernf sélts of BlosRhetPaBoraMREPY: preferred cl ass of products
consi sts of those in which aal-aa2 is Phe-Pro. In
another preferred class, aai-aa2 is Dpa-Pro. In other
products, aai- aa2 & Cha-Pro or Dcha-Pro. O course,
al so included are cQrr@spondi ng product classes in
which Pro is replacead™Ny (s)- azetidi ne- 2- car boxylic

acid. 25 RO is as defi neg pr usly and may be a

moi ety Rl of the fgqrmul nt&j’ér sis 2, 3
or 4andWis- R OEt Ben (F, d, |
or, prefer Br) rtigul a‘FI usoHatlve Z

gr oups are andO- OEt , espem(all - . In certain
exanples s for all Z groups and,
OMe

Cbz-(R)-Phe-(S)-Pro-(R)-boroMpg-OH

The disclosure includes salts of Cbz-(R)-Phe-(S)-Pro-(R)-boroMpg-OH (and of other compounds of
the formula X-(R)-Phe-(S)-Pro-(R)-boroMpg-OH) which are at least 90% pure, e.g. at least 95%

pure.

In broad terms, the salts described herein may be considered to correspond to reaction products of
an organaobaronic acid as described above with a strong base, e.g. a basic metal compound; the
salts are however not limited to products resulting from such a reaction and may be obtained by
alternative routes.

The salts are therefore obtainable by contacting an acid of formula (I) with a strong base. The
disclosute thus contemplates products (compositions of matter) having the characteristics of a
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i ndeed, for all conpounds of the disclosure.

Particular RL groups are2- bronoethyl, 2-chloroethyl,
wo\@02020/D22072 PCT/ GB2003/ 003897 28 2- net hoxBet/6Bk903/003897

4- bronobutyl, 4-chi orobutyl, - nmethoxybutyl and,

especi al ly, 3-bronopropyl, 3- chloropropyl and

3 Ve r | is phar
s TRV P Ry 10] O honfbekd, The s s harmacesicaly
acceRiabigs oup. 5 Accordingly, a very preferred class of

salts consi sts of those of acids of the formula

Phe- Pr o- 2, especially
As 5@5%"'%?55 BRGY %Ei@‘“é@ 2; also preferred are anal ogues
of these conmpounds in which Myg is replaced by a

S5 oSl PO el A Bkl o el

reS| due. 10 The aal noiety of the salt is preferably
2. Bféir%%l}l G4 HrdaRfR nirbB&n- &ﬁ\t?arﬁﬂq @hpodngs Micklapgabl y of

- confliguration. Particularly preferred salts have
aal of (R)-configuration and aa2 of (S)-
CONjA, WHtabil QuBnidindi@ing Befrahalégiag;r € - NH- CH(R1) -B- i's
preferably of (R)-configuration. It is considered
that commercial fornulations will have the chiral
cenks. eSalts of §tRnGy Bisicanmize) granmis, of abich include éngrhinosugars airgk(ii) other
case 8f salts of Cbz-Phe-Pro-BoroMpg-OH KS O HENS N R

*H 00 W Chz- (R -Phe-(S )-Pro-(R) -boroM pg-0O

H 15 The disclosure includes salts of

of tﬁ@ ZpdvBsa @h%$§krlf ﬂ@s‘n@ﬁ)e 2P0 hiRMRkt S ebaiya T Also illustrative are

oun fornul a
aleOSQJB%)TSPhe (S) Pro- (R)-boroMpg-OH) which are at | east
0% pur e, at least 95% pure. 20 In broad terns,

Spe&rggls ‘gﬁ%‘% atd F\S ‘82’8[‘%“%}1 tgq, B&?rga %ﬁegaéug%étg g% contarnca very small
prop@itich af tidedatbiy hizegortdneted bordnhtea Ihe tany ‘lacid horawatg” refers to trigonal
-3(43@)% ?rgrg'}%t RlwrrR Q%%e %m Pﬁ)grl.)s% I%o%'brz)lt@ﬁt‘é@‘é@rwé\oés to corresponding

0 pro Cts res a reaction and
tetrARArd ravips & étﬁmbrhl}x‘n thakeingth N lcidviranates éiave 2 Stolthiemetay tahsistent with
ar 5 t heref ore obtai nable by contacting an acid of
singlg, ‘T’Hﬂt%”a?m with a strong base. The disclosure thus
contenpl ates products (conpositions of matter) having

Thewaﬁec &l d%@‘ﬁ%%‘é%%;ﬂ?%sﬂj@u é@ﬁpé%@o% gﬁrﬁ%tt?eg) \?rhrch comgrrsae sa}ts which may

be fepreserited ifyl fprmaule(VE st rong base. The base is
phar maceutically

e
X aalaa?—NH-TH-B\ Yo+ (V)
R n

where Y™ is a pharmaceutically acceptable cation obtainable from a strong base, and aa!, aa’, X

and R! are as defined above. Also included are products in which Rl is replaced by another R
group.

" One class of salts have a solubility of about 10 mM or more, e.g. of at least about 20mM, when

their solubility is determined as described in the examples at a dissolution of 25mg/ml. More
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acceptable. As suitable salts may be nentioned: 5 1.

Salts of netals, notably nonoval ent netals, as which
worey4bpz2onent i oned al kali netals; 2. Salts of BCT/GBEI0S/003897

basi ¢ organi c nitrogen-contaify ng conmpounds,

including: 10 2A. Salts of guanidines and their

part@ﬂ@tj H By gv]e% 59 lity e ks eh t%séoﬁijIQEet rmined as described
IR ERY palkE soBlib Sy ResrSphfrdl b

am nosugar s and
in tf@t%@ﬁp‘e%ﬁhaﬁo‘um 0@0”!%'@' above salts, particularly
| [ lustrative are alkali netals, especi ally Na and Li.

Also ill stratlv are uga Specjfic salts are
The e 1dicke B GRAPEE AR ﬁﬁﬂprams%@ d HechiomeimeRggent with
the %ybegﬁrgfgit)ééhc?argyx%@ﬁta%fé%ybrthg%m t(bd?Eha@@c tchBGord®ubbMe class of such

deporton oronat e term "acid 8ronate" refers
saltd ave tepragented by tB@forB(I&H) 2 gr oups i n whi ch one of the

cor  eSpond ndCrey2irsy o b Bas e ERAT br i um

wheH"ﬁ“‘%\SrEs!énts'%%Q‘uo@Qér@ Qmseﬁb@é@y an kel ﬁ@ﬂapéﬁbﬁ Y1t will be understood

consistent wmth si ng e r ot onat 1 gn. di scl osure

thatj fne| gbrve feREsENESR 'Er'i‘)d'iﬂ‘j'?'?,a' ("ERREHEEN cﬂﬁsa otrodist twhoge observed
stoioMnfekty GO RINKe Go SR itsraWhahex@ayy 125 hetHeeiioss eitingd, e trigonally-

for a O aptaa2-NH H B~ Ynt. OH R1 where
reprossaled SR reiseetf 2 2R ARSI s g o te or mived
trigdnaifetrahedtat. o0ng base, and aai, aa2, X and R are as

defi ned above. Al so included are products in which Rl

is replaced by another RO group. 30 One class of
Particulpiysexampleryarspdusts vwhich compégsout 10 nM or nore, e.g.

of 1oheR [ -
0 o B RaRHed RN ARy (Rl (PR F PR Io 0 MharB(OH) wher
X lsdf | &5 90 laonnogprotedting Gnog, retneaw/r@zvand:{b)wmacmms thereof; and

PCT/ GB2003/ 003897 30 particularly yet they have a

solubility of |east 50nM when their solubility is
(i) detiensrhiaMig ayalepydcipicprabination wlméaxg)gaeﬁgse@e &pecigs and said ions having
an dl’)bé«%?ﬁ idit ety codi¥Rhfivith 4 RBtidnBVePBdidsAdh dtEiEioHRS of Alil SIn one class

boronic acids (1) having an observed stoichionetry

°f5@F§n¥,issltent with 5 the salt being of (being

representable by) the fornmula "(boronate-)n cationn+":

I f . h
Con%‘eering tl%sc%u&er-lg#scm turn:

1, Monovalent metal, especially alkali metal salts

Suitable alkali metals include lithium, sodium and potassium. All of these are remarkably soluble.
Lithium and sodium are illustrative because of their high solubility. The lithium and particularly
sodium salts are of surprisingly high solubility in relation to potassium amongst others. Sodium is

.most used in many instances. Salts containing mixtures of alkali metals are contemplated by the

invention.

The invention includes products comprising salts of the formula (VI)
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salts are represented by the formnul a:
[ Gz- (R) - Phe-(S)-Pro-(R)-Mg-B(OH) (O)] M- where Mt
WO eaes®nt s a nonoval ent cation, especially anPei/kaki03/003897
metal cation. It will be understood that the above
representation is a notional Pépresentation of a
product whose observed 10 stoichionetry is unlikely
to be literally and exactly 1:1. In the above formul a,
the trigondlly represented bordnate represents, as
al ways, boronates which are@rijgonal, tetrahedral or
m xed trigopalalastNA @‘I/ P rtlmul af\Jly exenpl ary
are products which co rls (i) species selected
from (a) adds of fornula (VI?I)
X-(R) - Phe-(S)-Pro-(R) - ﬁég B( 2 where X is Hor an
am no- protecting group especially Cbz, and (b)
bor gnat e ons  t her ii), ions havin
WG 5 kB BB i 8 o o S Pre B £S89, a5 wel s sals n
whisipbath egdratwbrm.@s df the berohaty igrUp arkin sdksfBIMY Bffleferably with another identical
stoi chionmetry consistent with a notional specjes:ion
M* groyp)k-ayd sphetinel ofgguchysals. Inglugadealselagsrrodusty vﬁﬁregalki is replacpdsby another
Rg%gmg:ony dering the counter-ions in turn: 1. Mnoval ent
t especially alkali netal salts 25 Suitable
al kali netals include |ithium sodium and potassium
2. Al i stednglyMas€orgsrfc hismRhIEaRbINING Binvlelifls  Li thi um and
sodiumare ilTTustrative because of their high
solubility. The Iithiumand particularly sodiumsalts

Theaihgentibn Bilades Ipﬁdd[l@é ybthihgHke BOheNand the )thdréhtér%h@tdf Qrbrédéct obtained by)

oG35 BUALRINAL o Ut SOH o S r , H

classescof cogenerhabasre desryibadhie se@iOnd 1 amt 2B)hselowThEart|cmnaelmpreﬁaﬁred are acid

35 o 40, ORS00 D Bl BB e s

conigir-a singientypeypf) orgai¢ carmterdos r(distepariisg @ﬁccal:omanmnarm) ablut theninvention
con?éﬁﬁ:la?&lsalt@%gntal?ﬂné%qxta%s ‘%? Q)r@aﬁucd&tlht@ﬁign@QRVﬁe s@lgo%@ Ithe different

roxy group ronat

C°U§‘iebl9ﬁ5 aféa".%tf%ih@ SF‘S'PHnZ(\ny BieraTFd O Q!i»n@ﬁt w@rcase may be, In the

secti¢hers faﬁﬂil belMd‘ i6 lafothdr sAbdksE) thé Hél@&oﬂ%lsélécrhlx&?é Bﬁor%antl)c counter-ions
is replaced by

| ud |
whlgﬂ%gﬁgf egqrngqu %Q&xt SF%S{? Basi C organic

ni trogen- contalnlng conpounds

Suitable organic bases include those with a pKb of 7 or more, e.g. 7.5 or more, for example in the
region of 8 or more. Bases which are less lipophilic [e.g. have at least one polar functional group
(e.g. 1, 2 or 3 such groups) for example hydroxy] are favoured; thus aminosugars are one favoured
class of base.

2A. Guanidines and their analogues

The guanidino compound (guanidine) may in principle be any soluble and pharmaceutically
acceptable compound having a guanidino or a substituted guanidino group, or a substituted or
unsubstituted guanidine analogue. Suitable substituents include aryl (e.g. phenyl), alkyl or alkyl
interrupted by an ether or thioether linkage and, in any event, typically contain from 1 to 6 and
especially 1, 2, 3, or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group may
have 1, 2, 3 or 4 substituent groups but more usually has 1 or 2 substituent groups, for instance on
a terminal nitrogen. One class of guanidines is monoalkylated; another class is dialkylated. As
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The invention includes products obtainable by (having
the characteristics of a product obtained by) 10

w0 e@a2om of a peptide boronic acid as defi nedPEbcBe003/003897
and a strong organi c base. Twg.preferred classes of
organi ¢ base are described in Sections 2A and 2B

out R brgleles il B Bl B BB Rk ung Birched.” Compounds aving
ungibpliteted avanislinp gravps tforcsampe byanidine@nd ailgtnthe, foan bad artcular class.
single type of organic counter-ion (disregarding trace
contam nants) but the invention contenplates salts
Salgsrrptainimg mixtwes ef guaddings a5e epatamplatesi iyt inventien. i n one
sub-class, the different 15 counter-ions all fal
mﬁtqin the section 2A fam |y described bel ow or, as _
A Rafficulacquanigigo, cqsppound,is L aginiaseran drargigng analqoye, fien example R-arginine, or
theaDobr prefesaiits ILassdmetshof Hombarginhe BP arh&tine [(A-khiH6RIDf quanidine]. Less

o803y W e o s g S e
guariigipeeanalogues,spapidlayf 2-aminp pprimidinese foy examplie 2)6-qumaelinelidmines such as
' f~an e j.ch
ST GER k2 SBpesihetBg o fl, Y Qloni3 SRight ey aio be -
PeRtida,der YAmPle § dipapside( @nigining argining; oge gk Hipgptida fsd)tyfosyl-L-arginine.
exanpl e hydroxy] are favoured; thus am nosugars are
one fayoured class qof base. 2A ani di nes and their
Sop G Bl BP0 e o LB I R QB i ne)  ray
in principle be any sol ubl e and pharmaceutically
accept abl e conpound havi ng a guani di noNp§R®

substituted guanlzs_g 0 g&gﬁ%_oor a subgtituted or

unsubstituted gu Galdy), Suiftabl e I
substituents include jaryl (e.g. phenyl )7 alkyl éy )
al kyl interrupted b)NI.ﬂn et her or .thiB ther |inkage
wh&8 @, is fromarny 6engfiér, exkiple Gelehsy 2,09.21 Bbimbre O8Adlin hRind indBARkes no more
on a

e cially 1, .2 ,__Qr C tons, as I n the
tha%%s e%& pﬁ&'f"tq%y' Br's & %ﬁ % T’gzeIs S{J%rn‘?aét?%atﬁpblﬁlﬁr v2ESed qaeppyylate, for
exainple2p f@moan ebtes (dg.ta CH@reikypestarper dmide. NRYie HYEHE] ARy b\aelsre%idue of a
Qr far stance on._a term na
retol & AR bR o8 (ConheY RSO RPERE AL arRR BVLER wsaly of L
configisetioar Toe senepousdsdif &irkoyla 41V@ dre akgini(n23DRI-@aDOFE R*=H) and arginine
daﬁgﬁk&ﬁ%&g@@%gSSQ? 32 guani di ne anal ogues nmay be
nment i oned I oguani di nes and 2-ami no pyri di nes.
Compounds havi ng unsubstituted guani di no groups, for
TheSHRRBrenARE prdbites RRPridkidtald SFehe foRhUR @RE Particul ar
class. Salts containing m xtures of guanidines are
contenplated by the invention. 5 A particular
guani di no conmppund i s L-arginine an L-arginine
anal ogue, for exanple D-arginine- or the D or
preferably, L-|isoners of honpargi ni ne. or agmati ne
[ (4-am nobut yl X@ﬁgﬁﬁ‘%ﬂﬁj H'L&SQS ref@&r r d rgi ni ne
anal ogues are ni tro-L-argini thyl ester, for
exanpl e, and cpnstrained guaniding¢ anal ogues,
particularly 2-am no pyrimdines, for exanple
2, 6- qui nazol i nedi am nes such as 10

whepe GaY), &1 Kt srRhRE s 25 CdefliddN BRbidie gﬁ@'ﬂ*”f%b%w@ gﬁrotonated form of a

exanplq The g#anidLno conpound may al so
pharmacettically acceptable organic compound comprising a guanidino group or an analogue

thereof, as well as salts in which both hydroxy groups of the boronate group are in salt form
(preferably with another identical G* group) and mixtures of such salts. Also included are products

wherein R1 is replaced by another R? group.

2B. Strongly basic amines
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peptide, for exanple a dipeptide, containing arginine;

one such dipeptide is L-tyrosyl-L-arginine. Sone
w@agoioz20rar guani di no conpounds are conpounds PET/GB2003/003897

formula (VI1): NHR3 FQNNNWI(&}Q)" H(VII) NHR2

where nis from1l to 6 and for exanple at |east 2,

e.g. 3 or nore, and in many instances no nore 15,

than 5. Most particularly, nis 3, 4 or 5. R is Hor
Thedamehiionyinciides produetts dbizinabledy (bamingdRe tharasteribtins of @ peandpdt @btained by)
reacif_'_czg n bP% ﬁé{ﬁ@f %%lﬁ)ﬁl[: aES 28 defﬁtgcgrafé(glé E}g iéos#roﬁgs&ﬁéalc BgsFWCQ% an amine.
Themmvan p@iﬁp%?obea?@wvtéegw Rhgimeseulieally aqieptable afisands of

fornula (1Vv) are usually of L- configuration. The

. ound of for ar r i ni ne
It ISRQ &sggqglo;s@q a dpgraﬁg c%ﬁ% o%/%ralinﬁl? @pﬁ,géwr\ge%olaérfunctlonal groups in
addriba [te @usigle aramar hy@oup) ¥€ BilichOddrmipbeHde ahels b masiel Blydrophilic and thus more

solu%%[{génggﬂ;hﬁ\%_ Slﬁll_céiai%}alts?%ef (g,regill gﬁ}gﬁdon lefygctigri(aafl groyp Js hxgroxy. Some
amiagschafe la2e3a% Tef bragditignakfndiesblygreupd, @pet‘ridlyiméoxy’ groups. In one
lllusﬂéﬁk% Sﬂarﬁlﬂésr@hgfratﬁa ofRQﬁan‘?aﬁﬁ%&%ﬂ’ br)éu;%z E&B%@Qc’cﬁxs is from 1:2 to

rgani c conp rising gu di no
1 Laﬁhaﬂ%@u gatio @sme werrt'éwv F&%fem | T'E§e Qalnﬁ%wmh opéh PicRots dpitional polar

fundiis Rl Pb‘:llpsgﬁwﬁsuﬂesa ﬂ§dréda&)oh%spétﬂal1¢ama|@aiﬁ albitited sgzltﬁe dnfd@roup and
anot her identica

the Bdfanslaeing rodbih, THBRIATD G nay 1 ety tSl & Lbugaliued and, excucing

amind aubetitoenty, theSdeae }bh@Oﬁai/ daytamnm bxeamphed up kO UPcarB atoms; usually there
are ggkﬁ al¥ th?egef]stulc o%arl? Cﬂ%Oi; dS‘ w & ?,gydo S 2\?’!%% Sﬂlﬁs%i‘%?n%@ aolﬁ%'us category
ofpphabasmgj the characteristics of a product obt ai ned by)
reaction of a peptide boronic acid as defined above
and a strong organi c base which is an am ne. The

ThedpeRionREHdEPTBRYCHPRPESINgealss RF thedPrmiiaatind

pharmaceutically acceptable amne. 5 It is envisaged

that a desirable class of am ne includes those having
pol ar functiongl groups in additign to a single amne
group, as such| conpounds will b@® nbre hydrophilic and

thus nore sol uid gatdNig. . Injceprai nxgalts, the
or each additipnal functiohal Y i s hydroxy. Sone

am nes have 1,12, 3, 4, 5 lor 6 additional functiona
groups, especi &l ly hydroxyRyroups~1n one

where aa!, aa’, X and R! are as defined previously and A* is the protonated form of a-
pharmaceutically acceptable amine, as well as salts in which both hydroxy groups of the boronate
group are in salt form (preferably with another identical A* group) and mixtures of such salts. In
one class of such products, A* is the protonated form of an amine described in section 2B(i) below;

_in another class A* is the protonated form of an amine described in 2B(ii) below. Also included are

products in which R‘1 is replaced by another R9 group.

Two illustrative classes of amine base are described in sections 2B(i) and 2B(ii) below. Particularly
preferred are acid salts (in which one of the two boronic ~OH groups is deprotonated). Most
commonly, the salts contain a single type of amine counter-ion (disregarding trace contaminants)
but the invention contemplates salts containing mixtures of amine counter-ions; in one sub-class,
the different counter-ions all fall within the sub-section 2B(i) family described below or, as the case
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10 illustrative class of amnes the ratio of (am no
pl us hydroxy groups):carbon atons is froml1l:2 to 1:1,

wWo b@4lozdorer rati o being particularly preferredPCToB2@®3/003897

am nes wWith one or nore additjonal polar functional
groups may be a hydrocarbon, ‘especially an al kane,

may %Fg‘tr %%&.&)—%&tm}(\ Z%Elﬁf rﬂglo&r ﬂ%otﬂ&dsub{)ys@ tﬂgg Ii?s'cimgll cfe a_mixture of
orgammwttrrlonﬂvémharﬁjnote&&ommafgmeéawkﬂ@m ps2Bident s, t he

pol ar base may contain, for exanple, up to 10 carbon
atons; usually there 15 are no | ess than three such
carbon atons, e. g 4, 5 or 6. Ami nosugars are included
in 38t sA,ﬁ-,m, of polar bases. The invention

Ixnc'%\gt g%pg% Eﬁ%w&%ﬂ? 4 I)ISS n r%?attédﬁé\ﬂtg?rgtloéor re%,s%%s )a%ginosugars
an dndRIHearn@oﬂawed algans dspacielyi gursminesin Gyche- ainmosugers are also envisaged
pr ot on ted.fo

m% af aggaé)ff tggFTﬂgs% Eﬁ%ﬂtlh&fﬁ@%ﬂ%&%@@ greferred class is
of N- hﬂ)SﬁlIOtednw @ne goro tye a\k%lbstﬁl@m f(e. ﬁopm!)( prféﬁéﬁ* @ fupstituents  are
Wi t!?ydr%@eﬁw‘ eg'i-odgg il 'e%i\llpléa‘é’ncgﬁvm lifAR&koR ééhﬂéfnﬁ@ fﬂ:fm sueht2 carbon

ass of such products, A+ is

pr RtoTEit B8 s@ﬁwents 299V aFATVRES o} 1ObeV OBk Pbﬁwﬁls( j xemplary

bel é&!ﬁétltuén& R0}, h? rC3,CIt43Q$CAt7 arl Ggﬁﬁ(ylpjr@.tp@n&tpaﬁcdlaﬂnmtlm and ethyl,
an amn

5 etk e s liserver T Indirtectiat ApPaARe frRgel Fmethyio-
gr oglfcamifepare bf susrisiatly Wigh sbletdifyes of ami ne base are

described in sections 2B(i) and 2B(ii) bel ow

Particularly preferred are acid salts (in which one

of A hesttpreferbadraminasugaCld Nymethyl<D-glecagést ot onat ed) . Most

30 commonly, the salts contain a single type of am ne
counter-ion (disregardi n@Diraf# contani nants) but the

i nvention contenplates sajts qontajm m xt ures of

am ne counter-iog_?j [ = s, the different
counter-ions all ‘'tall wWithip the sgb-section 2B(i)

fam |y described bel owQdt, @bl the case WD 2004/ 022072

PCT/ GB2003/ 003897 34 may be, in the sub-section

2B( i |2 famly below, in another subclass, the salts

conp® '@@tﬁe"rﬁ'ﬁ'f‘ﬁ?e of organic counter-ions which are

not Okt suitbifEainihes Baode driind latyds((ﬁrh&her)naﬂnal@bﬁ(urmr)g)or nBt) whose side

no s_The. i anmi nosugar is
not %ﬂ'f?‘@éﬁ” @Wﬂ%a’f“ﬁi’/grr?{‘ﬁg %B(ec ly I$’Je}{r?er ed ani nosugars
i ncl ude ring- opened sugars, especially glucam nes.
CyclLic i saged as useful. One
cl aé%m %mnb%'e am gﬁ%g’;?nﬁ‘ga@ﬁnsubstitut ed and
anot her, preferred, class is N-substituted by one or
two N-substituents (e.g. one). i1R3bl e substituents
are 10 hydrocarb 'E 0 for /exanpl e and w t hout
limtation cont a)f—rla keglﬂnl t ,;liz car bon(x|)atorrs t he
substltuents may conprise al kyl__or aryl noieties or

bot h. nPI ary R2
where n, R* and R3 are as defined in relation to formula (IV). The compounds of formula

(V1) are usually of L-configuration. The compounds of formula (VI) are lysine (n=4;
R2=carboxyl; R®>=H) and lysine derivatives or analogues. A most preferred amine is L-

lysine.

Other suitable amines are nitrogen- containing heterocycles. At least usually, such
heterocycllc compounds are alicyclic; one class of the heterocyclic compounds is N-
substituted and another, preferred, class is N-unsubstituted. The heterocycles may contain
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substituents are Cl, C2, C3, C4, C5, C6, C7 and C8

al kyl groups, in particular methyl and ethyl, of
waokiogi22eez hyl is illustrative. Data indicate ther/GB2003/003897
am nosugars, especially N-nethyl-D glucam ne, are of

surprisingly high solubility. "I5 A nost pre{\ler{vgd o
i megv snmheacr‘”ﬁgéﬁ&g%@?rn“ge B iphA ehdHerine. One dlass
| n cl QJ @RINgRiinflIdeg NGQntélmm@ﬂthemC‘mﬁS srigetitupedoinyc patari snpsti@ents, especially

not )hywlaRs @.gsh deor Ffingshai n i s substituted by an am no
gr oup, especi aIIy | ysi ne. Sone am nes are conpounds of

formula (XI): NHR3 H2N (CH2)n H (XI) R2 where n, Rl
and TR8 :ra/entloasthé}efbreriﬁ@ludeﬁl aihlhle@bﬂh@rnthbr"? aifnﬁﬁbﬂlélan@ V\(hﬁc}{)havér B or more

ggg gpgﬁ% OZ{ ﬁqeﬂo@gw hﬁ[alits gq%ggc&llmyd&owm) adgljtien to one amine
I y signmeip( 1Stk corribﬁurﬁz Fea hb@aytatio Bﬂalfr%ow hiy 3t &y toups):carbon atoms of
der ivagiy cf%h@l%tté?"?% (ﬁ%}ﬁgymcul gFeé gferred amne is L-

| ysi ne. "her " sui M nes. trogen cont ai ni ng
heterocycles. At |east usually, such heterocyclic

Thé AHVBRAA d&llﬂé@ m@Je% G i & sal%n@ongalir@rﬁza B th% E%f B&‘Br?égggey pgl&g fes and/or

0 substitute

C°‘61?ef{@§5 '?@S'Rﬁlﬁﬁ§¥§@§%i?rﬁfﬁfr% The heterocycles may contain
WO 2004/ 022072 PCT/ GB2003/ 003897 35 6 ring-formng
eri di ne, piperazine and

n the cases [
g ALt P ) CofB0 sofereEi BrietSh 1 Bes AR MR ciom phejoducs n
whisk thersolts/ark essestiip tritydrbest Ay inpiided is $Whsd ih WAL salts are hydrates.
especially hydroxy, e.g. 1, 2 or 3 tinmes. 5 The
i nvention therefore includes am nes other than
Usg @f HissRigdwets aithaDiselosurene or nore (e.g. 1, 2, 3, 4,
5 or 6) polar substituents, especially hydgoxy, IE
ti am ne rou Such conmpounds may have
The, Sgkft fogl‘}f ‘?'ﬁ%ﬂ"ﬁoaf& t!]@"%wmg%or@r olh§¥ )are Ahasefereatssfub fart inhibiting
thrdmidn.t o Theré, areh éhetefdre efrovidddi @orﬂﬁhﬁkﬁ; WAIch i vk aﬁdt%/nstlal for controlllng
sa

S BT R SMeh ot 1% B ot o

secamidnoevents after myocardial infarction. The medical use of the compounds may be .
prophylactic (including to treat thrombosis as well as to prevent occurrence of thrombosis) as well’
as therapeutic (including to prevent re-occurrence of thrombosis or secondary thrombotic events).

The salts may be employed when an anti-thrombogenic agent is needed. Further, it has been found
that the salts, including those of boronic acids of Formula (I11), are beneficial in that the class is
useful for treating arterial thrombosis by therapy or prophylaxis. The disclosed salts are thus
indicated in the treatment or prophylaxis of thrombosis and hypercoagulability in blood and tissues
of animals including man.  The term “thrombosis” includes inter alia atrophic thrombosis, arterial
thrombosis, cardiac thrombosis, coronary thrombosis, creeping thrombosis, infective thrombosis,
mesenteric thrombosis, placental thrombosis, propagating thrombosis, traumatic thrombosis and
venous thrombosis.

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
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counterions but single salts are preferred. The salts

in solid formmy contain a solvent, e.g. water. There
wae@4iomorzuded a class of products in which t heCE&BR®3/003897

are essentially anhydrous. Al S included is a class in

which the salts are hydrates. 15 Use of the Products

T R O SR T W—
sughrsisystenia lupug ¢rvtbematesus Ti Thf@'!‘enemre carinectied tssae pisenéd)dAigo with regard to
verpRRRERAESnMAliGH J&ﬁl\pS@urBQ P %Isclés%f]e gl%nﬁsrefdl kc'?)rnrgalpé{nfngnpatency of

haenost asi s and especi al y iting
indwglingCelei™e in the treatment or prevention of

secondary events after nyocardial infarction. The
prophyl actic

t oun
E"ac“pﬂea"ﬁ G '58% ?‘F%@P i 'i'§13§§ewéﬁqed &5 Peyenideyingompounds of
theodlsdﬂsmrenmdafthtoh’rboermmm stroka g detedHed thr@&bﬁﬁé&uﬁﬁ@%urﬁloglcal affliction

rela(téd“&! E@Jaﬂ&{ %é)rel%le l{Pglx)?gc%P o%%rﬂ%ﬁlgong%#e?@glﬁg&,a%gmated with atrial
f‘brélnmnoyregidwnrmuan talmt:hlngt bf epbewgbesrc chamatet mﬁscmae(ﬁbtds), cardiogenic
thrcﬁhﬁ&ehl%lrsm' SsshiBRedORRD Fo%?%Fhéana\falvte%Fﬁ%)aést r?ltachaniggl Ydip Yalves, and

hose of boronic aC|
Carﬂi@??é’kc|t*é’P'§P°qm?°{'%@SSQQ?éEdd4'"&smart§lseél§§efuI for treatl ng
arterial thronbosis by therapy or prophylaxis. The

di scl gsed,.salts are thu i ndi cated in the treatnent N
ExaH}P?eB 3 GRYATRRF dvglying @&P@b%ﬁd"%é%@a'@ (FNIBR I(sev§rejqanstrictive
paif liro oltkseLofi cdirbmweﬂgm)ofmyemrdmllﬁfalrcﬂ@d (l%lafﬁgmfml@ celeai@ath &&dliting from

msuffk{l&[e L a?é é@:pl)} pfcép%%@ ear@%&e %?Iﬁ%cbwﬁqascfugt Al g§tmry(such as by

arteriak maviowing s of bdgod spppfyy), rebaclosibrodiiring of afte peicutanddos eramnsiigsl coronary
angifpf t@ﬁ&&s&{%ﬁt@%&ftﬁeo@ RS jal &Qﬁ?@%ﬁ@éﬁastyaﬁglusmn of coronary

prop gatln 0Sl's, trauna
artse RYRPSS tgfﬁffé:n% peslusiyg C¢r§brm@é@hrt¢saasehy\|@e néthargodrd b | artiesjo-venous

(mliﬁﬁ)’ tHr&ratsbsis CartithidBOR EBAbdAJSbIIRREESosure IR @é@ml‘ R8in@ining patency
nous thﬁqﬁf‘ooen‘ool i smwhich may be treated or

in aEFré%?ﬂ“éa % h conpounds of the disclosure include
obstruction of a vein, obstruction of a Ilung artery

oS 35 TSR By BEERREFRA oo e oy o

mentieeerbinheritap r acduiredridefidencién mehépaeitl cofattomIT liraubating lahtighospholipid

e oo B 0 s nd ot

in fibinplyeis2 003/ 003897 36 deficiency, and Factor V Leiden,
and thronbosis resulting fromacquired thronbophilic

i th t
e TR T L —
venousgarothbbss anwmmumamérﬁwdugﬁ Mpedfdreed indi@bBHRWAUISagel fdrltRe products of

the e o Ry e R e of "t di ogeni ¢

# hr Ryexteotomons lversoos Wmmt’membxylc legents (et edkpaein BHireviBdis&fld ok bikmonary

CO%%‘B. %&amples include patients undergoing orthopaedic surgery such as total hip
replacement, total knee replacement, major hip or knee surgery; patients undergoing
general surgery at high risk for thrombosis, such as abdominal or pelvic surgery for cancer;
and in patients bedridden for more than 3 days and with acute cardiac failure, acute
respiratory failure, infection. _

* Prevention of thrombosis in the haemodialysis circuit in patients, in patients with end stage
renal disease.

» Prevention of cardiovascular events (death, myocardial infarction, etc) in patients with end
stage renal disease, whether or not requiring haemodialysis sessions.
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the di sclosure include thronmboenbolic stroke (detached
t hronbus causi ng neurol ogical affliction related to
w0 paioe»a cer ebral bl ood supply), cardi ogeni c PCT/GB2003/003897
t hr omboenbol i sm associ ated w atrial fibrillation
(rapi d, irregular twtching ot upper heart chanber

L &veﬁ{mé\géf %I’I{Ohg %W%\it{%r %b%@ce{\}é@? fnopatl%]{/ 9 %@éﬁ\ﬁlﬁ&ehﬁtﬁbmw through
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(heart nuscle cell death resulting from
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(1 ?Q%vé rﬁ?dt@ﬂdla&ts&ﬂ\d@nmmwf@&&h), luﬁtdn(btha{lcmm’fh astheycardiovascular agent,
3L rfgalﬁ(%gpgff?'%ﬂaﬁ%g’liﬂfy};{%%%&) S ?rungg gl errgqot? Ccteli’]%'rl? ﬂ Germany),
angihmpibalytics, (seedebbarfosxamplés) antipateletiagents dses below for examples)
Lr a’ﬂéét}ﬁ@h{bﬂa?t?eﬂ&%@ﬁ%té b&?&létﬂféfct Qr%o‘rt%'ingﬁorﬂxnth acetylsalicylic
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cerasist gvemtaitiss (sef @’@é{\sféf examglgsIni th regard to
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npounds of the disclosure are usefu for nt ai

Thepgnr@wany inhgiftorsn ofa fee AISURPRIRORE WHE ARcicategy hpth i &h tfe%%&“o’c andfor
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' NOl ys1 S uses
thrdmebininhibiters ol W(h@m:ﬂéléi& h@hq His¢legpeuthprefoss dclydes dla'vsmg solutions and

. dial | Mteﬂ&&ﬂeQwﬁlEt?W&ta duc‘t’@f"lﬁé'8rsél&h|‘énﬁg)ﬁéllsas%nﬁlethod of treatment

nonary enbolism_ Preferred indic %]Hgns envi

oy SR $12 PRGBGSR SUHHESRINER: WA BEPRG CABT oA 8 156 Pt & dveing
soh®ibn TrRludﬁQfé) low rmdlé(tdler w@ght thompiarihigoer.ofisy énriuded is the use of an anti-

thrcgﬁmﬂ% Iproﬂa:f rﬂgrlf}é‘? glsc ogh%ofﬁ g\%r)margﬁag% %fn a H&dnﬁéﬁ? 0% ICf)%tthe treatment by

dlalvsmﬂef gqiatientoint Whipaéteti antisthwogbotic pradiet ®f theo tisdloshiepis provnded in the
e total knee replacenent, major hip or knee
d'a‘ﬁﬁgg%f@g'?patl ents under goi ng general surgery at high

risk for thronbosis, such as abdom nal or pelvic

In %ttﬁ?ﬁ%thﬁ@ Mthé& Bradéds o Jtl?é‘ﬂsdo@ur@ ald @84 §o &%Et @Ha@s"raﬁl@ lcell prohferatron,

a S an acute cardi ac éure

as gescriatipinr eagpy tP ZAthey rterompiar BRipQsH In W é\}@ﬁ? %n 19 Udesfable cel

profif@rag6r g5 | 'tﬁlchlﬂl hrﬁh@sﬁﬁl@nl%@é@laycﬁ:l §ellerb!¢fu’ationl Horpatangiet proliferation of
in patien age renal eve

smegth 6%HSEI? 69@5 @ﬁnealplﬁle\/péﬂﬁag 5(%’8 Wusc‘lfyge@%r (Sjtl%gl prcF)Hucts cgtt tt\e disclosure

- partiUizly oind Cerpplicetia) ini the n&htln&nt 8f intitnbl leyperplasib,agre compahent of which is

365 i, 03 B8, A5 B8 SRR cue to i

hyderpiasan adcomingly infieabluperplasia inbe eankrxt pfchedieginsurejineludes restenosis.
pati ents receiving chenot herapy through

The products of the disclosure are also contemplated for the treatment of ischemic disorders. More
particularly, they may be used in the treatment (whether therapeutic or prophylactic) of an ischemic
disorder in a patient having, or at risk of, non-valvular atrial fibrillation (NVAF) as described in
relation to other thrombin inhibitors in WO 02/36157. Ischemic disorders are conditions whose
results Thclude a restriction in blood flow to a part of the body. The term will be understood to
include thrombosis and hypercoagulability in bload, tissues and/or organs. Particular uses that may
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an indwel ling catheter. Prevention of thronboenbolic

events in patients undergoing lower linb arteri al
w0 e@ansioract i ve procedures (bypass, endarteri e€DGB2003/003897

transl um nal angi opl asty, etc 5 Treatnent of
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The salts may also be useful in the treatment of pancreatitis.

The salts described herein are further considered to be useful for inhibiting platelet procoagulant
activity.” The disclosure provides a method for inhibiting platelet pro-coagulant activity by
administering a salt of a boronic acid described herein to a mammal at risk of, or suffering from,
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relation to other thronbin inhibitors in WO 02/ 36157.

| schem ¢ disorders are conditions whose results
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Thet #alts rdAYnbervRdmibisieredi tgrs hest, foy sweroriaaginl thichset yhere gfte drug has anti-
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or chronic atherosclerosis such as coronary arterial
ThelknE@ @ $Bating 8 &IBIFY made of carbohydrate polymers or polyviny! polymers, for example.

Examplés of enteric coating materials include, but are not limited to, cellulose acetate phthalate,
cellulose acetate succinate, cellulose hydrogen phthalate, cellulose acetate trimellitate, ethyl
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arterial disease, peripheral arterial disease,
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c
abclésmgleab@ﬁﬁ‘ﬁeﬂiﬁe tﬁ&fm@ %a@?nésﬁeﬁ’&{ylﬁHlﬁl{oF(e@?gglt?%cgl ! oxymexrenone),
an wﬁ@osineséz @@gmter antmn%@eg HPseEER: an PeANOEiREAD ﬁecsPror agonist, a beta-
blodkerd, %éétﬁéall&l’k"écfdoél %ﬁﬁlure@c Bnd #h ABT(BritRdtahsi teBiVlertf epyReY inhibitor.
arterial inplant 15 having a coating which conprises
a salt accordi ng to the disclosure. The salts of the
Thetka®s bipe Hieciosane rhey hmd\bined)m’mwr&otahmmlsteyed waith ang antithrombotic agent

A A LA Bl P il 80 oo

clopidogu,v thwomizoxareer waiepltoherIxDsss@tl‘@tasetihl@blﬁmwm@tawﬂy\ mimetics and
' ket . F ffs t hronbosi s or

P hoé%ibg!ﬁgtg'lragg T ﬁ&tog{)%}%?@)éé% le%ﬁtgqpﬁegse is therefore

i ncl uded t he use of selectlve thronbin inhibitors

egrﬁ)rrggﬁ%gﬁ | o(? J;%CE)ﬁa ?13"}{ g?‘ Q)e corbmeh 'aﬁé?gr &e{]dﬁ‘lnﬂstérgﬁ with thrombolytics

| Sorders by
such lee ttiagen plesminegen e&avatdnénaturab eecombm@ﬂ’q ar rmdlﬁ@cm s,twptokmase, urokinase,

propr%klﬂy% hl?(ﬂ/i%te% ;g &rﬂ%g ﬁ)?hégeeacﬂ\f/at&'hc%rn%?e(%%@, animal salivary

or mil at m ni st at| on and Phar maceut i cal
olamh plasihinagen Fstvatees, gBd the ikayinike AR Ak it Giseggrst In particular
my&%Fdla@?h?dF&ioﬁ in the case where the drug has anti -
hronbogeni ¢ activity, to obtain an anti-thronbogenic
effect In the case of |arger animls, such as
The.hbtn@rbﬁ thet &lﬁlo@mﬁmmymé&omby\eb encaﬁhndcndsﬁrmtadd afitb rrecaedioprotectant, for

i nation C caIIy 30 acceptabl e
exaa? q@@gnosgﬁ‘g} o] /é:g egePg? g%ﬁ i iers. The term
"“pharmaceutically acceptabl e" includes
There is also provided a method for treating an infllmmatory disease in a patient that comprises
treating the patient with a product of the disclosure and an NSAID, e.g., a COX-2 inhibitor. Such

diseases include but are not limited to nephritis, systemic lupus, erythematosus, rheumatoid
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acceptability for both human and veterinary purposes,
of which acceptability for human pharnmaceutical use

wo gooproefoez red. I n the case of oral adm ni strat POIGBRIV8/003897
conmpounds are preferably admnistered in a form which
prevents the salt of the disclosure fromcontact with

artl#lase le Io%eék?ﬁg r\)a&HIitlsléh& Carcordbsit, ﬂ&oﬁiﬂ\ggr ’.ch%%ln{i-)(hr&ﬂ&ft@%lts of the

hus prevent
discigiure may bg Sorahingg|apd/ar eo- iﬂﬂt'mﬂe"ﬁ@ wite @t NeAIDt he duodenum
The enteric coating is swtably made of carbohydrate

Yol ReEHe b et BPTe oy b AP Spust fgbtain & rombin

inhibitddy &fedt, bPin aBRbthed thembRastiiiosy @RhirEdrerhibtic cantdxt entioed herein,
acetate succinate, cellul ose hydrogen phthal ate,
cellulose acetate trinellitate, ethyl WO 2004/022072
ActMé@?@Qh'H ﬁ&%ﬁ?ngrdtﬁhntseih khel phammaceutlcal compositions of this disclosure may

QX Y, It B0
o [T A o 802D BB s e s e
desivect b“@repamchwpoesehgwr @ebariigutss atient, agoptpodiian; ané mode of administration

(ret@rl?échl.%l t@'e% ?1532{:%{1 S uﬁ?c%ﬁ\f éﬁe@tl\férhtn{b@hta)t eThepa@ie?z‘cEd! B¥dage level will depend

VI n r at % t hal ate
upogxﬁi)qa éﬁa_m:\hﬁﬁ Be (pagi@t,lla qu}ggqn sever f the condltlon bemg treated and the

conmﬁbm%ﬁ{d' FeF Medéf hlﬁtﬁfyhﬂ(ﬁlﬁeyddu@nt b@iﬁg tregro Gloyvawdr, it Wﬁh&&he skill of the
art tg 65%/"5/ azésfeg (o% L hac éi:] (Jlevels ﬁower rs:ﬁan ¥eqU|recJ1 ? rtX acFueve the desired

thefaRbty lefféxt bm;draluawmdasasihy Idosaga ontill thealepiet effeat is achieved.
(Eudragit(r) L & S). Optionally, the enteric coating
contains a plasticiser. Exanples of the plasticiser

Foriemarhple)dt is burtently eontestplatgdrihatein thecase pfrqr@taﬁwmsgpmqimf &alts of TRI 50c,

thegsra ﬁl?gtht For u%?é?\céj b@%&%ims@@dﬁﬁlaﬁta@nouﬂ_@& it 03 ©f 2. QIJHQKQ twice daily,

osur e be conbi ned and/ or co-adm ni ster

th
alcalﬁpedcgﬁ EI%@QSSCQF“&? saltfdmgptebaq lplstgﬁzgnlp eqtlﬂﬁgﬁqu racﬁgr amounts ‘The

dlsélcﬁﬁﬁﬁs ﬁd}tﬂiﬁﬁ’c@@ t@édnﬂﬁﬁtdﬂtla’v RSt quantities @k razhena @ad ingludes dosages and
| abl e use, i.n clinical evaluation

r egms PYsige @Oiel qeﬁ‘f”gTEF mgl&%@ﬂ%ﬁéﬁ‘}t "%hi ch coul d be

selected for wuse with a product of the disclosure for

Accggiﬁzg% gtf rghter g%e&fo rﬁécBXLﬁg‘ g{'é eﬁg g%\/*ﬁ?& Q?BEIUJ?%rmaceutical formulation

era
inclding: agyeseis of stk eitscleszuref, o mimwswe w@h a| phainmagertically Ascepkalle adjuvant,

egories, nanely, a lipid-lowering drug,
dmgﬁ% @9%5 an | BAT (ilea] Na+/bile acid cotransporter)

15 inhibitor, a fibrate, niacin, a statin, a CETP
Sol@cci?)%g‘ésfbtﬁ{s}fbr &éita@ﬁwlrﬁsfraﬂ"tﬁ?\f1ﬁéludérc§;§s@le§1)talblétb l(ebéot @ﬂed BIRY pdwders and

acid seq an_ant
Orapig it SHE eSO B FORKY FrTRPB SR i W a feast one
|neﬁbmammmcaI!srmuéptablateudment o canidr loaoh)as sediuratittete toe dioaigium phosphate

an&égrgci}p%i&tr ﬁlr reAE) vﬂlgré é)g F)ggAagﬁstsg&o A Iaspa?chgp ‘?3%¥J£F @h%%;ﬁgjcose lannitol and
silickd @cidis b &indds rsede ps c;arbawgmmlrytcellu@st e@lmnateﬁ, caeledin,, polyvinylpyrrolidone,
suc?rgs@ta\‘\h Slds 36 h&mé’c?én?s SLfi‘h aQ %RIcétlblu H?Hlblﬁte?ﬂggnf‘QgZeﬁGEsuch as agar-agar,

|otenS|n convert I 'nhi b
coleih Carbatats, ettt & oA “‘r'?a?'Q'B'é ae'erﬂsrtﬁ@ §licatrs/apF! sodium carbonate; €)

solGRna &3l dig S &t slichviad bar@fﬂb( f?éﬁsbﬁphér%’ﬂ@élérh@rs@&ﬂ&s quateftanpammonium
di fferent mechanj sm, of [

corglpﬁupgﬁ, &) wetlipg gquﬁtsgchaq:seqegy EﬂhP'cESV'H g cec@ n&ono§t|eac§fat8pp)oqbﬁcérbents such
as (RbcﬂiﬁIaﬁl@gér&bnltetdalymﬁb@)dahsrmrrtesm:ptas rtalgrodiciom sseamdtéohagesium stearate,

inhibitors o] | '
sol b’ﬁ%%'a e%l\/C@F,i é% %ur@%g@tgggdn@&%%ereof In the cs&e gi_f)capsules and
tabdats, dopodidsagesform may also comprise buffering agents. Solid composmons of a similar type
may also be employed as fillers in soft and hard-filled gelatin capsules using such excipients as
lactose or milk sugar as well as high molecular weight polyethylene glycol, for example.
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25 The products of the disclosure may further be
conbi ned and/ or co-adm nistered with thronbol ytics
W@ @h/02971 i ssue pl asm nogen acti vat or (natural PCT/GB2003/003897
reconbi nant or nodified), streptokinase, urokinase,
prour oki nase, ani soyl at ed pl asfi nogen- st rept oki nase
activator conplex (APSAC), animal salivary gland
| asm nogen activators, and the like, in the treatnent
SUig‘PM the @fﬁg trindatipng emay eentain a digsolution eilaThe Gigsohtiarcaid ¢ raok imited as to
its idéﬁtﬂ{' b PG -as khe pﬁéHnEc%uE?éallJ Q&eﬂ%ﬁ&l E)%‘rﬁgf‘es TRY.dB Ronionic surface active

onbi ned and/ or co-adm nistere

age@gﬁ S5 SHeesedrity, addgstere glypgseldathnacisorstrss isprbitan fatly agid esters (e.g.,
sorblmetﬁbleéte)a@6I9¢tﬁytlene3d5yc31h @6l¢o)dy§chyaéﬁé%yﬁfogé’da@e%dca§to%ﬁ hIS?ﬁ’lloxyethylene

t a pati ent
sort g e e, polip TSR, TS rethopyirsiofene i cthers
polgtixpethyiener elkglptengin etle#sl D?olvethyl.ene aglfcoIX-fattyi rﬂdidblett@fs, poleRyethylene

el WD (i e
POIMMMOQ@GFUC@EBZGG%WS&ﬂtaGMhrlaﬂtf’alrty taclel, esters, propylene glycol

mo%fé’cﬁﬁ B @B:@Hg h F%{ldx?eth?f’é?\ﬁ Gt ﬂ%ﬁ)\? g@&q arﬁcﬂ{ofa% dat%ﬁ' Sters, polyoxyethylene

Accor -thro
sorpjfok Ealt%égg &5tRray b agih Aty olaseidesn andoalkylamingcmrdas; dile peidi and salts thereof

(e. g’i{hhé@‘ﬂb&yc%}{@bdkﬂ lchdtic adid) Qfe@fy@rfoﬂe adid) @elﬁ@rlot:l%hg e8¢ Er‘lobs%ﬁ!s thereof, and

¥ tered to a_ hos obtain
g'y"t"f?r%r'iﬁl”ﬁe %‘J‘fgﬁ?‘ﬁ E‘]?r?%f;}o”écfﬁugéqe actie ﬁgﬁ"t%ﬁyc'lﬁsﬁé?'um laurylsulfate, fatty
acid $vapsylalkyisulfoités, tikyiyhosphates! dthdr phexpheats, fatt) @GH €Xts of basic amino acids;

e e tual dosage | evels

el RE e T o BRSSP s st agents
SUCUasbetwse;sraedamymcanlmx;mramédal!so as to obtain an anpunt of

the active conpound(s) that is effective to achieve

the desired therapeutic response for a particul ar
TheactyesgomponsiapEy ialse ba in Ly aferpsulaRd fotimi iR PrRrepsiatepwitt One or more of
the Gb&kardnbbhet@xdifiér@d. N as a "therapeutically effective

amount"). The sel ected dosage |evel will depend wupon

the activity of the particular conpound, the severity
Liquid dobkamec fonds tfonormrdbeadn@wnitraﬁ@t autiuald dpHahRace@aii fatdéﬁtaaédemulsmns,

o BB o U 81 o LB b B BT Bph 53 8 o osoe
forrp ey cofitainhieert alilgEoisncbnasonlyevset sin Ithevart dubfaras rveeteri srecther solvents,

solJbﬁE:n Q ﬁ?. érﬁlvé?nlﬁé}%rsdﬁﬁh 9gth Itglc‘:aorh pﬁgé h@l cgh%?t él%)g?? é%r{ate ethy!

I ncrease t osa e un esire

acetage, aewleaﬁébpl begzyFegnzeake: ppapglend glydok 1 3thubvane glycol, dimethyl formamide,
oﬂsQWE)#ﬁ&Qﬂa@t &ﬁoﬁgé@& Ogrblfhdﬁl!ilec&'ﬁs Rl oWeak?s‘?d#”hﬁH §és%r%'oﬂ§g glycerol,

salts of TR 5 he sal I nstance
tetf%’?ﬁ/ﬁ{%@ﬁé@&ﬂ@'fnp%twm. (el anf' cfﬁﬁt»o agjd tegtets ofnggriigpn and mixtures
theriewl. CBesided ingrt dilu@atse the a8 @ompositihs ﬁ@ﬁalsﬂnﬁ@de §cilviahits BL@Nds wetting

a0efiS M PO rbrtnfil | S Suite e TRPIBR P Bgeiming agents.

- Susprrints, tin eegldition rteghermntsveacrdnponndsuahm cbotairg @gsparihg 3fents such as

eth(kalg eﬂeﬂésté%ﬁh S&llt.%golg hﬁ?ﬁgoxge%lﬁw bfogblﬂop EH esogﬁgts egyers, microcrystalline

ence. Accor Fher ' as ect
celliglosecaleninive m%@ydroklée,@ﬁmhltﬁe@gaaﬁgm anid tyabaoanth@ad miteres thereof.,
formulation including a product of the disclosure, in

adm xture wth a pharmaceutically accePt abl e adj uvant,
The product of the disclosure may be presented as sohds in finely divided solid form, for example

they may be micronised. Powders or finely divided solids may be encapsulated.

The active compound may be given as a single dose, in multiple doses or as a sustained release

formulation.
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di luent or carrier. 25 Solid dosage forns for oral

adm ni stration include capsules, tablets (also called
w@Rik®2207powder s and granules. In such solid POBF&B2003/003897

fornms, the active conpound is %ypi cally mxed with at

| east one inert, pharnmaceuti &l y acceptabl e

excipient or, carr uch a odiumcitrate or )
1t GHCE P, SRLlrE =hisarnd Tl herk e, Ve Pharmaseytigh procucts
conaprisien d emesal sali; le.gasn slkalirmdtal salt, lofia howeic asitef Es@ula gi)mcmwne particle
o A (it e L MAERLR, 316t Spropriae fo ora
adrﬂoilstyationylﬂpg/metéllSakﬁmgl,tablysam(acldgdt and acaci a; c)

humect ants such as glycerol; d) disintegrating agents

such, as agar-agar, calcium carbonate, potato or
SyRtfesisca starch, alginic acid, certain silicates and

sodi um car bonate; e) solution retarding agents such
;. 8S arif irtll' f. 'b %[Hpt,i on accel erators such as

: ounds; g) wetting agents such
as cetyl al cohol and glycerol nonost earate h)

Thﬁa%;é?{egg ﬁiﬁ @or@%@@egqn@?ﬁn@a%lr d CB{;-B Fro 0 @#e raﬁ??l)ls familiar
to hpseaskilie@in the gttiand @wwmylt@ewmg IaylomrttlpnedcabpuﬂnlnchldmgICIaeson et al
(usS ?}H4§I43 aﬁH‘ gth@s?(taHH e&kilah &k ede(wo' éb/éﬂ%%g Caﬂ& %:ﬂf . Fr%l%é’r]s Qfciuding US

osa e form may

onpr
56“l§é?8f)e rIF ﬁgdea?j@ﬂ‘i glso leElganqymgﬁdt’ g @fﬁsMw %o/srwp 840:133p\78, 1993;
CladBaN,Gakisd) BvRHeeim |290‘90‘b $%, 1d9B) §éa’i1m'aﬁ1 eSAL ERDFe Mmpibition 9:29-41, 1995,

O AL e B o e

pol yet hyl ene gl ycol, for exanple. W 2004/022072
0 g4 L
Stelpgggl cont g%h%gg, ?ésol ért ?gér]&?%&%ro?h%eﬁ'lg;%g?lug 'rt%ﬁ"n%f &4 Egn may be
condunted Usirigt esthblished methodgogdydElgendyyetsab 7Ietzrafg>d/@s Lait. 38:4209-4212, 1992;
wo%?dﬁ@é?%fbﬁ@ %Xm@e?&uﬁm(ﬁ'y U‘%SGEéﬁgE lﬁ@s +r)1?a —d)s pmgﬁgg%%scthe chiral

surface acti

diregtor llaftesen elcdr-b IA”T £Pen. Geo A0B8I0H1Y, 1936+ Wlattesenteytal Wrganometallics.
3: 1@8?41-1128351@84)3 AnBth8r appﬁaa@rﬁ% EH feddhvel thé @q@ﬁ%@émm&b@@h@&hﬂf&%fé@“ate (e.g.

Mp%h%@ Ié? egﬁ%ey é% rhea o 0@5 Eg%grgarégq%tgﬁé itotlo the dipeptide moiety

(e m@by@%é{&#%@ avhithKy the gthe é§Csz[BPIhH9KPIi@9) W@%Mﬂlﬂ’ﬁbﬁh a&emainder of
alk | ethers, pol yoxyethyl ene al kyi phenyl ethers,
% ?hyl ene glycol fatty acid esters, polyoxyet hyI ene
aI kyl am nes, pol yoxyethyl ene al kyl t hi oet her s,

Th f Jﬁét}'o% E?é}l Ny §yrﬁ|9€is¥é)3(ﬁ4'?5lglq%( kheeq‘grn%: gpé)or%n'?é’c?d esters, particularly esters

ene Cero
W't"p@ﬁ"e' a&cmdw ey mma ¢ ¢onygited t@ﬁ’ﬁ@ﬁ@tlde beiopiglogie &s gesgrinsti nexd.
nonofatty acid esters, polyoxyethyl ene propyl ene
gl ycol nonofatty acid esters, polyoxyethyl ene
2. fer 4o Al SN d esters, fatty aci d al kyl ol am des,
and al kyl am ne oxi des; bile acid and salts thereof

i oA O Bl b BB R SEREHESHAS o o

the gbryaspongingracitlaur i ne conj ugate thereof); ionic surface
active agents, such as sodiumlaurylsulfate, fatty

acid soaps, al kylsul fonates, al kyi phosphates, ether
A n@\f@béﬁﬁmﬁt@s‘or goaYaringaa figl esker pka geptigapioniaaiid of Zmde (1) o the acid

coﬂﬁné&tm&ﬂl&@merkﬁol%gﬁpm aNEthé dndl paftidalbif) B AlalkylPeman Féé{:ﬂng the thus-

oteric surface active agents, such as

d'ssﬂ'é?‘% dﬁégvltgrﬂj n@ﬁmmgc éqrb%cig;rppca g@lkan%aéml@% 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



10

15

20

25

30

35

The active conmpounds nmay al so be in mcro-encapsul at ed

form if appropriate, with one or nore of the
w@banm220eNt | oned exci pients. 20 Liquid dosage POI/GB2G03/003897

oral adm nistration include pgﬁr maceutical ly

acceptable emul si ons, sol uti suspensi ons, syrups

exfrﬂ)ge fﬁ) et \'}lﬁ tﬂe grgc' Lh é} év%H?r ?onau%h%v\{eaagHonB eﬁ%@at’ ion. hﬁe reaction

osa ain i
betws?mtbﬁ Hipl qgtas and iihe ﬂh@rrmetmwwch:amsd ouitupder geflust faeexample.
sol vent s, solub|I|Z|ng agents and enul sifiers such as
et hr¥1 a# %oho i sopropyl al cohal, ethyl carbonate,
They{dgRHity oisthg Cioy isnot ciificaly \As syitelimeipls My beymenyianedalipkatic and aromatic
cormfooﬁdd fenBg %I&ﬁf@) grodps&h&uérh‘|s§ﬂ$§sﬁtmﬁd¥&pbdjac@ht"@%mﬁ| atoms or on carbon

atoals S ’“‘Q'H?ﬁd by {;?er é%$%pa@f L)asé%&"&ﬁ) o&ﬁﬂ mglgged%npounds having at

leasti tive )hydrgkyy greupsl separsted malaydaastftlwacumr}ettlrgl @aegoflatoms in a chain or ring.

f bi t
oo LA e U ) S b o
dio isapinasein@sis nathends wingnesio othprecinand elsadjeumeantiosed nedpentyliglycol, 1,2-
eth¥Rblol, ng Z-ﬁ‘&iﬁﬂ&ﬁol ef@lbl%bérﬁéﬂlelg Q@q)u%H@d?&ndi @-Qns"a%w}ecthanedlol 5,6-

sweet e ]@% avouring’ and perfum ng agen
decS@Fé’E’éﬁ?l g'CVC|°He’%(l§’HWaf‘¢d&'r to the active conpounds, nay

contai n suspendi ng agents such as et hoxyl ated

b AN R A p—.

mayabeutiie sarmeromdiffepdny.d Ao Bxetip|anbethdr aandidtlyl ethgar - agar, and
tragacanth and m xtures thereof. The product of the
di scl osure may be presented as solids in finely
Thedaligil gesdpss of the diatianglarhioe pesfesahhl bava 3., 2h8yor Magartma atoms and the alkyl
groBsChay 'b§ Gfe éfrﬂ%?rd?ffe%ntf 'A?\eje%mgfaﬁ} gi@lﬁar@%h{ir%sisr@éfhé?ﬁlamine. The
encapsul at e he active co und may be given as a
d'eféﬁw@nw%@lc 3cid raptien progucy Bysalysey inuates at rpometiemaerature and the rate
of Hy@loRas May bdadidibratet B addiMg 2R bER2072 PCT/ GB2003/ 003897
43 It will be understood fromthe aforegoi ng that
there are provided pharnmaceutical products conprising
Theapolat aigars@lsblyene . ig) preferaisly IGHCE.  Ottiellexameids, aref poyhblogepiied alkanes

R LTy AR LG Y S———

alcalols.or m appropriate for oral administration. The netal

salt is suitably an acid salt. 5 Synthesis 1.

Pepti de/ Peptidom netic Synthesis 10 The synthesis of
Thecﬁgpgqyé 'gg;l éfesslitaliiyng stepio m@)rgan@raaé)abarpﬂen the region of 1 such as hydrochloric
acmchﬁei%ngil‘@ Pr o- Bor oMpg- OPi nacol is famliar to those

ski |l in the art and described in the prior art

menti oned above, including Caeson et al (US 5574014
After Imeactdrh@itts theaatidl, Makieadtio tmidlire ($\EXiABY WASIRR vt fradXamle, NH.C or
ano pbg @ including US 5648338). It is described also

%Ef% Ny et al Adv. Exp, Med. Bi 0% (USA)

340:173-178, 1993; dCaeson, G et aI Bi ochem J.

An é%g,gfé%? §Q€gl8%&%9€%urqum et al J. Enzyne Inhibition

1. The pinacol or pmanedlol ester of the selected peptide boronic acid is dissolved in diethylether.

2. Diethanolamine is added and the mixture is refluxed at 40 °C.

3. The precipitated product is removed (filtered), washed (usually several times) with diethy! ether
or another polar organic solvent other than an alcohol, and dried (e.g. by evaporation under
vacuum). ‘

4, The dry product is dissolved in a polar organic solvent other than an alcohol, e.g. CHCls.
Aqueous acid or base is added ,e.g hydrochloric acid (pH 1), and the mixture is stirred for e.g.
approximately 1h at room temperature. '
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15 and by Deadman et al J. Med. Chem 38:1511-1522,
1995. Stereoselective synthesis wwth S or R

wa@eokjogperat i on at the chiral B-term nal car bonP@EGBR@3/003897
conduct ed usi ng established hodol ogy (El gendy et al
Tetrahedron. Lett. 33:4209-4212, 1992; WD 92/07869

338) using (+) or
%r@aﬂmlé b lg?%géaémgsg%@gﬁ @6‘55 Feet or (Matteson et
e Q!lgaan?P'VQDﬁ ésrdistiBisicoff ahgd ghege)dB Bfid po8ET isvsitd.eson et al
Organorret allics 3:1284-1288, 1984). Another approach
is to resolve the requisite am noboronate internediate

The gboye Proggss reselts In Sredpynagien efevhisk iy enyenignthy b refereed to as a “diolamine
addleSior etk fdp)idd Berome addidoraovvlag(ly, tes;ie@laﬁyhﬁlcl‘ii laB®REsI i diethanolamine,

and 8k e Frf: 1EBRRNES R 1 e IR Ehc hecRaeriRE UBfure of such

addulats igmit Goavne the’;? migrt eorbyrise peprhpadiad inyichee SydGXYESHs 38dlthe nitrogen
of lch'gI c{téla% }wé/ a e Nal H}%I’JII%EQ t%ftﬁg %é'%m g'\e?gl\j%ﬁe%fngrisse’ lgre ghmgpucts are
howerccnmeldm@do e esters. p&martiddahoovenproduct iindiudsd detherdiduieslire is that
obtﬁﬁégle by reaBfigSs pthcoA@l‘ BinérRBYECEE: R a SthpbuRESt Ecfifula v, particularly

boronat e ester such _ as
(R287 TRI0C PR dipthansiarminep be- dhe RAMEbProdsy isn (RySIRIoTRIS8efdiethanolamine
“adtadt vherdrthe GEiE isARBR)ERNgocaci d. A novel techni que for
converting a diol ester of a peptide boronic acid of
formula (1) into the acid 35 conprises dissolving the
Theldigdémies h‘aterihln ofdthe disdiasureanmey bpaiefiried @b acdripaition af deatter comprising:

e.t h eﬁcfa@@ff{)mlﬁ (gﬂz ddl ssol ved pli ol with a

di o am ne Or exanp i al kanol amine, to forma

product preci p| ABe precipitate,

di ssolving it &S%B% e@%?%% | vent X ggd reacting

t he t hus-di ssol ved product-'with an aqueous nedi um
whereig X iahl aigoeour® meteding goup,ohebbroe afpeplsiogeonalyr aoidnated additionally
wit?g 'nﬂ'o ﬂ”'szom bé?ﬁﬁ Q!F@ \&hew Hatp?% tlpeetern(ﬁﬁz? }6%{?‘8& Ig b eﬂ,ﬁh@? may be attached

org any ayer o m xture resu
to a ee:mhd (cwalehbboh&)bﬁ(]&'ﬂdeﬂ&%m BICHAVER30M8 Gt 3D Exarfifle intermediate,

b
s e BT PR el The  Cacti on - bet ween

the diol ester and the diolam ne may be carried out
und re : . The identity of the diol is
not@Zrit{iLc%%l?sé@& a(gg*e di ol s may be nenti oned

al i phatic and ar omatleCHZQHanpounds havi ng hydr oxy

groups that are substitut ed on adigpent carbon atons

or on carbon atons sQ@$CH;Uted by anot her carbon.

That is to sag‘§ sui tabl e diols include conpounds
Whesgity ithiy valency S@gistof ttiionIHgEAN oYM Gné disstwoeprasent atdmbys epen. It will be
appk‘é%ﬁﬁefd tﬁéﬂhé?lféﬂﬁiﬁé! 'bkﬂﬁn GRM3 %F‘th@tsﬂé'éﬁs 'of‘foﬁm%‘ ﬁk? thé b)@%fép atoms of

ass of corrprl Ses y rocar bons su
the 599-0@& aEfiorrg}ulq (R@ "ﬁwﬁ §8yeame Gu198N tome 18 wsich CafR 1 Spscies o formula

forrd daiclaistenWith thRGHERS of Briviln@xredi ol ; there may al so be
ment i oned neopentyl glycol, 1,2 10 ethanediol,
1, 2-propanediol, 1,3-pr opanedi ol , 2, 3-butanediol,
It \&ill Z)Gddinpwi@tedpwabthmafea’goihg téshiique comprises an example of a method for

recovering an organoboronic acid product, the method comprising providing in a solvent a dissolved
mixture comprising the organoboronic acid in a soluble form and a compound having two hydroxy
groups and an amino group (i.e. a diolamine), causing or allowing the organoboronic acid and the
diolamine to react to form a precipitate, and recovering the precipitate. The soluble form of the
organoboronic acid may be a diol ester, as discussed above. The solvent may be an ether, as
discusséd above. The organoboronic acid may be one of the organoboronic acids referred to in this
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decanedi ol and 1, 2-di cycl ohexyl et hanedi ol . The al kyl
groups of the dialkyl ether preferably have 1, 2, 3 or

wa 2@ankom at ons and the al kyl groups may be tPRET/SBaw3/003897
or different. An exenplary ethgr is diethyl ether. 15
The al kyl groups of the dial kanol am ne preferably have

spéhf‘ cation, 3foP @xa‘}néﬁ@rtm et Q’rﬁmﬁtﬂéj (lt),lhg})aérgﬁg kgﬁeo Qﬁoﬁgscﬁt?ed in this

he sane eg ferent. am ne
PafapféPWw'éHBY ARAHermsEReaspegt @‘tthﬁaﬂ%qoawmné/r@f@vw methad isa*ltratuon
react| on product hydrolyses in water at room

erat he rate drol ysis may
e, SRR BRPUGEE ARRTIE S e Pl dam Soterutenpespnic acd s sutabl
cardedyau ietarseiévated ttempergturef for @dample Ghifdr 3efluk her exanpl es
are pol yhal ogenated al kanes generally and ethyl
acetate. In principle, any polar organic solvent is
An%tb@f@pme&mféh%dlmurs ffemmethpc-fohiskayerimBarar ganabprewsmEcies; camprising

' S §#<bknﬁﬁ$| i adorfif JORJB@ lﬁ EPPét nérporgéﬁogorﬁﬁ c Aci® b la nﬂ?a drug such as,

lon O such hydr ochl ori aci dr exa
egAf @?mﬂoé%f’c‘fl?fﬁ‘“{ﬁ(fﬁ the acid, the reaction mixture is

s u: forfing awahepbf\tnetdatubréwmemmr@r NHACI  or dan ot her
! B nd e B TP g B ool RS S emine to
reagtedithche sblybégibina ef the organoboranit dcid & fdins sroistiubld precipitate; and

di e ) et hanol am ne i s added and the
m x%%ér{\}gﬁ{'{ﬁ]%gﬁc@aetg at 40 C. 3. The precipitated

product is renoved (filtered), washed (usually sever al

Thd ﬁeFfﬁss)oluWet’ iﬂ thl ﬁ{a&\ﬂing Sh3 rhl%f_érsot'b spebies. egh ?%’ S%Bst%[tglﬂlr]'h&re soluble

sol vent ot her han an a

in 9 agastion MeHum ﬁ@@r's thﬁaaraqﬁﬁatedmrodwre mr\ganw@am%e meghod, the ether is

repRt&sY| t¥l8shel df afotiélatimaBE Sieh SOl vent ot her than an
al cohol, e.g. CHCI 3. Aqueous acid or base is added

e.g hydrochloric acid (pH 1), and the mixture is
Thsﬁiethaemjarfuoe peedpitaticapietioiquaadestriped labete rsO@rmexample of another novel

eGP, 9 LAGHR o 1 AR i ot o

peptide b@r‘pmn acig, compesing dissoivingstidthvamalamire inlitist sdidtied, albfingrod causing a
preEu'J'lf‘ater fbsfo?rH aAnﬂSrQ%o\/éirrgrtRéj EI%EIPIEa\"’E%dFI'h@ Gisaddife @%?ﬁﬁ?s?&o\gaﬁncts of this

resul convent e
methagsdp ?Néﬁh ?'@Pt'éﬁf dig! tham Binagel Qﬁélna@d@bﬁw&d of the peptide
boronic acids of fornula (I), especially such adducts

th di et hanol am ne, =~ and such adducts are thensel ves
The BiEsigiEd T e é%‘#q% c3dgutr &3y PR &OMBIRL fodhe §ee argenpbaropir acid, for

exafpleiby contacting it with an acid. The acid may be an aqueous acid, for example an aqueous
inorganic acid, e.g. as described above. The precipitate may be dissolved, for example in an
organic solvent, prior to being contacted with the acid.

The disclosure therefore provides a method for making an organoboronic acid, comprising
converting its diolamine reaction product to the acid.

The acid resulting from the methods described in the previous two paragraphs may be converted to
a salt of the acid with a multivalent metal, which salt may in turn be formulated into a
pharmaceutical composition in oral dosage form.

3. Salt Synthesis
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adducts is not known: they m ght conprise a conpound

in which the two oxygens and the nitrogen of the
waelr@samone are all coordinated to the boron; tPeyGBR@IN03897

conprise ions. The adducts argy; however considered to

be esters. A particular novel product included in the

In §En§|%| ‘E’r%gaﬁs h%y bd ?réapélrgd &béoﬁfaaﬂﬁltﬁe %véﬁgﬁgu#%o@w la@ia%\&h a strong

0] nanedi ol ound
baSﬁaﬂPPmerLﬁt%M fprm(tlt@ desiepd Wél e caseiofdnetelgaie| thermetal hydroxides are

suitable badeb Qaltéﬂ‘béﬂilelypW@érbéfﬁte@hékﬁb@ uRd; Tdrlexample), whilst sometimes it is
wher e the aci dp

oSSk 38 T o s o Sl S ekt or i
purpose cheosumrespandiyig bikandielk iarsaithbiessolvertt0 IFalES With 0gardd ba¥ed hey be prepared

o Rk SN B0l ST byt o o o
(ong nB@iripradorpreptaesst) iandy tgmaake acid Iseitsbwithom neinovaldnts cation, the acid and the
base Riré QL‘ﬂ%Hyyreé‘t‘PQf qi ﬁ%t%ﬁlaW$u¥ﬁdg¥Q{ hﬁ(ﬂtlew td%nQFlR/ &étgégetﬂerefore the

atom and the val ency status rmna y
US“P%BC@;P@FP WP*H@VU%?U%”BQW adnwhere nds the yelensy af e vatios @f the base.
bond, be ionised as -0-, or have sone other, for
i nt er medi at Q status). .and, .in ,bondi ng .
1 G BreSen h SRR B P?f?%\%? DlShlh it o8 Sokety TS ot Fgivent, for
exa@Pld2Cetanitdle ofl anl ajcohdDEH-E. GHiholwhethanal) at m@a\nal fon eyantledéddsropanol, or

ol R B0 A r B O ) AT s

allogedie redct tahe tb@édt dss ragpvefedr nilihea reaction mntyipitatie cemigd et at ambient
tenféEn%ﬂFe Qg. thg é&s&hﬁﬁe of ferrfﬁch@ 3090, dRY1PR) bhR Smf'(?% elevated

en at ons case spec¢i es of for
tempgipTiEe H‘a}ﬂlbﬁlus%‘btf%”r exm“?'ﬁ upHe t%b@'ﬂf@sp%t of Hienfighcion migture but more

usublly lodér] egea edmfe%ﬁ]r@bﬁwpf fohmatc ?ﬂﬁ)g@; qn@g%gm RGN EHS: allowed to
of a nethod for recovering an
Sta’&f%%ﬁé%@i%ﬁ@é“aﬁ%%eg} oduct, the nethod conpri sing
prow ding in a solvent a di ssol ved m xture conpri sing
The ttﬂ'ﬁe gﬂ&gr\ﬁlﬁ@'\r ﬁ\g'af.ld%%h Qr(x]e B(;%fg are) l@)ﬁ/ﬁ@ tc]>c ﬁer lﬁ qgﬁﬁisal é)lul(“)myas been
founQd d@trau!ae i roalratun the) reac{uaumlxnge fmr abledsbwhengpur.na period of from one to two
houfy 1§ BERRALAMNE bR Trler st mesth) b@'@nﬁ:ﬁg@oo react to form

a precipitate, and recovering the Ipitate. The
sol ubl e formof the organoboronic acid nay be a diol

Thee§élte ay 30% F@c&%kéﬂsﬁéh aho Veuctioh @@k Vl?y”&ny”ﬁ)ftaﬁ@ rAdthod, Jor example
et her, di scussed above, The organoboronic ac

evaﬁ%@t'%emoqﬁ%ﬂ%tﬁt'qnhePrsca@fé%b@%h% arted o eroang A Qe A a miscible
solvieft iR WH@ZI@&Mt%QWn?edE@Eh@ZW&*&Q&%Q@d teérﬁuque the salt is recovered by

evsSRE Bl AP i L 9B ol o s Bl oo
by reslisaavire] tlaendalf before fteriag e resokting Iselutons ahd sltyirg. itAfor example by

eva{ftﬁgﬁ%tﬁ éc%/ %rgr]?eﬁg oghr?ic[é? %bl'uﬁcfnlarﬁé[y %Qr%erd ?J?lﬁ% ié/g@r, %egt \H‘Etﬁlgd water. The

e SO ormo

.saltom@aﬁmolpeb.mrttleta@uréﬁeﬁ,sfos uaxaram én order to remove residual water by further

redissolution in a suitable solvent, which is advantageously ethyl acetate or THF followed by
evaporating to dryness. The purification procedure may be carried out at ambient temperature
(say, 15 to 30°C, e.g. 15 to 25°C), or at a modestly elevated temperature, such as e.g. a
temperature not exceeding 40°C or 50°C; for example the salt may be dissolved in water and/or
solvent by agitating with or without warming to, for example, 37°C.

Also included is a method for drying the salts of the disclosure and other peptide boronic acid salts,
comprising dissolving them in an organic solvent, e.g. ethyl acetate or THF, and then evaporating to
dryness, e.g. by evacuation.
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5 carried out at an el evated tenperature, for exanple

under reflux. Another aspect of the disclosure is a
woredohoekofDr recovering an organoboron speci es, PCT/GB2003/003897

conprising providing, in a fggmsoluble in an ether,

an organoboronic acid, for exanple a drug such as,

e.g. , a conpound of formula (111); 10 formng a

sol ution of the soluble formin the ether; conbining
Generaly s yeisered Solvantshiok use i8) RUEREIARE Saltsaate elyl asstatiy 0bTHF, or perhaps
anotised 8fgagic kdientli al kanol am ne to react wth the soluble

formof the organoboronic acid to form an insoluble

precipitate; and recovering the precipitate. 15 The
A gemmrahptasedundbfoe Synthesisilesatis efdtbdiPhetPioeBoadMpapdi is @ fatlend: O

speci es which are substantially nore soluble in the

reaction nediumthan is the precipitated product. In
ChzgRtheiPagrBeropg-OH(26:800h 8, 1mMi s elisselvedi 5 acetopitrie €200tW) with stirring at

roohoferbﬁl%tlﬂé afboih%e:EoILﬁ‘lbﬁ'EaEHd?edst%‘@@&lﬁste TH%?e in soll{)cloa in dlStl”ed water
di et hanol ami ne precipitation techni que descri

(19Prgl)ia Fechasis pddedfas a0 hRottipb{pE p mopevalent grben. Thsi reswltarg lgar soluton
is ahetddad réaet for %mgbl%fbyrb@nﬁ et @tah@ 6r Bl gitarad, Efoﬂod D6 Peri®d, in either

di ol
cask, S ABRCAR o 5 B 7 aREBhisameal Frinee f mEcratinterppprature (e,
15-30°C.omg i to25%3 bet ahtgrnatwelzyrthe:tep‘lpe-twe tnay boelavatside.g. up to 30°C, 40°C

or 9{92@ %P&&#otn?\ﬁxtm'eqﬂh%E\%Elfated-r od c%szan o%%&uﬁm?v@%n{%ﬁsseerature not
excgﬁdmoﬁPC,ctvpr@alm tnydeld e|white btittle $olid2 anhod/tpake dayid. t ﬁlhaeoil/tacky liquid is

redidEhvel 1iRlthe Iﬂﬁnim&rﬂean;o%qggphllgulleWath %t@ég%r?r(tz&ﬁ’n A I)( R/ﬁcally with

ree Oorganoboroni c acli exanpl e cont act |
waringH{e i toa3-§0° O tevalie for uprg 2 b@ir%ﬁhaq%twss B, suitobly through fier

pap@nX anRPERctedd leﬂ%le'ﬁ agafﬁ\%ﬂ\&ﬁé E‘err%@r‘a@bre &% tEe scfi\§10ﬁi R6xtd28fg 37°C, or
reci di ssol ved, for exanple

frei 0N TP eI BB IS agT vaeTh BTEAt SR o 4 Wt britde
solid.héf thei plodudis Presenti BScnosiusretatievief tee lth @isbahed iR ethyl acetate and
evallBlea opEssTP Bhosie FRATP EOE MR S oot v RER4 & vl = comre
amorphus ppwder.esul ting from the nethods described in the
previ ous two paragraphs nmay be converted to a salt of
the acid wwth a multivalent nmetal, which salt may in
In \agjptipng & ther FfoNleaqingigengeab Prcedyrs, e poetapistile iicreplaced by another water-
SREBRBIE s@ent, MoBibfanGRSRM Sasf | ;
08 a5 01 BT s oosésgd}?éémie?@?br?%eéﬁer aP} itk mibhanal, iso
progagphar amerl?@pﬁf“épar ed by contacting the rel evant
peptide boronic acid with a strong base appropriate
Wh%rg 8fb§£qrnn§|taréﬁ);al‘f E)Jésg gglal% E\ a ée&c{egg?a%a%g@géum&asglt ?oz%gt%h such that
its diwctt prepebtiondton therbakspoaiiigoatid &l vase i intumvertedd, thé tess soluble salt
%(Eﬂ{;gl convenient to
?gdfﬁ\pmé La?tldn&@?ﬁﬂ gﬁzﬁlée'{?%\ért}?n mq?["% al koxi de (eg
met hoxi de), for which 5 purpose the corresponding
TheF‘Q iK BRRIded §Is@th§ Wid G sorHR! atfeinth maReh it ¥ thd'di9iddARl Gncluded also is a

bases may prepare
method of preparmg a product of the disclosure, comprising contacting a boronic acid, e.g. of

formula (I), (II) or (III), with a base capable of making such a salt.

The peptide boronic acid of formula (I) used to prepare the pharmaceutical preparations is typically
of GLP or GMP quality, or in compliance with GLP-(good laboratory practice) or GMP (good
manufacturing practice); such acids are included in the disclosure.



10

15

20

25

30

35

by contacting the peptide boronic acid with the
organic base itself. Illustrative salts are acid salts

W@ 0we/0288CH proton repl aced) and, to make aci d Bel/GB2003/003897
with a nonoval ent cation, the, ?m d and the base are
suitably reacted in substanti ar | y equi nol ar

Smﬁih’r"f‘)ﬁ&btah@? areﬁ@@aqlgl ﬂet aﬁ&/@]; Q&Bpt%ln@fo? ﬁ%rﬁfacetugcal U Ichll Qne aspect of

I'S SU
thej djsclogire egideria \ @mppwndétmaﬁﬁr which isestd:rdﬁser acté€ptahte fon@harmaceutical

usel 0P G6H U&RY co%pﬁ@s 4t beﬁfheor;orérﬁeao%e&tfb%lep@ ogxfcﬂ PnobifforPof matter

er-m sci bl'e organi c sal vent

mai\g%%t”dﬁfttcl“'lmeéor& Or&hthﬁ B P ligd splutigp H'é‘ﬂﬁﬂerﬂqf?et hanol , a

propanol, for exanple iso-propanol, or another

al kano|. I.S_conbi ne i.th a soJution of the
BRSBTS S 9020 S oo,
espetiglyssalatedi agids ebiolv are @eptidedoroaiGtitd ofifornsuld gupircal |y -

carried out at anbient 15 tenperature (e.g. at a

tenperature of from15 to 30C, e.g. 15 to 25C), but an

el evated t enpef)whe(Srdyo-6o-MpgerdOHhor dX@ipl e up to

the boiling point of the reaction m xture but nore

usually lower, e.g. a tenperature of up to 40C or 50C.
wherhia XrigH ¢toi form Ml totereaming-piotectind groied t o st and or be

agitated (usually stirred). 20 The tinme during which

the acid and the base are allowed to react is not
One typicalc by lofifpraviding athe rdemedibieuandttis de Sis ra barticulate r&&hﬁﬁsmlbm consisting

pre&{fﬁp F éugﬁ] ? gb%gdé' B&RF\IQ ECI@ nJ:i ﬁ\%§é ?qg'{}gsnho%g Earg lncl@gg lncme disclosure.

The mpgé@* b@fé%it::taﬂ@ often foegs ﬁialyast;e?S%nw wight . of Theecasepositionagndbtgpically at
Ieaitgg%@rv@?bhﬁ b1ahe EJM‘DOEI@&FEIQO& IEHs¥X545 By WigRDY tHRhiAdktRn.
for exanple 25 evaporation or - precipitation.
Precipitation may be carried out by adding an excess

Ancdifier Qyp’ﬂaswaybbf%roﬁdiﬂgvtﬂ@'intérﬁlemﬁbfabld§ E%s%aﬂthdQ@ﬁnpédltlﬁhk@%lstmg of, or

condgirgissestiiy o o FEREAEBPIAGE PRl o SAEHP GLS A APGA MEHIEE in which it I
dissdivgah erssuspehided. sTHet liquid vphn&é ma"yibé ¥n bineobesedilim, . Ivﬁat@ﬂor an alcohol,

e salt before filtering.

for el AP o oo 0Pt Bty Bpendl i ey e o
the@fosegogi ng it to dryness. The redi ssol ution may be

perfornmed using water, e.g. distilled water. The 30

salt may then be furt her purified, for exanple in
Thegiogppsitians plle intermediate geifls avagereraly stetilet e compositions may contain the
pepfl@éjlb&&ﬁé add iR 'ﬁnélﬁdlﬂdéd‘*bﬁr@% Ricifate\Eiter pdsahg.1 S

advant ageously ethyl acétate or THE Po I'Towed by

evaporating to dryness. The purification procedure nay
Sepration bf Stéréviéonpdrs anbi ent tenperature (say, 15 to

30C, e.g. 15 to 25C), or at a nodestly el evated

tenperature, such as e.g. a tenperature not exceeding
Thedd@eason®Cof § peptida dnmphie estee osalsyntintly itermetiaecdmisshoronate may be

'resaf@éhqﬁ f@ln?{aﬂ{p gal ﬁr%l/vﬁ 1'y g}; d?%g: '&Flg\l s{égeo orh%ra Fgg\#gﬁlc %&ers may be

mﬂW@ﬂWM&PHbr drylng the salts of the dlsclosure and
ot her peptide boronic acid salts, conprising
di ssolving themin an organic solvent, e.g. ethyl
e or THF, and then evaporating to dryness, e.g.
by evacuati on. WO 2004/ 022072 PCT/ GB2003/ 003897 48

EXAMPLES 1 TO 3 AND 33 — INTRODUCTORY REMARKS
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Generally, preferred solvents for use in purifying the
salts are ethyl acetate or THF, or perhaps another
woe@an2w7sol vent. 5 A general procedure for PCT/GB2003/003897
synt hesising salts of Chz-PhesgPro- BoroMpg-CH i s as
follows: Cbz-Phe-Pro-BoroMg-OH (20.00g, 38.1mV is
rse@l ved in acetonitrile, (200n1) W th stlrrlng at

omtenperature. To t L dded t
Thwawtstm”%onem PR (TR CHES ) el Sy boratory glassware
and( WR&H&ppropriag, breielisedappdbad faShaadIIhg 2M Baisferringrof bio seraitive reagents

no%ovalent cation. The resultant clear solution 10 is
A€ YP9%wed to react for exanple by being left to stand or
being agitated, for a usual perlod in either case,

o Gl S5 RSB0 0P 55 A b8 PR ver

desitSatdr@r B G3sembling Abtt At Parging @lith atstrearh engrg hiogene may  be

el evated (e.g. up to 30C, 40C or 50C). The reaction

m xture is then evacuated to dryness under vacuumw th
Solvémtst enperature not exceeding 37C, typically to yield

I

Theac»r%}tc.I &:}(\}aﬁqs tugédei&%l%l ﬂr%get.rlrg%@fs%g \é!(easg‘? ﬁBtahcg 9?;“9:;’?' a]r-urb(r?ﬁy Suitably, they
wedn@bm@r8ﬁ“@1@WQW¢@@Uﬁbter necessary (200m to 4L),

typically with warmng (e.g. to 30-40C), usually for

up to 2 hours. The solution is filtered, suitably
Drfneésdugh filter paper, and evacuated to dryness, again
In Wetd?ylhé@rotmfo‘itmﬁrﬁpl@ﬁ ibl’ti?ar&bBl)tpmﬂluchscare eostedefdi dyness (including

dry[ﬁag]. te([a% ﬁ{quweﬁp[\(ﬁrgﬂpy Wr eergllqtl'@ﬂ)tSS + gr%#ﬁt fh? f&lleﬂg procedure
wadfolldvddeo dsteimink lodsfontctw)gaa(sainnie was plmeésuemvaca@m driergind diged at 40°C

at g@crh%ar‘?oqlitr%gF qJPoa:‘uEts o &hﬁ@e%d\/%g whih ﬁ%hﬁéére el %@hﬁibgn drying is

acua ness to ce t pro uct as
lessathian 8.5%o0fitla totEh\eew*ilOf @egtartina materiBlypi cal |y a coar se,
anor phous powder. In variations of the af or egoi ng
gener al ocedure, the acetonitrijl repl aced, b .
xR oEo AR be AFEETIIE bt IEWEs FASHEN SRBTIS MY Chfyersion of the
resaitR@TR 50c &Sthd buas ssdhadbsive, especi al |y et hanol
met hanol, iso- 25 propanol or another propanol. Were
a boronic acid salt is less soluble in a sel ected
reaction nmediumfor salt formation such that its
di rect preparation fromthe corresponding acid and
base is inconvenient, the Il ess soluble salt may be
prepared froma salt nore soluble in the reaction
medium 30 There is provided also the use of a boronic
acid to make a salt of the disclosure. Included also
is a method of preparing a product of the disclosure,
conprising contacting a boronic acid, e.g. of formula
(), (1) or (11l), wth a base capabl e of making such
a salt. 35 The peptide boronic acid of formula (1)
used to prepare the pharmaceutical preparations is
typically of GLP or GW quality, or in conpliance
with G.P- (good | aboratory practice) or GW (good
manuf acturing practice); such acids are included in
t he disclosure. WD 2004/ 022072 PCT/ GB2003/ 003897 49



Simlarly the acids are usually sterile and/or
acceptabl e for pharnaceuti cal use, and one. aspect of
W0 b@4@22¢t osure reside in a conposition of mnatPEr/GRRI0GI03897
is sterile or acceptable for pharnaceutical use, or
bot h, and conprises a peptide boronic acid of fornmula
(1). Such a conposition of matter may be in
particulate formor in the formof a I|qu¢d sol ution
or dispersion. 5 The internediate aci ¢°fy be in
i sol ated form and suel isol ated acids ar8 i ncl Mgied in
the di scoSuf” especial | gMgsdvated aci o whi chB/}é\a
pepti de boronic acid of formula (VIII1):
X- (R) - Phe- (S)-Pro- (R - Mpg-B(OH 2 (M 11) 10 whereu%D‘;?INA
is H(to form NH2) or an ami no-protecting group. OH
typical way of providing the internediate acids i %go
a part |M§6:ul ate_conposition consisting erDédom nantICE

such a ‘t,\l,»oséM?)oronl c aci d, gnd theseez y #posi ti ons
. Ln bhe ThenBlept | .
z 1(rlaaﬁ\loﬂr)n ﬂ/of\t/egm &F’?B‘W—Wel OB f YTheo

conposi‘tion and typicall aﬂ | east 85% by wei gf'?t of

t he conpositlion, e.g. at |eagDi®8% by wei ght of THBWPINB
conposi ti BH.| Another typical way of provi ding the
internediatg acids is as a |iquid conposidion p
consi sting le-l cPr consisting essentially)of, a

pepti de ca§|d of fornula(ll) and I|quud)=(

vehi cl #ﬁ WATCR it is | ved—pfRssdspeoded|. Nhe TRIS0b
liquid icle my b anaqueousme me..a,_vvae,

or an al cofiBIPINEor exanpl e met hanol, et hanol, QOI}

i sopropanol, or another propanol, another al kandl or a

m xt ure of 'l’the aforegoi ng. The conpositions of }e&gnolamine
i nternmedi ate aC| are generally sterile. The l
c a(:l‘dQ

conmposi tions contain the 25 peptide bor oni
in finely dlo\H(ded form to facilitate furdher

proceSS| 0g. %I on of Stereoisoners TRe 0

st er eqig4 ey s\ of pepti de boronic e r a 0=

synt heti ¢/t er at e ami nobor onat em e G00Q NH TR0
"resol ved™n, for exanple, any known‘we@/ Npru/

parti cul arz-pptnen eoi soners of boronic esters e

resol ved by HPLC. EXAMPLES 35 EXAMPLES 1 TO 3™AND 33

- | NTRODUCTORY REMARKS WD 2004/ 022072
PCT/ GB2003/ 003897 50 Apparatus Thggughout the

foll owi ng procedures of Exanples 1 tqg and 33,
standard | aboratory glassware and,“where appropriate,

speci al i sed apparatus for handli a ansferring of
air sensitive reagents aPe used.

=<o
0
HO, 1? O, NH
HO  NH%

‘r\—/N

TRI50c

LDA = lithium diisopropylamide
LiIHMDS = lithium hexamethyldisilazane, also known as lithium bis(trimethylsilyl)amide

5  EXAMPLE 1 — SYNTHESIS OF TRI 50D
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5 All glassware is heated at 140-160C for at |east 4
hours before use and then cooled either in a

waoele@uozArnr or by assenbling hot and purgi ng WECTIGB2003/003897
stream of dry nitrogen. Solvents 10 The organic
solvents used in the procedures of Exanples 1 to 3 and

a dry. Suitably, they are dried over sodium
St\%\?ﬁ'éﬁ’é%% use. Dryness In the drying procedures of

Exanple 1 to 3 and 33, products are tested for dryness
prg%'egglje%di ng 15 dryness in terns of organic solvent) by

Servin ht | oss on drying. The follow ng
176t o 4632 mm@e FapeRaiEen teniaes ef-ii 9 (0140 sEnaie) @dye nand 427 mi dry

teﬁél'[?@rloﬁ.:r%e Ellla?é‘e‘ad:nd Rested RGN GhérPls AN a@Bl’uﬁQ\ 0'?§6 @3508 mmole) 1~
Products are consi dere

00 .nb f
h@aﬁ%% WH@X\?P@%PP@%@&% m*ﬁg.tgtrﬂhv PFRN S/ 7digd prd stirred wnder g unti the
vigdréafo edactione stans.al Ated ghd initialt Beotisar tdabgs, Mk e&dibon &0 1-chloro-3-
AT e 7 B TGN 0 A SR crume.
A0 thet teaction is Gnishedy thal reactiore mixidre iANDORACS/DDROT Bemperature and slowly

adﬁ&xg {og?’%lﬂﬁ}gﬁ Qpéi&? é SGﬁgmpaﬁ)Etélglgﬁ@lb%atemgs &g%tr?\lhy% ﬁi%é the latter

solgfioryis gpwq\po@e@w EC@ndf it Evazmdlgmg tige comrsp|abithe rgaction, the reaction
mideukel ALy b8 adtd to_it sfficlently slBWRy Mim@mtain feQemSerdiite IR Botution below
65ZC Dbpon compIN:e adg) tlJ)n the reaction mixture is allowed to warm to about 0°C and stirred for
another 60 minutes. Then a solution of 22.4 ml sulfuric acid in 400 ml water is added slowly so as
to maintain the temperature below 20°C. The layers are allowed to settle and the phases are
separated. The aqueous layer is rewashed three times with 200 ml tert.-butylmethylether. The
combined organic layers are allowed to settle and additional water separated from this solution is
removed. The organic layer is dried over magnesium sulfate, filtered and evaporated to dryness.
The evaporation residue is filtered from the precipitated solid and the filtrate dissolved in 175 mi
toluene. 34.8 g (292 mmole) pinacol is charged to the solution followed by stirring at ambient
temperature for not less than 10 hours. The solution is evaporated to dryness, dissolved in 475 mi
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-methoxypr6pane in 185 ml 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 ml dry tetrahydrofuran, maintaining the temperature of this solution
below minus 65°C. Upon complete addition, the reaction mixture is allowed to warm to about 0°C
and stirred for another 60 minutes. Then a solution of 22.4 ml sulfuric acid in 400 ml water is
added slowly so as to maintain the temperature below 20°C. The organic solvent is removed by
distillation under vacuum. 300 ml n-heptane is charged to the aqueous solution of the evaporation
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+ - Diethanolanmine 0=( 0\ / 0 0 NHop 1-104s N 0=(
NHBOONHTRI50d O NHON Z-DIPINH Acid O\ / O

weie»0d/02070 NH HO NHU TRI50c LDA = lithium  PCT/GB2003/003897
di i sopropyl am de Li HVDS = lit hi o
hexarret hyl di si | azane al so kno as [ithium

h de - _SYNTHESI S CF
rFi SRS ASBY 35 87 SHesT cmsisd o gisa g Dapppes ey Is sived at
arAbidit RerpeBatiedore phitriess Ahdn/2 Siogs.( ARZr SIoWlm |1tgé |YErg 16 SEE) the aqueous
I Y N e e e
mm@reﬂs s@fre@ a gniient demies atﬁl@ fgr (@0&sS rthaml 2 Jiours.  After allowing the layers to

se‘%thal ‘ﬂ{eoaq%e&ﬁtp'ﬂ@éy P Eéﬂ%@é@@d ' ﬁhelﬁ'é?rr@ulagé'ré’ ak%pﬁiﬁ%’ %Rci ngéhlgd once with

and stirred under

dde
2B waten f%“?\&% y 208 rplesatyrated sedium Aydregep tcAbprate é@l@t@g ‘and two further
wadhes 9uth Wooafl whted eé‘dhl OITRe Jrh @%M@Jno F&aé\%pbrﬁteaqgedjryness and the

e@éo%#go\élrésmugﬁls@%ﬁ rtal:t%P{vg h48 Lglage(la%ttq L 5|m$bar recovered.

Bdiling ipsinte ¢0-50%¢/ Crbaétnnhan m xture is cool ed to anmbi ent

10 added to a solution of 64.4
Ylé'&%qO@%nDB?@Q% borate in 95 m dry

t et rahydr of ur an; the latter solution is cooled to
stephopvpdpinggd, if it warms up during the course of the
reaction, the reaction mxture nust be added to it
sufficiently slowy to naintain the tenperature of

16t6hg §16¢ odrudid) @ifsop@baavning 563 220nANeMNBbEER aaéiaiatrge%nd E&ﬁ‘ed to —30 to
~RECH, ik SLRLAES L3181l BB e e, rtome
byzepirring et 0geH5Gr focorediadr.i Mhigl@8shivi preptesir solutiora ditlithiurg | distpyopylamide is
co8led 3% ~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 ml 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
tetrahydrofuran and 35 ml tetrahydrofuran to this freshly prepared solution of LIHMDS. The
solution is allowed to warm to ambient temperature and stirred for 12 hours. The reaction mixture
is evaporated to dryness, the evaporation residue dissolved in 174 ml n-heptane, washed with 170
mi water and 75 ml saturated sodium chloride solution. The organic phase is dried over magnesium
sulfate, filtered and evaporated to complete dryness (i.e. until solvent is removed). The oily residue
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15 to maintain the tenperature bel ow 20C. The | ayers
are allowed to settle and the phases are separated.

W(Tb(m/aqmebus | ayer is rewashed three tines w tPCRCGB2008/003897
tert.-butyl methyl ether. The conbined organic |ayers
are allowed to settle and addi ?1 onal wat er separ at ed
ved The organic |layer is

f I
o S90S SIS L S e et s e

purificatipy.ness. The evapor at| on residue is filtered from
Iyt olid and the filtrate dissolved in
Y'%Q?Z%&g(g%)zlaﬂgﬂleﬁ 34.8 g (292 mmol e) pinacol is
charged to the solution followed by stirring at

s@p‘qj 2OHIPIN RTREJOD, bide) OF not | ess than 10 hours. The
solution is evaporated to dryness, dissolved in 475 m

n- hept ane and washed three tinmes with 290 nl saturated
A sulitien WS 26:0b ¥ mmokef Z-BORIN W Y. drgqgmbtanemﬂgféatv@th sﬁm n- heptane and

B TELAPE GO b B S oAb P, e rsce

miBpiredis s@BEuRnhthOevie@idd amb Aushee etk taltneden, %lld?fhe ltérfgeratariend increased in

m%@m%?scoﬂsbgutjz QZ @ %t E?P%JS (3%6‘24@16 soge IS '}%‘8‘66@? mﬁle oily precipitate

anddﬁﬂaq@gssevqyallhr@esm 80 midtes) nihegiane dive om?emdueds yiiss@@d in 60 mi
tefrfyfifiysh @bluticimyar e charged and heated to reflux. Then

15 mM of a solution.of 66 g (608 mole) 1-

chl or o- 3- net hoxypropane in 185 m dry tetrahydrofuran
Toax differcieteidsiarnd raittetrahgaroflfAep4.5 gf(bm misidle) [2-0-Bige-PrY I BOERUR22 g (61.5

op S Ry et et 250 it B, K0 1S S gplution of 8.4 g
(655 owhgle)tispbriyrichiormonmate rin R@ mi édttabydroféddah ¢ addbe and stetedadr 30 minutes,
fol|o§vec§ 'bV'aﬁd]ﬁtQT oft $futioh RAGL! 'ZQ‘QZ \?\}Jéﬁ%u{?ﬁg &?et ga%géoggv;t? 0 16 m] (115 mmole)

enperat ure and
t”@m’ lz;_v[m@e (i@Q@Eng agiig|thy PH o QTEQ, imeasnechusingiapHSickd Tiokr rgaction mixture is

allé\«@édrt@méﬁﬁ &f 4kt téﬁ?deFEt@é th"&lrkﬁ' ?ort3¢BFr§r§ﬁI 'dg&a’er‘ﬂ troheH S’Ehe solvent is

bel ow an nus C. Upon co
the

VRIA] Brcniet o Mo apaTeHaR doa e Ve Rcn 0.l ter bufethylether (t

BME).i Theesbiuftion oRP-OIFIRin EEMEsMsR®. twitB @it a78 &I W isboRyddchioric acid. The
s, added sl ow

i B 8BRS rShar s S g S b s
waelnaglamthcﬂs ol weter, with 178 mo eatdrabed sodling thiydrbgeni c@fbotﬁt@l leutlon, with 175 ml

A 20 S BN, oG35 L0 S M0 St e

OVW@PMM@U@B@W fUBGEFrPESﬁde foll owed by addition of

Yiektt 28,99 (6@RPz-HmNe) pinacol . The two-phase-mxture is
sti rrecf anbi ent tenperature for not |less than 2

hour s. After allowing the layers to settle, the

 EXAIQRELISSYNTHESIS GFSTRS SUB{HERANOBRGINE ADBURE PEARE 53¢

charged to the aqueous sol ution and the two-phase-
mxture is stirred at anbient tenperature for not |ess
-The Istanting iatania .uséd irethisaEBtampienig théleolhta)ﬁeﬁfSTRIOSGE SRBDIPIRY) obtained in

. : 4 Th
B, BB R GcS BB Ryl R0 B whit Ffug furncation.
They§olugtion ofP-DIRINGR &BME (eottining 7 d  big® mmoie) I9&,S5R) FRESOb,Utalcolated based
on @!PQC Fééﬁltsfdfrztlf'l@fN) i$BRD6ateWitd Hgtgée% 2l ¢ AS or%ﬁn siﬂ%edissolved in 80

g P sol uti'on 1S evapor ness an
ml diethyl ether 1 51 g (14.4 mmole) dlethanolamlne is added and the mixture heated at reflux for

at least 10 hours, during which process the product precipitates. The suspension is cooled to 5-
10°C, filtered and the filter residue washed with diethylether.
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evaporation residue distilled and the fraction with Bp
40-50C at 0.1-0.5 nbar recovered. Boiling point:

wa 03022012 0. 1-0.5 nmbar 10 Yield: 40.9 g (70- 8BC4/GB2003/003897
Z-DIPIN B (o0il) Step 2: Z-DIPLN C 16.6 g (164 mmol e)
dii sopropyl am ne and 220 ni te??ahydrofuran are

T8 BTHIHE P TG nical a5 b Heb s (7 9 s ASeaved rdan dichioromethane,
caoldddpt0a5?€ and tiaed predyct fpcdcipmw.dby bydithiof M{th? cﬁéthsﬂbtﬁé? an@G@itered. The
ol uti
Isﬁlggeﬂ%%rgl 58 dﬁ%pa%ﬁéf%eﬁ éﬁglr% Egtofrea:sg‘l ﬁgurs,ngn%d t hen
- Yigldo'=8 91(80%) B®Pdit i on of 27.9 g (139 nmole) Z-DIPIN B in

M@@%ﬁdmt {4t14g4ydr of uran and 35 5 g (418 mol e)
i chl oronet hane at a tenperature between -60 and -

75C. The solution is stirred at that tenperature for

EXrvPLE 3R PRERARATION| arvesbiiiy sadidor Trasocof 480 m 20 (240
nmol e) 0. 5N anhydrous Zinc(ll)-chloride in
tetrahydrofuran or 32.5 g (240 mml e) anhydrous solid
1.2ika ¢2.b Imole) AREH0H dEsampld R ér dissbived inr1g.54t dlelﬁﬁ@nétﬁﬁneo l]JB L 2% hydrochloric

a n}éraddéd"&drt%@%*t&ré e rf@r Etsmgitlgg ﬁo\é\n’? mfn@l itg;ut 20 minutes) at

erature an i fre
rOR@ prgpertyie. rpeia“éftlﬁ"@tﬁ fotma i IU rtlee ¢rgarm/mp5ﬁ aAfmli stiing,cthy legears are allowed

to(dettR-and %Eﬁdraté@' Yﬁé‘ﬁqdeéusr I%Ysel@vaé\@@ t\XnQé ) P}fi{chloromethane The

1on o n- e t ane. reacti on
"\ng‘ﬁé QraRpie ??vars §renashed §’l§'l‘ P&P'P‘i,'onaqf 645 gvdmmeniugy chigride in 2.25 L water.
(Thabmmahien chloelieibaffeysdithe GeInof Gad b@ﬁéﬁseex%ct@ﬁi t bORithiAR%ange of from

. Th
A SR e el e sl oy e BrGan T
orgamqumam edrledgmdzr ynagressiuni sulfate,Uitteiet and khecidrate %vaiperma(ﬁd)dryness. An
asg-éhy%f %é ur ﬂ]m%’a%d' iS J&rﬁ%&s{?g %y eﬁ-llﬂ_korﬁ%ne '}%t@ ple 39 for at most 30

hout |ca
m'zs tﬂpmnfa"xcabosbzw@b atgoorzimneratur@) and the srobunts ofithe§ol@Btsaind base for

coBvelsldhBomiie el thaxa Rt By Eglcﬁfa{eﬁzaﬁQS ﬂmflgp l? féee acn? IS) obtained, the

eVﬁP%f‘f}i%5|yfgﬁEqUE r'ﬁr %Ple%ﬁﬁh a??t‘?'i‘giﬂ? MQW%B/ éd%ltmﬂéxﬂ afsglutigmef 100 g (2.5

mdle)mdnuﬁhﬁdmmﬂalés 813% schutiea® 2d LtWhter55ﬁEefs§iuh&¥\@@tukP¥d fdP@wo hours at

C dj
=i PRl Fo 5t PSR BOm SRt} o) BP0 AAparatiegn vacuum
(oft ¢d. J0fmreidd)l at qoteepaa&de aatl extéeding @bod. | H’i@&ap&l&ﬂon residue is repeatedly
dlé&&éﬂtlh g.rk I'.?re% c%ﬁ’c\ﬁﬂllé Qnm@f E& t%f] %Qn)ﬁrlyﬁ?stﬁ § € ove FAL ot wa%ler If the

for
ev@ﬁ%?ﬁ'@'f‘ sgsislde isaind rityin disspived fire3 baegianitzlei (omaltematnzhheln 6 L THF) and slowly

ad@édS®04 W&‘uré I?)f 374 WhegtarReRbans, dl\é@lzlﬁfﬁgr Wipd, 0 sz t?otn IEdIﬁJerformed slowly
wat er an m sat urated so ori de so
‘?‘ﬁ% BA 'i”E’P'ﬁﬂ [ #ickigg g the amé% Anhi§ GAEied awh oved period of not less than

30fm|ht|tE$ edl; harﬁieoﬁd&aﬂéﬂfpﬁéc@ldt Is@lt‘éfé@%fﬁtv%s?éecz RS S- i\(/t\éBta‘?le and dried under
ve e 0
el g S8 s TR 5 1 o S o S it of oy 357G,

dng n- heptane ThIS solution is carried over into the

Y,eﬁg%@éﬁﬁ,ﬁhaggngW£ Jeher  purification. Yield 32.2g

The procedures of Examples 1 to 3 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, it
is 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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5 Step 4: Z-DIPIN (TRI50b, crude) A solution of 26.6 g

(71 mole) Z-DIPIN D in 82.6 g n-heptane is diluted
wowaok/os®71 n- hept ane and cool ed to -60C fol | P@EGBRY3/003897

i ntroduction of 10.5 g (285 mmol e) hydrogen chl ori de.

The reaction mxture is subseﬁﬁjently evacuat ed and

flushed with nitrogen, while the tenperature is

increased in 10 increnents of about 20C to anbi ent
THeesypthetid proeedufdsedesaibedmi this aﬁ@@ﬁbé@ﬂleﬁtf chﬁeh@ eQépr{es were generally

S e I e ST L SR
tetrahydrofuran (Solution A). To a different flask 130

1. mppkﬁ%%yﬁong Y 50%40§EF19 d %iltré I-WF rﬁ?)’lf (ﬁt(?l- EGedio TH_'SOb were

ne are
dissplugdya ap%r%meféWe‘ijL fhethvlzfd)@r His qsvma,te% mabﬁlff@ﬁnfd?atches of TRI 50b had

lsdhﬁelrlblbﬂmﬁs Rihgifig frod 85¢HLs R tHTHHxEIss bmf{)ﬂll‘\c hl or of or ”Ht e

2 WPy o e L9 T S5 S 736500 content
andjprermigtonphvastrefluxddlat400@, up to 16 nl (115 mmol e)

3. tI'F1é @EHM gﬁﬂ gﬂ@du&gwa%&fgrﬁ&e %a%%ausse\r/eeréllge eg ?vithﬁg;ﬁ-ﬁ%@-ﬁer gnd dried.

4. ghﬁ @vertodust wag ﬁlﬁ&otye@rrmw Hyrhrpablosit adid (ht) was added! afidthe mixture

I e tro The sol vent is 20
wag\;gr(?ég{agproaln}akelydﬁﬁé éfﬁl? '%ﬁlé ‘evaporation residue
5. Ihsgrgtnicidyer wagrkinomed dremashdaiutithl NiyChsplugibmer  (t- BVE) .

e sol ut t-BME i s Washedtvmcevmth
J f@%mﬁ?f"ﬁsog!@n'ﬁwﬁaﬂéeﬁd&ﬁ\' 2t Do g o BIGRASE Wetoned) d o
washes are gi ven a rewash with 175 m t-BME. The
g ine ' ers are washed with 175 nl water,
Ty&ﬁ%'e@%p% d sodi um hydr ogen car bonat e
so! ution, w t h 175 m 25% sodi um chl ori de sol uti on,
EXBMPIED; OPRRPARRYSNG BF gﬁ*mh bRt idsdd | tered. This

solution s carried 2Zb over into the next step
wi thout further purification. Yield: 29.9 g (80%

CbZPhd-BbIRolXpid-Eottaine E"?r%‘th%d%? E-xrﬂspléql?zo OOg, 38 1mM) is dissolved in

ET OF TRI 50C
e R e
solGilim i distibédPivhter ¢is0ai)n eThd I‘Esulﬁnameéﬁfésolunoﬂ' f'tﬁst&ﬂsldufbf thdu% at room
is 0

S e I L R e ey
37%C. BV (@Qltﬂnmomacgy qud g5 (edissobednin 5@)mI( dRtiBed_vatERNB@bsary with light

wafRh§ U}’oi"‘ta%{lt %S flute@D THE Lsguﬁﬁ'ﬁ il fflt@reafthr%u@n Rk Snahéc'r and evacuated to

evapor at ed r ness evaporat|
drvaﬁiﬁsaﬂa{ne\dlth Weg@mpqwtum qf g, sodutine not el«:@.dlng 3(‘1C4 Thenmesuitalt product is
driét @dbaRelMTbREidH ARSIy 4 Nt Brdelofy. Neat ed at

reflux for 35 at | east hours, during which process

the product precipitates. The suspension is cooled to
Th&salth@E thelni dribe treddr @atdurh beersilit 10 fcodstmt Aighty@sigd Wi t h

di et hyl et her. WD 2004/ 022072 PCT/ GB2003/ 003897 55 To

i mprove chiral and chemical purity the wet filter cake
Yie[d27@8Pgi s di ssolved in 7 nml dichloronethane, cooled to

0-5C and the product precipitated by addition of 42 m

_diethylether and filtered. The isolated wet product
Migagnglysised at 35C in vacuum or at |east 4 hours, until

day. :

C % Found H % Found N % Found | B % Found | Metal %
(Calc.) (Calc.) (Calc.) ' (Calc.) Found (Calc.)
57.14 6.60 7.34 2.07 Li 1.26
(61.03) (6.64) (7.90) (2.03) (1.31)
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Yield: 5.5 g (80% Tri50d 5 Melting Point: 140-145C

EXAVMPLE 3 - PREPARATI ON OF SODI UM SALT OF TRI50C 1.5
wahgoog@27nol e) TRI50d Exanple 2 is dissol ved i PCT/GB200B/003897

di chl oronmet hane. 11 L 2% hydrochloric 10 acid is

added and the mixture is stirred for at nost 30

m nutes (optimally about 20 m nutes) at room

tenperature. A precipitate forns in the organi c phase.

EXSMPEE 6 StUWVITBYE SPHCIRA 8F @ITHiIeM SALdl dFomasbc to settl e and

separated. The aqueous |ayer is rewashed twice with

2.2 L dichl oronethane. The conbined organic |ayers
U¥Visibigespeai@ ofiithensadt resilting ifromn thé pn@ge'siuge efrixempla 15 vedré eacbrded in distilled
wét@r gt 2765C lroWPIDhm to(4bbiim. 2Rk ‘dEOe 'z‘iﬁ aRYHEGES j1"|li}ae\fye|ght of the

of the aqueous extractions i'n a range

drfeﬂéﬁ'F 85 B feapredifopthe puepptss of ﬁﬁlqulatlm thagxtmwewcxent The Amay at
25R6MAVG uSEN dink eRihetidH @Bfic&T: RAY SIRRRAIWERg %rfgrﬁ)uia The

organi ¢ phase is dried over magnesi um Sul f ate,

filtered and the filtrate evaporated to dryness. An
A asslawhepd Ahehe‘aibserbbmeoni c acid is perforned (by the RP

HPLC et hod of E)g n n§8tofor at nost 30 nins

(optionally about AT Rt roomtenperature) and the

amount s of theltbeJDatmenghaﬁtH!ebdsellfor conver si on of

the acid t ated. If 2.5 nmol of the

free aci dénIQS E}ﬁt g@neé%ﬁ{lgrh&ggg%evapor ation residue is

dissolved in 5 L acetonitrile followed by addition of
Ex@in@ioh WddffeienBisi100 g (2.5 nole) sodi um hydroxi de as a

5% solution in 2.2 L water. The solution is stirred

for two hours at anbient tenperature (e.g. 15-30C,
EXANPLER AQUEQUSSOLEIBH ETYAORINIENIUSIBAL T DeTRE0gPOr at ed i n

vacuum (of ca. 10 nmHg) at a tenperature not

exceedi ng 35C. The evaporation residue is repeat edly
Theisals bsed drthisiExample wa$ meddhusingetrootiification ef thegraresspiesaibertin Example 5.
THe nélfifen %?&eésodlﬁeﬁg‘%ﬁll ﬁlé@d’é@&lbéﬁc mvmgtefOOmgl 113\? 560 Was used as starting

evapor ati on resid

ry,
ma&%ﬁ ot Predyce of e r%ﬁlﬂsg\dmt'n waqeywasqdr@d IDYTIHEV)E Cﬁmﬂ gidai fitration was

caftidd aak th@u éﬂ)& MIRer0 fThe Zaitis BeliBRR%ES BéhtAR S’bo'égg\%% of R,S,R isamer.
di et hyl et he addition is perforned slowy enoué%

to avoid Iunplng or sticking of the product and is
Toodetarmiad mu‘tnummpe@s pelubileg 25rhg 6rake trR@Salt Ward shal@n in water at 37°C, the

s, TR B Rl o8, W, ASTE, Gkl of unssones
matesiaheThe lithisim saltt wad tompefatiedhosdublEOhdasudwashedissoived @aS0m@mi in the
sa %g@g‘l‘é’%’ 9§ly @‘%%red%c until 30 dry. Yield: 1.0 kg

rum salt. The procedures of Exanples 1
to 3 may be scaled up and, if operated carefully, wll

smr;m«}wmen Bi'sﬁJWeHat Mg?mﬁakm 23 rn%@r?te Sloeh angl ggl ne

S°E'EEW\Y‘E’F%%‘F%°? @at Fég"gzﬁmleltsffﬁ'hk?%ﬁﬁl/ﬁ@ per equival ent of
(RS, R TR 50b. In the hydrolysis of the

EXRM}%E}?W;ER&A

Li kewi se the TRI 50b shoul d be synt heS| sed via the

CoSPhaIBEd = i i

AREIRY %@?&%ﬂ@%ﬁ e el o SIS & g, ggstmM is disolved in
aceioniiile 264y > withcsiirdp atoepm dgreerature.  To this solution is added NaOH as a 0.2M
solution in distilled water (190ml). The resultant clear solution is stirred for 2 hours at room

temperature and then evacuated to dryness under vacuum with its temperature not exceeding
37°C. The resultant oil/tacky liquid is redissoived in 500ml distilled water with light warming for
about 15-20 minutes. The solution is filtered through filter paper and evacuated to dryness, again
with the temperature of the solution not exceeding 37°C. The resultant product is dried under
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56 The synthetic procedures described in this and
subsequent synthetic exanples were generally

w@eookoeaogzl under nitrogen and using dry sol venpPGI/&82003/003897
supplied from comerci al sourgg 5 1. Approximately
300 g of TR 50b obt ai ned by“the HPLC purification of

racem c TRl a .
e e ey e bt flve ot e PR b e s an ot o
tacla,f sdf Ridub @b rdsiidal iess@marwhichpaase itiie dissolvadim ethfirasete®59id evacuated to

o) %R S R 2. Approxi mtely 54
dryﬁf:sséc? Broﬁ%ﬁ? ?Kn&ﬁ%??/\s/ea:véﬁ%é%@d (1:1 stoichionetry with

total TRI 50b content), and the m xture was refl uxed
Thé‘Ealtﬁ%é%en]d?;eéundEP@acBlﬁrﬁeve!Plslinc%ttsdoreféaﬁiwgght\lclazsh emoved,

was several tines wth diethylether and dried. 4.

The dry product was dissolved in CHCI 3. Hydrochloric
vieR€ oder(gobd. 1) was added and the m xture was stirred

approximately 1h at roomtenperature. 5. The organic

| ayer was renoved and washed wi th NH4Cl solution. 6.
Micktemalgsigani ¢ sol vent was distilled off and the residual

solid product was dried. 15 Typical yield:

Approximately 230 g EXANMPLE 5 - PREPARATI ON CE LI THI

SALT e WRBOC |20%Copndhe NopFowist o Rifg FendopMeieh®d by
.the mt QCB of Ex(@gp_ e 4 ifg@a@p B&caldyM i sFélinggadioned

I N a‘PTODIfrH (2 ﬂrtﬂ) wi-t-h Cflrrinﬂ At

t enpef 8283 e. To Qﬁs sol 4t/i%n is added Li oHNas8l 0. 2M
sol uti pp.day di sitieldpd wat Q}’ 61)190m X1.98)he r esuk®ant

cl ear Lsoluti-onlis—stirred—for—2-hours—at—room
tenperature and then evacuated to dryness under vacuum
EXAMPLE 9 1 8V, i SPEQTRA QROSODENKM SALT OF T . The resul tant

oil/tacky liquid is redissolved in 500m distilled
wat er necessary with |ight 25 warm ng for about 20
UMivisibie sgectrd ok thecloditinaalt resulfing frem dlie priegesiutgroffExpmidle 8¥gpe Fecorded in

d 'S%F&t e@'céf 3h&krdr? 190A B Qﬁ(ﬁ'nm 48 ‘siltclg!vé Rk 210 QAW QSSMTU Ifhe weight of

sol uti on not exceedi ng resul t ant
thp drirdiselt wes thep measyregiferdhe V%IE‘EFGﬁPfoR?EP‘H‘i"@rFPe F’@“FR?P:FB‘FW qent. The Amax

atyéijéﬂnﬁngs ¥Rt Enddititidiibe corficiet wablcsiatbd usiyhé Roemuldsi ed

under vacuum over silica to constant weight (72 h).
30 Yield 17.899g. Mcroanalysis: C % Found H % Found
ANe%vﬁmdABu%dﬁgmmé/btal % (Calc.) (Caic.) (Calc.)

(Calc.) FoundéC%_I e%7t 14 6.60 7.34 2.07 Li 1.26
(61.03) (6.64)°F egei'ce 2498y (1.31) WD 2004/ 022072
PCT/ GB2003/ 0038&8/path length of the UV cell

and ¢ is the extinction coefficient.

Extinction coefficient: 415.

EXAMPLE 10 — AQUEOUS SOLUBILITY OF SODIUM SALT OF TRIS0C

The salt used in this Example was made using a modification of the process described in Example 8.
The modified process differs from that described in that 100mg of TRI 50c was used as starting
material, the product of the redissolution in water was dried by freeze drying and the filtration was
carried out through a 0.2um filter. The salt is believed to contain about 85% of R,S,R isomer.

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, the
sample“filtered and the UV spectrum measured. The salt left a white residue of undissolved
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57 EXAMPLE 6 -

UV/ VI SI BLE SPECTRA OF LI THI UM SALT OF

TRI 50C UV/ Vi si bl e spectra of the salt
wo b@4pewcedure of Exanple 5 were recorded in dPGL/GBR@d/003897

resulting from

5 water at 20C from 190nmto 400nm The salt gave Xmax

at 210 and 258nm The wei ght
t hen neasured for the

o2 th

e

pur poses of cal cul ating

dried salt was

t he

MBIRNn PP SIS WSF GpPParatgl solubls aed So 2SRkt A SAMa/mi in the

samleenadnér pRetiduein deseatddi ci ent was cal cul ated using the
where A is the absorbance 10 Cis the

f or mul

a: A = scl

concentration |
Salubilityhvehep dissohestdiab B5rogy af: ftaiMePE mg/niEXt | nct i on

PR Yoot st bE Rl e

the path length of the UV cell

and s

EQUS SOLUBI LI TY OF
d in this Exanple

was made using a nodification of the process descri bed

ExARPERX BINPbrEPRRATION OF PRFAdstMIs A resesdsgd ffers from t hat
“described in that I00ng of TRl 50c was used as

escri

In that
starting 20 material,

my o

t he product of the

Chz@té-Broef o NpgFOH Bbtwaécﬁby e Snethiddest El%fmﬁlé ae(a@ oatj B8.ABMY Mdissolved in

(el ot i s Heg 0K =5 2 02

=il (obih i) P g £ R G

SOt m dnstdlnérwatermmul)er ithen essoftaok wiean sajutieo Us sireddufior 121 ogirs at room

ter%ﬁé?&u@f rIchhe?

el&aed

tered

b dHRES Lﬁ"lE%k

\%Euu \«Wﬂt l%r te ﬁaerg

Sp ec rum neasure

igj% :la,?]t exceeding

37| fhe éerswta@t wilftacky k@sﬁ ] L@nsmlquna|1s§uﬂtluegdwatg5wuﬂawamm to 37°C for

ab&h@ Holuksh "I‘th‘séiéﬁdn |§ﬁ§are@QiﬁFﬁ@dh§ﬁth§dp¥r Sl VRluSed R4

RE S T SR G o

ovérdightnim/nonpally yisidlawiiite ibfitle wdlien di ssol ved at 50ny
30 EXAMPLE 8 -

i ssol v

tefa%eg%tweb%f

sane nmanner

ohg, gegultant Q%qtﬁq; driechqgder vacuum

prev

/m:

i ng/m).
Y'e@kwl}%m 50C (TGN 255) Cbz- Phe- Pro- Bor oMpg- OH

obt ai ned by the nethod of Exanple 4 (20.00g,
Thi Sl &SRV &fdiuRder @%_&‘lhlﬂ B drslibfro(cOoesH: )Ne

room t enperature.
0.2M 35 solution in distilled water

his so

utron i's

38. 1m\)

r?r%sé"@éam with the

PREPARATI ON OF SCDI UM

rring at

%%Q%ﬁibm as a

(190m ).

The

Midresneivéi@nt clear solution is stirred for 2 hours at
roomtenperature and then evacuated to dryness under
vacuumwith its tenperature not exceeding 37C The

[j esul [ ans Feund/ t mWqu?(ﬂu'r o % FotirRdi sswlFu@ﬂ MefaORM

i sti wat er t i ght rmng r bout

m nut eL(‘%C'I)he sal ?IF n is|ff%%red @ﬁ?cc)ug if i?caﬂzﬁpe
and evat&ht ed t|b.2fr yness, 7again  weioh t he engr ature
of the tion exceed 37C| T, resul t ant

pr odU“{S%?Jg dri eo‘g%)der V‘D(HZ 4/ 021 >6)17545 legﬁ?

PCT/ GB2003/ 003897
EXAMPLE 12 — UV/VISIBLE SPECTRA OF POTASSIUM SALT OF TRI50C

=

UV/Visible spectra of the potassium salt resulting from the procedure of Example 11 were recorded
in distilled water at 20°C from 190nm to 400nm. TRI5S0C and the salt gave Ams at 210 and 258nm.
The weight of the dried salt was then measured for the purposes of calculating the extinction

coefficient.
formula:-

The Amax at 258nm was used. The extinction coefficient was calculated using the

A = ecl where A is the absorbance

C is the concentration
| the path length of the UV cell
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58 vacuum overnight to normally yield a white brittle
solid. The product may be present as an oil or tacky
waolg29ae to residual water, in which case i tPCEGB2003/003897
di ssolved in ethyl acetate and_evacuated to dryness
to prgducg thg product as a whPte solid. 5 The salt
was then dried under vacu over silica to constant
wei ght (#pd h) .s'sﬂwewa@t%s%e?g%% M croanal ysis: 10 C
% Found H % Found N % Found B % Found Metal % (Caic.)
Calc) éC% (Calc.) Found (Caic.) 59.93 6.47 7.31
(59.24) (6.44) (7.67) (1.98) (4.20)
EXAI\/PLE 9 - UV/ VI SI BLE SPECTRA OF SODI UM SALT OF

%Ttp%Lqul—%U\ébﬁg gbﬁua‘ilﬁﬁ g; ﬁo?issiﬁﬁaﬁ.?gjﬁigﬁg%)rﬁdédf Ief] ul t1l5n g

distilled water at 200C from 190nm to 400nm The salt
Thd @%@usé@‘?ﬁ(th%t Ex%ﬂaale g m%@@ 08hg 4 ARdifiEitieh of @k prdces dbsdried in Example

was hen neasur ed
11 el BRATSATPOR GO 1o ek fescrline T TG UoRe 25 B s Lol strting
maﬁ-ﬁrﬁﬂ therS}Qd&t(bﬁ the t'dd@fbleOﬁfrf wateremds dnas by frbeza ldairgchndghanfijtration was

car{lﬁtgo@gﬁggg}Qq %ﬁrma rql r Tple s‘?a tgﬁ l‘f:éh%: E?gonga?é%w 8@9@% i§o$ner.

and e. is the extinction coeff|C| ent . Extinction

ToPRutp RRlurtphie.s Rl o o e G e RHER I on 2 277 e

sample fitared angli g & smrsirem dRe¢Rd-ofhet FRE |SftoR aite dé%‘&en%eﬁf‘d'ss"“’e‘j
%$maﬁxanple 8. The nodified process differs fromthat
escribed in that 100ng of TRl 50c was used as
starting 30 material, the product of the
SohBﬁN&ﬁ@hUk&ﬂﬁdbﬂZﬁ@ﬂmwzmnM(ﬁBmQMMby freeze drying and
the filtration was carried out through a 0.2pm
f||ter The salt S beI|eved to contain about 85% of
S ARATION DE{ZE R bem aqueous sol ubility
25ng of the dried salt were shaken in water at 37C
the sanple -filtered and the UV spectrum nmeasur

.Tham@ats@splubw of Zingpyidtoxide issqughhab il the Bydsdsiensd bogh e to prepare the

Q{%A&?&%%d%@%%@@ﬁé 9@3&@% ofSaple ey, i thAdy. wdll® n6OREVE Mesulted in

t wds conparativel
hognogensayy salt f%afl% A ne\kll me?holél was therg'ore devgoped %o prseic’)gre\{he zinc salt, as

described in this and the next examples.

TRI 50c sodium salt (2.24g, 4.10mM) was dissolved in distilled water (100ml) at room temperature
and zinc chloride in THF (4.27ml, 0.5M) was carefully added with stirring. A white precipitate that
immediately formed was filtered off and washed with distilled water. This solid was dissolved 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.

I NMR 400MHz, 8+(CD:0D) 7.23-7.33 (20H, m, ArH), 5.14 (4H, m, PhCH,0), 4.52 (4H, m, oCH),
3.65 (2H, m), 3.31 (12H, m), 3.23 (6H, s, OCHs), 2.96 (4H, d, J7.8Hz), 2.78 (2H, m), 2.58 (2H, m),
1.86 (6H, m), 1.40 (10H, m).

3C NMR 75MHz 5¢(CDsOD) 178.50, 159.00, 138.05; 137.66, 130.54, 129.62, 129.50, 129.07,
128.79, 128.22, 73.90, 67.90, 58.64, 58.18, 56.02, 38.81, 30.06, 28.57, 28.36, 25.29.



same manner previously described. Solubility when
di ssolved at 25ng/m: 44mM (25 ng/m ). 5 Solubility
wob@n/oiossol ved at 50ng/ m: 90nM (50 ng/ ). BEXAIBRE3/003897
11 - PREPARATI ON OF POTASSI UM SALT OF TRI50C
Cbz- Phe- Pr o- Bor oMpg- CH obt ai netft by the nethod of
Ex I (20, 00Q is dissolved in 10
FIER QR E01 e (P00t TROZt SPTh-hoBSB00, GBR7, 23460, 1956.2, 17118,

16t4a5p €53610,11898.7, 0145}21 :1,8 1dwgl4tut1343(111 '9 %sa)ddﬁ%ﬁ %OrbzﬂSs:l flo@:l ZM16.0, 887.6,
t | ed water m e resu ant
74859 £ B0k By P

Is stirred for 2 hours at room
tenperature and then evacuated to dryness under vacuum

5 id SPRt Hﬁ’ﬁﬁ@ﬁ%ﬁﬁR@ﬁﬁN@éﬁ?%ﬁﬁ%O 7C. The resul tant
Ol L distilled water

W th vvarm ng to 37C for about 2 hours. The solution
Ctiszhé-P}otB?ﬁ'&\ﬂipgtdﬂ-'f ebtaied by tHRmAURGRESF @(Qﬂpl@V}a(%‘ @ége @8t191M) lS dlSSOlVEd in

th the 15 tenperature
oS O WSS 180T ST, 3P SRR RapR S peRgtprainine as 2 0.2

solutiote in digtlladi rWate!BV(eﬂomly hiThé Gestitdnt®lebly sotith ds atirvddi fof 2 hours at room

10 weifberbtyeCaRied stfied ve et §Re iRGunatB Gabgiirg pat excesdng
37fG.. Thetsitaot olirckyyligiid is re@sgAvEd im2l. distiled-oatacwith %lﬁﬁugwt& 37°C for 2

950 i 50 o 3 o (i B oo i v

temperatge fef7tha§P'U(*QD o) exeagdiog 3785 AP Fesulant PWNItSF BL@ under vacuum
ovERIGRTBACRREIPFEASHHMbHAL ToldF TRI50C 25 UV/ Visible
15 spectra of the potassiumsalt resulting fromthe
procedure of Exanple 11 were recorded in distilled
Thaailewasather? Gadiundenva@Omroverciidd ruohstaitWa @bt @ ).t he sal t
gave ), max at 210 and 258nm The wei ght of the dried
salt was then neasured for the purposes of calculating
Yielhd0a4g.i nction coefficient. The 2max at 258nm was
used. The extinction coefficient was cal cul ated using
the 30 forrmula: A = ccl where Ais the absorbance C
Migrganglygisiconcentration | the path length of the W cell
WO 2004/ 022072 PCT/ GB2003/ 003897 60 and s is the

20

25

extinction

coefficlie
e

Nt

"C % Found
(Calc.)

"H'% Found
(Calc.)

N % Found
(Calc.)

B % Found
(Calc.)

52.47
(56.65)

7.12

(7.20)

15.25
(14.01)

1.52
(1.54)

EXAMPLE 16 — UV/VISIBLE SPECTRA OF ARGININE SALT OF TRI50C

UV/Visible spectra of the salt resulting from the procedure of Example 15 were recorded in distilled
water at 20°C from 190nm to 400nm. TRI50C and the salt gave Ams at 210 and 258nm. The
weight of the dried salt was then measured for the purposes of calcfjlating the extinction coefficient.
The Amax at 258nm was used. The extinction coefficient was calculated using the formula:-
30 A =cecl where Ais the absorbance

C is the concentration

| the path length of the UV cell

and ¢ is the extinction coefficient.
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Extinction coefficient: 438. 5 EXAMPLE 13 - AQUEQUS
SOLUBI LI TY OF POTASSI UM SALT OF TRI50C The salt used
w0 pootoe®7Exanpl e was made using a nodi ficati onPOf/GBR@®3/003897
process described in Exanpl e &%1 The nodified process
differs fromthat described in*hat 100ng of TRI 50c
§IO 3 qﬂc?s s rting material, the product of the
128 SBY'Y eimciin n water was dried by freeze dryl ng and
the filtration was 10 carried out through a 0.2pm

pliMpi e iz %(QS&F@E $0LH§ILPF{' OFEMR IR sﬁE’PB@%ﬁs@é’oggl ﬁgf/‘l’ IOI y
25rrg of the dried salt were shaken in water at 37C,
THehs%lt u‘ééﬂfﬁltﬁas Ekdn{p@ gk rﬁéﬂé sl awoma%rdfgwﬁg% Iﬁ%lcrib-gggn Example

1S5y RoFh e GO/ R A £OOmB TR B0 e 5 starting

mEAdYRhE product oPﬂiEE’ékl%éd’htGN i kvatét Ngs @Hd'By@éeMrylﬁ@&dztﬂe filtration was

5 S SRR, T e BB RS ek b R e,

correspondl ng TRI 50c salt using the procedure of

Tcﬁi@éﬂ%n% i n{upne%’ u ls&u%ﬁ%%. gf tr'u? &Hi@dt glg gflelré shalieﬂ In wter at 37°C, the

eneous sa ere
Saﬂ’@\?e tprsldando ther %\pap%ctrtlmmzasn@dsamq Sa'bﬁﬁ dovhitei residuel of undissolved

mitBiizs. and the next exanples. 25 TRl 50c sodi um salt
(2.24g, 4.10mVW) was dissolved in distilled water
(100m) at roomtenperature and zinc chloride in THE
So(ubiliy Amten dBsdvell avessngg@l: efaMl(o maeed with stirring. A
white precipitate that imrediately forned was
flltered off and washed vvlth distilled water. This
QNP REBARMN S REZCat e and washed with
The organi c sol ution was
evacuated to dryness and the white solid produced

CogPhesHroRrEiMpgiQH elfained by the nethogtad Exaranle 3 (A8, B&AmM is dissolved in
ac@c@mfﬂl@@@@tﬂlﬂv}tﬁ btﬁnn Yét%&‘n ien?dé%ture "'TJ)\"M% éb%%"?s added L-lysine as a 0.2M

sofgﬁ%_ﬁbglg?llg; wate ﬂ._?Orr}l)‘. gl@_u'esultagt E%ar( %lqtlows stgreglfO( 22qurs at room
terperatBre2éhd( hkh eﬁacuﬁd-lﬁd d Be@ﬁmdékﬁacﬂhm itk - I&Ha'é}n erdtufSnot exceeding

S OSTIGC MEUNEYNN NCOQHN oot et

howi37 TB& solatd®. B4fijlterkd Xh@Rgh fiRE:- ﬁz{bgr dAD e@atyated 28 .dAMess, again with the

terﬁ;?éatal% of {Re %Qutbo [ g%xrfgéiagﬁﬁ 8‘12‘%28 ff@%ﬂgé"fdg’é 158 gihed under vacuum

30. 06, 28.57
ovEigtAR QU Higld 9 hite brittie setid( K pratlunt may/he pregentrad 3n oil or tacky solid

(d @243 l:esidualmé’r),?n wﬁi@?’éaség @t@l@r?%lgsolvg@ ittt a&%@a&levacuated to dryness

5149827145
t°Rr§g%ei"‘ei¥§i§tisa‘d@t§§°g‘ 1116.8, 1084.3, 1027.7, 916.0,
887. 6,

748. 6, 699.4, 595.5, 506.5.

The salt was then dried under vacuum over silica to constant weight (72 h).

distilled vvater(2 X 50n1)

Yield: 17.89.

Microanalysis;

H % Found

C % Found N % Found | B % Found
(Calc.) (Calc.) (Calc.) (Calc.)
57.03 7.43 10.50 1.72

- (59.11) (7.36) (10.44) (1.61)
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5 EXAMPLE 15 - PREPARATI ON OF ARG NI NE SALT OF TRI 50C

Cbz- Phe- Pr o- Bor oMpg- OH obt ai ned by the nethod of
wez@npt®72t (20. 00g, 38.1mM is dissolved in  PCT/GB2003/003897

acetonitrile (200m) with stirring at room

tenperature. To this solution ? added arginine as a

(190nﬂ). The
i - A ot 2 hours at
room 10 tenperature and then evacuat ed to dryness

U\Yli’vgﬂe S H%ﬂh\éﬂ SEIF )‘e%shlﬁl?(t_{/ﬁ{;m %ﬁeaﬁd'géeﬁurrgg% E>§ gf fg \ﬂ%ﬁ reézer%ed in distilled

tant ol
WRIRKs 8l ZQ°6(§F0Wa¥99ﬁmvﬁ0t‘lﬁ)0'war MRAEICt and 3 sdlpgave xmmu 240 afith@58nm. The

wS§Htof ind @rré@saft'NaE &R qne%mréHJﬁp thel Hqu%ies %ﬁ@a‘ﬁ.f#%ﬁﬁ@jthe extinction coefficient.

evacuated to dryness, again wt

Therfaadh Fiﬁ”f"d’i’?sh‘é%d e @&ﬂCPRj" epgificientyas calgiatedysing phegueda:-
is dried under vacuum overnight to normally yield a
vvhlt itrle 15 The salt was then dried under
A &S rPO\A'rSt%q 95 '1“% constant weight (72 h). Yield:
10. 54g. 20 M @ is@readogsansation % Found H % Found N %

Found B % Fou (Caic.) (Calc.)

52.47 7.12 15@'%3'%’%1'539% étggé’)?’ %e'} 20) (14.01) (1.54)

EXAVPLE 180d- 9§ e SkiBictorSeEfTR. OF ARG NI NE SALT OF

TRI 50C 25 UV/ Vi sible spectra of the salt resulting

fromthe Procedure of Exanple 15 were recorded in
Exgnctipn reedfiglentad8%r at 20C from 190nm to 400nm TRI 50C

and the salt gave erax at 210 and 258nm The wei ght
Eiéﬁtﬁg Egr t he purposes
: i t. The Xmax
at 258nm vvas used. The extinction coefficient was

Th%%l? H% Ui ‘t’.hléjéla etvtrE% rﬁﬁemﬂ’ngenrﬁgdl tlon tl?el\q;,ﬂgéegi Hescrsbed in Example

sorbance € con
18} éfﬁgmduﬁd Pfh@SUUff@’ & frpm thatydlescribed in H’@’C é@&mgnftTRbEDc was used as starting

mé?:@r%f fthe préfict oM.Pe %I&%%W%ai? %@%Qgilﬁg W the filtration was

tlnC Il on coefficient:
comies] O thioeh S SPREeG, e SoH1S belevortp SotanabEoRA of Reddepmer.

in this Exanpl e was nade using a nodification of the

cess described in e . . JThe nodi fied proces
ToeRFPE MR BT o ST B o el Sab Mo shekeRim Sier o 37°C, the
sample filerd @sl b alvt spegtrumBarhedsu@t., Thdalip leftddl Ghhitef retith® of undissolved
m{tﬁrﬁ% jssolution in water was dried by freeze drying and

e filtration was

Solubility when dissolved at 25mg/ml: 13mM (8.6 mg/ml).

EXAMPLE 21 - PREPARATION OF N-METHYL-D-GLUCAMINE SALT OF TRI50C

Cbz-Phe-Pro-BoroMpg-OH obtained by the method of Example 4 (20.00g, 38.1mM) is dissolved in
acetonitrile (200ml) with stirring at room temperature. To this solution is added N-methyl-D-
glucamine as a 0.2M solution in distilled water (190ml). The resultant clear solution is stirred for 2
hours at room temperature and then evacuated to dryness under vacuum with its temperature not
exce’eding 37°C. The resultant oil/tacky liquid is redissolved in 500ml distilled water with light
warming for about 20 minutes. The solution is filtered through filer paper and evacuated to
dryness, again with the temperature of the solution not exceeding 37°C, or freeze dried. The
resultant product is dried under vacuum overnight to normally yield a white brittle solid.

The salt was then dried under vacuum over silica to constant weight (72 h).
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carried out through a 0.2pmfilter. The salt is
believed to contain about 85%of R S, R isoner. 10 To
wa@leaoe0mone nmaxi num aqueous sol ubility 25ng of POEGBRIBMH03897
salt were shaken in water at 37C, the sanple filtered
and the UV spectrum neasur ed. e salt left a white
resi due of undissolved material. Solubility when
di ssol ved at 25nmg/m: 14mM (10 ng/m ). 15 EXAMPLE 18
Yield:PRERARATI ON OF LYSINE SALT OF TRI50C
Cbz- Phe- Pr o- Bor oMpg- OH obt ai ned by the nethod of
Example 4 (20.00g, 38.1mM) is dissolved in
MigroanayisBt rile (200m ) with stirring at room
tenperature. To this solution is added L-lysine as a
0.2M 20 solutien—in distilled water (1Qﬂnr1\ The
resul tant ) ©%UBY uf HoR Frwds | N%&oundr | B%neaupd |at

room t enpergcaic.g and | ¢ evaCJ@jan to (dicylegss under
" vacuum wi t h—=t=s te..p,rf*ure Ao exceeu. hg—3+C—The

resul t ant oi% /(?acky firgdid is réZ. ssol ve §63( n 3L

distilled wab@&67W t h \(\hﬂm’ ng t D(7FirE for| @.50nhours. The

sol uti on i s—fittered through—fHitter—paper—and
evacuated to dryness agaln mnth t he tenperature of
AMBL V/M IRt SPEC IR MER -D-Gh DF TRIQUCt

|sdr| ed under vacuum 25 overni ght to nornal | y yield a
ite brittle solid. The product nay be present as an

LYol spacize RYthe gplt EFSU'?W@W Hre peace i P FHamele)2L were toeerded in distilled
wat@ s zovc Iframt 1veAmdb smirweq‘msoc ehitYhe aRedadd €,,286210 and 258nm. The
W‘iﬁx\? gl Itdr%[}§ e fr [guce t he P %dluctalg
& 8199 P YR e m a?)dé PR PYPPER Ol ARIGHIRtIRG %W%’@rmfﬁc'e”t-
The ik eB258omaevan sseain tTheektmbiion (cé&idignt wasslfiatdddising theG&mula:-
M croanal ysis: C % Found H % Found N % Found B %

Found (Caic.) (Calc.) (Calc.) (Calc.) 57.03 7.43
A 3 gcl 5there Adis thesbsarlianeg 7. 36) (10.44) (1.61) 35 WO

2004/ 022072 P@é%?cgpé 97 63 EXAWPLE 19 -
UVNI S| BLE SPECTRA OF é(%ﬁﬁl@ SALT OF TRI50C UV/ Visible

spectra of théthemath lergsiypfithe\dV feebm t he procedure of

Exanpl e 18dwWer:8s theeird®sh dobirdimstil 1 ed water at 200C
from190nmto 400nm TRI SCC and the salt gave 2max at

210 and 258nm The 5 weight of the dried salt was

Extirivdion coeffigigited3 or t he purposes of cal culating the
extinction coefficient. The %max at 258nm was used.

The extinction coefficient was cal cul ated using the

EXAMPLR 233 AQUEOUS SOLUBILITY OF N-METHYL-D-GLUCAMINE SALT OF TRI50C

The salt used in this Example was made using a modification of the process described in Example
21. The modified process differs from that described in that 100mg of TRI 50c was used as starting
material, the product of the redissolution in water was dried by freeze drying and the filtration was
carried out through a 0.2um filter. The salt is believed to contain about 85% of R,S,R isomer.

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, the
sample filtered and the UV spectrum measured. The salt was observed to fully dissolve. The salt
was comparatively soluble and so was redissolved at 50mg/ml in the same manner previously
described.

Solubility when dissolved at 25mg/ml: 35mM (25 mg/ml).
Solubility when dissolved at 50mg/ml; 70mM (50 mg/mi).
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A = scl where Ais the absorbance Cis the
concentration 10 | the path length of the UV cell and

W@ 2008/023082 ext i ncti on coefficient. Extinction PCT/GB2003/003897
coefficient: 437. 15 EXAMPLE %g - AQUEQUS SOLUBI LI TY
OF LYSINE SALT OF TRI50C The It used in this Exanple
was made using a nodification of the process descri bed
in Exanple 18. The m)dlfl ed process dlffers fromt hat

starting material, the product of the redlssol ution

in water was dried by freeze drying and the filtration
Thevaginir@Galt isrforimed siowly tytadding A sighbmolghexcessof k-argirire tg g splution of 0.2-
0. 3‘3%(9 S TR6L int Dnft P L@y INaceRQU! T&S%v@iﬁt iR evapOrat&doarest .ond @our, and the

m ne maxi num aqueous sol ubi Ilt%@ZSm\:} of the dried
resicye s tiikraiedsivier afithi hﬁxawaf%rremave eFRES 2 sampl e filtered

and the UV spectrum neasured. The salt left a white

resi due of ' | material. 25 Solubility when
_Xemgeeaéve?'l'&f”%fﬁﬁ‘f. 3nM (8.6 ng/m ). EXAVPLE 21 -

PREPARATI ON OF N- METHYL- D- GLUCAM NE SALT OF TRI 50C 30

Th%@%bﬁe’% :%510%? agf’?& r%ﬂi%tf@hﬂﬁg pmedutbeof@?(ﬁrhﬂg 5Qdnd its solubility were

di ssol ved in
obteinet! @A idegcribag a(bxm)m relatign; 19 te s3ltsi ngheygolybdipnpf TRIS0C when dissolved at
&2 5MME4md ). hi s sol ution is added N-nethyl -
Sog@mar??nepgs %’mo)t 2M solution in distilled water
(190m ). The resultant clear solution is stirred for 2
13@NMRS'sﬁmz BQCITC(CHOPP 206,55, €.38.60) 13D.26, 129H4UER0R], 120.19, 129.09, 128.20,

oG WL R 15 S o8l o5

FTIR dKBrSdisc) e (omBDGA31.3i 308K @eB5iat2876.0i 239, g1l955 351711.6, 1639.9,
153%?“?&8% 1fP 5380k, 32911%”1683% 10593 §f¥3“t7483§‘ do8.6f 544556415, 467.8.

er’ papetr "and’ evaclat et dryness, again
with the terrperature of the soluti on not exceedi ng

E)&KIQLE% AASER o doptum ERB ZINESWIS Rk SIokIGbci s dri ed
er vacuum overnight to normally yield a white
brl ttle solid. The salt was then dried under vacuum
THaV@flowild thd wefe prepartdnsingvai iphdnateriethl) stoidMOnRBY 40f GR R 0vlRere n is the

R o B e e

deséekd in)Exgraple ¢0.) (Calc.) 56.67 7.28 7.74 1.63

A Sodium Salt

Analytical data Physical Properties
HPLC or LC/MS: HPLC betabasic C18 Column, Form: Amorphous solid
CHsCN, Water

Colour: White

Estimated Purity: >95% by UV (A2150m)
. Melting Point: N/A
Micro analysis:

Calcd. Found. Solubility: Soluble in aqgueous media
C: 59.24 59.93 ca~50mg/mi
H: 6.44 6.47
N: 7.67 7.31 M 547.40
Other: B: 1.98 1.91
Na: 4.20 3.81

B. -Zinc Salt
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(56.67) (7.41) (7.77) (1.50) EXAVPLE 22 - UV/ VI SI BLE
SPECTRA OF N METHYL-D- GLUCAM NE SALT OF TRI 50C
wQrjovioziot e spectra of the salt resulting fronP€heB2003/003897
procedure of Exanple 21 were recorded in distilled 10
wat er at 200C from 190nmto 400hm TRI50C and the salt
at 210 and 258nm T wei ght of the dried
A'gagﬁca\lyva hen neasured for th&%ﬂ%%dg’gge%?scal cul ating
HEUGeor 6/MSnbPliChetabesid €18cGofumin,  TFhen: 2maxphats i@nm was
C%@owat@he extinction coefficient was cal culated using -
mul a: A = scl where A iColotm#Vhitbsor bance 15 Cis
ESF'H‘éteé@HrdténﬁE‘g(! PYBY (Aatsiné path | ength of the W cell
and s is the extinction coeffiMéetdaPoint: A i ncti on
MicOnalyss: e t: 433, 20 EXAWPLE 23 - AQUECUS SOLUBILITY
z SALT Epubily Sytsbire aqugpys mediay
de usi nG@2WW i cation of the
N:Process ribed i

anpl e di fied process
thértgers f ‘anthat ri bed iﬁ%“t hapﬂ%@ﬁg of TRl 50c

sed starting,s 25 material, the product of the
redlssolutlon in water was dried by freeze drying and
the filtration was carried out through a 0.2pm
Nates; +d triganal fopmyla jof theeagidehasenateniscused i e ablsulated Boerodnalyses. It is

beffeved fhat S06WEr- soﬁ@nﬁﬂt%ﬁbﬂ@ lﬁ?éﬁbﬂéﬂnna&bh%ﬁlﬁsllsﬂél:%é |ti'1€¥ Yalt tested in
salt were shaken in water at

ex?'ﬂgglgg?f}p'f”@!erfﬁhlr?q@f'% and the UV spectrum nmeasur ed ' The
salt was observed to fully dissolve. The salt 30 was
Latively soluble and so was redi ssolved at
CO&SHTQ?J in the sane manner previously described.

Thespdiwn land yingvsalls haves albbags drepared Svit)/ andtoictBamduty(df Srespttivdely, one metal

o Al 150 P W BB s o o
th%ieﬁm\ﬁ?ﬁ ig/ElogsHipmanckhtsorngistenhrith Khaticaledatad foF thiRl 5 Goichiometry. For

th@&@t hlB&nS@dcéssi &F Ainer Wﬁéjf&lharphdhe@\léleid%é"gm@ saik 'cgltﬁbnses a significant
nol. ar Fx%fbss of Larglnlnetoaso Ution of O.
PrOPORIONGY A DOfRRaksc i n 10m of ethyl acetate. The

solvent is evaporated after one hour, and the residue

' ot twice with hexane to renove excess
EpLE 27 SR LE 25 - SOLUBI LI TY OF TRI50C 10 The
UV/ vi si bl e spectra of TRI 50c resulting fromthe

An%'éé%?%ﬁ%%oeg ddegigféé?lﬂig@ d #8e bdis béfg{ Uaﬁ“:l lahéryd

obt ai ned above inre |ontot esalts
The sol ub| I ity of TRI50c when dissolved at 50ng/m

Metfied 8V (4ng/ i ) .
TRI 50c and its Na, Ca and Lys salts were weighed into HPLC vials and stored in a desiccator over

phosphorus pentoxide for 1 week. For sample analysis, 5 mg of dried and non-dried material was
weighed in a 5 mL volumetric flask and dissolved in 1 mL acetonitrile and filled up with water to 5
-mL.

The compounds were investigated by HPLC. For the impurity profiles, an HPLC peak area
percentage was calculated. The results are shown in Table 1.

Table 1
Compound Amount [ug/mL] | Purity (% area)
TRI 50c dry 1000.0 82.00
TRI 50c non-dried 947.3 85.54
- TRI 50c Na salt dry 1024 98.81
TRI 50c Na salt non-dried 1005.8 98.61
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13C NMR 75MHz Sc(CD3C(O) CD3) 206.56, 138.30, 130. 76,
129. 64, 129.31, 129.19, 129.09, 128.20, 15 128. 04,

WO 4002822078, 55, 67.78, 58.76, 56.37, 56.03, 48.BG/GB2003/003897
47.87, 39.00, 25.42, 25.29. FTLR (KBr disc) Vmax (cm

1) 3331.3, 3031.4, ' 2935.3, 28%76.9, 2341.9, 1956. 1,
1711. 6 | 6399 34. 3 9081, .1453 0 1255 3

>y

9.9 1534 3]
1115. 3 s Ly sali@ny g 9178333748 9 6009617504 9
504. 5, |

506 Lys 18838 vs1 " o E8BPEIM AND
ZINC SALTS OF(R S,R) TRl 50C 20 The following salts
Thee peitp of e st wad gered 9T 1 akyirigTRroédss BLOtHeNUARELT dhe Qhits was less

; ' val ency of th tal, usi .
ofhehes BP0y e g ook sBnCanfi Ry eeh e Aleepsin response
factorspvilbieducs thdactwhimpurigtdayels,i However.n Exanpl e 10. 25 A 4

Sodi um Sa/t Anal ytical data Physical Properties HPLC

or LCMS: HPLC betabasic C18 Col um, Form Anorphous
ThisprEPledniels thethe salts poilie distpsutee partiedarirdeaelsalts,ye.g. alkali metal
saht§) e layre\ MblXRFAREhcide hétbmpgTiigpat : NA Mcro

anal ysis: Calcd. Found. Solubility: Soluble in agueous

nmedia C 59.24 59.93 caNsOng/m H 6.44 6.47 N 7.67
EXAMBIE M8y SBRIIT) COher: B: 1.98 1.91 Na: 4.20 3.81 B.

-Zinc Salt 30 WO 2004/ 022072 PCT/ GB2003/ 003897 66

Anal ytical data Physical Properties HPLC or LC M5
ThisPBamplet conwares tiel Saldisy wAART $lsrand TRIGOphysine sslbinen filled into enteric-

cobtdd Gbid QUBtitaps@iour: Wiite Estimated Purity: >95% by
OV (?215nm) MBIting Point: N-A

1. Tabulated Results

Compound Climatic Purity Purity
Packing | conditions | (HPLC %Area) | (HPLC %Area)?
1.5 month ? TO . T1
capsules 25°C/ 60%
TRIS0c in blister r.h. * 2 739
capsules 40°C / 75%
TRI50c " in blister rh 99 73.9
(o]
TRI50c capsules! 40 Cr/h75% 99 75.3
TRI50c capsules 25°C / 60% 2)
Lysine Salt in blister r.h. 20.2 90.5
TRIS0C capsules 40°C [/ 75% 2
Lysine Sait in blister r.h 20.2 ‘ 918
TRI50c 1 40°C/ 75% 2
Lysine Salt capsules th 90.2 90.6
Notes:
0) 1.5 month storage at given conditions, samples were then stored at room
temperature until analytical testing.
1) capsules stored at the respective climatic conditions without blister.
2) purity of the batch before storage.
3) purity of the stored batch (capsules were poured out, the contents of the

capsules were then analyzed).
4) r.h. = relative humidity

Conclusion
There was no significant difference in the purities of the lysine salt at Tg and T.
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Mcro analysis: Ca/cd. Found. Solubility: Soluble in
aqueous nedia C 58.21 56.20 ca'2ng/m H 6.33 6.33
wWOR004/022077. 18 MN 1114.18 O her: B: 1.94 1. 84p@nGB2003/h03897
7.26 Notes: The trigonal formula of the acid boronate
is used in the cal cul ated nicr®nal yses. It is
bel jeved that a | ower sodiumsalt solubility is
2. Amglyticalprogede npl e 11 because the salt tested in
exanpl e 11 had lower chiral purity. 5 Conclusion The
2.30di Sample greparational t s have all been prepared with a
stoichionetry of, respectively, one netal ion to one
2.k eAssay oHTRITMOc &Bksadsd one netal ion to two nol ecul es
TR {50 standsit (frerasidy whsistofed ima desigcatot her pbakipborus péntoxide for 2 days for
dr?llwdjsﬁftér%an@g Gk héﬁreﬁ@rﬁérﬁi ajs_v\\ﬁvéqﬁea Rk VS@ngtﬁ{: ?lg%dan]:jo(fissolved in a

. st ol chi onet Zl hC S | .
mixteefacghonislg, andyatey éﬁgﬁé Vi dnetAiguals 6f the esulting solytiant (ST 1A) were

dilGeaBlidceLvelpwith GBicf ALshbin inRhOARESH 2R ofdghisl4bor onat e.
EXAMPLE 27 - STABILITY 15 An assay of TRl 50c and its

ore and after dryin
é@gd'g]:eug'%l@ arguil's&l lonssJ?IL% ys—sal My\m?a
! y w ull: l_. ST € Calibr_
\/\mg%‘;ﬂl&toHPCngsa sordlnagesccgtngr

Puri L~

UVvVTi DIJIIUI T O LT VWCTICT Tt
Al }énf i lnrmL Hr 1 ad. nmmt or M_ ;gggglmll
(J.II(J.I yDI D, LAY A T T 1T1TOT1 AT T o Tt C T

tricid| as ﬁé{"’yjﬁ?rsﬂ anl1
e upoc Déswtb?'ofo uwe??_a.; 'hemo00
v Hed—py—HPEC —tHhRe-—-apur ity
rofie —an— cloaad L, | o Solyent, . [ [pg/mi]

St ARl afed. | TAA riestAWS ar e thown i nWatgbl e 1. 2003.9al| £2000
ST 3Qonpoand Amawnt| [zmBel]| Purd ty| % awem) TR 1669 dily c1o00
.0 &2.00 I 0 n-|dri 98473 54711 OC |1
ST o ioha Bn lop ot L RE OF T Swiler o8 | L0rie |5 es00
SAl, 5 500,9 10 water 250.5 C250
STG6A 1 3A 1001,9 10 water 100.2 C100
sT7A] 1 6A | 1002 10 water 10.0 c10

2.1.2 Impurity profile of the stored capsules
The stored capsules of every batch at corresponding climatic condition were removed and 10 mg of

the content was weighed in a 10 ml volumetric flask and dissolved in 10 ml of a mixture of
acetonitrile/water (25/75 v/v%). These solutions were injected for impurity profile analysis and for
quantification respectively.

3. Daté 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 paraineters

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
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WD 2004/ 022072 PCT/ GB2003/ 003897 67 TRI 50c Lys salt
dry 813.3 90.17 TRI 50c Lys salt non-dried 809.8
w®2002/5230he purity of the acid was | owered by tPeT/dBI00H03897
process but the purity of the salts was | ess
affected; the purity of the sof8Pum salt was not
significantly reduced. Large differences in response
factors will reduce the actual inpurity |evels,
4o we Stationarylphase exanpl e i ndi cates that the salts of

AL{&E,C?II@EJ gSIPre parti cul g;r%{)y the netal salts, e. g.

salts, are re stabl e than the aci ds,
Mﬁtﬁtlé{bly TRl 50c. EXAI\/PLEXZBrra MsAR, ElmY 10 Thi s

fpphdml e conpares the st afidabd ¥schford R and TRl 50c
sI@és,l ne salt when filled ?’Eeo esrf °r.Jc-e”ﬁQ§ ed hard

NSieiSn capsul es. 1. Tabii0H@e 2Remm (teggthyigtemahgianaier)
Climatic Purity Purity Packing conditions (HPLC
%Ar e HPLC %Area)3 1.5 nonth 0) TO T1 TRI50c
4@{038%’8@'35&*’/ 60%in blister r.h. ' 99 73.9 TRI50c
Agepeaphese: AOTC1% HCEBTHAOWABr 9 in blister r.h TRI50c

4OOC %99 75.3 r TRI50c capsules 25C /
O@%@?B@a‘ég 2) C &Lyy ne Salt in blister r.h. TRI 50c

G@Q‘B&QHOE@UQI@C/ 75%90.2 2 91.8 Lysine Salt in blister
TimeN TRAGWC Capsul e a40C 7 7536002 2 90.6 Lysine
Saol |- h gwtes[ O)ggl. 5 nMpntiTygtorage at given

opladi [1 0By Sanpl esjgiere henggtored at room

27.1 0.5 90 10
30.0 0.5 90 10

EXAMPLE 29 - 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,

caused by thrombin alone, collagen alone or a mixture of thrombin and collagen. This property is
due to an increase in anionic phospholipid on the surface of the platelet with concomitant release of
microvesicle from the surface. This is an essential physiological reaction and people whose platelets
have reduced ability to generate procoagulant activity (Scott syndrome) show an increased
tendency for bleeding.

Method:
Washed platelets were treated with either 1.15nM thrombin, 23pg/ml collagen or a mixture of both

at the same concentration at 379C. TRI 50b was added either for 1 minute prior to the addition of
activator or immediately after the incubation with activator. Platelet procoagulant activity was
determined as described previously (Goodwin C A et al, Biochem J. 1995 8, 308: 15-21).

TRI 50b proved to be a potent inhibitor of platelet procoagulant activity with IC5q's as summarised

below:

Table 2: Influence of TRI 50b on the induction of platelet procoagulant activity by various agonists:

Table 2
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tenperature until analytical testing. 1) capsules

stored at the respective climatic conditions wthout
whbkdogioza072 20 2) purity of the batch before stPCEHGB2003)03897

purity of the stored batch (ca&iul es were poured out,

the contents of the capsules re then anal yzed). 4)

r.h. =relatiy umdity 25 cl ysi on There was no,
Aggisti £ i cant di%"gr Eﬁieéergﬂ"? hég%ﬂr ilii'r'%s e t e ysi nwithout

salt at TO andwitlioutWRE 5064/ 0 RitABAtIGCT/ GB20OfhcObaeih/

68 2. Analytical procedure gT'J' Sanpl e prepélr@;i on
2.1.1 Assay of TRI 50c and s t% 5 TR 50c-Stanhdard
Thrgrplde aci d) w9 stored in a 8esiccator over3@9Bosphor us

cdisdehoxi de for 4 days for dryjpg. Afterwardgy the
ret erence standard was weighed in a volunetric flask
ThipepinfCdegeved 1B a nixture 8f acetonitril e8&nd wat er
(25/75 viv % . Aliquots of the resulting solution (ST

T2 G 1 e R B et R B o 2 0o

aceaidration @f theaéite BF actigddion higrotBedmbior in comearigdt witPLaontryl platelets. Treatment

; j I 9% j l .
wifEfir=p ek Sy o R 3y Wiy TR B coliratohlsien. e
signicars POLgnGy ofy TR 50 ST eyidengag byathe fact it WeeniCsp values jre STt/ nanomolar
m% 1A 4007,8 10 water 2003.9 C2000 ST 3A 5 2A 2003,9

Y water 1001.9 CL000 ST 4A 5 3A 1001, 9 10 water

501.0 C500 ST 5 A5 4A 500,9 10 water 250.5 C250 ST
T s AP P i P oG ey sygnof washed
PlaelgiF-ed capsul es The stored capsul es of every batch at

corresponding climatic condition were renoved and 10

PP 30 - RABBIT EXTRACORPOREAL SHUNT MODEL

Introduction

The technique describes an animal model in which a platelet rich thrombus is produced. The activity
of TRI 50b and heparin are compared.

The carotid artery and jugular vein of anaesthetised rabbits were used to create an extracorporeal
circuit containing a suspended foreign surface (silk thread). Thrombus deposition is initiated by
creation of high sheer stress turbulent arterial blood flow, platelet activation, followed by
coagulation in the presence .of thrombogenic surfaces. Histopathological studies have shown that
the thrombus is platelet rich.

Materials and Methods

Animals:
NZW rabbits (males 2.5-3.5 kg) were used. The animals were allowed food and water up to the
induction of anaesthesia.

Anaesthesia:
Animals were premedicated with fontanel/fluanisone (Hypnorm) 0.15 ml total by intramuscular
injection. General anaesthesia was induced with methohexitone (10 mg/mi) to effect, followed by
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the content was weighed in a 10 m volunetric flask
and dissolved in 10 m of a m xture of
wae@tomorz il e/ water (25/75 v/iv% . These sol uti PCEGRR008/003897
injected for inpurity profile ?nalysis and for 15
quantification respectively. Dat a eval uati on The
quantitative eval uation and the | rit o L :
endiartyal ulion. PeReBRHB RS AT TIBEERE el B farfedn ovvoen
/niksuBeRigel ng wavel ength was set as 258 nm 20
4. Anal ytical paranmeters 4.1 Equi prent and software

Autosanpl er Waters Alliance 2795 25 Punp Waters
Su#&:hald’mqmrﬂﬁ&ﬁ Col um oven Waters Alliance 2795

Thggrgﬁglts 'w%% O:?f?c%c? rnsdo%%ﬁegln%gma M ve?r?ﬁl &GS F?WM?&:%F&M& surgery.

version enni.um ease
Thaeh 20018 62D o FADY RGBEOS) WIS SRR 9The@rt9fv§faa€?f6w§¥9¢ with 2 farge

e u al T
Po%fé@ c%t'ﬁ‘r%ﬁq gygew ﬁﬁ%b % tt!é r[%s yébl %rg;FH ngrv-#ngéb MriMRated -with a
sildtic® rsineRs ¥ sumt Xordpribedof £ Isenmgtehgthl aﬁt‘zmtm amalyseralm @upple /white
4.3 Mobil e phase Aqueous phase:. er
gaugs).- Oy che sugleon de apend E&G'%\H’Fr@d?ad@dﬂt& '@tft-%%H t&ﬁ'%qas ic® tubing.
Thcg |89‘¥LHCt) Waéf‘ ﬂ@gqmtl‘psa(ﬁﬁé Barbre @Rpoklre 138 TheDcifulGtichO 1@ righi feinofal Artery was

.0 0.5 90 EXAMPLE 29 - TRl 50B | NH BI TI ON
Ca'taﬂ'aﬁﬂg&qfégﬁqew@%%w PREHS/ TY 15 Pl at el et

pro-coagul ant activity may be observed as the

g%c‘{or%%%?tf"ﬁ gﬁﬁﬁse% fctivation of prothron‘ol n by

e presence of factor Va upon t
Thaddittal eattiarf ofghe shunkcantainedtar @eepd § GRNUMEtER #fb‘ﬁﬁﬂt‘ﬁr “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

Blood flow velocity was determined by use of 'Doppler' probes (Crystal Biotech). A silastic probe
was positioned over the carotid artery at the point of insertion of the arterial catheter. Flow was
recorded on a chart recorder using heat sensitive paper.

RESULTS
Table 3
TREATMENT DOSE THROMBUS WEIGHT ANTITHROMBOTIC
AFTER 20 minute run ACTIVITY

Control N/A 22.4 £2.2 mg (n=5)
TRI 50b 10mg/kg iv 9.78 +1.9 mg(n=5) Active

3.0mg/kg iv 15.3 +2.2 mg(n=5) Active
HEPARIN 100 u/kg iv 22.9 +1.65 mg(n=4) Inactive

300 u/kg iv 10.5 +1.4 mg (n=4) Active (Severe bleeding)
Discussion

Table 3 shows that, under high arterial shear conditions, a TRI 50b dose of 3mg/kg to 10mg/kg iv
significantly inhibits thrombus formation without bleeding, whereas a heparin dose within the
normal clinical range for treating venous thrombosis (100u/kg iv heparin) was ineffective. The
higher dose of heparin, though active, caused severe bleeding. These results, which show TRI 50b
effectively inhibiting arterial thrombosis without causing bleeding, are consistent with TRI 50b
inhibiting platelet procoagulant activity. In contrast, the thrombin inhibitor heparin, when
administered at an approximately equi-effective dose (in terms of inhibition of arterial thrombosis),
produced the severe bleeding normal when thrombin inhibitors are used to treat arterial thrombosis.
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caused by thrombin al one, collagen alone or a m xture
of thrombin and collagen. This property is due to an
WO p@m2e2 i n ani oni ¢ phosphol i pi d on the surf aPer/eB2a0bm03897
platelet with concomtant rel ease of mcrovesicle
fromthe su(rjf ace. This is an ngenti al physi ol ogi cal
reaction_an I telets 20 have reduced
W%‘w iljgﬁﬁuasant activity (Scott
syndrone) show an increased tendency for bl eeding.

TheiN%E_[lgﬁﬁ/fr}e Y)ﬁﬁ‘sﬁaq 8 é:é’l%ﬁé n‘?ttl’?e PYFéa?ng U rﬁét &qwnﬁ%(ﬁnn\év@*\ g’ §0b na suitable
ma2el. dtis etreptedithat mpnmlmarpaon ldﬂbl@t Ofsmelehwcoawr\mgfwgl\d@eaﬂ Chem.
199136&?50 Lz%gé é?oﬁlﬂs emiikitPip, tRkdoR M MichisTV T, 8l innakio1983 May;
y aft’er the incubation with activator.
71@0&3@'%10 procoagul ant activity was determined as
descri bed previously (Goodwin C A et al, Biochem J.

1995 8, 308: rove | ST
el BES PR e o Bl AR L ep G o adminsraton of
hepdiinQing TRS 58N TTee deses emflOyeldedepevehcberb bre the: baSlsfdf traircesfieaty in the rat
wekk- 21 i Jﬂsdehs%ggaig+e0£ GhyBl aLel et procoagul ant

2004/ 022072 PCT/ GBZOO3/ 003897 70 Agonist Fold
TR%@%bel erat i giy 1J0RGkP! us pre- 1CSO without without TR

i ncubati on ncubatl on (nM (nM Thronbin 30 8
Hegarho  Coll0@gaits/ k&!s 200 300 Thronbi n/ Col | agen 110 3 80
Table 2 records, for exanple, that when platelets were

t Lt in they caused a 30-fold
M’éﬁ’@ﬁﬁ?éﬂ%ﬂ'ﬁﬁ{gm rate of activation of prothronbin
in conparison with control platelets. Treatnment wth

An"[‘RLthggiareduced such accel eration by half at the
various TRl 50 concentration | evels given.

Rats were fahassivetisnd wish e9dium perigbagiionasateip; ke 0 Wks er3qﬂ Bg4m! solution
bygﬁ%ecrnbr% Isterdld Sriae@hdticiwas e | W@@Jl@ﬂ range. TRI
Ob~does not have an effect on A col I agen or
epi nephrine i nduced aggregation of washed platelets.

Su}gc%uwétuaﬂ RABBI T EXTRACORPOREAL SHUNT MODEL

[ ntrod
A jugular vé';n was cannulated for the administration of test compound. The trachea was also

cannulated with a suitable cannula and the animals allowed to breathe ‘room air’ spontaneously.

Compound administration

These were given in the appropriate vehicle at 1.0 mifkg intravenously. Heparin was administered
in-saline, whilst TRI 50b was dissolved in ethanol, and then the resultant solution added to water
for injection (1 part ethanol to 5 parts water).

Technique .

Two minutes following compound administration the distal 2mm of the animal’s tail was sectioned
with a new scalpel blade and the tail immersed in warm saline (37°C) contained in a standard
‘universal’ container, so that the blood stream was clearly visible. The bleeding time recording was
started immediately following transection until the cessation of blood flow from the tip of the tail. A
period of 30 seconds was allowed after the blood flow from the tail had stopped to ensure that
bleeding did not re-commence, if bleeding did start again the recording time was continued for up
to a maximum of 45 minutes.

Results
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15 The techni que describes an animal nodel in which a
platelet rich thronbus is produced. The activity of

waRio4B278nd heparin are conpared. The car oti dPEr/GBRY03/003897
and jugul ar vein of anaesthetiged rabbits were used to
create an extracorporeal ci rcait cont ai ni ng a

suspended forei ur ' thr
Taidle R GVFY 7 STV P PEF0 B S sl sl PR hresfedany %e%s“’ﬁe e values.
stress turbulent arterial blood flow, pI atel et
activation, fol ITg d4 by coagul ation in the presence of
t hronbogeni ¢ surraces. H stopathol ogical studies have
shown that theTreatmabus s plﬂe@d-mt-mednm I\f’hten al s
and Methods 25 Animals: NZWg, @E:p,r s (males 2.5-3.5
kg) were used. {The aninals. owed faod and wat er
up to the indu&lin@n of anaestlhb!;loé. 30 Anadst hesi a:
Ani mal s were preg 3 T gentanel 7 fTugni sone
(Hypnorm 0. 15 0 |'n(ig?§ﬂ<gw ﬁi}or@nlqcuLaL Lnj ection.
General anaest hé'BIEPb\ﬁdﬁg/F%che’d--"/\H--ﬁ met hohexi t one (10
mg/ m ) to effe¢hrrEdp loGHERG @Y 304 £8947 02207
PCT/ GB2003/ 003897 ~ 71 endot racheal | ntubation
Anaest hedeveralieadinp it 2l ansepisVth ne sesFatigp giter 40 F'Q”tés %
carried itge@X)BfRardchbi dreftsmani de.  Sur gi cal
Preparation: 5 The animals were placed in dorsal
Disq@ssiBency and the ventral cervical region prepared

Thé Qésuﬁ#ﬁtﬁﬁf that TRIMEDbI vedstsupa@ioptd Repafit euryduaediesd kyé&dmg) at all doses. It

L S 8 SRS FP o Bt P s et

anin@lseblesimadra lekiendivelyghdn thddegeaeying TRE S0 dtrwes|psavisgsiyestpblished (Example
Zsfgha?ﬁéﬁaﬁg 4 2 %eh(gftnlgp uéky\ﬁg aS!%EE g’f &lQ%ibﬁm%ﬁeﬁal Qhrﬁr‘ﬁbcéjs than TRI
508 @t mgoae@f Bﬁengilkm rﬂeparrm is pEmaiy @Fhr%mb"é inpibitereapg a rf?a%rénw pof platelet
prc?cﬂ%gﬁﬂég@ ARt ﬁb Z8sufth lafs EHeFe@Jré chitkibtane with OTR_frBBbSékdﬂhg \gAS-coagulant

w th saline before
aciys b ISR e B PRy Sty TR BB S seihy.
measuremsnt of bI ood pressure Thread Preparation and
: PRODEY , RMACD N HERERpTION
OOO 15 gauge Gutterman sew ng SI | k so as to give four
gle knot at the end. (The knot
Mé&%@ggl\wgsngﬁi@#%e the shunt). Bl ood Flow Bl ood fl ow

vel ocity was determ ned by use of 'Doppler' probes
adiffakst al Biotech). A silastic probe

Rats, body weight circa 250-300g were used. The animals were fasted only on the day of use for
the iv stage. Animals were fasted on the night prior to study for the oral and intraduodenal studies,
water was allowed up to the time of anaesthesia.

‘Table 5:
oral phase
Treatment Dose mg/kg po n
TRI 50b 20mg/kg 2
TRI 50c 20mg/kg
Table 6:

intraduodenal phase

Treatment Dose mg/kg po n




10

15

20

25

30

35

20 was positioned over the carotid artery at the point
of insertion of the arterial catheter. Flow was
w0 e@afoebdd on a chart recorder using heat sensiPCT/E6B2003/003897
paper. RESULTS Table 3 TREATNEN DOSE THROVBUS WEI GHT
ANTI THROVMBOTI C  AFTER 20 minuté&'run ACTIVITY Contr ol
N A 22. 4 2.2z =5r—TR—58b—30rmgrkg—+v—978-1-9 m
n=5 Active ‘r§1 b/kq iv 15| gb’rag.‘] m n=5 Act %/e HEPARI N
100 u/ kg i TRRS®& 1.65 m n=420mgikd i ve 300 u{k iv 10.5
1.4 mg (n=4y—Active ({Severebteeding)—25-brseussi on
Tabl e 3 shows that, under high arterial shear :
Dggthditions, a TRl 50b dose of 3ng/kg to 10ng/ kg iv
significantly inhibits thronbus formation wthout
bl eﬁdi_&? vvher?as a heparin dose within the normal
Formufatior (TREROL/TRE 599 eat i ng venous t hronbosi s (100u/ kg
Thege vepadose)l imasforrm@dtionqirépatad aBh@IIGHS: 4B 0hg/mi @RI Gbb is dissolved in

rdeR, ) Lactiv caused. sever | eedi_.ng. These . )
e PR 30b PR Bk, Epers RSB ER R, §uyries i sdbign s moced wit
3 weluraes ofi 5% kollidob A8/ Wi t hout causi ng bl eedi ng, are
consistent with TRI 50b inhibiting platelet
procoagul ant activity. In contrast, the thronbin
¥ nhi %th gemAREpderwane degae by oraldiavageserakredly dnto the duodenum, at 20mg/kg.
approxi mately equi-effective dose (in terns of
Ti nhi bi tion of ar{#eri al thronmbosis), produced the ) ]
NESOPRUNGP WETH 9050 ArREF/ efiranl/ eliden-Rimyiatiam which yes Prpased immediately
beﬁcwe.obstdesdribaatnnaadt7afety'7@ﬂdeE.;ﬂRﬁ/;{_a)edmcr@LE Sii‘sOseESO%ﬁ%%%d@ZmZ %as dosed at
I%ﬁﬁ@‘%ﬁé%%{k "mof the study was to conpare the
bl eeding tinmes of heparin with TRI 50b in a suitable
MERRaL- !t is accepted that heparin is a poor inhibitor
—of plratelet procoagulant activity (J. Biol. Chem 5
1978 Cct 10; 253(19):6908-16; Mletich JP, Jackson CM
Ofdhpavdge PWL: J. Cdin. Invest. 1983 Muy;
1(5):1383-91).. Bl eeding tines were determned in a

RﬁZ%t(W% 90548 QE&PWQkﬂndé\ng%WF%w Y miptes, JQlwing dosing the rats were
araebthetisegit r ati on of heparin and TRl 50b. The doses

enpl oyed were chosen on the basis of their efficacy in

the rat 10 Wessler and dynam c nodels and were as
Intyaduodenal Ihmirdstimtich and 10 ny/ kg

The compounds were instilled directly into the duodenum after anaesthesia and surgical procedures

had been completed.

Blood sampling

Oral phase

Blood (0.81mi) was taken from the carotid cannula into (0.09mi) of 3.8% w/v tri sodium citrate
following anaesthesia and surgery. The first samples were taken one-hour post dose. Then at, 1.5,
2, 4 hours post dose.

Intraduodenai phase ‘
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 min) and stored at -20°C prior to analysis.
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Heparin: 100 units/kg 15 MATERI ALS AND METHODS

Anaest hesia Rats were anaesthetised with sodi um
w@entatarbi t one at 60 ng/ kg (2.0 m/kg of 30 neXMGB2003/003897

solution by ip. injection). Sggplenental anaest heti c

was glven ip. as required. 20 rgical preparation A
Btg@lﬁr vein was cannul ated for the adm nistration of

onpound. The trachea was also cannulated with a
sui tabl e cannula and the aninmals allowed to breathe
P#ﬁﬁﬂﬂhﬁkithﬁfﬂN&ﬂ?@ﬁ?s'y' 25 Conpound adni ni stration
ese were given in the appropriate vehicle at 1.0

m /kg intravenously. Heparin was administered in

mgal '
e P U e Ric R B, 11 b BpDhee &R tTRI 500
injection (1 part ethanol to 5 parts water). 30
Fig @€ hovalpteisd WearBida Wne kinkds| fonuig isetnedsnst dosing with TRI 50b or its free
adm n| wgwn the distal 2mm of the animal's tail was
sect 'S ‘th a new scal pel blade and the tail

i mrer sed | n warm saline (37C) contained in a standard
Ct‘)PELU contai ner, so that the blood stream was

early VISIb|e The bl eeding tinme recordi ng was
started i mediately follow ng transection until the

\Mﬁ@r§5§ﬁéﬂ oy tef inBb@Rderfal Pt ﬂﬂ”Sdbh&:hfe\/éH thlc_ﬁareblbé\)ahabilﬁr rak plasma
30 secon | owed after

erio 85 was, al

‘?‘FW?‘H& thagthe fregdc <3t e eansisient WikatRI S8 beleg W@'dbn hyydrolysed in
plaspia to FRT B0ERd @ith TRT 502/begd tirtactedbrintigiet again the

recording tinme was continued for up to a maxi num of

45 mnutes. Results WD 2004/ 022072 PCT/ GB2003/ 003897
TheFreSuith bbexampley 2% toeB2gdicate thatoddntinistrabibreefiRd §0a assudattailaprdvide a way

ine values. Table 4

to?%ggﬁ'trfegﬁltechﬂ ﬁ%%.aa%%r Mﬁﬁth%%psu EM) Saline 5.1 0.6

Heparin 100 u/ kg iv >40* TRI 50b 5 ng/kg iv 11.3 1.2

- EXANPLE Y- LOmERCkEal Studd@- 4 5.2 *Severe bleeding in all

animals, wth no cessation after 40 m nutes.

In human clinical volunteer studies with doses of up to 2.5mg/kg i.v. (dosages which significantly
prolong the thrombin clotting time), TRI 50b had no effect on Simplate bleeding time (i.e. bleeding

time measured using a Simplate® bleeding time device).

It will be appreciated from the foregoing that the disclosure provides boronic acid salts 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.
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5 tSEM = standard error of the nmean Di scussion The
results show that TRI 50b was superior to heparin
w@ proagizanezl | ess bl eeding) at all doses. It shecil/dBR@3/003897
noted that when 100 u/ kg heparin is conpared with 5
ng/ kg TRl 50b, heparin-treat ed’®ani mal s bl ed nore
xt ensj vel han those receiving TRl 50b; it was
A @8@%‘1&‘&'}'&%&%&’@@85 P(%estﬁrﬂfetﬂiﬁééefurf H&ve [Regsiptenabserption: and
bigawaiabiityof FarO@murlekdal iusilitg, & @ﬁ)ﬁlﬁlu@gﬁggﬁg lege gg@&wsdmb]gnafs mg,f be selected by
. 0SL.S§: , at a dose o .
Vlirarcg[j% E{gd &b@%‘gg’%‘r@iCéhglplg&rlr)gﬁfg@p%m?shr onbin inhibitor and a
poor inhibitor of platelet procoagulant activity; the
TheESredehBdiglo8urk MRILBEARE subRRS e BE thWirdiiBwi xerting
aniﬁi - coagul ant uact [ vist ?fé&gy% nhf%}éﬂ %'ﬁgka%&g?rgl et
coagul ant activity in addition to thronbin inhibiting

1.act i XipharmaddatidaitAddokdtabibase ddvition @& GF HdrdiRAd\Ierdrtlia fi
50C. PHARNMACCKI NETI CS AND ABSORPTI ON MATERI ALS AND

METHODS Animals 20 Rats, body wei ght circa 250-300g
were used. The animals were f l¢d only on the day of

use for the iv sYage-NWCGCHEE's were fast on the
night prior to study for fhe B'@}J{ and i ntriaduodenal
studies, water was allo up to the tine of
anaesthesia. Table 5: 25%oral phase Treatnent Dose
whaéikg po n TRl 50b 20mg/ kg 2 TRl 50c 20ny/ kg 2
Tabl e 6: intraduodenal phase Treatment Dose ng/ kg po n
Y RPER A SRR s b APy Es with theamingbomgis acid ragidkg 3
KRG (RIS R U Sirirky FPURE RS RAR 500)
5 Th(eggg(we?jergdosé@tyi n a ?L@%ﬁfﬁjgﬁlﬁﬁg(f’g@ﬁe ’a‘%ﬁe
follows: 48 ng/mM of TRl 50b is dissolved in ethanol:
5

rTEG ﬁ0.0 (%:_3 Yo’ : voJ%. Ju % before adm nistration, 5

VB a ARy aByRp <GHPIPS brPRRer TRTEIfthes IniggearAd Iomich the total

nuAeK6r ok déARnd darfin atdms B8t st?fSRﬁ %D ?—(gﬁﬁe \WOHER R 2, 3, 4 or 5 and
the duodefilim “at

oral gavage, or directly into
W20yl drdhalogen (F, Cl, Bror I).

2. A salt of paragraph 1 wherein R% is an alkoxyalky! group.

3. A salt of paragraph 1 or paragraph 2 wherein YCO- comprises an amino acid which binds to
the S2 subsite of thrombin, the amino acid being N-terminally linked to a moiety which binds the S3
subsite of thrombin.

4, A salt of paragraph 1 or paragraph 2 wherein Y is an optionally N-terminally protected
dipeptide which binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the
~acid are optionally and independently N-substituted by a C1-C13 hydrocarbyl optionally containing
in-chain or in-ring .nitrogen, oxygen or sulfur and optionally substituted by a substituent selected
from halo, hydroxy and trifluoromethyl.

5. A salt of paragraph 4 wherein said dipeptide is N-terminally protected.

6. A salt of paragraph 4 or paragraph 5 wherein all the peptide linkages in the acid are
unsubstituted.



10 The conpounds were dosed in a PEGQ et hanol / kol lidon
formul ati on which was prepared i medi ately before, as

waleaanrdoezl | nredi atel y under the headi ng " DosePCT/6Boa@i/003897
15.0mg/ M . This was dosed at 33m / kg (equivalent to
30ng/ kg) . 15 l\/let hods Oral gavage Rats were dosed at

rzg?g \lf% t S{)Te%tggler?é'né 310 tén cﬁq 'NherFlg d%%ﬁ%%ﬂ'%ﬂn %mgn%s Iacrl] réspd%e is of R
caelgiration) t'hélSEJBmdfﬁ@ PesRIOTR @FIS esnfii@Etion] St the Hregindht Lﬁﬁéﬁ(b@) -B(OH) is of
into t duodenum after anaesthesia and surgi cal

R Gpriigwa e had been conpl eted. 25 Bl ood sanpling
Oral phase Bl ood (0.81ml) vvas taken fromthe carotid

gcann f v otri | um
S8 l%%ﬁtﬂ%ﬁ%ﬁg@@ar%@% lgn sur LYY bo;Pﬂ"é af:' H‘S?agéﬁ?b?'g%mbm of about
1qQeneortlefigen one- hour post dose. Then at, 1.5, 30 2, 4
hours post dose. |ntraduodenal phase Bl ood sanpl es
were taken: Pre dose, then at O, 25, 5 0.75, 1.0, 2,
9.3 anfysalt ¢ SARErapln Whersjthgyporonipcid hag Pn!f' foRiheonpi of about 20'nM or less.
obt ai ned by centrifugation (3000 RPM for 10 m n) and

0 L AL BEAR B 4O 200 D200

ANALYSIS 5 Fig 1. oral phase clearance and kinetics
follow ng dosing wwth TRI 50b or_its free acid (TR
50c). Fig 2: oral phase cIeaLahEe and ki netics
fol | owi ng i nt r adcRRfearttNddsimy wi th TR 508)or its
free acid (TR 50c). 10 USIHDN When gi ven by the
i ntraduodenal route TRI 50Rgi1achi eved a hi gher
bi oavail ability (peak plasnma concentration) than the
free acid. The data are consistent wwth TRI 50b being
whesgi dly hydrolysed in plasma to TRI 50c and with TRI
50c being the active principle. 15

15A X is H (to form NH5) or an amino-protecting group;

aal is an amino acid 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;

20  aa?is an imino acid having from 4 to 6 ring members;

Rlisa group of the formula —(CHy)s~Z, where s is 2, 3 or 4 and Zis —OH, -OMe, ~OEt or halogen
(F, Cl, BrorI).

25 11 A salt of paragraph 10 wherein aal is selected from Phe, Dpa and wholly or partially
hydrogenated analogues thereof,

12. A salt of paragraph 10 wherein aal is selected from Dpa, Phe, Dcha and Cha.
30 13. A salt of any of paragraphs 10 to 12 wherein aal is of R-configuration.

14. A salt of paragraph 10 wherein aal is (R)-Phe or (R)-Dpa.
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The results of exanples 29 to 32 indicate that
admnistration of TRI 50c as a salt wll provide a way
W ooouzar2 arteri al thronbosis and/ or venous thrOIGB2003/003897
EXAMPLE 34 - Human Cinical Stydies 20 In human
cIinicaI vol unteer studies with doses of up to
2.5 i.v. (dosages ich significantly prolong
1% he fﬂ't&frﬁ?rﬁgr@PNQW cip pare§ (RIPRE- 50b had no effect on
Simplate bleeding tinme (i.e. bleeding time neasured
using a Sinplate(r) bleeding time device). 25 It wll
e dpfritee§iaay ebiParpeARNSHA to 35 eereingar it residee df atiminouacis! of formula
(r@r ovi des boronic acid salts useful for pharnaceutical
pur poses and which feature one or nore of the
follow ng attributes: (1) inproved anount of ora
bi oavail ability; (2) inpr ov§d1 consi stency of oral

bi oavai l ability; (3) |rrp stablllty and (4), in
any event, not suggesged by the -0oGHt. 30 The (IV),
sel ection of active |ng ;E;/fggia phar maceutica
conposition is a conpl ex which requires

consi deration not only of b| ol ogi cal properties
~ (including bioavailability) but al so of

physi cochem cal properties gES|rabIe for processing,

formul ation and storage. Bioavailability itself is

PN cHOUS t t \Y

L MR G5, a0l B RS VAVE, when v
rinp n&ﬁa@r 61 membayed; lis optionally subititited tit arldl o nebep ey e groums by from 1 to 3 Cy-
G rrg(ﬁl $I e physical, chem cal and/or biological 35
3EEHPWEr s. * WO 2004/ 022072 PCT/ GB2003/ 003897 76

Advant ageousl y, at |east preferred products of the
di scl osure have adequate absorption and
17bi odvsait bjeErégraph. 16Fderaroaates afiSedonfiduidtioh.y, a product
having | ess good solubility may be selected by virtue
of a superior overall conbination of properties. 5 The
18pr edesak offpBajraphucavheren asdesant (Spprdlity regduemat t er of the
foll ow ng paragraphs: 1. A pharmaceutically acceptable
base addition salt of a boronic aci d of formula (I):
19.Y- CR-shlthofdardgraghtiof Wherdihhl-432 i Hipfp.Y conprises a
hydr ophobi c noi ety which, together mnth t he
am noboroni c acid resi due -NHCH( RO) - B(OH) 2, has

202f g'l-\”éaft%f f8y of Bgraér'd@% f@foelﬁﬁ@flﬁ‘ Qhe l‘rE&néﬁ‘: il Cﬂ@h—%&?ﬁ)z is of R

is a straight chain group Interr
cmﬁb@ﬁmrlnnre et her |inkages and in which the total 15
nunber of oxygen and carbon atons is 3, 4, 5 or 6 or
ROis -(CH2)mWwhere mis 2, 3, 4 or 5 and Wis -CH
21.0r RasatigefnarfyFof @hragBphso10 k9 .20 wherein Rl is 2-bromoethyl, 2-chioroethyl, 2-

methoxyethyl, 3-bromopropyl, 3-chloropropyl or 3-methoxypropyl.

22, A salt of any of paragraphs 10 to 20 wherein R is 3-methoxypropyl.
23. A salt of paragraph 10 which is a salt of a compound of formula (VIII):

X-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH);  (VIIL).

24, A salt of any of \paragraphs 10 to 23 where X is RG-(CHz)p-C(O)-, R6-(CH2)p-S(O)2-, R6-

(CH2)p"NH-C(0)- or R6-(CHy),-0-C(0)- wherein pis 0, 1,2, 3,4, 50r 6 and R is H or a 5 to 13-
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2. A salt of paragraph 1 wherein RO is an al koxyal kyl
group. 20 3. A salt of paragraph 1 or paragraph 2

wob@re22072YCO- conpri ses an am no aci d whi ch bi PciEGBR003/003897

the S2 subsite of thronbin, 9 am no aci d being
N-term naIIy i nked to a noi ety whi ch binds the S3

th f :

RitBEh Sl glhempTi Seasthyfed iy £op Byttt fhacisp fom halogen,

ammgx rige, doldroRs a dis (iig [pydlic growd) i3 FC4 ailkycknd t0g- ngw?&%ﬂiﬁmmg%d/or linked to
e | NKages 1 n

si t es of and the pepti
the cgglc ;9%‘]“8 thrpughy, B? Inoqﬁgﬁ%y Hﬂ&r?aorgqq@@éj&hgquﬁspytlonally being substituted by a
silisEiudr tseleatecefdon fialage;lan(Ho3 nirpdiydemy biyd a optl eyead drsup.
containing in-chain or in-ring nitrogen, oxygen or
sul fur and optionally substituted by a substituent
25l eatslt off ppagragh 24 WhERMOXAd 3Neh U8-iehbBe@BERYdroup3% aromatic or

t of paragraph 4 wherein said dipeptide is
h%frtog??)%gﬁally protected. 6. A salt of paragraph 4 or

paragraph 5 wherein all the peptide |inkages in the

cid i 4 O
"B Aaa0 L FARHARY 2 ke S8 S ARENs oic argum ghep o 2 6
megbesed\hRipraarAMEE 459URdi ng ami no aci d residue is of R
configuration, the S2-binding residue is of S
configuration, and the fragnment -NHCH(R9)-B(OH) is of
ZP cohﬁalggfrm'ucxﬁmaragrams 24 to RbtwhefeiraXiys RFF- (%Ig)paqoa}FﬂTS§61(CHQ)p-O C(0)-
and wh§r n the boronic acid has a Ki for thronbin of
00 nMor less. 9.. A salt of paragraph 8
V\hereln the boronic acid has a Ki for thronbin of

b tical
28 ook sk ahl O palaiing 108 2 SR S OIRAGKEBG. Y o
formula (11): OH X-aal-aa2-NHCHB (1) | OHRI
290her £zaltld? any bfpakdgkabRs 1 @r28vINR)do Sy no@@o QQ CIPJIlEé ﬁnatrﬁrﬁﬁlum salt.

group; aal is an amno acid having a rocar
chain containing no nore than 20 car bon at ons and

30co nptr saitl af gnyabf JarRiphON® BWeHIdhCoBbAIED boBNALE bné Berfved Adm the boronic
ac@adr nﬁp@%ﬁ”io 2% azﬁIZ is an imno acid having from4 t
ﬁr& ?é’ F{T?sagroup of theforrrula-(CHZ)S
Z, where sis 2, 3or 4and Zis -OH -Ow, -CEt or

31h‘3‘I %&ﬂ: Qf%h:y of%arasc;ﬁfgh{{ tJ 29 wlﬁgf\ lg’%ﬁﬁlg‘ofst& gepgﬂagar a? (5) mth an alkali

erein ected from
m?gghof R &lrengly basic organic nitrogen-containing compound.

32, A salt of paragraph 21 wherein the strongly basic organic nitrogen compound has a pKb of
about 7 or more, e.g. about 7.5 or more.

33. A salt of paragraph 31 or paragraph 32 wherein the strongly basic organic nitrogen-

. containing compound is a guanidine, a guanidine analogue or an amine.

34. A salt of any of paragraphs 1 to 33 which is a salt of the boronic acid with a metal.

35. A salt of any of paragraphs 1 to 28 which is a salt of the boronic acid with an alkali metal,
an aminosugar, a guanidine or an amine of formula (XI):
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hydr ogenat ed anal ogues thereof. 12. A salt of
paragraph 10 wherein aal is selected from Dpa, Phe,
wedva/ozood2 Cha. 30 13. A salt of any of paragre@heBl®3/003897
to 12 wherein aal is of R-confgguration. 14. A salt of
par agraph 10 wherein aal is (R?-Phe or (R -Dpa. WO
2004/ 022072 PCT/ GB2003/ 003897 78 15. A salt of
paragraph 10 wherein aal is (RNHR&. 16. A salt of any
of paragraphs 1&%_1?0%“3;@ aa2 is a residue of an
imno acid of f | a 2 I—|2CCI—|-é§2g}I(IV), N
H 5 where R11 is -CH2-, -CH2. -, =S -,
-S-C(CH3) 2- or CH2CH2CH2RNh| ch group, when the
ring is 5- or 6- nmenbered, is optionally substituted

re s - y, fromil to Cl-
Wil 8 DR 6 55 bR Broeti bl it o a or
residue df @ ngfurabocymetupl painp eeid. 18. A salt of paragraph 16
wherein aa2 is an (S)-proline residue. 19. A salt of
aragraph 10, wherein aal-aa2 is (Rz-Phe-(S)-Pr_o. 15
3520. ‘gs%ta?fta"bpf BiHgarerhs ddp 2§ vdyighds agalt of the bomeir afigh withe@ guanidine or
with acHieng of-fodufHDEL) - B(OH) 2 is of R configuration. 21.
A salt of any of paragraphs 10 to 20 wherein R1L is
2- bronoet hyl, 2-chl oroet hyl, 2NH net hoxyet hyl ,
3-bronopropyl, 3-chloropropyl /or 3-net hoxypropyl. 22.
A salt of anyof"'zér‘a@@'dﬁh toZOV\,hLianis ,
3- net hoxypropyl. 23. A salt opraragrag 10 which is
a salt of a conpound of formuRA (MI1): 25
X-(R)-Phe-(S)-Pro-(R) -Mg-B(OH)2 (M11). 24. A salt of

any of -para rallzeh_s 10 to 23 where X is )
whsge ?@_ﬁgrgld@%, “ iRb: E@@ylﬁtegzrgequtls%carmlgyﬁ%\ﬁ_@(@ﬁ alkyl or a
residuefeba (&) or Gn&ILRY) amwbiesigi n p is 0, 1, 2, 3, 4, 5 or .

6 and R6 is Hor a 5 to 13 WD 2004/ 022072

PCT/ GB2003/ 003897 79
37. A salt of paragraph 36 which is a guanidine salt of the boronic acid.

38. A salt of paragraph 37 which is a salt of the boronic acid with L-arginine or an L-arginine
analogue,

39. A salt of paragraph 38 wherein the L-arginine analogue is D-arginine, or the D- or L-
isomers of homoarginine, agmatine [(4-aminobutyl) guanidine], NG-nitro-L-arginine methyl ester, or

a 2-amino pyrimidines.

40, A salt of paragraph 37 which is a salt of the boronic acid with a guanidine of formula (VII)

NHR3
H,N NH— (CH
NH R2

where n is from 1 to 6, RZ is H, carboxylate or derivatised carboxylate, R3 is H, Ci-C; alkyl or a
residue of a natural or unnatural amino acid.

41. A salt of paragraph 40 where the derivatised carboxylate forms a C1-C4 alkyl ester or

amide.
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menbered cyclic group optionally substituted by 1, 2
or 3 substituents selected from hal ogen, am no,
woramo220mydr oxy, a C5-C6 cyclic group, Cl-C4 abP&yGBagwd/003897
Cl-C4 al kyl containing, and/or _linked to the cyclic
group through, an in-chain 0, $he aforesaid al kyl
roups optionally being substituted by a substituent
4élel et 8l 0% PYRL" %(b@n?ag%ﬂ‘f?‘?b\'b‘,” Yihereip the,camneuRd afifgrraula (VII) is of L-
cobbgutionycl i ¢ group. 5 25. A salt of paragraph 24
wherein said 5 to 13-nmenbered cyclic group is aromatic
or heteroaromatic. 26. A salt of paragraph 25 wherein
43 ai dA salt of paRgraphrBewkich is pe Liatgingrecaalh of the péytidy boronic acid-
10 nenbered heteroaromatic group. 27. A salt of any of
aragraphs 24 to 26 wherein X is R6-(CH2)p C(0)- or
4‘&6- (/%Fﬁ‘) 9%-Paragiep)) 36 Whiehis 3 g8k af the bproric acs] widy an asfinegfiforgmla (IX).
par agraphs 10 to 22 wherein X is benzyl oxycarbonyl .

o A R P RBR b 85 22 o e

any of paragraphs 1 to 29 which conprises boronate

i ons [ f h [.C id a nopqQval en .
46,500 SBE QSR 405 BRSO 5 e DR Al & o 1
copfigusaiions a salt of the peptide boronic acid with an

al kali nmetal or a strongly basic organic

ni trogen-contai ni ng conpound. 25 32. A salt of
47par a@:] %Pﬁgr\ﬂﬂy&‘ewmcft if8n kiveigd gatof ghedioronisiagidni ¢

ni trogen conpound has a pKb of about 7 or nore, e.g.

abou .5 _or nore. 33 salt .of paragraph 31 or
“oar d f'altpqg a%’QOf\Bﬁ@P'@P% %W@Sﬂ%\‘cbﬂfg‘? ?fﬁifé@%ég]gr gani ¢
nitrogen- containing conpound is a guanidine, a
guani dj I I Ne .34, . A salt of any
49(')f BAa%z!\tg)?g@E@: p%%y%plg;? %S?ﬁ'icﬁzsaagbggff\[s'ag.f t he boronic
acid with a netal. 35. A salt of any of paragraphs 1

C

. 50t 0 2Bsanhr sﬁsi drpadgaphs 1 Bhsiin RS RRLA sAE1 d Wi th an

al kali nmetal, an am nosugar, a guani dine or an am ne
of formula (Xl): WD 2004/022072 PCT/ GB2003/ 003897 80

51NHR3A sattidNany( éEip2atrabhs(240)28 wWih W senifbshigar Efiom 1 to 6,
R2 is H carboxylate or derivatised carboxylate, R3 is

H C-C 4 alkyl or a residue of a natural or
S52unnaX sattaf paragragh Hovtetrein the aminosugar is a ring-opened sugar.

53. A salt of paragraph 52 wherein the aminosugar is a glucamine.
54. A salt of paragraph 51 wherein the aminosugar is a cyclic aminosugar.
55. A salt of any of paragraphs 51 to 54 wherein the aminosugar is N-unsubstituted.

56. A salt of any of paragraphs 51 to 54 wherein the aminosugar is N-substituted by one or two
substituents.

57. A salt of paragraph 56 wherein the or each substituent is a hydrocarbyl group.

58. A salt of paragraph 57 wherein the or each substituent is selected from the group consisting
of Cy, Cy, G5, Gy, Cs, Cs, C; and Cg alkyl groups

59. A salt of any of paragraphs 56 to 58 wherein there is a single N-substituent.
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5 36. A salt of any of paragraphs 1 to 28 which is a

salt of the boronic acid with a guanidine or wth an
wa@pioae20f2 formul a (1 X): NHR3 H2N- (CH2)n H (| X)T/GB2003/003897

where nis from1l to 6, R2 is car boxyl ate or

derivatised carboxylate, R3 is™H, Cl-C4 alkyl or a

residue of a natural or unnatural amno acid. 10 37. A

salt of paragraph 36 which is a guanidine salt of the
60bor ohfalt ofi pardgra@eal whesai the gfucrainaiy Napéthd-D-glidanimel s a

salt of the boronic acid with L-arginine or an

L-argi nine analogue. 15 39. A salt of paragraph 38
Slpher/esalt of Rey of-raragiephsetosffarhisiremprisepberprsitelonedertyed frbvp the peptide

bokmicO4cid-and! 1§60 EBdSicHidh B SEHND WK theASHVSHatd B
@ §4 am nobut yl) Cgug}'laFrgI nel, NG nitro-L-ar gpsmcarl]-rgmrgrea ?{‘9{"* negative

a 2-am no pyrlmdl nes. 20 40. A salt of
paragraph 37 V\,hi ch is a salt of the boronic acid with

62?V?I§£éﬁgif EQ@' V\,‘,ﬁ)grra rani!i's Izto(G}{Ivﬂ,?eia HeRgalt cgzﬁl\?tg esfﬁgn 1a Qf al_c|id salt in which
one r@oarphmofgheboroietd grat, sheh tigeiatix sepasantedrBmainshirotGhatedd
al kyl or a residue of a natural or unnatural am no

acid. 41. A salt of raph 40 where the derivatised
63¢ ar HbsaH cheay ?fcnaf?éraahsc&t g thessell Forarisessberanate ion eyived from

th@@éb%@&%@ﬂ' &€ adit{FrldPRRRf-BR %&Q\X/her&ﬂr tfEsalt Aofstd esgéntlally of a salt having
$ Feah% g, ('t)r_or par agraph 41 wherein the conpound of
WU AT of L configuration. 43. A salt of
par agraph 37 which is an L-arginine salt of the
pept ' A s ragraph 36
4 hAR eI pfadiirti o g iien § ST TR adRe B
fornula (I'X). 45. A salt of paragraph 41 where the
65der'AV§tt'o§g§4gg§H @@mcﬂn FBfdRhich & i g@sﬁl}ﬁy gester or

am de A sal par agr aph or paragraph 45
wherei n the am ne of forrrula(IX) is of L-
66. A solid phase monosodium or monolithium salt, containing no more than 1% water by

weight, of Cbz-(R)-Phe-~(S)-Pro-(R)-Mpg-B(OH)5.

67. A salt of paragraph 66 which contains no more than 0,5% water by weight.

68. A salt of paragraph 66 which contains no more than 0.1% water by weight.

69, A salt of any of paragraphs 66 to 68 which is the monosodium salt.

70. A salt of any of paragraphs 1 to 65 which is in the solid phase.

71, A salt of paragraph 70 which is substantially dry.

72, A product for use as a pharmaceutical, comprising a salt of any of paragraphs 1 to 71.

73. A pharmaceutical formulation in oral dosage form comprising a salt of any of paragraphs 1
to 71 and a pharmaceutically acceptable diluent, excipient or carrier.

74, A formulation of paragraph 73 which is a solid formulation.
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configuration. 47. A salt of paragraph 44 which is an
L-lysine salt of the boronic acid. 15 48. A salt of
wa@py4ot20par agraphs 1 to 28 which is a potassi uPCE&BR003/003897
49. A salt of any of paragraphs 1 to 28 which is a
sodiumsalt. 50. A salt of ar@ of paragraphs 1 to 28
V\hlchlsallth um sa 1. A salt of
75 AP EFRE=ICEJOTRIHAN oh PETaRl i HGS scpkPPiea g reksse thg salt in the
dusdentmof paragraph 51 wherein the am nosugar is a
ri ng-opened sugar. 25 53. A salt of paragraph 52
wherein the am nosugar is a glucamne. 54. A salt of
76par dgrhaphacaticaifiermalation ¢feacegiaplo 31yhich is sntericjly baated.
am nosugar. 55. A salt of any of paragraphs 51 to 54
wherein the am nosugar is Nunsubstituted. 30 56. A
Tsal (Theuspl? &3t A of 2pRSraBE 1 & Blfop/her manfackiee of a medicament for
trefiifigAoHBadis.i S N-substituted by one or two
substituents. 57. A salt of paragraph 56 wherein the
or each substituent is a hydrocarbyl group. 35 58. A
78sal trhelisguathaggrapih7buwharbie tel disehdeds a1 acRRcdordhbly Shndromedt
is selected fromthe group consisting of Cl, C2, C3,
4, C5, C6, C7 and C8 al kyl groups 59. A salt of any
790f [Jhe agpradphragsph THwWBSeinilerdideasetihanute mycardigi infigtation.
N-substituent. WO 2004/ 022072 PCT/ GB2003/ 003897 82
60. A salt of paragraph 51 wherein the glucamne is
80N mERFe 5 RFragEaRf /M evhersin tha disgase iod veneys BTromplaeagpligisiyent, selected
frofh th@ gidtp Ydhsistihg@P BRIp VeRIhBRbEsENE pLiRidoRard @mbyeM, f rom t he
peptide 5 boronic acid and has a stoichionetry
consistent with the boronate ions carrying a single
8inegahe vse ofhsalt @€ anyod. parkgsphs 1 & 7iafoy tmfmmfaa@:reaﬁﬂm ol:altrﬁedlcament
for?p%e\@ﬁﬁﬁﬂh%ﬂbggﬁ%tha%ﬁaIy%%Sc rﬁzt %ntl |§{1 O];%%v%hg%% ﬁardlovascular
evant ingd na‘.iehlywﬂemde@agetreml ds@saufnsprp\reotlrmme@ thrbb68nbalic events in a
pat?éi\t Fec@(/m&@(engthe?a}gqgrroa@hac‘n %d%@llng%am?eﬁ‘ eérrfmt e\éet%lﬂll&ée thromboembolic

onprises a boronate 10n derive
EV%'aﬁm@tl%u@ﬂemwg@ levsRa NG Rrtprinh respnstryfive él'oﬁe e salt
consists essentially of a salt having a single type

nter-io 15 64. A salt of any of arara 1
i 7 P ob ot ereBRPt B 7S TR of 3n ogd mecicament

forAreathd wfwapajfa@érmhorZBroWa&ib dnSarerigiodisdasd bélétl’édofrom acute coronary
syn'EPo% %o%erlégn ova%c&lar thrombosis, peripheral arterial occlusion and arterial thrombosis
resulting from atrial fibrillation, valvular heart disease, arterio-venous shunts, indwelling catheters or
coronary stents.

83. An oral pharmaceutical formulation comprising a combination of (i) a salt of any of
paragraphs 1 to 71 and (ji) a further pharmaceutically active agent.

84, An oral pharmaceutical formulation comprising a combination of (i) a salt of any of
paragraphs 1 to 71 and (ii) another cardiovascular treatment agent.

85. A formulation of paragraph 84 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/IIla antagonist, an aldosterone inhibitor, an A2 antagonist, an A3 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
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66. A solid phase nonosodi um or nonolithiumsalt,

containing no nore than 1% water by 20 weight, of
w@bw4(R07Phe- (S) - Pro- (R) - Mpg-B(OH) 2. 67. A sal pCD{GB2003/003897

par agraph 66 whi ch contains no nore than 0.5% water by

weight. 68. A salt of paragra%"h 66 whi ch contains no

nore than 0. 1% wat er 25 69. A salt of an

GROGE B AR o 2 BRI Tielitsch ABSSBARSRSIHASS dMbiter, an ADP-
reddptor AP,SBahtagbnist ey thaimbpRtia greadioprolectant & GUX-Z Idhibiori N

the solid phase. 30 71. A salt of paragraph 70 which

is substantially dry. 72. A product for use as a
gephar AReRuato af anya® PRragrapHeB3d0 8RhictPE sadbantdily Ay agr aphs

1to 71. 73. A pharmaceutical fornulation in oral

dosage formconprising a salt of any of paragraphs 1
8735 tThed&e ahd salt pmanymicpatagiaplad 1 yo ar foe piteainbraufatiure @ & ,medicament for

LOr ] h .
treggﬁ%%,e arfifie $gerggatf§5,f a/érd @talzcgﬁ%gdgggh%ﬁg@@g%% with another
caw@vp@mwxm@swt 83 75. A pharnmaceutical fornul ation

of paragraph 74 which is adapted to rel ease the salt

in the duodenum 76. pharmaceuti cal fornul ation
88par afb?ré dPPd‘FBmﬁW’r'l Ceﬁpr'%“géﬁag of & E‘PrP@)C adrhyhigh is arselgctive W@nbm inhibitor
and$@s @fnedtrsd @minobdrom Ncid fesidae apable b6 bikdihd to/the ftBombES1 subsite linked

0+ B85 SiBpe B o SDR ol par e B B B4, 88 Rembp 2 ana 2

~ subgites, ¢he ealio campyisisy mchatiore havirgOa ¥d@encil neandsievinf gpnaobagweadobtoichiometry

cof A s Dot IORERE (AR IR ARSI cence < o

venous t hronboenbolic event, selected fromthe group

89C 0N HbdiddeheRd of ) raHﬁ? B& Whé]‘élﬁ RO rShicd lﬁb"a'@ﬂff‘%fombm of about 100
n‘ﬁol IS use of a salt of any of
My e Bqﬂgtlo]jal{y(pf?goult &P "Mi9elefganuf act ure of an oral

nedlcanent for preventlng thronbosis in a

Si S C i.f of i ent nting.a . .
0, ar o DLl e fobfiton Hade B 0B ptpinhe Bl g iy in the soli
phaseretonthiogmch which fsoar squrae\af ibronafe \spevies sofrdspardgetnitbd bdd Cbz-(R)-Phe-

(S)eMﬁ&ebeq:%@g{Afﬂfdtaes%hrc’é GF ayrhgégutﬁzg %Péegggjﬁ Q¥trl]gtgg l ﬁ%g{ﬁaﬁ tholine and

er, or Tor prevent
amdibnievrent s in a patient undergoing a lower |inb
arterial reconstructive procedure. 82. The use of a
salt of any of paragraphs 1 to 71 for the manufacture
91of amethed forfedhioaaboronic bod oft foreada (Hgpr laypradayt apatidwefheiny a source of

su® a wrmha,%iw%zan arterial disease selected from acute
coronary

. /OH
Y-CO-NH- H-B\ 0]
OH
Ro
wherein
Y comprises a hydrophobic moiety which, together with the aminoboronic acid residue

—NHCH(R9)-B(OH)2, has affinity for the substrate binding site of thrombin; and

R9is a straight chain alkyl group interrupted by one or more ether linkages and in which the total
number of oxygen and carbon atoms is 3, 4, 5 or 6 or R9 is —~(CH))mW where m is from 2,3 4o0r

5 and W-is —OH or halogen (F, Cl, Br or ),
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syndrones, cerebrovascul ar thronbosis, peripheral
arterial occlusion and arterial thronbosis 25
wo eadloedony fromatrial fibrillation, valvul ar PERGB2003/003897
di sease, arterio-venous shunts,_ indwelling catheters
or coronary stents. 83. An or% phar maceuti cal
for ation conprising a conbination of (i) a salt of
th%\ﬁ’ﬁ{g’g?m%‘?'ﬁﬁ‘r aphs 1 to 71 and (ii) a further
pharmevidingtd diethylsthersbiution aige piter & @heBatid; An or al
phardg@g1 Qnpri sing a conbination of
(i) ﬁﬁalg@gmﬁa%ﬁ%‘hmzf?ga%éphs 1to 71 and (ii)
an otaH@MnQ: o @naEs RiRiiate to Sermand recayriing thegecipitate, and

for %h@kln@ntr@f pRR{pRGER PRat8hI Whe! ah nerﬁd"'%ré?fuaerselected from the free
car di ovascul ar treatnent agent conpri ses

orsv%na*?qaon'fo%@rqrﬁg)rqﬂuetgapa&'erwf@ﬂ:ﬂ PRL AR R —

CETP inhibitor, a bile acid sequestrant, an antl -

920X a | Lb/l]] t i st. an al dos
27 i e sk Barstrafl 3R M, Bt By g end product nto -
phmn@c%cal ceromosiibsal i cylic acid, a loop diuretic, an ace

inhibitor, an antithronbotic agent with a di f f er ent

mechani sm of action, an antiplatelet agent, a
9t hr dniethas dorr BEaipg Gr sanefl/ @ afyreragsanhsd tonhi, iomerising cambining an

acéi@r@ﬁﬂe%maﬂ oPfat/ dRePORAORBSHC ackfwiti E‘rphé}ﬁﬁ@!btlﬁéﬁ(} @RleBiable base to

% nist, a prostacyclin mnmetic,
ggﬁtodl esterase i nhi bi tor, an ADP- receptor (P2 T)

antagoni st, a thronbolytic, a cardioprotectant or a

COX-,2 | rqul ation of. of. .. '
94.p ar ét\épéatgﬁd &'é%aoo hsmggn \Rﬁa 0fo§|c Saﬁlg,s(iog}?{lflaq ¥|')9vn81p9 ]t in gneggr.m of a salt
therepf. use of a salt of any of paragraphs 1 to 71 for the

manuf acture of a nedicanent for treating, for exanple

preventi a cardi ovascul ar disorder in
%co- A’drﬁ?thpcgpﬁ BresepHndARR AroaRebeIeaiE acidren B\aighiigedaform for pharmaceutical

. usd, rcSﬂbﬁEﬁﬁtpr@ﬂﬁ@tthe &r@a&%oroﬁic QFid brug e tHe 3o s ﬁﬁﬁﬁéc@utﬁglyaacceptable

aC| which is a selective thronb
ba?erﬂ‘f'fjﬂ?'ﬁﬂ?ttﬁ%{ ‘%‘5 sofidpBR3er al  ani nobor oni ¢ aci d reS| due
capabl e of binding to the thronbin Si subsite |inked

o, 4P ABEA o 1Bt B B M BIER Sapi
subsites, the salt conprising a cation having a

val ghcy n F@s@%c%@g 'sé]&:t&‘lq“ro?rf’ac’ 35&51%9 &4 Qﬁf&lﬁﬁﬂ@f aXd boronate ions of said

consistent Wt St ol ¢hy onmet T

aci QOQRIE Rt pndhgqupbrium fogmsef said bakspic @aﬁéfﬁ/ sagsf b%@(ﬁ@gﬁfaﬁph
88 wherein the boronic acid has a Ki for thronbin of

about 100 nMor less, and optionally of about 20 nM
or less. 90. A pharmaceutical fornulation adapted for
oral adm nistration and conpriQHng in the solid 20

phase a conpoundw@o:nHLE;aB%ur ce of bomnate speci es

corresponding to the aci§l Cox~ ﬁ)-Phe-

(S)-Pro-(R) -Mg-B(OH)2 a a source of
pharmaceutically acceptabBli e cations other than choI i ne
and

wherein

Y comprises a hydrophobic moiety which, together with the aminoboronic acid residue

-NHCH(R9)-B(0H)2, has affinity for the substrate binding site of thrombin; and



ammoni um 91. A nethod for form ng a boronic acid of

formula (I) or a product capable of being a source of
wQ?20080023078 boronic acid in vivo: Y-CO NH H B PCHGBR(003/003897

OH RO wherein Y conprises a dr ophobi ¢ noi ety

whi ch, together wth the am noboronic acid residue 30

M*Jg RI)-B(OH)2, has affinity for the substrate
bi ndRhi§ S$raighEhaimaligfgionp interpipteg bysong o mos giher linkages and in which
al ky Iy t
and e SRt EfolPh B Bo ol 1 30 S B e RS G W vhere m
at omsfmm 233, 4or SandiW B -0H drBalbgen; 4ridH2) m Wwhere mi s
from2, 3, 4 or 5and W is -CH or halogen (F, d, Br
or 1), 35 WD 2004/ 022072 PCT/ GB2003/003897 85 the
met Gl conprcPEl spgeiesselsvtied iy mhaniiaseUtipally tanesptable| nutal doms, said metal
of QanQ'%(nﬁJj a%leﬁc{’%f RlGysfhe, arGhiié Qﬁd’énﬂ}ﬂosg% 4t hanol am ne in
t he sol ution; owing or Causing a precipitate to
form and recoverlng the precipitate, and 5 converting

witidfein e Eoriulatidre HadTeh Qibl.;eﬂ/edl ﬁbla'mﬁﬁbtﬁfngf ﬁ(s@%’%&coﬁ@'s@&‘ie%dessentlally

fromthe free n ro acid or oduct capabl e
e 7 sl ﬂga‘ﬂ %Ws% L g the, ssrold BRseh e destal on with 2
va@fcy dfheormelyl;lm{j a@ml}rﬂiasragramims@hr, omMah (bbseiw_mﬁtstwjhlometry of n:1 when the

[ into a
e ﬁnar Ccﬁ:egﬁst% '@é@”é@‘%@%ﬁ?& ﬂOfedi%t%’;ﬁaq’Zlc nmet hod f or
forn1ng a salt of any of paragraphs 1 to 71,
conprising: conbining an acetonitrile solution of the
correspondi ng boronic "acid with a pharmaceutically
acceptable base to formthe salt. 15 94. A nethod of
stabilising an organoboronic acid, conprising
providing it in the formof a salt thereof. 95. A
nmet hod of presenting an organoboronic acid drug in
stabilised formfor pharmaceutical use, conprising
provi di ng the organoboronic acid drug in the formof a
pharmaceutically acceptable 20 base addition salt
thereof in the solid phase. 96. A pharmaceutica
formul ati on adapted for oral adm nistration,
conpri si ng
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a) a first species selected froma boronic acid of

formula (1), and boronate ions of said 25 boronic
wa@edod/ozaod2 equi | i brium forns of sai d bor oni ¢ acPdr/aBa003/003897

sai d boronate ions: Y-CONH-% OH' (1) ™H RO 30

wherein Y conprises a hydrophdbic noiety which,

toEet her with the am noboronic acid residue

(R9)-B(OH)2, has affinity for the substrate
bi nding site of thronbin; and WO 2004/ 022072

PCT/ GB2003/ 003897 86 is.a straight chain KV o
L gr o APPSR G reByoi hese Rt 2t A Brofie Adaer v
which the total nunber of oxygen and carbon atons is
3, 4, 5or 6 or ROis -(CH2)m where m is from2, 3,

4 or 5 and Wis - and 5 (b),,a second
speci es selected 'f %&’T&H’: éH cally a@ept abl e
netal ions, said nmetal ions h ng a val ency of n,
|l ysine, arginine and am R8sugars, wherein the

formul ation has an observed stoichionetry of first to
whegbnd speci es essentially consistent with a notional

Y ®hphiseh a®lBrbpRobR moletwMitts Rogkther wietCihis dminobaromis adidsresidue
metal_ion wwth a 10 valency of 1 or is |ysine,

—NHGI(RrREO),, bas aifinity fos thesrbstigie bindingtsita PVEU’mb'”I and
stoichionetry of n:1 when the second species is a
netal ion with a valency of greater than 1. WD

R%Q@%fr@i@l%ctﬂgin RV drBp0 AR GREBBy oneBof mdze AthbSiirkages and in WhICh the total
pharmaceutically acceptabl e base addition salt of
nupberoasiosyase ped esrban GRS 153,(41, )‘5 -or 6°pr ROISKIEHDmMBN ¢yhere T |s)2 Gt or 5 and

£9 i ses a hydrophobi c noi ety which,
Wfs_é)i'} l%%nc(ﬁ @Kh d<:51nri1)%rnobor onic aci d residue
-NHCH(R9) B(G—I)Z has affinity for the substrate
bi ndj n ite t hr and., 10 is a straight
2.chai’h® agloggia'mg]r‘gtﬂﬁ:ge'? Et é%ﬁ“&ﬂ‘f”&’&‘k)]s‘f@g’e or nore ether
| i nkages and in mhlch the total nunber of oxygen and

carb %'gf{n VR cofrises an Q%)ﬂww%rﬁs to the S2
m i S/P.Eblta&af 1Sor Palm Ifns ) rﬁﬁ' P gen (E
subgite|of thrombin, the ammo amd being N-terminally hnked to a moiety which binds the S3 subsite

of thrombin.

4. A salt of claim 1 or claim 2 wherein Y is an optionally N-terminally protected dipeptide which
binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the acid are optionally
and independently N-substituted by a C1-Cq3 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.

5. A salt of claim 4 wherein 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.

6. A pharmaceutically acceptable base addition salt of a boronic acid of formula (In):

/OH
X-aa'-aa?-NH-CH-B___ (n

R1
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2. Asalt of claim1l wherein RO is an al koxyal kyl
group. 15 3. A salt of claim1l or claim2 wherein
W @ao4/020mpri ses an am no acid whi ch binds to tPEr/6B2003/003897
subsite of thronbin, the am n%saci d being NNtermnally
linked to a noiety which binds the S3 subsite of
thronbin. 20 4. A salt of claiml1l or claim2 wherein Y
is an optionally N-termnally protected di peptide
whefe: ch  binds to the S3 and 52 binding sites of
thronmbin and the peptide |linkages in the acid are
opt i onal and i ndependently N-substituted by a
Xl@ﬂ-(@l@“h%)‘él)dlﬁaﬂ BYINOBHEEPRETPYPicont ai ni ng i n-chain or
in-ring nitrogen, oxygen or sulfur and optionally
substituted by a substituent selected from hal o,

aah )éd'fn%no émthatmg & Ihudrocarist 4idd chaiartonteiping oo aloteythavh20 eiryon atoms and
S Nter d and/ or all
cofipnazs REiehf G Forhle b IR 1o, B0 ey

unsubstituted. 5. A salt of claim4 wherein S3-binding

m nQ acid, resi configuration, the S2-
aa rsr?&u"ﬁ@OPSe;’W fan %F’ofrgjg TB%PREI" Yuration, and the
fragmsnt -NHCH(R9) -B(OH) is of (R)- conf| gur ati on.

A pharnmaceutically acceptabl e _base ditjion
Rlasasmslmoétf@é?rawa (Fida. %sn;r Where S 2, &9 4>@“§ @%ﬂﬁ cFP% or halogen
(FV\% L B Jor noH RL WO 2004/ 022072 PCT/ GB2003/ 003897 88

X is H (to formNH2) or an am no-protecting
group, 5 aal is an amno acid having a hydrocar byl

7,51 d& nglfl'd? c‘:‘l@lﬂt gl Nﬁé?&n na1 r@r&lemanfn%q R éﬂdOWﬁolgngr partially

conpr S ng one cy group havin
hydrag«tnatedanehguesatbezeqfsardrppnenaﬂb ISaﬁ@leateMromr@af P*aﬁnD4hfi #nggCha, e.g. is
rY-bio 10 R1 is a group of the fornula
(y(d—é;zgﬁbzﬁgv\here sis 2, 3o0or 4and Zis -0H -0Ow,

-OEt or halogen (F, d, Br or I). 7. Asalt of claim

6 whel al?t'o?aﬁlaté L o086 Rl o Q2 EesiddRar A0 Rld of fnuia (1v)

partl a ogenate anal ogues t hereof

opt i onal I y is sel ected from Dpa, Phe, Dcha and Cha,

e.g. is (R -Phe or (R-Dpa,i8. A salt of any of

clains 10 to 15 wherein R a residue of an imno
acid of formula (IV)yc CH-COOH vy,
2
N
H

where R11 is -CHy~, ~CHy-CHy-, -S5-CHy-, -S-C(CH3)p- 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;-

Cs alkyl groups, and optionally aaZ is an (S)-proline residue e.g. aal-aa? is (R)-Phe-(S)-Pro.

9. A salt of claim 16 wherein aal is of (R)- configurtion and/or aa? is of (S)-configuration

and/or the fragment —-NH—CH(Rl)-B(OH)z is of R configuration.

10. - A salt of any of claims 6 to 9 wherein R1 is 2-bromoethyl, 2-chloroethyl, 2-methoxyethyl, 3-
bromopropyl, 3-chloropropyl or 3-methoxypropyl, e.g. is 3-methoxypropyl.
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R H2C CHCOH (1V), N I H 20 where R11 is -CH2-,
-CH2-CH2-, -S-CH2-, -S-C(CH3)2- or -CH2-CH2-CHz-,
waohkdgi2yroup, when the ring is 5- or 6- nmenbeP€dGBRE3/003897
optionally substituted at one gr nore - CH2- groups by
froml to 3 Cl- C3 al kyl groups and optionally aa2 is
proline residue e.

11( R) J’Fﬂﬁ’E 0( 8)y. ghrclgimsch oAl Oautiefs s Piﬁr@r*aapféoim% -(GH)psP)2-5 RO-(CH)p-
NS R SRR BB i O b el 6 and RO s H or 2 5 10 13-

tmenMéLe@"Kyar'E) gr Qg)n%néllg sgl‘astn%té‘oow 'lgﬂro'?‘t:'! Qbstithéhts Ael8@d Bf halogen,

cl ai ns wher ei n 2- bronoet h

an‘@oc Huprg,rl?ygfom”a CsLoResliR QS&S‘EI cl:iyq:i allgll arﬂr%n%b?“@b%“ alnmng, and/or linked to

) PR, o S RS o Sl g i g

suqsiltuem seleched @pm iepaet, agingy froshydsexy @ndR&rselexcyrlis group, and optionally

salﬁz@ t&%&@é %?u;‘ g'é'?o%%t§8@e@eroa65§afrccg@ % ph%lﬁbl g{ 9)6 membered

he@r@mnattsgnrogp,rfpwarapl@thsiaemadoxxfﬁ@rh@evled cyclic group
optionally substltuted by 1, 2 or 3 substltuents
sel ected from hal og amng, nit - C6
12¢ycIA Bt gf atip o OCE‘a’@zL“aW‘NSH is 3 5elt EA- C@@P%H”M fOE‘BH? éYIH) ng,

and/or linked to 5 the cyclic group through, an

PR e 2 Ciet Tt udni el ected from

hal ogen, am no nltro hydroxy and a C5- C6 cyclic

group and opti.ona to 13-ne ed C
130y ochselt 8 Sy ahenE 16p L uhieh toss gfieierproes qoineer aﬁ*amuumos@‘t
a 6-nmenbered heteroaromatic group, for exanple is

ben \%&RE@\‘ I%é\; gfosa'#f 1 Jf‘g 1%%18'8€\C§®£ %es‘)% ?‘iﬂo@"&cﬂ% g p?{% & s?;hi@acnd with an

alk)m (Rjal Phe s(r@)glyFrasic (om)anwpgmggr&em@lrﬁngl QOrnpourIcl;?, and\og‘ajnallyofflhereln the

: str v Bgsm%r?énﬁfsmﬂ'odeﬂ ca&alﬁfﬂé E&nﬂﬁﬁ& lé"QTgué}FHH%r fasg%aﬁdm? analogue or an

ol Ine of ammonl um sa
a“l‘ﬂea? Ascompfises Ealhaf (oA besnip @F'é t‘é’ﬁh an 3kgli mefal, g émiﬁ'@fﬂg?rd @ guanidine or

anRANRYF ford@ @y th an al kali metal or a strongly basic
organi ¢ ni trogen-containing conpound, and optionally

wherein the strongly basic orgQpmsc
ni trogen-contai ni ng conpound /s a guani dine, a
guani di ne anal dd@l%“or(cg:g i e.g. copRrises a salt
of the boronic acid with an al kali netal, ’an
am nosugar, a guanidine or R an anine of .formul a
(XI): NHR3 H2N (CH2)n, H (XI)
where n is from 1 to 6, RZ is H, carboxylate or derivatised carboxylate, R3 is H, C;-C, alkyl or a

residue of a natural or unnatural amino acid, e.g. a salt with lysine, arginine or glucamine.

15, A salt of any of claims 1 to 12 which is a salt of the boronic acid with a metal.

16. A salt of any of claims 1 to 60 which comprises boronate ions derived from the peptide
boronic acid and has a stoichiometry consistent with the boronate ions carrying a single negative

charge.

17. A pharmaceutical formulation in oral dosage form comprising a salt of any of ciaims 1 to 16.
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R2 where nis froml to 6, R2 is H, carboxylate or
derivatised carboxylate, R3 is H Cl-C4 alkyl or a

wo eaudepd7nf a natural or unnatural am no aci d, PET/GB2@3/003897
salt with Iysine, arginine orgglucamne. 25 15. A salt
of any of clainms 1 to 12 which is a salt of the

18.7 bor R'?%'B\u Wﬁérp%f\@laﬁrn 17 Wikch Z?{)a soi-forfuBBbi, a ﬁé o@cﬂ% Rfis Gt o release

ri ses boronate I|ons er|ve fromt
thepselpmuth%duqdm%me@ ﬁ@ﬂ@”@ﬁﬂﬂcw a stoichionetry
consi stent with the boronate ions carryi ng a single
negative char rmceut cal fornulation )
19" Bhesyiesh S dgecirioy Bt Bt I IR e A BFi @it or treating
thrémﬂoﬁls,lﬁg é%c@@%l’dﬁ%%?ﬁdraﬁé' /(iGBé&ﬁﬁJle%%Qﬁyoc&&aﬂJﬁfaroﬁon), a venous

d f
varbgephtlc i PerRgieRyepgpadd P ped gbofiiny Ry prevencn
threhotmdie nruarhaamoglalysus ciemi of & patiehy fargutvecting Bardiivasculgeeveht in a patient
Wit %b& stggm?e{ﬂl a‘?gea ea er\]/gzntfng v%ﬁ ous WrofnBEerTRRUERRE Y § pg\flerfffl receiving

for osls, e. an acut
chemmrmwhrgu}gﬁcnnowen!ﬂ@ ﬁataeé:@mpn fer ar@mnmghwgaoemm"c events in a patient
wﬁe&%ﬁ@%ﬁ&ﬂﬂ%mb%n&%ﬁRﬂ&mﬂh&ﬂ@ﬁ@@@ﬁh@"C event (for
exanpl e deep vein thronbosis or pul nonary enbolisn,
for preventing thronbosis in a haenodialysis circuit
20.0f anpad blﬁﬁhaceﬁtﬁbﬁl forneNeRIBh icotapriding arcdinbivation wF €Y a ealtesftany of claims 1

o BT bl rSo PR a5 A L BRPE Rl ooy e
agank &a. \ai lipig-lovedniegrdiup ca Blpgtet hinady @rstadin, @ ﬁiaméhhibiﬁq;g a bile acid sequestrant,
an caﬂi Q)gaat%’é Iﬁaoéntagfo ﬁl%@ Bhia sté.Jaﬁ€ ﬂﬁ@@m% h$ aﬁ:éf&!?ﬁs{s dnM3Pagonist, a

under 4 arterr al

beta@tp@kﬁs,t acatytsalwmmc@cémedlurzm ap\Fcy Inhibitesh g ABlitRigMpetq agent with a
dlfffal‘éﬁlf‘h‘:teéﬁah@tﬂ ¢ %@an' %h %tuﬂat@l@ﬁ@jeﬂ@td @xPonﬂfoxa(rie) re@epforldhdf@f synthetase

of clains % 2y
‘nh}?ﬁ%ﬁ' ﬁﬂE@’l?B?’b‘@F‘FPWé’EYaSWta%@r pta F'&mlas%%ﬁ|t’8°%?ﬁ8?'??éﬁfase inibitor, an
ADP-pdceihtON @ ?Q‘Nbr&ﬁgohm? attrembolytikpe tdrdiogrogctart dr iaTOM-2 iohilsitor.ng ,
drug, i brate, niacin, a statin, a CETP inhibitor, a
bile aC| d sequestrant, 15 an anti-oxidant, a lib/ll I a

218Nt agp4) 'rrﬁa’dlcarﬁéht éérﬁb?ﬁhg BQAEof NbYrétid éHd, wlﬂd.‘h i@ selective thrombin inibitor

anﬁg%taeg, ﬁchlgr[séf W'P?t@m‘i‘lﬁ %%nrggpl@oﬁpat?% pﬁglp ng tgrﬂ\% y'gombln S1 subsite linked
thrbl.@\l dpdpade Ilr?@géitmta hydrephbisic mleageapablmmt binding i thé énrembin S2 and S3
of action [ t
suEf Mo @ PREI, 6 7oA 0p LyTL faof 4Ehe; ol opsgrved sticiometry
corfsistent witige notioed stwichiomaimy ngmucwd catiqm) ofst:hcycl i n
m nmetic, a phosphodi esterase inhibitor, an

ADP-receptor (P2 T) antagonist, a thr onbo |y
22car &i oghert i@cfcmmtng 4P assalt@g-definedHn BNy ef claimg 122 16,A("bﬁah°r°mc acid as

defffed it BRE BE cléaﬁmrﬂosnn& @u)SaﬂKtotnéf pibdl@' @pdbfe EChefhgiséUltce of such a
is a selective thrombin inhibitor and has a neutral

borgRir AEH &t 6 t@eg&ﬂw F%@Préﬂﬂé’ capabl e of binding to the
t hr esihbiRingin Ssohent; .9l disth@ether, diethagdlanaingat andstdr,| exfagpinacol ester,

of  ReBrig e Shedne a3 QBT E 2 he salt  conprising a

cat iatowidparicagsing avmédpitete to famadnt sacovegng te pesisipéatecd

st Oicgﬁ\}eﬂﬂgkﬂeyprecipitated material into the desired end product, for example converting it
into the free organoboronic acid, e.g. by contacting the precipitated material with an aqueous acid
or base, and then contacting the acid with a pharmaceutically acceptable base to form a salt of any
of claims 1 to 16. ‘



25 consistent with a notional stoichionmetry (boronic
acid:cation) of n:1. 22. A nethod for formng (i) a
wa ado/oz7refined in any of clains 1 to 16, (iiBPCEGB2003/003897
boronic acid as defined in agy of clains 1 to 12 or
(iii) any other product capabl'é of being a source of
Su?rﬁf‘% n org} 'acli% Srrg?i C{NI#epelﬁ/ ke ngtd?ﬁ] H]EIE goﬂlaﬁ%@ﬂﬁcﬁl'lw&cgbgable base
addiiict Hdh@h@mménﬁmﬂ émthélStC@mPrlSéS éormalatmgnéfmmlbsmtera phgfmaceutical
COQF#QBQHIC acid as defined in any of clains 1 to 12;
OW ng or causing a precipitate to formand
recovering the precipitate; converting the
24Pr eql Réthét R forame ai sak of m'tycbftclamsdle&i 16¢ condpriding cardlibigihg an acetonitrile

sol%qnd:%'@nc‘grreesgér%gr@ﬁ{ogo&?:gqg V\(itﬁig %Frg@fzegjtlgz{ll g%:g n%@g rglgs%{tg Poirr% the salt.

with an aqueous acid 35 or base, and then contacting
the acid with a pharmaceutically acceptable base to
forma salt of any of clains 1 to 16. WO 2004/ 022072
PCT/ GB2003/ 003897 91 23. The nmethod of claim 22,
wherein the end product is a pharmaceutically
accept abl e base addition salt and the nmethod further
conprises formulating the salt into a pharnmaceutica
conposition. 5 24. A nethod for formng a salt of any
of clains 1 to 16, conprising conbining an
acetonitrile solution of the correspondi ng boronic
acid with a pharnaceutically acceptable base to form
the salt.




