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SERINE PRQDME lllMHlrmRS 

This ill'llv~mtion re1at.cs w serine protease inhnbitors Md substrates. u weU as to the 

syn~is of s~ch compounds and novc! methods and materials ·ror synthesis of boron­

ccnwning compounds. 

Moou[ation or nnhnbition of serine protease nuhibi~ors is useful inter alia to prevent 

thrombosis. 

The f~mi[y of serine protease enzymes c!ca\'es peptide bonds by 11 medumism 

rn involving the catalytic triad of Asp-His-Ser Msidoos in the actt\'e site of the enzymes. 

Serine protease nnhibitors have b~en designed which use func:dorud groups w interact 

with the triad and thereby block activat.ioim of due enzyme substrates. li can be 

dlesirabie to make inhibitors sdcctivc for one wgct protease. Discussion of ~he prior 

mt relating to peptide inhibitors c.im he fowd irn the specification of a UK pa.tent 

1 S application entided '~lbrombin Inhibitors .. filed on the same date as this appUcation 

:md in PCT/GB96/003S2. A copy of the specification of the appHcation entitled 

4m'ombin ]nhfoitors·· is filed herewitth. The oontent of thls appUcation does include 

th~ subject matter of the application entided '"Thrombil'l Inhibitors'". whose 

speciffoation the skiUcd reader may wish to tomult. along with various prior 

20 documents referred to m that specification. The .. Thrombim Inhibitors·· spooificatioll1 

d~es not physicai]y form part of the published specmcatfron of this application. 

CeNi!1 s~rine proteases me known to have a second site or .. cxosite •• for binding to an 

anionic pon:ion of the substrate. This exosite is often cailed the anion binding exositc 

25 { .. AB~). 

1'he amino acid residue which provides the carbonyl group of the scissiie bond of a 

Mrlne protease .substrate is designated "Pl"'. Sunccessnve amino acid residues on the N­

~ side of residue PU am &:signated Pl. P3, '?4 ... etc; amino acid residues on the 

30 C~temiliW side of resndue Pl are desi~ Pl I. Pl'' Pl' '" . In fibrinogcn, Pi r is 

g]ycinc UC P2 I is prol.ii~. nm protease contains a ••specificilt)' pocket" which 

iiiiif' 
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moogmses the side chain of the Pl amioo acid. Tcypsin~iike proteases oormally 

reropise Pl residues with argininc0 like or serim:aHke side chains. 

The pms.ent inventimrn provides noven bifunctionaJ serine protease inhibitors 

S oomplfising: 

(a) a catalytic site--di~ted monety (CSDM) which binds ~o a.'Mi inhibits the 

active site of a serine protease; 

(b) ma cxositc usociating moiety (EAM): and. optionaR~y. 

filO (c) a co1mcctor moiety bondloo bet~-een the EAM and the CSDM, 

!h~ CSIDM and the EAM being capab~e of hillilding simuhruieous!y ro a moiecu~c of the 

seriinc proteas~. 

n s in one class of inhibitors. me serine protease is noa ihrombin. The serine protease is 

prd'erably a ttypsine!ike protease. In M)' even~. the: inhibitor does not comprise a 

thmmb!ln unhibitor in which the connector moiety is bonded to ilie CSDM as 1.J. C­

~~iMll extension thereof. i.e. is not a compound as discios~ un US 5196404 1.nd 

ccmapondbig hitemational application No WO 9n/02750. 

20 

lin mother aspect. the invention. provides a oovel method for preparing boron­

conwning peptides. 

As u!OO herein. ••nav.uran .. amino acid m.cam an l-amino acid {or a residlue then.mt) 

25 ~le~d from one of the twenty common or ~standard"' a 0 mmno acids found in 

pmteim. 

By ""wmawral.'' amino acid! is meant any «<>fimino acid (or residue thereof) other than 

the twenty .. standard" amino acids. Ummwml amino acids therefore inchide the D-

30 immen of natuml L- amioo acids amd amino acids haiving side chain protecting 

groups. 
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The prefixes "D" and '"L .. m= used as normal to indicate amarmo acids of DD or L~ 

coofigumion respectively. A "'D~ L~" prefix inducates a racemk mixt'l!_m: whilst the 

amence of a prefix indicates that the amino acid ctm be of cimer Da or L­

coooguration. except in the examples where residues are of L-configuration unless 

S otherwis~ states. f' or those groups of unspecified ~onfigumtion fn the text which am 

be of D· or L0 comigmadon. Le eonfigumti1rm is prefcmd. 

Abbreviations and terms prefixed by .. boro .. indicate amnroo adds where i111 the 

temnina1 carboxy! group -CO:?H has been rreplacll!d by a boron functnona!ity. 

Figure l is a Fourier Transform Infra Red {f' .tA.R.) spectrum of a Merrifield 

Figme 2 is an F.tA.R. spectrum of the same resin after reacr~cm with sodium 

2.2°dimethyl~ 1.3..dioxobmc+methanoiate. 

Figure 3 is m f .~A.R; spectrum. of tthc reacted resin after treatment with HCU 

to deprotm the hydroxy groups of the moxcbme. 

:w Figure 4 is an F .t.sl.R. spectrum of the deprotccted resm after reaction with 

25 

phcny!boronic acid. 

Ccmid.ming ioow the inventive compounds Md processes in more details: 

The cata!ytic sh&Miirected moiety (CSDM) binds to and inactivates the catalytic site of 

a serine protease enzyme. The strucwre of die CSDM !s not critical to the invention. 

JO It may oomprise the amino acid sequence of any known inhibitor cf a serine protcue 
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One class of CSDMs is incaudoo in the following Formula n: 

(I). 

5 wherein u 1
• aa.2, and a 3 represent natumi or wmatuml acid residues and {aa4)m one or 

morn optional amino acid residues Rinked m the amino sroup of u.3• Altmmivcly any 

oine or more am groups may be analogues of amino acid residues in which the a­

hydrogcn is replaced by a substitumt "fh.c seqw:nce of amino acid.ct andior amino acid 

mmogues hinds to the serine pro~ active site. SW.table ~uencr.s mre described later 

a 0 hB 1his specification. x represents H Of a substitwmt on the NatenniMD amino group. z 
is ~COOH or a C9 temniMi extension group (carboxy replacement group). for example as 

mown ~n the art, ln preferred compounds Z as a hetcroatom acid group. e.g. ~B(OH):!. -

P(OHh or PO(OH):?. or a derivad\'c then:of. for example a carboxyUc acid ester, a 

dmo:n:o=ooroW!lte [oi~(Osubsritumt)iH or a phosphate [sPO(Osubsa1auent)~] or BF2• 

1 S ~mred heterootom anilioguc groups me -8(0Hh and -P(O)(OHh; a less prefem:d 

hetm-oo~m am!ogue group is S(O)aOH. Amongst other possibile Z groups there may be 

mentioned ..cN, ~COCH2C~ and eCOCH2F. In preferred embodiments mis from 0 to 7 

iim.d ~re wmaHy 0 to 5. e.g. 0. n or 2, especiaUy 0. Nommlly. n""!. 

20 bi one class of compounds. the (aa2)-{u1
) natural peptide ~imnkagc us replated by 

mother linkage{~). Additionally Oii' altema~ively other natural peptide Hnkages may 

be replaced by another linkage. 

Cattalytic site inhibitors of serine proteases arc wen known in the m1. A short review 

25 of seri~e protease inhibiaors. i.e. inhibitors of the serine protease catalyuic site. is lo be 

found in EP~Be U 4S441, which patent mscloses a cius of mine proteases having a C­

temnml boron group. Other patent specificmiom describing serine protease 

inhibitors include EP 293881, EP 47U6SU (equivment lo US 5288707). EP 235692. 

US 49636SS mid WO 89/09612 (ooncemed partictdarly with inhibiton of Factor 

30 VUlVUa in d1e [1T-:VUNIIa] complex). 

iiiitr· 
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Fer inhibitors oftrypsmn-likc em;ym~ preferred classes of Pl residues ofC:SDMs are 

(i) Arg, Lys amd their analogues. and (ii) hydrophobic residues; further description of 

piref~d Pm groups for tbrombin which are ~Iso foli" other ttypsin°Jike enzymes may 

oo found nn the aforesaid specifitation entitled ;"Thrombnn Inhibiton" and nn 

5 PCT/GB%/003S2, Chymotrypsin-like seri1m: proteases bind preferentia.Uy to CSDMs 

having plhenylalanine8 1ike and almine-Ulke side chains on the PJ residue, The 

foUowing table A indicates the most preferred (P4)P3P2 residues for eight panicu;arr 

serine pro~s: 

-

; Enzyme Reskbm~ Seqtzl:mce 

Thrombin-n D~Phe-/suhsdtured D-Phe-ID-Dpa-IDba0/Pmsa/aaNai-/~~Nan~ 

ffMSal-/Chg-IPhg-!l)e TiqA/panM:ther of Da Tyra/NaS02al>ro 

FBCtorXa UcuO!uGiy~ PymGhmG!y, ArsGiy. CbGly~le'iiACg 
- -:.: ~; 

I - --
-F~cwrVIlm LaPhePhe. NalPhc. DffTiqPhe, NruThr, NaRPhg 

Fietor~xa= 
-- -~~ -

ValVal 

F~tor:xma 
- -·· 

yeBzlG&uGiy. dlu(OB;])Afa. Gny Arg. GlyLys 
- -

==..:; -.....----~~- - - ·-""""""'""~ 

I Factor Xlla GlnGly 
-- - - -~~ = 

Umkmase PhePro~ GiuGiy 

Protein cm LeuSerTbr 
-- - -

The exosite associating moiety (BAM) is a moiety which binds to an cxosite (ABE) of 

m serine protease. Thrombin has a wen defined exosite w which there binds. m 
oomtion to a fibrinogen amino acid sequence Cetemuind to the thrombm cleavage site, 

20 non-wbstmre Hgimds of thmmbin such as himdin. Hb:udi~ seqm:nces such as mr51
-M 

have been used in bifimctioml peptides named ••mruJ.ogs". The himlop are described 

-~-~ US 5196404; a furtMr description of thrombin EAMs tMy be found in the 

iii lib~ 
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aforesaid UK patent application entitled '"Thrombin Inhibirors··. EA.Ms for thmmbm 

am oftm termed "anion binding exositc associating moieties .. (ABEAMs). 

Too implications from the crystal structure of FXa (Padmzmabham K et at .as~ 

S «>fHwmn Des 0-45) Factor Xa at 2.2A Resolution" J Mol.Biol 19939 232. 947-966) 

arc that the sequences 3541 and 70..81. oonmining 8 acidic residues constitute a 

altfom binding exosi~. The natural polypeptide inhibitors antistasin and ghi]mten 

OOnltain the c!e«:tropomdve cation cxositc associating sequenc~s 003CRPKRKUPR 11; 

md nll!~CKPK.RKLVPRm mspcct!vely. 

S~ i~ c~car dmt serine pro~ease interactions nn P' sites (C·tc:rmiimt~ to the ctca\'a~ poinl) 

~in be u important to specificity as those aa P sites _(for exam.pie Ding. L: Coombs. 

G.S.; Strandberg. L.~ Navn:. M.; Cureyu. D.R. and Madison. EJ. •. Origins oft~ 

Sp.--cificity of Tissuewtypc Pluminogen Activator: Proc.Natl.Acad.Sci. n 995, 92, 

m5 762% 1631). tmd lug~r ligands need to be compared spanning ooth sites, as are 

~v~imabie rapidly from Ubmry screening. Rcc::ently (Lawson 1992) has sh.own ·that 

SClfCeDing of peptide seq~i;~ oo~taining sipificairndy P0 a.c; well as P binding units. 

aDfows detection of FVUalTF activity where existing substrates were too insemitive. 

Peptide Dibrmies w-e showing great efficacy for screening for biological activity in a 

20 '\·mcty of appiiamom ( e.g F..ich!cr~ 1994) md ave useful for the present invention. 

The invention contemplates that sequences CetcrmiM~ to the cleavage point of other 

~nc proteinasc substrates form an EAM. u follows: 

Enzyme 
.. 

Nawram SulPltr&te Cleavage Site(~) 
-·· -

-· 

FactmXa Pmthmmbm YIOOR-IVEGSDAEIOMSPWQ 
.. 

AIF.GResTA TSEYQTFFNPRTFGS 
.. 

f~torXa . Prothmmbin 
~ -· .:m_ 

factorXa factor Vil SKPQGR-'llVGGKVC 
~~~ 

FactorVUa . FacrorX NLTRR-iVOOQECKDGEC =~ 

·- -· ... ··-
·- -- -· . -

-----------------

iiiifr 
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Ft!ctm IXZ Factor X 

Facfur Xfa Fw:tii IX 

Factor XUa Factor XI 

1 

NL fRR-IVOOQECKOOEC 

sic.LTR-AEAVFPDVDYVN 

Factoi Xna · Plasma KaJ]UO-cin KTSTR-IVGGTNSSWOE 

i Protein Ca - Factor Vm - ELR~aMKNNEEAEDYDDDLTDSEMD 

- iPKKCPORa~VVGGCVAHPHSWPWQVSUlT 

5 Th~ oompou~ of the present invention may contain a coooerctor moiety whmch 

i!Tht~onnects the CSDM airnd dle EAM. the co1m1cci.or moiety henng cap~ble of 

permitting the CSDM aoo the EAM ~o bmd simultaneously to a molecuJc of the 

respective seriirne protetMse inhibitor. In the cue ofthrombin. the oomaector moiety is 

bonded to the CSDM as an N-wminal extension or as or duough a side chain thereof. 

The COMector moiety m.isy be boooed to the CSDM either u a C:'at~muiwd extension 

or, altc~tiveiy,. as an Nstterminal extension or u or through e side chain" Hlowevere if 

the compound is a thmmbin inhibitor. the conn~or moiety may nott be a C-ttcrminaJ 

~x~sion of the CSDM" 

EspccnaUy if the connector moiety is m NstenninaJ atension of the CSDM. or ff it ns 

com.prised in a side chain thereof. it dcsimbiy comprises an mmo acid seqiueooc 

containing at leut two adjacent OBy residues, e.g. at its N-tr:rm.final end In one class 

of compounds the connector prefmbmy comprises a peptide "spacer" al a nonepepdde 

iiiinr· 
~in A. n.:p~~ a non-peptide linker mud c a spacer compmmg a seqMence of 

25 ammo acids, A and a suisably being jomed by a pq>tidc bend. The spacer a us 
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pref~ly linked to the EAM and die linker A to the CSDM, although compounds m 

which a is &inked uo the CSDM Md A. to the EAM form a im prefeimi embodiment 

filnciu&d in the invention. 

S The Ii~· is typicaUy a residue of a compound having functional groops to reac1 with 

the N°tmniml amino sroup of the spacer 800 a ftmctlooal group of tht; CSDM. such u 

the N°temninai group. for example. A prnfcrred !inker. therefore. bas two carboxylatt 

group~ e.g. is a dicarbnxyUc acid which cam form mnkle bonds wnth the N .. terminal 

mmoo groups of the CSDM and the spacer. Pm'ticwariy preferred linkers are a residue 

rn of giutmic acid U 102C(CH2))C02H) and homoiogues ~hereof of ~he formula 

(H02C(CH2}inCO~H) wherein h is ;m integer of 2 or from 4 to 6. The wkyiene residue [.­

{CHin-'0] may be subsaimred by one or more substitucnts whach do nm stericru~y rundcr 

th~ nhukcr. whereby the desirabJe flexibility of the Unkcr is maintained. 

l S less preferably. the linker may comprise for cxampile the residue of mother compound 

having two carboxyl groups whose carbon atoms are sepmmted by from 2 to 6 atoms. 

The amino acid sr:quence of the spacer is not cri'ticaU to the invention but it preferably 

oomprises at !east two w.ijaoont Gly residues. nomiW!y at its N-tmnim.I end. The !ength 

20 of the spacer is dependent upon inter alla the posidon on uhc CSDM lo which the link.err 

i~ attached. 

A further description of connector moieties suitable for peptide thmmbin inhibitors can 

b~ fomlld w the aforesaid UK patent application entitled "Thrombin Inrubiwn•• filed on 

15 ~he same day as the present application. 

30 

The mnnedm' moiety may have one or mom mtumJ smkie bonds repfilaoed by other 

minbp. 

-------

iiliif 
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The compounds of the inventwD can be ~ by ming, for example, pern!Jy 

koown mciOOds for peptide synthesis and for coupiing peptides. Jn am exemplary 

method. the nove! oompmmds are made by a solid p~ synthetic teclmmquc. 

5 Solid plwc synthesis is a teclmique familiu to peptide chemists od dmUed elucidation 

is· uhcrefore not required hem. An intl'odudion to the technique may be foWtd in '"The 

Chemical Synthesis of Peptides··. John Jones. Ciammdoun Press. Oxford. Eng]amd. U 99U. 

The principle of conventional solid phase synthesis is tthat an amDno acid or p::ptidc 

ooupJoo uo a soHd phase is readed wiah tm ammo acid which ns protected! against 

n 0 reacdon wfrth itself and. after coupling with the soJid phase-linked amine acid. is 

d~orecred for reaction with a further amioo acid proaec1ed apin:st read.ion with itseUf. 

Th(S steps m-e repeated as often as necessary. 

One solidi phase syndtcsis techmque ns tile Fmoc technique (Fmoc ~ 

! S floomny!meihyfowbonyl). In Fmoc ehemustey (aiso known genemlily as the 'Sheppard 

~ach'). the camoxy terminus of a peptide (or an amino acid) is oouplcd to a resin 

bead vma a linker which is terminated by a ~Ye function. The resin bead itself is 

typically pollysayrene (PS), though other soiids have been used that have suitable 

swelling ch~ristics in solvent. since i~ is now known that the peptide chain grows in 

20 the pores onn the imidr! of the be~d. An ccamp~e of~ aRtmmtive so!id is the polyamide 

~ued Kicsu!gmu. 

25 

The mmk.er cm be many things, but we prefer to use PEG (i.e. a JPO~yctliylme glycol 

imker), which has u aSooooi fmctioo. 

The wmmus of the linker, typically called a 'hndlc'. depends on the desired product. 

but fur Fmoo chemistey will be a moiety mch Ihm it cm fmaWJy be cieeved by acid. The 

most common terminus (which \\le have used) is HMBA or pam-hydroxymcthylbm?_..oic 

md linker. ·The HMBA is esterifim onm the PJEG, mid then dw peptide or amino acid 

30 (with Fmoe on its Natmmmus) is remcmd to gmve aim an estir:r link to the HMBA. The 

esta OOb are thm cleawbk: by acid The Fmoe pro~ng group is mse labile mull 

eypic1Uy irem.oved by a secondmy bu: (e.g. pipmidine) and the resulting free amino 

iilfifr 
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group is relded wuth a selected Fmoceprotected mtino ~id; the mnioo acnd scqU1m.ee is 

~cd by repetition of these stq>S. 

ADother solid phase syntMiic appromeh is the Boe tecimique (Boe ""' 

S renimrybutyloxycarbonyl). The resin used in Boe chcmisuy (also boWi!l more geneml.ly 

as the Mmifield method) is often divinyUx:myl based. for imimmce a "WMg· n:sin has 

chBommcthyl bemme co-polymerised to 2% divmylbemen~. The cldommcthy~ 

benmme group i.iii rcactoo with an amino HCid or peptide whose amino group is protected 

by Boe. to giv~ a innk to the mm. The link to the msnn ES typically cleaved (very 

rn c~fuUy!) by d~·. liquid HF. This is described as ·vigorous· acioo~ysis" 'The Boe 

protecting group us acid labile and typicaUy cleaved by TF A. prior to rnactioo of the 

reswmnt free amino group with a se!eded Boo-protected amuno add; as wnm Fmoc 

chemistry. the amino acid sequence is extended by reped~km of these steps. 

B S The ~wo dassicaH methods of soUd phlSC peptide synthesis (Sheppard and Memfidd). 

th~forc. invoilve coupling amino acids via their cm-boxy-termini or ~ck derivatives 

to a solid resin panicle. then sequcmtiaUy oouplms inew amino Kids {via their 

activated carooxy termini) to via the Newmini generated. 

20 Aitemati\'ciy recent reports have shown coupling to the resan via the N~tem'llim. for 

t'l>mmple via mn acid labile benzyDcxycubonym linkage, subsequent aibcmting of the 

cmooxy tenn.mi. activating of these and eoupHng of amino acids via their 1'atermini, 

the Clfboxy termini of the ammo acids tempomUy being protected. (Sha.nu, R.P .; 

Jon~~ D.A.; Bmadbridge, RJ.; Cori:Mt D.L. and Akhm. M. A Novel Method of 

2~ Solid Phue Synthesis Of Peptide Analogues, m Innovation and Perspectives in Solid 

Phase Synthesis. ed.. R.Epmn. 1994, Mayflo..ver Worldwide Limited, Birmingham. 

pqe 3S3a3S6; Letsinger, R.L. :wd Komet, MJ. J.Amer.Ch.cm.Soc •• 1963, 85, 3045.) 

Siooh N-tenmml coupling methods may be used iim miking die products of the 

30 bllwntiono z~ one embodiment the CSDM. mcEud.ing MY directly attached amino 

acid(s). is synthesised by Natennina! coupling. This technique is espccl1Uy useid if 

the CSDM • Catmninal betematom group; in this method the rain bound peptide 
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cbmn made usmg Netem>inal coupling is dlmvadzed to activate its cmboxy termmi. 

then a1 fi-ee a-mninoooronate ester or acad is coupled to the resin bound sequence. 

FiM!iy me peptide bomnate (comprising the CSDM) is cJcavcd from the resin by 

strong acid (eogo HF or TFA) prior to being joined w the remainder of the finaTI 

S product 

Whoo synthesising compounds ·whose CSDM cootmns a P!sPl nmMmtura& amide hood. 

h ns convenient Uo prcmak.c as intermediates the binding subsnte affinity moiety [X~ 

(M'\i-{aa3>avp(u2) of Formula ]) and the specificity pocket affinity moiety with its 

m attached Cprermimd group [(u0)..Z of Formula I]. The two inrermooi'*5 cootain 

$Mitabic functioME groups lo react together to form the wgct 100lN111Wral amide bond 

["al] and are aaus~ or allo\\rcd to react together to fmm the compoood «or a precursor 

th.."t'OOf w u~dergo ooe or more further fimctioool group tmnsfoumations}. 

i S Swtabie synthetic techniques fur making peptides oonwning a oon~amide bond \if are 

dlacriboo in PCT/GB961003S2. 

w~ have unexpectedly wccessfuUy syn~ peptide bo:rooa~ esters usi~ solid 

~ chemimy. Fm example. i~ an exemplary process for synthesising a serine 

20 pmteinase inhibitor in which the com.cctor moiety and nts attached EAM fomi an N­

termiml extmmon of the CSDM. the EAM is~ by Fmcc so[id phase peptide 

chemistry. e.go using an Fmoc0 polyamide continuous flow method. A suitable soUd 

p!base for this pmpose is the ~~ solid wpport Fmoc~LeuaPEG~PS. The 

peptideaconjuptoo resin is subsequently ttmed with. for eumpHe. giu.ttmic anhydride. 

~ OUle carbox.y[ group of which reacts widl the N·tennimd amino group of the EAM. A 

pre~synthesised peptide boronate CSDM is racted with the resi~peptidclgluwic acid 

amjugatc w form the final compowrd, which is cleaved &om the an, for example by 

tm!tmmt with 100% TFA. 

30 Aoother method of ming peptide bmomte esters in somid phac chemistry is ai 

completely novel ~que in which boronic acids [-B(Ollhl are dimd.Dy esterified onto 

diols coupled to a msin. Chain exumsion is oondnood from the amino group of ~ 
·-·-----------------·--
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~acid by. for imample. stmdmd Fmoc chemistry. The boronic acid ester is cleaved 

mm me resin by acid (e.g. TFA) to give the peptide bonmate [peptidesB(OH)i]. or by 

tramesterification. for example. by oonccntmted solmion o!f a hindered diot such as 

piwmediol. for eumple. 

The invem~on therefore inchmdc:s a method of making a compmmd of the in\•cntmn. 

oomprising perfonnnng the foUowing steps w make a target amino acid sequence: 

(i) providing a smnd phase having t:OUp~cd mereto fum:tiomJ groups capable 

rn of rcacti~g with an amino group or, preferably. with a. carboxyl group or a 

reactive derivative thereof; 

(in) causang ahe amino or carboxyl group {which may be nn the form of i& 

reactive derivath~ thereof) of a tmniWII amino acid of oo amioo acid scqiuencc 

D S of a compound of the invention selectively to react with said ftmctnonaa groups; 

20 

(iii) ooup!ing ~e amino acid sec:numttwly following. in ~e ~ sequence. 

the sequentmalUy pn::r.eding amino ~id coupl~ to the solid phase to said 

preceding amino acid; and 

Im step (i). the fmctiooai groups coupled to a solid phase may be on a moiety which is 

mr.mporated bt ~he end product compomd. e.g. may be mm ammo group 'which may be 

2:5 derlwtised) of an amino acid ooup!cd dimcdy or indimctay m the solid phase. 

One or mom additional Steps may be. and oftm an; incBuded in the method ~o obtain the 

compound of the invention. Thm;, preferred methods inclu~ when desired. a step (v) 

of oouplmg a said sequentially following moo acid of z step (iii) to said preceding · 

JO miM acid of 1he step through a compound having two fi.JA.'1iorm! groups capable of 

~ng 'With m mnino gmup. whereby one of said i\mctioiW groups becomes bonded 

---~-----·------
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m the amino group of said preceding ammo acid Md the odlcr So the amino llOUJ> of 

smd tbilowing MUM acid. 

The m:qwintiaUy fonlowing amino acid of m step (Hi) may be pan of a larger moi~·~ e.g. 

5 of an noo acid sequence optionally oontaming a rep~men~ for a natural peptide 

0000!. 

fo thre method. my one oc more can-boxylate groups reacted with zn amino group may be 

in the form of a reactive cmbony~-oontainirag derivadw thereof. such as an 1'JCtivaued 

~ 0 mrfooxy! group. for exampRe an acid miliydride. 

ll5 

Before use. the final compomidi of the soilftd phase synthesDs is dea,·ed from ~he solid 

plme. for example h1 a manner known per St!. The cleaved compound may be subjected 

~o one or more fmther chemical reactions before the end pmduc~ compound is obhlined. 

bi m preferred embodiment, the terminal mnfoo acid reacted wnfu the functional groups 

atta.ched to the solid pha.iw ffis the Ce!ermimi amino acid of the EAM mnd step (iii) is 

~ted to ooupl:: successive a.-nino zcids of the EAM sequmcc and successive amino 

a©ids of my contigoous ~or peptide. to form an uninterrupted amnno acid 

20 sequence. 

The final amino acid of the unintmupted ammo acid sequence coupled to the solid 

phuc may be reacted with a compoond having two carboxymte group or reactive 

derivatives thereof. for cxamp!e the anhydride of aa dicarboxylic acid. to bond om: of the 

25 l\W carboxyhltes to die ammo group of the find ammo acid. The umeacted cm'boxyiate 

or carboxy!ate deriwmve is typically reacted with the moo group of an amino acid. 

'W\imch is oommUy the N°tmminal amino acid of the CSDM. In this iattcr case, the 

mnmo acid may Wready be bonded m the remainder of a:!v: CSDM~ i.~. the CSDM may 

be se~ly made in wide (or in pm) for joining to the um:eacred cm-ooxylate 

30 (derivative}. The compound having two cmboxylate gm• is preferably a linker as 

~bedabow. 

----·-------------·-· 

ililii-
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In 50me ~methods, there is used a prefmml'd CSDM havnng a ~tom group 

nn p!ace of a Catcrminai carooxy gmupo The hereroatom group is preferably a boronate 

or ooronate derivative as descnl>ed above. 

5 An amino acid or other moiety reacted with the solid phase material (the solid phme mrid 

m11y a~ molecules) dlesirabiy has aln hs mtetive fum:tional groups which couild 

i~tmfcre with the syn.thesis prote~. other of couirse !mm ~he group to b~ reacted with 

the solid phase mawiat Any pro~ted fum:tiona! group of me reacted amino acid or 

moi~ty which as subsequently itseif to be rcactcd is depmtccted before it is subjected uc 

EID reacdono 

Ci) providing a solid phase having ooupled th~to ftmcuionru groups capable 

BS of reacting with a carboxyi group or a reactive derivative thereof; 

(ii) contacting the solid phase with the C0 tcrmmal mniM Kid or Im EAM. 

the amino acid. having a protected ammo group and optionaHy a deriwtised 

ar~y group, and causing or allowing the carboxy groups of the amino acid 

20 mol=u!ii.':s to react with the functional gn"OUllps of the soHd phase: 

(m) depmt.ecbng the mnino groups of the ~ imioo acid. whereby the 

soUd phase becomes provided with free amino groups; 

25 (iv) repeatimg su:p5 (ii) and (iH) wffith mccessmve ammo acids of the EAM and! 

optionally of a oo~ ~ peptide to form on uhc solidi phase n mrlm 

acid sequence from the Cstamimd of the F.AM to. ~ ~ he Cll1d of the 

sequence. the Natermmrd of the spacer; 

JO (v) contacting the solid phase with a lm.ker oompomid having two caboxy~ 

group or reactive residues thereof. !md caming · or zUo~il!lg !Wkeir c:uboxy 

--------~-

iii Di~ 
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groups orr reactive carboxy residues to react with the NQtennin.W amino groups of 

the spacer sequence: 

(vi) co~tacting the solid phase hiving th~ Hanker compound coupled them~o 

with ~ N-tcrminat amino m:id of a CSDM sequence and causing or allowing 

the ammo groups of the amino mcid molecules m react wnth the cm-boxy groups 

or reactive cw-boxy residues of the Unker compound. the N~tcrminaffi amino acid 

of the CSDM sequence optionally being part of a complete CSDM: 

no (vii) if nee~·. repeating steps (ii) and (m) with successive amino acids of 

tile CSDM to oomp!e~e the CSOM sequeru:e: md 

25 

(vm) cleaving the resultant compound from the functionali groups of the so[id 

phase. 

{i) providnng a so)id phase hmng coupled thereto functionzl groups capable 

of racting with a carboxyi group or a reactive deriwtivc thereof; 

(ii) contacting me solid phase with the C-termma! ammo acid of an BAM. 

dle amioo acid having a protected ammo group Md oplionaUy Ill derivatised 

c:orboxy group. Md causing or allowing the cmboxy groups of die amino acnd 

molooules to rcm:t with~ functioow groups of the solid p~~ 

(ili) d~d.ng the amino group of the ~d amino acid. whereby the 

soUd pmse become5 provided with iec mmno groups; 

(mv) repmtim~ steps (ii) and (iii) with successive mmilito acids _of the EAM €<> 

30 tbmi on the solid phase an amino zcid sequence fi'om the C0 tcmtiMI of the EAM 

to, at the free end of the s~uencc~ the Natmninal of the EAM; 

1iiiUT 
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(v) contacting the solid phase with a linker oompotmd havnng two carboxyl 

groups or ~acdvc residues thereof. and causing or aUowing linker carboxy 

residues to react with the NQtcrminal ammo groups of the EAM: 

(vi) optionally contacting the solid phase having the linker compound 

ooupied thereto with the Netermmai amino acud of a peptide spacer sequence and 

causing or allowing me amino groups of the amioo acid moleculles to reacu with 

the carooxy groups or ircm:tive CMOOX)' msidue:s of the:: linker com.pound: 

l O (vii) optionruiy repmmng steps (nm) and (ftii) with successive ammo acids of the 

spacer mi.dl then repeating step (ii) wid1 the Nsterm.ina! amino acid of a CSDM 

sequence. thre N~taminal amino add of the CSDM sequence optionaUy being 

pim of a complete CSDM: 

ns (viii) uf~cessmy. repeating steps (in) am Oii) wim successive mnioo acids of 

the:: CSDM to oomplete the CSDM scqu~n~: mWI 

20 

(ix) cnaving the resultant compound from the fimctiona~ groups of the solid 

phase. 

ln ei~ of uhe ~ing methods the synthesised compound is prefemb!y cleaved from 

~solid phuc by acido 

'1'00 preooding methods prefemb!y involve the use of a CSDM amino acid or ammo 

25 acid sequence (e.g. a complete CSDM) having a C~tcrmina! boron group. 

hl the fmt am second pmfmed methods the fuootiowal groups coop!ed to a solid plmse 

imiy ~pan of a moieay wmch is incorpon.tM m !he end product oompmmd. e.g. may be 

n moo group (which may be derivatiscd) of an amioo acid coupled dire~y or 
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In one chm of process«i?:S of the inventio~~ the functional groups coupBtd to the solid 

phue are pan of an amino acid ooroll:We which is incorporated in the end product 

compound. i.e. the: solid! phase has ooupmed uhereto a daol to which ns bound an amino 

acndl boronatc. 

fo mo~r class of methods, an amino acid whose side chain has m amino or carboxyl 

groli4ff · ns coupBed to a solid pius through the carboxyi group or amino group to the 

side chain. Chain extemiion is cMrned out fi'om one of the functioMi groups of the 

amino acid, for example f'moc synthesis from the amitno group. Th~ other fimcdonw 

m 0 group is then reacted with some othm' constituent pert of the end product. for eump!c 

an mnioo add bomnate (to form the PI rcsidm: of the CSDM). Solid phase synuhes~s 

of boron~con~nong peptid~s is. however. of mppiicabnlity to any such peptides. and 

inot only to ahe scril!IC protease inhibitors of the; i~vcntiorn. 

Pq>tide bo:rom11t.es are a well established clan of compouuuds which have hmtherto been 

made by solution chemistry. Thus. peptide seri~c pro~ inhibnrors are known in 

20 which the C~termina[ carboxy group is replaced! hy a boronfo acid group or a 

derivative thelieof. Representative compounds !'Are of th~ Formuna ii: 
-·-------------

iiiiU 
2.S whcrcin: 

(•}t mp1t'eSmts a sequence of amino acids (e.g. u m formula !); R2 and R3 are each 

m.dqoendenu»y selected tom baloaen, ~OH. ~Oll4 mi-NR4R5
• when: R4 and R5 m-e each 

mdependendy a group of dle formufiltt R6(CO)"'a' whemm u is 0 or I; R6 is Hor an 

30 cptfonaimy halogmmted alky~ my! or my!mtyl group cmmming up w (10 - u} cubon 

atoms md optimm!ly_substltutcd by mme or more groups sd~ from -OH, R7(CO),..Q.. 
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Md R1{CO),..-, wherein vis O or 1; R1 is C1QCk aikyl~ or is an myl. alkybuyL arym&kyl 

or allkylaeyialky] group containing up to ( l O..v) cmbon atoms. 

. Such peptide boronates are described. for exmnpme, in WO 92/01169 (equivaicmt to 

USSN 081317.387), EP 047~651 (which corresponds to US 5288101) and USSN 

0Sf.M0~606. the disclosures of which are incorporated herein by referem:~. 

l 0 As aiready indicated. we have now surprisingly fowd tlmt. IOOron-~ontaining peptides 

may be synthesised by solid phase chemistry without serious degradation. One aspect 

of the il!l!vention. ~hereforc. is the use of a boron.containing amino 2«:id analogue in 

pq>dde $)"BU:h~sns usb11g soHd phase chemistry. especnally fmot chemistry «.also koown 

u the ··sheppard approach''). 

20 

hu mnothcr upec~ there is provided a method of malcing. a peptide or a peptide­

coowmng compound. oomprlsing pcrformimg the foUowimg steps to make a Wgct 

amioo acid sequew:c: 

(i) providing a salad phase having coupled thereto functional groups; 

{ii) causing a compound reactive with the functional groups sellcctive!y to 

nw:t dlen:Wlith. the reacted compound having a fun~ionai group capable of 

reacting with an amino group or with a carboxym group or a reactive d~rivative 

25 .thefoof; 

JO 

(iii) causing im amino or carboxyl group (which may be in the form of a 

reletive derivative thereof) of a terminal amino acid of a target amino acid 

sequence selectively to react with said functional groups of ~be reacted 

~ 
--~ ·. .. . ed 
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(iv) coupling the ~oo acid sequentially foUowing. tn me target sequence. 

the seqUGntiaUy preceding amino acid coupled to the solid phase to sand 

preceding amino acid; 

(v) 

(vi) cieavnng a soDud pM.sc-iinked compound prepared! u.~ing steps (iHiv) 

from me solid phase by the action of am acid or base. 

! 0 c~tmsoo in that a compound comprising ~ ooromc ~id group f eB(OH)2] or a 

d~rivative thereof. especially an ester. is inoorpora~edl in the solid phuc~Hnked 

ICOWp:twtd prior to nts dieflVilgC from the solid pha.~e" 

The m@thod of the invention for making a peptide or pcptid«:M:ontain»inng compoamdl 

B 5 may comprise a step of coupling m peptide to a soilid pha~piinked compound prepared 

by previous steps of the pr~ optionally as~ step (iv) of the process [i"e. a step (iv) 

of ~e process il!!l which the sequentially foMownng amino ~kl! is pmt of a peptide]. 

The method of the invention for mmking a peptide or peptidieec:oomnning compound 

:zo m~y oompri:se a step of coupling to a solid pmse-Unked compound prepared by 

previous sreps of the process a compound o~cr !Mn an amino acid or peptide. such 

as, for ~ump]e. a compound having two carboxyl groups for use in Milking an amino 

group of a solid phueetinked peptide with an mnino group of a peptid~ peptide 

~oguc or amino acid in the liquid phase, Of course, any oth~r Uquid phase 

25 compound capable of reacting With an amino group IM', as the case mlly be, a cmboxyJ 

group could thus be linked to the solid phue.-Unked peptide. Diammes are useful for 

intercoonming moieties having carboxyl groups (e.g. in the form of reactive 

derivatives thereof). Extemioo of a solid pbuc~limlked peptide by a dfoarboxylic acid. 

~peciam!y gAutaric acid. is useful m the prepamtion of bimnctiooai serine protea.c;e 

JOl inhibitors having a CSDM joined, typical through its N-texmina!. to an EAM through 

~ comi.ector moi~ty comprisang a peptide sp~m- portion end! dicarboxyUc acid residue 

linker pmimu. ------------·--

iiili1f 
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A $0Ud phueGUinbd compound whose free end terminates with a dmcarboxyaic acid 

residue may be fw-tbcrextooded by reactfo111 of the free carboxy~ residue (optiomlly in 

the form of il derivative thereof) with the amioo group of M zmino acid, e.g. a 

5 dic1rboxylfo acid residue coupled to a soUd phueaUnked EAMespacer moiety may be 

rc:acred with an amino acid of a CSDM, for exmnpie the Natt":ll'miMli amino acid of a 

CSDM. 

Step (ii) of the method may oomprise reacting an amino gmup or an optiouUy 

U 0 dcrivati:;ed carboxy group of an amino acid with a functional group coupled direcdy 

or indirectly to a solid phase. a part of oonventioMI solid phase peptide synthesis.. for 

cxmmpic. T~c amino or cairooxy group coupRed to the solid phase i! oftcm Uhe terminaa 

amino or cMbm<)' group but in some embodiments is ai functionilll group of n side 

cbin, such ~ the side chain carboxyl gmup of glutaric a.dd for example; the CG 

15 t~im,D cm-boxy group or the amino acid attached to· dac soUd plwe tlh.rough ats side 

chain may be repilaced by the boromc acid residue [~B(OH)2] or an ester thereof. 

Th~ method may comprise N-terminml coupling in SPPS. in which the cm-boxy 

taminw; of a resmn bound peptide is oo•loo ro a he ci--aminoboromte acid or ester. 

20 prior to acid cl~avagc of the msulumt product from. the resin. 

cma) 

(Ulb) 

30 where En and E2 irepresait oonmmc esters forming residues or may together 

fmm a single residue, 

----------------
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with a dfol coupled to the solid phase. The technique of linking a boron atom (e.g. u 

P3rt of m amim acid or peptide bomnic acid or ester) to a sonid phase ~ugh 

hydroxy groups coupled (dirootly or indirectly) to the solid phuc is novel Md forms 

an Mpect of the iimvmdon. 

ff tlh~ compound comprising a boronic acid on- ester is im mnioo acid boroute used in 

step (ii) in einher of the preceding embodiments, the mlid phase synthetic method may 

be wed tt11 make a pept~de boronate inhibitor of a serine protea.~ catalytic sire. 

op~ionr1Uy in me synthesis of a biftmctionaU serine pro~ase inhibitor. 

ThMs. oororuc adds can be directly esterifioo onto dnoi=eontaining resins, md !hen 

cllain extension conumucd from the N&terminal end by. forr example. sumdard Fmoc­

ehcmistey. Stlbsequendy the ooronic acid ~ster cam be cR~aved. either by mineral 

acids, to give the free ooronic acids (peptide-B(OH)2}, or by tnmsesterificadon. e.g. by 

U 5 a ooncentra~ solution of m diol, especially a hindered diol such as pinanediol, for 

~:umpie. 

The literature describes ways of preparing dio&-containing soUcl! phuc resins. which 

am be derivatised by aldehydes and am suitab~~ also to be derivatised by boro:nic 

20 acids/~ {e.g. Xu.Z.~H., McArthur,C.R md Lemoff.C.C. 'The monoblocking of 

symmetriad Diketones on lmoh~blc Polymer Supports', Cu.J.Chem .• U99.l, 61,1405~ 

i409. md Lemoff.C.C. and SywMyk.W. 'Use of Polymer Supports in Organic 

Synthesis.9. Synthesis ofUnsy.mmetricsl Cuetcooids on Solid! Phase". J.Org.Chcm .• 

It 997, 42, Jl03al20S). 

25 

A genew procedure is as foUows: 
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~ di~n is a compounds mwmg two Of mom a.WcohoUc hydroxy groups. 

X amd Y are protecting groups. 

R. is the side chain of m amino acid bmonatcfbom1Cic acid. 

S T~cmily, the msin is wuhed after each step. In suitable embodiments the dioi is not 

protected before it is reacted with the resin. 

A more specific proccdme is set out oomow: 
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(e.g. 'Wang' Resin) {Sodium salt of Solketal) 

1 }24h, 2 fold excess sodium salt 
2)wash 

/'~1CH2-==--0=r-Ox 
i Resin i ! 
'-~) ...._o 

I 1 )Minera~ acnd 

i 2)wash 

~-, ,,....H 0 _.-OH 
/ ·=\,, 12 - ~, 

·Resin · 
., """===- ...- ....__OH 

1 )(TMS)2-N~CHR-B(OH)2 

or {TMS )2-N-CHR-B02-Ester 

2} wash off excess 

c.~CH2-=-0=!'"0, 
~) l_ }3-CHR-N(TMS)2 

l
~Fmoc(aa)-OH, 1-BuCOC!, Morpholine. Et 3N. 
or Fmoc(aai}0 0_H, activating agent, (Bu) 

4 
NF. 

2)wash 

('~c H2-=-=-0-r-0 .. . 
L Resin J l. )3-CHR~NHCO~(aa)Fmoc 
~ .0 

i repeat steps of SPPS. 

G CH2---0,_.-o, 
1 ,B=CHR~NH-PeptideFmoc 

--..0 

1
1) Base 

2) Lewis acid (e.g. "fFA). scavenger. 

HO 
' , B-C HR-NH~Peptide 

HO 

TMS ""'TrimethylsHyi 

SPPS "" sciUd phase pepdde synthesis 
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The nnvemfon therefore opens the ,,·ay U> tlhe prcparati<m of peptide boronates by solid 

phas!; chemistry. for examp:e ill'U preparing a lnbrary of pep1idc borona.tcs by a 

ciombinatoria~ me~hodl. 

:' T~ie finwe'mtuon includes a mc1hod !~"r wm~kong :A compoiumd coai1pirising :& pcptudc 

hiomnic 11cid or peptide i.mron;ltQ! ~s1.:r. ~he method comprising: 

15 

Hi> causnllllg :m nmnn~l a~1d bmmnic add c;r peptide horonic m:id M rcru:t 

wi~h tluc hyd1!\lX~ g1murs whcr~hy th~ IY.>rnlilic m:id resaduc hecomcs csteraficd 

10 uhc::: solid pha.~; 

(m) c:lusing uhc ciuhoxyl group ohhc amin@ acid sequmtiaUy fotnowing. in 

the ermd product pcptnde boronic acid or oomirnnte ester. s~!ccth•ety 10 rcacl with 

du: llmino yrnup of the sequemia~iy preccdtr.g amino acid cmi!pledl uo the sollid 

phase~ 

the method optiomlllly comprising one or more further steps to make said compound. 

Th~ a~coholic hydroxy groups coupled to she soHd phase are preferab[y anmged such 

thu pairs of the groups crui be bonded to a boron mtom. i.e. such that a boron atom am 

be di 0 estcrifioo by them: 

ii1i1i1nr 
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l~ some embodimcr.~ du~ hydroxy groups are in a n.2~ammgcmcm (i.e. 011 adjacent 

carbons): an o~!u:r iemoodiments they ill': span.eed apan on chahis {e.g. a residue of 

Preforaij)ty each amhm add cmllp~ed to the scHd phase hru; 11 (H'Otected amnno group 

~nd step (iii & comprises depro~ecting abc :!mim> ~mup <lf nbc s;eqmmtiaUy prccedan~ 

amnno acid. Preforably thi: deawagc of stir.r (1:1 is ~erformcd "'·ith ~cid «br hy 

tr.mscsuerificatio1'TI. 

111 More gcnrerntijy. aheirc is pn.wided the mie in solid phase synuhresis i'f a ~oronk acid 

re:.;iciue auathed to the solid p~'U:lsc lhrough hydroxy gmup residues. 

Ah~IOl pro\·iJed is •~ 1m.~thit.ld for nu~king a .:<~mpm.md comprisinl,! :i h1~mn~ ~llnm. ~he 

m~ti'uocl! compr[siaig: 

{i) providing •~ soaid pha .. c h"'\'i!flg coa.opUed tiuereio :tkohoiic hydroxy 

groups: 

{ti) causin~ a boronic acid or bomoote c~~cr to react ·wi~h t~1e hydroxy 

groiu:ps whc1reby the hnmnic add rcsidu~ !becomes i!s~ernfied h"'l the solid phase: 

and 

fo odwr mpects. there are provided a solid phase materia~ having coupled thereto 

bonmftc acid residues through hydroxy groups, as '''-=U as a soUd phase materian 

oovung oouploo thereto a moiety of the Form~ia IV: 

iil1U 
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\ 
B~IR 

(£V} 

I 
wh~in R is a residue bonded 10 the boron ~tom, and is usooUy an organic moiety. 

R.«;siduf" R is in one class of mmerhd free of fwnctionaJ grroups rem:tive with ah:oholic 

5 hydroxy groups {but !he marcriad may conaain sm:h famctiollll3TI groups in protected 

fom. e.g. prior to depmtec:aion). in anmhcr d:ass of ma«cria!. siuch functional groups 

me unprotected. protecting groups ha\•ing pre\·iousiy ttleen removed. R is typica!!y an 

organnc: mo~ety tmving orae or more f u111cikmal ~rmllps ro em1ble R to undergo a 

rhemka! n.-:ictiam; :iilll~· JllTtlh."CRa~Dc foncico~;d l!nmrs m:o~· ~ pn,•~cucd. In one dass 

W of m@tcri~Js.. the .sofa» phast: h<Js courlt"d ahcrc:no °'l mt,i~l~ nf 1:omm&:1 V: 

ns 

~c~o­
Hz 

O!i'ne or both of the hydrogen amms of the QCH:.r group may be replaced by other 

groups compa«ib;c with uhe use of the material, e.g. ailkyi groups (fo!I' example methyl 

:m crbuuyn. 

In a yet funher c~ass of materians. the left h~nd oxygen of Formll.llla IV ns part of an 

~-

25 A fnm chm of solid phuc synthetic mdhods comprises perfonning the foUowing 

steps tr;) make a mget amino acid sequcn=: 

(n) providing a solid phmie having ooupled thereto fW1Ctionai groups 

capable of reacting with a cuooxyM gwup; 
-···-------·----·---
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(ii) causing a compound ~ivc with the fundionaJ groups and 

comprising an amino group protected by a base--mabile protecting group ao rcacu 

with the fi.mctionaa groups uo forum an acid labile oond: 

{iii) deprotectin1 the amino group with a base: 

(iv) causing the carboxyl group of an amino acid whose amino group is 

protected by a base-labile protecting group uo rue! wi~h the dleprotec~d amino 

group resuhing from step (iii); 

(v) «.i~pmtecting the: protected amino acidl winh ~ b<1sc; 

(vi) causing ~he amino acid sequentiaUy fonow~n~. it1 ii~ t.nrgc~ !\Cqucm.:c. 

the sequentiaHy preceding amino acid coupled to ube soiidl phase to re:act wiuh 

the dlepmtectcd 3mino group of ihe sequc~afaUy precc."C!il!l~ amino :u:id. ~he 

scqu~mia~ly !~llhming amino acid hm:in~ its :mm\,~ gruur rwtc:i:ni:J h~ a &1;1!1-\."· 

labnllc prnu:c1 ing group; 

(v~i) dcprotccting the pro~ectcd amino :ncid gruup ·winh base: 

(vii~} rcpea.iing steps {vi) and (viiiD as often 11s necess:ury; ~nd 

(mx) cleaving the acid labile bond with :tcid or by trno\.~Slcrefa:.:mcm. 

e:hairactms~d in uh:u :n compound comprising ~ ooronnc acid grcll!p [ ~B(OH)z) or a 

derivative sh~r~of. especially an es:er. is incorporated in dnc s~iiid phascGlinkoo 

:!{» c@mpound prior ro dc::&\•agc of the add h1hiic bond. 

As described above nn rela11.ion to the memhod of making :u peptide or peptide­

containing compound. step (ii) of 11.he me~oo may compris~ reactn!Pl.g an opuionall)' 

del!'ivatiscd c~rboxy group of an amnno acid with a functional group coupled dnra:dy 

25 or indirect~y to a solid phase. for example by a method known per s~ in solid phase 

~hemistry. The amino acid may be me compound comprising a b©ronic acid! or ester 

group, i.e. an amino acid bommc zcid or escer. A!~emmive!y, step (ii) may comprise 

reacting the oompound comprising a boronic acid or ester group nn the form of an 

mmioo acid or peptldle boroxuic acid or ester wnth a dno! coupled to tlhc solid phase. fo 

30 en~hen- case that am runi~o acid (er peptide) bcronic acid or est~ is used. the process is 

smtabie for making a peptide ooronate itlhibitcr of a serine pmlemsc catalytic site. 

op1iowally in the synthesis of a bifunc¢ionw serine pro~ immbiwr. ---
lliiif 
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The other variants described above of the method of mwng 2 peptide or pep!ide­

conwning compound are applicable to said firnt class of so!id phase synthetic 

m~thods. 

A ~oond class of solid phase synilicdc methods comprises perfoming the fo!mowjng 

st~s to mnke a target amino acid seque1m:c: 

(i) providing a soHd phase having coupled thereto fmctionaD groups 

i (} capabfo of reacting wi~h a carooxyi group; 

Hi) c;:msing a compound tre:Active with dle fonctiom~i groups and 

compr~siu~g an amino ~roup prmec~oo hy <lln addeiaib1lc pmnectil'llg ~mu;> u.) 

reac~ with the fimctic:mai groups. m fom1 a base [abi!e bond: 

tiii) dcproaecaing. rhc amino group whh mo.add: 

D 5 Civl «:ausing the carboxyi group of mu amino c;cid whose amino gmup us 
rmtcc~cd by an acid-i"'bi~c protecting group to reaea with uhc depmtcctcd 

nmijrm group resuhing from step {iii); 

(v) deprotcc~ing ahe protected amino add whh aau acid: 

(vi} c:iusing «he amino .:add s~ucnti:11~Jy foUm.v;ing. ilfll ahe target sequence. 

::!O the scqucn~faliy p11'eccdin£( runino add ccmpic\f to the so~id pM3c to rl'!act with 

the deprou:tt~d amino group of the sequcntiaU:y preecdnng amino acid.. the 

sequentintuy foUowing amino add having hs amino group pro~ected by a1Jn 

acad~iabile protecting group: 

(vH) depro~ecdng the prorectM amino acid group with ru::idl; 

2S (viii) repeating steps (vi) and (vHi) as often as necessary; and 

(ix) cleaving the baisc aabUe bond with base or by transesterlfication. 

chamcteriscd iin that a compound oomprising a ooronic acid group [*B(OH)1] or a 

derivative thereof, especiaUy ester, is incorporated in the solid phue-Hnked 

:m compound prior to cleavage chhc 2cid labHc bond. 

ii ii if 



29 

The above=dtSribed variants of the first ciass of solid phase synthetic methods am 

app]j~le allso ~o 1he second class. 

As dlescribed .llbove in re~ation to the method of maidng a peptide or peptide­

s ccnmirung compound. methods of the fim and s~oo:nd classes of solid phase synthetic 

methods may comprise a step of coupling to a soiid phMc~iinked compound prepared 

by prevmous .stf:p.s ofthe process a compoul!ld other thlln an am[no acid <>I!' peptide. 

Th~ C\lmp<iimds of the anve1Uumi do not h:wc to ct111nmn h~-.r~wr1. .:nhoough they m:l~ do 

:so. The n~111sooiron containing c:ornpo1.nridls m~y also be prq>ared by soHd phase 

synth~sis. Sums: compounds of the inven1ion have ~ iraamra~ peptide bend replaced by 

D f' mw~h~r hnlm~ !!re>MJl f unher infom1auion m11 meahods suitahie for rhr. synthesis of 

<JU ihc: ('c'l>mJ"'l•oo1.h Glf nhc irm:mion m01y ~ found in uhr.· ~forc~id pim:nt ap:piic.:uiol!B 

med too:.y tlmll ~ntidcJ ''Thromhin inhibaaors ... 

Th@ nuvel c:ompowuds accord~ng to the present hwen~ion are usefuD ~ inhlbitoirs or 

subsu·~ucs of s~ine pro~ea.ses. e.g. tm--ombin. •md 1m:iy he u.~ed i11 vitro or in ,,;i·o for 

diagnostic and medumis1ic studies of such enzymes. More generally. the ~ovc~ pep1ides 

25 mil)' be ~sefui for resemcll or synthetic puirpos~s. flldhmnore. became of their 

m~wbitoey eiction. ~he inhibitors are meml in the prevention 01' treacmen~ of diseases 

amscd by M excess of tbmmbin or mother smine pm~ in a regulatory system 

pnwkmy a mmrumiian system. e.g. the hmmn or animal body, for example conwl of 

~ coogulatnon sysrem. The ~tica.Uy useful compounds have a 

30 phrumaoouticaUy ~cceptabile group as any N~termmai substituen~ (X). 



30 

Th~ rmti~thrombotic oompoumds of the invention may be employed when· am mti­

ahmmbogemc ~gen~ is needed. Genem.Uy. these oompoumis may be administered omlly 

or parmterally to a host in an effective amount to cb~a~n an mai-mrombogenic effect. In 

me ase of larger mammais such as humms. ailbe compounds may M admi~istered alone 

5 or in combnrmtion with one or more phmnacc:':utiCilll earners or diluents at a dose of from 

0.02 !o ~ Ome'Kg of body weight and preferably ~ * ~ OOmWi(g. to obwn rhe antie 

uhromoogenic effecl. and muy be given :ns a sill'Bgie dose or i1:1 davidcd doses or as a 

su1suiined! relc~$C formulmio11. When W1 e.'l\trm:orpore&lll Mriod l'lll~p is to be est~b!ished 

forr ~ patient. CU ~ H>mg/K~ may be adminislered inlli"avenous~y. For use with whole 

n OC°D htood. from i 0 100 mg per liurr~ may be pm,·udcd to pre\•em icoagu!~doirn. 

~·~u11rmac~auiitni diilu~ms ur carriers for hu1!'0mn or ,-~ni:rim.11·y usi: 01re wdi known ;md 

iau:lude ~ugMs. strud1es and \\·1ucr. i.md may tll: tnsed t'lJ nmie OlleccptabUe fomnda.lions of 

pOOmmcQ!ulica! comJX>Sition... (human or ,.cta:rinary.·) bonuainin)g om: or more of lhe 

» .:' suhjc,,-ct re~ides in th~ rt.~uired ph:umaceutic.:lll}· :.1rrrorri01Jtc or dfecti\•c ~mount or 

~onic~ntranic'n Tht.· r~am"&;ac::cu~it:tf ''nnul:tnforrus m:i~ ~ i11 unit cJln5.1gc form. 

F«>:nnmda~icms of thl! comp.nmds include uibli:~s. caj'5ules. iajec11able soluauons mid the 

mce. 

~O 11u: ruri[)Gcooguloot compmmJs of the in,·cnuon m:.~· ;nisi' ~ added to bllooo for the 

pwpose of preventing cooguhnnon of ~he blood ir1 bloo~ col~ccdng or dnstributicm 

co:~umncrs. ~ubing or impaantable apparatus which comes an coimuaca. with blood. 

Advmitages enabied by the compouruis of dte ~nvcmion nndude om .:dvity. mpid onset 

25 of activity and low toxici!y. In addition. mesc compounds may have S!Jl'etUd utility in 

the ~tmcnt of individuals who are hypersemutive to compounds such a~ heparin or 

o~ mown mhi'bitors ofthrombin or other serine proteases. 

The mdhcds of the invention are usefw for ~ synthesis of serine protease n!!Wbitors 

30 md other comp.nmds. They are useful in oombim.toriz~ chemistry. 
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The invention wm be further described :md m~ted by th~ Examples which now 

foUow. 

Gly-AsP""Phc:-Gh~0rnu-n~QPro-Gh1-Tyr0Lcu·OH. W&lS rrcpan.<>d hy !!olid phase pcpiidc 

IS chemns~ry on~ MiUigein>i 9050 PcpSyndtc.C\i1..er u.'liing :m Fmoc0poiy~mide contmmmus 

ft@\\• method and propricl:uy 9050 ruus on Ctliumn munitcM·m~ wlh\':Ull'.:. Pir~-dt."li'\'titiscd 

solid ~n:ppon. fmoc-.lcu-PEG-PS q I .6g. 0.:!2mc<fl~> '"'11~ u~d 1hroughou1~ Fmoc-Lcu­

PEGQPS comprises po]yeuhyic11e g!yco! derivatised polystyrene \11iit&. HMBA tinker. 

1Fmoc groups werc remo\'cd using 20% pupc;ridinc in DMF. Fmoc0 amino acids {4 

20 iequiv.) ~s their pentaftucropheny! esters wich side chain pmtectioin where apprcpriaaie 

(e.g. Fmoc-L~Tyr(tBu)OPfp. fmcn:el...Qha(tBu)OPfp. fmocQt~Asp(«Bu)OJ!>fp, Fmoc-l­

Asn(Trt)OPfp .md Fmoc-His(boc)OP!p. were mupEed sequentiaHy. Once the reqwred 

peptide sequence was complete: the Neterminal Fmoc group was removed using 200~ 

piperidine ~n DMF. A positive ninhydrin test mdicated th111t ilie Fmoc group had been 

l.S removed, The peptidc..oonjuga~ res.in was subsequenriy dec:anred on a fiD(er md 

wuhed • off !me· with dichlommedmne, methanol um dich!orom~~Moo before being 

b. 

The pq>tide obtained in Example la was ~ in DMJF (Sml) md treated whh 

giumric wydride (300mg) and ~ym .. mmphoimc (200mg) in a romd bottorm:d 
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flMk (2Sml). The reaction mixture was swirled cve~ght. The resin WM washed with 

DMF, DCM rum MeOH. Md then dried !n-wzcuo overnight to obtain tth~ target 

~ompomd. 

5 ~. 

H~D-l?he=ProBomBpgOPin was prepmed by adding a 40% solution of HBr in acetic 

~dd (2Chn~) m Cbz-D-Phe-Pro-BoroBpgOPin (2g} irn a round! bouomed Rask (!OOm,l) 

fim:d wi~h u sepaium and flushed wiah nitrogen. Tbe fiD.Sk wa'!i swirled Q~> cffocn complete 

IO dissoha~icm of the protected tripcptide. When the gn£ evo!utuon c~ ancr 

approximateiy 30 minuues. ~mhydmus ether (200m0 was added and lhe reaction mixture 

\\~as ~n,'lrc~n m :ii n:friycr.ioor for..; hm.nr~. Th~ r~:i.cuion mbmtll'~ \\~l~ tiitcred. Uh!! rcsidu~ 

\\a. .. Jissohcd m EtOH 0 ml> ~nt! dry t:lh~r '"as ~JJ~ u,l rn:cipn!•nt~ th~ produce 

(800mg) as ;,ii while solid (M·--10. 516: Tk (CM/A. 951513). R.t""~>.05. 

Tl~ !>yn~he:sisrt: j-D-PheProBomBpgOPnrijCO{CU:!)]COrny::!Gin{lr)"r~3)Hirs1 .~. me dry 

rc:&jn HOCO(CH:!).;COGly:!(Hn(TyrM)Hir ,,..,.. w•n...,. suspended aUll D~·ff OOml). before 

:w nnu 0:?9m!,?. OAnmmi) •m~ U-D·Phc-PmBoroBpgOl?nn «:?30m~. 0.-'mmo~) were 

OOlded to thi: reactnon mixture. Af1cr 5 mnnutes saimng. arieth)"!11mine {4lbmg. 0.04mmo]) 

wa~ OOded ~n<i tile flask l::fi stirring ovemight. 

The fuUy prou:ctcd pcptid~ rcsi1111 was \WSbOO with dichloromcthan~. metrumol and 

25 di~hJoromeahooc Md then dried! under vacuum. Cleavage from the resin with 

simultaneous depmtection of side chain protecting groups was achieved by ttmtin.g the 

min with U Otr'.4 TF A for two hotn. TF A was removed ad the m peptide with a Ce 

tammal carboxyiic acid WdS generated by precipi~on with told ch-y ether. The crude 

peptidle WU collected by m~mtion and washed winh further ponions of ether. 

30 

Pwification of the crude peptide wu cmim out by r~-plmse HPLC using a 

Vydac 'llfM C-1$ ~e column (TP silica, lOjAm, 2Smm x 300mm). The column wu 
·---------

iii iii-
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cUuted with a 30-909.4 Janear gmHoot of solvent A (0.1% TFA in water) and solvent B 

(0.1 TFA an w:etorutriie). The ooloom eiwmts were monitored at 230nM. and &actions 

were colla:ted zppropriateny. The purity of ahe products were detmnined by anaiytical 

RP-HPtC Md mass spectrometry. 

2. 

i°ChJomcthooe-pimmedioJ ooron:m~ ester (0.J2lg.L25:.d0..3mol) ~ddcd wiuh stirring lo 

Cbz~D-Ph~-Pm-OH (0.6~. L5~x ICfJnu,n. W!u~n the addition haql been c:omplelb-d. 

DBU (0.2Jg. U .S2mmol) in CH~Ci: was add¢!dl to du~ mixture and aUowed to s1ir at room 

aempcrnturc. before bdng ief1 to i£tar for wi ~xtcll'Udcti period at 4@c before workup. The 

! 5 opaque !uquid was Y.°Uhed v.ith nc; CO.~ M. 2x50 mil. N~HC01 0%. SOmi). The 

nrg::mic fayer ,,.as dried by \'igoro\is s1im111~ o\·er anhydrou!\ ~fgSO.a. Md fihered off. 10 

remove due d~siccant The fihmte was tcncentimted under r&.-duccd pressure on a m~ary 

~wporatcr, to afford a ~hnck. vnsccm.c; residue. !Pre!imin:uy cxamimukm by 1H N.M.R. 

$1howed tthe required crude pmduet The crude s~mp!e was dissolved irn m small amoumt 

:m of MeOii. appHoo to the sephadc.x-. Uf20 cohmm. aatd then ~lm<.-d \Vilh a pump using 

t!w same sol.vents. The elution promc w:IJs foi~owed wi«h the aid of a U. V. ~i!!mp 

{226nM) and recorder. The void \•oh~me, fraction 1-6. and a Jrurther bulk vonume ''-ere 

coUcctedl. From the shape of :he chmmato@rnm. in Wl.liS deemed aha; fractions J-6 would 

be the most Ukely fractions in which ihc bipepdde m<ly be found. The &ac~ions \1\-c:re 

25 concentrated individuaUy to afford dear siightlly coloured viscous residues. One 

ftdon oontaming the bulk of the materiw whm piaced under high vacuum was later 

aftbmed as a slightly aystalline product (0.269 yield of 3.5%). N.M.R., JF ABMS (Fast 

Atom Bombardment Mass Spectmmeny) and C. H. N were very strong (good) 

indicators that the compound hm ~ formed. 

JO 
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Cbz·D0Phe-PraMv(CO~ )~BomEig pinanedio~ {from E);llmpile 21hl W4!1S disso~ved in 

M~O! I (~Omil anti lrrl":•l~d with WI!-'® Pd!C. and! purgl!d wiah aryofll \\iuh ~~urrin~. ~he flluk 

~ .. ·acuatcd :md rim.lp~d whh JI! wilh sairring for 51 [. Nnnhydrin SlainiITTlg indicated 

d~pl!'(.lih:cued prudllct nn TLC The so!llltion wa:; pw£!cd with W'gon for W min. fibered 

and con::~mr.ucd und~r reduc&:d pn.-s.'iiure to afford a thk:k bfack cit which \\-U dnSS<>lved 

~o an CHCI,. fi!k-rcd and oonccnmucd. 1U N.1\-i.R. of 'he ~rude rmduct indicated no 

ns 

20 

protcc«ed pmducu. ·n1c resk!uc from above was cltrom:uograpbed on a Sephadex LH20 

ehmmiltogrnphy column. nH (60 MHz) N.M.R. showed duu the isol:ued com.pound 

dispi~ycd mW!~· ,.,,- the chw-acrq!rnseic.s c.-xpecred cm the lmsis of ahe putt:tfrve structure. 

I :?:?mg of :he fr.:.: <lmino ooron•Ue ~Ster w~ isofated. 

Tetmkisttiphenylphosphme paliadimn(O) [PdP(PhJ)4] ( 1 g) was disscllved under Ar in a 

mb.ttion of CH1Ci containing 5% acetic acid and 2.5% Nsmethylmorpholinc (30mi). 

This mixtull'e was tmmfcm:d under Ar !o a flask conwning IFm.oc-L-Glu(PEG­

PS)OA! (L6g). The resin was Deft to stmd for 2 hours with otcasiow gentle 

25 q;itation. The resin was fihcred on a sintered glass funnel and washed with 0.5% 

--------------
\iilif 
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dinoopmpyl&thylamme Md sod~um diethyldhhaocarbamate (0.S%w/w)in DMF 

(300m]) to mmove the cana~yst 

Too dry resin. Fmoc0L-O~u(.PEG-PS)OH {l .Sg) was susptIDded il'n DMF(lOml) under 

Ar. TSTU (A29mg. 0.4mmoi) •md NH?BomBpgOPan 065mg. O.Smmol)w were 

~udd~d ~q.'t d11e reaction mixture. Atler 5 m;rmtes stirrimig. ~ri~thylmnirlc (40mg. 

BAmmo!} w&11s added and the fJask left stirring ovemngha. 11~e r~snn was washed with 

~ 0 dichJoromethanc. mc!hanci and dkhlorome~h:me and! rhen dried under vacuum. 

i M»h\!'-L-Glu(Pl~G-PSlNHBomBp!_!OPin \\"M prep:ued hy solid phase chem~stry on a. 

I.:\ :..nimgcn 9050 ~ptidc synthe~is~r 

hu~oc ~l"\»UJ' \\~5 rcm~\1.-d frnm uhu: ~u1id MJppon 1:moc0L-Glu(PEC1~ 

D1S}NHBurnBp~OPm U:>m!:;! ::!114?. r1~ridinc in n~w. l·moc-Phc-OPfp was C:Oll»ple'd uo 

nhc free N =terminus . 

.:?OJ Th~ proacct~d pcp~idc r~sm '"~as woushcl~ ""·uh diddorome~h:111nc. medmnoJ and 

dichloromclhanc and thciit drncd undcli" vacuum. 

25 Cle11vage or the peptide from me res~n WU achieved by ~reating uhe resin with I 0004 

Tf A for two hours. Tf A was removed 1md the free p~ptide H~Phe-Glu.aNHa 

BomBpgOPin was ge1.1emted by precipitation with cold dry ether. The crude peptide 

vms ooHcc:b?d by filtmtnon a~d washed with further portions of ether. 

30 Purification of the crude peptide was c:mioo out by reverscd-~e HPLC tl!smg a 

Vydat C-18 prepamive column {TP silica:pmticle size tOmm; 2SmmXJOOmm). the 

cob.mm was cdu~d with a 30s90% linear gmdicnt of solvent A((U%TfA in water) 
---------------- -----~ 
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mm solvent B(0.1%TFA in acetonitriic). The ooh.HIM clwmu wea-e monitored at 

2JOnM, and fractions 'verc appropriately coUectted. The purity of th~ products were 

determined by a!Wytical RP~HPLC and mass spectrometry. Product H-Phe~GluQNH~ 

BomBpgOPin. was obtained in 17% yfofild, 34mg. ESeMS: 626 [M+Na]; retention 

5 time ~mdyticai HPLC {4x250mm. Vydat, C~lS tccbsphere}. clluted by l0e6QOI@ MeCN 

with 0. W % TF A in water with 0. J % TF A over 25 mim.m~s. gave Rt 23. n minu~es. 

!5 

~. Dcir.ivati.Uidon of Resin whih prot~catd DfoD {2,2-dimetbyt-E~'-dio:iiudanc--4e 

m~Ch111nol 

iiiiilf 
Na (solid, Sg) is added to 2.l~dimethy!-L3..dioxola.ne4-metha!:!iol (::!40mH, under argon 

gas. ;)iM the mixture stirred wuiJ it gives a dear so~uttion. Mcmficid Resin (Sigma. L l 

MeQ. Cl per gram. 20g) us added imd lhc mixture stirred overnight then heated at 80°C 

25 for24h. 

Derivatised resin was ooUccted by filhtion. washed by 1!.;kiioxane OL), water 

(3x500ml), ar!ld MeOH:water (1:1, JxSOOml}. MeOH (3xSOOml) and my ether 

(Jx500ml). An infm red spectrum WU ob!ained by powdering of Il ,)e2mg of resin with 

30 KBr (dry. 300mg) and compacting into a disc, !hen ~i:ng on a Pmcm• !600 Fourier 

Tmnsform I.R. The dcriwnsed resin (Fig. 2} com~ to Mmificld resin {Fig. I) 

shows distinct strerehing signals l 050 to 11s0cm·~(s) for ether ~g frequencies 
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~ic of a five membered rfoig; and dia&y! ether metchmg at I 060 to l l.SOcni 
0(s) for alkyl-alkyl sttctchmg. 

b. Deprnteeticm 

e CH:rO,-x 
u ~ 

0 

e OH 
CHro-=(' 

n l_ 
OH 

-=-::) 

The dcriwtuscd r~sin was maxed with HCB (1.SM. 2SOmil) and Il ,4-dicu.ne (2SOmi) and 

~he suspcm~i<>n ~1ifred and! hearoo a~ 800C. After '12»'R the resin was \\':lshed by w:ncr 

(500mi}. M¥:0!i q500ml). DCM (SOOml) :md Et:!O {500ml). then dri~ in the air. F.t­

tR. s~lrum of tke resin shows disninct O.H strctch~ng frequencies a~ 3400slS50cm'a 

W {s) • .md a main peak at 3413.6 (fng. 3); this peak is substantiaUy !ru-gcr m:m the signal at 

29i?.6cm"1
• Jr. c:omp:uison the ether (Fig.:?) imd Merrific~d resin sho""' only a weak g 

l400cm •1 ,;,igM! f,tr b:sc~groulf!ld moistwrc. 

8 
OH CHrOL n 

OH 
--·-·-------

ll 

The diot mm (Sg, S.Smmo! of dioa) was suspended in THF {dry, SOOml) amd. 

phmylbommc acid (J.3Sg. 27.Smmo!, S equivalents). ood 4A siwe5 (dried at i.SO°C). 
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After ~ining under argon owm.ight, the resi:m WM filtered under argon m a cioscd 

system. washed by mF (SOOml) and dried Wilder vacuum. Ft~L.R. (Fig. 4) shows a 

strong signaR aia aQ26cm"1 (uy~~alkyl stretching frequency) for ilire phenyl ring and a 

~ sigmd at 3417cm·u (compmedl to Fig J. for the starting daol}. 

Ref. Lemoff. C.C. md Wong, J.Y., The me of Poiym~ Suppons in Organic Synthesis. 

m. Selective Chemical Reactions oo One Aldehyde Gmup of Symmetrical 

Di~ldehyd~s .• < ·.an.J.CJ?Cm .. 1973. Sl. 3756--3764. 

~ :>- TI\o: fitblh~\\ in~ ·a ~M~ a tnnlain!'> ac1ivhy d:.\n:t relaaint? 10 ~he niw~n~ion. in the Tabb:, the 

Je."!"t~n~ti,m ··r· ~t\."r"'k"' hcn1u~:loxycouri'ion~ I <knd .. ~mr .. refers ~,, nurm;;i~ hirudin. 

"'NHir~'>06~{.J~:-·S) rcfors lu the •unino m:i<l ~qumcc fmm nminc acid 49 to amino acid . 

64 of normal h.imdin nn which ah~ rnlti..-~ Tyr!OSO.JH)~1 is repiac~d by Tyr. 

:?O Th~ compounds hsa~r.i in Table I 'l.Wl'C prep:sred by 1hc: sa»rnc ()f amlogous me~hods 10 

~he compounds of the preparation JExamp~cs l Md :? above or, n111 due case of 

i~tem11cd:azcs. were obtained from soun:es. 

------~-------

f!IMml.Jbmmbm ume.a:D 
A vollume of lSOµl of citrated nonul human plamm and 20}&1 of buffer or ample were 

warmed at 37"C for J mirn. Coagul~non was stmed by adding lSOµl of ftesbly prepared 

JO bovine thrombin {SNIHwml saline) armd the coagulation time wu recorded on a 

ieoogu~ometer. 
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A phosphimte buffer, pH1.8, containing OJ% bovine mum albmnmc md 0.02% sodium 

mdc was usr..d. The samples were dissoBved in DMSO md diluted with the buffer. 

When oo inhibitor was med DMSO was added to the buffer to the smne oo:u:cnttation 

S ~ th~t u.sOO i~ the sampies. The inhibitor concentrations were plotted agaimt the 

tmmnbin times in a semilogarithmic graph from which the inhibitor ooncenntion that 

caused a doulhling (40 sec} oftthe th.mmbin time wa..i; dc~mnined. 

i}c!ermhmtim1 o(Ki 

~@ The inhibilion of humr.m a-lhrombin was de~cnniwicd by the ~nhibitnoo cf the enzyme 

catalysed hydroiysis of chrrce different conc:en!mlilD!n.s ,,f the chmmogenic subsmrnte S~ 

200~~n of sampJ~ m bt1ffor and 50µ1 of S0 223S \\'ere incubated ae J'r'C for I min and 

~ 5 50µ1 of hum:m uQthmmhin (0.~5 NIHµlml) w~.,; ~dd~d. Tiu: in&tiai rate of inhibiaed and 

uninhibat~d rca~uons "~n: r11."\:onicdl iiE 4.Snm. The a~l!'Q.~ in o~iQi J.:mm~~· was 

pilou~d accorJ1n~ ~o ah~ mcthuJ of lm~\\'l:D\t:r •mJ Uw"I!. "!l1t: Km and appru-c:m Km 

w~re determined Md Ki \VU alcu~:m:d ming ~he rcfa~i,inship. 

Vmax 

J+Km.O+!U) 

[S] Ki 

~ buffer used eonudned 0. JM sodium phosphate. 0.2M NaCl. 0.5% PEG and ().02% 

25 sodium mdc. adjusted to pH 1.5 with ormophosphoric acid. 

100 reader is rererrnd to Dixon, Mand Webb, E. C.~ &&Em.ymes", third edition, 1979. 

JO A~.demic Press. me discloswe of whmcb is mcorpcmted herein by mfermce. for a 

further description of the measurement of Ki. 
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91 GOODFEPIPl. 

99 [ .. BoroiiUOPina]OO{CH2)JCOOOODFEPlPL 
-

-- -- --ms GGGGDFEPIPl .. 
!'· 

106 GGOOGDf'i!P[PL 
~-

uri [-BoroBrOPiin}OC{CUJ);,COOGGGDfEP!Pl 
= .· __ s =--=::.::= :o;;;;;:S --~ - - =-o.-----c= .. -

U~I [~Bon>BrOPin]OC(CH2bCOOGOOODFEPEPt 

1M=ooNsHNOODFIEEIPEEYl ifir"":m 
--

D 2 n IHO~C{CH1hCOOGGGGDfEPIPL 

a:?S [-L-?hi:ProBomVatOrin)OC(CH~)JCOO:'DfE!,lPI: 

. -U29 [-b-Phe?roBoroV~lOPin)OC(C!-!°:?hCOO~DFEPU'l: 

n) 1 [-ID-Pile~ProBorcEtgOPin]OC(CH2)~COO~D1:EPIPil. 
-· --

i66 [-D-Phe~oBoroDpgOP~nJOC(CHi):lcoo;:Nifu~·~(~~Sb - -

i61 Hirw~c«b.s> 
115 H).Phe-PmBomBpgO?;n)OC(CH2liC004NHlr ... _ (~S> 

n 76 Z~D-rhe-Pro--&roBpgOPin + Hirow:M 

UJ2 [~D-Phc-PmBoroCcgOPlnJOC(CH;htOOPGGNHir-- ~(des-Sf 
-- - __ , --- ~ - -. 

mlill HOlC(CH:z)>COOPGO'NiCir {des-S} 

~BS [0D.,-Phe0ProBoroCCgOPinJOC(CH2);cooPO~N~ior-·-..-.{deseS) 
~- !:!!lc::::S::l"-. - :·_·----·· - •. - • 

. U~(S [-0-Phe-Pro.BoroCegOPin}OC(CHz)JCOOPG,NHiir-·~cces-.S) 

267 [ uPhcPro&roCeg?in]OC(CH;);COO';(EDfEPiPL) 
--

-268 FP1Rl"(O:Eth]OC(CHmC002(EDFEPIPL) 
- ---

Bom!tt-g()Pin ]OC(CH1)JC001NHir-~~~{dCS>S) 

w/e..:ooemt 

5 Wf:. 11.7 = no effect up to a concentmtkm of 11. 7µM 

N.T. ~ oot tes!ed 
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0.613 :? 
' 

o.1n 30.9 
--

1'!/e i 1.7 :?7.i 
·-

16.4 :n . .s 
-- ---
1.23 to.:? ' 

0.000649 0.0~9 

~'«: o ts~ ST-
--

"t>.0021 l o:06s 
-

0.636 I 0.02f3 
--
0.00271 N.T. 

il.7 S6.7 

ii'D/e0.75 · 
-

1.36 
--- --

nle0.9 4.61 
--

0.162 4.9 
-

'l!nlell.8, 66.S 

N.T. N.T. 
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n. A method of mrucing a pepddle or a peptide-oonwning compound. comprising 

performing the following steps to make a target mnino acid sequence: 

(ii) causing a compound reactive witlln the functional groups se!eciivcay to 

react. therewith. the reacted oompcund h~ving a functionan group capabile of 

t 0 reacting with an amino group or with m cm'boxyl group or a reactn\'e deriwti\"e 

thereof; 

(m) caming the amino or carboxy! group (which may ~in the form of 0» 

rcactnvc derivative thereof) of a terminal imlliino add of~ targca amino add 

t 5 scquenc~ selectively to react "vith said rum:rionaR groups cf the reac1cd 

eompoMd; 

(mv) coupling the amino acid sequenuialiy foUowing. in the tw-get sequence, 

the sequentially preceding amino acid coup!cd to the solid phase ~o said 

20 preceding amino ru:idl; 

iiiiWf 
(vi) cleaving a solid pl:mse-Unkcd compound prepared ming steps (i)-(iv) 

2.S from the solid phase by the action of M acid or base. 

JO 

chmamismi in that a compowd comprismg a bomnic acid group [-B(OH).i] or 1m 

~tu or oilier derivative thereof is incmpormed in the soUd p~~Hnked oompoud 

prior to its cleavage from the solid plme. 

2. A method of claim I in which mp (ii) oompriscs reacting an amim group or 

an optiouUy dmivadsed carboxy group of an mmoo aicid with a ft.mcticmW gmup 
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oo~loo directly or ~nd.im:dy to a solid phase u pm of ~mwmtiorud solid phase 

peptid~ synthesis. for example. 

3. A method of claim J in which the compound comprising a bommc acid group 

S is m mnino acid bomnic acid, 21 peptide bonmic ester or a lboronate ester of either end 

s~ep (ii) oomprises reaeling the mnioo acid or peptidi: boronic acid or es:er with a dioi 

cm~ph::d to the solid phase. e.g. to form a solid phase having ecupted thereto, su3blbny 

via a linker. a moiety of the fonnula: 

0 

\ 
B=R' 

I 
wiht."f~in R' is :1 residu~ of a n:mmil or Ul!UlJ;)UJra! amino @cid or of M Maioguc ~hereof. 

a 5 ~he a1u~ioguc opaion:aBI~· h:n·ing its amiBUO group irephicoo by &ll!rn ml~cmative functiomd 

groop coip<lhk uf fl1rmmng a hnt. .. ~c oth1.."f dllan a mmirn~ pepn~ide licrlkage and/or ilas a­

hydro~~JU :».~om r~p!accd. 

4. A method for making a compoul!\d comprisil!\g ~ peptide borotlic acid or 

20 pep~idc lbomuatc ester. ~he methodl comprising: 

2.5 

Ci) providing a solid phase having coupled 1hcrcao i1!Ecoholic hydroxy 

groups; 

with the hydroxy groups whereby the boroniic acid residue becomes esterified 

m the solid phase; 

{m) causing the carboxyl group of the amino ~id sequentially followings in 

30 the end product peptide borooic acid or oomnate ester, selectively to react with 

the 3.mioo group if the sequmtw&y preceding amino ~cid coupied ~o the sofilid 

phue; 

iiiiU 
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{v) cleaving the resuimnt peptide bomnme from the iresm, 

th~ meiliod optionally oomprising one or more further steps to malltc said compound. 

S. A mc~hod of claim 4. wherein each &:"Dnno acid coupled to the solid phase has a 

protected amino group and step (Hi) comprises dcprotectjng the a:.mino group of the 

JO sequ~ndaUy preceding amino acid and/or tine ci~avage of s~cp (\')is performed with 

add er by transestcrmcation. 

6. The us~ of ~mine acid or peptide bomnDc aciJs ur hnron:ui: esters in the solid· 

1Pi~sc synthesis of pep1ide-co1rn:1iining compounds. 

1. ·a he: ~~s~ m 5l>fo.B pha.~ 5ymht.~is 11f a ht1mnic .a~uJ rc:~iJui: au:nc:hcd to the solid 

rh~sc ahrc.lugh h~~!mx:y residue!!>. 

8. A mi:thod for making '1 compotnirndl comprising a boron atom. the method 

:m comprising: 

(i) providing a solid phase havillllg cm~pilcd thereto ~B«:oholic hydroxy 
groups; 

25 (ii) causing a boronic acid or bcrom1~e esai=r to reac~ wi~h the hydroxy 

groups whereby the boronic lcid residue becomes esrerificd to 1he solid phase; 

and 

JO 

9. A somid phase material having ooupBoo thereto ooronic acid n:sidues through 

hydroxy gm~. 

iiiinliiT 
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-·O 0\ 
B~R 

I 
'•· moicuy us hnnd~d uo the so1id rh•nsc is optionaUy ootudoo directly to our alkylene 

re~idY~. which may optioRlaUy he incniy .substiUllted. v1r m °' carbonyl groo..np. 

w u. 

(a~ .n cmalytiic sa~c-dirc\:h:J m11.l3cty (CS!D~h ''hich hinds au :mdl inhibits the 

.u:Sa\·c si1c:- of a :t('rmn~ rr•'llh.~asc; 

lb) •m cx~su~c aisi;uca"'nm~ muicty l~AM~: :mJ. opti~auaH~·. 

(c) 

«he CSOM nnd t~lt': EAM bean~ ca}lahlc ofbirodliing sumaeh~ncounsly to a molecule of the 

serin~ protease. provided that •Jiu~ inhibitor is not ta ahmmbnn i~hibitoir. 

:m 12. A~ inhibhor of claim 11. nn which me CSDM has a Pl residue which is an 

i 

Arg. Lys or ~m analogue thereof or is hydrophobic aoo has a (P4)P3P2 residue 

selected from: 

... -· - -- - - -· Rawue Seque~~e -·· . ·-

-- -

D&Phe../substitutecn -D-Phe-ID·Dpa..JDba..Jhn../a-Nd..Jp.Naie 
I ------·--------

trMSal../Chg~IPhgalDA Tiqe/pam~er of DsT~alN'aSOz~Pro 

IleuG!uGly~ pYmGlUOly~ ArgGly:cimGty. ~ 
··-

L~PhePhe, NaWhe, D~ TiqPhc~ Narthr, Na!Phg 
-~ iilifr 

·-·- --. -
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-- -- -

V~Val 

-y .. BzlGluGly, Glu(OBZl)Ala. Giy.Arg, ODylys 
- - -- -·-· --

: OI~OJy 

onuOly : . ...----~ --

I 

LeuSerThr 
--~··:. -- =----

---- --

1.3. An iMibitm- of claim 11 or claim J2, in which the EAM is an amino acid 

s~m'!nce selected from: 

-- --

YIOORacJVEGSDAEIOMSPWQ 
-

AlEGR.-TATSEYQ1'FFNPR.TFGS 

SKPQGR~:JVGGKVC 
--

~~ -
NLTRRQ-iVOOQECKDGEC ; 

NLTRR--:;!VOGQECKDGEC 

SKi. TRe~AEA VFPDVDVVN 
I 
fNDFTR:'~VVGGEDAKPGQf 

:~~ I 

KiKPRaDIVGOTASVRGE -, :·=--~--

I KTSTR--SVGGTNSSWGE 

ELR~~MKNNIEEAEDYDDDLTDSEM!) 

PKKCPGRQ-VVGGCVAHPHSWPWQVSLRT 
--

---

14. An inhibitor of any of claims I to l. wherein the OOMCCtor monety ms of the 

formula: 

wherein ).. ns a residue of a non-peptide linker of the fomwa H~C(CH~C02~ 

wherein h ls ftom 2 to 6, and a is a peptide spacer comprising at •~ two adjacent 

Giy residues. 

11i1iif 
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~ S. A method of making an inhibitor of my of cmms i l to 14 comprising 

pedoming the foUowimg steps to make a t.arget amino acid sequence: 

(i) providing a solid phmc having coupled thereto fut1Womd groups capable 

of reacting with an amino group or, preferably. with a cmboxyl group or a 

reactive derivative thereof~ 

{ii) causing the amino or arboxyi group of a terminal amino acid of the 

11arget ~mnno acid sequence se]ectively to reaci with said func:lionaB groupst the 

E 0 cmboxyJ group opdonaHy being in the form of a rea~dvc deriw~ive thereof; 

wn coupling alhe amino acid sequcnt~a!ly fo~lowung. in the aarget sequcnte. 

th~ ~~~n~imlly pireceding amino ~dd coup~cd h) lhc: ~~iid pha.o;c 10 said 

precednnc amino ~cid; and 

R6. A method of c~aim U which further inciooes ~ s~cp (\'} or coupling a said 

~uenti:dly frunowing amino acid of a step (iii) to said preceding amino 2ndd of the step 

20 ~hrough a t<>mpo1.md having two func~ioMl groups cap;ibic of renclin!:! wilh an amino 

gmllllp, whereby om: of said functiomd groups becomes bonded to dlc amino group of 

wd pll'Cceding amino acid and the other to the amioo group of mid foUowing amino 

add. 

th~ lfunc~ionai groups attached to the solid phase is the C 0 termimt amioo acid of the 

EAM Md step (iii) is repeated to couple successive amino adds of me EAM sequence 

ad successive mnino acids of my c::cncipom toooector peptide. 

30 »S. A method of any of cUmms 15 w l 7. wh=m the mw ammo acid of the 

~~pred amino acid ~ coupled to the soHd p.hue is reacted with a 

oompc>Wld having twO carboxylate poup1 or react:ive derivatives there.of, amd the 
----------------

i'iiiif 
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~ cmboxylatc or carboxylate derivative is aypically ~ with the amino 

group of an amino acid which is the N-terminal amino acid of the CSDM. 

19. A method of claim U, wherein said N°~ermin~ ami~o acid is already bondOO to 

S the rnmmuder of ~he CSDM and the CSDM has a hW':roatom group in place of a Ca 

umminal carboxy group. 

20. A piluirmaccmticai fonm.datfon comprising an inhibitor of my of claims D to 4 

formui:ucd Bhr use :us a human or vewrioory phamuu:emnc<li, ahe fomudation 

JO opuion~Uy fochlding a pharmaceuth:wly acceptable diluent. cxcnpient Oil' earner. 

2 a. A m~1hod of lreating hy thcrap~· or prophylaxis a bodily disease or disorder 

~:tpab~~ of tru:~tmcna by inhibhkm of a serine proumsc. comprising administering~ e.g. 

orally or r:m:rm:mUy. [O a human or animal ptldenl ;;n therapi:miainDy or 

D 5 pmphyiactic~~ly eftectnve ammma of an inhi.biuor of any of cl;:inms l 10 4. 


