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1 SOLI D PHASE SYNTHESI S OF BORON- CONTAI NI NG COVPOUNDS Thi s i nvention
relates to novel nethods and materials for synthesis of boron- containing
conpounds, for exanple bifunctional serine protease inhibitors. 5
Modul ation or inhibition of serine protease inhibitors is useful inter alla
to prevent thronbosis. The fam |y of serine protease enzymes_cleaves
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Modulation or inhibition of serine protease inhibitors is useful infer afia to prevent
thromboasis.

The family of serine protease enzymes cleaves peptide honds by a mechanism
16  inveolving the catalvtic triad of Asp-His-Ser residues in the active site of the enzymes.
Serine protease inhibitors have been designed which use functional groups to interact
with the triad and thereby block activation of the enzvme substrates. it can be
desirable to make inhibitors selective for one target protease. Discussion of the prior
art relating 1o peptide inhibitors can be found in the specification of a UK patent
1S application entitled “Thrombin Inhibitors” filed on the same date as this application
and in PCT/GB96/00352. A copy of the specification of the application entitled
“Thrombin Inhibitors™ is filed herewith. The content of this application does include
the subject matter of the application entitled “Thrombin Inhibitors™, whose
specification the skilled rcader may wish to conmsult. along with various prior
20  documenis referred to in thal specification. The “Thrombin Inbibitors™ specification |

does not physically form part of the published specification of this application.

Certain serine proteases are known to have a second sitc or “exosite” for binding to an
anionic portion of the substrate. This exosite is ofien called the anion binding exosite
23 (“ABE").

The amino acid residue which provides the carbonyl group of the scissile bond of 2

serine protease substrate is designated “P1". Successive amino acid residues on the N-

. terminal side of residue Pl are designated P2, P3, P4 ... etc; amino acid residues on the
30 C-terminal side of residue P} are designated P1°. P2°, P3* ... In fibrinogen, P1° is

glycine and P2' is proline. The protease contains a “specificity pocket” which
-
laced |
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The ami no acid residue which provides the carbonyl group of the scissile

bond of a serine protease substrate is designated "P1 ". Successive am no
acid residues on the NN termnal side of residue P1 are designated P2, P3,
P4 ... etc; amno acid residues on the Ctermnal side of residue Pl are

designated P1'  P2'  P3'.... In fibrinogen, P1' is glycine and P2' is
proline. Th¥}®8MSAse contains a "speci bicity pocket" whi ACHERIFIF4es t he
side chain of the P1 ami no acid. Trypsin-like proteases normally recognise
Pl residues Wedehgrive@ithd §ide |chiif ofT the Ui BRinbi dchd. SiTagpsihisiienprotegses |ndnilly
aspect, the invention provides a novel nethod for preparing

bor on- cont ai nrasgeERie it ireRidueswith argisinsriike o smingiike side R pepti des. The
invention is not restricted as to the identity of the end product but is
exenplified by reference to the synthesis of bifunctional serine protease

i nhi bitors cofhe i mesegt idGentiey providentsaivel ibifusetioraldiserbed guioteast einhibicisDV)

whi ch bi nd5§ to and.inhibits the
comprising:

{a) a catalytic site-directed motety (CSDM) which binds to and inhibits the
active site of a scrine protease;
{b) an cxosile associating meicty (EAM): and. optionally.

10 {c) a connector moiety bonded between the EAM and the CSDM,

the CSDM and the EAM being capable of binding simultaneously 1o a moiecule of the

serine protease.

!5  in one class of inhibitors, the serine protease is not thrombin. The serine protease is
preferably a trypsin-like protease. In any event, the inhibitor does not comprise a
thrombin inhibitor in which the connector moiety is bonded to the CSDM as a C-
terminal extension thereof, ie. is not a compound as disclosed in US 5196404 and
corresponding [nternational application No WO 91/02750.

20 _

In another aspect. the invention provides a novel method for preparing boron-

containing peptides.

As used herein, “natural” amino acid means an L-amino acid (or a residue thereof)
25  sclected from one of the twenty common or “standard” c-amino acids found in

proteins,

By “unnatural” emino acid is meant any a-amino acid {or residue thereof) other than
the twenty “standard™ amino acids. Unnatural amino acids therefore include the D-
30 isomers of natural L- amino acids and aminc acids having side chain protecting

groups.




active site of a serine protease; (b) an exosite associating noiety
(EAM ; and, optionally, 2 (c) . a connector noiety bonded between the
EAM and the CSDM the CSDM and t he EAM bei ng capabl e of bi ndi ng

si mul t aneousl y to a nol ecul e of the serine protease. Peptide boronates are
a well establi d ¢l ass of conpounds which have hitherto beep de@%

sol ution chem V.o Thus, peptide serine protease inhibitors 4 n
whi ch the C-teminal carboxy group is replaced by a boronic acid group or
derivative therqaé préfiRbs CRCRAANLY QreCRBR QY RBfinad 1§ ifficatd) @mindredidk Bf ID-: orlb-

(aa)k represents a sequence of amno _acids (eg as in Fornula I) Rgerr] and
Rlerr] are eachconfiguration respectively. A *D, L-" prefix indicates a racemic mnxture whilst the

absence of a prefix indicates that thc amino acid can be of cither D- or L-
configuration, except in the examples where residues are of L-configuration uniess
S otherwise states. For those groups of unspecified configuration in the text which can

be of D- or L- configuration, L- configuration is preferred.

Abbreviations and terms prefixed by “boro”™ indicate amino acids where in the

terminal carboxyl group -CO5H has been replaced by a boron functionality.

i
Figure 1 is a Fourier Transform Infra Red (F.1.-I.R.) spectrum of a Mesrifield
13 resin
Figure 2 is an F.t.-LR. spectrum of the same resin after reaction with sodium
2.2-dimethyi- 3-dioxclane-4-methanolate.
Figure 2 is an F.t.-1.R. spectrum of the reacted resin after treatment with HC!
o deprotect the hydroxy groups of the dioxclane.
20 Figure 4 is an F.t.-LR. spectrum of the deprotected resin after reaction with
phenylboronic acid.
Considering now the inventive compounds and processes in more details:
25

The catalytic site-direcied moiety (CSDM) binds to and inactivates the catalytic site of
a seripe protease enzyme. The structure of the CSDM is not critical to the invention.
30 1t may comprise the amino acid sequence of any known inhibitor of 2 serine protease

catalytic site, for example. —




I ndependent |y selected from hal ogen, -OH, ORerr] and -NR[err]R err], where
Rlerr] and R err] are each independently a group of the formula
Rlerr](COJ[err] , wherein us is 0 or 1; Rerr] is Hor an optionally

hal ogenat ed al kyl, aryl or arylal kyl group containing up to (10 - u) carbon
atons and optionally substituted by one or nore groups selected from - CH,
20 R[err] (%9p¥08420. and Rlerr](CO[err], wherein v is 0 BFT/CBOTRISFE| | s
Cerr]-Cerr], alkyl, or is an aryl, al kyf‘aryl, aryl al kyl or al kyl aryl al kyl

group cont ai ni t &m& A Y rdGlan) and Rlerr] taken

t oget her repre@%%@gsaso?em u%&émﬁgﬁoﬁéémﬁgn%t%oﬁ 25 Such peptide
boronates are described, for exanple, in WO 92/07869 (equivalent to USSN
08/ 317,387), EP 0471651 (whRj chs.corkespends; tpo US 5288704) and USSN

08/ 240, 606, the discl osur\é@’@ﬁ ’mﬁ%ﬁ%%&?%‘?& por at ed h@ei n by reference.
We have now surprisingly found that boron-containing peptides nmay be

syt hesi sed 30 by solid, phasg chem stry without serious degradation. One
aspect of the whereintaaoma’, abdam representngiirah o uanatussl agidsepidyies ensi{eadantregerani no

acid anal o0t LeReRblA S R R TR Ok Al 0 1A AasBRPY o 1
one or more aa groups may be analogues of amino acid residues in which the a-
hydrogen is replaced by a substituent. The sequence of amine acids and/or amino acid
analogues binds to the serine protease active site. Suitable sequences are described later

10  inm this specification. X represents H or a substituent on the N-terminal amino group. Z
is <COOH or a C-terminal extension group (carboxy replacement group). for cxample as
known in the art. In preferred compounds Z is a heteroatom acid group. e.g. -B(CH),. -
P(OH); or PO(OH).. or a derivative thereof. for example a carboxylic acid ester, a
dioxo-boronate [-B(Osubstituent),] or a phosphate [-PO(Osubstituent),] or BF..

i5  Preferred heteroatom anelogue groups are -B(OH), and -P(O)}OH).: a less preferred
heteroatom analogue group is S{O},OH. Amongst other possible Z groups there may be
mentioned -CN, -COCH,Cl and -COCH,F. In preferred embodiments m is from 0 to 7
and more usually 0 to 3. e.g 0. | or 2, especially 0. Normally, n=1.

20 In one class of compounds. the (aa‘z)-(aaaj natural peptide linkage is replaced by
another linkage (y). Additionally or alternatively other natural peptide linkages may
be replaced by another iinkage.

Catalytic site inhibitors of serinc proteases are well known in the art. A short review
25 of serine protease inhibitors, i.e. inhibitors of the serine protease catalytic site, is to be

found in EP-B-145441, which paten! discloses a class of serine proteases having a C-

terminal boron group. Other patent specifications describing serine protease

inhibitors include EP 293881, EP 471651 (equivalent to US 5288707), EP 235692,

US 4963655 and WO 89/09612 {concemed particularly with inhibitors of Factor
30 VILVIIain the [TF:VII/VIia] complex).




approach"). 3 I n another aspect, there is provided a nethod of making a
peptide or a peptide- containing conpound, conprising performng the
following steps to nake a target ami no acid sequence: (i) provi ding a
solid phase having coupled thereto functional groups; (ii) causing a
conpound reactive with the functional groups selectively to react

therew th,t he WO88B42 conpound having a functional group capdifitdeRHeIST4
reacting 10 with an amino group or with a caboxyl group or a reactive
derivative thergQfi ¢.£d.1.]| a"E-E@em%ﬁm ' ' y be
in the form of g&rig}aﬂéﬂt@%éfg%@#sgtlve tﬁsg}’eofg gﬁbﬁgrkﬁgﬁﬁrﬁwggﬁof a
target am no ac{ifAssdyemebtheir analogues, and (if) hydrophobic residues; further description of

preferred Pl groups for thrombin which are also for other trypsin-like enzymes may
be found in the aforesaid specification entitled “Thrombin Inhibitors” and in
PCT/GBY6/00352. Chymotwpsin»likg serine proteases bind preferentially to CSDMs
having phenylalanine-like and alanine-like side chains on the Pl residue. The

LY

following table A indicates the most prefesred (P4)P3P2 residues for cight particular

serine proteascs:
10 Table A
Enzyme ' Residue Sequence B
Thrombin D-Phe-/substituted D-Phe-/D-Dpa-/Dba-/Pms-/a-Nai-/3-Nal-
| /TMSal-/Chg-/Phg-/D-Tig-/pasa-ether of D-Tyr-/NaSO,-Pro
Factor Xa “TTicuGluGly, PyroGluGly, ArgGly, ChaGly. LeaArg
Factor Viia L-PhePhe, NalPhe, D-13qPhe, Nel Thr, NalPhg
Factor 1Xa ValVal
"Factor Xia ¥-BziGluGly, Glu(OBzD)Ala. GlyArg, GlyLys
Factor Xiia GlnGly ' )
Urokinase PhePro, GluGly
Protein Ca LeuSerThr

In each case, a preferred amino acid may be replaced by an analogue thereof.

The exosite associating moiety (EAM) is 2 moiety which binds to an exosite (ABE) of

a serine protcase. Thrombin has a well defined exosite to which there binds, in
addition to a fibrinogen amino acid sequence C-terminal to the thrombin cleavage site,

20  non-substrate ligands of thrombin such as hirudin. Hirudin sequences such as Hir’>®
have been used in bifunctional peptides named “hirulogs™. The hirulogs are described

in US 5196404; a further description of thrombin EAMs may be found in the
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selectively to read with said functional groups of the reacted conpound; 15
(v) coupling the amno acid sequentially followng, in the target
sequence, the sequentially preceding anmno acid coupled to the solid phase
to said preceding amno acid; 20 (v) repeating step (iv) as often
as necessary; and (vi) cleaving a solid phase-lined conmpound prepared
usi ng steps (i¥WOMAHMIE rom the solid phase by the action of aBRCEEBERISHpase,
25 characterised in that a conpound conpfising a boronic acid group

B derivative thereof . LalLye an. est €k j S | t ed
[ the Sol o pridaBss i Gl SobtaRSDfgBE P ELplon 1oBBGS: Eams ol BGRAR " ©
phase. A parti Gl sfter/fediitFafion biikdg eROfilciasfiRdchatngMbRUGS {ABEAMS).S0l | d phase

chem stry is a 30 conpl etely novel technique in which boronic acids
(-B(OH)[err]] are directly esterified onto diols coupled to a resin. Chain

extensi on i s COfd iRisGfation Foh\Re BREAPsALRNP oPFXA Fadmanabhan K et al. “Structure
S  of Human Des {1-45) Factor Xa at 2.2A Resolution” J Mol Biof 1993, 232. 947-966)
are that the sequences 35-41 and 70-81, comtaining 8 acidic residues constitme a
cation binding exosite. The natural polypeptide inhibitors antistasin and ghilanten
contain the clectropositive cation exosite associating sequences CRPKRKLIPR'Y
and "CKPKRKI.VPR'" respectively.
10

It is clear that serine protease interactions in P’ sites {C-terminal to the cleavage point)
can be as important 1o specificity as those at P sites (for exampie Ding. L..: Coombs.
G.S.; Strandberg, L.. Navre, M.; Coreyu, D.R. and Madison. E.L. Origins of the
Specificity of Tissue-type Plasminogen Activator, Proc.Natl.Acad.Sci. 1995, 92,
15  7627-7631), and larger ligands need to be compared spanning both sites, as are
available rapidly from library screening. Recently (Lawson 1992) has shown -that
screening of peptide sequences, containing significantly P’ as well as P binding unis.
aflows detection of FVIIa/TF activity where existing substrates were too insensitive.
Peptide libraries are showing great efficacy for screening for biological activity in a

20 variety of applications {e.g Eichier, 1994) and are uscful for the present invention.

The invention contemplates that sequences C-terminal to the cleavage point of other

serine proteinase substrates form an EAM. es follows:

25

Enzyme | Natura) Substrate Cleavage Site ()
Factor Xa | Prothrombin VIDOR-IVEGSDAEIGMSPWQ
| Factor Xa | Prothrombin | AIBGR--TATSEYQIFFNPRIFGS
| Factor Xa | Factor VIl SKPQGR-IVGGKVC
Factor Viia | Facier X~ NLTRR-IVGGQECKDGEC

T



am no acid by, for exanple, standard Fnoc chem stry. The boronic acid ester
Irs cleaved fromthe resin by acid([err] TFA) to give the peptide boronate
[ peptide-B(OH)[err]], or by 4 transesterification, for exanple, by

concentrat ed solution of a hindered doil, such as pinanediol, for exanple."
As used herei patural” amno acid nmeans an L-amino acid (Q | due
t hereof) 5 --o one of the twenfy conmon or stan%ﬁﬁﬁiﬁ%ﬂ%&l

[err]-am no acids found |n pr ot ei ns. By "unnatural” amino acid is neant any

[err]-am no agE I ;
amino acids. Pnnatul k aC|ds therefore inctude the D- 10 isonmgfrs of
natural L- anfFectocXiis |FasorIX N0 aci JSKLAR-AG A KD VDRV pr ot ecti ng

Factor Xla | Factor 1X FNDFIR-VVGGEDAKPGQF

Factor Xiia | Factor X| KIKPR--IVGGTASVRGE

| Factor Xila | Plasma Kallikrein | KISTR—-IVOGGINSSWGE

Protein Ca | Factor VIII ELR--MKNNEEAEDYDDDLTDSEMD

1-PA/UK Plasminogen PKKCPGR--VVGGCVAHPHSWPWQVSLRT

3 The compounds of the presen! invention may contain a connector moiety which
interconnects the CSDM and the EAM, the conneclor moiety being capable of
permitting the CSDM and the EAM to bind simullaneously to a2 molecule of the
respective serine proteinase inhibitor, In the case of thrombin, the connector moiety is

bonded to the CSDM as an N-terminal extension or as or through a side chain thereof.

16
The connector moiety may be bonded to the CSDM either as a C-terminal extension
or, alternatively, as an N-terminal extension or as or through a side chain. However, if
the compound is a thrombin inhibitor, the connecior moiety may not be a C-terminal
extension of the CSDM.

i5

Especially if the connector moiety is an N-terminal extension of the CSDM. orifitis
comprised in a side chain thereof, it desirably comprises an amino acid sequence
containing at least two adjacent Gly residues, e.g. at its N-terminal end. In one class
of compounds the connector preferably comprises & peptide “spacer” and a non-peptide
20  “linker”. A representative connector structure is:

¢ This Sheet Has Been Reﬂ
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wherein A represents a non-peptide linker and & a spacer comprising a sequence of
25  amino acids, A and o suitsbly being joined by a peptide bond. The spacer o is




groups. The prefixes "D' and "L" are used as normal to indicate am no acids
of- D- or L- configuration respectively. A "D, L-" prefix indicates a
racem ¢ m xture whilst the 15 absence of a prefix indicates that the
amino acid can be of either D or L- configuration, except in the exanples
wher e residues ar e of L-configuration unless ot herwi se states. For those
groups of uns JE¢ P04 configuration in the text which can bePEFGBI7RNSTA -
configuration, L- configuration is preferr&d. 20 AbbreV| ations and terns

ol et by el AT e L

Description of Mﬁm BianhkdSo g CSDM and iHoQHé BAM foimaa Em&mdrmmimm
Infra Red (F.t. R ) spectrumof a Merrifield resin Figure 2 is an

F.t.-1.R spectmﬂ%deéfmﬂ’!qém@m resin after reaction with sodium
2, 2-di net hyl - 1, 3- di oxol anc- 4- net hanol at e.

5  The linker is typically a residue of a compound baving functional groups to reac with
the N-terminal amino group of the spacer and a functiona! group of the CSDM. such as
the N-terminal group. for example. A preferred linker. therefore. has two carboxylate
groups, e.g is a dicarboxylic acid which can form amide bonds with the N-tesminal
arnino groups of the CSDM and the spacer. Particularly preferred linkers are a residue

10 of glutaric acid (HO,C(CH,3CO;H) and homologues thereof of the formula
(HO.C(CH,),CO-H) wherein h is an integer of 2 or from 4 to 6. The alkyiene residue {-
{CH,),.4-] may be substituied by one cr more substituents which do not sterieally hinder
the linker, whereby the desirable flexibility of the linker is maintained.

15  Less preferably. the linker may comprisc for example the residue of another compound
having two carboxyl groups whose carbon atoms are separated by from 2 1o 6 atoms.

The amino acid sequence of the spacer is not critical to the invention but it preferably
comprises at least twao adjacent Gly residues, normally at its N-terminal end. The length

20  of the spacer is dependent upon inter afia the position on the CSDM to which the linker
is artached.

A further description of connector moieties suiteble for peptide thrombin inhibitors can
be found in the aforesaid UK patent application entitied **Thrombin Inhibitors™ filed on

25  the same day as the present application.

The connector maiety may have one or more natural amide bonds replaced by other

30 —




Figure 3 is an F.t-1.R spectrumof the reacted resin after treatnent with
HCO 30 to deprotect the hydroxy groups of the dioxolane. Figure 4 is an
F.t.-1.R spectrumof the deprotected resin after reaction with

phenyl bor oni ¢ aci d. 5 Consi dering now the inventive processes in nore
detail: Solid phase synthesis is a technique famliar to peptide chem sts
and detai |l ed eMRIP¥Lon is therefore not required here. An i RePEBVE™Hn to
the techni que rry be found in "The 5 Che®i cal Synt hesi s of Peptides”,

John Jones, ndon Presse .Oxford. —ED e oy | @ﬁ! | f

conventi onal so Wg% ﬂ e@l"?’ﬁcg CF%Q? ) a%’g&gr P %fi%a'gﬁ%ﬂ@upl ed

to a solid phasgndwa W@MW@@@W%&M@@!@W@ ote @b esterfiaiynst
method, the novel compounds are made by a solid phase synthetic technique.

Solid phase synthesis is a technique familiar to peptide chemists and detailed elucidation
is therefore not required here. An introduction to the technique may be found in “The
Chemical Synthesis of Peptides™, John Jones, Clarendon Press. Oxford, England. 1991.

The principle of conventional solid phase synthesis is that an amino acid or psptide

e

coupled to a solid phase is reacted with an amino acid which is protected against
10  reaction with jtself and. after coupling with the solid phase-linked amino ecid. is
deprotected for reaction with a further amino acid protected against reaction with itself,

These steps are repeated as often as necessary.

One solid phase synthesis techmique is the Fmoc technique (Fmoc =

1S  fluorenylmethylcarbonyl). In Fmoc chemistry (also known generally as the *Sheppard
approach’). the carboxy terminus of a peptide (or an amino acid) is coupled to a resin
bead via a linker which is terminated by a reactive function. The resin bead itself is
typically polystyrene (PS), though other solids have been used that have suitable
swelling characteristics in solvent. since it is now known that the peptide chain grows in

20  the pores on the inside of the bead. An example of an alternative solid is the polyamide
called Kiesulguhr,

The linker can be many things, but we prefer 1o use PEG (i.e. a polyethylene glycol
linker), which has an alcohol function.

The terminus of the linker, typically called a *handle’, depends on the desired product,
but for Fmoe chemistry will be a moiety such that it can finally be cleaved by acid. The
most comimon terminus (which we have used) is HMBA or pars-hydroxymethylbenzoic
ecid linker. The HMBA is esterified onto the PEG, and then the peptide or amino acid
30 (with Fmoc on its N-terminus) is reacted to give also an ester link to the HMBA. The
ester links ave then cleavable by acid. The Fmoc protecting group is base labile and
typically removed by a secondary base (e.g. piperidine) and the resuiting free amino

Sheet Has Been R« laced
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reaction with itself and, after coupling wth the solid phase-Ilinked am no
acid, is deprotected for reaction with a further amno acid protected

agai nst reaction with itself. 10 These steps are repeated as often as
necessary One solid phase synthesis technique is the Fnoc technique
(Fnoc = fI uor en | met hyl car bonyl). In Fnoc chem stry (al so known generally
as the ' SheppX@PSPfftoach' ), the carboxy termi nus of a pepti BEF/EBFEFHI4am no
acid) is coupl ed to a resin 15 bead vi al@ Ilnker WhICh is termnated by a

function. The resin bead S ot her
sol i ds have usg?ums't%% "h% #%ﬁg&%ng char ac “ﬁggénidﬁéqg%%nt

since it is nowxkniedby rdpaitidnief tieggdtépde chain grows |n the pores on the
i nside of the bead. An exanple of an alternative solid is the pol yam de
cal |l ed Ki esul guhr. 20 The l|inker can be many things, but we prefer to use

PEG (i.e. a polyshby! ghg %%ol S%Mrkpwx\mpqs has agsal fe@ﬁkﬁéuef Uf%&i Qn.
5 tertiarybutyloxycarbonyl). The resin used in Boc chemisury (also known more generally
as the Merrifield method) is often divinylbenzyl based. for instance 2 ‘Wang" resin has
chloromethy! benzeme co-polymerised to 2% divinylbenzene. The chloromethyl

benzene group is reacted with an amino ecid or peptide whose amino group is protected
by Boe. to give a link to the resin. The link to the resin is typically cleaved {(very
10 carefully!) by dry, liguid HF. This is described as “vigorous® acidolysis. The Boc
protecting group is acid labile and typically cleaved by TFA. prior to reaction of the
resultant frec amino group with a selected Boe-protecied amiro acid; as with Fmoc

chemistry. the amino acid scquence is extended by repetition of these steps.

15  The two classical methods of solid phase peptide synﬂmsﬁs {Sheppard and Merrifield),
therefore. involve coupling amino acids via their carboxy-lermini or their derivatives
to a solid resin particle, then sequentially coupling new amino acids (via their

activated carboxy termini) to via the N-termini gencrated.

20 Aﬂmtivcfiy recent reports have shown coupling o the resin via the N-termini, for
example via an acid labile benzyloxycarbonyl linkage, subsequent liberating of the
carboxy termini, activating of these and coupling of amino acids via their N-termini,
tbe carboxy termini of the amino acids temporarily being protected. (Sharma, R.P.
Jones, D.A.; Broadbridge, R.J.; Corina, D.L. and Akhtar, M. A Novel Method of

25  Sclid Phase Synthesis Of Peptide Analogues, in Innovation and Perspectives in Solid
Phase Synthesis, ed., R.Epton, 1994, Mayflower Worldwide Limited, Birmingham,
page 353-356; Letsinger, R.L.. and Komet, M.J. J.Amer.Chem.Soc., 1963, 85, 3045.)

Such N-terminal coupling methods may be used in making the products of the
30 invention. In onc embodiment the CSDM, including any directly attached amino
acid(s), is synthesised by N-terminal coupling. This technique is especially useful if
the CSDM has Cstemmal hetercatom group; in this method the resin bound peptide

This Sheet Has Been RW
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The term nus of the linker, typically called a 'handle', depends on the
desired product, 25 but for Fnoc chemistry will be a nobiety such that it
can finally be cleaved by acid. The nbst conmon term nus(which we have
used) is HVBA or para-hydroxynet hyl benzoic acid |inker. The HVBA is
esterified onto the PEG and then the peptide or amno acid (WtLh

its N-term nusWa%SM¥2cted to give also an ester link to the TvBA

ester links are then cleavable by acid. THd Fnoc protecting group i s base

| abi | e and 30 typically r ved.b secqndar. . iperidi.ne) and
the resulting f%%“p@?ﬁaen"ﬁ% @%Dm’@ai rﬂé\g@‘wgas M‘%{%ﬂ?gl%gﬁag%g%%r%ﬁﬁ'ed
am no aci d; thenhai's fReat-bmtifbidaRe @sttSoadi® ilestpley toahetdsin boundfsequencs

st eps. Anot her solid phase synthetic ,appro%gh i s, the Bo¢ techique. (Boc
= tertiarybut yl R3iyate deplide borpgate (comprisiag dns HSBYY i8irisved from the Sk ABwn

more generally gng acid (e.g. HF or TFA) prior to being joined to the remainder of the final

. S  product.
When synthesising compounds whose CSDM contains & P1-P2 non-natural amide bond,
it is convenient to premake as intermediates the binding subsite affinity moiety [X-
{aad)mo(aal)nn(aaz) of Formula 1) and the specificity pocket affinity moiety with its
10  attached C-terminal group [(aa')-Z of Formula [} The two intermediates comtain
suitable functional groups to react together to form the target non-natural amide bond
[w} and are causad or allowed to react together to form the compound (or a precursor

thereof to undergo one or more further fimctional group transformations).

i5 Suitable synthetic techniques for making peptides containing a non-amide bond  are
described in PCT/AGB96/00352.

We have unexpectedly successfully synthesised peptide boronate esters using solid.
phase chemistry. For example. in an exemplary process for synthesising a serine

20 proteinase inhibitor in which the connector moiety and its attached EAM form an N-
terminal extension of the CSDM. the EAM is prepured by Fmoc solid phase peptide
chemistry, e.g. using an Fmoc-polyamide continuous flow method. A suitable solid
phase for this purpose is the pre-derivatised solid support Fmoc-Leu-PEG-PS. The
peptide-conjugated resin is subsequently treated with, for example. ghutaric anhydride,

25 one carboxyl group of which reacts with the N-terminal amino group of the EAM. A
pre-synthesised peptide boronate CSDM is reacted with the resin/peptide/ghutaric acid
conjugate to form the final compound, which is cleaved from the resin, for example by
treatment with 100% TFA.

30 Another method of using peptide boronste esters in solid phasc chemistry is a
completely novel technique in which boronic acids {-B{OH),] are directly esterified onto
diols coupled to a resin. Chain extension is continued from the amino group of the

i Has Been Reﬁlwed
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as the Merrifield method) is often divinylbenzyl based , for instance a
"Wang' resin has chl oronet hyl benzene co-polynerised to 2% divinyl benzene.
The choronethyl 5 benzene group is reacted with an am no acid or peptide
whose am no group is protected by Boc, to give a link to the resin. The
link to the resin is typically cleaved (very carefully) by dry, liquid HF.
This is descr WReae4d2' vi gor ous' aci dolysis. The Boc protect B&E’ﬁﬁ’ 5%ci d
| abil e and typically cl eaved by TFA, prion2to reaction of the resultant

free am no- group vvlthafpelect Boc- pr.ot ect ed am,pno, aci.d; c 10
fi et y 1he

Wi,
chenmistry, BoPRiE Y G%?“iﬂ
steps. The tWO giniidhe il by BGd QLS m wgwdﬁﬂﬁ@ﬁcmﬁg péptiBd-REOHE), bShePpar d
and Merrifield), therefore, |nvo ve coupling am no acids via therr
car boxy-t erm nitrapsestetificationicfof wxamiples Syt eoneengated doliient of paindered diolt svelm as
sequentially caoupli ew am,no acids (via their 15 activated carboxy
termni) to vi & Wﬁ@ F’f?f‘@ "generated. Alternatively recent reports have
shown couplshg to the resin via the NNtermni, for exanple via an acid

| abi | e benzyl oxycarbonyl |inkage, subsequent Ilberatlng of the
e invemion therefore includes a m of making a compound of the invention,

comprising perfomﬁng the foilowing steps to make a target amino acid sequence:

(@) providing a solid phase having coupled thereto functional groups capable
10. of reacting with an amino group or, preferably. with a carboxyi group or a

reactive derivative thereoft

{(il)  causing the amino or carboxy! group (which may be in the form of a
reactive derivative thereof) of a terminal amino acid of an amino acid sequence

15 of a compound of the invention selectively to react with said functional groups;

(iii) coupling the amino acid sequentially following, in the tarpet sequence,
the sequentially preceding amino acid coupled to the solid phase w00 said
preceding amino acid; and '

{iv) repeating siep (iii) as often as necessary.

In step (i), the functional groups coupled to a solid phase may be on a moiety which is
incorporated in the end product compound, e.g. may be an amino group (which may be
25  derivatised) of an amino acid coupled directly or indirectly to the solid phase.

One or more additional steps may be, and often are, inchuded in the method 10 obtain the
compound of the invention. Thus, preferred methods include, when desired. a step (v)
of coupling a said sequentislly foilowing emino acid of a step (iii) to said preceding
30 amino ecid of the step through a compound having two functional groups capable of
reacting with an aminc group, whereby one of said functional groups becomes bonded

HMI! llll!l ]



carboxy termni , activating of these and coupling of amno acids via their
N-termni, 20 the carboxy termni of the am no acids tenporarily being
protected. (Sharma, R P.; Jones, D. A ; Broadbridge, RJ.; Corina, D. L. and
Akhtar, M A Novel Method of Solid Phase Synthesis O Peptide Anal ogues, in
| nnovat i on and Perspectives in Solid Phase Synthesis, 1994
Mayf | ower Wor | 0842 t od, Birni ngham page 353- 356; LetS| nB&F H4and
Kornet, -M J. J. Aner. Chem Soc., 1963, 85, 3048.) 25 The invention prOV| des a
met hod of maki ng, [ e '
performng the fofﬁfggwl ng sugps%ﬂ%mc ﬁ%@%‘r’%ﬁ'@ agghﬁ%o ac:d&%é?e&qﬂgan)?o:%g’g (1)
provi di ng a sol isdidfbiisdndaninagcidoupl ed t hereto functional groups;

The sequentially following amine acid of a step ({ii) may be pan of a larger moiety, e.g.
5 of an amino acid sequence optionally containing 2 replaccment for a natural peptide
bond.

In the method, any one or more carboxylate groups reacted with an amino group may be
in the form of a reactive carbonyl-containing derivative thereof. such as an activated
10 carboxyl group. for example an acid anhydride.

Before use. the final compound of the solid phase svnthesis is cleaved from the solid
phase, for example in a manner known per se. The cleaved compound may be subjected

to one or more further chemical reactions before the end product compound is obtained.

15
In a preferred embodiment, the terminal amino acid reacted with the functional groups
attached to the solid phase is the C-terminal amino acid of the EAM and step (iit) is
repeated 1o couple successive amino acids of the EAM sequence and successive amino
acids of amy contiguous conmector peptide. to form an uninterrupted amino acid
20  sequence.

The final amino acid of the uninterrupted amino acid sequence coupled to the solid
phase may be reacted with a compound having two carboxylate groups or reactive
derivatives thereof, for example the anhydride of a2 dicarboxylic acid, to bond one of the

25 o carboxyﬁatés to the amino group of the final amino acid. The unreacted carboxylate
or carboxylate derivative is typically reacted with the amino group of an amino acid.
which is normally the N-terminal amino acid of the CSDM. In this iatter case, the
emino acid may already be bonded ¢o the remainder of the CSDM, i.e. the CSDM may
be separately made in whole {or in pest) for joining to the unreacted carboxylate

30  (derivative). The compound having two carboxylate groups is méfcmbﬂy a linker as
described above.

This Sheet Has Been ‘ilaced
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7 (ii) causi
to react ther

ng a conpound reactive with the functional groups selectively
ewith, the reacted conpound having a functional group capable

of reacting with an am no group or with a carboxyl group or a reactive

derivative th

ereof; (iii) causing an am no or carboxyl group (which may be

in the formof a reaction derivative thereof)of a termnal am no acid of a
target am no WOPH&uence sel ectively to react with said f EFEEBHE ™ oups

of the reacte
following, in
coupled to th

10

s

30

d conpound; 10 (iv) couplinig the am no acid sequentially

t he target, K seguence, .t he seguenti I ' ) cid
3 550 et BSPT is He A RFOTG A YD B G Helifball B3

in place of a C-terminal carboxy group. The heteroatom group is preferably a boronate

or boronate derivative as described above.

An amino acid or other moiety reacted with the solid phase material (the solid phase and
any attached molecules) desirably has all its reactive functional groups which could
interfere with the synthesis protecied, other of course than the group 1o he reacted with
the solid phase material. Any protected functional group of the reacted amino acid or
moiety which is subseguently itself to be reacted is deprotected before it is subjected to

reaction.
A first preferred method. therefore. comprises:

) providing a solid phase having coupled thereto functional groups capabie

of reacting with a carboxyl group or a reactive derivative thereof;

(i)  comacting the solid phase with the C-terminal amino acid of an EAM,
the amino acid having a protected amino group and optionally a derivatised -
carboxy group, and causing or allowing the carboxy groups of the aminc acid
molecules to react with the functional groups of the solid phase:

(iii) deprotecting the amino groups of the reacted amino acid. whereby the
solid phase becomes provided with free amino groups; )

(iv) repeating steps (ii) and (iii) with successive amino acids of the EAM and
optionally of a contiguous spacen‘r peptide to form on the solid phase an amino
acid sequence from the C-terminal of the EAM to, at the free end of the
sequence, the N-terminal of the spacer;

(v)  contacting the solid phase with a linker compound having two carboxyl
groups or reactive residues thereof, and causing or allowing linker carboxy

——
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15 (v) repeating stp (iv) as often as necessary; and (Vi)

.cl eaving a solid phase-|inked conpound prepared using stops (i)-(iv) from
the solid phase by the action of an acid or base, 20 characterised in
that a conpound conprising a boronic acid group [-B(OH)[err]] or a
derivative thereof, especially an ester, is incorporated in_t '
phase-1inked VBB prior to its cleavage fromthe solid dﬁ§§838##§4

nmet hod of the invention for making a peptide or peptide-contai ning conmpound

25 may conpri se ' ' , )L, 'mﬂf'ﬁﬁl £5 bl _
conpound prepared %ﬁ\%%%?%ﬁté@%%%@d@ﬁ@%%%@g@ﬁgﬁ%na y ggﬂéﬁgt ep
(iv) of the processh¢ spacergeqienge: (i v) of the process in which the
sequentially following amno acid is part of a peptide]. The nmethod of the
i nvention for making a peptide or peptide-containing conpound 30 nmay

conprise a step of (gguplci@&gg&@ e mﬁ%%@ﬁg%@wr SonmARS doupleanfidftd PY

previ ous steps of the process a conp ot hér than an 'am no acid or

peptide, such as, fwith tedivppinabaninerpeidela BHM gequarcesad sasing ognbowingf or
use in linking an L ARino groups of the amino acid molecules to react with the carboxy groups

or reactive carboxy residues of the linker compound, the N-terminal amino acid
of the CSDM sequence optionally being part of a complete CSDM:

10 {vii)  if necessary. repeating steps (i) and (iii) with successive amino acids of
the CSDM to complete the CSDM sequence: and

{viil) cleaving the resultant compound from the functional groups of the solid
phase.
15
A second preferred method comprises:

(i) providing a solid phase having coupled thereto functional groups capable
of reacting with a carboxyl group or a reactive derivative thereof;

20 .
(ii) contacting the solid phase with the C-terminal amino acid of an EAM.
the amino acid having a protected amino group and optionally a derivatised
éarboxy group, and causing or allowing the carboxy groups of the amino acid
molecules to react with the functional groups of the solid phase:

25
{iii)  deprotecting the aminc group of the reacted amino acid, whereby the
solid phase becomes provided with free amino groups;

(iv)  repeating steps (if) and (iii) with successive amino acids of the EAM to
30 form on the solid phase an amino acid sequence from the C-terminal of the EAM
to, at the free end of the sequence, the N-terminal of the EAM;

This Sheet
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group of a solid phase-linked peptide with an am no group of a peptide,

pepti de 8 anal ogue or amno acid in the |liquid phase. Of course, any

ot her liquid phase conpound capabl e of reacting with an am no group or, as

the case may be, a carboxyl group could thus be linked to the solid

phase-linked peptide. Diamnes are useful for interconnecting noieties
988M6lps (e.g. in the formof reactive 5 dePCFHRSFALS™M

thereof). Extension of a solid phase | i ned peptide by a dicarboxylic acid,

especially glutarigc,acid, is usef aratlon f .bifinmetional
scrine protease i ? bi tghtecting lllgww% & Vi SR SATOK
N-termnal, to an d&@&ﬂﬂé}f@ﬂ@ﬂ% Fedidiad) U, £ @wngmuwﬁangqmeps&béﬁe

spacer portion an i'carboxylic acid re5|due | i nker portion.
residues to react with the N-terminal amino groups of the EAM:

3 (vi) optionally contacting the solid phase having the linker compound
coupled thereto with the N-terminal amino acid of a peptide spacer sequence and
causing or allowing the amino groups of the amino acid molecules to react with

the carboxy groups or reactive carboxy residues of the linker compound:

{1] (vii} optionally repeating steps (ii) and (iii) with successive amino acids of the
spacer and then repeating step (ii) with the N-terminal amino acid of a CSDM
sequence. the N-terminal amino acid of the CSDM seguence optionally being

part of 2 complete CSDM:

15 (vili) if necessary, repeating steps (ii) and (lii) with successive amino acids of
the CSDM to complete the CSDM sequence: and

(ix) cleaving the resultant compound from the functional groups of the solid
phase.
20
In either of the preceding methods the synthesised compound is preferably cleaved from
the solid phase by acid.

The preceding methods preferably involve the use of a CSDM amino acid or amino
253 acid sequence (e.g. a complete CSDM) having a C-terminal boron group.

In the first and second preferred methods the functional groups coupled to a solid phase

may be part of a moiety which is incorporated in the end product compound, e.g. may be

an amino group (which may be derivatised) of an amino acid mupiéd directly or
30 indirectly to the solid phase. e

il




10 A solid phase-linked conpound whose free end termnates with a

di carboxylic acid residue may he further extended by reaction of the free
carboxyl residue (optionally in the formof a derivative thereof) wth the
am no group of an amno acid, e.g. a dicarboxylic acid residue coupled to a

sol i d phase-linked EAM spacer noiety nmay be 15 reacted w
acid of a cSDM*@¥H ¥oP¥ampl e the N-ternminal .amino acid of a CS%@B%SE% 1)
of the method nay conprise reacting an am group or an optionally

derivatised car poxye JhR4p chesaes G Ehi vRftich, et finctiohdl kedu FQB@&E@E@M@ s&up! ed
directly 20 or |nd|rect ? to a solid phase, as part of conventional solid
phase pepti de, ﬁmsrampmo mummmﬁémmemwdsmowm@ e sup pesivpl ed
to the solid phase ete m na r r

sone enbodi ment SOFEOHY h‘gpﬂwﬁF ﬁspwgpmeg%ée?e e’gdggl%n&&é%ﬂc Btaﬁémé'* e
chai n” car boxyl ggn@uamﬁimgl ut aric acid, for exanple; the c- term nal car boxy
group of thesam' no acid attached to the solid phase through its side

In another class of methods, an amine acid whose side chain has an amino or carboxy!
group is coupled to a solid phase through the carboxyl group or amino group to the
side chain. Chain extension is carried out from one of the functional groups of the
amino acid, for example Fmoe synthesis from the amino group. The other functional
10  group is then reacted with some other constituent part of the end product. for example
an amino acid boronate (to form the P1 residue of the CSDM). Solid phase synthesis

of boron-containing peptides is. however, of applicability to any such peptides. and

not only to the serine protease inhibitors of the invention.

15

Peptide boronates are a well established class of compounds which have hitherto been
made by solution chemistry. Thus, peptide serine protease inhibitors are known in
20  which the C-terminal carboxy group is replaced by a boronic acid group or a

derivative thercof. Represemiative compounds are of the Formula I1:

wacowts oI

2§ wherein:

(aa), represents 2 sequence of amino acids (e.g. as in Formula I); R? and R® are each
independemtly selected from halogen, -OH, -OR® and -NR'R’, where R® and R® are each
independently a group of the formula R%(CO),-, whesein u is 0 or 1; R®is If or an
30 optionally halogenated alkyl, aryl or arylalkyl group containing up to (10 - u) carbon
atoms and optionally substituted by one or more groups selected from -OH, R’(CO),0-



25 chain may be replaced by the boronic acid residue [-B(OH)[err]] or an
ester thereof. The nmethod may conprise N-term nal coupling in SPPS, in
whi ch the carboxy term nus of a resin bound peptide is coupled to a free
a- am noboronate acid or ester, prior to acid cleavage of the resultant
product fromthe resin. 30 In another enbodi nment, step (ii) conprises
reacting an arfW@88@8442d or peptide boronic_acid or ester [err PCT/ACES#ISTS
where E[err] and E[ferr] represent boroni cl&ster-forni ng residues or nay

together form g, SRRE68-, Wikt \Pis 0 or 1: R is C;-Ce., alkyl, or is an aryl. alkylaryl, arylalkyl
or alkylarylalky! group containing up to (10-v) carbon atoms,

or R? and R® taken together represent a residue of a diol or a dithiol.

197

.Such peptide boronates are described, for example, in WO 92/07869 (equivalent to
USSN 08/317.387), EP 0471651 (which corresponds to US 5288707) and USSN

08/240,606. the disclosures of which are incorporated herein by reference.

§CG  As already indicated. we have now surprisingly found that boron-containing peptides
may be synthesised by solid phase chemistry without serious degradation. One aspect
of the invention. therefore, is the use of a boron-containing amino acid analogue in
peptide synthesis using solid phase chemistry. especially Fmoc chemistry (also known
as the “Sheppard approach™).

15
In another aspect, there is provided a method of making a peptide or a peptide-
containing compound. comprising performing the following steps 10 make a target

amine acid sequence:
20 {i) providing a solid phase having coupled thereto functional groups;

{iiy causing 2 compound reactive with the functional groups selectively to

react therewith, the reacted compound having a functional group capable of

‘reacting with an amino group or with a carboxyl group or a reactive derivative
23 thereof,

(iif) causing an amino or carboxyl group (which mey be in the form of a
reactive derivative thereof) of a terminal amino acid of a target amino acid
sequence sclectively to react with said functional groups of the reacted
30 compound;




with a diol coupled to the solid phase. The techni que of |inking a boron
atom(e.g. as 10 part of an am no acid or pede boronic acid or ester) to
a solid phase through hydroxy groups coupled (directly or indirectly) to
the solid phase is novel and forns an aspect of the invention. If the
conmpound conp g, .2 boronic acid or ester is an am no aci %& used
in 15 step Th either of the precegyng enbodi ments, ghase
synt hetic nethod may be used to nake a peptide boronate inhibitor of a
serine protease catéivyt i euplitgibe emiromsil degudnﬁaﬂw&uevithmhsmﬂ sequence,

bi functional serine_protease. inhibjtor. Thus, bor.o n be dj rectly
esterified onto di o?hecst‘}ﬂ‘@%‘ﬂﬁhﬁ ing, aming, geid roppl Pdnp@i

continued fromthe jelé E{th&ﬁhom by, for exanple, standard Fnoc-

chem stry. Subsequently e boronic acid ester can be cleaved, eiter by

m neral acids, to give the free boronic acids [peptide- B(G—l)[err]], or by
transesterification

hi ndered didl such & p?’ﬁ%%é%g’%?ﬁ%%@%ﬁ%ﬁ%@%&&%ﬂm a diol, especially a

(vi) cleaving a solid phase-linked compound prepared using steps {i)-{iv)

from the solid phase by the action of an acid or base.

10  characterised in that a compound comprising 2 boronic acid group [-B(OH),) or a
derivative thereof. especially an ester. is incorporated in the solid phasc-linked

compound prior to its cleavage from the solid phase.

The method of the invention for méking a peptide or peptide-containing compound

1S  may comprise a step of coupling a peptide to a solid phase-iinked compound prepared
by previous steps of the process, optionally as a step (iv) of the process [ie. a step (iv)
of the process in which the sequentially following amino acid is part of a peptide].

The method of the invention for making a peptide or peptide-containing compound

20 may comprise a step of coupling to a solid phase-linked compound prepared by

previous steps of the process a compound other than an amino acid or peptide. such

as, for example. a compound having two carboxyl groups for use in linking an amino

group of a solid phase-linked peptide with an amino group of a peptide, peptide

analogue or amino acid in the liquid phase. Of course, any other liquid phase

25  compound capable of reacting with an amino group or, as the case may be, a carboxyl

| group could thus be linked to the solid phase-linked peptide. Diamines are useful for

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

derivatives thereof). Extension of a solid phase-linked peptide by a dicarboxylic acid.

especially glutaric acid, is useful in the preparation of bifunctional serine protease

30 inhibitors having a CSDM joined, typical through its N-terminal. to an EAM through

a connector moiety comprising a peptide spacer portion and dicarboxylic acid residue
linker portion. I
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25 The literature describes ways of preparing diol-containing solid phase
resins, which can be derivatised by al dehydes and are suitable also to be
derivatised by boronic acids/esters (e.g. Xu,Z -H, MArthur, C.R and

Leznof fC. C. ' The nonobl ocki ng of synmmetrical Di ketones on |nsol ubl e Pol ymer
Supports', Can J. Chem, 1993, 61, 1405- 30 1409. and Leznoff,C. C. and
Sywanyk, W ' USO%8$3| yer Supports in Orggnic Synthesis. 9. RCHERAMIE Mo f
Unsynmetrical Caretenoids on Solid Phase', J.Og.Chem, 1997, 42,

3203- 3205). 10 A general procedure is as follows: [err]

A solid phase-linked compound whose free end terminates with a dicarboxylic acid
residue may be further extended by reaction of the free carboxy! residue (optionally in

the form of a derivative thereof) with the amino group of an amino acid, e.g. a

5 dicarboxylic acid residue coupled to a solid phase-linked EAM-spacer moiety may be
reacted with an amino acid of a CSDM, for example the N-terminal amino acid of a
CSDM.

Step (ii) of the methed may comprise reacting an amino group or an optionally

180  derivatised carboxy group of an amino acid with a functionai group coupled directly
or indirectly to a solid phase, as part of conventional solid phase peptide synthesis. for
example. The amino or carboxy group coupled to the solid phase is often the terminal
amino or carboxy group but in some cmbodiments is a functional group of a side
chain, such as the side chain carboxyl group of glutaric acid. for example; the C-

15  terminal carboxy group of the amino acid attached to the solid phase through its side
chain may be replaced by the boronic acid residue [-B{OH),] or an ester thereof.

The method may comprisc N-terminal coupling in SPPS, in which the carboxy
terminus of a resin bound peptide is coupled to a free a-aminoboronate acid or ester.
20  prior to acid cleavage of the resultant product from the resin.

In another embodiment. step (ii) comprises reacting an amino acid or peptide boronic

acid or ester /OH

ﬂakE'B (ﬂh)
25 H
or : /o-E’
a8,-B (Ilib)

o8,

30 where E' and E’ represent boronic ester-forming residues or may together
' form a single residue,
e
Thg . TTT——
IS 8, HﬁS Bm
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The diol is a conmpound having two or nore al coholic hydroxy groups. X and Y
are protecting groups. 5 Ris the side chain of an am no acid
boronate/ boronic acid. Typically, the resin is washed after each step. In
sui tabl e enbodi nents the diol is not protected before it is reacted with
the resin. A nore specific procedure is set out bel ow. lzﬂéer%kﬁ

WO 9800942 - PCL/GHIT/G1574

iRy 21
with a diol coupled to the solid phese. The technique of linking a boron atom (e.g. as
pert of an amino acid or peptide boronic acid or ester) to a solid phase through

hydroxy groups coupled (directly or indirectly) to the solid phase is novel and forms

an aspect of the invention.
5
If the compound comprising a boronic acid or ester is an amino acid boronate used in
step (ii) in either of the preceding embodiments, the solid phase synthetic method may
be used to make a peptide boronate inhibitor of a serine protease catalytic site,
optionally in the synthesis of a bifunctional serine protease inhibitor.
10

Thus, boronic acids can be directly esterificd onto diol-containing resins, and then
chain extension continued from the N-terminal end by. for example. standard Fmoc-
chemistry. Subsequently the boronic acid ester can be cleaved. sither by mineral
acids, to give the frec boronic acids {peptide-B(O1I}),], or by transesterificetion, e.g. by
15 a concentrated solution of a diol, especially a hindered diol such as pinanediol, for

exampie.

The literature describes ways of preparing diol-containing solid phase resins, which
can be derivatised by aldehydes and are suitable also to be derivatised by boronic

20  acidsfesters (e.g. Xu,Z.-H., McArthur,C.R and Leznoff.C.C. ‘The monoblocking of
symmetrical Diketones on Insoluble Polymmer Supposts’, Can.J.Chem.. 1993, 61,1405-
1409. and Leznoff,C.C. and Sywanyk W. *Use of Polymer Supports in Ozganic
Synthesis.9. Synthesis of Unsymmetrical Caretenoids on Selid Phase®. J.Org.Chem.,
1997, 42, 3203-3205).

25

A general procedure is as follows:



TMB = Trinethylsilyl SPPS =

solid phase peptide synthesis 13 The

I.nvention therefore opens the way to the preparation of peptide boronates
by solid phase chenmi stry, for exanple in preparing a |ibrary of peptide

boronates by a conbinatori al
for a conpound conprising a
t he nethod coWpPR¥AY: (i)

nmet hod. 5 The invention includes a method
peptide boronic acid or peptide boronate ester,
provi ding a §QI i d phase havi ng REIUEBEGISher et O

al cohol i ¢ hydroxy groups; 10
= Linker + Diol (protected)

I} Deprotect

~ Linker — Diol

1) XN-CHR-B(OH),
or XN-CHR-BO;-Ester

= Linker — Diol — B-CHR-NX

i) remove X,
2) couple new amino acid

. Y= Linker — Diol -~ B-CHR-NHCO-(aa)Y

. repeat steps of SPPs
Y
B-CHR-NH-Peptide-Y
1) Base

j' 2) Lewis acid (e.g. TFA), scavenger

HO
~ ™ B.CHR-NH-Peptide

HO~”~

The diol is a compounds having two or more alecholic hydroxy groups.

X and Y are protecting proups.
R is the side chain of an amino acid boronate/boronic acid.

3  Typically, the resin is washed after each step. In suitable embodiments the diol is not
protected before it is reacted with the resin.

» o ,,// P
A more specific procedure is set out below: oot Hias BESB Rﬁeﬂ

P

L
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(i) causing an amno acid boronic acid or peptide boronic acid to react
W th the hydroxy groups whereby the boronic acid residue becones esterified
to the solid phase; 15 (iii1) causing the carboxyl group of the

am no acid sequentially following, in the end product peptide boronic acid
or boronate ester | ectively to react wwth the am no grou

sequentially %@ Wﬁg am no acid coupled to the solid phase; Risa

(iv) repeating step (iii) as often as néessary; (V) cl eavi ng the

resul tant pepti oronate fromthe resig, the method optionally conprising
one or nore fufther O nake rd” C ound. 25 The al coholi c hydroxy
groups coupl eq Resitlje solid phase arel|pr rably arranged such that pairs
of the groups e bonded to a boron & om ie. such that a boron atom can

be d_| -esterifi ed(el_og- 'waen% Resin)

{Sodium salt of Solketal)

1)24h, 2 fold excess sodium salt

2) wash
/s AN
7 NcHp—o0
Q\Resinj 7\
ﬁ 1 Mineral acid
. ﬁ 2)wash
/ﬁ\\\gc HZ mO;‘r/(DH
. Resin '
~ - \OH

1HTMS)2-N-CHR-B{OH]2
or (TMS)2-N-CHR-BC2-Ester
2) wash off excess

N~CHy—0—1
| Resin | CHa | B-CHR-N(TMS),

/
?Fmoc{aaH)H‘ I-BuCOCI, Morpholine. Et aN.
or Fmoc{aa)-OH, activating agent, (Bu) 4NF.
2Ywash

/Z“"\\m _ e
. == Hz =0 :BQCHRaMHCO»(aa)Fmoc

7 repeat steps of SPPS.

| ')
; e Ly =)
@ Cha | 'B-CHR-NH-PeptideFmoc
\0’

E 1) Base

2} Lewis acid (e.g. TFA), scavenger.
HQ\
,B-C HR~-NH-Peptide -

HO _ —

SPPS = solid phase peptide synthesis




[err] 14 I n sonme enbodi ments the hydroxy grups are in a 1,2-arrangenent
_(i.e. on adjacent carbons);in other enbodi ments they are spaced apart on

chains (e.g. a residue of NH(CH err]CH err]OHJ[err]). 5 Preferably each
amno acid coupled to the solid phase has a protected ami no group and step
(iii) conpri ses deprotecting the am no group of the sequeryq,zzé % cedi ng
0 acid. PreP&%EP4t2t he cl eavage of step (v) is performed w acrd or by 10
More generally, there is provided the u4 in solid phase synt hesis of a

boronic acid residue attached to the solj hase t h_h up
resi dues. Al sbhinwentigasharefors oppsibriveiole QWEWMQ 8@ ﬁ%@%@ﬁﬁh&%
boron atom the.. chemisiry, for example in preparing a library of peptide boronates by a

combinatorial method.

5 The invention includes a method for making a compound comprising a peptide

horanic acid or peptide boronate esier. the method comprising:

(i) providing a solid phase having coupled therelo aleoholic hydroxy

Lroups:
(i) causing an amino acid borenic acid or peptide boronic acid v react
with the hydroxy groups whereby the borenic acid residue becomes esterified

1o the solid phase:

{(iii}  cousing the carboxy) group of the amino acid sequentially following, in

e

the end product peptide boronie acid or boronate ester. selectively 1o react with
the amino group of the sequentially preceding amino acid coupled 10 the solid

phase:
20 {iv)  ropeating step (1iih as olten as necessary:
{v) cleaving the resultam peptide boronate from the resin.

the method optionally comprising one or more further steps to make said compound.
25

The alcoholic hydroxy groups coupled to the solid phase are preferably arranged such

that pairs of the groups can be bonded to a boron atom. i.¢. such that a boron atom can

be di-esterified by them:

=O\

This
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met hod conprising: 15 (i) providing a solid phase having coupled thereto
al coholic hydroxy groups; (ii) causing a boronic acid or boronate ester to

react with the hydroxy 20 groups whereby the boronic acid residue
beconmes esterified to the solid phase; and (iii) performng one or nore
further steps to nmake said conpound. 25 The al coholic hydrgé* Ry ae

preferably ar r¥A8¥84% described above. In other aspect, thef& sre Brovi ded
a solid phase material having coupl ed ther?sto boronic acid residues through

e of oo o SRt Frbofinshs 1 hitebBRpPe d 2 ARhiheROHE! SagllEf O @

carbons); in other embodiments they are spaced apart on chains (e.g. 2 residue of

NH(CH,CH,OH),).

Preferably each amino acid coupled to the solid phase has a protected amino group

° Py

and step (i) comprises deprotecting the amino group of the sequentially preceding
amino acid. [Preferably the cleavage of siep (vi is performed with acid or by

transesteritication.

i More generally. there is provided the use in solid phase synthesis of a boronie acid

residue attached to the solid phase through hyvdraxy group residues.

Also provided is u method jor making & compound comprising 3 boron wom. the

method comprising:

13
{1) providing a solid phase having coupled thereio alechelic hvdroxy
groups:
(i3  causing a boronic acid or horonate ester to react with the hydroxy
20 groups whereby the horenic acid residue becomes esterified 1o the solid phase:
and
(iii} performing one or more further steps 1o make said compound.
25 The alcoholic hydroxy groups are preferably ammanged as described above.
In other aspects. there are provided a solid phase material having coupled thereto
boronic acid residues through hydroxy groups, as well as a solid phase material
having coupled thereto a moiety of the Formula IV:
30




15 [err] wherein Ris a residue bonded to the boron atom and is usually an
organic noiety. Residue Ris in one class of material free of functional
groups reactive with alcoholic 5 hydr oxy groups (but the nmaterial may
contain such functional groups in protected form e.g. prior to
deprotection). Inﬂanother class of material such functional grougé?are
unpr ot ect ed, BCP¥d groups having preV|ggst been renpvedfCHE _
typically an organic noiety having one or re functional groups to enable
R to undergo a chem cal reaction; apy protectable functional groups nay be
protected. In one class of - ter' als, the solid phase has coupl ed
thereto a noiety of Fornula V:|[err] e or both of the Qy@yogen at ons of
the -CH err]- group may be repl aced byBoth@8r

wherein R is 2 residue bonded to the boron atom, and is usually an organic moiety.
Residue R is in one class of materisl free of functional groups reactive with aleaholic

hydroxy groups (but the material may contain such functional groups in protected

s

form, e.g. prior to deproteciion). ln another class of material. such functional groups
are unprotected, pwtecﬁng groups having previously been removed. R is lypically an
organic moiety having one or more functional groups to enzble R to undergo a
chemical reaction:; any proteciable functional groups may be praiected. In one class

10 of matcrials. the solid phase has coupled thereto a moicty of Formala V:

0\
B —=—
15 (V)
O
One or both of the hydrogen atoms of the -CH,- group may be replaced by sther
groups compatible with the use of the material, e.g. alkyi groups (for example methy}

20 or butyl).

in a yet further class of materials, the left hand oxygen of Formula IV is part of an
ester.

25 A first class of solid phase synthetic methods comprises performing the following

steps 1o make a target emino acid sequence:

@ providing a solid phase having coupled thereto functional groups

T i‘mu

capable of reacting with a carboxyl group;




groups conpatible with the use of the material, e.g. alkyl groups (for
exanpl e net hyl 20 or butyl). In a yet further class of nmaterials,the |left
hand oxygen of Formula IV is part of an ester. 25 A first class of solid
phase synthetic nethods conprises performng the follow ng steps to nmake a
target amno acid. sequence: (i) providing a solid phase havi

thereto functi PO ups capabl e of reacté g with a carboxyl  ¢roup; 16
(ii) causing a conpound reactive with the“tfunctional groups and conpri sing

an anino group proteghed Qisig PASEmhRBhd Crelttive e Withn Shed 'fantlichs) ERAPs and
comprising an amino group protected by a base-labile protecting group to react

with the functional groups to form an acid labile bond:
{iii)  deprotecting the amino group with a basc:
3 {(iv)  causing the carboxyl group of an amino acid whose amino group is
| protecied by a base-labile protecting group to react with the deprotected amino
group resulting from step (iii):
{v)  deproteciing the protected amino acid with a basc:
{vi) | causing the amino acid sequentially following. in the target seguence.
10 the sequentially preceding amino acid coupled to the solid phase to react with
the deprotected amino group of the sequentially preceding amino acid. the
sequentially following amine acid having its amine greup protected by o base-
labile protecting group:
{vii) deproteciing the protected amino acid group with base:

(viii) repeating steps (vi) and (viii) as often as necessary; and

e
LW /)

(ix) cleaving the acid labile bond with acid or by transesienlication.

characterised in that a compound comprising 2 boronic acid group [-B(OH),) or a
derivative thereof. cspecially an ester. is incorporated in the solid phase-linked

20  compound prior to cleavage of the acid labile bond.

As described above in relation to the method of making a peptide or peptide-
conteining compound. step (ii) of the method may comprise reacting an optionally
derivatised carboxy group of an amino acid with a functional group coupled directly
25 or indirectly to a solid phase. for example by a method known per se in solid phase
chemistry. The amino acid may be the compound comprising a boronic acid or ester
group, i.e. an amino acid boronie acid or ester. Altematively, step (ii) may comprise
reacting the compound comprising a boronic acid or ester group in the form of an
amino acid or peptide boronic acid or ester with a diol coupled to the solid phase. In
30 either case that an amino acid {(or peptide) boronic acid or ester is used, the process is
suitable for making a peptide boronate inhibitor of a serine protease catalytic site,

optionally in the synthesis of 2 bifunctional serine protease inhibitor. S




with the functional groups to forman acid labile bond; (iii) deprotecting
the am no group wth a base; (iv) causing the carboxyl group of an am no
acid whose amino group is protected by a base-labile protecting group to
react with the deprotected am no group resulting fromstep (iii); (v)
deprotecting the protected amno acid with a base; (vi) causing the am no
aci d sequent i 4%

“Flowing in the target sequence, 10 PCT/GBI7{}ES ™4

sequentially preceding am no acid coupl ed o the solid phase to react with
t he deprotected ami no group of the sequengl ally preceding am no acid, the
sequentially followng amno acid having its a am no group protected by a

oroup v th pabeRe S Vinfl Uil dove b o B 8 S o P ¢
of ten as necesgdibnind cbrolthd £t SRYIiABIe! S iftst| AbNs! &F {MATpNISE RyRbg O DY

transesterification,
methods.

A second class of solid phase synthetic methods comprises performing the following

steps to make a target amino acid seguence:

(i) providing = solid phase having coupled thereto functionai groups

10 capable of reacting with a carboxy! group;

{ii} cousing = compound rveactive with the funclional groups and
compnsing an amino group protecied by an acid-latile protecting group to
react with the functional groups. 1o form a base labile bond:

{iii)  deproteciing the amino group with an.acid:

i {iv) 'causing the carboxyl group of an amino zcid whose amine group is
pretected by an acid-labile protecting group to react with the deprotected
amino group resulting from step {iii); ‘

{v)  deprotecting the protected amino acid with an acid:
{vi}  causing the amine acid sequentially fellowing, in the target scquence,
=0 the sequentislly preceding amino acid coupled to the solid phase 1o react with
the deprotected amino group of the seguentially preceding amino acid. the
sequentially following amino acid having its amino group proteéued by an
acid-labile protecting group:
{vii) depwtecming the protected amino acid group with acid;
25 (viii) repeating steps (vi) and (viii) as often as necessary; and

{ix) cleaving the base labile bond with base or by transesterification,

characterised in that a compound comprising a boronic acid group [-B(OH),] or =
derivative thercof, especially ester, is incorporated in the solid phase-linked

30 compound prior 1o cleavage of the acid labile bond.




characterised in that a conpound conprising a boronic acid group
‘[-B(OH)[err]] or a derivative thereof, especially an ester, is incorporated
in the solid phase-linked 20 conmpound prior to cleavage of the acid

| abi | e bond. As described above in relation to the nethod of nmaeking a

pepti de or pe 'mggont ai ni ng conpound, step (ii) of the nefhad.J "
conprise reacting an optionally derivatised carboxy group of an am 9% aci d
with a functional group coupled directly 6 or indirectly to a solid
phase, for exa%&e by a nmethod known per so in solid phase chenmistry. The
am no aci d mayThreakaye-dessribesd mariaots b ithes first) classof sofitl Phase; syndeticmetdpdypmup,
I.e. an am no b | i r.ester. Alternatively, step (ii) may
conprise reactl g%%gﬂg%%p%ﬁ%a&k%%‘i sing a boronic acid or ester in the
formof an am no acid or peptide boronic acid or ester with a diol coupled
to the solid phase. | n 30 ei ther case that an am no acid é;r pepti de)

boroni ¢ aci d ofts dssibed sbpeein relpfionpiootssmethad af aking af pAPtiAe IOF R§PUdEsept | de

boronat e i nhi bid.0k: | | ' | Vieh:d the
synihests Of abrrung e TaREhl MR CE ARt bathh ook For A HBEL ekl
methods may comprise a step of coupling to a solid phase-linked compound prepared

by previous steps of the process a compound other than an amino acid or peptide.

10

The compounds of the invention do not have to contan horan. although they may do
so. The non-boron comtaining compounds may also be prepared by solid phase
symibesis. Some compounds of the invention have a natural peptide bond replaced by
b5 another linking group  Funther information on methods suitable for the synthesis of
atl the compounds of the invention may be found in the aforesaid patent application

filed today and entitled “Thrombin Inhibitors™.

=0 USE

The novel compounds according to the present invention are usefil as inhibitors or
substrates of scrine proteases, e.g. thrombin, and may he vsed in vitro or in vivo for

diagnostic and mechanistic studies of such enzymes. More generally, the novel pepiides

[y
[¥]]

may be useful for research or synthetic purposes. Furthermore, because of their
inhibitory action, the inhjbitors are useful in the prevention or treatment of diseases
caused by an excess of thrombin or another serine proteases in a regulatory sysiem
pasticulasly a mamnalian system. e.g. the human or animal body, for exampie control of
the coagulation system. The pharmaceutically useful compounds have a
30 pharmaceuticaily acceptable group as any N-terminal substituent (X).




17 Te other variants described above of the nethod of making a peptide or
pepti de- containing conpound are applicable to said first class of solid
phase synthetic nethods. 5 A second class of solid phase synthetic nethods
conprises performng the followi ng steps to nake a target am no acid
sequence: (i provi ding a solid phase having coupled thereto functional
groups capabf %0844acting with a carboxyl group; 10 PCTIGRAT0)S74
causing a conpound reactive with the functy onal groups and conprising an
am no group protected by an acid-labile ;#%tecting group to react with the

functional gr omheSantittRrohf¥blit Tolpsutrds VT the ivemibn may be employed when an anti-
thrombogenic agent is nceded. Generally, these compounds may be administered orally

or parenterally to a host in an effeclive amount to obtain an anti-thrombogenic effect. In
the case of larger mammats such as humnans. the compounds may be administered alone

or in combination with one or more pharmaceutical carriers or diluents at a dose of from

[ 21

0.02 1o 10mg/Kg of bmjy weight and preferably 1-100mg/Kg. to obtain the anti-
thrombogenic effect. and may be given as a single dose or in divided doses or as 2
sustained release formuluion. When an extracorporeal blood loop is to be established
for a patient, 0.1-10mg/Kg may be adminisiered i'mmven@usﬁy. For use with whole

10 biood, from i-100 mg per fitre may be provided 10 prevem coagulation.

P"harmaceutical diluents or cammers tor human or velennary use are well known and
meclude sugars, starches and water. and may be used to make acceptable formulations of
pharmaccutical compositions (human or veterinary) comtaining one or more of the

153 subject peptides in the reguired pharmaceutically appropriate or effective amount or
comcentration  The phamaccutical formaulations wmay e in enit dosage form.
Formulations of the compounds include tablets. capsuies. injectable solutions and the
like.

20 The anti-coagulant compounds of the inventon may also be added 10 blood for the
purpose of preventing coagulation of the blood in blood collecting or distribution

containers. tubing or implaniable apparatus which comes in contact with blood.

Advaniages enabled by the compounds of the invention include oral activity, rapid onset
25  of activity and low toxicity. In addition, these compounds may have special utility in
the treatment of individuals who are hypersensitive to compounds such as heparin or

other known inhibitors of thrombin or other serine proteases.

The methods of the invention are useful for the synthesis of serine protease inhibitors
30 and other compounds. They are useful in combinatorial chemistry.
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(itii) deprotecting the amno group with an acid; (iv) causing the
carboxyl group of an am no acid whose am no group is 15 pr ot ect ed
by an acid-labile protecting group to react with the deprotected an no
group resulting fromstep (iii); (v) deprotecting the protected am no

acid with an eoa(Yi) - causing the amino acid sequentially Ll owing, in
the target he sequentially pr éedi ng amno acid B %‘mﬁgt he
solid phase to react with 20 t deprot ected am no group of the

sequential |y PrgCRdidion AMINR finhé debdibed A ARkEadd by tRl E:QWORS wHH RovrCi d
having its am no group protected by an acid-labile protecting group; (vii)
deprotecting t#8ewr ot ected amino acid group with acid; (viii) repeating
steps (vi) and (viii) as often as necessary; and 25 (ix) cleaving
the base labile bond with base or by transesterification, characterised in

t hat "a conpound conprising a boronic acid group [-B(OH)[err]] or a

in the examples, amino acid residues are of L-configuration unless stherwise stated.

Pind CO(CHLCOG-Glnt Tyr* Hirs 14

¢
a. GCiGivGin{Tyr*Hir™

GlyGlyGint Tye™ 1Hir '™ which has the amino acid formuls  H-Gly-Gly-Gin-His-Asn-
Gly-Asp-Phe-Glu-Glu-ile-Pro-Glu- Tyr-Leu-OH. was prepased by solid phase peptide

15  chemistry on a-Milﬂigen’" 2050 PepSynthesizer using an Fmoc-polvamide continuous
flow method and propriciary 9050 Plus on column monitoning sofiware. Pre-derivatised
solid support. Fmoc-Leu-PEG-PS (1.6g, 8.22meg ) was used throughout: Fmoc-Leu-
PEG-PS compﬁses polyethylenc gﬁymf derivatised polyvstyrene with HMBA linker.
Fmoc groups were removed using 20% piperidine in DMF. Fmoc-amine acids (4

20  equiv.) as their pentaflucrophenyl esters with side chain protection where appropriate
{e.g. Fmoc-L-Tyr(tBu)OPfp, Fmoc-L-Glu{tBu)OPp, Fmoc-L.-Asp(tBu)OPlp, Fmoce-L-
Asn{Trt)OPfp and Fmoc-His(boc)OPfp, were coupled sequentially. Once the reguired
peptide sequence was complete the N-terminal Fmoc group was removed using 20%
pipesidine in DMF. A positive ninbydrin test indicated that the Fmoc group had been

25 removed. The peptide-vonjugated resin was subsequently decanted on a filter and
washed “off line’ with dichioromethane, methano) and dichloromethane before being
b.  HOC(CH.),COGlyGlyGin(Tyr ) Hir™ %

dried in-vacuo for a few hotrs,
1
30

The peptide obtained in Example 1a was suspended in DMF (Smi) and treated with
giutaric anhydride (300mg) and 4-methyl-morpholine (200mg)} in 2 round bottomed




derivative thereof, especially ester, is incorporated in the solid
phase-|i nked conmpound prior to cleavage of the acid | abile bond. 30 The
above-descri bed variants of the first class of solid phase synthetic

nmet hods are applicable also to the second cl ass. 18 As descri bed above
inrelation to the nmethod of naking a peptide or peptide- containing
compound, net THLA9M2 he first and second %Iasses of solid phaYerEyHEKet i c
nmet hods may conprise a step of coupling t d%a solid phase-Iinked conmpound

prepar ed byt p&mnﬁi e rofctibl) MindirR GRS Switled QWRAIRI THE Rain L2 aHsiid Wil NO
acid or peptide
Pep DMF, DCM and MeOH, and then dried in-vacuo ovemight to obtain the targer

compound.
5 e H-D-Phe-ProBoreBpgOPin

H-D-Phe-ProBoroBpgOPin was prepared by adding a 40% solution of HBr in acetic
acid (20ml) 1o Chz-D-Phe-Pro-BoroBpgOPin (2g) in a round bottomed flask (100mi)
ficted with a septum and flushed with nitrogen. The flask was swirled w effect complete

it dissolution of the protecied tripeptide. When the gas evolution ceased afler
approximately 30 minutes, anhydrous cther (200ml} was added and the reaction mixiure
wiis stored 1 a refrigerator for $ hours. The reaction mixture was filtered. the residuc
was dissolved s EtOR {Iml) and dry ether was added 10 preapitate the produce
{8idhng) as a whilte solid (M-=1), 5316: Tic (C/M/A. 95/3/3), Ri=0.03.

° g

d.  |-D-PheProBoroBpgOPinjCOCH,),COG, Gin(Ty *ilir

To synthesise {-D-PheProBoroBpgOPinjCOICT),COGly,GIn(Ty)Hic” *, the dry
resin HO(‘(){CEﬂz)s,CO(alyg(aEn(T)‘r ™ was suspended i DMF {10ml). before
20 BTU (129mg. 04mmol) and H-D-Phe-ProBoroBpeOPin (230my. G.4mmol) were
added io the reaction mixtore. Afler 5 minutes stisring. triethylamine {(4Umg. 0.04mumol)

was added and the flask feti szﬁﬁ'ing overnight.

The fully protecied peptide resin was washed with dichloromethane. methanol and
25  dichioromethanc and then dried under vacuum. Cleavage from the resin with
simultaneous deprotection of side chain protecting groups was achieved by treating the
resin with 100% TFA for two hours. TFA was removed and the free peplide with a C-
terminal carboxylic acid was generated by precipitation with cold diy ether. The crude
peptide was collected by filtration and washed with further portions of ether.
30
Purification of the crude peptide was carried out by reversed-phase HPLC using a
Vydae C-18 prepmuve columnan (TP silica, 10pm, 25mm x 300mum). The oolumm was
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The invention may be applied to the synthesis of bifunctional serine
prot ease i nhibitor as described bel ow Bl - FUNCTI ONAL SERI NE PROTEASE

| NHI BI TORS 10 The bifunctional serine protease inhibitors conprises: (a)
a catalytic site-directed noiety (CSDM which binds to and inhibits the

active site of erine protease; 15 (b) an exosite lL.ating
noi ety (EAM; y{ionally, (c) a connector noiety bonded&gﬁgﬁg@ﬁﬁhe
EAM and the CSDM the CSDM and t he EAM bei ngizcapabl e of bi ndi ng

sinmul taneously to a nol ecule of the serine protease. 20 The Catal ytic

Site-Directed Micsnsd vUsBIIP-IPielinesst gradjent of solvent di (0% THAripMetey) andsplvpnt B nds
to and inactivateg e CalgLXLhG Shi EatQhn cluants were monitored at 230nM, and fractions

were collected appropriately. The purity of the products were determined by analytical

RP-HPLC and mass spectrometry.
5
2.
a. Cbz-D-Phe-Pro-w(CO,)-BoreEtg pinancdiol
10

t-Chicroethane-pinanedic] buronate ester (0.321g,1.25x10-3mol) added with stirring to
Coz-D-PPhe-Pro-OH (0.62. 1.52x10”mol).  When the addition had been compieied,
DBU (0.23g. 1.52mmol) in CH.Cl. was added to the mixture and aliowed to stir at room
ternperature, before being lefi to stir for an extended period at 4°C before workup. The

15 opaque liguid was washed with HCI (0.1M. 2x50 mi). NaHCO; (1%. 50mi). The
organic anér was dried by vigorous stirving ever anhyvdrous MpSQ,, and filtered off. to
remove the desiccant. The filtrate was concentraied under reduced pressure on a rotary
evaporator, o afford a thick. viscous residue. Preliminary examination by 'H N.M.R.
showed the required crude product. The crude sample was dissolved in a small amount

30  of MeOM. applied to the sephadex™ Li120 column. and then cluted with a pump usiag
the same solvents. The clution profile was followed with the aid of a U.V. lamp
{226nM) and recorder. The void volume, fraction §-6. and a further bulk volume were
collected. From the shage of the chromatogram. it was deemed thas fractions 3-6 would
be the most likely fractions in which the tsipeptide may be found. The fractions were

25  concentrated individually to afford clear slightly coloured viscous residues. One
fraction containing the bulk of the material when placed under high vacuum was later
afforded as a slightly crystalline product (0.269 yield of 35%). N.M.R., FABMS (Fast
Atom Bombardment Mass Spectrometry) and C, H, N were very sirong (good)
indicators that the compound has been formed.

30 —
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a serine protease enzynme. The structure of the CSDMis not critical to the
i avention. It may conprise the am no acid sequence of any known inhibitor

of a serine protease 25 catalytic site, for exanple. One class of CSDWMs

is included in the followng Fornmula I:

X—(aa[err])m(aaerr n-(aalerr])-(aalerr])-Z 1),

wherein aa[errPO% €4, r], and aa[err] represent natural or uRRAGERPEPISHCI d

resi dues and (aa[err])mone or nore option:g] am no acid residues linked to
the ami no group of aa[err]. Alternatively y one or nore aa groups nay be
anal ogues of amno acid residues in which the [err]- Wydrogen IS

repl aced by a substituent. The seq e of am no acids ahegfor amino acid
O i’ ~ \
Cl 8~ |

3]
Ci{0CO-NH .mCH {0

/\\,cm
\\/

B. H-Phe-Pro-yw{CO,)-BoroEtg pinanediol

3 Cbz-D-Phe-Pro-w(CO.)-Boroliig pinanediol {from Example 23} was dissolved in
MeOH (30mi) and tremted with 0% P/C. and purped with argon with stirring, the flask
evacuated and pumped with §iy with stiring for 330 Niphydrin staining indicated
deprotected produst on TLC. The solution was purged with argen for 16 min. filtered
and concentrated under reduced pressure to afford a thick black ofl. which was dissolved

1 im CHCLL. filtercd and concentrated. '} N.M.R. of the crude product indicated no
protected product. The residuc from above was chromatographed on a Sephadex LH20
chromatography column. 'H (60 MHz) N.M.R. showed that the isolated compound
displayed many of the characteristics expected on the basis of the putative structure.

122me of zhc free amino boronate ester was isolated.

Lod

8. Fmeoe-L-Glu{(PEG-PSYOH

20

' Tetrakiswriphenyiphosphine palladivm(0) {PdP(Phs),] (1g) was dissclved under Arina
solution of CH,C1 containing 5% acetic acid and 2.5% N-methylmorpholine (30zl).
This mixture was transferved under Ar to a flask containing Fmoc-L-Glu(PEG-
PSYOAlD (1.6g). The sesin was left to stand for 2 hours with occasional gentle

25  agitation. The resin was filtered on a sinteved glass funnel and washed with 0.5%




anal ogues binds to the serine protease active site. Suitable sequences are
described later in this specification. X represent H or a substituent on
the NNterminal amno group. Zis -COOH or a C-term nal extension group
(carboxy repl acenent group), for exanple as 5 known in the art. In
preferred conpounds 7 is a heteroatom acid group, e.g. 9%
P(OH)[err] or "M 0 or a derivative thereof for exa%’”leﬁ([ai @Psgﬁxyllc

acid ester, a dioxo- bor onat e -B(Csubstité&nt)[err]] or a phosphate
[ -PO(Osubstitu BEL er Pr gf u oups
are -B(O—l)[err]%ﬁgr#g&;;&’%[aifﬂ%[ eﬂg(?] &Jd%t egig gfdﬁﬂee?re @Bato B’gnéf"%
group i s S(O) [ €300nto sbrmovathe cablper possi bl e Z groups there may be 10
mentioned-CN, -COCH err]C and -COCH err]F. In preferred enbodinents mis
fromO to 7 nore usually 0 to 5, e.g. 0, 1 or 2, especially O.
Normal 'y, n=1. g0 ON@pidcaS I PRER DN BiroBh pimaalerr])-(aaferr]) nartural
peptide |linkage is replaced by anot her |in age (err]. Additionally or
al ternati veby ot her nat ural peptide |inkages may 15 be repl aced by
anot her |inka ta te j.ahi.hi serine rot a |
known in the gfﬂ’ %%’ %ﬂf‘my%tf @%P%Bﬂ}bﬁrﬁs%ﬁ was suspen %ﬁ}eﬁﬂm{) unﬁe

Ar. TBTU (129mg, 0.4mmol) and NH,BoroBpgOPin (165mg. 0.5mmollw were

added to the reaction mixture. After 5 minutes stisting. (riethvlamine {40mg,
D.dmmol) was added and the flask left siirring overnight. The resin was washed with

10 dichloromethanc. methanc! and dichloromethane and then dried under vacuum,
@. §i-Phe-l.-Gla{PFC =PSINHBareBpeOPin

Hﬁei’h¢=ﬁ.=(6!u{?&§(}=?$!NHB@megOPin was prepased by solid phase chemistry on a
15 Milligen 9050 peptide synthesiser )

Fmoc proup was  remosed  drom  the  solid  suppon Fmoc-L-Glu{PEG-

PSINHBoroBpgOPin using 2186 piperidine in DME. Fawec-Phe-OPfp was coupled 1o

the free N-terminus.

20 The protected peptide resin was washed with dichloromethane, methanol and

dichioromethane and then dried under vacuum.
d. H-Phe-L-Glu-BoroBpgOPin

25  Cleavage of the peptide from the resin was achieved by treating the resin with 100%
TFA for two hours. TFA was removed and the free peptide H-Phe-Glu-NH-
BoroBpgOPin was generated by precipitation with cold dry ether. The crude peptide
was eollected by filtration and washed with further postions of ether.

30 Purification of the crude peptide was carried out by reversed-phase HPLC using 2
Vydas C-18 preparative column (TP silica:particle size 10mm: 25mmX300mm). The
column was eluted with a 30-90% linear gradient of solvent A(0.1%TFA in water)




of serine protease inhibitors, i.e. inhibitors of the serine protease
catalytic site, is to be found in EP-B-145441, which patent discloses a

cl ass of serine proteases having a G 20 term nal "boron group. O her

pat ent specifications describing serine protease inhibitors include EP
293881, EP 471651 (equivalent to US 5288707), EP 235692, US 4963655 and WD
89/ 09612 (conc¥p rticularly with inhibitors of Factor VIPCH@BSHOISH t he
[TF:VI1/VIla] conplex). 25 For i nhi bitor36 of trypsin-like enzynes,

preferred class | fo Egmﬁ e (dolundl Suake Svedd thdnftSlel at

anal ogues, and %ﬂ ?J#D%ro@%qgﬂﬁ rlgsr ues e)arjﬂr%tgheru description of preferred
P1 groups for tﬁ@nﬁhrmdmmmgweapmpﬁmeiywﬁmdt Ahp ity (of ke prdustseweneny be
found in the af sai ecifjc titled "Thro r din
PCT/ GBO6/ 00352, 4 mﬁ% ?lka@g@rl‘l @“Mé&@@’%’“ Wn@ ‘ﬁ}@r‘i?’g Fﬁ%ﬁ}
CSDvs 30 havi (W=Ta] ki AN4RR: EEMASSEZEIMRRL n he P1
resi due. The f%ﬁog%gﬁgim?gﬁége%ﬁd?c%ﬁhe ﬂrr%"st referred é 4?85%%55

resi dues for3 ei ghe apaiytidat HPRLC (4x250men, N@a@&%&ﬂsﬁ@cmph@!@l eluted by 10-60% MeCN
with 0.1% TFA in water with 0.1% TFA over 25 minutes, gave Rt 23.] minutes.

4.
10
a. Derivatisation of Resin with protected Diol (2.2-dimethyl-1,3-dioxolanc-4-
methanoel
o oe §)
~Cil--Cl Na OT ><
13 '
U \0
N This Sheet Has Been Replaced
T IIH!I 10
0 ><
Na (solid, 8g) is added to 2.2-dimethyl-1.3-dioxolane-4-methanoi {(240mi}, under argon
gas, and the mixture stirred uniil it gives a clear solution. Mermifield Resin (Sigma. 1.1
MeQ. CI per gram. 20g) is added and the mixture stirred overnight. then heated at 80°C
25  for24h.

Derivatised resin was collected by filtration, washed by |4-dioxane (1L), water
(3x500mli), and MeOH:water (1:1, 3x500mi), MeOH (3x500ml) and dry ether
(3%500ml). An infra red spectrum was obtained by powdering of 1.5-2mg of resin with
30 KBr(dry, 300mg) and compacting into a disc, then scanning on & Perkin® 1600 Fourier
Transform 1.R. The derivatised resin (Fig. 2) compared to Memifield resin (Fig. 1)
shows distinet stretching signais 1050 o §150cm’'(s) for ether stretching frequencies




20 Table A Enzyne Resi due Sequence Thronbin
D-Phe-/substituted D Phe-/D-Dpa-/Dba-/Pns-/[err]-Nal-/[err]-Nal-
/ Maal -/ Chg-/Phg-/D-Tig-/para-ether of D-Tyr-/NaSO err]-Pro Factor Xa,

[leududy, PyroQudy, Argdy, ChaGy, LeuArg Factor Vila L- PhePhe,
Nal Phe, D-Ti qPhg, Nal Phg Factor | Xa Val Val Factor_ X
K-Bzl QuQ@y, dU(03z a, AyArg, dyLys ngt or Xlla g 97781574
Ur oki nase PhePro, Gudy
characteristic of a five membered ring; and dialky! ether stretching at 1060 to 1150cm’
'(s) for alkyl-alkyl stretching.
b. Deprotection

Resin

) CHZ.OEO
OX :

The derivatised resin was mixed with HCI {1.5M, 250ml) and 1 4-dioxane {230mi) and
the suspension stirred and heated at 80°C. After 72h the resin was washed by water
{500ml), MecO (300ml). DCM (300mi) and E1,O (500mt). then dried in the air. Fa.-

i.R. spectrum of the resin shows distinct O-H stretching frequencies at 3400-3550¢em”’
10 (s), and a main peak at 3413.6 (Fig. 3); this peak is substantially larger than the signal ac
2917.6cm”. In comparison the ether (Fig. 2) and Merrifield resin show only a weak =

3400cm” signal for background moisture.

' Reaction of the Derivatised Resin with a boronic acid

15
The diol resin (5g, S.Smmob of diol) was suspended in THF (dry, 500ml) and
phenylboronic acid (3.35g, 27.5memol, S equivalents), and 4A sieves (dried at 150°C).




Protein Ca LeuSer/ Thr In each case, a preferred am no acid nmay be
repl aced by an anal ogue t hereof The Exosite Associating Miety (EAM The
exosite associating noiety (EAM is a noiety which binds to an exosite
(ABE) of a serine protease. Thronbin has a well defined exosite to which
there binds, in 10 addition to a fibrinogen am no acid sequence C-term nal
to the thronbMPEMYage site, non-substrate |igands of thorFTHERIGSISTAS

hi rudin. Hirudin sequences such as Hir[erBB have been used in bifunctional

tid d "hirul ogs".. The hirul described in US 5196404
POt her - deacr | pMIRG SETRE G RAR EHERAR g ML QT U HRa PR Po ot g0t
patent appl i catsygin Sitbshid 8¢ THI [DOR)Y arld el i vn@érSvacmiah\ Vi LI r(g:ig? g%éﬂawa al®

are often termed "anion binding exosite associating noieies EAV5) . The
i npl i cations f rstpng signat ay $82fcmst fandelkyk stetching frqgPenghion tiephenyi gingadng a

105, 232, oa7 HAENPRYE HIF (oAbl e d 0f0d RaROSH 57" concai ning o

acidic residues constitute a i

Ref. Leanoff, C.C. and Wong, J.Y., The use of Polymer Supports in Organic Synthesis.
1. Selective Chemical Reactions on One Aldehvde Group of Symmetrical
Dialdehydes.. Can.J.Chem.. 1973, 51, 3756-3764.

10 * = ]

13 The following Table | comains activity dua relating o the invention. In the Table, the
designation 77 denotes benzovioxyearbony | and “NHir™ refers o normal hirudin,
“NHr39-60des-8) refers to the amino acid sequence frons amino acid 49 to amino acid .

&4 of normal hirudin in which the native Tyl OSOJH}M is replaced by Tyr.

20 The compounds hsted in Table | were prepared by the same or analogous methods to

the compounds of the preparation Examples 1 and 2 above or, in the case of

intermediales. were obtained from sources.

warmed at 37°C for 1 min. Coagulation was started by adding 150ul of freshly prepared
30 bovine thrombin (SNIHwmi saline) and the coagulation time was recorded on &
coagulometer.




20  cation bindi ng exosite. The natural polypeptide inhibitors antistasin
.and ghilanten contain the el ectropositive cation exosite associating
sequences [err] CRPKRKLIPR[err] and [err] CKPKRKLVPR[ err] respectively.

21 It is clear that scrine protease interactions in P
int) can be as inportant to specificity as tpﬁs sites
“t.; Coonbs, G S.; Strandberg, L.; Navre ’E‘%%’PE’Q

t he cl eavage
(for exanple

D.R and Madi son, E.L. Oigin of the 5 3gpecificity of Tissue-type
Pl asm nogen Activator, Proc.Natl.Acad. Sci. 1995, 92, 7627-7631), and |arger

| i gands need to be conpared spanning both sites,

sites (Cterm nal

as are available rapidly

to

fromlibrary stphmhmgbuﬂm,cm&mr(uiﬁfmgﬁﬂ%msﬁamw&mm&m%’méimi ng of

peptde sequencez, CONLAl Mg ShAN LS ALl BitstSin ek Wi B

10

15

20

25

36

When no inhibitor was used DMSO was added to the buffer to the same concentration
gs that used in the samples. The inhibitor concentrations were plotted against the
thrombin times in a semilogarithmic graph from which the inhibitor concentration that

causcd a doubling (40 sec) of the thrombin time was determined.

The inhibition of human a-thrombin was determined by the inhibition of the enzyme
catalysed hydrolysis of three different concentrations of the chromogenic subsirate S-

2238

200p! of sample or bufter and 50p! of S-2238 were incubated at 37°C for | min and

S0l of human «z-thrombin (0.25 NIHp/m(} was added. The initial ratc of inhibited and -

unisthibited reactions were recorded at 4.5nm.  The merease in optical density was
plotted according to the method of Lineweaver and Burhe, The Km and apparent Km

were determined and Ki was calculated using the relationship.
1+Km . (1 HID
{s} Ki

The buffer used contained 0.1M sodium phosphate. 8.2M NaCl, 0.5% PEG and 0.02%
sodium azide. adjusted to pH 7.5 with orthophesphoric acid.

The samples consist of the compownd disclosed in DMSO,
The reader is referred to Dixon, M and Webb, E. C., “Enzymes”, third edition, 1979,

Academic Press, the disclosure of which is incorporated hevein by reference, for a

fusther description of the measurement of Ki.

T



al lows detection of FVIla/TF activity where existing substitutes were too
insensitive. 10 Peptide libraries are showi ng great efficacy for

screeni ng biological activity in a variety of applications (c.g Eichler,
1994 and are useful for the present.invention. The invention contenpl ates
t hat sequences C>t to the cl eavage point of other scrine proteinase

subsrates fo%8M4\\| as follows: 15 Table B Enzyne  Nat FCHES#R81S4 o
Cl eavage Site (-) Factor Xa Pr ot hr onbi 0 Yl DGR- | VEGSDAEI GVEPWQ Fact or
- Xa Pr ot hr onbi n Al EGR- TATSEYQTFFNPRTFGS Fact or Xa Factor VII
SKPQGR- | VG&XVC Factor Vlla Factor X NLTRR- | VGEQECKDGEC Factor | Xa
Factor X NLTRR- | VGGQECKDGEC Faclshia Kl a Factor 1 X
SKLTR- AEAVFPRMOYAN
R um T
M
98 GGGDFEPIPL nfe 100
"99 [-BoroBrOPInjCO{CHa),COCGODFEPIPL. ' we 58
1865 GGGGDFEPIPL. nie 94.9
106 GGGGGDFEPIPL /e i1s ¥
107 |-BoroBrOPin]OC(ClL)COGGGGDFEPIPL we 58.4
108 [-BoroBrOPin)OC(CHz),COGGGGGDFEPIPL. we| 63.4
i 114 GGNSHNDGDFEEIPEEYL Lt 0613 2
121 HO.C(CH 1 COGGGGGDF EPIPL. 0.738 | 309
128 |-L-PheProBoroValOPn)OC(CH,),C Oﬁiﬁ?ﬁ:iiﬂ‘iﬁ’ﬂ, we 1.7 273
129 [-D-PheProBoroV alOPin JOCIC Ha)yCOGOF EPLPL, 1641 335
137 [-D-Phe-ProBoroEtgOPnJOCICH), COGDF EPIPL. 5T 163
766 [-D-Phio-ProBoroBpgOPmOC (CHR)COGNT I+ des-S) ".000649 1 6035 |
16TH " (des5) W0 1SS | NT
175 [-D-Phe-ProBoroBpgOPn)OC(CHz),COGMNIr  © (des-S) 0.00211 | 0.065
176 Z-D-Phe-Pro-BoroBpgOPin + Hi i 0.02!18 | 0.636
182 {-D-Phe-ProBoroCegOPin}OCICH; W COGPGGNHIr T des-Sy | 0.00271 N.T.
184 HO,C(CHq),COGPGGNI lir " (des-S} 1271 $6.7
185 {oDnPheanBom{,egOPmIOC(CHz);COGPGgNHur {des-S) w/e 0.75 2.36
186 {«&Phe«?r&ﬁom(cg@?m}()C(CHZ)ﬁOGPG;NHzr {des-S) /e 0.9 4.6}
267 &=PherBomCegPm]OC(CH;);COﬁz(EDFEPEPL) 0.762 49
1 268 [-PgP(OE,JOC(CH,),COG(EDFEPIPL) ne88.8 | 665
][elePherBoroﬁm@?m]OC(CH;),COG;NHnr iHir > (des-S) NT.| NT.

5 :2 :‘j :T:teﬁ’ect p to a cancentration of 11.7uM /e\\
N.T. = not tested \\\\\\\\\\\\\\\\\\




Factr Xla Factor IX FNDFTR-VWGGEDAKPGQF Factor Xlila Factor Xl

Kl KPR- | VGGTASVRGE Fact or A TR i krein KTSTR- | VGGTNSSWGE
Protein Ca Factor VIII. il I EDYDDDLTDSEMD t - PA/ UK
RSV LRT 22 The conpounds of the

Pl asni nogen PKKCPGR- - WELVAF _

present invent contain a connection noiety which inter he
CSDM and t he Ek%? 2connector  noi ety being capable of perm ‘g&?@ﬁ #3
CSDM and the EAM to bind sinul taneously t #a nol ecul e of the 5 respective
serine proteinasg sy bitor. In the case of thronmbin, the connector noiety

is bonded to the CSDM as an N-terninal extension or as or through a side
chai nt her eof

1. A methed of making a peptide or a peptide-containing compound. comprising

performing the following steps to make a target amino acid sequence:
(i) providing a solid phase having coupled thereto functional groups;

(il)  causing a compound reactive with the functional groups selectively to
react therewith, the reacted compound having a funciional group capable of
10 reacting with an amino group or with a carboxyl group or a reactive derivative

thereof:

(iii) causing the amino or carboxyl group (which may be in the form of 2
reactive derivative thersof) of a terminal amino acid of a larget amino acid
[ sequence selectively to react with said functional groups of the reacted

compound;

(iv) coupling the amino acid sequentially following, in the target scquence,

the sequentially preceding amino acid coupled to the solid phase to said

20 preceding amino acid;
This Sheet Has Been R
(v)  repeating step (iv) as often as necessary; and l l“m’ !I“II ml llleﬁli

(vi} cleaving a solid phase-linked compound prepared using steps (i)~(iv)
25 from the solid phase by the action of s acid or base,

characterised in that 2 compound comprising a boronic acid group {-B(CH),} or an
ester or other derivative thereof is incorporated in the solid phase-linked compound
prior to its cleavage from the solid phase.

30 '
2. A method of claim | in which step (ii) comprises reacting an amino group or
an optionally derivatised carboxy group of an aminc acid with 2 functional group




The connector noi ety MTMCSW either as a C-term nal
ext ensi on or, alternatl naI extension or as or through a
si de chai n. However ﬂglmm is a thronbin inhibitor, the
connector noiety may not *beca ext ensi on of the CSDM Especr all'y
i f the connector ety is an N-term naI extension of the ﬁ%ﬁ g&i'f"l it is

conprised i hd chain-thereof, it desirably conprises
sequence 15 containing at |east two a®f acent Ay residues, its

N-t er mi nal Q&ngn@%g%%%&m% ggg%g@%ﬁggc% J{aﬂ{)ﬁ?&&%@ﬁﬁfsﬁhé

conprises a pe a non-pepti A rep% sentive
connect or st peptite synthesis, 09 exdmgde.n [err] represent a non-peptide |inker and
[err] a spacer conprising a sequence of amno acids, [err] and [err]

sui tably being joi ned by a peptide bond. The spacer [err] is preferably

linked to the EA %&nddﬁdmk%méwcmn il d il s agnds 10
which [err] |sI|nkedtotheCS [err formal SS

pref erreds eniscibiaming aaid boronic acid, a pepude boronic ester @r a bomname ester of either and
step {ii) comprises reacting the amino acid or peptide boronic acid or ester with a diol
coupled 1o the solid phase, e.g. 1o form a solid phasc having coupied thereto, suitably

via a linker. a moiety of the formuia:

T
Y

wherein R is a residue of a natural or unnatural amino acid or of an analogue thereof,
iS  the andlogue optionally having its amino group replaced by an alternative functional
group capable of forming a linkage other than 2 natural peptide linkage and/or its a-

hydrogen atom replacced.

4, A method for making a compound comptising a peptide boronic acid or

20  peptide boronate ester. the method comprising:

()] providing a solid phase having coupled thereto alcoholic hydroxy
groups,

25 {it) causing an amino acid boronic acid or peptide boronic acid to react
with the hydroxy groups whereby the boronic acid residue becomes esterified
to the solid phase;

(iiiy causing the carboxyl group of the amino acid scquentially following, in
30 the end product peptide boronic acid or boronate ester, selectively to react with
the amino group if the sequentially preceding amino acid coupled to the solid




25 included in the invention. The I|nker Is typically a residue of a
conpound havi ng functi onaljjEssRi-Ame with the N-term nal am no group

of the spacer and a functidEEHI i CSDM such as the N-termnal
group, for exanple. A pr ef erred I nlﬂers theref ore, has two carboxylate 30

groups, e.0. i goresflipe@’ boxylic acid which can form am de bond;# 525
N-term nal am no groups of the CSDM and thggspacer. Particul ar '3 red

| inkers are a residue of glutaric acid (HJerr]C(CHerr])[err]CJerr]H and
honol ogues t hereof of the formul a 23 (HJerr]C(CH err])nCJerr]H)

wherein h is an] i nte s%:gst | ?s{eé%éséﬁngs | kyl ene residue [-

(CH err])[err]- y one or *substituents which do
not steically hinder the | i nker, whereby the de5|rable flexibility of the
| i nker is maintained

{v) cleaving the resultant peptide boronate from the resin,
5

the method optionally comprising one or more further steps to make said compound,

5. A method of claim 4, wherein each amino acid coupied to the solid phase has a
protected amino group and step (iii) comprises deprotecting the emino group of the
10 sequentially preceding amino acid and/or the cleavage of step (v} is performed with

acid or by transesterification.

6. The use of amino acid or peptide boronic acids or boronate esters in the solid
phase synthesis of peptide-containing compounds.

3]
7. The use in solid phase svnthesis of a boronic acid residue attached to the solid

phase through hs droxy residues.

8. A method for making a compound comprising a boron atom, the method

20 comprising:

(i) providing a solid phase having coupled thereto alcoholic hydroxy
groups;

25 {(ii)  causing a boronic acid or boronale ester to react with the hydroxy
groups whereby the boronic acid residue becomes esterified to the solid phase;
and

(iif)  performing one or more fusther steps to make said compound.
30
9. A solid phase material having coupled thereto boronic acid residues through

hydroxy gmup&
ASTITUTE 15 | Sheet Has Been R
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5 Less pref erjdug ' may conprise for exanple the residue of
anot her conpoundgigaM Mgﬂa oxyl groups whose carbon atoms are
separated by fromZ te 6ratons The ami no acid sequence of the spacer is
not critical to the invention but it preferably conprises at |east two
adj acent Ay residues, normally at its N-termnal end. The |length 10 of
the spacer is Mt upon inter alia the position on thePESSPISHI ch
the Iinker A further descripton of connét or nvieties suitable for peptide
thronbin inhibitors can be found in the aforesaid UK patent application
entitled "Thronbin Inhibitors” filed on 15 the same day as the present

appl i cati on. Ifhe chsolikpimse mptesizhhaving covpiod thereso @ rmoiaty of thefosmula: ani de bonds
repl aced by other |inkages. 20 N-term nal coupling nethods nmay be used in
maki ng the bifunctional inhibitors described above. In one enbodi nent the
CSDM including any directly attached 25 _pgam no acid(s), is synthesised by
Nt erm nal coupling. This techni quegd Spechal |y

8 —R

°4o

wherein R is a residue bonded to the horon atom and the oxygen through which the
motety is bonded to the solid phase is optionally bonded directly to our alkylene

residuc. which may optionally be incrtly substituted. or 1o a carbonyl group.
W F3. A bilunctional serine protease inhibitor comprising:

fad a caadviie site-directed moicty (CSDMY which binds 1o and inhibits the
active site of » serine profossce:
{b) amn exosite associsting moiety {EAM): and, optionaliy.

13 {c) a connector moicty bomded between the EAM and the CSDM.

the CSDM and the EAM being capable of binding simultancously to a molecule of the

serine protesse. provided that the inhibitor is not a thrombin inhibitor.

20 12,  An inhibitor of claim 11, in which the CSDM has a Pl residue which is an
Arg, Lys or an analogue thereof or is hydrophobic and has a (P4)P3P2 residue
selected from:

Residue Sequence
' D-Phe-/substituted D-Phe~/D-Dpa-/Dba-/Pras-/c:-Nal-/3-Nai-

fTMSal-/Chg-/Phg-/D-Tig-/para-ether of D-Tyr-NaSQO,-Pro
| TleuGluGly, PyroGiuGly, ArgGly, ChaGly, LenArg
L-PhePhe, NaiPhe, D-1iqPhe, Nali hr, Nali'hg

This Sheet Has Been R ﬁaced
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> L y heteroatom group; in this nmethod the
WE ing NNtermnal coupling is derivatized to

GxXyetetr en a free [err]-am noboronate ester or acid
Is coupled to the resin bound sequence. Finally the peptide boronate
(conprising t oM is cleaved fromthe 30 resin by stron HF
or TFA) priorgﬁg"'i joined to the remai nder of the final gpﬁgﬁg?ﬁgmﬁ :
Whe synt hesi si ng conpounds mhose CSDM corft3ai ns a Pl P2 non- nat ur al an1de
bond, it is comres-en =prerake=as—raterredratestire—orndi ng subsite a

aff|n|ty noi et '-(aa[err]) (aa[err])n (aal[err]) of Forfula Il and the

speci ficity patKeHGhGIGE OBHARYG GlvBysat tached Ctefminal group
[(aa[err])-Z o FornuFéynlllx Theé t?/\fow&%ersr’;g%Lat es .copt ai

- GlnGly nﬂ
PhePro, GluGly

LeuSerThr

13, An inhibitor of claim 11 or ¢laim 12, in which the EAM is an amino acid

sequence sclected from:

"YIDGR~IVEGSDAEIGMSPWQ
AIEGR~TATSEYQTFFNPRIFGS
SKPQGR--IVGGKVC
NLTRR--IVGGQECKDGEC
NLTRR-IVGGQECKDGEC
SKLTR--AEAVFPDVDYVN
FNDFTR--VVGGEDAKPGQF
KIKPR~IVGGTASVRGE
KISTR-IVGGINSSWGE
ELR-MKNNEEAEDYDDDLTDSEMD
| PKKCPGR--VVGGCVAHPHSWPWQVSLRT

14.  An inhibitor of any of claims | to 3, wherein the connector moiety is of the

formula:

~A=-0- .
10
whesein A is a residue of a non-peptide finker of the formula HO,C(CH,),CO,.H,
wherein b is from 2 10 6, and o is a peptide spacer comprising at least two adjacent
Gly residues. '

T



am de bond or allowed to react together to formthe
conmpound (or a ipsie baetl to undergo one or nore further functional
group transfornali ocns) Sui tabl e synthetic techniques for peptides

contai ning a non-am de bond [err] are 10 described in PCT/ GB96/00352. In
an exenpl ary 4L f or synt hesising a serine proteinase | REFEBEHISHN

whi ch the connector noiety and its attacH$d EAM form an N-term nal

extension of t CaPM ' . i -l e
chem stry, e. g’.g"eusi ng %@%ﬁ%&?y@mﬁgﬁg n?ﬁggwg%sﬂf WSJ?%%@WA

sui t abl e sol i hegfbmsing therfolldvwing plepyiosmske s tirpet apire- st sequents ed sol i d support
Frnoc- Leu- PEG PS. The peptide-conjugated resin is subsequently treated wth,
for exanple, glutaric anhydride, one carboxyl group of which reacts with
the NN term nal anmgno g : Fﬁé%a he e/ onat e
CSDM i s reacted vﬂﬁf’] thwgél 3%2% | de/ gvlq.lij ar?i?%ﬁﬁﬁgﬁ%% m t he
final conpdund, whiofeagtng withcincamise ghoupner: prefarably, nvitr o cadbagthgrambyr a
treatment with 100%.T

5 suitable functi ona n(iroups to react together to formthe non-natural

i\'fé' derivative thereof’

i) causing the amino or carboxyl group of a terminal amino acid of the
larget amino acid sequence selectively 1o react with said funclional groups, the
10 carboxyl group optionally being in the form of a reactive derivative thereof:

{ii)  coupling the amino acid seguentially following. in the target sequence,
the seyuentially preceding amino acid coupled to the solid phase to said

preceding amino acid; and

—0
L2

iv)  repeating siep (idi) as often as necessasy,

16. A method of claim 15 which fisther includes o siep {v) of coupling a said
sequentially fullowing amino acid of a siep (3ii) to said preceding amino 2cid of the siep
20 through a compound having two functional groups capable of reacting with an amino
group, whereby one of said functional groups becomes bonded to the amino group of
said preceding amino acid and the other to the amino group of said following amino

acid.

25 17. A method of claim 14 or claim 15, wherein the terminal amino acid reacted with
the functional groups attached to the solid phase is the C-terminal amino acid of the
EAM and step (iii) is repeated to couple suceessive amino acids of the EAM sequence

and successive amino acids of any contiguous connector peptide.

30 18. A method of any of claims 15 to 17, wherein the final amino acid of the
uninterrupted amino acid sequence coupled to the solid phase is reacted with a
compound having two carboxylate groups or reactive derivatives thereof, and the
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Anot her et hod ofdiSi peptmnate esters in making the inhibitors is
a conpl etely nov Mlch boronic acids [-B(OH)[err]] are

directly esterifi g pled to a resin. Chain extension is
continued from the aninb g’f‘owp t he 25 am no acid by, for exanple,
standard Fnoc o&ioakd Y- The boronic acid ester is cleaved fram-Lhe L8SiN
by acid (e.g Lo give the peptide borqgpate [peptide-B(O PL OIS, by
transesterification, for exanple, by concentrated solution of a hindered
diol, such as mmmmdmatbpxjm mmimkﬂateaﬁmm‘?hes Wflwmﬁ@rm

i ncl udes a net hod of maki, n i.d al. thed npri sing
perforning t he FB1R YA g%@ssm ﬁ&f&*j%@’g&n ing; @J ¢oﬁﬁéquence 25
(1) provi ding a solid phase having coupl ed thereto functional groups
capabl e

19. A method of claim 18, wherein said N-terminal amino acid is already bonded to
5 the remainder of the CSDM and the CSDM has a heteroatom group in place of a C-

terminal carboxy group.

20. A pharmaccutical formulation comprising an inhibitor of any of claims | to0 4
formulated for use as a human or veterinary pharmaceutical, the formulation

- 10 optionally including a pharmaceutically aceeptablc diluent, excipient or carrier.

28, A method of treating by therapy or prophyiaxis a bodily disease or disorder
capable of ireatment by inhibition of 2 serine protease. comprising administering, e.g.
orally or parcnterally. 10 a human or animal patient a therapeutically or

15 prophylactically effective amount of an inhibitor of any of claims | to 4.
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of reacting with an anmino group or, preferably, with a car boxyl group or a
.reactive derivative thereof; 5 () - causing the am no or carboxyl
group (which may be in he formof a reactive derivative thereof) of a
termnal acid of an am no acid sequence of a conmpound of the invention
selectively to react with said functional groups; (iii) couplin he am no
acid sequent i(4PP¥OHE | owi ng, in the target sequence, 10 ﬁ%mmﬁhﬁgﬁ%
sequentially preceding am no acid cou?kgﬂ to the solid phase to said
preceding am no acid; and (iv) repeati step (iii) as often as necessary.
In step (i), jﬁﬁﬁéﬁg?@tional groups coupled to a solid phase may be on
a nnlety IS i“nc ated in the end product conpound,, e.g. may be
am no grozggguwlch may be derivatised) of an amino acid coupled directly or
ysa

I ndi rectl he solid phase. One or nore additional'stepﬁjnay be, and
often are, incjuded in the nmethod to obtain the 20 conpmfnd of the

i nvention. Thups, preferred methods include, when desired,jgaistep (v)
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SUBSTITUTE SHEET (RULE 28)



of coupling a said sequentially followng amno acid of a step (iii) to
-sai d preceding am no acid of the step through a conpound having two

functi onal groups capable of reacting with an am no group, whereby one of
said functional groups becones bonded to the am no group of said preceding
am no aci d and.the ather to the amno group of 25 said follow ng am no
acid. The il'1y following amino acid of a step (iii) m%t of
a longer noiety, eg. of an am no acid uence optionally containing a
repl acement for a natural peptide bongf£30 In the nethod, any one or nore
car boxyl at e groupsﬁ wi th an am no group may be in the formof a
reacti ve garonyl - &l ni=fhg derivative thereof, such as an activated
caboxyl g7 f or exanpl e an acid anhydri de.ﬁ /
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26 :Bef ore use, the final corrpound of the solid phase synt hesi s |L qéaveﬁ‘f
fromthe solid phase for exanple in a nmanner known per se. The cl eaveql_:g%P
conpound may be subjected to one or nore further chem cal reactions be @'2‘&{9
the end product compound is obtained. 5 In a preferred enbodi ment the

amno acid reacted with the functional groups attached to the

solid phase is the Cterm na GG Lol 1 he EAl

repeated to coupl e sUCEESSEVEGHT-he- e o LA LT

successi ve am no acyigs n@enaéw rsmeg vl ﬁr@mtaaa zﬁﬁatatsﬂef@x Eﬁmﬁé@is”bla'&@mnn
uni nterrupted am no aC| d 10 sequence. The final ami no acid of th

t er m nal

uni nterrupted am nEOHGIRRENSHIPS

shrds, foponsmplp hifinctionakssringiprpteassdnki l}@fbe react ed

with a conpound haV|ng t wo carboxylate groups or reactive devatives
for exanple the anhydride of a dicarboxylic acid, to bond one of

t her eof ,
t he

5
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Modulation or inhibition of serine protease inhibitors is useful inter alie to prevent
thrombosis.

The family of serine protease enzymes cleaves peptide bonds by a mechanism
involving the catalytic triad of Asp-His-Ser residues in the active site of the enzymes.
Serine protease inhibitors have been designed which use functional groups to interact
with the triad end thereby block activation of the enzyme substrates. It can be
desirable to make inhibitors selective for one target protease.

Certain serine proteases are known to have a second site or “exosite” for binding to an
anionic portion of the substrate. This exosite is often called the anion binding exosite
(u ABE”)°

The amino acid residue which provides the carbomyl group of the scissile bond of a
serine protease substrate is designated “P1”. Successive amino acid residues on the N-
terminal side of residue P1 are designated P2, P3, P4 ... etc; amino acid residues on the
C«temnﬁnaﬂ. side of residuc P1 are designated P1°, P2°*, P3°® .... In fibrinogen, P1° is
glyciﬁe and P2' is proline. The protease confains & “specificity pocket” which
recognises the side chain of the Pl aminc acid. Trypsin-like proteases normally
recognise P1 residues with arginine-like or serine-like side chains.

Itfi:éne aspect, the invention provides a novel method for preparing boron-containing
peptides or compounds containing such peptides. The invention is not restricted as to
the identity of the end product but is exemplified by reference to the synthesis of
bifunctional serine protease inhibitors comprising:

(a) a catalytic site-directed moiety (CSDM) which binds to and inhibits the
active site of a serine protease;

(b)  an exosite associating moiety (EAM); and, optionally, REP LACEMENT SHEE'

10 NOV 1999




15 two carboxylates to the amno group of the final am no acid. The

unr eact ed carboxyl ate or carboxylate derivative is typically reacted with
the ami no group of an am no acid, which is normally the N-term nal am no
acid of the CSDM In this latter case, the am no acid may al ready be bonded
to the remainder of the CSDM i.e. the CSDM iZay be separately made in whole
(or in part) for joini to the ynreact 0X tive).

The conpound havi ng t\/\gécarﬁw e‘“ﬁ%%ﬁ%@ Wé‘?@?%ﬁ%@aﬁd%%@ﬁ

descri bed above. In some preferred nethods, there is used a prefor rred CSDM

having a heteroatom group in pl ace of a C—term nal —carboxy group. The
het er oat om group itke ‘?ﬁ@éﬂﬁ theing apablent binding simyltnsequslyde p moleculecof she

descri bed above. !: QagBC I d or other noiety reacted with the solid phase
material (the solid pHase and any -attached nol ecul es) desirably has all its
reactive functBonal groups which could interfere with the synt he5| S

protected, ofher se than t react e he sol i
phase naterifal . A%ptb&g‘\o@g@?%ﬁ @%@#%%8% H@DE%W@PE ﬁ‘ﬁﬁ%

. made by solution chemistry. Thus, peptide serine protease inhibitors are known in
which the C-terminal carboxy gmup is replaced by a boronic acid group or &
derivative thereof. Representative compounds are of the Formula II:

10

(aa-BERIRY), an,
wherein:

15  (aa)y represents a sequence of amino acids (eg as in Formula I); R? and R® are cach
independently selected from halogen, -OH, OR® and -NRR®, where R* and R® are
each independently a group of the formula R%CO)y-, wherein usis O or I; R®is H or
an optionally halogenated atkyl, aryl or arylalkyl group containing up to (10 - u)
carbon atoms and optionally substituted by one or more groups selected from —CH,

20 RYCOWO- and RY(CO), wherein v is 0 or 1; R’ is C;-Ce alkyl, or is an aryl,
alkylaryl, arylaikyl or alkylarylalkyl group containing up to (10-v) carbon atoms,

or R? and R? taken together represent a residue of a diol or a dithiol.

25  Such peptide boronates are described, for example, in WO 92/07869 (equivalent to
USSN 08/317,387), EP 0471651 (which corresponds to US 5288707) and USSN
08/240,606, the disclosures of which are incorporated herein by reference.

We have now surprisingly found that boron-containing peptides may be synthesised
30 by solid phase chemistry without serious degradation. One aspect of the invention,
therefore, is the use of a boron-containing amino acid analogue in peptide synthesis
using solid phase chemistry, especxal\ly Fmoc chemistry (also known as the “Sheppard

approach”). REPLACEMENT SHEET
10 NOV 1999




noi ety which is subsequently itself to be is deprotected before it is
subj ected to reaction. 27 A first preferred nmethod, therefore,
conprises: (i) providing a solid phase having coupl ed thereto functi onal
groups capable of reacting with a carboxyl group or a reactive derivative
thereof; 5 (ii) contacting the solid phase Mith the Gterninal am no acid
of an EAM the am no acid having a protected am no group and optonally a
derivatised carboxy group, and causing or allow ng the carboxy groups of

t Ee amino gci d noinearekiRe abpect, tRed ivprolideda nwiieidi sMmbkisg @URptied of Apepide- d
phase containing compound, comprising performing the following steps 10 make a target

amino acid seguence:

(V)]

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

{(iiy causing a compound reactive with the functional groups selectively to
react therewith, the reacted compound having a functional group capabie of reacting
10  with an amino group or with a carboxyl group or a reactive derivative thereof;

(iii) causing an amino or carboxyl group (which may be in the form of a
reactive derivative thereof) of a terminal amino acid of a target amino acid sequence
selectively to react with said functional groups of the reacted compound;

15 _

(iv)  coupling the amino acid sequentiaily following, in the target sequence,
the sequentially preceding amino acid coupled to the solid phase to said preceding
amine acid;

20 {(v)  repeating step (iv) as oficn as necessary; and

(vi) cleaving a solid phase-lined compound prepared using steps (i)-(iv)
from the solid phase by the action of an acid or base,

25  characterised in that a compound comprising a boronic acid group [-B(OH),] or a
derivative thereof, especially an ester, is incorporated in the solid phase-linked
compound prior to its cleavage from the solid phase.

A perticular method of using peptide boronate esters in solid phase chemistry is a

30 completely novel technigue in which boronic acids {-B(OH));) are directly esterified onto
diols coupled to a resin. Chain extension is continued from the amino group of the
amino acid bya for example, standard Fmoc chemistry. The boronic acid ester is cleaved

he TFA) to give the peptide boronate [peptide-B(OH),), or by

1D NOV 1999




"~

) ) '!lﬂ PN
(iii) deprotectin the am no groups of the reacted am no %PhACE&@I\éL 1tF“'é‘
solid phase becones provided with free am no groups; (ivV) repeatl ng step
(ii) and (iii) with successive am no acids of the EAM and 40 NOV 1999
optionally of a contiguous spacer peptide to formon the sal d phase an
am no acid sequence fromthe Ctermnal of the4geAMto, at | tree~end of
t he sequence, |t he N-terml of .the spacer; (V) cont acti the solid

g %Wrﬁmﬂ@ by, pons PasssiHated solution of ¥ hiigetadpdiolo such as

phase with a Ii nker "H¥Sf{FSHY
reactive resigues tggsRabh , fi ﬂHSI ng or allow ng |inker carboxy groups or
reactive carbbxy residues to react with the N-term nal anino groups of the

spacer sequence; (Vi) contactlng the solid phase having the Iinker
conmpound coupl ed th %E% th t N-te nal 0 aci,

CSDM sequence and c%%& ng Toin., el n %em({jﬁnﬁ B@m(?facign T &es U%Wﬁ
nol ecul es to readt sedctedt fiemCanehstKthe GiwentpScofimdnt of HiiRiafi®! daming §3d BRsd Qh
the Iinker (_:orrpound?éﬂ_oéeg'unt?s N-term nal amno acid

By “unnatural” amino acid is meant any o-emino acid (or residue thereof) other than
the twenty “standard” amino acids. Unnatural amino acids therefore include the D-
10  isomers of natural L- amino acids and emino acids having side chain protecting

groups.

The prefixes “D” and “L” are used as normal to indicete amino acids of D- or L-
‘ configuration respectively. A “D, L-" prefix indicates a racemic mixture whilst the
15 absence of a prefix indicates that the amino acid can be of either D- or L-
configuration, except in the examples where residues are of L-configuration unless
otherwise states. For those groups of unspecified configuration in the text which can
be of D- or L- configuration, L~ configuration is preferred.

20  Abbreviations and terms prefixed by “boro” indicate amino acids where in the
terminal carboxyl group -CO.H has been replaced by a boron functionality.

Brief Description 6f the Drawings

25 Figure 1 is a Fourier Transform Infra Red (F.t.-L.R.) spectrum of a Merrifield
resin
Figure 2 is an F.t.-LR. spectrum of the same resin after reaction with sodium
2,2-dimethyl-1,3-dioxolanc-4-methanolate.
Figure 3 is an F.t.-LR. spectrum of the reacted resin after treatment with HCI
30 to deprotect the hydroxy groups of the dioxolane. |
- Figure 4 is an F.t.-LR. spectrum of the deprotected resin after reaction with
phenylboronic acid, |




of. the CSDM sequence optionally being part of a conplete EMCEMENT SHEEA\
(vii) if necessary, repeating steps (ii) and (iii) wth ccesslve amn

acids of the CSDMto conpl ete the CSDM sequence; and v
resul tant conmpound fromthe functional grou@ds of the soliid

0 ri ses: provi ding a sol.id, phase h
(éj%ﬂ %ﬁ@&ﬂg KGF@’Y?PW%%‘R@W@ - car b*oxyl group or_a

erivative thereof; (ii) contacting the solid pftase wth the

thereto f
reactive

preferredgneth

ncti

| ' gNGA%Hg {he

phase. A second

C-termnal am no acid of an EAM 10 the amino acid having a

prot ect ed am n@olidphgseasn

hesis isartediinique fetailiay tif peptide clrtrin ynddeifed sloddation

causing or allow.n thecarb X oups. of the am no acid
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Chemical Synthesis of Peptides™, John Jones, Clarendon Press, Oxford, England, 1991.
The principle of conventional solid phase synthesis is that an amino acid or peptide
coupled to a solid phase is reacted with an amino acid which is protected against
reaction with itself and, after coupling with the solid phase-livked amino acid, is

leprotected for reaction with & further amino acid protected against reaction with itself.

One solid phase synthesis techmique is the Fmoc |
fluorenyimethylcarbonyl). In Fmoc chemistry (also known generally as the ‘Sheppard
approach’), the carboxy terminus of a peptide (or an amino acid) is coupled fo a resin
bead via a linker which is terminated by a reactive function. The resin bead itself is
typically polystyrene (PS), though other solids have been used that have suitable
swelling characteristics in solvent, since it is now known that the ﬁepﬁde chain grows in
the pores on the inside of the bead. An exampie of an alternative solid is the polyamide
called Kiesulguhr. '

The linker can be many things, but we prefer to use PEG (i.e. & polyethylene glycol
linker), which has an alcohol function.

The terminus of the linker, typically called a ‘handle’, depends on the desired product,
but for Fmoc chemistry will be a moiety such that it can finally be cleaved by acid. The
most common terminus (which we have used) is HMBA or para-hydroxymethylbenzoic
acid linker. The HMBA is esterified onto the PEG, and then the peptide or amino acid
(with Fmoc on its N-terminus) is reacted to give also an ester link to the HMBA. The
ester links are then cleavable by acid. The Fmoc protecting group is base labile and
typically removed by a secondary base (e.g piperidine) and the resulting free amino
group is reacted with a selected Fmoc-protected amino acid; the amino acid sequence is
extended by repetition of these steps.



. T A ‘3.
nmol eculses to react with the functional groups of the séRg s YC
deprotecting the am no group of the am no acid, whereby tihe 15
solid phase becones provided with free am no groups; (ijv) H&@&Q\ef W@ste PP$
(ii) and (iii) with successive amno acids of the EAMtlo{formon_the séli
phase an am no acid sequence fromthe C-termgnal of thg Mto, at the frt
end of the sequence, the N term naI of the EAM 20 (V) (‘Qn'r acting. the

solid phase with &HDMeS@h@om syRthetio g epmwencB arip oshgl  Becouisshuiquer (Beei e
s :'ma}i,\'{" ’]‘1»:_“ }

resi dues t her eof _ Wﬂgﬁl WW%%MW(%WOS{G%&W

~with the N-term nal a
contacti ng t he sohbs the Marfielth smethod) ﬂshﬁeﬂdnﬁgfbmhhsed;d@mnmﬂced ngezemw

the N-termnal amp . 8’@@?%0?% zf% andag%&ﬁ W@ﬁhyﬁ

allowing the am ‘.w-o: O

car boxy groupssor vigand gy & dabfed With & ki acilior peftide WALR! anfif
by Boc, to give a link to the resin. Th@hnktotheresmnstypncal]lycﬁeaved(veﬂ
carefully!) by dry, liquid HF. This is described as ‘vigorous® acidolysis. The Boc
protecting group is acid labile and typically cleaved by TFA, prior to reaction of the
resultant free amino group with a selected Boc-protected amino acid; as with Fmoc

16  chemistry, the amino acid sequence is extended by repetition of these steps.

The two classical methods of solid phase peptide synthesis (Sheppard and Merrifield),

therefore, involve coupling amino acids via their carboxy-termini or their derivatives

to a solid resin particle, them seguentially coupling new amino acids (via their
15  activated carboxy termini) to via the N-termini generated.

Alternatively recent reports have shown coupling m the resin viz the N-termini, for
example via an acid labile benzyloxycarbony! linkage, subsequent liberating of the
carboxy termini, activating of these and coupling of amino acids via their N-termini,
20 the carboxy termini of the amino acids temporarily being protected. (Sharma, R.P.;
Jomes, D.A.; Broadbridge, R.J.; Corina, D.L. and Akhtar, M. A Novel Methed of Solid
Phase Synthesis Of Peptide Analogucs, in Innovation and Perspectives in Solid Phase
Synthesis, ed., R.Epton, 1994, Mayflower Worldwide Limited, Birmingham, page
353-356; Letsinger, R.L. and Kornet, M.J. J.Amer.Chem.Soc., 1963, 85, 3045.)

25
The invention provides a method of making & peptide or a peptide-containing
compound, comprising performing the following steps to make a target amino acid
sequence:

30

@) providing a solid phase having coupled therete functional groups;

h
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30 : (vii) optionally repeating steps (ii) an jll ) W sugcegssi ve

amno acids of the spacer and then repeating step(iij ibH @é"&@@@t efgminal
am no acid of a CSDM sequence, the N-term nal am no lagi d of the CSDN
sequence optionally being part of a conpl ete CSDM 29T 1T

necessary, repeating steps (ii) and (iii) wit# successive am no_acids _of the

CSDM to conplete the CQ sequence; and . v (1 cl.eaving the
resul tant conpound fr héﬂ&w&wmmﬁmﬁww@ﬁ%ﬁé%mﬂ W@eﬂeﬁl‘i’e@’@her

;n;] | le Pge;ﬁgisggb;re; Qﬁgm%&eﬁw&x@m&wﬁe Having aCSERBAY g6 xRl grom
reacting with an amino group or with a carboxyl group or a reactive derivative

thereof:

(iii) causing an amino or carboxyl group (which may be in the form of a
reactive derivative thereof) of a terminal amino acid of 2 target amino acid
sequence selectively to react with said functional groups of the reacted
compound;

10
(iv)  coupling the amino acid sequentially following, in the target sequence,
the sequentially preceding amino acid coupled to the solid phase to said

preceding amino acid;

15 {v)  repeating step (iv) as often as necessary; and

{vi) .cleaving a solid phase-linked compound prepared using steps (i)~(iv)
from the solid phase by the action of an acid or base,

20 characterised in that a compound comprising & boronic acid group [-B(OH),] or a
derivative thereof, especially an ester, is incorporated in the solid phase-linked
compound prior to its cleavage from the solid phase.

The method of the invention for making & peptide or peptide-containing compound

25 may comprise a step of coupling a peptide to a solid phase-linked compound prepared
by previous steps of the process, optionally as a step (iv) of the process [i.e. a step (iv)
of the process in which the sequentially following amino acid is part of a peptide].

The method of the invention for making a peptide or peptide-containing compound
30 may comprise a step of coupling to a solid phase-linked compound prepared by
previous steps of the process a compound other than an amino acid or peptide, such
as, for example, 2 compound having two carboxy] groups for use in linking an amino

group of a solid phase-linked peptide with an amino group of a peptide, peptide



10 The preceding methods preferably invol ve the USERHEMEIMSHRI acid or
am no acid sequence (e.g. a conplete CSDM havi ngj af CtTermiiar b ‘rcn group.
In the first and second preferred nmethods the funct l%fﬁ NEY399s doupl ed to
a solid phase 15 may be part of a npiety which |ncoporat ed iin jthe end
product conpound, e.g. may be an am no group (whi "h! ey--be—aert+vat ijsed) of
an am no acid coupled directly | nd| rectl to t1e soI | d phase‘ In one

cl ass of process@%t%eﬂmm@ﬁ‘@l ithe (hquid: p ol ia -edhasficid phasene

solid 20 phase, Read¥H m I ped
in the end produc@@gﬁﬁ%g%gg&ﬁ %}ﬁ SO iﬂ%ﬁegfabggbﬁas cgﬁ?ﬁ@%‘}%gr %E%gi’%
di ol to which i sgiveppehid thusbe mmommhdpmmwmmdbmmmmf@fdmds
an am no acid whg Si d chal a no .,or _car oxyl roup
coupl ed to a sol "im%ﬁ?) @8% h@%%ﬁ@gﬁ}l @6%%8 maﬁg%(g@%hﬂ? Rﬁ%"'@he
si de cha:c n. h@lal Mﬁﬁ@&h@%ﬂ Extérision ofla 8slid Piaeelinkee peftided§ afdivatioxplivaci
t

grotps © © especially glutaric acid, is useful in the preparati

inhibitors having a CSDM joined, typical through its N-terminal, to an EAM through

a connector moiety comprising a peptide spacer portion and dicarboxylic acid residue

linker portion.

10

A solid phase-linked compound whose free end terminates with a dicarboxylic acid
residue may be further extended by reaction of the free carboxy! residue (optionally in
the form of a derivative thereof) with the amino group of an amino acid, eg. a
dicarboxylic acid residue coupled to a solid phase-linked EAM-spacer moiety may be

15 reacted with an amino acid of @ CSDM, for exampie the N-terminal amino acid of a
CSDM.

Step (ii) of the method may comprise reacting an amino group or an optionally
) derivatised carboxy group of an amino acid with a functional group coupled directly
20  or indirectly to a solid phase, as part of conventional solid phase peptide synthesis, for

example. The amino or carboxy group coupled to the solid phase is often the terminal

amino or carboxy group but in some embodiments is a functional group of a side

chain, such as the side chain cartboxyl group of glutaric acid, for example; the C-

terminal carboxy group of the amino acid attached to the solid phase through its side
25 chain may be replaced by the boronic acid residue [-B{CH]),] or an ester thereof.

The method may comprise N-terminal coupling in SPPS, in which the carboxy
terminus of a resin bound peptide is coupled to a free w-aminoboronate acid or ester,
prior to acid cleavage of the resultant product from the resin.

30 .
In another embodiment, step (i_i) comprises reacting an amino acid or peptide boronic

acid or ester /OH

aax-B (Iiia)

N



amno acid, for exanple Fnoc synthesis fromthe am no group

functional group is then reacted with sone ot her constituen Rﬁ&‘\f‘g}f%‘%ﬂ%egﬂw

end product, for exanmple an am no acid boronate (to formth T"Tesidue of
the CSDM. Solid phase synthesis 30 of boron-containing pép dﬁnm,‘@@@
1
lai

however, of applicability to any such peptides9 .and not onl e serine
protease inhibitors of the invention. he bi functionall iRh+bt-tors
made according to the present invention ar43 seful as inhibijtors or
substrates of sering proteases, e.qg. tﬁ;ggﬁy@} and may be used~THW Vit{ro or
in vivo for diagnostic and nechanistic udi es of such enzynes. Mire
generally, the novel 5 pepti des rafyBbe useful for res h or synthetic

pur poses. Furthernore, because of thei r\hntl?%gtory action, the inhibitors
are useful in the prevention or treatnment of "di seases
S

where E' and E? represent boronic ester-forming residues or may together
form a single residue,

with a diol coupled to the solid phase. The technique of linking a boron atom (e.g. as

hydroxy groups coupled {directly or indirectly) to the solid phase is novel and forms
an aspect of the invention.

If the compound comprising a boronic acid or ester is an amino acid boronate used in

15  step (ii) in either of the preceding embodiments, the solid phase synthetic method may
be used to make a peptide boromate imhibitor of a serine protease catalytic site,
optionally in the synthesis of a bifunctional serine protease inhibitor.

Thus, boronic acids can be directly esterified onto dicl-containing resins, and .then

20  chain extension continued from the N-terminal end by, for example, standard Fmoc-
chemistry. Subscquently the boronic acid ester can be cleaved, either by mineral
acids, to give the free boronic acids [peptide-B{OH);,], or by transesterification, e.g. by
a concentrated solution of a diol, especially a hindered diol such as pimanediol, for
example.

25
The literature describes ways of preparing diol-containing solid phase resins, which
can be derivatised by aldehydes and are suitable also to be derivatised by boronic
acids/esters (e.g. Xu,Z.-H., McArthur,C.R and Leznoff,C.C. ‘The monoblocking of
symmetrical Diketones on Inscluble Polymer Supports’, Can.J.Chem., 1993, 61,1405~

30 1409. and Leznoff,C.C. and Sywanyk,W. ‘Use of Polymer Supports in Organic
Synthesis.9. Synthesis of Unsymmetrical Caretenoids on Solid Phase’, J.Org.Chem.,
1997, 42, 3203-3205).

10 part of an amine acid or peptide boronic acid or ester) to a solid phase through .

g
|
%



catsed by an excess of thrombin or another serine proteases in a regulatory
systemparticularly a mammal i an system e.g. the human or ani mal- body, for
exanpl e control of the coagul ati on system The pharmaceutical ly useful
conpounds have a 10 pharmaceutically acceptable group as any N-term nal
substituent (X). The anti-thronbotic conpound® nay be errpl oyed when an
anti -t hronbogenic eded (Efneral ly, these DO S~y
admi ni stered oral Ié%géjéaﬂg?@ec §° %8®a host in an |6#F eotivE NS ET 0
obt.ain an anti-thronbogenic effect In the case of 15 b

| ™ 0960y 199! O

ose of fromO0jOp to

as humans, the conpoyf ds. mﬁk@dmm@?@g&e@l one
one or nore pharnmaceut jcarriers or | uents at

10ng/ Kg of body wei ght™aad preferably 11100ng/ Kg, t

anti -t hrombogeni c, eff edesdMngtResid gi ven as a single dose or in divjded
doses or as a sustained reI ease fornul atti on. When an exiracorpor bl ood

] oop is to be establi gfi a patlent 0.1-10ng/ Kg may 20 be
admi ni stered intravenogsl. “ LomkeriS€ Dasli(hrovdetede bl ood, from 1-100 ny per

1) Deprotect

= Linker ™ Diol
1) XN-CHR-B(OH)z

j or XN-CHR-BOs-Ester

" Linker = Diol = B-CHR-NX

1) remove X,
2} couple new amino acid

[ Linker ™ Diol = B-CHR-NHCO-{aa)Y

é repeat steps of SPPs

B-CHR-NH-Peptide-Y
1) Base

2) Lewis acid (e.g. TFA), scavenger
HO~_

B ' B-CHR-NH-Peptide
: Ho”

The diol is a compound having two or more alcoholic hydroxy groups.
X and Y are protecting groups.
5  Risthe side chain of an amino acid beronate/boronic acid.
Typically, the resin is washed after each step. In suitable embodiments the diol is not
protected before it is reacted with the resin.



Phar maceutical diluents or carriers for human or veterinary use are well
known and include sugars, starches and water, and nmay be used to nake
acceptabl e fornul ati ons of 25 pharmaceuti cal conpositons (human or
veterinary) containing one or nore of the subject peptides in the required
pharmaceutically appropriate or effective argunt or concentration. The
pharmaceutical fornulations may, be,in unjt dosage form Formnul ations of the
conmpounds i ncl ude™ BT Wil prgg ,Setiqqf@?‘&bl e solutions and the like. 30
The anti-coagul ant conpounds may al so be added to bl ood for the purpose of
preventing coagul ation of the blood in blood collecting or distribution
containers, tubing or inplantable apparatus which conmes in contact with

bl oood. in o ‘
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31 The' nethods of the invention are useful for the synthesis of serine
protease inhibitors and ot her conpounds. They are useful in conbinatorial
chem stry. 5 The invention will be further described and illustrated by
t he Exanpl es which now foll ow. EXAMPLES 10 In the exanples, amino acid
resi dues are of L-configuration unless otherl®i se stated 1.

[ - D- Phe- Pr o- Bor 0Bp WN] CO(CH err])[err] ylerr]-An(Tyr[err])H  r51[err]
15 a. dyd n( TH éﬂn)(jﬁir[wgr*]b n(Tyr[err])H r[err] which
has the anmino aci|Résingul a:” H-d y-d y=Gd Asn-

- Hi
G y- Asp- Phe- 4@ u- e-Pro-d u-Tyr-Leu- Offgwas prepared by solid phase
pepti de chem sty on a l1igep[err] 9050 PepSynt hesi zer using an .
Froc- pol yami de cont(%d%@%ggﬂ@m t héBodiuth saliofiSulketnh9050 Pl us on
colum nonitoring software. Pre-derivatised
| 1)24h, 2 fold excesgygium salt.

2) wash

cm**o“[:y
- o R ACTMENT SHEET
Y 1)Mineral acid | I
2)wash | TORDY 599 ||
Yyer—o Ri
Reimw |

"OH

1UTMS)2-N-CHR-B(OH)2

t@f (TMS)2-N-CHR-BO2-Ester
2) wash off excess

—CHp—OT7 &
@ He E[ _B-CHR-N(TMS

Frmoc(aa)-OH, 1-BuCOCI. Morphcline. Et 3N,
or Fmoc({aa)-CH. activatinag agent. (Bu) 4NF,
2wash

| CH—o T Q& |
L Resin = B CHR"NHCOC—(aalFmoc
- ) O

i repeat steps of SPPS.
—CHp—0 O\
e ’-[ B CHR"NH-PeptideFmoc
O

g 1) Base

2} Lewis acid (e.a. TFA). scavenaer.
HO,

4

HO
TMS = Trimethylsilyl
SPPS = solid phase peptide synthesis

B-CHR-NH-Peptide



e

solird Support, Fnoc-Leu-PEGPS (1.6g, 0.22nmeq/g) was used throughout;

Frnmoc- Leu- PEG PS conprises pol yethyl ene glycol derivatised polystyrene with
HVBA |inker. Fnmoc groups were renoved using 20% pi peridine in DMF. .
Frnoc-am no acids (4 equiv.) as their pentafl uorophenyl esters with side
chain protection where appropriate 25 (e. g!3 Froc- L- Tyr (t Bu) OPf p,

Froo- i s(boo) CPrp B o el B Py B e

aE 0o
sequence was conpplese chimisiiy,t for nexampler i grepartigna Visteary esTOpatide YoRshat8 %y a
pi peridine in DIVFO@ 0S|, h\;@j@l nhydrin test indicated that the Fnbc group
had been renoved.® ggﬁ@b‘@ W€onj ugat ed resin was subsequently decanted on
a filter and 30 washed 'of f line' with dichloronethane, nethanol and
di chl oronet hane before being dried in-vacuo for a few hours. b.
HO er r] C( CH er¥ ] ) The invemisn, mcludes p Tpethed f9r) miaking rar fompound comprising a peptide

boronic acid or peptide borenate ester, the method comprising: '

(  providing a solid phase having coupled thereto alcoholic hydroxy
groups; o

19
(if) causing an amino acid boronic acid or peptide boronic acid to react
with the hydroxy groups whereby the boronic écid residue becomes esterified
to the solid phase; '

15 (iii) causing the carboxyl group of the amino acid sequentially following, in
the end product peptide boronic acid or boronate ester, selectively to react with
eding amino acid coupled to the solid

the amino group of the sequentially prec
phase;

20 (iv) repeating step (iii) as often as necessary;
) cﬁeavihg the resultant peptide boronate from the resin,

the method optionally comprising one or more further steps to make said compound.
25 _

The alcoholic fnydroxy groups coupled to the solid phase are preferably arranged such

that pairs of the groups can be bonded to a boron atom, i.e. such that a boron atom can

be di-esterified by them:

30 B—o
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32 :The peptide obtained in Exanple la was suspended in DVF (5m ) and
treated with glutaric anhydride (300ng)and 4-nethyl -norpholine (200ng) in a
round bottoned flask (25m ). The reaction m xture was swirled overnight The
resin was washed with 5 DMF, DCM and MeOH, and then dried in-vacuo
oveni ght to obtain the target corrpound C. 14+ D- Phe- Pr oBor oBpgOPi n 10
H D- Phe- Pr oBor oBpgOPi n was d . by addi ng a 40% Iutlon of HBr |
acetic acid (20n) % PRGHFN ﬁ% %‘tﬁg?ﬁﬂ’e(ﬂzdl) e t
flask(100m ) fittegdahidsh ﬁ&ﬁ&téﬂaoéﬁ&bn&' é}ﬂﬁm@a&éupaw&gmm@% h!res
swirled to effect conplete di ssolution of the protected tripeptide. Wen
t he gas evol ution dEHECHICHI®R:)-approxi mately 30 mi nutes, anhydrous ether
(200rr1) was added and the reaction nmixture 15 was stored in a
refrigerator for 4 hours. The on mxture was filtered, the residue

5 Preferably each amino acid coupled to the solid phase has a protected amino group

and step (iii) compnlses deprotecting the amino group of the sequentially preceding
amino acid. Pn‘efembly the cleavage of step (v) is performed with acid or by

10  More generally, there is provided the use in solid phase synthesis of 2 boronic acid
attached to the solid phase through hydroxy group residues.

Also provided is a method for making a compound comprising a boron atom, the

method comprising:
15
@ providing 2 solid phase baving coupled thereto alcohelic hvdroxy
groups;
(ii) causing a boronic acid or boronete ester to react with the hydroxy
20 greupé whereby the borenic acid residue becomes esterified to the solid phase;

and
(iii) performing one or more further steps to make said compound.
25  The alcoholic hydmxy groups .are preferably arranged as described above.
In other aspects, there are provided a solid phase material having coupled tﬁereto
boronic acid residues through hydroxy groups, as well as a solid phase material having

coupled thereto a moiety of the Formula IV:
30




was dissolved in EtOH (1m) and dry ether was added to precipitate the
produce (800ng) as a white solid (MH), 516; Tlc (CMA, 95/5/3), Rf=0.05.
d. [ - D- PhePr oBor oBpgOPi n] COCHerr])[err]COd y[err]An(Tyr[err])Hir[err]
20 To synt hesi se

[ - D- PheProBor oBpgORPi n] CO(CH err])[err]COd y[eSr] G n(Tyr[err])H r[err], the
dry resin HOCO(CH[err])[err]COGy[err] n(Tyr[err])H r[err] was suspended
in DVF (10m ), before TBTU (129ny, .0-4 | ) and H D Phe- ProBor oBpgOPi n
(230mg, O0.4mmol) were added to X :‘1; react| n mxture. After 5 _m nutes
stirring, triethylamne (40ng, 0.@4mol) 2% —pas added and €IN® flask |eft
stirring overnight. The fully peptide resif was washed with

di chl or onet hane, met hanol and di civqroneghane and then dried under vacuum
Cl eavage fromthe resin with sinultanéogs deprotection of side chain
pr.otecting groups was achieved by treating the 30 resin with 100% TFA for
two hours. TEA was renoved and the free peptide with a G term nal
carboxylic acid wewhgein®R i esbsidye pomied o thetbossn atbinhambischsaitlly sat digdnic mdiety.

crude Residue R is in one class of material free of functional groups reactive with alcoholic
5 hydroxy groups (but the material may contain such functional groups in protected
form, e.g. prior to deprotection). In ancther class of material, such functional groups
are unprotected, protecting groups baving previously been removed. R is typicaliy an
organic moiety having one or more functional groups to emasble R to undergo a
chemical reaction; any protectable functional groups may be protected. In one class of

10  materials, the solid phase has coupled thereto a moiety of Formula V:

15 W)
One or both of the hydrogen atoms of the -CHj- group may be replaced by other
groups compatible with the use of the material, e.g. alkyl groups (for example methyl
20  or butyl).

In a yet further class of materials, the left hand oxygen of Formula IV is part of an

ester.

25 A first class of solid phase synthetic methods comprises performing the following
steps to make a target amino acid sequence:

(i) providing a solid phsse having coupled thereto fumctiomal groups
capable of reacting with a carboxyl group;

[REPLACEMENT SHEET
4.0 NOV 1999




pepti de was collected by filtration and washed with further portions of

et her. 33 Purification of the crude peptide was carried out by

rever sed- phase HPLC using a VWdacTM C-18 preparative colum (TP silica,
10[err]m 25nmm x 300m). The columm was eluted with a 30-90% | i near

gradi ent of solvent A (0.1% TFA in water) and ygolvent B (0.1 TFA in
acetonitrile). The colum eluants were nonitored at 230nM and fractions 5
were col | ected appropri diipl y catsing mrcmyomd tréastipe owitke t the wéunstichal egnoispse andy

G- D Pho Pro- [ or ] (00l GPPRTSREEbBRIG Hp SFo1Ees . I rojpetiog group o roect
Cbz- D- Phe- Pro-[ err] (CJ eit the Rakfdragmiypeao GstixOdn acid labile bond;
(iif) deprotecting the amino group with a base;
b {iv) causing the carboxyl group of an amino acid whose amino group is
protected by a base-labile protecting group to react with the deprotected amino
group sesulting from step (ii);
{v)  deprotecting the protected amino acid with a base;
(vi) causing the amino acid sequentially following, in the target sequence,
10 the sequentially preceding amino acid coupled to the sclid phase to react with
the deprotected amino group of the sequentially preceding
sequentially following amino acid having its amino group pmtected by a base-
labile protecting group;
(vii) deprotecting the protected amino acid group with base;
£5 (vii) repeating steps (vi) and (viii) as often as necessary; and
(ix} cleaving the acid labile bond with acid or by transesterification,

characterised in that a compound comprising a boronic acid group [-B{OH);] or a
derivative thereof, especially an ester, is incorporated in the solid phase-linked
20 compound prior to cleavage of the acid labile bond.

~ As described above in relation fo the method of making a peptide or peptide-
containing compound, step (ii) of the method may comprise reacting an optionally
derivatised carboxy group of an amino acid with a functional group coupled dircctly

25  or indirectly to a solid phase, for example by a method known per se in solid phase
chemistry. The amino acid may be the compound comprising a boronic acid or ester
group, i.e. an amino acid boronic acid or ester. Alternatively, step (ii) may comprise
reacting the compound comprising a boronic acid or ester group in the form of an
amino acid or peptide boronic acid or ester with a diol coupled to the solid phase. In

30 either case that an amino acid (or peptide) boronic acid or ester is used, the process is
suitable for making a peptide boronate inhibitor of a serine protease catalytic site,
optionally in the synthesis of a bifunctional serine protease inhibifm__

REPLACEMENT SHEET,
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1-.Chl or-oet hane- pi nanedi ol boronate ester (0.321g,1.25x10-3nol) added with
stirring to Cbz-D Phe-Pro-OH (0.6g, 1.52x10[err]nol). Wien the addition had
been conpl eted, 15 DBU (0.23g, 1.52mml) in CHerr]OJ[err] was added to
the m xture and allowed to stir at roomtenperature, before being left to
stir for an extended period at 4[err]C beforegsworkup. The opaque |iquid was
washed with HO (0.1M 2x50 m ), NaHCJO err] ??L% 50m ). The organic |ayer
was dried by vi gofﬂmwth@imﬁngdm&hedaaﬁnyd@ﬁﬁ&Wef’miakmgmﬂpépﬁﬂeer@épﬁ&#
to renove the desiccant. The filtrate wa concent uced
pressure on a rot ZPPESPE CORPOYEH Are, 2PPYGS ﬂﬁf?@o%& ‘?ﬁh? € ﬁ)ﬁgﬂsﬁ%’?ﬁ@ﬁ@c
Prelimnary exam nadthgds. by [err]H N.M R showed t he reqw red crude product.

The crude sanple was dissolved in a small anount of MeOH, applied to the
sephadex[err] LH20 colum, and then eluted with a punp using the sane

solvents. The gl uty ' ! Egl \, W .
(226nM and re?or er %gﬂ%sjooi% E@rac |on fgggm@f'gsgéf?ur ?ﬁegﬁ g
vol ume were 25 msmm.atﬁgmmmWaemé the chromatogram it was

deened that fractions |-6 would be the nost likely fractions in which the
tripeptide may be found. The fractions were

(i} providing a solid phase having coupled thereto fumctional groups
capable of reacting with a carboxyl m@up,

10 (ii) causing a compound reactive with the functional groups and
comprising an amino group protecied by an acid-labile protecting group to
react with the functional groups, to form a base labile bond;

(iii) deprotecting the amino group with an acid;

(iv) causing the carboxyl group of an amino acid whose amino group is
5 _protected by an acid-labile protecting group to react with the deprotected
mﬁim group resulting from step (iii);
(v)  deprotecting the protected amino acid with an acid;
{vi) causing the amino acid sequentially following, in the target sequence,
the sequentiaily preceding amino acid coupled to the solid phase to react with
20 the deprotected amino group of the sequentially preceding amino acid, the
sequentially following amino acid having its amino group protected by an
acid-labile protecting group;
(vii) deprotecting the protected amino acid group with acid;
{viii}) repeating steps (vi) and (viii} as ofien as necessary; and
25 (ix} cleaving the base labile bond with base or by transesterification,

characterised in that a compouné comprising a boronic acid group [-B{(CH),] or a
derivative thereof, especially ester, is incorporated in the solid phase-linked
compound prior to cleavage of the acid labile bond.

- 30
The above-described variants of the first class of solid phase synthetic methods are
éppﬂxmbﬂe also to the second class. Y{E{}i- \CEMENT SHEET

4.6 NOV 1999




ctoncentrated individually to afford clear slightly col oured viscous
resi dues. One fraction containing the bulk of the material when placed
under high vacuumwas | ater afforded as a slightly crystalline product
(0.269 yield of 35%9. NMR , FABMS (Fast Atom 30 Bonbar dnent Mass
Spectronetry) and C, H, N were very strong iggood) indicators that the

conpound has been forned. 34 [err]
H Phe- Pro- [ er r ] (&©desaribpd B@?Yﬁﬂg F?B?Emn@dth@l method of making a peptide or peptide-

i ssol ved | n necPrii e P IR SPIRME Lt AR ATHE R iRy

di ssolved in MeCH (
with stirring tmmbmwgdwpnﬂcmmw asdiid phaserlinked\cddponhd prapagdf or

SH. N nhydrin St@} E;}é% ué srt]ecﬁlzals %%18 process a compound other than an amino acid or peptide.

5
The invention may be applied to the synthesis of bifunctional serine protease

inhibitors, as described below.  [REPLACEMENT SHEET

1QNOV 1999

10

The bifunctional serine protease inhibitors eomprise:

(a)  acatalytic site-directed moiety (CSDM) which binds to and inhibits the
active site of a serine protease;
is (b) an exosite associating moiety (EAM); and, optionally,
(¢)  aconnector moiety bonded between the EAM and the CSDM,

the CSDM and the EAM being capable of binding simultaneously to a molecule of the

serine protease.

20

The catalytnc snteudmtected moiety (CSDM) bmds to and inactivates the catalytic site of
a serine protease enzyme. The structure of the CSDM is not critical to the invention.
It may comprise the amino acid séquence of any known inhibitor of a serine protease

25 catalytic site, for example.
One class of CSDMs is included in the following Formula It

X-(aa")-(08")r-(08")- (28" )-Z ,
30 |
wherein aa', ag®, and aa® represent natural or unnatural acid residues and (as*), one or
more optional amino acid residues linked to the amino group of as’. Alternatively any

one or more aa groups may be analogues of amino acid residues in which the a-




deprotected product on TLC. The solution was purged with argon for 10 mn,
filtered and concentrated under reduced pressure to afford a thick black
oil, which was dissolved 10 in CHCl[err], filtered and concentrated. .
[err]H NMR of the crude product indicated no protected product. The
resi due from above was chronat ographed on a $gphadex LH20 chronat ography
colum. [err]H (60 MHdh) NNMR showed that the isol ated conpound di spl ayed
many of the char a@ymg@ﬁns@mwmaﬂsmmh@h@mmcmbfamﬁmpejdamda(mmnim acid

structure. 122ng of the I no boronate ester |soI ated. ,3.

H- Phe- L- G u- Bor o BFEEpEY %@5 are described later
Tet raki stri phenyl phasnii ﬁcﬁéﬁ | x%pﬂéﬁé&é m@qeﬁ@mﬁﬁdn)th@mﬂmlm@m z

di ssol ved under Ar in & sol ution of CHerr]Cd containing 5% acetic acid and
2. 5% N- et hy mor ph@aﬂmﬁgowa terntingl extension grQup (easboxy swplacenent grayn & exgmple as,

fl ask contai ni gg EiDGa %Q_ %@%&%&lgg d@@maﬂ&@mﬁtﬁﬁa'a&d"@&nﬁ g%t Bt(@Hﬁt‘and

for 2 hours wifh OCC&SI ona
P(CH); or PO(OH_);;, or a derivative ﬂ:hm@f, for example a carboxylic acid ester, a

dioxo-boronate [-B(Osubstituent),] or a phosphete [-PO{Osubstituent);] or BF,.
Preferred heteroatom analogue groups are -B(CH); and -P(O)(OH}; a loss preferred
heteroatom analogue group is S(0)0H. Amongst other possible Z groups there may be

10  mentioned -CN, ~COCH;C! and -COCH,F. In preferred embodiments m is from 0 to 7
and more usuelly 0 to 5, e.g. 0, 1 or 2, especially 6. Normally, n=1.

In one class of compounds, the (ea’)-(aa') natural peptide linkage is replaced by
another linkage (y). Additionally or aliernatively other natural peptide linkages may
15  be replaced by another linkage.

Catalytic site inhibitors of serine proteases are well known in the art. A short review
of serine protease inhibitors, i.e. inhibitors of the serine protease catalytic site, is to be
found in EP-B-145441, which patent discloses a class of serine proteases having a C-

20 terminal boron group. Other patent specifications describing serine protease inhibitors
include EP 293881, EP 471651 (equivalent to US 5288707), EP 235692, US 4963655
and WO 89/09612 (concerned particularly with inhibitors of Factor VII/VIla in the
[TF:VI/ViIa] complex).

25  For inhibitors of trypsin-like enzymes, preferred classes of P1 residues of CSDMs are
(i) Arg, Lys and their analogues, and (if) hydrophobic residues; further description of
preferred P1 groups for thrombin which are also for other trypsin-like enzymes may
be found in the aforesaid specification entitled “Thrombin Inhibitors” and in
PCT/GB96/00352. Chymotrypsin-like serine proteases bind preferentially to CSDMs

30 having phenylalanine-like and alanine-like side chains on the P1 residue. The
following table A indicates the most preferred (P4)P3P2 residues for eight particular

serine proteases:

-RE?LACEMENT %HEET
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25 The resin was filtered on a sintered glass funnel and washed with 0.5%
di i sopropyl et hyl am ne and sodi um di-ethyl dithiocarbamate (0.5%W w)in DWW
(300m ) to renove the catalyst. 35 b. Froc- L- G u( PEG PS) Bor oBpgOPi n
The dry resin Fnoc-L-3 u(PEG PS)OH (1.5g) was suspended in DVF(10m ) under
5 Ar. TBTU (129ng, 0.4mmmol) and NH err] BaegoBpgOPin (165ng, 0.5mmol )w were
added to the reaction mxture. After 5 mnutes stirring, triethylam ne

(40ng, 0.4mmol) was added and the flask |Edfidedtirring overnight. The resin
was washed wi t hy=eh - HrErreare et =Rt e et St

dri ed under vacjium ®Rgme H- Phe- L- ( pe o n
Thrombin _ D-Phe-/substituted D-Phe-/D-Dpa-/Dbea-/Pms-/o-Nal-/B-Naj-
/TMSal-/Chg-/Phg-/D-Tiq-/para-ether of D-Tyr-/NaSO,-Pro
Factor Xa HeuGluGly, PyroGluGly, ArgGly, ChaGly, LeuArg
Factor VIla 1-PhePhe, NalPhe, D-TiqPhe, NaiThr, NalPhg
Factor IXa ValVal
Factor Xla K-BziGluGly, Giu(OBzl)Ala, GlyArg, GlyLys
Factor Xlla GlnGly
Urokinase PhePro, GluGly
Protein Ca LeuSerThr

In each case, a preferred amino acid may be replaced by an analogue thereof.

The exosite associating moiety (EAM) is a moiety which binds to an exosite {ABE) of

& serine protease. Thrombin has a well defined exosite to which there binds, in
10  addition to a fibrinogen amino acid sequence C-terminal to the thrombin cleavage site,

non-substrate ligands of thrombin such as hirudin, Hirudin sequences such as Hir’>%

have been used in bifunctional peptides named “hirulogs™. The hirulogs are described

im US 5196404; a further description of thrombin EAMs may be found in the

aforesaid UK patent application entitled “Thrombin Inhibitors”. EAMs for thrombin
15  are often tesmed “anion binding cxosite associating moieties” (ABEAMS).

The implications from the crystal structure of FXa (Padmanabhan K et al, “Structure
of Human Des (1-45) Factor Xa at 2.2A Resolution” J Mol.Biol 1993, 232, 947-966)
are that the sequences 35-41 and 70-81, containing 8 acidic residues constitute a
20 cation binding exosite. The natural polypeptide inhibitors antistasin and ghilanten
contain the electropositive cation exosite associéting sequences '*CRPKRKLIPR'Y

~and “CKPKRKLVPR™' respectively. 2L ACEMENT ST

:




H Phe- L-"G u( PEG PS) NHBor 0BpgOPi n was prepared by solid phase chem stry on a
MIligen 9050 peptide synthesiser. Fnoc group was renoved fromthe solid
support Fnoc-L-d u(PEG 15 PS) NHBor oBpgOPi n usi ng 20% pi peri dine in DVF.
Fnoc- Phe- OPfp was coupled to the free N-term nus. The protected peptide
resin was washed w th dichl oronet hane, nethangk and di chl oronet hane and
then dried under vacuum 20 d. H Phe- L- 3 u- Bor oBpgOPi n Cl eavage of the
peptide fromthe resin was achieved by treating the resin with 100% TFA for
two hours. TFA was renoved and the free peptide H Phe-G u-NH 25

Bor oBpgCOPi n was gengkaleathtschifiefroRhdedhtebtiots i Ptk ClteyniRANG fthe cléivags piaia)
pepti de was coll ected by fil tratl on and washed with further portions of

et her. Purificati orcanbe ghinportanicto sperificity asdlimse at P sited (fontexivpple Ding, dedCoimine

HPLC using a G.S.; Strandberg, L.; Navre, M.; Coreyu, DR, and Madison, E.L. Origins of the
5  Specificity of Tissue-type Plasminogen Activator, Proc.Natl.Acad.Sci. 1995, 92,

7627-7631), and larger ligands need to be compared spenning both sites, as are

available rapidly from library screening. Recently (Lawson 1992) has shown that

screening of peptide sequences, containing significantly P’ as well as P binding units,
allows detection of FVIla/TF activity where existing substrates were too insensitive.

10  Peptide libraries are showing great efficacy for screening for biological activity in a
variety of applications (¢.g Eichler, 1994) and are useful for the present invention.

The invention contemplates that sequences C-terminal to the cleavage point of other
serine proteinase substrates form an EAM, as follows:

15
Table B
Enzyme | Natural Substrate _ Cleavage Site (-)
- {FactorXa | Prothrombin YIDGR-IVEGSDAEIGMSPWQ

Factor Xa | Prothrombin | AIEGR~-TATSEYQTFFNPRTFGS

i Factor Xa | Factor VII SKPQGR-IVGGKVC
Factor Vlia | Factor X NLTRR--IVGGQECKDGEC
Factor IXa | Factor X NLTRR-IVGGQECKDGEC

| Factor Xla | Factor IX SKLTR--AEAVFPDVDYVN
Factor Xla | Factor IX FNDFTR--VVGGEDAKPGQF
Factor Xlla | Factor XI KIKPR-IVGGTASVRGE
Factor Xlla | Plasma Kallikrein | KTSTR--IVGGTNSSWGE
Protein Ca | Factor VIII ELR-MKNNEEAEDYDDDLTDSEMD
t-PA/UK Plasminogen PKKCPGR--VVGGCVAHPHSWPWQVSLRT
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VWydac® C-18 preparative colum (TP silica:particle size 10m 25mmMX300nm) .
The 30 colum was eluted with a 30-90% | i near gradient of solvent

A(O0. 19%9FA in water) and solvent B(O 1%FA in acetonitrile). The colum
eluants were nonitored at 230nM and fractions were appropriately
collected. The purity of the products weresgleterm ned by anal ytical RP-HPLC
and nmass spectronetry. Product H Phe-Q u- NH 36 Bor oBpgOPi n, was
obtained in 17%yield, 34ny, ES-MS: 626 [MtNa]; retention tine anal ytical

S oyl OB sl Y RS i i T
Attachment of Birtembmnedisithe tCSDMEr andf thel BAME she) connector moiety being capable of
permitting the CSDM and the EAM to bind simultaneously to a molecule of the
S  respective serine proteinase inhibitor. In the case of thrombin, the connector moiety is
bonded to the CSDM as an N-terminal extension or as or through a side chain thereof,

The connector moiety may be bonded to the CSDM either as a C-terminal extension

or, alternatively, as an N-ferminal extension or as or through a side chain. However, if
10  the compound is a thrombin inhibitor, the connector moiety may not be a C-terminal -

extension of the CSDM. ' | '

Especially if the connector moiety is an N-terminal extension of the CSDM, or if it is
comprised in a side chain thereof, it desirably comprises an amino acid sequence

15  containing at least two adjacent Gly residues, e.g. at its N-terminal end. In one class
of compounds the connector preferably comprises a peptide “spacer” and a non-peptide
“linker”. A representative connector structure is:

iy o
20
wherein A represents a non-peptide linker and & a spacer comprising a sequence of
amino acids, A and ¢ suitsbly being joined by a peptide bond. The spacer o is
preferably linked to the EAM and the linker A to the CSDM, although compounds in
which o is linked to the CSDM and A to the EAM form a less preferred embodiment
25  included in the invention. '

The linker is typicelly a residue of a compound having functional groups to react with
the N-terminal amino group of the spacer and a functional group of the CSDM, such as
the N-terminal group, for example. A preferred linker, therefore, has two carboxylate
30 groups, eg. is a dicarboxylic acid which can form amide bonds with the N-terminal
amino groups of the CSDM and the spacer. Particularly preferred linkers are a residue

of glutaric acid (HO,C(CH;);3COH) and hemol@gmeﬁ@ﬁge?ﬁ of the formula
PLACEMENT SHERT
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a. - Dérlvatlsatlon of Resin with protected _

Di ol (2, 2-di et hyl -1, 3-di oxol ane-4- nethanol 10 [err] is Na (solid, 8g) is
added to 2, 2-di met hyl - 1, 3- di oxol ane- 4- net hanol (240m ), under argon 20
gas, and the mxture stirred until it gives a clear solution. Merrifield
Resin (Sigma, 1.1 MQ C per gram 20g) is added and the m xture stirred
overni ght then heated at 80[ e&éc for 24h. Derivatised resin was collected
by filtration, wash@6{CH wehersindhyis pn ingagerof 205 from 4G $0 (ke plkyleneiresidue [-

MeOH: wat er (11 3X I . .nira
red spectrum was ob@%‘%‘@g %@ pOV@I’I ng é?%! %@ﬂﬁ%ﬁﬁé@ﬁ%%@%m&
300ng) and conpact i nhe linkes, wherkby the desirhle flexibifityaf i linkeie misinnfedr | 1600
Fourier Transform IR The derivatised res (F| g. 2) conpared to Merrifield
resin (Fig. 1)

3  Less preferably, the linker may comprise for example the residue of another compound
having two carboxyl groups whose carbon atoms are separated by from 2 to 6 atoms.

The amino acid sequence of the spacer is not critical to the invention but it preferebly
comprises at least two adjacent Gly residues, normally at its N-terminal end. The length

10 of the spacer is dependent upon infer alia the position on the CSDM to which the linker
is attached.

A firther description of connector moieties suitable for peptide thrombin inhibitors can
be found in the aforesaid UK patent application entitled “Thrombin Inhibitors” filed on
15 the same day as the present application.

The connector moicty may have one or more natural amide bonds replaced by other
linkages.

20
SYNTHIESIS

N-terminal coupling methods may be used in making the bifunctional inhibitors
described above. In one embodiment the CSDM, including any directly attached

25 eamino acid(s), is synthesised by N-terminal coupling. This technique is especially
useful if the CSDM has C-terminal heteroatom group; in this method the resin bound
peptide chain made using N-terminal coupling is derivatized to activate its carboxy
termini, then a free o-aminoboronate ester or acid is coupled to the resin bound
sequence. Finally the peptide boronate (comprising the CSDM) is cleaved from the

30 resin by strong acid (e.g. HF or TFA) prior to being joined to the remainder of the
final product.

REPLACEMENT SHEET
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shows*di stinct -stretching signals 1050 to 1150cnierr](s) for ether
stretching frequencies 30 characteristic of a five nenbered ring; and
di al kyl ether stretching at 1060 to 1150cm[err](s) for alkyl-al kyl

st ret chi ng. 37 b, Deprotection [err]

OH derivatised resin was nmixed with-HO (1.M 250m ) and 1, 4-di oxane
(250m ) and the suspension stirred and heated at 80[err]C. After 72h the
resin was washedWhen synthesising conimuodd whose CSDYDGwiainsBEVRY 0@t natusal émidebond,] O

st nt S‘ﬁ”sﬂ%ﬁ%ﬁ'wﬂvf?ﬁeﬁw i e s e e LA
peak at 3413.6 ({Ekbu-(@))-(dahi of Parskilai § andbihe apécifivity ypobicet @Efinityhmbietyhwith iignal
at attached C-terminal group [(aa')-Z of Formula Il The two intermediates contain
5 suitable functional groups to react together to form the target non-natural amide bond
[y] and are caused or allowed to react together to form the compound (or a precursor
thereof to undergo one or more further functional group transform

1 ‘gwi

Suitable synthetic techniques for making peptides containing a non-amide bond v are
10 described in PCT/GB96/00352.

In an exemplary process for synthesising a scrine profeinase imhibitor in which the
connector molety and its attached EAM form an N-terminal extension of the CSDM, the
EAM is prepared by Fmoc solid phese peptide chemistry, e.g. using an Fmoc-polyamide
15 continuous flow method. A suitable solid phase for this purpose is the pre-derivatised
solid support Fmoc-Leu-PEG-PS. The peptide-conjugated resin is subsequently treated-
with, for example, glutaric aphydride, one carboxyl group of which reacts with the N-
terminal amino group of the EAM. A pre-synthesised peptide boronate CSDM is
reacted with the resin/peptide/glutaric acid conjugate to form the final compound, which
20 iscleaved from the resin, for example by ireatment with 100% TFA.

Another method of using peptide boronate esters in making the inhibitors is a
completely novel technique in which boronic acids [-B(OH),] are directly esterified onto
diols coupled to a resin. Chain extension is continued from the amine group of the
25 amino acid by, for examplg, standard Fmoc chemistry. The boronie acid ester is cleaved
from the resin by acid (e.g. TFA) to give the peptide boronate [peptide-B(CH),], or by
transesterification, for example, by concentrated solution of a hindered diol, such as

pinanediol, for exampile.

30 The invention therefore includes a method of making a said bifunctional inhibitor
comprising performing the following steps to make a target amino acid sequence:

REPLACEMENT SHEET
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2917.6¢cnferr]. In conparison the ether (Fig. 2) and Merrifield resin show

only a weak [err]

3400cnferr] signal for background noisture. 10 c.

Reaction of the Derivatised Resin with a boronic acid [err] The diol resin
(59, 5.5mmol of diol) was suspended in THF (dry; 500m ) and phenyl boronic

acid (3.35g, 27.5mol, 5 equivalents), and 4Assieves (dried at 150[err]C).
15 After stirring under argon overnight, the resin was filtered under

argon in a closed systeff} waplouidingy solidphasion

ng cewpleddhéretd funstienal graups sapable

Ft-L.R (Fig. 4) shows agg a{ﬁ%mzng;wg}hg{ls naI t 10@%56%13 Uﬁﬁh(aa%géx?yh@{o!up or a

stretching frequency) f

10

15

20

25

30

reactive derivative thereof

(ii) causing the amino or carboxyl group (which may be in the form of a
reactive derivative thereof) of a terminal amino acid of an amino acid sequence
of a compound of the invention selectively to react with seid functional groups;

(iii) coupling the amino acid sequentially following, in the target sequence,
the sequentially preceding amino acid coupled to the solid phase to said

preceding amino acid; and
(iv) repeating step (iii} as ofien as necessary.

In step (i), the functional groups coupled to a solid phase may be on a moiety which is
incorporated in the end product compound, e.g. may be an amino group (which may be
derivatised) of an amino acid coupled directly or indirectly to the solid phase.

One or more additional steps may be, and often are, included in the methed to obtain the
compound of the invention. Thus, preferred methods include, when desired, a step (v)
of coupling a said sequentially following amino acid of a step (iii) to said preceding
amino acid of the step through a compound having two functional groups capable of
reacting with en amino group, whereby one of said functional groups becomes bonded
to the amino group of said precedling.amino acid and the other to the amino group of

said following amino acid.

The sequentially following amino acid of a step (iii) may be part of & larger moiety, e.g.
of an amino acid séquencc optionally containing a replacement for a natural peptide
bond.

In the method, any one or more carboxylete groups reacted with an amino group may be

in the form of a reuctive carbonyl-containing derivative thereof, such as an activated

carboxyl group, for example an acid anhydride. REPLACEMFNT S‘@m
gormwcure > - i .’\.x.." )
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weak signal at 3417cnferr] (conpared to Fig 3, for the starting diol). Ref.
Leznoff, C.C. and Wng, J.Y., The use of Polyner Support in O ganic
Synthesis. 5 I11. Selective Chem cal Reactions on One Al dehyde G oup of
Symmetrical Dial dehydes., Can.J.Chem, 1973, 51, 3756-3764. *

* * 10 The followi ng Table 26contains activity data
relating to the invention. In the Table, the designation "Z" denotes
benzoyl oxycarbonyl and "NH r" refers to normal hirudin 15

"NHi 1 49- 64(des- S) Heffré s, Hi2 AAPcitolfd 8€ind sgmgﬁ%& Synkte S i Pk éﬂi@d%ﬁﬂthé%@ﬂld)
anino acid 64 of normal hirudin which the native (Osqerr] H)[err]

repl aced by Tyr. phw&@nm&snammmwms@
above or i the dads BpledfhRaHRES Sl Sehls %Ws&mﬁﬂ% i
foll ow ng techsi ques were enpl oyed for act i vi ty rreasurerrent |
In a preferred embodiment, the terminal amino acid reacted with the functional groups
attached to the solid phase is the C-terminal amino acid of the EAM and step (ifi) is
repeated to couple successive amino acids of the EAM sequence and successive amino
acids of eny contiguous compector peptide, to form en unintesrupted amino acid
10  sequence. |

The final amino acid of the uninterrupted amino acid sequemce coupled to the solid
phasemaybemactedwiﬁnammpomdhavingtwocﬁrboxyﬂateg@upsmmcﬁve
derivatives thereof, for example the anhydride of a dicarboxylic acid, to bond one of the

15  two carboxylates to the amino group of the final amino acid. The unreacted carboxylate
or carboxylate derivative is typically reacted with the amino group of an amino acid,
which is normally the N-terminal amino acid of the CSDM. In this latter case, the
amino acid may already be bonded to the remainder of the CSDM, i.e. the CSDM may
be separately made in whole (or in pert) for joining to the umreacted carboxylate

20 . (derivative). The oampﬁund having two carboxylate groups is preferably a linker as
described above.

In some preferred methods, there is used a preformed CSDM having a heteroatom group
in place of a C-terminal carboxy group. The heteroatom group is preferably a boronate
25  or boronate derivative as described above.

An amino scid or other moiety reacted with the solid phase material (the solid phase and
any attached molecules) desirably has all its reactive functiona! groups which could
interfere with the synthesis protected, other of course than the group fo be reacted with

30 the solid phase material. Any protected functional group of the reacted amino acid or
moiety which is subsequently itself to be reacted is deprotected before it is subjected to
reaction.

REPLACEVENT 7
10 NOY 1999 { :

S
i

sources. The



25" Plasma thronbin tinme(TT) A volune of 150[err]l of citrated nornal
human plasma and 20[err]| of buffer or sanple were warned at 37[err]C for 1
m n. Coagul ation was started by adding 150[err]| of fresly prepared bovine
thronbin (5NIHU/ M saline) and the coagulation tinme was recorded on a 30 A
phosphate buffer, pH7.8, containing 0.1% bovi2ie serum al bum ne and 0. 02%
sodi um azi de was umﬂ The saml es . were di ssolved in DVBO and diluted with
the buffer. 39 O DY » BRSO was added to the buffer
to the sanme concentration as that used in the sanples. The inhibitor
concentrations were plotted aginst the thronbin tines in a sem|ogarithmc
graph from which the infll bi tRspvidinga solidphesedaving squpled thereto functional groups capable

of reacting with a carboxy! group ora reactive derivative thereof:

‘contacting the solid phase with the C-terminal amino acid of an EAM,
protected amino group and optionally a derivatised

(i)
the amino acid having a

carboxy group, and causing or allowing the carboxy groups of the amine acid
molecules to react with the functional groups of the solid phase;
10
the amino groups of the reacted amino acid, whereby the
solid phase becomes provided with free amino groups;

- adbens 2 -
nictecting

(iv)  repeating steps (i) and (iii) with successive amino acids of the EAM and

15 optionally of & contiguous spacer peptide to form on the solid phase an smino
acid sequence from the C-terminal of the EAM to, at the free end of the
sequence, the N-terminal of the spacer;

(v)  contacting the solid phase with a Tinker compound having two carboxyl

20 groups or reactive residues thereof, and causing or allowing linker carboxy
groups or reactive carboxy residues to react with the N-terminal amino groups of
the spacer sequence;

(vi) contacting the solid phase having the linker compound coupled thereto

25 with the N-terminal amino acid of a8 CSDM sequence and causing or allowing
the amino groups of the amino acid molecules to react with the carboxy groups
or reactive carboxy residues of the linker compound, the N-terminal amino acid
of the CSDM sequence optionally being part of a complete CSDM;

30 (vii) if necessary, repeating steps (i) and (iii) with successive amino acids of
the CSDM to complete the CSDM sequence; and




‘caused a doubling (40 sec) of the thronmbin tinme was determ ned. The

I nhibition of human [err]-thronmbin was determ ned by the inhibition of the
enzynme catal ysed hydrolysis of three different concentratqons of the
chronogeni ¢ substrate S- 2238. 3 10 200[err]l of sanple or
buffer and 50[err]l of S-2238 were incubatam at 37[err] for 1 mn and
50[err]l of human [e ronbl (0. ] s ,added. Th |n|t
rate of inhibited ané”@% ﬁ (o) il S gﬁmﬁ@ grous shtbe

i ncrease in optical ity mas plotted acco dlng to the method of

Li neweaver and Burke. The Km and apparent Km 15 were determ ned and K
was cal cul ated usi.ng the relationship [err] 20 The buffer used contai ni ng

0. 1M sodi um pho??%%ﬁiuﬂ erﬁé&l %l.ﬂéﬁé% PEG and 0. 02% sodi um azi de, adj usted
to pH 7.5 W|th or op%és?p oric aC|

(®  providing a solid phase having coupled thereto functional groups capable
ting with a carboxyl group or a reactive derivative thereof:

(ii)  contacting the solid phase with the C-terminal amino acid of an EAM,

10 the amino acid having & protected amino group and optionally a derivatised
carboxy group, and causing or allowing the carboxy groups of the amino acid
molecules to react with the functional groups of the solid phase;

cting the amino group of the reacted amino acid, whereby the

(i) protecti
15 solid phase becomes provided with free amino groups;

(iv) repeating steps (i) and (iii) with successive amino acids of the EAM to
form on the solid phase an amino acid sequence from the C-terminal of the EAM
to, at the free end of the sequence, the N-terminal of the EAM:

20 _
(V)  contacting the solid phase with a linker compound having two carboxyl
groups or reactive residues thereof, and causing or allowing linker carboxy
residues to react with the N-terminal amino groups of the EAM,

25 (vi) optionally contacting the solid phase having the linker compound
coupled thereto with the N-terminal amino acid of a peptide spacer sequence and
causing or allowing the amino groups of the amino acid molecules to react with
the carboxy groups or reactive carboxy residues of the linker compound;

30 {(vii) optionally repeating steps (i} and (iii) with successive amino acids of the
spacer and then repeating step (if) with the N-terminal amino acid of a CSDM
sequence, the N-terminal amino acid of the CSDM sequence optionally being

part of a complete CSDM; REPLACEMENT SHEET
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‘The sanpl es consist of the conmpound disclosed in DMSO. 25 The reader is
referred to Dixon, Mand Wbb, E. C, "Enzynes", third edition, 1979,
Academ c Press, the disclosure of which is incorporated herein by

reference, for a further description of the neasurenment of Ki. 40 98
GGGDFEPI PL 29 n/ c 100 99
[-BoroBrOPin] CO(CH err])|[ err] COGEGEDFEPI PL

n/ e 58 105 GGGGDFEPI PL

n/e 94.9 106 (ii) and (iif) with successive amino ac:ﬁ@o@m

[ - Bor oBr OPi n] OC( CH err] fio' DFEF
58. 4 Mtocomplcte&ne CSDMsequeme and
5 (ix) cleaving the resultant compound from the functional groups of the solid
phase.

In either of the precedin
the solid phase by acid.

g methods the synthesised compound is preferably cleaved from

10
preceding methods mefemblly involve the use of a CSDM emino acid or amino
acid sequence {e.g. a complete CSDM) having a C-terminal boron group.

In the first and second preferred methods the functional groups coupled to a solid phase

15  may be past of a moiety whichisimo@mtedintheendm&mtmpom e.g. may be
an amino group (which may be derivatised) of an emino acid coupled directly or
indirectly to the solid phase.

In one class of processes of the invention, the functional groups coupled to the solid

20 phase are part of an amino acid boronate which is incorporated in the end product
compound, i.e. the solid phase has coupled thereto a diol to which is bound an amino
acid boronate. |

In another class of methods, an amino acid whose side chain has an amino or carboxyl

25  group is coupled to a solid pbase through the carboxyl group or amino group to the

side chain. Chain extension is carried out from one of the functional groups of the

amino acid, for example Fmoc synthesis from the amino group. The other functional

group is then reacted with some other constituent part of the end product, for example

an amino acid boronate (to form the P1 residue of the CSDM). Solid phase synthesis

30 of boron-containing peptides is, however, of applicability to any such peptides, and
not only to the serine protease inhibitors of the invention. '

g
g
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108 [-BoroBrOPin]OC(CH err])|[ err] COGGGEEDFEPI PL

n/ e 63.4 114 GGNSHNDGDFEEI PEEYL HI R err]

0.613 2 121 HJerr]C(CH err])[err] COGGEEEDFEPI PL

0. 738 30.9 128 [-L-PheProBoroValORPin] OC(CH err])[err] COJ err] DFEPI PL
])[err] COH err] DFEPI PL
[err] COd err] DFEPI PL

nfe 11.7 27.1 129 [ - D PheProBoroVal OPi n] OC(3H err
16. 4 33.5 137 [-D Phe-ProBoroEtgOPin] OC(CH err])
1.23 10. 2 KGG

e

[ - D- Phe- Pr oBoj oBpgfiR Bifkdietiod aniliibildre iialid @e¥er@ing lid\ithe pREdnt (RiRAGR are useful as
0. 000649 0.029 167 Hir[err](dea-S)
n/e 0.155 Niribitgrg or substrates of serine proteases, e.g. thrombin, and may be used in vifro ot in

- D- Phe- Pr oBor oB
D P Pr or 0o B Bk ke MSHPIEAS AL el (HGR 2hely P8R v

0.0218 0.636 182 peptides may be useful for research or synthetic purposes. Furthermore, because of their

[-DPhe-ProBoroCeg% % err H| err des
b 00271 NT. 1o ‘E% M‘{b}%r@ﬁ SEe et

12.7  56.7 185 an excess of thrombin or another serine teasesmare atory system
[-DPheProBoroOegCP| nj aﬂCH[err])[err]COGPG[err]NHl rfggrr](des- n/ e

0.75 7.36 186 patticulariya an system, e animal body, for example control of
{ - D Phe- Pr o- Bor 0CegOPicpl 006 etk rds@ﬁﬂ]éﬁ?p%u@s bave a

nfed.9 4.61 2 pihrrhat
T 10 naceutically acceptable goupasanyNnmmmaE substituent (X).

The anti-thrombotic compounds may be employed when an anti-thrombogenic agent is
needed. Generally, these compounds may be administered orally or parenterally to a
host in an effective amount to obtain an anti-thrombogenic effect. In the case of larger

15 mammals such as humans, the compounds may be administered alone or in combination
with one or more pharmaceutical carriers or diluents at a dose of from 0.02 to 10mg/Kg
of body weight and preferably 1-100mg/Kg, to obtain the anti-thrombogenic effect, and
may be given as a single dose or in divided doses or as a sustained release formulation,
When an extracorporeal blood loop is to be established for a patient, 0.1-10mg/Kg may

20  be administered intravenously. For use with whole blood, from 1-100 mg per litre may
be provided to prevent coagulation.

harmaceutical diluents or carriers for human or veterinary use are well known and
include sugars, starches and water, and may be used to make acceptable formulations of
25  pharmaceutical compositions (human or veterinery) coniaining one or more of the
subject peptides in the required pharmaceutically appropriate or effective amount or
concenfration. The pharmaceutical formulations may be in unit dosage form.
| Formulations of the compounds include tablets, capsuies, injectable solutions and the

like.

30

| The anti-coagulant compounds may also be added 1o blood for the purpose of preventing
coagulation of the blood in blood collecting or distribution containers, tubing or
implantable apparatus which comes in contact with bleod.




267 [« PheProBor oCegPi n] OC(CH err ] )
0. 762 4.9 268 [-Pglferr](CEt)[e
n/ e88. 8 66.5 .

[ - D- PheProBorol rgOPi n|OC(CH err])[err],COd err]NHi r[err] (des-9S)

N. T. N.T nfe = no effect nfe 11.7 = no ef¥ffect up to a concentration of
11. 7[err]MN. T. not tested 1. A net hod of making a peptide or a
pepti de-cont ai ni ng conpound, conprising performng the follow ng steps to

make a target amyo,aghdl ﬁo&ﬁm%k)-feﬁlpfdm@@a&cﬁsép@ﬂem@mw&@

coupl ed thereto functiona roups causing a conpound reactive with

t he functional mwmmmdwawwmw@dmc e

havi ng a funct i onal group capabl e of

] COF err ] ( EDFEPI PL)

rr
E rj]OC(CH err])[err] COJ err] (EDFEPI PL)

¢pemistrE. r eact ed conpound

5 The invention will be further described and illustrated by the Examples which now

follow.

10

15 = Gﬂy@ﬂy@]ﬂm@yﬁ 164

GlyGlyGIn{Tyr™)Hir*"* which has the amino acid formula: H-Gly-Gly-Gla-His-Asn-
Gly-Asp-Phe-Glu-Glu-lle-Pro-Glu-Tyr-Leu-OH, was prepared by solid phase peptide
chemistty on a Milligen® 9050 PepSynthesizer using an Fmoc-polyamide continuous
20 flow method and proprietary 9050 Plus on column monitoring software. Pre-derivatised
solid support, Fmoc-Leu-PEG-PS (1.6g, 0.22meq/g) was used throughout; Fmoc-Leu-
PEG-PS comprises polyethylene glycol derivatised polystyrene with HMBA linker.
Fmoc groups were removed using 20% piperidine in DMF. Fmoc-amino acids (4
equiv.) as their pentafluorophenyl esters with side chain protection where appropriate
25 {e.g. Fmoc-L-Tyr(tBu)OPfp, Fmoc-L-Glu(tBu}OPfp, Fmoc-L-Asp(tBu)OPfp, Fmoe-L-
Asn(Tr)OPfp and Fmoc-His(boc)OPfp, were coupled sequentially. Once the required
peptide sequence was complete the N-terminal Fmoc group was removed using 20%
piperidine in DMF. A positive ninhydrin test indicated that the Fmoc group had been
removed. The peptideconjugated resin was subsequently decanted on a filter and
30 washed “off line® with dichloromethene, methanol and dichloromethane before being

dried in-vacuo for a few hours.

b. H@;C(CHQ;C@G@GM@@MH:;#“ KEPLACEMENT SHEET
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10 - - a reacting wth an amno group or with a carboxyl group or a

reactive derivative thereof: (iii) causing the am no or carboxyl group

(which nmay be in the formof a reactive derivative thereof) of a term nal

amno acid of a target amno acid 15 sequence selectively to react

with said functional groups of the reacted codpound; (iv) coupling the

am no acid sequentially following, in the target sequence, the sequentially

precedi ng am no aci d coupl ed to the solid phase to said 20

preceding am no acithe {4 ol MAmpleC whs/suspérd@f ircDMEFS SﬁﬁPm&aYedﬁmi

(vi) cleaving a soli d corrpound i)repared usi ng steps (i) m@g
from t heglwesiq anky cthyri-gerphpling (280 @aaseo tm

characterised in t%ggf Ny Nehofi 8@%@ Cdl
[-B(OH err]] or an es gzr T ot her erlvatlvegwﬁere %ﬂﬁ |ncorporat & |nw¥ﬂ%e

sol i d phase-|i nibed RMEp&IM and MeOH, and then dried in-vacuo overnight to obtain the target
compound.

& H-D-Phe-ProBoroBpgOPin

10  H-D-Phe-ProBeroBpgOPin was prepared by adding a 40% solution of HBr in acefic
acid (20ml) to Cbz-D-Phe-Pro-BoroBpgOPin (2g) in a round boftomed flask (100mi)
fitted with & septum and flushed with nitrogen. The flask was swirled to effect complete
dissolution of the protected tripeptide. When the gas evolution ceased efter
approximately 30 minutes, anhydrous ether (200mI) was added and the reaction mixture

I5  was stored in a refrigerator for 4 hours. The reaction mixture was filtered, the residue
was dissolved in EtOH (lml) and dry ether was added to precipitate the produce
(800mg) as a white so]iid.(Mﬂ{), 516; Tle (C/M/A, 95/5/3), Rf=0.05.

d.  [D-PheProBoroBpgOPinjCO(CH:)COGly;Gln(Tyr*)Hir’
20 |
To synthesise [-D-PheProBoroBpgOPinjCO(CH 2COG:GIn(Tyr™ Hir' ®, the dry
resin HOCO(CH,)sCOGly:GIn(Tyr*Hir*"* was suspended in DMF (10mil), before
TBTU (129mg, 0.4mmeol) and H-D-Phe-ProBeroBpgOPin (230mg, 0.4mmol) were
added to the reaction mixture. After 5 minutes stirring, triethylamine (40mg, 0.04mmol)
25  was added and the flask left stirring overnight. |

The fully protected peptide resin was washed with dichloromethane, methanol and
dichloromethane and then dried under vacuum. Cleavage from the resin with
simultaneous deprotection of side chain protecting groups wes achieved by treating the

30 resin with 100% TFA for two hours. TFA was removed and the free peptide with a C-
terminal carboxylic acid was generated by precipitation with cold dry ether. The crude
peptide was collected by filtration and washed with further portions of ether.




prior to'its cleavage fromthe solid phase. 30 2. A nmethod of claim1l in
which step (ii) conprises reacting an am no group or an optionally
derivatised carboxy group of an amino acid with a functional group 42
coupled directly or indirectly to a solid phase, for exanple as part of a
conventional solid phase peptide synthesis. 1333 A nethod of claiml in

whi ch the conpound ri-sin m ci.d
boronate acid, a peg@ﬁgh@)&ﬁ%c aCI%p%?eaWagg%gﬁ% ﬁ,g% ?E@S? ﬁ@ﬁi%ﬂga
step (ii) conpri sesvy@@‘@“tﬂom R eHAmACTR sifiéa, PREH, 238mbP BE0HA). AHe@oRinn was
ester with a diol cou |led to the solid phase
with a 30990% linear gradnent of solvent A (0.1% TFA in water) and solvent B
(0.1 TFA in acetonitrile). The column eluants were monitored at 230nM, and fractions
5  were collected appropriately. The purity of the products were determined by analytical

RP-HPLC and mass spectrometry.

10
. Chz-D-Phe-Pro-yw(CO,)-BoreEtg pinanediol

roethane-pinanediol boronate ester (0.321g,1.25%10-3mol) added with stirring to
'Cbz-D-Phe-Pro-OH (0.6g, 1.52x10°mol). When the addition had been completed,
15 DBU (0.23g, 1.52mmol) in CHzCl; was added to the mixture and allowed to stir at room
‘ rature, before being left to stir for an extended period at 4°C before workup. The
opaque liguid wes washed with HCl (0.1M, 2x50 ml), NaHCO; (1%, 50ml). The .
organic layer was dried by vigorous stirring over anhydrous MgSQOs, and filtered off, to
remove the desiccant. The filtrate was concentrated under reduced pressure on a rotary
20  evaporsator, to afford a thick, viscous residue. Preliminary examination by ‘H NMR.
showed the required crude product. The crude sample was dissolved in a small amount
of MeOH, applied to the sephadex® LH20 column, and then eluted with a pump using
the same solvents. The elution profile was followed with the aid of a U.V. lamp
{226nM) and recorder. The void volume, fraction 1-6, and a further bulk volume were
25  collected. From the shape of the chromatogram, it was deemed that fractions 1-6 would
be the most likely fractions in which the tripeptide may be found. The fractions were
concentrated individually to afford clear slightly coloured viscous residues. One fraction
containing the bulk of the material when placed under high vacuum was later afforded
as g slightly crystalline product (0.269 vield of 35%). N.ML.R., FABMS (Fast Atom
30 Bombardment Mass Spectrometry) and C, H, N were very strong (good) indicators that
the compound has been formed.

]
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4. ‘A method of claim3 in which the di conprises a residue of the
formula 10 [err] and step (V)
results in formation of a SO|Id phase havi ng coupled thereto, directly or
via a linker, a noiety of the fonula: [err] 15 wherein Rerr] is selected
fromthe group consisting of residues of naBéral and unnatural am no acid

and anal ogues thereof. 5. A method of claim4 in which the anal ogues are
am no aci ds having their am no groups repI aced by an al tenpatd ve functi onal
group capable of formng a |inkage 20 ot her than a nga pepti de

| i nkage. 6. A nethod of claim1l{n '%§%step oy M i ses causi ng

t he car boxyl grou/of aid termng no I O ! yth said
functional groups a@ﬁi@@g«?@#ﬁﬂﬁd@e deri v;’ative@ Je~car boxyl group

'to do so. 25 S

b. H-Phe-Pro-w(CO1)-BoroEtg pinanediol

5  Cbz-D-Phe-Pro-y(COs)-BoroEtg pinanediol (from Example 2a) was dissolved in

MeOH (30ml) and treated with 10% Pd/C, and purged with argon with stirring, the flask

scuated and pumped with H, with stirring for SH. Ninhydrin staining indicated

eprotected product on TLC. The solution was purged with argon for 10 min, filtered

and concentrated under reduced pressure to afford a thick black oil, which was dissolved

10  in CHCl, filtered and concentrated. 'H NM.R. of the crude product indicated mo

protected product. The residue from above was chromatographed on a Sephadex LH20

chromatography column, 'H (60 MHz) NMR. showed that the isolated compound

displayed many of the characteristics expected on the basis of the putative structure.
122mg of the free amino boronate ester was isolated.

15
3.  H-Phe-L-GluBoroBpgOPin
&. Fmoe-L-Glu(PEG-PS)OH
20

Temkis&iphenylphosphine pealladium(0) [PdP(Phs),] (1g) was dissolved under Arina
solution of CHsCl containing 5% acetic acid and 2.5% N-methylmorpholine (30mi),
This mixture was transferred under Ar to a flask containing Fmoc-L-Glu(PEG-
PS)0AL (1.6g). The resin was left to stand for 2 hours with occasional gentle agitation.
35 The resin was filtered on a sintercd glass fummel and washed with 0.5%
diisopropylethylamine and sodium diethyldithiocarbamate (8.5%wiw)in DMF
{300ml) to remove the catalyst. :



T o :
43 7. * A nethod of claim6 wherein said conpound conprising a boronic
acid group or an ester or other derivative thereof conprises an amno acid
sequence having a C term nal boronic acid group or ester or other
derivative thereof, and the nethod further conprises the follow ng
addi ti onal steps between steps (v) and (vi):33(vii) contacting the
sol i d- phase |inked conpound prepared using steps (i)- (iv) with a liner
conmpound having two carboxyl groups or reactive residues thereof, and
causing or allowpg tqﬁm@@m&gh@qggwwl HBbABEROMn  €active carboxy resi dues
to react wwth the N-term nal am no group of 'sai d conmpound; and 10 (viii)
contacting the solid phase having the |inker conmpound coupled thereto

The dry resin Fmoc-L-Glu(PEG-PS)OH (1.5g) was suspended in DMF(10mi) under
5 Ar. TBTU (129mg, 0.4mmol) and NH;BoroBpgOPin (165mg, 0.5mmol)w were
added to the reaction mixture. After 5 minutes stirring, triethylamine (40mg,
0.4mmol) was added and the flask left stirring overnight. The resin was washed with
dichloromethane, methanol and dichloromethane and then dried under vacuum.

10 o : -Gk NHBoroBpgOPin

H-Phe-L-Glu(PEG-PS)NHBoroBpgOPin was prepared by solid phase chemistry on a

Milligen 9050 peptide synthesiser.

Fmoc group was removed from the solid support Fmoc-L-Glu(PEG-
15 PS)NHBoroBpgOPin using 20% piperidine in DMF. Fmoc-Phe-OPfp was coupled to

the free N-terminus.

The protected peptide resin was washed with dichloromethan
dichloromethane and then dried under vacuum.

20
d.  H-Phe-L-Glu-BoroBpgOPin

Cleavage of the peptide from the resin was achieved by treating the resin with 100%

TFA for two hours. TFA was removed and the free peptide H-Phe-Glu-NH-.
25 BoroBpgOPin was generated by precipitation with cold dry ether. The crude peptide

was collected by filtration and washed with further portions of ether. '

Purification of the crude peptide was carried out by reversed-phase HPLC using a
Vydac C-18 preparative column (TP silica:particle size lﬁﬁm; 25mmX300mmy}. The -

30 column was eluted with 2 30-90% linear gradient of solvent A(0.1%TFA in water)

' and solvent B(D.1%TFA in acetonitrile). The column cluants were monitored at
230nM, and fractions were appropriately collected. The purity of the products were
determined by analytical RP-HPLC and mass spectrometry. Product H-Phe-Glu-NH-
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with tHe N-term nal am no acid of said ami no acid sequence having a C
termnal boronic acid group or ester or other derivative thereof and
causing or allowing the amino group of the NNterm nal amino acid to react
with the 15 carboxy groups or reactive carboxy residues of the

| i nker conpound. 8. A et hod of claim1 iAbwhich step (iii) conprises

causi ng the amino w phl ;%29; mj@!,§ gw %2&@%%@ tén?jns

functional groups.” 20 "

(v) and (vi), the mm&mcﬂ&mm@ﬂmv&cﬂ%m@m},eﬂm@w kﬁ@m%mUN) a
free [err]-am nobar, |d or es Vi cl.eavage by
the action of an 3’8@335 @(ﬁ; mt"ﬂ@*%%ﬁa%g?@“%‘ mﬁg’%ﬁ @?sng a
pepti de boronic acid or 25 pepti de boronate ester, the method conpri sing:
(i) providi n% a solid phase having coupl ed ther eto al cohol i ¢ hydr oxy

groups; 30 (1i1) causing an am no acid boronic acid or peptide
boronic acid to react sy,

ichment of Boronic Acid to Merrificld Resin

8. Derivatisation of Resin with protected Diel (2,2-di

methanel

methyl-1,3-dioxolene-4-

16

15

Na {solid, 8g)} is added to 2,2-dimethyl-1,3-dioxolane-4-methanol (240ml), under argon

20  gss, and the mnxmze stirred until it gives a clear solution. Merrifield Resin (Sigma, 1.1
MeQ. C! per gram, 20g) is added and the mixture stirred overnight, then heated at 80°C
for 24h.

Derivatised resin was collected by fltration, washed by 1.4-dioxane (IL), water
25 (3x500ml), and MeOH:water (i:1, 3x500ml), MeOH (3x500ml) and dry ether
(3x500ml). An infra red spectrum was obtained by powdering of 1.5-2mg of resin with
KBr (dry, 300mg) and compacting into a disc, then scanning on a Perkin® 1600 Fourier
Transform LR. The derivatised resin (Fig. 2) compared to Merrifield resin (Fig. 1)
shows distinct stretching signals 1050 to 1150cm™(s) for ether stretching frequencies
30 characteristic of a five membered ring; and dialkyl ether stretching at 1860 to 1150cm’
Ys) for alkyl-alkyl stretching,




‘W th'the hydroxy groups whereby the boronic acid residue becones esterified’
to the solid phase; 44 (iii) causing the carboxyl group of the am no
acid sequentially following, in the end product peptide boronic acid or
boronate ester, selectively to react with the am no group of the
sequentially preceding amno acid coupled 8% the solid phase; (iv)

repeating step (iii)as often as necessary; (V) cl eaving the resultant
@*’ R%ngmh@@i n;

pepti de boronate°fro 10 t he net hod optionally conprising one
or nore further steps.to nake said conpound. 11. A nmet hod of c¢laim 10,
wherei n each am no aci dseo zpl ed to the solid ph-"SCHO— OH
| Resi ECHZ"O Q | Resin | ° t
----- | — OH

The derivatised resin was mixed with HCI (1.5M, 250ml) and 1,4-dioxane (250ml) snd
the suspension stirred and heated at 80°C. After 72h the resin was washed by water

5  (500ml), MeOH (500mi), DCM (500ml) and Et;0 (500ml), then dried in the air. F.t.-
LR. spectrum of the resin shows distinct O-H stretching frequencies at 3400-3550cm™!
(s), and a main peak at 3413.6 (Fig. 3); this peak is substantially larger then the signal at
2917.6cm™. In comparison the cther (Fig. 2) and Merrifield resin show only & weak =
3400cm™ signal for background moisture,

10
¢ Reaction of the Derivatised Resin with a borenic acid

The diol resin (Sg, 5.5mmol of diol) was suspended in THF (drv, Smj and
phenylboronic acid (3.35g, 27.5mmol, 5 equivalents), and 4A sieves (dried at 150°C).
15  After stirring under argon overnight, the resin was filtered under argon in a closed
system, washed by THF (500ml) and dried under vacoum. Ft-L.R. (Fig. 4) shows a




a protected am no group and step (iii) conprises deprotecting the am no
group of the sequentially preceding am no acid and/or the cleavage of step
(v) is performed with 15 acid or by transesterificaton. 12. The use of
am no acid or peptide boronic acids or boronate esters in the solid phase
synt hesi s of peptide-containing conpounds. 2038 13. The use in solid
phase synthesis of a bor.onjc . d fesi attached to t sQli ase

t hrough hydr oxy re§F@ﬁ%¥$M4ﬁ¥ﬂﬁkﬂ“n@?ﬁ@%ﬁ@5ﬁﬁ%@§$ %W%ﬁﬁ%%@%é%%@ﬁ6W£§Pﬁ§ a
boron atom the ' , Gotitkl shdting dislh.i d phase having
coupl ed thereto al coholic hydroxy groups; (i causing a boronic acid or
boronate ester to react wth the hydroxy 30 groups whereby the

bor oni ¢ aci d resi dyge hecORPE @3heWohk ooyt Phd B8 oF PbiyRlePiEDs

_ pports in Organic Synthesis.
5 I, Selective Chemical Reactions on One Aldehyde Group of Symmetrical
Dialdehydes., Can.J.Chem., 1973, 51, 3756-3764.

10

The following Table 1 contains activity deta relating to the invention. In the Table, the
designation “Z” denotes benzoyloxycarbonyl and “NHir” refers to normal hirudin.

15  “NHird9-64(des-S) refers to the amino acid sequence from amino acid 49 to amino acid
64 of normal hirudin in which the native Tyr{OSOH)® is replaced by Tyr.

The compounds listed in Table 1 were prepered by the same or analogous methods to
the compounds of the preperation Examples 1 and 2 above or, in the case of
20 intermediates, were obtained from sources.

ar—

Ny ™y
SHER

"o,

The following techniques were employed for activity measurem

25  Plasma thrombin time (TT)
A volume of 150l of citrated normal human plasma and 20yl of buffer or sample were
warmed at 37°C for 1 min. Coagulation was started by adding 150l of freshly prepared
bovine thrombin (SNTHuw/ml saline) and the coagulation time was recorded on 2
coagulometer.

30
A phosphate buffer, pH7.8, containing 0.1% bovine serum albumine and §.02% sodium
azide was used. The samples were dissolved in DMSO and diluted with the buffer.



and (tii) performng one or nore further steps to nake sai d conpound.

15. A solid phase material having coupled thereto boronic acid residues
t.hrough hydroxy group residues. .5 16. ‘A solid phase material having
coupled thereto a noiety of the fornmula: [err] wherein Ris a residue :
bonded to the boron atom and the oxygen th390ugh whi ch the noi ety is bonded

to th lid pha | ] di | 10
Fesi due. whi ch e 9p SR b s TS0 pes e} e P 4R R Gapssppgion
group. 17. Apé@ﬁﬁﬁmﬁ%ﬁ%ﬁ%ﬂxﬁﬂe@ M%ﬂﬂﬁn@r%ﬁeﬁ@ﬁoﬁﬂ%&e‘ﬂb@ thd

library of peptide boronates prepared using a method of any one clainms 1
to 11 or the usethysmbin simes irpa semilogarithmic grap fmmwhnchthe@mbxmmomemanmﬂm

caused a doubling (40 sec) of the thrombin time was determined.

5
ined by the inhibition of the enzyme
camlysed hydrolysis of three different concentrations of the chromogenic substrate S-
2238, '
10

200yl of sample or buffer and 50yl of 8-2238 were incubated at 37°C for 1 min and

50l of humean o-thrombin (0.25 NIHy/ml) was added. The initial rate of inhibited and

uninhibited reactions were recorded at 4.5nm. The increase in optical density was

plotted according to the method of Lineweaver and Burke. The Km and apparent Km
15  were determined and Ki was calculated using the relationship.

V= Vmax
1+Km . (141D}
IS} Ki
20
The buffer used contained 0.1M sodium phosphate, 0.2M NaCl, 0.5% PEG and 0.02%
sodium azide, adjusted to pH 7.5 with erthophesphoric acid.

The samples consist of the éompemd disclosed in DMSO.

25
The reader is referred to Dixon, M and Webb, E. C., “Enzymes”, third edition, 1979,
Academic Press, the disclosure of which is incorporated herein by reference, for a
further description of the measurement of Ki.
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15- 18- A met hod of making a bifunctional serine protease inhibitor
conprising: (a) a catalytic site-directed noiety (CSDM which binds to
and inhibits the active site of a serine protease; (b) an exosite
associating noiety (EAM; and, optionally, 20 (c) a connector noiety
bonded between the EAM and CSDM the CSDM and48he EAM bei ng capabl e of

bi ndi ng sinultaneously to a nol ecul e of the serine protease, the nethod
conprising performng the follow ng steps to nake a target am no acid
sequence: 25 (i) providing a solid phase hggidyg coupl ed thereto

functional groups _capable of reacting with a0 am no group o nreferably
with a carboxyl gﬂoup or a reactive derivative thereof; Ki pM vy
. M
98 GGGDFEPIPL . /e 100
99 [-BoroBrOPin]CO(CH,);COGGGDFEPIPL /e 58
105 GGGGDFEPIPL n/e 94.9
106 GGGGGDFEPIPL, /e 15
107 [-BoroBrOPmJOC(CI;)COGGGGDFEPIPL ' we| 3584
108 [-BeroBrOPin}OC{CH):;COGGGGGDFEPIPL /e 634
114 GGNSHNDGDFEEIPEEYL, Hiro > 0.613 2
121 HO;C(CHLCOGGGGGDFEPIPL ' 07381 309
128 [-L-PheProBoroValOPin]OC{CH;};COGsDFEPIPL - e 11.7 27.1
129 {-D-PheProBoroValCPin]OC{CH, ), COGsDFEPIPL 164 335
137 [-D-Phe-ProBoroEigOPin]OC{CH)wCOGsDFEPIPL, 1.23 02
166 [-D-Phe-ProBoroBpgOPinJOC(CH,);COG,NHir> “(des-S) 0.000649 | 0.029
167 Hir” “(des-S) n/e0.155| N.T.
| 175 [-D-Phe-ProBoroBpgOPin]OC{CH;);COG,NHir™ *(des-S) 0.00211| 0.065
176 Z--Phe-Pro-BoroBpgOPin + Hir™> _ 8.0218 | 0.636
182 [-D-Phe-ProBoroCegOPin]OC(CH; ), COGPGGNHir™ *(des-S) 0.00271 | N.T.
184 HO,C(CH,),COGPGGNHIr® *(des-S) 1271 567
| 185 [-D-Phe-ProBoroCegOPin]OC(CH;)COGPG:NHir™ ~(des-S) e0.75] 736
I"786 [-D-Phe Pro-BoroCegOPInJOC(CH, ) COGPG.NHI ™ (des.8) | 2609 | 461
267 [-PheProBoroCegPin]OC(CH;)sCOG{(EDFEPIPL) 0.762 49
268 [-PglF(OEt,JOC(CH;):COG{EDFEPIPL) n/e 888 665
[nD-PhePr@BomlrgOPin]OC(CH;);COGzI\“Hirm(de&S) NT.] NT.
n/e = no effect
§ nfe 11.7 = no effect up to a concentration of 11.7uM
N.T. = not tested
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46 (i) causing the am no or carboxyl group.of a termnal amino acid of
the target amno acid sequence selectively to react_w th said functional
groups, the carboxyl group optionally being in the forn16T‘a*feacLLve
derivative thereof; 5 (itii) coupling the ami¥isn

following, in the target sequence, the seqdkentially!

coupled to the solid phase to said precedi A Ramacis
step (iii) as often as necessary to for QﬁiL;LJnterrupted am no aci d
sequence coupled to the solid phase; 10 (v) reacting the final amno
acid of the unlnterrupted am no acid sequence coupled to the solid phase
with a conpound Ihavi Agmethed eGmeldng ¢ pentidg oo a peptise-countaising compourd, semprising
Lhereof . and. (Vigheiefied inBotioWing ViR & ke £ AfgRPUNING hila UquidleD O V! a1 €
derivative with"t

s

() providing a solid phase having coupled thereto functional groups;

(ii)  causing a compound reactive with the functional groups selectively to
react therewith, the reacted compound having a functional group capable of

10 reacting with an amino group or with a carboxyl group or  reactive derivative
thereof:

(iii) causing the amino or carboxyl group (which may be in the form of &
reactive derivative thereof) of a terminal amino acid of a terget amino acid

15 sequence selectively to react with said functional groups of the reacted
compound;

(iv)  coupling the amino acid sequentially following, in the target sequence,
the sequentially preceding amino acid coupled to the solid phase to said
20 preceding amino acid;

(v)  repeating step (iv) as often as necessary; and

(vi) cleaving a solid phase-linked compound prepared using steps (i)-(iv)
25 from the solid phase by the action of an acid or base,

characterised in that & compound comprising a boronic acid group [-B(OH,] or an
ester or other derivative thercof is incorporated in the solid phase-linked c@mpm.md.
prior to its cleavage from the solid phase.

30
2. A method of claim 1 in which step (ii) comprises reacting an amino group or
an optionally derivatised carboxy group of an amino acid with a functional group

REPLACEMENT SHEHT
1 g NOV 999




am:no group of an amno acid which is the N-term nal amno ac’Ti‘Uf-ﬂ-h&L
CSDM and is al ready bonded to the remai nder of the CSDMSKEE by

boronic acid group or an ester or other derivative thericaSiss sy
term nal. carboxy group. 19. A method of claim 18 in whi cﬁ the

amno acid reacted with the 20 functlonal grédips attached to the sol i"d
phase is the Cternmin m oam f t he an | Sed & eated t o0
coupl e successive ﬁ?ﬂpﬁg VOH“ Y 58 I\%@ﬁ@gﬁ@ Fﬁ%& eéﬂﬁ Miiia onal
aci ds of any conti gslipshasepeptids Snthegat i de. 20. A bi functional serine

prot ease inhi bitor whenever made using a nethod of 25 claim18 or claim

1 9. 21. Atpharmaceutical fornulation conprising an inhibitor of claim19

formulated for usesas ashiEBG SclalR'1Sh Wi he BAhITEE Yhinsiing a boronic acid group

§ is an amino acid boronic acid, a peptide boronic acid or a boronate ester of either and
step (ii) comprises reacting the amino acid or peptide boronic acid or ester with a diol
coupled to the solid phase.

4. A method of claim 3 in which the diol comprises a residue of the formula
10

~and step (v) resuits in formation of a solid phase having coupled thereto, directly or

via a linker, a moiety of the formula:
6]
—0 \
/BMR‘
O

15 wherein R’ is selected from the group consisting of residues of natural and unnatural
amino acid and analogues thereof.

5. A method of claim 4 in which the analogues are amino acids baving their
amino groups replaced by an alternative functional group capable of forming a linkage
20 other than a natural peptide linkage.

6. A method of claim 1 in which step (jii) comprises causing the carboxyl group
of said terminal amino acid to react with said functional groups, or ceusing & reactive
derivative of the carboxyl group to do so.

25
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47722. 7 A fornuation of claim21l which includes a phar pygaggi i “““la“iml
acceptabl e diluent, excipient or carrier. 5 23. A "m n
claim1 of nmaking a peptide or a peptide containing conpeund substartidlly
as herein described with reference to any exanpl e hereof 24. A solid

phase material as defined in claim!|7 substarfd ally as herein descri bed
wth referemce to any exanpl er.eof,. 25, . def | o
claim 17 substanti-all y“&%%?PZFM%&*%%%%%?W%@%@%%ﬂa{%@gg&‘g%{ﬂ“@
her eof . 26. A Weéﬂmr;s&ﬁadeﬁneﬂm vme@hmﬁ cb&pﬁf\eslmlﬁm ¢ @cﬁ@éét?umd ihaﬁangacn
serine protease 15 inphjbitor supstantia as hergei,n descri |
refernce tojany .gxmﬂ@{ Bi5fac &’O“Pﬁftﬁs%ﬁétqﬁ%ﬁ“?éﬁw @fﬁ?fgta@géﬁe method
i nhibitor ag defi nﬁﬂmé{boﬁpﬁbé@tﬁ@mmmﬁi%ﬂ itepsbetween steps (v) and (vi):

s :

{vii) contacting the solid-phase linked compound prepared using steps (i)-
(iv) with a linker compound having two carboxy! groups or reactive residues
thereof, and causing or allowing the linker carboxy groups or reactive carboxy
residues to react with the N-terminal amino group of said compound; and

19 :

s (viii) contacting the solid phese having the linker compound coupled thereto

' with the N-terminal amino acid of seid amino acid sequence having a C-
terminal boronic acid group or ester or other derivative thereof, and causing or
allowing the amino group of the N-terminal amino acid to react with the

15 carboxy groups or reactive carboxy residues of the linker compound.

g A method of claim 1 in which step (if) compﬁses causing the amino group of
said terminal amino acid to react with said functional groups.

20 9. A method of claim 8 in which, between steps (v) and (vi), the carboxy
terminus of a resin bound peptide is coupled to a free a-aminoboronate acid or ester
and step (vi) comprises cleavage by the action of an acid. .

16. A method for making & compound comprising a peptide boronic acid or
25 peptide boronate ester, the method comprising:

(i) providing a solid phase having coupled thereto alcoholic hydroxy
Broups;

30 (ii) causing an amino acid boronic acid or peptide boronic acid to react
with the hydroxy groups whexeby the boronic acid residue becomes esterified
to the solid phase; e Y
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herein described with reference to any exanpl e hereof\Zﬁ\Z}a\mrr -
phar maceutical formulation as defined in claim?21 s |1y as ein

descri bed with reference to any exanpl e hereof 25 ymi, m

10

5

20

25

30

Wi

44
(iii} causing the carboxyl group of the amino acid sequentially following, in
the end product peptide boronic acid or boronate ester, selectively to react with
the amino group of the sequentially preceding amino acid coupled to the solid

phase; REPLACTVENT SHERT
(iv) repeating step (iii) as often as miecessary; TONOV 1999

(v) cleaving the resultant peptide boronate from the resin;
the method optionally comprising one or more further steps to make said compound.

11. A method of claim 10, wherein each amino acid coupled to the solid phase has

. @ protected amino group and step (iii) comprises deprotecting the amino group of the

sequentially preceding amino acid and/or the cleavage of step (v) is performed with
acid or by transesterification.

12.  The use of amino acid or peptide boronic acids or boronate esters in the solid
phase synthesis of peptide-containing compounds.

13.  The use in solid phase synthesis of & boronic acid residue attached to the solid
phase through hydroxy residues.

4. A method for making_a compound comprising a bomn atom, the method

~ comprising:

6] providing a solid phase having coupled thereto alcoholic hydroxy
groups;

(if) causing a boronic acid or boronate ester to react with the hydroxy
groups whereby the boronic acid residue becomes esterified to the solid phase;
and

(iii) performing one or more further steps to make said compound.
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15. A solid phase material having coupled thereto boronic acid residues through
hvdroxy group residues.

5 16. A solid phase material having coupled thereto a moiety of the formula:

REPLACEMENT SHEET
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wherein R is a residue bonded to the boron atom, and the oxygen through which the
moiety is bonded to the solid phase is optionally bonded directly to en alkylene
10 residue, which may optionally be inertly substituted, or to a carbony! group.

17. A product comprising a boronate peptide identified using a library of peptide
boronates prepared using & method of any one of claims 1 to 11 or the use of claim 12.

15" 18. A method of making a bifunctional serine protease inhibitor comprising;

(a) a catalytic site-directed moiety (CSDM) which binds to and inhibits the active
site of a serine protease;
(b) an exosite associating moiety (EAM); and, optionally,

20 (c) aconnector moiety bonded between the EAM and CSDM,

the CSDM and the EAM being capable of binding simultanecusly to a molecule of the
serine protease, the method comprising performing the following steps to make a
target amino acid sequence:
25
(i) providing @ solid phase having coupled thereto functional groups
capable of reacting with an amino group or, preferably, with a carboxyl group

or a reactive derivative thereoft
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{ii) causing the amino or carboxyl group of a terminal amino acid of the
target amino acid sequence selectively to react with said functional groups, the
carboxyl group optionally being in the form of a reactive derivative thereof:

5 (iii) coupling the amino acid sequentially following, in the target scquence,
the sequentially preceding amino acid coupled to the solid phase to said

preceding amino acid;

(iv)  repeating step (iii) as ofien as mecessary to form an uninterrupted
‘amino acid sequence coupled to the solid phase; _

{1 {v) reacting the final amino acid of the uninterrupted amino acid sequence
coupled to the solid phase with a compound having two carboxylate groups or
reactive derivatives thereof: and

(vi) reacting the unreacted carboxylate or carboxylate derivative with the
amino group of an amino acid which is the N-terminal amino acid of the

15 CSDM ard is already bonded to the remainder of the CSDM and the CSDM
has a boronic acid group or an ester or other derivative thercof in place of a C-
terminal carboxy group. '

19. A method of claim 18 in which the terminal amino acid reacted with the
20 functional groups attached to the solid phase is the C-terminal amino acid of the EAM
end step (iif) is repeated to couple successive amino acids of the EAM sequence and

successive amino acids of any contiguous connector peptide.

20. A bifunctional serine proteese inhibitor whenever made using a method of

25 claim 18 or claim 19.

21. A pharmaceutical formulation comprising an inhibitor of claim 19 formulated
for use as a human or veterinary pharmaceutical. .
REPLACEMENT SHEFT
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22. A formulation of claim 21 which includes a pharmaceutically acceptable
diluent, excipient or carrier.

23. A method a defined in claim 1 of making a peptide or a peptide containing
compound substantially as herein described with reference to any example hereof.

24. A solid phase material as defined in claim 17 substantially as herein described
with reference to any example hereof,

25. A product as defined in claim 17 substantially as herein described with
reference to any example hereof.

26. A method as defined in claim 18 of making a bifunctional serine protease
inhibitor substantially as herein described with reference to any example hereof.

27. A bifunctional serine protease inhibitor as defined in claim 20 substantially as
herein described with reference to any example hereof.

28. A pharmaceutical formulation as defined in claim 21 substantially as herein
described with reference to any example hereof.
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Bifunstionsl serine protenss inhibitors and methods of prepering

i )

ecisly to a molecule of the serins protease.
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