_EP 0 145 441 Bl Description BACKGRClJND OF THE | NVENTI ON 5 Thi s
invention relates generally to enzyne inhibitors, and particularly to a new
cl ass of peptide inhibitors of pgpbqqgnkig1enzynes Proteases are enzynes
which cleave proteins at single, specific peptide bonds. Cuypers, et al.,

J. Bi'ol Chem 257:7086 (1982), and the references cited therein, classify
pr ot easd@msadptiannechani sti ¢ basis i'nto four classes: serine, cysteinyl or
thiol, acid or aspartyl, and netall oproteases. Menbers of each class

cat al yz BACBGROUND OB THE NMENTION pept i de bonds by a similar nechanism have
simlar active site am no acid residues, and are susceptible to

cl ass®specl'd ivenfien fslstasr aenerpilyy toesrayfis iohibiggrs, ane rrfafieniasly Je a8 Cifall PRRYIE been
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and pRPLAnASY, ahaSin e cBeor bepBAShHitieR; @b@&ﬁn@m PEuRs. and potentially

"extremel yLighRareTh EhZyiie Mnicitérs as OfugS SaAdRe, 6al) (UnivbrisB P RbR8&mord, 9880) p 33-

Koehl er 51 Pduggdsts mmﬁﬂmﬂﬂ&rtﬁﬂ Qrfihg acill nalpaiRed &18 ikt traPgiticAlstate

chynot r yapsiagoes, andydichiinlly [eExéntshSientiphitliohemrsylimtahampbasiesse acid (K = 2.9

' Matteson, et al., J. Am Chem Soc. 103:5241 (1981) describe

pr ation of (R)-1-acetam do- ZRghenyhet hane@gronr c acid (Il) and its use

as an inhibitor of chynotrypsin 3 L’("§] . [err] 40 Lindquist, et

al., Arch. Biochem Biophys. Rlﬁ'gcl@? 771? descrrbe use of

2- phenyl et haneboroni ¢ acid and benzeneboron‘}oam d as inhibitors of

subtr lisin, a bacterial chynotrypsiin-1i ke serine protease. Lindquist, et
3. Am Chem Soc. 99: 6435 (1977), disclose synt hesis of

N-benzoyl orrrejt h_aélle or o i qu sc se 45l of . the m 1 a
o R
the cgm t&%”y BE%s ﬁ""ag%“ nog]qur St Was nor e I |

i soner, the 1 mdo ester 111 [err] 55 Aberrant proteolysrs has been
aSSOCIated wi th di sease states in man and experinental aninmals, notably
enphysena. Barrett, in Enzyne |nhibitoHs as Drugs, Sandier, ed.

(Unrversrty Par k Press Bal ti 1988) 2 EP 0 145 441 Bl pp 216- 229,
and tde references cited ther GHg€sBLOPdssi bl e contributory roles for
th uman neutrophil serine pr ses, elastase and cathepsin G in a
diverse group of . di sease states narked"BGOBHgt eol ysis and consequent tissue
destruction. Included are rheumatoid arthritis, corneal ulcers, and
glougrular nephritis. Further, the tig3ue damage resulting from bacterial
and ofher parasitic i nf ect i ons nmay be attrlbutable tothe 5 activity of

serine pro ases of pat hogeni c or serra is defined by the Anmerican
Thor aci %e gxa%t M_%vgﬁm et"ﬁ%')flzlﬁ'i' ylethaneboronic acid and
enebor ic acid as inhibitors of subtrlrsrn a bacten chymotrypsm—lrke ine protease. Lindquist, et
“al,, J. Am. Chem. Soc. 99: 6435 (1977), disclose synthesis of N-benzoylaminomethaneboronic acid. and use
45 of the latter compound as a potent, competitive inhibitor of a-chymotrypsin. (K, = 1-4 uM). However,
Matteson, et al., J. Am. Chem. Soc. 103:5241 (1981) suggest that the compound actually obtained by
Lindquist, et al., was more likely an isomer, the imido ester Hll.
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Aberrant proteolysis has been associated with disease states in man and experimental animals, notably
- emphysema. Barrett, in Enzyme Inhibitors as Drugs, Sandler, ed., (University Park Press, Baltimore, 1980)
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characterl zed by an abnormal enl argenment of the air spaces distal to the
term.nal’ nonrespiratory bronchiol e, acconpani ed by destructive changes of
t:he alveolar walls." In all forms gf g4 JfM the elastic fibers of

al veol ar walls are disrupted. Consi der evi dence has been accumul at ed
for the role of proteolysis in 10 disruption of elastin fibers.
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chl oronet hyl ketones, disclosed by Lestienne, ej—al., J. Blol. Chem

254: 529 (1979); certain Qet Iy GuERRE 7 QRed by Teshima, et al.,
J. Biol. Chem 257:5085 (é}f%c%%bésfﬁ g’ulfonﬂgsnfl S gsa, descri bed by
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ER 0145 441 Bl SUMVARY OF THE | NVENTI ON The present invention provides
conmpaunds of the formula [err] 10 or a physi ol ogi cal | y accept abl e salt
t:hereof, wherein [err] acid of L-configuration selected
'fromthe group consisting of Al agpgnmgqgt& du, Leu, Lys, Phe, Ser, Val,
lie, Arg, Tyr, Thr, Asp, Asn or Gn; [err] and [err] are, independently,
am no acs'mnmc[amsmvmmgurat lon selected fromthe group consisting is
of Ala, "Arg, Asn, ASp, Cys, An, GQu, Ay, Hs, Ile, Leu, Lys, Mt, Phe,
Pro, Ser, THerpresdntnvenfign provide¥abtmpoondantitheiormular e i ndependently 0 or 1; [err]
is -Hor an Ntermnal protecting group; [err] s an al kyl group of
one te six carbons, optionally conprising an argpatic substituent, or 20
one or nore in- chai n1b| val ent grou}pﬁ sel ect eg”from the group consisting of
-0-, -CO, -S, -NB -l (A G+NRHE{Byr 1] and [err] and [err] are
each H, or taken toget her form a noi etyg;?err rom a «di hydr oxy conpound
‘having at |east two hydroxy groups separated by at |east two connecting
atons™in in n or r| ng conpri sing carbon atons, and
bt | onaltr  PhECheay atrettin et e

or 0, with the prd ”“8"’;,5@ ﬁg e e{ E"ﬁ" ha 0 -eREC 6l Bt e uded
however f&\9£ﬂd e QF tly. ﬁ thl?S % ]the g$o Q‘Snsm%:g
is Ay nis 1, la Ar in L ctvﬁ rheV g, from
pi nacol , i.e. the O5Ra _hor o eu p| N and t?te pr ocess for

Its prepar,,at,d@n |§,ev;ﬁgepénae,tﬂpgo§pope of this invention. The invention also
provi des ﬁorrposrtr,@ns,rgpnmrmﬁbrng,t@n@ ghdupTDr e of the foregoi ng conpounds,
and netho#s of USiiggh SRYE BroGOBIAS itd §1X0Beibong) dptichally B prisihg aab&rﬁaedﬂtubart&htee.l ysis
and \9nrphyserra I N wadrrerhse indBailBRlddnt HimipshbIBRdRdnlhe Gidbp E3résAIndIGH-OF | -CO-, 1s-,
I 11 UStrates plasnmeNti-c\bONs-, otH ettt @80e-; amhi bi tory capacity in hansters at’
vari ous t ivhael Yol lawaply-H, ot fakgodedethemiemt a adiatyrdegited &binardilyfroxy compound having
MeOSuc- Al aAl aPr o- Bbleas io-hyiinsicasbups sep@d bp @l0eashido 40ectind ktgmelinaaein piringl s.
45 FIG 2 ill 53¢ chaineey ng &aMerising garban Femse prckeptianally, HWP@M@F')PY b%t?faféwsy in
hamst®rs at vari o¥¥ick Fanee N. § & ng i ntraperitoneal adm nistration of
MeQSuc- Aﬂ'tﬁ,&leaﬂﬂ?"éﬂﬁtﬂt Hﬁ?f%t"gf ﬁd*c?yl“’ét’""zbbﬁ Fk‘é“de‘FF@(e"?S fiom thes previgods t*ﬁl"&%erra
1 evel s dtheRBOBHAS B APP GlvedisdphiEpfi&icol in hansters fol | owing in-
traperitoneal admi nistration at 200 ng/ kg. 50 DETAI LED DESCRI PTI ON OF THE
I NVENJI ON The conpounds of the preéS#mt invention are peptide derivatives of
[err]-am noboronic acids, and are cha?%@mgqi.sed by unusual potency as
I nhi bitors of certain proteol ytic enzyfres, %ot abl y neutrophil el astase.
Each of the conpounds of the i nverff8pn conpri ses one or nore anino acids
coupl ed to an acid-termnal [err] 55 am noboronic acid, which can
Opt | Oggal ghy YDghdl V21akebriltdd fRmOsiHaRE); ilehichiapourtd RIPREEI BBroBI BiH&ol[ bl fScess for

St r afs pbptatioh Revithia 1RAQIPAGE hRlirvitida. The nature of the B-term nal
pr ot ect i NgTHRriousAtioh Elsb [pravidles Yanippsitdnsl @briypridhg BheNort e SE P doredoin tompruadse Bitd
I nvent i omethoBeioftuaibd such adnp@sitidng In teetmbht of atlverd erofediyed and Dmpitysbrueidl niambrals.
=conp“unds principally diols, having at 4

"0 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates plasma levels of elastase inhibitory capacity in hamsters at various times following
intraperitoneal administration of MeOSuc-AlaAlaPro-Boroval-pinacol at 100, 200 and 400 mg/kg dosage
lovels.

45 FIG. 2 illustrates plasma levels of elastase inhibitory capacity in hamsters at various times following
intraperitoneal administration of MeOSuc-AlaAlaPro-Boroala-pinacol at 200 mg/kg.

FIG. 3 illustrates plasma levels of MeOSuc-AlaAlaPro-Borophe-pinacol in hamsters following in-

- traperitoneal administration at 200 mg/kg.

s0 DETAILED DESCRIPTION OF THE INVENTION

The compounds of the present invention are peptide derivatives of a-aminoboronic acids, and-are
characterised by unusual potency as inhibitors of certain proteolytic enzymes, notably neutrophil elastase.
Each of the compounds of the invention comprises one or more amino acids coupled to an acid-terminal a-

55 aminoboronic acid, which can optionally be linked to .a boron-terminal protecting group -Y*-Y2-, as iliustrated
by the foregoing formula.

The nature of the B-terminal protecting group -Y'-Y2- can vary widely within the scope of the present
invention. Suitable values for -Y'-Y2- include moieties derived from compounds, principally diols, having at
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EP 0145 441 Bl | east two hydroxy groups separated by at |east two
connecting atons in a chain or ring. Contenplated conpounds within the
f.oregoi ng description include, forggfg .gi nacol , perfluoropinacol,

pi nanedi ol , ethylene glycol, diethylene g ycoI catechol

1, 2- cyclohexanedlol 1, 3- propanediol, 2, 3- butanedlol glycerol,

di et hanol edk &R wadaxptgm;ss Skraed B GDRESt Iwo adhdecaﬁmaémamw stalnedi tring. GuR@MPBted t O
t hose ski tdmpbunids withie 1ty toregbing descéystionl Siiihdé, Torosiginpiblt pitdel, permdiopinaual, ipmanediohe
f ol | owi ngetmyitdpe @tycalt digtingond @lyca,ndatechoh Qi 2ebyciatekabodis, 1L3-praganedol,c23-ldganedigl glvcerd, a
= L- al ani diethahplgmine and dihepargingdienpoigiand other sqlivalstp apragniie thoéh skilled/p fhe art. =

L- asparstic As 'usbd@;rgughout the |spagificatien. the faliowing abbreviatiagt for aminmecidesidues or-amino acids

LqutamQPPb{tld Ay = glycine 15 Hi s = 1-histidine Ile =

L-i sol euci n‘!!a Ley® Lalaning _| euci ne Lys = L-lysine Met = L-methionine 20
Phe- = L- y’féﬂaa‘ﬁ“ﬁe Pro = L-proline Ser = L-serine Thr =
L-t hreonin rp = L-aspapaginp pt ophan 25 Tyr = L-tyrosine Val =
L-val i f® Pe pI Tafe?g'ﬂ o ," the foregoi ng abbreviations indicate an
am no acid f" D-¢C r‘f ratlon "N-term nal protecting group,” as used

herein, refg s tp {amc ,g@m no-term nal  protecting groups conveniently
enpl oyed i rb eptl eS| s. Exanpl es of -sui tabl e groups i nclude acyl
prot ectd ng oups,__hfiga, or exanple, fornyl, acetyl (Ac), benzoyl (Bz),
trifluoroaqggtyl,=gielkeldns (Suc) and net hoxysuccinyl (MeQOSuc); aronmatic

ur et hane pr._gg.ecté DgughUpPS, for exanpl e, benzyl oxycarbonyl (Z); and
aliphatic uyet hanenginet ecting groups, for exanple, tert-butyl oxycarbonyl
(Boc) or adwerantyLesssambonyl . Gross and M enhofer, eds., The Pepti des,
Vel. 320 (Acrden € Liphasianiew Yor k 1981) pp. 3-88, di scl ose nuner ous
suff/bl e arfirme pr bpettd Nng groups. 35 The foll ow ng represent preferred
N-term nal §or ot ectiserigegr oups RI; 40

[err] Conpdirthds di-treneing nvent i on havi ng si de-chain am no groups, for
exanpl e, wheP e [BHyploRhan [err] are Lys or 65 Arg, can optional ly conprise
sui t abP® I\I—‘fyérm‘nétﬁv’?ﬂ’"at ecting groups attached to the side chains
simlarly, i N0~ '(‘f?'ﬂerem dues havi n aC| d| c or h drox_y SI de chal ns can be

protected | E’Sﬂgm?ﬁab "E’?t é’f
noted pr eV| o "a' ? w:Tin '"’ 'fa"?iﬁ a"l"b° Wag f?tﬁ‘g 9' MRP ch
can be t in peptu e syn ©SIS. mplgs e groups mclu e acyl protecting 'groups,

- 305 Ie, fo yl acetyl (Ac), benzoyl (Bz2), tnfluoroacetyl succinyl (Suc) and methoxysuccinyl

(MeOSuc), aromatic urethane protecting groups, for exampie, benzyloxycarbonyl (Z); and aliphatic urethane
.. protecting groups, for example, tert-butyloxycarbonyl (Boc) or adamantyloxycarbonyl. Gross and Mienhofer,
eds., The Peptides, Vol. 3, (Academic Press, New York 1981) pp. 3-88, disclose numerous suitable amine

_ protecting groups.
U 35  The following represent preferred N-terminal protecting groups R*;
S Boc = (CH,),COC-
- u
N °
. % o
Bz = @.C'_
MeOSuc = CH,OCCH,CH_,C-
45 3 " 2 2“'

o) )
Suc = HOZC(CHZ)Z'C'—

| | _ 0
50 Z = @cszoc-
i
o

Compounds of the invention having side-chain amino groups, for example, where A', A2 or A® are Lys or

65 Arg, can optionally comprise suitable N-terminal protecting groups attached to the side chains; similarly,

amino acid residues having acidic or hydroxy side chains can be protected in the form of benzyl or other
suitable esters or ethers.

As noted previously, R? refers to an alkyl group of one to six carbons, which can be straight or



EP 0. 145 441 Bl branched-chain. Further, R2 can conprise a phenyl

subst-i tuent, or optionally, one or nore in-chain bivalent noieties selected
fromthe group consisting of -O gpoGasaa3 8y, -NH, -CONH, -CH CH, or
[err] Exanples of preferred values for [err] include nethyl, isopropyl,

I sobutyl, and benzyl. Physiologically acceptable salts of the conpounds of
the pr espantheddana Finthar, iIRA Canlicbmmpasdi Abhamldl subktubnt al dplionally, by or @62 idcRain bivalent
hydr.ochlnuidties selec®d fram tHergrdup GarsBEGET 138, -COY €35 -NHE ;CANH-I-CB = CBY, or080Lr Bxamplibabl e
act d “addf prefenedsalubsior Witele mathylpissprapyidistbetyirenqteedvl. xed by "boro-" indicate
am no aci dehysiblegicalty) adchatiiecsaits picthe camplomdy of the pepent ivantionhisciudb @cid additioh aged by
a bor énifer ekample, hyskehiprioy acefly, @iffygPoagetic] suegirfic, ditic.Tin gther stitable @vid kdditioh saitef ers t o

t he bor oni €beaviatipna gad tgtscrrefixed by Thawe;” indigsleatinoragida wherpip dhe tesminalingibeyheroup
refers t§0ztms beandppiacediby #bouenia funstienally -BEPFINY al ani ne, etc. In nam ng
conpounds of the invention, the protective group [err] is sinply identified
by the name of the conpound from whi choyhe group is derived, for exanpl e,

pi nacBl or diethanol am ne. Contenpl a#8d cl asses of conpounds within the
scope of the present invention inclide tge following. A 20 first class
includes conpounds wherein [err] is @Y“"Pro, Ay, Val, Leuor Ile. A
second cl ass includes conpounds wherein [ert] is Phe or Tyr. Athird cl ass

| ncl ugle SO RRRIARS" BRI 16'1H bbShiE heid Shalo)s of Vaiiflf, Sbordpghyiiahifd* ol Roofdps>Serb@td Udes
conpoundge BYAlcQkiB ahdidghe of p'ﬁerzgraniﬂé, ottNVh narfiihd)@mipYundéiofithe ihvdntioh ARe prbiBdive! g8 sh
conpoundg.yah@rsihply W6iifidd hySthé\nlime 6 tHe cafdurd frdd Whichl A6 gfollp RORKIRA, RF bixfipdal

cl asses ginaédi bidkfetitabiflantiheasses corresponding to preferred val ues of R2, and
these 25 sCiwehphtdlasdes of coipbids witHii B8 d&pe oMhe p@satpgentkall ihanad tRyfolpwiag.ex r ed
vak uesm ffieat chist iindes adompountis ehérelg AYrio AR, Per Gly, Gl Lausr W ssabreindlass Glclidbe

f o-r’%ﬁoi regmpaingsowhackin: A'ri IPbel er Ty thineh digsscnaigoies eampguride sdersio ifrisnlys or Mgdarfdi 22d
am no adéuwth classgncludirnenyipeynds wherein 81 iner dn oir Grafipradifth pless insludest dompowids Whegedin ves
capabl e Mfs Asacly.per eitGon i nto the a- ami noboronic acid peptides of the
present i nererpasing prgripal classpsdnqiid SUR-GAFRRSLARBIRPYING o Prefedsialypseof 6F. angl hese

i nventsi c?fj‘?c'ﬂﬁ%?ﬁé& furtheg & iBte arfupt, d¢fined Boprofarid wives toe Mtermisalprefergagroup

i ncl ude 'n l?f ol l?gv_m' 8 ﬁ%a‘@’lfoes:,&\s/ggucéél aAl aPorBo;)Botrj%v%Iq;,gH loss

MeOSuc- Al VIOHS 8¢ i reggl npouudg, i _ I, coRpprisi _common or
e AT L T e

Ve OSug- AT a4l ART Corli mg?mi%&l o FeHionli QAR - BOFBRLAH! G4 hanehaR ne
MeGsuc- A &t dbGve! él%hﬁe'f o gg,gﬁ]%g\ne, - Phed yAl a- Bor ol eu- OH,

Z- PheQG wloauGRbAASBRbAR6R! ©  Z- € yAl a- Bor ophe- CH,

‘Boc- Phe(eosRangAisiis-Borbsie®s, Boc- Phed y- Bor ol eu-di et hanol am ne, 45
Boc- Al a-NpoysoahiaaiEréB66dia-ofoc- G y- Bor ol eu- pi nacol , _
B%:;Gsy-m;msed;.mwghr@mﬂmp&i@m}me, Boc- PhePr o- Bor ophe- pi nacol ,
N MeOSuc-AlaAlaPro-Borophe-pinacol, :
R MeOSuc-AlaAlaPro-Boroala-pinacol,
' MeOSuc-AlaAlaPro-Boroala-diethanolamine,
: \/ MeOSuc-AlaAlaPro-Borophea-disthanolamine,
.40 Z-PheGlyAla-Boroleu-OH,
. Z-PheGlyAla-Boroleu-pinacal,
Z-PheGlyAla-Borophe-OH,
Boc-PheGly-Boroleu-pinacol,
Boc-PheGly-Borolsu-diethanolamine,
45 Boc-Ala-Boroala-pinacol,
Boc-Gly-Boroleu-pinacol,
Boc-Gly-Borolsu-diethanolamine,
Boc-PhePro-Borophe-pinacol,
MeOSuc-PheGlyLeu-Borolsu-pinacol,
60 Boc-D-PhePro-Boroval-pinacol,
MeOSuc-AlaAlaPro-Boroile-pinacol,
Z-PheGlyPhe-Boroval-pinacol,
Z-PheGlyGlu(QBzi)-Boroval-pinacol,
o - Z-PheGlyLeu-Boroval-pinacol,
- . & Z-PheGlylLeu-Boroval-disthanolamine,
Z-PheGlyLys(Boc)-Boroval-pinacol,
. MeOSuc-Lys(Z)-AlaPro-Boroval-OH,
Z-PheProAla-Boroval-pinacol,



MeOSuc- Phed.yLeu- Bor ol eu- pi nacol, 50 Boc- D PhePro-Boroval - pi nacol ,
MeCSuc- Al aAl aPr o- Bor ol | e- pi nacol , Z- Phed yPhe- Bor oval - pi nacol ,

Z- Phed yd u( 0Bzl ) - Bor oval - pi nacol ,gpZy P4¥e4d1)8€U- Bor oval - pi nacol , 55

Z- Phed yLeu- Bor oval - di et hanol am ne, Z-Phed yLys(Boc) - Bor oval - pi nacol
MeOSuc- Lys(Z) - Al aPro- Boroval - OH, Z-PhePr oAl a- Bor oval - pi nacol EP 0 145
441 Bl H mrbddiyal-Bor®erpinaedl- pi nacol , MeOSuc- Phed ycl u- Bor oval - pi nacol ,

H Phed y Sde0So1PbeGiyciuyanaelginacdve OSuc- Phed ySer - Bor oval - pi nacol, and 5

Z- PheQ y SdPhCiSel-Bdwmicpinabolpi nacol . On the basis of superior capacity to

i nhi bit nWe@FusPheGlySsr-Berevakrinacelipad conpounds of the invention wherein [err]
i s Pro san&PheliiadORabrbolovekpigacshch Al a are preferred. O these conpounds,

t hose in whiPBhhethygs a‘rﬁ”ﬁ‘tfﬁb?ilﬂf‘ﬁ“& toiphitit rewtegp gh@ﬂﬁ%e [terompungfeof the invention wherein
bor ophenyf'df Ri9iand A° gngh ASjaeso9ash Al e, prefprragoPidagss APmRoUBHSthosg 4 Whighdheamiaqporonie)
PREPARAT] 294 resieb fgrorgealiop: peiephrralanise horqisglguding; & pigplaning #fm B3sbereteied y nt hesi s

D b o PR BN RNELS 0 077 N BLPLETL S DR T
those skill %{Ln nuf'e?lalg‘retmp}c#é dgvnihleé?p of fﬁ%té ]:Is %f @%‘ R\%IRE) lmzll?de Rﬁﬁg%dgb n

am ne sal {04 & EnenfidHibf } h
accor di ngkdiey | a%’ﬁm@ B esiw@&%ckw,ﬁbor o 08 arf ngrpeﬁ § thoso

procedyy egnidh &uh|8Sehaltl EhdiRgSBNno Rliowig: pmcéduré\mmc @mmémsauorwf& 5314)39dures
(1981). Agiscléd By Mdtbsoh | & Bl., UNAr.[0her Y3k 86511 @fesi)er 1 | - ami nobor oni ¢ acid
esters is an @hé @ieesich mﬁecsyhmuﬂmct SridI6Brersis Yl Girighdrl Welittion. An alkyllithium,

al karyl |'i t heryithiung ralkayifthiiy] br drditylithiuey Grign&ra Goag@d GeBictddSwith ©AE bqilaehtidh ariiy!-
equi val ent bofateaprbforably krigthylbtrats cdoreingarbefosic abid y. tri et hyl borate, forming a
boeroni e acid 1. 20 25

[e The organonetal Grignard reagent is pgepared either by treating an
al kyl', aryl, alkaryl, or aral kyl 30 hﬁfi de with lithiumin a suitable
solvent, e.g., ether or tetrahydrofur&n or purchased from commerci al
sources. The reaction of triethylborate %dtHGri gnard reagent is conducted
at .abodt [err] by sinulta- neous addition of these two reagents to a flask
contai ning ether at about [err] Oherisolvents, e.g., tetrahydrofuran, can
be used instead of et her. This procedure S substantial ly simlar to that

di scl osed by E& gdGrig % en s re reedseutﬁer( an %\z’Y< Y%r 8631) arc&?yl
Vol . I pg'(a ? 'thl in a sl abIQ%%QH h§rt Q t} %ﬁ?& 5\ 9&1 kfn
s an eSt €l'do l:é‘sa‘rﬁe%aénﬁﬁ‘o‘it 1i&hybo t y Q‘fmlt e
isol ated fQeoSdaBiidn biGRdsb Ab reQﬁents't@af c% &iﬁ”h@@ﬁmérVaQ 7ab&| 2%9&th% S e.g.,

i sol ation: defsh@irdtdrar; 8dn KINUsbBinEHAGH 6thé T prdde &S Is RGbsRAMN Lifilar ¢ Hat Tisclosed by
di ssol ved irubh)6d., Grganit! $yfthestsiilg) New ivERI1b633 Gbiv ealtiv, ppl éda720ne or nore

equi vakent B.qhe Ricomicsiip D TIsEEqUBhceSH isaibhsas BH Syfication reRITMOBIRGhicRIdES brephrédiom
t h‘e«gr oup [Bi@VA, @arbihe)isabiicion demfficatibh,i o8, inf tha alteirative Cdipidyed withoel isdlatiwh, Biterificaioreis t
t errper at ur enducted by treatiddSbdnanicr &id 1y Hiesotledil etrer armitter ditable in@Csotbemtskithrond or thae I |

equivalents of pinacol or other suitable dihydroxy compound selected from the group previously
AL described. This reaction can be conducted at ambient temperatures for 1 to 16 hours, yielding boronic
' 40 acid ester 2.

. 80
C. This step, a homologation reaction, is conducted by treating boronic ester 2 with about one equivalent
of (dichioromethyl)lithium, at about -72° C, in dimethoxyethane, tetrahydrofuran, an alky! ether, or other
suitable solvent, providing a-chloroborenic ester 3. (Dichloromethyljlithium can be generated by reacting
dichioromethane with lithium diisopropylamide, or other suitable amide, e.g., sodium dialkylamide.

55 Lithium diisopropylamide is prepared by treating diisopropylamine with n-butyllithium: in hexane in the
' presence of small amounts {(ca 1% by weight) of tetrahydrofuran. Other amides are prepared by treating
corresponding secondary amines with an atkyl metal or metal hydride in a suitable solvent. This step
cannot be conducted using compounds 2 containing active hydrogen, e.g., where -Y!-Y2- is -(CH,), NH-

7



sq@ C. This step, a honol ogation reaction, is conducted by treating boronic
ester 2 .with about one equival ent of (dichloromethyl)lithium at about -72
.C, in di met hoxyet hane, tetrahydr ﬁ€ p§1alkyl et her, or other suitable
sol vent, providing a- chloroboronrc ester (Dichl oronethyl)lithiumcan be
gener at ed by reacting dichloronethane with [ithiumdiisopropylanm de, or

‘ot her  sui {oRb)-ewilgintcitst bibokfhg or rowdtugradiiatyaicbari de. 55 Li t hi um

di | sopropyl am de is prepared by treating diisopropylanne wth
n-butyllithiumin hexane in the presgnce of jsmall amounts (ca 1% by wei ght)
of tetrahydrofuran. Qher anides arg pre Yed\by treating corresponding

Secondary amines with an al kyl mg§ g metal pydride in a suitable
solvent. This step cannot be conducted mmr¥? npounds 2 contai ning active
hydrogen, e.g., where [err] is [err] 7 0145 441 Bl [err] wthout

first blocking or protecting actives hydrogens. [err] 10 D. In this step,
the a-chlorine atonrof compound 3 is displaced wth
I|thﬂ6hexanet |dISI ane,

Lyt Iace Ire i drnﬁ si | ate &Fterne 5 V@ ng f
lit E h ge QF a} (ﬁgg r[|ea t{ng c po one e ur alent 0
I I onex } 3 l ane rn (el l’ ra a H) gf stirr © fO hOUI'S

Stlr“ng mbre S € Uus ¥ ﬁ{ﬁrﬁrgndo :
a herrﬁmat QJC b& ihﬂ% mnﬁ%r@oﬁ'e rng SUCh
as al rn§xam@ﬁ19a.§r&arna e, tyh. D &rer@ Gtor BSRBALE EanbY
treating ae Genbrated B ek ‘g 4pBiding e RE R lyPinbta R B fhotalhyldfide'in Briiindit bdnlehti UM
intetr ah&%&fw 6o adoutcd30u! THisSiréchbduré hddBeerlpr&idudly AR Abea Y MRResIR RE BIAUEAM.DY
treating cwi. 86 908b2ag(1ee.nes with an alkyl netal or a nmetal hydridée Tn an

‘iqertpsol VENT at ~about [err] to about [err] Thi s procedure has been

prév/eusly descri bed by Nhtteson gt7ab Am__Chem Soc. 103:5241
(1981). [err] E In this step, ’g,gagﬁQQﬁ& 4 is treated with three
or nore equival ents of trlfluogqacetsq acid in ether at [err] yielding a

trifiuoroacetic acid salt, which|s”a sur&able starting material for
syntfsis of the 36 [err] am ngbor oplo¥~agi d peptides of the instant
invention. The trifluoroacetic gﬁ?t canybe converted to a free am ne
by treatment with a base, e.g., al kal'n\/etal/ or alkaline earth netal
carbonat es or hydroxi des, in aqueous soMi rons or organi c/ aqueous m xtures,
‘e.g., ethanol/water or nethanol/water m xtures. PEPTIDE SYNTHESI S 40
Prepé?atlon of the [err]-aninob& onic acid peptides of the present
invention is illustrated by the follow ng synthetic scheme, in which a

pi nacol eét.ﬁrwsogaargmaw%r@o Lg&ma QAN Godddd Wilih! 1o BIAhGY SGLvARNE oPfiftlioldalifilc LEGGENT -

Synt het i Coghie roaceficitid)satt Avhicidsla Sthatti® Sthding material for synthesis of the
95 a-ammoboromc acrd peptides of the instant invention. The trifluoroacetic acid salt can be converted to a
\/ : _ free amine by treatment with a base, e.g., alkali metal or alkaline earth metal carbonates or hydroxides,

in aqueous solutions or organic/aqueous mixtures, e.g., ethanol/water or methanol/water mixtures.

0 D HES!
\_, PEPTIDE SYNTHESIS

‘Preparation of the «-aminoboronic acid peptides of the present invention is illustrated by the following
synthetic scheme, in which a pinacol ester of an a-aminoboronic acid is employed as a starting reagent.

Synthetic Scheme

50
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40 To prepare the peptides of ‘the present invention, an N protected
peptrde is first treated with isobutyl chloroformate, to generate a m xed
péptide-isobutyric acid anhydride 14%§}1 | ogous procedure is disclosed
by Anderson, et al., J. Am Chem 12 (1967). M xed anhydride. 6
i s subsequently coupled to a pinacol ester of an a-am noboronic acid (in
either amne salt or free amne form in th resence of a base;, e.g.
triet hyl am ne, generating an a-am nobor achd peptlde esPer 7. Plnacol
esters of 45 a-am noboronic acig trrfluoré acetpc acid sgthascare
conveniently" enployed due to ease of synthesrs and handl i ng. wever, Other
ester/ sal t canbpﬁgﬂions caid~-BuesThe enproyeu-rn-ghe coupling r actlon

By- product salts of the coupling reaction are renovedibpubi-Ctration, and
the pinacol (or other ester) peptide can be further purifief by

chromat ography on silica gel using a suitable solvent, for éxanple,
chloroform 1-3% methanol in chloroform or a mixture of gmethanol and

met hyl éhe chloride. Product peptide 50 esters 7 can be Isol ated by
trituration with hexane or crystallization from chlorof orn hexane or ethyl

acet at e/ hexane. Pinacol (or other ester) pe trdes 7 can be converted to
correspondi ng drethanolagl derlvatlves K ot ﬁ 2-4 egoival ents
of “di ethanol gm ne iNy mﬁ o.f.r.l.x:.a.n.—q-;er A-C~-NHCHB be !:
generated by- substrtlﬁuzon appr&p iate materials. The drethiﬁoﬁ
derivatives are usuaII crystalline. 55 However, trituration of
non-crystalline prodqfts wth ether wll generaIIy yi el dga solid.

Fractional crystalliZa- tion of the diethanol am ne derivatives can be
el oyesl to separate diastereorners, e.g. MeQSuc- Al aAl aPro- D-bor oPhe- OH
and~KXeOSuc- Al aAl aPr o- L- bor oPhe- OH. Peptides 8 containing a free boronic
acid functionality can be generated by two routes fromthe 9 0 145
441 Bl preV|oust>descr|bed di et hanol am ne or ot her Qster d fvat i

es.
o nenge oA BT § DR (0 e 2 om?ﬁ%‘iﬁf.z Con

Suitable resins are &ailable from comerci al sources $econ philic
speci-es can be treated with a m xture of nethanol us HCHG&%[ VIV,
foll onwed by ethylpdragetk extraction and r emovak | TY The

a-am noboronic acid peptides of the present |nvention represent a novel
class 3t potent, reversible inhibitors of netallo, acid, and serine
proteases. Exanples of the serine proteases inhibited byO conpou 10

within the scope of t he |nvent|o $¥tee§k§u3;ﬁﬁ&ggelastase a
proteol ytic eff §¥1 g r?%e pgﬁﬁbgene s of enphysena\_
a drge Ive en

chynot ypsi n, ynme; pancreatic el astase; and d%theﬂ??n G a
chywtrypsin-1i ke protease al so associated with Ieukocyti I nhi bition of
thernolysin, a nmetall oprotease, and pepsin, an acid prot®ase, has al so been
denonstrated for conpounds within the scope of the present invention. 15

As Qoted previously, a nunmber of conpounds have been prepared and tested
for theeabi [Totpyepere thenprplides of thetnrespiiiinvention s dbprotedted peptidenis firstiirgatpd enith dgobutylo
devel op t Fiareformatei & aerersiosa it peplide-igobulyricnedist anbiydridpdBly 8 rARAIPIRUIRIPRIVS. S The
nost pot edscigsed by dedarsni o 3o g sAPeBhem: 8¢ 8950 1Re(1947)- é‘F‘&dLﬁ“BV"éi‘%sd% Bybgpqyently
chl or orret pleg &3 8rfinacpl opter) ef %Ih&?‘ﬁg%l}??“‘coﬁcs‘c(l“o@éﬂ W%e‘?‘ dree gming, form) in the

Bi ochi o 2 bage, ag @sﬂww iig fi st wa°r°
Co i nhii @ig o rﬁcrd ‘é' e&f i@ P'reﬁ WR %‘%‘ Al

i ifiy
ngoggﬁgg mdB o é?rg:ra:zte e"g? B
t lﬁca ta.rﬁple
inventi On alnfl 6rpblt ré}ﬁ ﬁk’a&yl{iﬁ%ﬁl lﬂ%q’ra}uct peptide
concentg aLétQQSY Uﬁhon f?r fieRaR8 Od¢ tadik:—ftlﬁ A GO CendRSidPAe@he ofbthyl

| east t WO deRitdakdAs. orders of magni tude nore reactive than the peptide
i nhi bi t or' s QHinabdP dr SHBP Békér) Foplidis 'VOcaR Ao LoMRAMER CBrrédpetding \RkidndidRier dofiehtived by S
i ncr easedtrbdihdnd i WitR I 24 Ga@assnisyofSaigBRGIaMRIng: R laniybous QiR ddRkEn0 Dihbh @stbra \eam thieOn
r epr esent gefafatdayfsubdtitiidn 6fuppragriate! iaoraly ETHeSdidti@holantine derivatives are usually crystalline.
s6 However, trituration of non-crystaliine products' with ether will generally yield a solid. Fractional crystalliza-
tion of the diethanolamine derivatives can be employed to separate diastereomers, e.g. MeOSuc-AlaAlaPro-
D-boroPhe-OH and MeOSuc-AlaAlaPro-L-boroPhe-OH.
Peptides 8 containing a free boronic acid functionality can be generated by two routes from the

9



25-vivo adnministration to mammals. The compounds of the invention can be
adm ni stered intravenously, int rarruscul arI y, intraperitoneally, or

subcut aneously to a mamal, fol l?ﬁ“’b rsal or solution in a
pharmaceutically suitable di | uent or ve The conmpounds of the
I.nvention have been shown to possess Ionger Iasting Inhibitory activity
aft er agribisit deatritRd dietahdidiiteS ordothib? SPsten BbrRatRED FRét! boadiff watePdolilo bpdties BRI t

t i me- spaadedowithi anhdxbést @F § cativh ieNdhinge 0ésindia pectoriped Ras i ®aa folilved By tydghilization.

| i t er at SoiebleAsighst dr® aiablesiesn tonmadasources Sabnd, liigophilis gpetibo tani becraatde withal ysi s
of comeiduirabf metfmpdaqueas HONE2, YY), follapter! b otbyitacstate exdractibn artdirgmovalfed sohertanpl e,
ch'ym)srypsi nis supplied as a standard reagent for use in clinical

quant i t MTILHY of chynmotrypsin activity in pancreatic juices and feces. Such
assays are are di agnostic for gastrointestinal and pancreatic disorders.
Pancreati c hél“&’ﬁ’d’&%@’l“‘sa% Roptides giihe BEsRLRYPEYORIrearasynt adiove! Flass ok patent, spversible
quant i t t inhibiigss efm 'r id, %THtSP’E'}eﬁ%?aFPSI f g%'&% pigthe psring;prpfogsas inpibited by 1°P P‘ﬁ

| ncr g4s dahin fhe g H?%‘!é e'&?“’%eﬂx%’f’ ?'V“Fr?f‘?"

di seaseg °pé @i e'? c?‘eas d

e S'"g::% %‘;3** el hih 3 TR TR
rp re roduc tr arretr I C

-St and,gr ' Zé o&ﬂ PJvnoEé’&P a%ﬁfﬂ& ?E@J\po@*d@%&@s&e§ HaBBJréqegwdacés retﬁg?&lﬁy wofh 1Y

proteas ‘ﬁemﬁrﬁ&ﬂ:l‘éla&%se‘ i aCBhtinGihdlerdh & &Nélo ér&p%ﬁﬁcsag dsfelt d?h‘ééni Hys8ha in

par ti CUlinmalsOTHR MSst ipdtemt FeBide! ihHlitikBrs 46poR5® Y ﬁ@la%&@a@%ﬂ&@%&rﬁﬁﬁﬁ kéIBHS

CoNpr oMpggtidd Brfalop@ssUbiscose byPPdNoR] &t 2. SMbohin, BRpHYS OXBUBESS6 (16797 tTAdsB cREJLRRS €S

pr esent hivg LebHClRp@sl Kcdihisit eafophiCelisiilé Bl 4 EoicaAtEtoMer 25WIM. Sbvard brafs PR

cerpaund® pidseritievention @iatdnaloguesit anlorobiethgt Kelogpdptidels PrevidtisiyodSorpd; dlovevel térkin

enZyfres corfiffoends)of thp lireantiod havh béenl demunsirktbd s tinhinit eeytaphiliotasthsdr at esrbattatvesois-of  t he

I nvent i oM. Thus theh@mpmandptieciosed bsadinlare et Iparhiyvd tapthiee ardlérs wbrhagnitude anore reactive than

t et r ahy thecreptidarinhibiiers peprrpsporgingrapinocrsidzaquendecrevipushib reppriedt Bis. ingtgasedpihildientt ages

r epor t eqarsdty-qugedsty thebithgrrompetinds of the Ineaniipnsiepreeeai mere eticient eprapputic pgerts fagin

poi nt% Aveadminigalicdde wammals.| t enperatures are reported in degrees Cel sius.

Proton nuci'@SPmesy é’f fhe invendigncaq e a{"é‘F“F‘F“’NW"eE‘Hé'm"E’é!““%"H'P'?Vt @t'%PP@mieé o?rt ed

in [er rg Wf’ eg“s'y p ;gaf%w'ﬂ’"f‘%ﬁ'sﬂ%?ﬁhf’f é‘?"&‘mf i*b f QPAE ew&qal i1 ane

st andar Mg, Jhe,

i heye gy s iy IX "o
Chi n-J agimnals ?;1«% W RS m %paﬂ%g* B 220,51 o

borba? dfEg  Saf G e ”’° qf?Jm&eqng.a&d g ‘&@smlw@. on
7,7he0 Wit .'?aoe;oﬂ H:::Bh %PéF oL éucscgﬂgaﬁi" %&L&;d e 4‘;.5 g,

11.4 cﬁvﬁy ‘:;h JuBé@'aﬁ‘d ma akod@gnw %rl on
‘consi st %o d,ﬁf disdrdd3 Fﬂmcr ¢ Bladilb0ksOiih eaeohﬁie WAHE dY3ade
18.9 355 q{Hmdaﬂbﬁ)of by msmfﬂf pl5sﬂ{ar dnasRaem%ﬂ:wbﬂgmé@a%sé maneéa&u&pdmhgeﬁ\e cgu‘rgeer 3

howrs. &f $oRdral SAfanAbDg dRbasds, B orlanttBpsin déMoIBndios Sk dsidd@ited Winkrodsed\Gidehcd bt ed
W th 10mmguusda‘se EompOdntH bt thepiebsihitirvertion tdntbierugedSto bhtEndsalte dudrioy Ghd@prothichiligt hy|
acet at e of fia @ssey hyatiramelit) sisianxstionatthe commerdinl Blastasblsidpliedan d rdagets Wi t h

satyrat ed Fmle owraideClivite intedaimprogin@xitacts| dii@g . purlicatioh bichartiagar pixtednisriedreadrirgr
evapo® aPfoRlgmt weicho cefia sorepligata sed cpraming sher pasyits sof aprptpin deplatioro propestutea:n Gertain] O
EP 0145 p@msesfreémﬁ suglc@dratsecap be inhibited\duringpuiification siapg by empeunghof i iggntign, 2. 2

mol es, ""H'ﬁ" les ﬂﬁ'ﬁzlg'é‘eﬁjﬂﬂee?v{%ulgz 75 %fm6 4 ol egn n [err]) Fclorst
?nd Semt)ert]r hy ro! ahrs ] m hl“ 'Ld lﬁ; Sfor%‘ r'r%n maq;ng 653
g M 6@ ﬁ& % tgght are nc res re

d ssolv °"“ ﬁ 3f§ rf""ﬁlr i ‘i}ﬁ?ﬁ""“% AP %’i% ‘{ @%ﬁ d'"“

i sobut y % rg‘;, Q ggs t_a CoI d
t etrahy cha,g, aﬁo;,gz% yl am ne m_, : rrm) 'es) Were

raddedpand t he r esu t ing mxture was added to
H- Bor ol eManipid' A @nbbivAib-Botale@grebiat e (0.50 g, 1.53 mmol es), dissolved in cold
tetrahydrofuran (10 mL). NS Teaction mXxture was stirred for
appr oxi mathehydrokysuccinamide ester of Z-Phie-OH (4.5 g, 11.4 mmoles) was dissolved in 5 mL of dioxane and
' was added to a solution consisting of H-GlyAla-OH (1.85 g. 12.6 mmoles) and tristhylamine (2.64 mL, 18.9
: 86 ~mmoles) in 5 mL of H20. The ensuing reaction was complete after 3 hours. After standing at 4° for 3 days,
- the resulting solution was diluted with 100 mL of 0.2 N HCI, and the resulting solid was exiracted into ethyl
acetfate. The organic phase was washed with 0.2 N HC| and then with saturated aqueous NaCl containing
0.2 N HCI. A solid was obtained after evaporating the organic phase. This was recrystallized from methan_ol:
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hour at" [err] and then for about 1-2 hours at [err] At this point, the
reaction mxture was filtered and the 10 filtrate was evaporated. The

r.emai ning residue was di ssol ved i riEF[@'ifé4ﬁ"§ll then applied to a 2 cm col um
containing 5 g of silica gel, previously equilibrated with [err] The col um
was sequentially eluted with [err] 1% nethanol [err] and 2% net hanol: [err]
(V:V) . Franyi acotete @9/WV:9) (8lyidlg adiest troe .99 ig0ZI2iSinoled Snptiet .61 78 *N el dBpednd icrop (IR,
sSpect r oscepywmolse rp PTG FA5 nEirsearaisecont edps: P GIBIRGY0 MES GzD)SO): al 113 (B.c3h).f 2.9,

[ er r] hexazH), 38lins 20). ¥.0d.8i(m, JHer4r9] (s,22HK 7Bex a0l®). added to t he cl oud point),

| sol at ed, a@ePheRighNeOHVOEH8 betad annddies) end/ Neethyimoghbling (9.06828L.g1.50 mablesinwére,
nmp [errs diggoled inyedrahysiniusaneid & mbband yee Tli@editn reads twith isobutyl prdorefprmate(@/199 ml1 163 on
silica gemmplﬁsiif@faﬁt miguigs 8f A¢- &oyﬁetfathmfurafoﬂmnl-) ped Fipthylaorne QSL8 WHZ1- 5({@!‘@' s)
0.875 (mWw add@ ond the resufling migurs gy rﬁ m;ho HBowleg- P PO t"f'UOJOGGet#Hz(OS
2.85-3. 03m ) igsolvegl ip c Idzgra{u ofura mg raggfion as gurrgd qrnapqwmatey
(br hour\,—)ato-go (V d t an,| fzrl_&boutzj hou 3% sb omt t C _0:2\ red Qﬂ, the
C33H47|(ﬂl0ﬁ/‘ﬁt° t@s emai as d s %a colemn_

63. 96% e ing & ‘g @. ;ﬁdlf;g;l Q@wo q hbrat Fr ¥ w seq;ee r'ea y e :;zgt with

ZP“GV%?& Doy Ui 'E”%m:iff i)

was di sso N&%&h ?(&Lsro@ ﬂrdﬂl w héén ﬁr 53 ﬁa' ;n
C Cls

Mol es), dio%iﬁafﬂi ¥ GdHia (Glogt é%r@
resul tingwi, XopenSsibR el aichibEs! sn%f@&plai ﬁhb«imn mrrs Hfﬁoaﬁ (erB#)GI 21 s,
preci pi taiz@» fismdsi.678 (w6 J £ 3%, alyesledyod ¢, bRyAs.N-885 @\mdnyvasfm M 3H), 4.4 (m,

t et r ahy dr o) sl 0 Hy, ik Gy, 3 =218t DANDI-285 bR, TRy, iaHat G2, 1HOCIASND,BAS =288 65%,
anor phousH pf NERIGIN = Boev! arldiB & t1e74waBouad 1C € B5.6@%h, 64 =t 770y, N =619.82b6li dhét BNah .58%.
prducte (0. 053 g). After renoval of a 20 ng sanple, the remaining

di eThanol Exemple 2dZPheChiAlaiBoralaOH]i ssol ved in a m xture of nmethanol (3 nL) and
1.0 NHCO (2 nL). The solution was stirred for 30 mnutes at room

t enper at ur e Z-Rep@lyMa-Bgrolaieirazele0 28D 0.n0-337viaroles) ckael digpived e tetrehydiofurang(2 onlg sandl
phase wasdigiBaopianing@-pp309. 20.96 H@O‘%d'ssﬁwer'att@@hm@ BRIl wapasdegt: ey be
phase RiasTesriting anbdure was #iFee) psrnioht @reqm femperaiiega whilepresipiigie formasiyvhicy wep islgted
resi due (o '?3'852° d Wlafheﬂ/é'gh terphy Pfél'[aé ¥ig'd ﬁd'ﬂ'éﬁi‘&%"“? 89'3)’?‘@?&?1&8 Wrﬁstaé a BWERé'F

(0 072 g, pred was r&ent te dd|t|

8 ' ;:5?8 ggl .anof &%ﬁ? KZ'QEE l’em mgn v? irm rlv mu esh T om Ei%%

%E? 22H) é‘% z_]-’rz amo;:r?ta ﬂ- am :fEﬁi i e:}é; ) eva n‘?‘:‘I:‘to |eda
t hi ogl ycegelgén}: &s ] t?ri tn:r)‘émc G i )Edl sﬁbt 'Flf-o:ﬁ RkﬁLest;r Iﬁﬂlzn
10. 37% apgcu: a—o?s—@&”ebr (Gr., &8, 1.6%85 r—1ﬁ) 890 1 h&r—ﬂ-i;02745 ba ngh).B.1-

2. 01% sExaomes 18y, sRSHE - 'A«ha&af’m Bay, Q9al1- @i, "M, 1- A% dr. MaKg e Bﬂr(m/d& of
Bos=/Al a- GrioyWral)ieeq aha dcdi. 06 td; RED, BOC <A6E00@HH(4 8.96%, 152, R.37MD RIS =va.dok

met hy| nor pduad:icne 60.5798H &16.90%2NS= moWs e a9d Brd2.61s0but ylI chl orof ormate (6.8 n1_
52.05 mmol es) for 5 minutes in 50 nL of tetrahydrofuran at [err] The
reagti on RrappleSeMe@RlicaitdiaPiodiomivalinanet hy| nor pholine (5.8 L) were added to
H Pro- @Bzl *-HCl dissolved in 50 nL of cold [err] After this m xture was
stirred for AMmissgahydride,gf BaeaarQH wagiproparrgliydeasting] Racra-GH (195 53-8 mmeleg)avita iy

the filt r'ﬁP‘BV"@?/ 'F%\‘P@%I mL; @ ’P’é@?sﬂt’ﬂé’ 'W&S‘V'd?“g@f?r’(}%(s 8r‘i“‘e§%1 "“8‘&'%9@ K’E é"%tﬁ!?s was
washed se ofurgn eac"'!?f’/d’c];)’@i’

The sol ve b ssf’Be d '" : ; ;{hat

H Al aPPb- { 0 r a \ e Aaﬁ8 arcli{r satura §PV Th)g
mol es) ' agLVa ratgé e! as F]e
resul ting sw o g epy Al cblre B](i Aib.l% ff‘ %ﬁ%é iyt o
1 hour - at g ERELNE ym mm&# §hs ﬁengyg o' fin OPhis mixture
H-Al aPgp- irre ob0% 28Y AidSolvént wasevBborattd: télyIQiHQ 49"@%-

H Al aPr 0- OBgbé- A|516\-I (116 ., 48/ n&\dmpmko@wd%ma%mzﬁmsmat uﬁé IrMn&ésrnbb ar
to those glosairbdadstatiaiyainiey to tHdcs Misabad alové@dr Bb plRpatidh aiftida-AfaBrl0B2Y sl By a
f oam: 22 fgem,T42i 6 This prddack ciystyiivba kb Bl dostatenteyisly BoamIsAId 0B (A8 §Inth 120-121°)
Boc- Al aAl aPieofir@Rrdp &nd.18.1 @, (mppi11-207 ) @ra Jecond ckdpeFifst crefi-Awal. @alcdurfel CbdHadNgDs (P
[err]) s& n1-18e0od & & 7dp, HFE 7.45%.0% 59-30afoun€Cal €@1.74%rH Fa1s6%e, ¢nuipN 53.4620- 121
)i C = 61. 7Me0Sy¢-AlaAlaPA508z2! Nas-prepa@ddty réaglingBoc-BlaAlaRye-OBA%KS1.9-9)-witly rBaslgaceticdcitll =
9.46% Mt miquieal 3 P8 b- Witydroagetis agideypgravebotsiedy endcthe rrguithacresifiue/vasHregtedith
(11.5 Q) Hwdtous HGH |ap desstikadt fprcihe piegaration of H-AlaPro-OBzi*HCI. Solvent was evaporated, and the
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far 15 mnutes at [err] Trifluoroacetic acid was evaporated, and the
resulting residue was treated vmth anhydrous HCl as described for the
preparation of H Al aPro- OBzl CEP 4])!' Was evaporat ed, and the EP O
145 441 B1 residue was triturated wit er to yield H-AI aAl a- Pro- OBzl *HC1
as a white solid (9.9 g). H Al aAl aPro- CBzI*HCI (3.78 g, 9.86 mmol es) and

t he N hysidox was trtateh Wittt eth&Sto gjieldd H-AtaAlaiPyd-OBAINGIC] B &k avhitd/BEIEUE.9 @PUH-ABAIZ0-g

9. 86 mmuiBeisHiCIeTE g,H.a6hales) andnthd BthydrbwyCsucdinamiaa eftéSof misthy! Fcnatep MeOBErOSuf
[err] (32.286g,®86 ISndlesimarb elispolved i teliahytirotufan KBOMINas sesperstin ahBalGs (1.66al 19i7ng

sol ut i ommgles) is Ri5Smilead Had wasgddadtandithe restiitingesofution ws Btister ot rodin teRwpreturetion@zours.
evapo? atSeblend wes evarorateshand ierrgmaieing igeiduovpees digsolved Inetiy! sogtaterang aswastegtith 2d  was
washed W H¢ apd 5%NiaHEYs Get selvtippsowerg preppidrn saraied Watd) apdpith ragueopsNaCl.

sat ur at éﬁermcna)th%ﬂaa% R“FP%“&?’L?P'M’@HS N300 diering, @nd corpenipting yPY?Q”?‘}?é &t %’nl o
phase of@’?ta'ar{'ﬁgd?%l%a NHE’SG&?W"P‘? I’\“é'r f%{n(&a'@éﬂﬁnpratﬁgﬁﬁ"by é\ﬁa@é’r Fon,

\B.
3.4 ¢ of? 8eer an Cg}a er re ng_eg 00

59 84%, g"' ﬁ]é%%’ '}‘é o “a" &

| @sgg QE(S o 4 : e
NE @ c- ¥ ?u |n
ester ( e%)‘é@ém y'e'
hydr ogengj, ﬁs n9r+ rm, prrﬁsanceoafs %P(éh Ana @au @rfsr
appar at 45, H,(bRI ¢/ 815188, me 1 Nend 1.6 i @\eamrae,t Ak 5600184 A 211 3N (3. 4
g), Whi Ch MEEBuERKARRbLIOHZ2E0 §,118105 Rirdlsk) vias Blestived inQetahiRirdlurah @5 BILY, dotidatdlTBIES,
mp 144- [c6uplel fto BfBoMIEIPIEcoRrMAYrakstae G-46 ¢, annd miwuias)(d3olddzn tetratiyaidfdran (1mi)]
1. 17 ( d by @H)rocedurd sibs@ntiaiy sichifar tolinht, deeribed 1ot Z-Ph&VB@-Boldurpirdcd (Bafiplé 2,) After S5H) |
4XQ- 406 firation Bhf) pvapor@idn 8f e reantion Diifture, Amaresultitig kesidue Wasr difselved]in CACIE abdlapplsy H =
6. 80% M =3Th GBHn chueinioh 300 of Wita ga Previblisly equiliRgHd withdCHE = Prb@uct 884 eluted with
MeCSuc- AHGHK| 2@ WiuEked( witi Dexgne 101 vielg anwb#eeet)wdwa@ i g.s&f aunojen). tharly SRl rforf ur an
(35 nlL) CoetbsNePeR:&0= SE1jtfe cid ap &%, o= PO-BYF.GOAP il e Siound; €19 $A7Hablet 8LES( 3. 46
g, 11. ON 7 "‘bIPS's 811§édM?tPr'a! @??%ﬁ’yﬂracfﬁ'ﬂﬁ‘%ﬂ'ﬁ' i‘S‘"?fL pewe@t (F3083:R) gpve 'H
subst%int"i F?“ DGk )3 A Bk 59D (0h fredi i

( Exanpl éﬂé"% V2 %%?2026 ('?f 't")r %{!&qﬁb’ aw é% Bﬁbén ?*Bn’“i?f TOHR - PRA 2P ot FHzxtHr e,

the resd®f ﬁH)r §qﬁf’e(b\m§)M§ 6! |H rr] and applied to a 3 cmcolum

cont ai nigd :fe S Euc hAG-88L, p(;ﬁw ously equilibrated with [err]. Product
was ecjout—egn—pwi-h—‘a&ep-#—&ﬁ\r‘éﬁg%—l—ﬁtﬁt ed wi t£ hesfane to§éd| eljted/ a vx/mge pc;wolﬁlr

(3.56 g EAIRAGS S8y, 680 hifil 1 N =
10 14% conti &% dletiikrlgﬁr%;:o 5&68 cgﬁ Ie 2a/ﬁd hfe reé%ji%j é%lutb@ wagahg?:?’w hBLI\— e

% Mplrahdian meIQ{eﬁﬁﬁ\F 22419)%§H énbﬁﬂah'lﬁ addfin Sg%tmr (@l S@Pﬁp)efsblmtay

gave [ efwadhed Withbdwr( 360 Mz, [err] 1.20-1.24 (br.
12H) ,s81. 25¥hb. d%ﬂwaﬁ&ld’mme dorativel andr ﬂolyaﬁm{ bdhon eﬁh‘ﬂnge ﬂesﬁ hé\mg pendtaht-sd: HApoups 9|75
( bk.,; 2 lthe, pratonated fodm (Hi6Rad AZ§0,X8P (04-g} wbie plabsd in a Rhdk ,andcdibHa2) (Z i Was. addettffhe 2. 9
(t, J  =Gédpitinglmiidure vas Bidwédsto wah) to atioud 33 “Aar@Stirtearfor, 20 Zifutes NItrijgAB)imé,rMhezsolutich)
553 Exa;hlpdhengéd -frivie 3180 Al 48] Bddinowdsoprpavall -a@Hwaded with two 5 mL portions of H20. The
Me QQuc - Abmatihag RigusoBb phave vaspiyorhiized t¢ gislg B figify Whitd 50lidr{driAScs P-20uenold). S HIMRSEE0 n
t et ra‘ﬁydﬂ‘!‘}’f GPOR): @ 9.99-10L(r.. & il - 370 ey @HR 11158 81 H‘lhh%’“(‘o(bw@") 1212.38Mr-nthil es) ,
A R R LH o7 3
deri vat i4 0. t'e 3 °| ol ated
o VBTN e 'H‘e%-vﬁ W B S e o, T SR A Ty
hange res' n haV| ng pendant- [err] groups in the

z: 0.4 g) were placed in a flask and cold

[err] (2 ”i!néo pr‘é-‘?)gl (TB? zﬁ%%& gas@oéﬁlﬁtg IR0 f’i‘é égugromga@ 90 Ebo‘“

[err] antgSdwdids cefite g&b@idﬁt%@ si MRkt anged
from?7. %mﬁco@( P PloGuRt waef%n{a%gam o A% ke f fElhcaP&eﬁ Léu&bns of
[er 1] goThspich st é@:ﬂ tathﬁ&{és:oﬁl ARE JAMRSI priyRNdrd 5&%% Wu@hish Rl Aesaéntayy.mgt

sol i d ( Quite?&oii@ (0.68.g2 7.1 svieR). 'H NERr3eo N2, CBED: 11{5-1.9¢Br., 1BBY, 1.95-2.8 19010k, Q.00br .
6H), 1. 315, (87 2Hj,05.45,3.BHbr., 1)0868 @ 38)r.1-78 @b SH)LAGEDCalcd i) CooleshROR: T DI .
1H), 2. 369833 = 157%, N2 H)9.33%, Brd?B 551.60%..FourdH} ,= 89.822 H65 7(73%, N le)za%sanﬁa (s
3H), 3 & (.81%:IM§ (FAB): Bn/d +366¢tor ., 2H), 4.55-

Example 6: MeOSuc-AlaAlaPro-Borophe-disthanolamine

MeOSuC-AlaAlaPro-Borophe-pinacol (0.787 g, 1.31 mmoles) was dissolvéd in tetrahydrofuran (3 ﬁ\L) '
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4.65 (br. 4H) (%) (FAB) (mz + thioglycerol + H) 543. Anal. Calcd. for
[err]- C = '51. 06% H 7.51% N = 11.91% and B = 2.30% Found: C = 51.24% H
= 7.36% N = 11.81% andeZ.lSK%OQ l e 5:

MeQSuc- Al aAl aPr o- Bor ophe- pi nacol uc- Al aAl aPro-OH (1.03, 2.78 mmol es)
was coupled to H Borophe-pinacol *trifluoroacetate (1.00 g, 2.78 mml es) by
a proceduae gisthanbiaming 3b.£0y @i 186l rmolésy it Rrbhydefitan i (0.2 dnlf) Gras podsda Afdr i 20Mouesf the

Z- Phe@@ y AbiaacBiodetiVative cquidrmatiod deidciod g Itien-tyer citpralogaphy@R CL ISvigent vagevayineat and a
2 cm col uihe petially Zrystalting r%sldiiegvasfaxt@ctbd with e bihyl scatage B(yididea sdlid §0:29a9, 8.5 Immetel, mp

Fr act i ons 1840185 hi 5180683-3R de Bed-8p 6 AR Y. Onerig potieedt AnaldCaladi toufatie i Qibt (F30833-
hexane, 5 yP&|pirargd h p sinilggirgcddyre): G5 9y-33%, i Tnf@f%sly .= [€9474, angdVR 5 38456 Naynd: C
.[err]) 1. F5R708%5H (7 21%.MBE)11.71%0mmd B 818K, 10H), 2.90- 3.15 (br., 2
3.45-3.75 (b‘\"add'%qz_:cms opgy %‘s"‘@l’?}’ta'"?d frormyethyl SCE?P’“’ (0.84 9, 0.0% mapole. my 18761885y ).
[er r] C — hggq/sddu from h 590' nrygtal tion ﬂ:@ tBes_wis tg %edr_vgtﬂrﬂyter £9I3§ \glzt%

= 7.77% "‘zé‘?ﬁ ?f gﬁ g0 R‘%*Q"E;E 108

I\/EOSuc I éégé %@ bét ’ or’%j' : é 7 a}i g
(0.787 g, di o - %&Z‘d :

145 441 B} "1 et hies n%""r?eé(o A Toh: rrr?D1és |nE€etra FAB iz

(4.2 m) wa added After 2 hours, the pinacol derivative coul d not be

det ect ggl gyan;piyﬁﬁe@y&tmmmdagggnhy (TLC). Solvent was evaporated and the

parti al | y—crystattime restduewas—extract ed wi th hot et hyl acetate to yield

a solid (0. 2808uc-AafamiziBérephe dRthbNafmine £0.36) 838343 Minole] -E5dinple-8)5wasOplack@ il 4 flask1%0

I N et hanobith dyprkimatery|aGlofolll @xcessq0.4 by df EPOIFshrensBubsitited BRI b HreflY indheSpritbrait

pr ocedur ejorm (Bic-Rad7AGBS04(8)Hing 2 MmlOG Yold Mater viete 81R0. Thsbsilting nilxtidd Was diowstido sKe for

5V~ 06%20 H10-mifu@4 WhileNoming 1o HoRterspedciiud. Redn 839temdved addlivashechwith o 8 lLgdortions of

cr y§‘t/al s W3 Thbicembined aqpaops Bacligns wvardyephifizei 0o Hidid @, wite Pewdendhe joregping proeddire The

resi due f visided \B5{gdP.8gvimalg) of thpdres bpronicadich Malgriah prepasecchy amubstantially gimilaresgntidisis h

et her to Yipldedithe foligningeobaatvaiionsotisNMR (36Q Mg, GEEly & 10255 3yt BH), DO-E3 83 4H)3B¥8-

m—%

[err] = - 8§55 fr. 28,2952 iR ABABAAY (b GH}FBQG A, 280 (n, 4”%&?5 (m.d 459(%5‘1“2 65
(bl’ 71%7 65br.25 Calcg r C ng % I‘55 60"{3”)! QB%,_% =050% =2'1"_99,%.
3.65 (s 3,58““"§853 'ISr 676?‘1’" 19785 £ 32%%r ., 5H). Anal. Cal cd for [err]
C = 57.33¢ = 94% and B = 1. 84% Found: C = 57.32% H =
7.15% N = = FRE- (FAB): (mfz + 1) 587. 15 Example 7:
'VE‘OS“C 9&1&%‘8 nﬂ %Lé‘&’m LPB&PEJI' iBbd ARG 558 40
0, 0,58 "2%% m imr aaa AT Afe o o
tvvofolde t, ke égla

fl&:p M £Usi ENhE a 36t
t he. prot 09&&% 6)0)\% c 156%/ |ate l% %%t@ :ﬂrgg;tg g"(‘ﬁ&dg‘rﬁmw ef

The resul &du&gnmmﬁmmm@b |a (bp Aty, ﬁ&-fZQr(erQH) 243, mmusm%mw zm@eag
r 00 t GITRGT 64-40 Qor., S Aral. \ValGd. e T0RM oN,ORS!E 012 BAR656\H =7 8ME) No="T0 69 di@ns Of

[eM The2.087aiFoner] Co| 520898 H £ BOU%ONS: OBIE ahd/B N2.009% €= t50.73% .04 & gd2whdnti®l =
powder . - Th@s&or egoi ng procedure yielded 0.135 g (0.26 mvle) of the free
boronic acid. Material prepared by a substantially simlar synthesis

yi e@d t Feanois) 9: MaPPus-AlaMaBroBprdalardisthafatamide NVR (360 MHz, [err] 1.25-1.38
(br- GP-I),1923 br 4H), 2.48- 2.55 (br. 2H),25527 br. 2|—3ﬁ
2 82 2.01 (MeOSucz Btgoa(iaspmag 0.868 ggb&'grmnolg as ppacierl V(I w:tn armlagogvei 60
1H), 25 791%487'"9’ r'" *Btﬁg%;"f" "E*;Alf?fd‘ "’fyérat rr‘] white_pregipitale ggrmeg,

= 10. 81% lEated ahyéroiur 5y| % a ystal

2- R? 112
l e e
Exanp e 8; G(bl’ 1§ Oéyl 66 acol ‘it UorA%

(3.25 ° g*:’ w{%
(2.50 g, § ra ﬁdwas o aiea%mlﬁae Sl bl 1b ol 64
descri bedmmfe)% zgp . ViR A Qloctrum obtamerd (e:orrespontded to t?lla‘-t) :xpec;ltgdgfo(ro tig

desired product. Bloioglcal actlwty measured as capacity for inhibition of pancreatic elastase, was at least
50 S-fold greater for the crystalline sample, suggesting that two diastereomeric forms had been separated or
partially separated, and that the crystalline sample was principally the L-diastereomer.

d
1

- Example 10: MeOSuc-AlaAlaPro-Boroala-OH

. 65 MeOSuc-AlaAlaPro-Boroala-diethanolamine (0.20 g, 0.381 mmole) was dissolved in cold water (2 mL)
and the previously described cationic exchange resin (0.45 g) was added. After allowing this mixiure io
‘warm to about 23°, the resin was removed and washed with water (2 x § mL). The aqueouis fractions were
lyophilized to yield product (0.15 g, 0.3¢ mmole). 'H NMR (80 MHz, CDCls): § 1.03 (d, J=7Hz, 3H), 1.2-1.5
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(Exanmple 1),. Product was purified by chronat ography on silica gel, using
[err]. as a solvent, to yield a solid (2.2 g). A principal fraction (1.3 g)
was triturated with hexane to ylgi?ﬁsgﬁm(l 96 mmol es) of a white solid;
Terr] NWR (90 MHz, [err] 0.8-1 21H), 1.8-2.3 (br., 4H 2.4-3.0
(br.,.5H), 3.5-3.8 (br., 2H), 3.65 35 (s, 3H), 4.4-4.9 (br 3H). Anal.
Cal cd. foar sH)et.8-2.3 Qors 4By 225%0 (., SH) 33 48/63HN 4:3-5100(b6,854). 'mada:aorswék fttdedotind: C -
= 55. O6%exatd & yGeld 4 andiytical Sarhglé/ Anain GalB). tor 20,0y, 0eB=C 51 .4887%%, tH = 788% 280 and N
= 10.5892.678xani[H e 204%\MEDRd S Al49.00%.Pt 6-E36k0 Nl 12508 HrdifoF &fite 40
-MeOSuc- Al aAl aPr o-'Bor oal a- pi nacol (0.866 g. 1.65 nmmoles) was reacted with
wi t h @i ExdmpieotiaPdcrieRro-Boeghecpinagol 48 ol es) in tetrahydofuran (5.2 nml) for 4
days at [err] Awhite precipitate forned, which was isol ated and vvashed
with tet r Ahdrosysupcinamis esterphBocPheiOls (10,0 g 326 Sripqies) ges S'Ss° °d (‘P &&9melbPs, np
ro-9H _.@ 9\361. mrnoles mmo

lutl
was Ier tmg l Irey w?g i

Found:

. é‘?“r‘ © mﬁ B?I‘d
Lerr] [ (ﬁr "rL ?d.ove 2%5; a‘?
Anal . 10 r rdue ve in Hz and trat Hv&s vrlr %
s ?1 ex ra s dri olve
an onl Th r

w o rovr e rtea o‘ﬁd P&n the
dgl‘f)l d- {1' érr B)ectrulr‘n % g.l ﬁzg

foregor
g (0. 53249"'"%
cor &g ponqg% éh&-i?ﬁtm @2<er,t1e mfol% Wa@eac(ﬂ)%ﬁh ﬁ@%tr&i{y&@fdﬁﬁ (263'119)' 261 GadlePRH-Vi LY,
Meas ur e fodshepiaeittriiborbdbtate N@ 0PIl 1190 Rholb} fidsORl 1 BtrRpdrataan (MaﬁnL)atusrh@@St 50
5-fol d gloaiu@lsubstintidil SirMar\ts hal des@BeRIBnthesisSs FUBENNG-BbBIBI-pihaber (Example 1).
di ast er enomabgrephl Of I rdi@thgfiRire SR RAEDHSR BroRtededl dili (89 b)Y TREHPBBIgE tras WdFktedhat
the crysithdxeitCloSMnihe dasidd Prodic Q8 ¢, V1 .45hemdlest mpdiesresgrey 'H NMRNPE BHZDin
: ‘2%6 Aba saif ;- 28y, 035 &; T 1552.5 (br, 4NR OSBT-(BX, AW, 4B 8-(i80aH),al.95.3lbe i HRB.BITE&M ne
g{s. br, 881, AnanCaid. naGestis BsmBy@d- 6a99%0Hd: Viea%eN €7.10%) airil =t 88%pF@mdous| y
descrl b&d= 6aT4% i & 8aRVHhRJRISMeandB E0L.7A%. ) was added. After allowng this
mxture to vvarmto about [err] the resin was renoved and washed wi th water
(2 x -5 - [ExgmpleTiZeMa@R) IyleuBerpiayRingsalr e Iyophlllzed to y| eId product (0 15
'0.884 mol e [err]_I NVR (80 MHz, [err] (c J—
-EP 0 145 zﬁ?i' '!(‘LB -0 %ﬁe@yf@" P‘e N'1¥ "YSEC E?.a

Bo
( %ace g &9 & s@

anal yt i %ﬁm grff)’ @épaffltl %%#EF)% Tﬁ 3 “2'8‘"??7%5" e’fg 67%
and B 49. 0 %y N Y0.an -
Exanp Wea@x kl': ﬁpgzrz ?So%he%g/%sr]‘}gc“ol Gll\i%q’ (yr oggg%cz:@?%a% dgo %gét_ g'rz 4}%’ % °
Boc- Phe ﬁﬂa %H%ﬁluﬁoé@&%%l &iﬁe@bﬁﬁé&hﬁb%clpﬂedry@u BHh iiorodtBtichizie
(375 ML )or 813fin & Bk 24|, Rflowidl b &Z‘aa'b&at akfliryifly  vachd wik €O €5) and [err] (4.83
g, 282.6 mmbrﬁa]yuu:orﬂrﬁrumac to[(RU.F §, 2RSmAEIEES INhythRydubdiianide BteNbheifdRyS08'S
sti r r@d cRae (70 23.0 mnadReH and aam}rarmm(srohﬂn 5B arfafdles) vk diSsolvbdintN,N-aRBHyifol-he
Teguyl ti AEmideSiisive) \WA® allbwed ad Veadt 5tno 10 Crherlresaiting esattion atiiclurb i wasediiaigd with INN-at e
was aci dinfethgkbrmaniide (HCmLpad vas Gosaitat @8rS foe x30r raial The rédotiod nhidird wad boncdnested to
'ext ract abews 5cnll byl ecaparatiohedilufed anittl 78 ohly en5% \idediCeyv apd peacted with ethyli acgtatanTiei | .

Qi | ressitingt adqueeus hesd west deidiied avilie HCb Poydocti whe extractedonip ety acstaiet andswished (8. 7

Jonmerueiplly itrQ:aN RERnd Seturgient aqi ']laC' adigsied tg 029%01 Aitelsdrzf@o‘(enﬂazﬁﬂ)
2 9- 3. 3“’@'1'1‘9 2 congpnizating, grysigls ($13)9, 12139 mmojesgme (1 'Tgﬁ Q 7.2
(s, 5H). %@"Pﬁéﬂ"?’o"”eﬂ"’(‘*& i fflowing a'la'wsrd‘laéﬂta%mb@? e 'Y'ﬁ’“ 0”

-zztz,s*‘g@*‘” e f@@b GEAT I e P £ “bLL.rwme

as ntur

pr Oce u u&- etGll Sl!l ¥H 50 m o‘ielg as &\Eeldti) %trgh Er f?ryan %or%mr
Z-Phed yaG t%gra 5. 'nrra 9 q'f bl ﬂsé( DB 200
m xture. Ie§i ;5: in atp&leb g d triet anq (© H{gies) were
triturabgdydhd b reywa% 5‘&5& SRAGHIGH 6ol Boihool i SrobidTalee S
rrp 8]505'(@6% g5 26)mmol4‘si raHyBrofuran After stirring for approximately 1 hour at -20° and 2

hours at 23°, the resultmg mrxture was filtered, and the filirate evaporated to dryness. The remaining
residue was drssolved in ethyl acetate and then washed sequentially with 0:2 N HCI, 5% NaHCOQs, and
saturated aqueous NaCl. The organic phase was dried over anhydrous NazS0s, filtered and evaporated to
yield 450 mg of material. TLC in methanol:chioroform (V:V, 1:9) indicated three spots, Rifs 0.62, 0.54, 0.50,
65 on silica gel plates.
_ This material was dissolved in tetrahydrofuran {10 mL) and pinacol {0.13 g 0.71 mmole) was added. The
resulting solution was stirred overnight, but no significant change in TLC results was observed. Solvent was
evaporated and the remaining residue was applied to a 2 cm column containing 10 g of silica gel and
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[err] 1.2 (s, 12H) 1.35 (s, 9H) 1.5-2.5 (br, 4H), 2.5-3.7 (br., 7H),
43 .8°(br’, 2H), 4.9- 5.3 (br, 1H), 6.7-7.5 (s, br, 11 H. Anal. Calcd. for
[err] : C = 66.99% H—785A; B—183% Found: C = 66. 74%
H=816%N = 7.15% and B = 1. 79(?;%&95/9'1@?2
MeOSuc- Phed yLeu- Bor ol eu- pi nacol 25 Boc- PheGI yLeu- OH was prepared by
coupl i ng bduibiakel With QHER UTHSI dORth BVas SisivRde chiedPasr WA EHOE dnd 4heik OBICIs I0ntbining D% €S)
to H QA y- khetadokiThr8s fracfons4€.219g, 01H0 Infso)e) Were RGiledted WhICtESHOW&] redafnatitlyiodé kpot at R
simlar . t 050 barLclas NMRREOMAZ)IN PDEHA A0 iro,Ni 26, 1.8D (5; M) 2762 Chor.,(8H) @rip.5e(bi, BH),
Product wa.60 (sr3+,t3d ¢vi, 21d4.6 (o 12Hp brit\e.8- B8 t.ax0d). ( 14. 4 g). soO Anal . Cal cd.
for [ers] C = 60.66% H=7.66% N = 9.65% Found: C = 60.25% H = 7.51%
and N = 9Eg@ie 18- Bicd@-Bdreala-p@iaeot t r i f | uor oacet ate was prepared by treating
Boc-Phed yLeu-OH with trifluoroacetic acid for 5 min at about [terr
fol | owed by BegAlgih 0i66h gaAd! HWW%W#SWOV@I%@ WBpmalxpipgcol” trifluoroacetate (1.00 g, 3.51
H Phed yL&Mmotep)-hy; # iprocesiyreosibeianially smilyr b tgat descriyedfop Pesggration of Z-PheGlyAla-Boroleu-
N- hydr d%yg'ﬁi"E'i (ﬁ’éﬁ’ﬁp!?e” e@'t"@rp’wc‘r’f@? s} 7

9759 s
and-trieth a "G" rod t7Cl LRSS s‘%@ ff%&”%rsé%"‘r? F’_r-
mani de (1! p PSR t119 aﬁ"l’%e “ >§3're
was dil ut tji f An ﬁ' ?Brr ) 5?) fjll\i € % g
f ~3 ’ t )
e\?;porgfr on6 ute vvr'th 5 %ﬂé&@g err nd extract eg with et hgl

acet at e. E%ﬂmué&rm@&umnm was acidified with HO . Product was
extract ed—tTntoethyt—=acetateand—washed 40 sequentially with 0.2N HClI and

saturat ed ageAldBolNARhinad] 0siBEd, 1.26 Mmdids)Hids. disdbiiel in G ML BOteRaNRdrofbIRR, ¥ then

f It ey i2610 treateaiclvith GlRG@Rididsl (01098 o N S intloBs)(dfssofadd th tetiaByB&iuraiTialnels.  Aftefabbi Bhbursier e
obt a’ned. thbpinaccs wlasibgimitendi lcyulds hatibb aisteaadDiey TIGR 1Sbiyent Ies évapdrat ang tsn@bigiel aswas
obt ai ned twstalivedtors elRjiathtyte:Baxaret-broviging &t8rg (0.58\maroles,Gar 17d-174.97); 'HANMA (3600MHz,
58.91% HCBCik):; ¥ 628 (dadd o, SHP 1.34 b J F8Hie aH), C44=(s5%H).2003.8 Hir.—2H).53.663. D%, %@3& =
9. 06% Me@SUEH. PHetR3ybe (AHRM-05AME 8. Anal. Zalod: ferdh b} NafeB: @i=sE7%edl £B.59%, N =

t et r ahyeir 3% snd B 5 H28%. Fovndal.Hil- ﬁ@j’/"Nﬂ rﬁe’t%nynTn‘%a?ﬁ% B £384%- ., 2.0

nmol es) and was allowed to react with i sobutyl chloroformate (0.26 m., 2.0
nol es) f &xemplentSnBecGly- 5?’°'E‘§?‘?q°°'Col d t et r ahydr of ur an (10 nL) and

wis 1 L e(lti' ead ruQ E‘F’rY" Jl8Tat e
g% "‘jgi gﬁ% téﬁ o gm rqﬁ‘%tt 'jt
-Blrolb , 7&1& %

was [ rmedr a

'for approrr or"oh ’mrtn L drid!

was filtegq @&rfai.ta T X e)y 2 S3ded énr matureevsas ue

was di ssotr it w116 abRGE aat erh@reéi SR SIE Gos AP Ab rL &tlutéﬁ hqo

5% errg ﬁrafrtyns.?et SHioRUE BharbHERMRed A 20 AINGY ROADY foldWea B9 20a8. 6t ra@éﬂeé'odrum

ankydr oUs bic&bdnbte sbiloR! Biind i SOMEAQHGIRESG4Oand i crcdntbbiy i @i.qwaa(oeo igPhhichTkde 1 N

net.hanol : elbridteyraphéa éiVsiliba gbl Bsing! Mitlinalietb EHHeEmERMbIS(V:VIRES ollerft 20 pldvidta s6lidS0,

55 on sil paucy @47 b at. 285Smmdibs), B7+70t ,EHINMR BBEMHE, TDCI; ) € d.91 (br.f &H)r dBysneffiyr.ang,( 10

nL) (and piraido2H) .49 8, gHI 1.51 (neptnl eFHad), 20R1(d. 1H)EB4r (@A BHe.rah). sl (it.i ik 668s

st i rredwoves Highral. Chicd. fan©1e:ghhiOfB: Cant588antd e 9.53%|INC=r B5YH, Bs= R@8%ofmiad:\Ced.

Sol vent wA&3%hoPetttdNand0d"d ¥ &P*ni ng resi due was applied to a 2 cm

col umm cont ai ni i ng 10 g of sr I | ca gel and 14 EP O 145 441 Bl equilibrated

with [err2XHE PoriFly-Rere! ihARplaming | ut ed, first vm'th[err] andthen[err]

cont ai ni ng 2% rret hanol Three fracti onsqié]% 21 re coI ect ed
%e rae
O

(0.5,

whi ch s 0\3439:‘ B'b rﬁ"f '?J?tbp 0 4

amine ( actl v/ li nd f
in[err] issolved in wan ether (00 g‘ vﬁv?ass(a tarried on’coolifig

8H), remammg solution was freated w1th additional dtethanolamme (71 mg; 0.7 mmole) in |sopropanol (O. 7 mL)
S and stirred for 48 hours, yielding a white solid (150 mg, 0.42 mmole), mp 215-219°. 'H NMR (360 MHz,
56 CDCh): § 0.85 (d, J=6Hz, 3H), 0.90 (d, J=56Hz, 3H), 1.45 (s, 9H), 1.4-1.6 (br., 3H), 2.7-2.8 (br., 2H), 3.03-
3.15 (br., 2H), 3.38 (m, 1H), 3.65-3.80 (br., 2H), 3.83-3.9 (br., 2H), 3.93-4.02 (br., 2H), 5.2 (br., 1H), 6.23 (br.,
1H), 6.85 (br., 1H). Anal. Calcd. for CisH32N3OsB: C = 53.79%, H = 9.03%, N = 11.76%, B = 3.03%.

Found: C = 53.87%, H = 9.25% N = 11.69%, B = 3.09%.

56 Example 17: Boc-PheGly-Boroleu-pinacol

Boc-Phe-OH (25.0 g, 94.0 mmoles) was coupled to H-Gly-OCHs * HCI (1'2-.0 g. 94.0 mmoles) using a
mixed anhydride procedure substantially similiar to that described by J. Am. Chem. Soc. §g:5012 (1967).
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3.60. (s, 3K), 3.9 (m 2H), 4.6 (m 2H), and 6.8-7.9 (br., 1 OH. 5 Exanple
13: Boc- Al a- Bor oal a- pi nacol Boc-Al a-OH (0.664 g, 3.51 nmol es) was coupl ed
to H Boroal a- pi nacol *trifl uoroacgpgtﬁsg]} g9 9. 3.51 nmoles) by a procedure
substantially simlar to that described tor preparation of

Z- Phed yAl a- Borol eu- 10 pinacol (Exanple 1). Crude product was

chr omat ag gpdtadcoresa ol wamobRinet)Whiclo Rdystallided @poh. Slangingf Thisi grodiiet vps | recrysiallinegl

[ err] - asrom@E0wanst. hoPstnd acetate, G @6chgO0 wiksof ethgrsdnd 100 me af fiexanm Wees added dhdditiamat

(0 70 g hexand)Gasaudbdess, cryptallization proddedad tn give 20:8tho (62 ﬂ[reqierS] 6604); b 94.6-88.3° ¢fdHocat ed
a:si ngl @hePoOMRS Aroadmwnep &9r g (RVRMeISH 19%HmMp q:%@rasp [vas roptamedlsy teprogessirg t@ J =

4.5, SHzes'ds . 1.24 s 12 , 1.38 (d, d, = 6, - 1455*
2.95 (m  1Ang) Calad. 205 C 80.70%: (be19% 1N-1)833‘An%ﬂund éa@'c"é‘% ﬁo?ﬁr/e ?6@6—
56. 14% GfL43%: H5ip 4° ty and B = 15 3.16% Found:

!.‘."

9.12% N -’“P"g (E? m’" 'e "ée in 250 'nggé’ﬂ?’baa"ﬂd‘?aﬁ ‘F%eddl:;ﬂt' am ne
Boc- Al a r 4 u|t|
et gﬁfﬁg % f o remo O s S |
ol es) *] ﬁ@fm ﬁilerwasies e H"ﬁ% ie. S’% é‘ﬁ”" " ;f“"é's e
-1

pi nacol

56 ¥ 47
evapor at e Ariéf‘ ?orb ﬁL Wa§9 é?l';/o\’ﬁt /J Neﬁfssf% EF%rﬁt
proviging Qs log o2& mbies) ViR, @@QfMﬁ'Zus h@f Cvlas tréale%lam{th
J=9Hz, %lnﬂarpﬁém 205 g8d'520 H) moﬂas) oled to 95“') andheftret8d (it isobuigicherofdrfate3. 15
(br., 2kb.2733, 626 fo)2 ridbDles). InS redulfhy rédetion midinh wadtstided fofs miniht -19 N rebted with. f or
[ err] Cinethylamidd ¥0.208 ¢; 0279 Bl 2 Mnwled) folldwdd H9% soich & H-Baole Slihacdtatifidroadsiate
51. 06% (0:652 g32 dinfdes)Nh tetrdi}dréfofin 28wdL)Brie r&ulidteadioramighne whS warmed to about 23° and
-Béﬁ%gnysﬁimddtbremopi. The Dixtude 65| theni diitecd MthBE0 - of MEHHyIB: bdey washedmiti Zsil pin
met Ty et UeHl ofidwed by 29 mil 3 satusatedr sogitre (hioaibbriatelsol@En. Pairigytharrmsyling] solution(@er2 02
g, 0.2190dm suffatarfellowed by conepnirafiomunsleobduded pressire) Reevjdad @ ciudreprbrdvct(1-84 o)f wiich]
| sobut ywag Rirerpeeasphed en sifrapphus 9 1 methylprie chipridarrprthesgl (ViM)s vialdine @ raredPredyet
resul ti P11 Sadd Bynolepi{H, NMR\(3R0 MHz, CPE): 9813889‘?rfq‘ru?'@s‘ 22085 AH), 11:3§ {twg fpeaks,

‘H Bor®| & )’ r1 drs £ 4 FlJBP'o Eﬂzai'@ f?aa‘édb’ 3H) 3 854 2 2y H)f.15-7.35
met hyl e ;ng'cq:gﬁ {37 gf' a{ﬁg"’ﬂ)z ?31 9?332782% F‘?‘"?‘nﬁ)res)
was -add Pedct & to warmto about [err] The
reactio 5hrs diluted with 100 nL of 35

rgxrm % B '“°th 20 mL of 10% HO, fol lowed by 20 ni

%%GF:[ ooeu%m hgr la .
met.-hy) e

of a sat ur k&thos A sbilbidiah ARyl F Hk'go'834 ol%Qm ﬁﬁ'n{BMQQtr with€ T ]
and - CoNGRAbAEMIN% IRV S ¢ Inhﬂfd} RolutdN ﬁiw 6P KRR ALPE RS p6da,
silica gRbtald$dnned Whidh WG R mnpmmd q%%aoraefo aRRble) Mo Yao- 18+ EHUNK de@mrzow de
a sol i d qpeRH ¥ ®is3 (&) Jebfiz,BH), 0.909d,'UEBHE H), 1,385114] (br., IR 1386 015 Mz 1) $6:§]65 891
_ ,35613H), 2¥-2283(b€..S2H),129-.2 (bt., 4H), §.8-3.4 J6v/ Itla), 3B1A)78 (tk., 48), 6.8-4.09bD, 4HY, 438 (ohAED!
—‘7~Hz THi7,35 QA BHY. Bnal, Caldd) for BosBiloNe O B: L= =658B0%2H) = 801%, (b ,1118%, B 6= 865%0
(br., 1lfpund? ad 59.36%| Ha= 8.29% [Nerrip.98% B = HB%38% H = 9.53% N = 7.57% B =
2.92% Found: C = 58. 39% H=9.44% N = 7.03% B = 3.08% Exanple 16:
‘Boo: G y-ERemel 1 HdheGlinBerolewipinasel* tiluoroacetate sol uti on of Boc- G y- Bor ol eu- pi nacol
(0.249.g, 0.65 rrm)le |n |sopropanol (810 m.) was treated with

di et hanol| afisqtion 340 9¢ 84@1 |"(‘JPP"ﬁ1 wasy plissolyad; 139 Hi)oe

(yfﬂurgo acn P\;%saln?ghs entrgte dlml
g anr];] 3 t" gf 8 4 ﬁﬁ gaﬁ)gﬂ Eé S i ﬁz
treat %E A‘e 42 7’81 i%IT

(0.7 stlrr Ing a mhlte SO|Id (150 ng 0 42

mol e), [:66[1] 0.85 (d, J=6Hz, 3H), 0.90 (d,
J=6Hz, 3H), 2.7-2.8 (br., 2H), 3.03- 3.15

(br., 2H), Th% §)€hp6lmd wes I';Drepan%cl @5 cgta IU&F enalidn) of ZaPiﬁawama)BQ@-Emova%H)acol pre-

3. 93 . Péred Biibstantdli) accrdidg (dthe probedile ofExampid BY Z-phebityiaiu(GBzfF BoroR-pinacdih 60 fnal .
Cal cd. forg nin®)fwlas diSsovedif. 16 HYabsblute othakdB 16 wHith .50 InL/fiGal &Befic a8id@Rd0.40-9bMd% C =
53.87% Pd on cArbdd Werkl addeli] HEHOGon Rras bibbfed drodnh theEsi@ganigemikidre for 4 hours at approxi-

Boc- Phe GiaslyB23r oThelregpltingaeadtioBmixiukéheas Pbtniitidd tdstand ulder @ blanket afN, ovarsighe.cCaplysid t O
[err] (}2s Gengpyvedty fitratiom|aed olvemt wap evaprratet viakling @n iotl @hiph @eetituratedswithstttentol al | y

Si mi {gsapravide 8 iseid (Qi&%mrbledawmﬂ Cas ApsiNe @i = S65%, 89 B61%; N F9B46pe, B = 1.82%.
o ‘Found: C = 58.47%, H = 7.59%, N = 9.69%, B = 1.95%.

* Example 21: MeOSuc-PheGlyGlu-Boroval-pinacol
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EP 0 145 44% B1 35.1 g of a colorless oil was obt ai ned, which crystallized
upon st andi ng. -This product was recrystallized from50 nL of hot ethyl
acetate, to which 100 niL of ether Eﬁwtfs g4 of hexane were added.
Addi,tional' hexane was added as crysta 1 |zat|on proceeded to give 20.80 g
(62 nmoles, 66%, np [err] of Boc- Phedy-Owe. An additional 5.9 g (18
mol es, 19%-phgiiiGhu-Brovalsnaddlt GHs 0@ AH,pyrepamp rsoissentialy gy the @rdsedureeddasciived infBram:
Calcd. fople b.e019 9. 1760mM3ID Mas HissolfedliBZ0 hi. TBF 33HH.038q@d 7 n@hol)BEhytiRSKysuedininidel 304
N. - 8. 66% es@r ofoeti39éucdiate/0.028% (0837 BmBIHS4diuk kicarhenate ancHd.5 G v@tey werk @dderfohel  of
Boc- Phed 15-railvides, HODIE® (017 mrfol)redditiceniofaHiEAs were eddedcanditheltesbition reactign mixiuge $jrred
aqueou§ strihayrratrapproxivatelie 23 Tbe reaciigh mixhip was| thanj diviediaH0mi; withde N HE! i sqiyrated
stri pped Ne§! andrspdypfesxiicted (e pthyl Gootate) Therfesulting prasnie layert veag died gyer hae $ Q.. filpeed,
r em)ved a@ﬁao'méeraegfatw RNg 1O Mg gheTyieprosieeta Ty mateda) wes.dl ° °l ﬁ °5'?f°r?£m 3rd 1

A st*i EEH'WI’ B’B? P‘éderae%'l(ﬁt ' %IP’%!‘EF 6"H‘° HF‘% '?“? 9““ P
V\/m te rm% 17 " é1 Hithg
15. 01 8" %6 34 of %""BroaLF 47/" por /° |zed from
et hyl aceta t [err] , =Jerr] C— 1. 03 acetone Anal .
Cal cd. OF—-@&M 6.88% N. 8 69% Found: C, 59.76% H,
6.86% H, 8 ﬁeﬂc(ﬁozwlwé comy ﬁé%e%tdr&gregt)y ﬁ%ﬁédﬁlgggbgtﬁrgr_‘ly(sgmlgr%ﬂg rnd%atgy’g)laﬁlﬁaas' n

‘t et rahygdr of uran was treate m)rpho Ine (0.202 g,
0 220 m_ 2 rml ac) ocnonlad . rr\rJ"L Aand thaoan + vt 4

i sobut yl chl or of gr Baee(lo 273 g, 0. SEMRRUY 2 ol es) . Fffﬁ%a"?de%cﬁﬂ"f“?%@ reaction

m xture was stifred forf 5 mn. at [err] and treated vmtrF"P'P Bt hyl fami ne

(0.202 g, 0.279{nl,222 nnBéceBPhePfocBoravatpthaddy a sol uti bn of H-&or ol eu- pi nacol
t Nof | uar oacet at ¢ (@365 MpOSucimalaBe)Boiohe-pigcolahydr of iran (5 & ). The

I’ES\T/'[I ng react i on 24 xtluZ-Ehe@PheBomedipitagolabout [err| and 23 stirrfed for 1
hour. The m xtuje Was tjhéfhe@iyG@BzvRoroMal-pOaohl. of ngt hyl eneéd chl orf de,
washed with 25 FreheGlsrLer Paoyabpingpol 25 i of shturated sodi y
bi car bonat e sol §iti 4. O IfLpwBorpualiet arrgarslm ut i onf over sdlium sl fate,
fol lowdd by con¢ent®Patijn 'P s(PeryrBoraah ?’?aég ptovi ded % crude product
(1.24 g), which]wa$? chriofn LY ‘gig’ab(‘{%aﬁ " t'i':ﬁgm 81‘”9 upi 51 et hyl ene
chl ori de: et han " an °é°vﬁ' uct (0' 9. hol es) .
[err] NVR (360 A o:y SLOF .
peaks, ‘12_‘;3 OH), ! m‘fa ¢ 2.7503.45
(br., . 9- 4 . ,
Cal cd. for err - 52649 : 6
62.51% H = 8.81% N = 7.69% B = 2. 37% VB (cr) (mrz) 517, Exanpl & 18:
Boc- PheGI - Borol eu_ di et hanol am ne 30 A solution of

Bog- ! Sxample 3p-dphibi troniil Flagtasy 0344 mmle) |n ether (5 m) was

ed wit ethnlamne 0070 .
was stirr F‘ﬁ%"“’ﬂ' 4 %ﬁer yas He 'ﬁ?? U“"ieo sc"
nz assa S Weér antr din

filtered : 4% % tmm oA '
0 SQ.J( d, razine- e( nesl lﬁ) fer %54\6 ide; ?
(br. 14")1 5 X l:AlaAla?lliio-Vﬁ mtro nﬁe 2s b@lbd'te 7lnh%|fars w'e’re%vﬁua%d com éhhg,
3. 3- 3 4 (&Hzymatid Idn\,twrty?’m@as@re 8n tHe preserd)and Absench Hiditer. Rédihts ard -s8PIofiHIN ‘ﬂa%hse,
7.1-7.35 tdifw. , SH). Anal . Calcor for [err] C—59 60% H = 8.01% N =
11.13% B =A2n&5%ted§ﬁ)él B¢hluation=of 3. KilO cdristantS fo? Mdractidn—of hOm&hSAdutrdphit-elZst43b With
Exanpl e 1@e08dciRzaiabrg-BBoraOBuvgpd dataroined by friaitono adstatiatly dhiila ts tosd Histtosad by
Boc- Ph&d §ohBss; el abuBipinemisiol 19423504980 wh@)de$6ibe imrblieding\arsiaitbh slesstibiagrevansit, fight of
t ri fl uor obiedingiimhitition:d and stirred for 15 nminutes. The resulting solution was
concentrated under reduced pressure, providing an oil. [err] NWR (360 Mz,
[err]) [err] 0.83-0.88 (br., 6H) 12513(br 2H), 1.26 (s, 9H), 1.55
(hept . WJ-?HZ 14, 2.75.(t, J*g QHz, 3.H 3“; gz(g{,, 2H), 3.88 (m
1H, 4.26 (d d, J& 1 *8re}, 48—

2 4

As determined herein, K (initial) = ka/ki; K (final) = (ka/ki)ke/(ks + ks); and K (final)<K; (mmal) E=
[Enzyme]; | = [inhibitor); El and EI* = [enzyme-inhibitor complexes].
" Kdinitial) was determined from initial velocity studies, according to the method of Lineweaver and Burk.
Substrate concentration was varied from 0.80-0.04 mM, and concentration of inhibitor (MeOSuc-AlaAlaPro-
Boroval-OH) was 200 nM. Observed inhibition appeared to be compestitive, since double reciprocal plots of
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(mﬂlH) 71574(br 5H. M5 (FAB); (mz - CF3CO0) 418. Exanple 20:
H-PheGI yd u- Bor oval - pi nacol * [err] This conpound was prepared by catal ytic
hydr ogenati on of Z-Phed yd u(CBz i’bB@EsQMi"b pi nacol, pre- 50 pared
substantially according to the procedure o Exanpl e 5
Z- phed yd u( 0Bzl ) - Boroval - pi nacol (0.60 g, 0.79 mml) was dissolved in 10
m' absolintiak vedciy RO | substrate \WhnceiitraflonSithertbpt@ Me iyakis ac ol sama poidt. amdreBuitd Bf Geaf 10%
Pd on catiiesaremetdorthditl@slumiy dir laglen, hetvw. bubbl ed t hr ough t he foregoi ng m xture
for 4 hour¥alus o Kpiaal)- andek: ffinal) [ were Hetdtimined doml olisergatipnsadft pregressive inbibomak
permi t t eibstase igtthnoresencieol 20 k51 18Tk Wt subftralianegswechinghe pre@acen bly3Nt300aM MeQfivwoed by
filtrat |P4MlaP@rR9rosd1QHeﬂilne Yataswar fited tthe épflowjraedagiatian Fam Roi t (vt whig (v - vi)-
tritur ateddk Ritg he sensentraiion obgrogchatitiong tay is dreiinitiaf @losily. 9 iy thafing steady state, velpeily.

[err] C kds thg ﬂrpgoyger cpte copsteq!%\ Re |stlg cg@e tra‘g)n.of grog:g%tt Ed ,\{aues(gf K (igigjalyang K H =
.7 590 Nfinah) grepag e getarmy ngi k ofipitop yeiag, dhe. methork of

 EeHiRepy . a_nmeﬁwa %cﬁﬂa‘{}‘aﬁfeﬁPH%rH'dP Cf'%'P P obeBidr P
subste?ntl ally by the procedure described in Exam ple 5, (0.10 g, 0.17
mol ) was di Sadleed:i nKinktiic Pdoperdi@s03% gheOIhferaeition of
N- hydr oxysucci ni m de eilumamwemmlo@m.iumlalsahsp @i®h3Mg0sac337 mMml ) sodium
bi carbonate, and 0.5 nmAilakleaPne~BorovaddOHAfter 15 minutes. 0 014 g (0.17
mol ),saddi tional [err] were added and the resulting reaction mxture
stirred 5 1.5 hour at approximtelpy [err] Thegreaction m xture was then
diluted to 50 nL with 0.2 N HCl kin (agfjur at egiNggMyand product extracted
into ethyl acetate. The resulting organic |ayer was dried over Na2SO4,
Li}lt\tered and sol vamiitdadpor at ed, 1%0el di ng 82 gy=0f) crude product. This

erwal was disso N chl oroformand sl y ,evapor ness to
_pro\?fge a crystall ?neqpr oduct, which was |s§\IM§t ég g’?!d g‘ﬂeig&v%nqﬁ ether to
yield 0.040 g of the desired product mp. 152-153 . Anal. Calcd. for
[err]: - C = 57 58% H=10 7.34% N =8.67% B = 1.67% Found: C 57.47%

H =7 22% 8.51% B = 1.61% Exanples 22-34: Additional Peptides The
fol | offi ng corrpounds were prepared by procedures substantially simlar to
t he i ndicated exanples. 15 Exanpl e ~ Conmpound
Prepared according to Exanple: 22 Boc- D- PhePr o- Bor oval - pi nacol
5 20 -23 MeQSuc- Al aAl aPr o- Bor oi | e- pi nacol
5 24 . Z- Phed yPhe- Bor oval - pi nacol 5 25
Z-. Pheacq;l yd u( OBzl ) - Bor oval - pi nacol 5 26
Z- Phed yLeu- Bor oval - pi nacol 5 27
Z-Phed yLeu- Bor oval - di et hanol am ne 6 25 28
Z- PheQd yLys( Boc) - Bor oval - pi nacol 5 29
hedsd yLys- Boroval - pi nacol * trifluoroacetate 5,19 30
MeSstic- Lys(Z) - Al aPr o- Bor oval - OH 5,6 31
Z- PhePr oAl a- Bor oval - pi nacol 5 32
H Phed ySer - Bor oval - pi nacol [err] 20 30 33
MeGSyc- Phed ySer - Bor oval - pi nacol 21 34
Z- Phe® ySer ( 0Bzl ) - Bor oval - pi nacol 5 Exanple 35: Inhibition

of Neutrophil El astase Neutrophil el astase was prepared by the procedure
descri bed by Baugh, et al., Biochem stry 15:836
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(1979) . 2Enzyme assays were conducted substantially according to the
procedure disclosed by Nakajim, et al., J. Biol. Chem 254:4027 (1979), In
assay m xtures containing 0.10 M (

‘hydr oxyet hyl pi perazi ne-N - 2- et han?gﬁff‘gn%%gci d) buffer, pH 7.5, 0.5 M

‘NaCl - 10% di net hyl sul foxide; and 1.50 x [err] M
MeOSuc- Al aAl a: RLgs yab : P-l1930ihi 48 ASnskRIAlGniA"BARELELS Ve e

eval uat ed by conparing sence and
absence of inhibitor. Results are set forth in Table 2, below. A nore
extensive eval uation of the kinetic constantSS¥®8 i nteracti on, of human

neut rophi |- el ast aselBRibivaEOSCc- ACQAEAPEBM Bordmin) OM AeLdViEY et i ned by

met hods substantially simlar to those_disclosed by Schlgss, et al.,

Bi ocheni stry 14¢9%%8~Ah&dtha- who desctPBe the $A 1 owi ng &Yuati on descri bi ng
reversi ble, tiBho-Borekwaly-0thi bition: [err] As Zeterm nedéherein, K
(initial) =T[err] (final) =[err] + [err] andderr] (figal)< [err]
(initi{); E = ;Enz%mai; | = [inhibitor]; El andgerr] = .Fenzyma-i nhi bi t or
conpl exes]. [eMePPPirdianAlagms deternPPRd froffihitial vePocity studies,
according to tReorsBbhophefOH i neweaver and Burk. Substrate concentration was
varied fromO. A,i{g\ﬂ d concent i on ofy ignhi bi t or ¢gMeOSuc- Al aAl aPr o-
Bor oval,; OH) vvagggg?)gn &I?Ierved i nhi %Ia?l on ap%e'lgr ed to Bg conpetitive,

si nce doubl e r BEPPROERR LIt s of 17  EP 0145 441 Bl initial velocity vs.
substrate concgrpPhet@oy-Axd-er cepted tReoy-axi N the same point. The
results of thegg, giugl are set forth in Colum A of Table 1, bel ow.

Val ues of [erri inrtial) and K, (final) were determ ned from observations
of.progr essi veMPRARETRIHTAA- el ast 49eOPR the Resence of 63.0 x [err] M
subsStrat e neaspeedBonovde- presence of 30-300 nht MeCSuc- @0

Al aAl aPr o- Boro i‘hé The data were fitted to the followyRg equation: P =
[err] + [err] terr is the concentration of product at tinme t, [err] is
the initial veM8ePRG-AlarAla-is thelfiRAP steady* state veldcity, k is the
first & der rabPeocBosbéptd-and [err] is the concentration2af product at t =
0. Val ues of [-§§.BLc$ini tial) and K, - (final) were then determ ned from

pl ots of velocffy vs. concentration of inhibitor using the method descri bed
by Di xon, Bi ocMeRfug-Ab&-Al®r (1953) 1-RBQuIts NS set for?k in Colum B of
Tabl e bel owpréQadobiPalpiddduatic Properties @f the Intagracti on of Human

Neut rophi | El aig_gﬁg_&%rh{\/f_%uc- Al gﬁ)sgr o- Boré).v,_gl -OH 1§6A
|

B Ki (nM nM Initi 150. 91
(t=0) Final  Boroleu-pinacol 6.2 48 (t=[err] 3%quilibrium 25
30 36 40 46 SOpee-Phe-Pro- | 5,000 0.5 a2
L 3% Borophe-pinacol 2 23

17 .
RN “© a.) Activity (rate) of the control (O% inhibitor)

was 0.0147 min~ ', measured by change in optical
dengity of sample at 405 nm.
b.) N.T. No detectable time dependence in inhibition
could be detected during'the 3-4 min assay period.
c.) Activity = activity (rate) as a percentage of
control value.

50 : .
Additional peptide inhibitors were evaluated by a procedure similar to that described above. Stock
solutions of inhibitors (1.00 mM) were prepared in dimethylsulfoxide and compounds were diluted to 0.10
mM with 0.10 mM sodium phosphate buifer, pH 7.5, yielding the free boronic acid. After incubation for one
hour at about 23°, inhibitors were added to assay solutions (2.00 mL) consisting of 0.020 M MeOSuc-
85" AlaAlaProVal-p-nitroanilide iri 0.10 M Hepes buffer, pH 7.5, containing 0.50 M NaCl. Assays were initiated
- by addition. of 0.50 ©g neutrophil elastase. Conirol assays without inhibitor indicated an initial velocity of
0.0195 min~'. The value "k" in Table 3, below, is an estimate of the first order rate constant for time-
dependent inhibition, as described above for MeOSuc-AlaAlaPro-Boroval-OH (Table 1). Results are set forth
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18 . EP 0145 441 Bl Table 2:  Inhibition of Human Neutrophi| El astase

Times 5 - I'nhi bi tor Conc. (nM (mn)% Activity
MeOSuc- Al a- Al a- 1 0.5 © 61 Pro-Boroval - CH
2 . 364 27 10 MEQMSALEL 500
[err]~ - 55 Pro- Bor ophe- OH MeQSuc- Al a- Al a- 100
N.T °©  inTable 3, béiéw:15 Pr o- Bor oal a- OH Z- Phe-d y- Al a-
200 - NT : 73 Borol eu-OH 20 MeCSuc- Al a- Al a-
10. 000 - 0.5 61 Pro-Boroval - :
2. 39p1Ri Nacrihibition of Human Neutrophil Elastase 4
11 Me@Suc- Al a- Al a- 10. 000 1 41 26
Pr o- Bor ophe- : 7, % Initial 24 pi nacol
MeQSuc- Al a- Al a . 000 0, 71, -1
Pr o-'Bor oal a- pi nacol gmg‘"él : Mc'—i'é" fctivity k—é‘éngjphe- Gy-A a-
3. 00010 ®edSuc-Ala-Ala-ProdorRQL-@ueu- pi.ﬁc'?@@b" 61 0.27
4 0.Boc-Phe-Pro-. 5. 000 £ 5
. ~Ale-Als-Pro- -~ . 60 0.
42 Bor ophe- pi nge%ﬁc 'Alakﬁn Efrg Boroile-OH 1.0 x 10 53 4

. -8
17 a.)  Acti vMpSFectwatRyrlarPronteretir®o  5-9(0d8 i ghi bPtor) 48-%hs 0. 0147
[err]  meas GrBe-¢hy-SHraoRgd) -Barcypt-Pial YRS 19 of &anpl e &:1705 na. b.)
N. T.  , No det egbsHak Snbldip-sispRpslanem i n §.8hi Bot’i on goul d be.getected during
the 3-4 mn asgay period jc ) gfictivity, o5 qgiéivity, (rate) as a
per cent age of oer O VAT e '%0 Addi tional ‘pépty de 1nhibitors were
eval uated by a 2pthec®dofie(BziiBarovelrOtihatl-Qe%dPi bed Sbove. Sdtk sol utions
of inhibitors Maosae-mb)ciperie-Boreparasd i N1.@i :mso'h(’yl sub? oxi de %akl conpounds
were _'|UE ﬁd ]Eq-ﬂael:g&hynaﬂ_uu&byﬁ-&g trﬂ\/l spdi.mgi ﬁhd’SpPaSe bufl;]ei, p{* 755.-t -
yielding the fre ronic.acid. rin an fog, one hqQug, at abou :
inhibitors wer g'gh(faée)ld'?’(f?%"scgé%r%v&}Dot%i ons?'tzgég_m) (E:sonsi st ?)r'frn of 0.020 M
MeCSuc- 55 Al a&-BereNatispBarrdio®hi | i de i #r30% 18 M Hepes buf f%f® pH 7.5,
cont ai ni ng 0. 5@-AleNaiGl-FhelBIayE-0tr € i ni t 2.8t #doDy adelti on &-18.50 [err]
neut r&phi | el asiAqCe; CoRLERbLvASHAYS W t howt » i1pth bit g7 i ndi @ated an initial
vel ocity of 6 51 .

7 54 0.35

Z-Phe-Pro-Ala-Boroval-OH 4.0 x 10°
Boc-D-Phe-Pro-Boroval-OH 2.0 x 10°
) _
8.) No significant time dependence was observed at the level of

inhibitor tested.

\/ - Example 36: Inhibition of Pancreatic Elastase

L . Porcine pancreatic elastase (9.8 U/mg.) was cobiained from commercial sources. The snzyme was

R - agsayed in 2.00 mL of 0.10 M Hepes buffer, pH 7.5, containing 0.5 M NaCl, 10% dimethylsulfoxide, and

- .40 0.020 M MeOSuc-AlaAlaPro-Val-p-nitroanilide as a substrate. Reactions wers initiated by addition of 0.5 ug

' - of elastase in 0.020 mL of 0.020 M sodium acetate buffer, pH 6.0, and hydrolysis of substrate was

. monitored spectirophotometrically at 405 nm at 25°C. Assay resulis are set forth in Table 4, below,
exprassed as percentages of activity of control mixtures to which no inhibitor was added:
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0.-0195 ferr] The value "k" in Table 3, below, is an estimate of the first
order- rate constant for tine- dependent i nhi bition, as described above for
MeOSuc- Al aAl aPr o- Boroval - OH ( Tabl g d;’gﬁ {s are set forth EP 0 145
441 Bl in Table 3. below Table 3 Inhr tion of Human Neutrophil El astase

5 %lnitial Conpound Cone. (M Activity k ([err] )
MeQSuc- Al a- Al a- Pr o- Bor oval - OH 1.0 x [err 61 0.27 10

7 MeCSuc- Al a- Al a¥PP¥e Hbr oi rjtion of Pa st 0. 28
MeOSuc- Lys(Z)-Al a-Pro-Boroval -CH 5.0 x [err] 59 0.54

.Z- Phe-d y- Ser (0Bzl ) - Bor oval OH 1. 25 X err ime 6Ectivity 0.17 15
MeOSuc-%he- Gy- Ser - BoHuuiites Co -3 ofgControl (.26

H Phe- d y- Ser - Bo X IO 75 a
Z-Phe-d y-d Y OB?I%ﬂB%rq;@afu@ 1. (1)2‘§)< [err] ©.25 61 71.6 0. 20
MeOSuc- Phe- G y- GFEO Bt - 1.0 x [err}-© 52 49.4 0.18

H Phe-d y- @ u- Bor oval - O—| 2.0 x [errg.0 54 32.1 a -7
Z-Phe- & y- Lys(Boc) - Bor oval - 2.0 x 10 g4.¢ 55 17.3 0.37

Z- Phe-C y-Lys-Borovel - O—I 2.5 x [err] . 67 0.28

Z- Phe- d y- Phe- Bor oval - 2.0 x [err] 47 0.18 25
Z- Phe-d y- Leu- Bor‘59%r‘r°1ﬁlra-ma-_ B9 x 10 9.5 62 74 0. 26

Z- Phe- R§ o- Al a- BoPovsBor@ival-OH 4.0 x [err]2.0 51 4a a

Boc- D- Phe- Pr o- Bor oval - OH 2.0 x 10 4.0 54 28 0.35 30 a.)

No si gnificant tinme: dependence was observed at the |evel of inhibitor
tested. 35 Exanple 36: Inhibition of_ Pancreatic El astase Porcine pancreatic
el astase (9.8 U MBO§usddaoBlai ned frd% commercd " sourcedd® The enzyne was
assayede in 2. 00 RProcBoddphe-®H Hepes buffer, pH 7.5, containing 0.5 M Nad ,
10%di net hyl sul f oxi de, and 40 0.020 M MeCsuc- Al aAl aPr o- Val - p-ni troanili de
as a substrate. e t| S re|n|t| d by addition of 05[err] of
‘el astase in 0.02 ?ﬁ M sodlgéﬁeacet atcej‘gj fer pI-(T16 0, and

hydrol ysis of suBEerBREealas m)nrtored spect r ophdt onet ri cA4-§ at 405 nm at
[err] ASsay resubisaasle set forth In Table 4, & ow, expressed as

percent ages of activity of control m xtures to whi ch no inhibitor was
added: 45 50 55 go

o e0OsSuc-Ala

-ala~ - 20 0.5 71.6
. Pro-Boroala- 1.0 51.8
3
diethanolamine 2.0 : 33.3
' 4.0 17.8
. ' Boc-Ala-Borcala  5.0x10° 1.0° 67
diethanoclamine
o Boc-Phe-Pro- sx10? 0.5 69.1
7w _ Borophe-pinacol 4.0 21

3rime dependency in inhibition was not observed during
the assay.

Example 37: Titration of Pancreatic Elastase by MeOSuc-AlaAlaPro-Boroala-Diethanolamine

- 60
Pancreatic elastase, obtained from commercial sources, was standardized by ftitration with varying
concentrations of the above inhibitor. In these expsriments, MeQSuc-AlaAlaPro-Boroala-disthanolamine was
incubated with pancreatic elastase (1.25 f.g), in 0.200 mL of 0.10 M Hepes buffer, pH 7.5, containing 0.50 M
NaCl and 10% dimethylsulfoxide, for 5 minutes at room temperature. An alfiquot (0.100 mL) was removed
-85 and assayed by the procedure described in Example 38, above.
- Resulis are set forth in Table 5, below:
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‘EPO 145.441- B1 Table 4: | nhi bi ti-on of -Pancreatic El astase Tinme

Activity 5 . I'nhi bi t or Conc (nM (mn) % of
Control MeQSuc- Al a- Al a- - 0. 25 71.6

'Pr o- Bor oal a- CH EP. odlls 4411.810 49.4 2.0

32.1 10 4.0 _ 17.3 MeCsSuc- Al a- Al a- so 0.5

74 -15 . _Pro-Boroval - CH Table 5 2.0 44
4.0 : 28 MeCsuc- Al a- Al a- 200 [err] 59
20- ' Pr o- Bor ophp="CH Viitratioh of Paficrbatic Elastase by 00 0.25
61 7 .Pr 0- Bor_oal a- _ MaOSuc-AlaAlaPro-BOroala-Dietl?an amine 24.7 25

pi nacdl - L 2.5 MeOSuc-Al a- Al a-
200 0.5 Coney oignhiiter (@ bal a- % Activity: 1.0
51. 8 di et hanol am ne 0 1000 33.3 4.0

17.8 35 Boc- A a- Boroata 5. 0xaperr] [err]

67 35 . di et hano] am ne Boc- Phe- Pro- 61.8 lerr] 0.5
69.1 %0 Bor ophe- pi nagsl 426 - 4.0 21
[err] Tinme dependency iph inhibioei on wap not olBsérved dyring 45

t he assay. Exanple 37: Titration ol Pancreatic H astase by

MeOSuc- Al al aliity BREG MM Dnkiufde A b0 wk2 BHTAinS'. €A it 3P 36 seRkpiveed
f'r om 6 ORTREdtatbtn of Q%ﬁ&%.rswgoa&@{mﬁﬁsdéaa%q de¥cribddt 2§ 1=013.765 hid-1425Y1004. The
concent kifat Bdheerthtioh REeBPAY, AsteltMelittoMI the hidrebii AP o K268 M MFNINE Using a molecular
MeGSuC- ivbigh of B 500 R loRistast; thb @ieBainNal BiboMRNAS attile dhkging ¢ 3471Y/mIaMEd emtdnGa-
el ast as @or dr.active [efidyib irlitiaOusdd Gadb.280k g/, IHdichinglap @6zyhhe pbreéntagp lctifitybof 56BNTHBI NI NQ
0. 50 M Mahkitacaural ligdOtie gioparitioy hsarod prsteid @yt doss ndb spatifyltheclvehd! attive emdy@pesat. ur e.
An_alpquot (0.100 nL) was renoved 55 and assayed by the procedure described
in. Exanbkang63s: hhjbitan, of Rethepsing are set forth in Table 5, below 21 EP
0145.441 Bl Table 5 Titration of Pancreatic El astase by
MeOSuc- Al afapraprationsef Regiplly- moriiadrvimen Gifarein S wasipbtaingd by e Popedyre of Brgoh, ot aby,
Acti vi tIEi%I_wemistry 1_5_:836 (1976). Leukogyjgs were lysed and granules were isolated. The leukocyte granules

.. .25 ‘were extracted with 0.20 M sodium acetate, pH 4.0, and extracts were dialyzed against 0.05 M Tris buffer,

: pH 8.0 containing 0.05 M NaCl overnight at 4°. A protein fraction precipitated during dialysis and was
isolated by centrifugation. This fraction contained most of the chymotrypsin-like “activity of leukocyte
granules.

_ Leukocyts granules are a major source for the preparation of leukocyte elastase and cathepsin G

. 80 - {chymotrysin-like activity). Specific substrates have been prepared for each enzyme, namely MeOSuc-

AlaAlaPro-Val-p-nitroanilide and Suc-AlaAlaPro-Phe-p-nitroanilide. The fatter is not hydrolyzed by feukocyte

elastase and is one of the better substrates for cathepsin G, according to Nakajima, et al., J. Biol. Chem.

254:4027 {1979), and accordingly, was used in the studies reporied herein.

- " Enzyme preparations were assayed in 2.00 mL of 0.10 M Hepes buifer, pH 7.5, containing 0.50 M NaCl,

86 . 10% dimethylsulfoxide and 0.0020 M Suc-AlaAlaPro-Phe-p-nitroanilide as a substrate. Hydrolysis of the p-
o nitroanilide substrate was monitored at 405 nm and at 25°~ Results are set forth in Table 8, below:
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25. ¢ -80.6 50 61.8 10

% - 42.6 100 34.4 The activity observed
in mxtures w thout inhibitor was ] Aplot of %activity vs. is
concentration of 4 using 0-75 nM J%E@ﬁﬁ??gf?gns can be described by y =
-0.765 nM1 x + 100.2. The nolar concentration of enzyne, determ ned from
the intercept of the x-axis,, i,s,130 nM_Using a nolecul ar weight of 25,900
for- el astase, t¥PYedurdP oy f §etdersd™ G enzyme is 3.37 [err] The
concentra- tion of active "iqﬂE¥QF{Y"é& €. 25 [err] indicating
an enzyme percentage act inrty—or—SAorHie-rrarta-ae er lists the
preparation as 87% prot-ein but does not specify %Q%ibﬂ%il of active enzyne
present. Example 38:_1nhibition of hepsin G A preparati@n of partially
purified human Cath s obtaf§%35£§ﬁﬁhe3bﬁ&eg§@$§93f Baugh, et al.
Bi ochemi stry 15 VANS ukocyt .87 ysed and granul es were

i sol ated. The I%e%c({f’t]az“g 1aar#ﬁec’e"s 25 e"S\/V/er Oext ract'edrbvm' th 0.20 M sodi um
acetat & pH 4. 0,BannPhe«Otict s were dial yzed against 0.05 M Tris buffer, pH
8.0 containing &%%J\B@n Quer ni ght Atex1® . A prggei n fraction
precipitated during dialysis and was i1solated by centrifugation. This
fraction contai ned nost of the chynntrypsirﬁfike activity of |eukocyte
granul gg. LeukeposugxiullePo-e a Neg.@x100Ur ce f org1tthe preparation of

| eukocyt e el ast :%soeroa%ge_cagjhepsi n G30 (chynotrysin-like activity).
Specific substr ve been prepared for each enzyne, nanmely MeOSuc-

Al aAl aPro- Val - ptRreparatiidnidland Suc- Al aAl aPr o- Phe- p- ni troani | i de.. The
latter is not hydrolyzed by | eukocyte el astase and is one of the better
sdbgl;ames for cathepsin G according to Nalgajima, at al., J. Biol. Chem
254:74027 (1979MeQfRf -HARARAY, wad 3P in the StBudies reported herein.
Enzyme prepar at ipgroveEy-omssayed in 2.00 nL of 0.10 M Hepes buffer, pH 7.5,
containing 0.50 M NaC, 35 10% di net hyl sul foxi de and 0.0020 M

Suc- Al aAl aPro-Phe-p-nitroaniiide as a substrate. Hydrolysis of the p-
nitroarffli de substraté wRentntk arixtunesi@Xhihithemadqtdvity Résults are
set forth in Taplgods MUV 4 4620 depeddencER% 14aAbE Bbnladlse 6:

I nhibition of Cathepsin G (Leukocyte Chynotrypsin-Li ke Protease

Pr epar ati on) Sqﬁﬁﬁékﬁﬁ"lnhibitor Conc (M % of
Controlferr] MeCSuc- A aAlpd¥parations A and B (£ tide [inkibitor are

E/grcglljz?:b\?;Al( erafbge?lrfé\jeodq \{68 x:eflﬁcetr ﬁiffere[ned'eg in dffrﬁ(?r 8 hgeggltﬁ-w

tion of D and L diastereomers, resulting in differ-
ences in inhibitory capacity.

_

Example 39: inhibition of a-Chymotrypsin

40 Bovine a-chymotrypsin, obtained from commercial sources, was used to prepare sfock solutions. Assay
mixtures contained, in a volume of 2.00 mL, 0.10 M Hepes buffer, pH 7.5; 0.50 M NaCl; 10% dimethylsul-
foxide; 2.0 x 10~* M Suc-AlaAlaPro-Phe-p-nitroanilide as substrate, and various concentrations of inhibitors.

Fle_actions were initiated by the addition of 0.040 umg of enzyme and increases in absorbance were
monitored spectrophotometrically at 405 nm at 25°. Results are set forth in Table 7, below:

s0.
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(Preparation B) 20 MeCSuc- Al aAl aPro- [err] - 74

Bor oVal - OH 25 a. Control m xtures exhibit an activity of
0..0086 [err] time d in inhibition was detected. b.
Preparatlons A and B of this ﬁ?@ﬁ?ggﬁgPé believed to reflect differences

i n degree of resolu- tion of D and L diastereoners. resulting in differ-
ences in inhibitory capacity. 35 Exanple 39: Inhibition of a-Chynptrypsin
40 Bovi ne [ érablechynolslyitsivionobt akveidvriataypednner ci al sources, was used
to prepare stock solutions. Assay m xtures contained, in a volune of 2.00
m.,  0.10 M Hepes buffer, pH 7.5; 0.50 M NaCIm1*Q96d|rmHgae§yik foxide, 2.0
X [ers] M Suc- Al aAl g Enbbm p- ni chaanihmde agminhstr ot eof @Qwanl ous
concentrations of inhibitors. Reactions were initiated by the addition of
0.040 [err] of MeRspgerdachlacr eases i B9 absor b&née were norfilt or ed
spectrophotoneu&maabky Ré-c)5 nmat [err]. Resglts are setaggforth in Table

7, bel ow 45 5Q p%gat,mj‘EP 0" 145 441 Bl Table,7:  -Inhibition of

[err]@ChynDtrypS|n Activity 5 | nhi bitor
Conc (nM (mn) % of Control MeQOSuc- Al a- Al a- 10
0.5 - ( Mebskeoa Bex pphe- OH 50,000 N.T? 442 36
10 - Prepakat. i - 4 17
MeOSug- Al aAl a- Frd 53%99%8%’600 [err] 44 Pr o- Bor oal a- OH
MeCOSuc- Al aAl a- 25, 000 N T 55 Pro- Bor oval - CH
MeOSuc- Al aAl a- Meosuc-Alaala- 100 25,000N. T N.T 35 &8 0- Bor ophe- OH
(Preparation Bh&%rFL:3@a§Qﬁ1Phe Pr o- 100 N. T
69 Borophe--plnaco 30 a No detectable tinme dependence in the
degL9@ of inhibition was observed during the 3-4 mn assay tine.
MeOSuc-AlaAla- © 100 N.T ' 35S

Pro-Borophe-~OH
(Preparation B)b

26
Boc-Phe-Pro- 100 ﬂ.T 69
Borophe-pinacol

30

3. N.T. No detectable time dependence in the

degree of inhibition was observed during the 3-4 min
assay time.

( 95 b. Preparations A and B of thie inhibitor are
— believed to reflect differences in degree of resolu-
tion of D and L diastereomers, thus accounting for
o differences in observed inhibitory capacity.
40

. Example 40: Titration of «-Chymotrypsin with MeOSuc-AlaAlaPro-Borophe-Diethanolamine

45 In these. experiments, a-Chymotrypsin, obtained from commercial sources, was standardized by titration
with various concentrations of MeOSuc-AlaAlaPro-Borophe-diethanolamine. In each case, enzyme was
incubated with inhibitor for 5 minutes at 23°, in 0.01 M Hepes buffer, pH 7.5, containing 0.50 M NaCl and
10% dimethyisulfoxide. Aliquots were then removed and assayed for enzyme activity. Results are set forth

_ in Tables 8 and 9, bslow:

50

o -':55 i
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t hus accounting for

[err]-chynotrypsin,
titration with vari

b.
di fferences i répqp

ous concentrations of

resol u-
i nhibitory capacity. 40 Exanple

40: Titration of [err]-Chynotrypsin w?ﬁ%‘?(b1

MeQSuc- Al aAl aPr o- Bor ophe- Di et hanol ani ne 45

.obt ai ned from comesuid &l

tion of D and L di

In these experinme
sources, was stan

: . Preparatlons A and B of this inhibitor are believed
to reflect differences in degree of

ast ereoners.

nts,
dardlzed by

MeQOSuc- Al aAl aPr o- Bgr Upllc o) ctfjilwl gn 'C' otri AL ETIZYTTE s i ncubated
with inhibitor for F) ?P E? , IpH 7.5,
contaiming 0.50 M I‘ ﬁg\%ﬁé § st ?00?'11{%.‘?9 rie then
renoved and assayeq forCqugﬂr'Elb@m:(ﬂM)l ty Resul t s %ehativilget forthh in Tables 8
and 9, below 50 5% 24 EP @ 145 441 B1 Table 8y tration of
a-Chynmotrypsin (3 [lerr]) by 55 68.2

MeOSuc- Al aAl a- Pro- Bor ophe- Di egghanol anind in the 0-3 nM rangg Conc. of

I nhi bi fr (nM % Ativity O 318 100 25

68.2 50 100 52.3 1 18.2 75

31.8 100 82~ As—TTdrTat ed r—Tapte—7, assays

oo o & oo ASHigRLa hand FO6 {588 il tﬁohﬁoséﬁnf g&ﬁ P'\éng WEIF oyl | 1
whi ch gl nﬁ‘ﬁe LW bt Rtiod dVﬁ sh SRR GHGF ekl voRuPhfl @ﬁﬁé wov
Versus-i rdaffin %9:%@@&&@&69@% Ve THR1N3e 8. B! ifthree SxCaEq =
- 0. 882 [eﬂfe]metsu‘?e% 1931 of BBRe lem;.tyﬁa%ezniz Lntt, Béinpaie@ it to FithD enMso Lnﬁai@éiﬁ@
level of @ed puigy WY ERerias 2. /2 [err] conpared with the initial level of 3.0
[err] indicating 91% purity by this criteria. 20

Tah| e9z0litration of [err]-ChynotrypsinTtéulde [err]/nL) by

MeQSuc- Al aAl a- Pr o- Bor ophe- Di et hanol am' ne in the 0-500 nM range 25

Conc. of
100 50.
200

400
Activity of t he coif
| i near, except for
| evel s of inhibito

| nhi bi t or TV Titration

(;’p - pésin'(¥5 t/mL) by
MeOSuc-AIaAla-Pro- 0 g anolamine in the 0-500 nM range

Cong. of Inhglj_or @l\@oo % Activity

trol sanpl e above, s 0.02614¢gerr] Al as

sonme sl ow spctivation jobserved ag3.é00 nM and

1. A pl ot edo activity |[versus inhgditor conce
: 200 65.1

300 47.9

400 318

500 153

80.4

47.9
15.3 35
says were
400 nM
Nt rati on

30

35 Activity of the control sample, above, was 0.0261 min~'. Al assays were linear, except for some slow
activation observed at 500 nM and 400 nM levels of inhibitor. A plot of activity versus inhibitor concentration
was linear level and is described by y = -0.173 nM~'X + 100. The graph intercepted the x-axis at 578 nM.

The level of active snzyme thus calculated using a molecular weight of 25,000 is 14.4 ug/mL (activity 96%).

Example 41: Inhibition of Pepsin

Pepsin activity was assayed by a procedure substantially similar to that described by Rich, et al,
Biochem. Pharmac. 29:2205 (1980). Substrate, H-PheGlyHisPhe{(NO2)PheAlaPhe-OCH3*2 trifluorcacetate,
‘and porcine pepsin were obtained from commercial sources.

Assay solutions, in a volume of 2.00 mL, contained 2.0 x 10~* M substrate in 0.040 M sodium formate
buffer, pH 4.0, and 0.050 mi of inhibitor solutions in dimethyisulfoxide. Assays were initiated by addition of
0.020 mi of pepsin (0.10 mg/mL), and hydrolysis of substrate was monitored by measuring the increase in
absorbance at 310 nm on a spectrophotometer. The results are set forth in Table 10, below:
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was |inear level and is described by y = -0.173 [err] + 100. The graph
intercepted the x-axis at 578 nM The | evel of active enzyne thus

cal cul ated using a nol ecul ar wei ¢ Pt o fifs 4496300 is 14.4 [err]/nL (activity
96% . 40 Exanple 41: Inhibition of Pepsin Pepsin activity was assayed by a
procedure -substantially simlar to that described by Rich, et al., Biochem
Pharnmac. 29:2205 (1980). Substrate, Hebhed yHi sPhe([err])PheAl aPhe- [err]
trifluoroacetate, and porcine pepsin were obtained fromconmercial sources.

aobstrate | poBoRR] o Eope @ PIOHEES) ol popuddd ey RN ofndg 107 ¢ M

i’nhi bist or sol Yiti ons in di nehitigl sul f oxi de. Assd?;pgc\ﬂé}e i nj % &datdty® Iy additi on
of ‘0. 020 nL of pepshiaiyNal0 Mo/ L), and hyQrol ygk§o-of supst regl € S

noni t ored by freasgsrbgoihe i ncrease i n absprbaggeett 3100 nman a
spectrophotomﬁt er z-Phbalyaesul ts are set forph ipskaphe 10 beggow |50 65 25
EP 0145 441 Bl Tabdreledfindctthi bi ti on of Pepsjn (#okdo®rot epse)ssby Hepti des
Cont-ai’ni ng anj[ er Byoc-AhaiGhcBwsi@riracohci d 5 5.0x 10~ 68 | nhi bitor
Conc. (M BocRheiChi-Boyfl@rdigtharioldine G y Al a6.0 x 10~ 71

2.5 x [err] H-Phe-GlyBofésupinaest CH 50x10™* 69 5.0 X
[err] 2 8MgOughlachlarPrajBgroval-OH - 50x10™* 2.8 [drr]

58 104 Me@RsicdiiaAia-ProrRaopite-OH 50 x 107 8.0 X [err]

35 BoC. Phe- G ¥ - BoPes-AiaBaspaipsrinseol 5. 05R>‘g%rr] 20 68 :
Boc- Phe- G y- Br olg @ roplgigthanoiamine 5.p x PaKY 8571

H Phe- G y- Bor ¢l eu- % Boypleu-pinacol 50 x '&?‘r’ . 8769

MeCSuc- Al a- Al & pr BREY BY/gputipthanclamine £ |y » pRE/ %%sg |
I\/E‘QQpAI a- Al a“ chacﬂlyafplhsa;omlwasooommm 5.0 X [err] 86 15

Boc- Al a- Bor oala-pi nacot 5- U X [err] - 90
Boc- Al a- Bor oal a- di et hanol am ne .0 x [err] 85
.0 X

Boc- G y-Bahpb 821 1ioRaF & Thermolysin x [err] 87
Boc- -Boroteo—direttramotam e 5.0 x [err] 90 [err] The

acti vfs)t/ Y Ofhel Mstatie@izim®thedfysihl wadgsbayle@ by h phoadiit sibdlahtially RiithH tb tadeaéribed by

Ther nol yFidér e i, Biochehiidry 9E78d {1970)) Syibalrath var BB WS- gRcyMRGcRMIBYHE thymayspiasedur e
subst antdbadnby frarh boraercial Godrdeat Aseyssoliiidae donsiytedrsitaryia@ilol@blycyl-BiciaMRIE G100 Y,

9: 2784 (810 0)3 MSu ipi-dimbibylfofmamjdepandyilooyiL-of D.5e Wl Frib euftet, PHTIS0@ntaining 011018 Nacl ysi n
ver e ghtand 440 M Gatle Ofitrer 1001 mis oUdine®yisufieddeyor SH100 triloofsdimetivdsutidxidd cofitaining
furyl ac r ywwagmycqm anfl gheopastion whs ifii@teti B9 thel addiionOof 9.0pEME pf Rbrimalysin (1.0 mg/mL).

N, N- di hﬁy@‘? gr*‘nrﬂ'ﬁwj%)"asam@'tﬁ.tfe‘bw measyying theSpcrrasy i absesbanteat 34p hin.ReGults are set
.cont.ai niferf ioTake 1 b} and 0.010 M[err] Either 0.100 niL of
dlnethylsquOX|de or 0.100 nL of dinethyl sul foxide containing 30 inhibitor
was askded and the reaction was initiated by the addition of 0.020 nL of

t hexrol ysin (1.0 ng/nL). The rate of hydrolysis was nonitored by neasuring
the decrease in absorbance at 345 nm Results are set forth in Table 11,
bel ow. 35 40 45
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5of55*26' "EP 0 145 441 Bl Table 11: Inhibition of Thernolysin (Metallo
Prot ease) by Peptides Containing [err]-Am nbboronic Acids 5

I.nhi bi t or ~Conc. (M Ep B/qﬁpbhvmt y[err] Z-Phe-dy-Al a-

2.5 x [err] 75 Borol eu- OH 5.0 x [err]

60 10 -Z- Phe-d y- Al a- 2.5 X [err] . 76 Bor ol eu- pi nacol
5.0 x [err]

[err] 1 fal e ' _

MeQSuc- Al a- Al a- 5% ] IT

5.0 x [err] 90 (Preparatron B)[err] 25 ,MeOSuc Al a- Al a-
5.0 x [ferr] Inhibior o- Boroﬁﬁ@ﬂppﬂgb |~ MeERARSINARY /| 5- 5.0 X
[err] _ 2 { Q- Borovaly ~-4Al a- Bor oal 5.0 x [err]
102 35 Tpr%‘aco?QEfc "Al a- Bor oa?;?BP& . 5.0 x’Eerr] 99

di et hanol ani ne RPEPlewn@Hactivity ofS-Pn& 1t r ol ([1n#fbitor] = 0) was

0. 0076 5 [err] b. Preparations A and B are believed to refl ect drfferences
in the degree ofzr!q,gqbqyj.m_of D ang ls gi pstereoners. qghus accounting for
differences in |€ |tor acity. S e 43:" Detgrmnnation of Plasma
| nhi bi tor Concent?=}i%8r8 réffandardr zed "pancreatic el astase was enployed to
titrate plasma sanpl es contai ning MeOSuc- 55 Al aAl aPr o- Boroval - OH by
procedyg es substmedsuel-hyasaxa- ar to Z. sosereet ai l ed i n SBxanpl e 37, above,
for MeOSuc- Al aAl gfy GrdeepRélglr OH. Plasma, 5 [err] containing various
concentrations of nhi_bi &'9 A?Ib a dilution thereof, was incubated with 10
[err] of a stock %o’i‘ﬁ’tfa %'r 15 x [err] Mpancreatrc elastase in a final
vgl une of 0.40 nL 0.10 M Hepes buffer, pH 7.5, containing 0.5 M NaC at
[ér{Jj wAfter 5 nioswsatacAbation, 22,5 x 1073 101

Pro-Borophe-OH 5.0 x 1074 90
{Preparation B)b

. MeOSuc-Ala-Ala- 5.0 x 107° 76

Pro-Borophe-~pinacol

e MeOSuc-Ala-Ala- 5.0 x 1072 82
o Pro-Boroval-OH
o Boc-Ala-Boroala- = 5.0 x 1079 102
- 35 - pinacol
| Boc-Ala-Boroala- . 5.0 x 1074 99
\/ diethanolamine
P
a. The activity of the control ({Inhibitor] =
0) was 0.007625 min~L.
b. Preparations A and B are belleved to reflect
P

differences in the degree of resolution of D and L
diastereomers, thus accounting for differences in
inhibitory capacity.

50

Example 43: Detormination of Plasma Inhibitor Concentrations

Standardized pancreatic elasmse was employed to titrate plasma samples containing MeOSuc-

- 85 AlaAlaPro-Boroval-OH by procedures substantially similar to those detailed in Example 37, above, for
.. MaOSuc-AlaAlaPro-Boroala~OH. Plasma, 5 L, containing various concentrations of inhibitor, or a dilution
thereof, was incubated with 10 uL of a stock solution of 1.15 x 10 ~5 M pancreatic elastase, in a final
volume of 0.40 mL 0.10 M Hepes buffer, pH 7.5, containing 0.5 M NaCl at 25°. After 5 minutes incubation,

27



EP 0 145 441 Bl 1.60 nL additional buffer and 20 [err] of a 0.20 M
MeOSuc- Al aAl aPr o- Val - pNA sol ution in dinethyl sul foxi de was added and t he
increase in absorbance at 405 nntplfanmngg,l Level s of inhibitor were
determ ned froma standard curve of %activity vs. inhibitor concentration.
The standard curve was prepared by enzyme assays conducted using sanples
cont ai ni1mg mtadddifioral BufferCant @6 Ml roflh 020 3 MEOSuaiNzlaiaProVal-pNAsolutianl in gisethpieulfoxide
Sim | ar was adugddaat thelnoreasadrsabsorpes @dA0HHM imoaiteleet snals of dnhipitor remalatearibaddiomens  of
i nhi bi t ctandand ¢tuevesf 8racilitp ssrinhibitor egcerivbiosh t he val idity of the assay. The
resul t s of Thehsiandard xcpee iwae pteparad &y Satymbogssdys icandiictbd esing? sanipisls eanteillied vasiods? 10
St andar donSanteatiens fob inhibitar dir ndrmeltseling. A Similes GBNdar\CWyl e RserBed By dicuiggting variiida s ma
Conc. ofconcgnifations of nq foisgr rin famstes plaspa foyestallishAhe yalidityoef dre asgay: Meq 5esults AEtRSA t y

in Plas r?épe('%'ﬁ? a’@ﬁﬁ rij|in Tehle 12, below: 100

65 5 85 49 20
67 32 40 Tablet2 45

17 80" 13 For the sanples containing inhibitaor in

sal ine, a |pl ot oBtaedatd Guntey fov Beterodatioe ot Wa0SuoiMahiaBroiBorveakOHfioPlasiae T ande of O
- 20 Jerrff ad 2] [ he x
 tar Cgpt | COAC of inhibttoreet) P Reivity in g&ﬁ nf‘S%IQémch E&v.}ﬁﬁ s (% ot Epnindl) e
enzyng a Mal ue of 23 [err] is predi®ed. This fevi ation |6§ bel i eved {to be
due to the fact t¥at the |nhibitor &hpl oyed wap an unresdPved mixturle of

di astereoqzrs. 2520 For | sanpl es c&At ai ning i hhi bitor ir"? pl asma, a |pl ot of

activity . concEhtratioh was 1inedP for the fange of O 17" 20 [err] jand is

described lpy the $¥ine v =l-1.65 [err} x + 6521 The approxi mate 35%
| biet i on observed in plasnma sanples containing no inhibitor is

at t r1 but abFee thecapplesscoataiping Bhibitoe in saliieba ploiros aclivity ve.soncefitationcris fieaafer the rangsl

el ast ase®f DnR@ bMt axdys deapibed by/th¢ fileQ) = -THEELMT abt N19QS5, Tl x intalepiiithue determined wagt y

provi ded08yuMERIBact ACemiliexFuf datibiiproand| endirel ; vilkeadfd uidds predidled. T8 detistiod iy

i ncubat Mlg@"@,(h‘ﬁﬁﬁ due ta fhefach thptthecihipitar emniRyed s apjupigeolvad mbdtye §f diegieregmersour s,

f ol | otked  bYP' & soptgiping Rkbiler ip Plagma Zplof ot t'VEY)Y‘?dER?F@Hatﬁg watipga for the range af 5t o
experi méht 2 'sﬂeé%b%qb%-'\gd?"ﬁ\)'al‘- 5 B5¢2n 'E?o%&pié’d'"w :PEP fraloler d

sanpl esj"*"fp’[: 4" RBRP a‘ "gﬁr o lgé 'lt E‘Fé“&?“& CR f’“‘g?;ﬁfﬁl'ﬂ] “E)F" s
CapaCI t nnt |Or Ca acl rt?él:.lc- aRLP %g a rrlag S_deoter-

f or egg S o z! /. o e e e b

gg oy

pl asna. In"% Heyated c-Al Pro-Bo oval-pl col was
MeOSuc- 4 ﬁ, Sﬁ p%m 85&% o ined, e ! o 3@2‘.’@@3‘1 by, RO 13:
St abi | i 14 neied 1 @b.h&a%rm%m ﬁ.taf ot i ;d?a B\{ﬁﬂ e Tt Wik fmsma
_minutes in plasma. The results of the experiments mvolvmg MeOSuc-AlaAlaPro-Boro%l-@F!f drd/ bdi Yorth im O

hr 35 Tablb 13, belé®: hr. Control

10Q_Pl asma - 63 65 46 Plasma +
| nhi bi t or Table 13: stdBibity of Inhibitor¥/chpsridyidd ustrates results
of experiments in whi ch Maosh e R aX0lh RN -Botlota I WoHhn NPL £hedP0 g, were 50

admui st ered MeOSuc- Al aAl aPro-Boroval -pinacol in 1.0 nL saline at
i ntraferitoneal dosage |evels of 400, 200 and..:l.ﬂ.s_h‘gimg At the indicated

time intervals, blood sanples (50-100 ILL) webehwl t hdrewn war di ac
puncture from ani mal S_Li ﬁ tly anesthetized ‘i‘otoﬁ t her, £ astase

I nhibitor |evels det@ Fﬁt d. Nor nal
a5 Plasma 63 6%

Plasma + Inhibitor 18.5 17

FIG. 1 illustrates results of experiments in which hamsters, 50 days old, weighing 80-90 g, were

"~ s0 administered MeOSuc-AlaAlaPro-Boroval-pinacol in 1.0 mL saline at intraperitoneal dosage levels of 400,

: 200 and 100 mg/kg. At the indicated time intervals, blood samples (50-100 uL) were withdrawn by cardiac

~puncture from animals lightly anesthetized with ether, and elastase inhibitor levels determined. Normal

-plasma EIC is 14 uM. As indicated in FIG. 1, a 200 mg/kg doss slevated plasma EIC approximately 20-fold

after one hour In other experiments, variations in the level of plasma EIC elevation have been observed, but

" 66 in each case, at least 10-fold elevation was attained. Subcutaneous adminisiration of this compound at 130-

150 mg/kg resulted in an approximate 10-fold elevation in EIC after one hour which decreased to about 4-

fold after 2 hours. For intramuscular injection at 200 mg/kg, a 10-fold elevation in EIC was observed after 30
minutes, which decreased to 6-fold after one hout. '
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plasma EIC Is 14 [err] As indicated in FIG 1, a 200 ng/ kg dose el evated

pl asma El C approxi mately 20-fold after one hour In other experinents,
variations in the level of plas i on have been observed, but 55.
in each case, at least 10-fold Mﬁse‘*ﬁ'ﬁv@é attai ned. Subcutaneous

adm ni stration of this conpound at 130- 150 ng/kg resulted in an -
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and ass&?@@ #or inhibitory capacity as described gr evi ousl except that

t he i nhi bi F16r 3 deRintolpe spspils %mwm'v Whichhplassadevals b MEORYgrAlRA aRE?sB"F%’ ‘EIEJ&"IC@‘d in
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5
‘convert '“ﬁb°f OR Jecdie- § mwwweffaefﬁ e by 8 ey otat
st andar d;;iﬁ ’éce? matrypsin E‘F'P ed, in thHepezzagu & 8'? a?WH" 'ﬁ #?5
of

wer e de Eﬁiagf‘o t' "f%; 8§1 gm 'tg; rfo,f gser
the sfa bidsen h%& mpl EHnEén‘t‘fatFo £of
results f%el‘e nt actMty vs. concentratlon of MeOSuc-

MeOSuc- AAI &opﬁ%ﬂ%ﬁmph r!iaEQ sample. V\ﬁ‘sr Bre Ssf’ dBsEHRE r MeSuQMRATPIEBSroala-

fol | oW Nginagdlthé stardartduRd whdprbsbhgut sy iPst WBULEIHgNEL iAMBod, Fopithcol 3drmain @A8 MSdlumyv el
of - 200 ranbspPate BLHE PM 7.5:TRb StabFdecufl@ li£8d¥tbed! bip shedin® iy O€ exbereM s ix+ lge.e, 4nd tehat
desgjzoberdgnéraronFtb-ﬁ nK wad bsad & detociag blagiyosbdehlygtisnsn was enpl oyed in the assay.
Pl asma or an appropriate dilution (5 [err]) was added to a solution

consi st i Tegicif Stddigs [err] 0.10 M Hepes buffer, pH 7.5. containing 0.50 M NaC
and 30 [err] chynotrypsin (4.0 [err]) in 1. 0 MM HO . After i ncubation for 5
mi nut es at TegwnlHate tae jpptentialifor CNP rigxiciy |°tqth\etcomnq%ofat§% Yna!eh‘éﬁ piise &9 e
descr #hdastestk evarnight|apd ftean adiipisierpd JdaOFue-fizdiaRsp-Borggl-pingopl g nealing, it@rInPYlY 8hs
of the t4080edyRiSfiAEP RMefke 90 MadeniSpake. @athP modgaiivramige ware jpeiuged Feﬁaqi'é%?sage

activity" Q HEk AR, ‘f’?’ﬁﬁb fuaust '&AP% teBdP %ﬁgﬁ}gf" gmi e fest .
[err] sa‘i‘?gf’%“.rg?? aﬁﬁﬁ! f%f Routs; t@’da‘#g!s“ 8 of: - Bl °§e'

pi nacg) ,~ Rig™Mg ard ° ge 9e B9, fh8 JFs1,RP1PS rst i ncubat| ng the inhibitor,
in pi nac h"{ orm in 0. 10 M SOdI um phosphate buffer, pH7.5. The standard
curve is described by the liney =-1.99 [err] x + 96.2, and the 20 region
from 0- 2§ [Aegopn},om%“gggqnmp det erm ne plasma concentrations. Toxicity .
Studi es To evaluate the potential for CNS toxicity of the conpounds of the
I nvenssd on, male CF, mce were 25 fasted overni ght and then adm ni stered
‘MeCSuc- Al aAl aPr o- Boroval pi nacol - in saline, intr usly at dosage | evels
of 180 nmg/ kg, 90 ng/k 2an D ve mce were included in
each dosage group. Th Esfﬁ{c&\/\g& %’ ontiguously for 90 m nutes
f ol kwi ng admi ni stratlon of the test conpou gal n at *18 and 24 hours

after4adm ni stration. No nortality, behavioral changes or other synptons
of acute toxicity were observed during the test period. 30 CIalms 1 A

conpound oP’?H‘@'s'PBQ'HﬂY googpfalie gt hesz 8 e'%t“ph i ol ogi cal acceg 6
t hereof , whefein [er?ﬂ"’ln amino acg’ Téﬁf dro 9’8‘%%‘1"['@?5’? PE"e ¥ct ed
_fromthe gr oyp._copsi : bys: Sy Sp’ s"°'

are, i epende Iy ammo ac« f D or L -configuration selected from the group

- consisting of Ala, Arg, Asn, Asp, Cys Gin, Glu, Gly, Hls lle, Leu, Lys, Met, Phe, Pro,
Sex, Thr, Trp, Tyr or Val;

nand o are independently 0 or 1;
R! is -H or an-N-terminal protecting group;
50 R? _ is an alky! group of one to six carbons, optionally comprising an aromatic subsmuent

or one or more in-chain bivalent groups selected from the group consisting of -O-,
-GO-, -S-, -NH-, -CONH-, -CH = CH- or -S0;-; and
¥ and Y2 are each -H, or taken together form a moiety derived from a dihydroxy compound
having at least two hydroxy groups separated by at least two connecting atoms in a
§ chain or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
or heteroatoms which can be N, S, or 0;
With the proviso that where N or o is 0, R' cannot be -H, except R' can be H when A2 is Phe, A is Gly,
nisl,o0is0, R2is

29



d-u, Leu, Lys, Phe, Ser, Val, Ile, Arg, Tyr, Thr, Asp, Asn or An; 45
[err] and [err] are, independently, amno acids of D or L-configuration
selected fromthe group consisti ngpg;“gl,%,‘ g9, Asn, Asp, Cys, "G n, Qu,
'@y, Hs, Ile, Leu, Lys, Mt, Phe r er, Thr, Trp, Tyr or Val; n and.o
are |ndependently 0 or 1; [err] is -Hor an N-terminal protecting
group; 50 FIG. 2 illuéldtes results of a rBlaldl sétlek Wi exPermadtsDin whith hafisters 73 @aysuld) vpighing
opt i onal | 190-¢20y Wedi adlinioredr MIOBE-Alasliafs Borbakepitiacol Gt a @ngage feveldf 200i mg/kgh Rlasma
bi val ent sgmplagp vewecithdtagd dt rvarous Hitmegindvpls cand sassdyed dor Gfihibitdy, cap&dy ,as - ddsgribed\H- |
- CONH-,  -r@nliously;ldxcept thitdirer iphikitadlerfipayeq incneustriiglion pf a standerd garedwasHncubated inl0d A M
t oget her sodinmphospistee byffe] @H i Abe i Preotaunipridr koyassayxty conyarp tha pihageh dérivetiveto the freq
two hydr dseyn. ghedlinp dessting the elendargl cuive [sevas t2-4948MC arrh d@4: Lavels at inhiitory gappcigvere
chain or qeterrgnedsmr refereprgit the fingaf ﬁg‘%@r?ﬁ#%’f"ﬂ'@mﬁ aﬂbeﬁaqserdﬁgwe -Aleerits gieidapieird v,
a heterod‘[‘5’ﬁr%r het er oat ons_whi ch can be N, ar Wth the proviso that
where N or %dwc & regt"eahﬁef""r?@ts Inpehich, plas e" er pf Mq?é c-ﬁ'éA'rrr pphepinacol
Phe, | ¥y er7 get tf tgn ol wmwdrpr |:t n to ages Iégﬁ at ?dosage
'I l l ustr at %‘llg assayg?gsgn?iz Zr'gan appropnate drgzﬁ (Jé%l%qW§sr S

Lg ogaysAled v;gg: tg :};}; @Tgﬁnemp ﬁﬁ% \4 %j_ﬂ) b 2@3 %Nacr 3 d 30 Wléls-

sanpl e uff de‘é&fbb@ﬂ%vi&dsmoﬂcﬂ ot Pishha 'cBcoh gfn@' ory
capacity tﬁesteg%ﬁfsdup@?osg%'&%‘mﬁ lkr¥m aSKRERI ig &k pd réH?rt écﬂ\tﬁéa%? Q:S{cerﬁmn(&'ﬂgowﬁ

const r uct AigpREBoRophé-BiNsal fl £ 81 ME siiplo. INBCHEREY dbstribbdlidr MeDSucYRAIaRFB-Boroala- '
‘phosphat eirdabd,fthy starfabia Zu,%is whsQprepare8 bid Mgt indUbhtiAg thie GnhbRe: A phébopi@ﬁh/ﬁm 10 ¥ Sodium

pi nacol cmbspnats bifr, ol A9 Thd stEfaki QIR isTdescribsd sy e sy Bi-mgo ket 5 tragbia kil thalr ve
[ é\\\u—w Zegliéh ffoar 0-25 pM wasl ibéd toldetesrhise Wdsmiabrichittatiuny. capacity were determ ned
by reference to the linear region (0-20 [err] inhibitor) of the standard
curve. ReBuicitysStadiee depicted in FIG 2. FIG 3 depicts the results of :
experiments_in which plasnma | evel s of MeOSuc- Al aAl aPro- Bor ophe- pi nacol 10
wer e det er nfhevplugie theypotential fori GES toxigky efvihar gORIMGGS | of thecifvepiipni Halp &ifrs mmigeswere

‘wei ghi #fg fasiqgl E‘EH“QBt apd “&“d%ﬂlﬁﬁ’?%WPSWA'MVWQ{'E}‘P'"P‘F%g'rrﬁa““%-v@?'%’e%?“e at

det er ni nel9549§ '%re' l@dﬂqﬂ@ 29 Frofkg,45iephonand Qeaky- |FtYéd’“?°0‘f’°'?:|“@”d°2 in 83GR psage

o oﬁ%‘gﬁ’ u:rgra% G S ] CPWO%E;"%E% oo A (ﬁ:

‘Hepes e ‘i’eéﬁ?f’ (io nd 30 [err] chyrnotrypsin
(4.0 [err } s 1 O MM HC. After incubation for 5 mnutes at about [err] a
40 [err] aliquot was is assayed by the procedure described previously for
chymot rypgi i dofgai®bhed@muia”l @sma concentrations of the test conpound were
determ ned froma standard curve of percent activity vs. concentration of
‘MeQOSucss Al aAl aPro- Borophe-pinacol in a5 [err] sanple. As previously
de&;fr‘r bed for MeOSuc- Al aAl aPro Bor oal a- pi nacol , bqlstandard curve was
prepared by - first incubati 1 nacol form in 0.10 M
.sodi um phosphate buffe% “Tzﬁ &éﬁaﬁ'ﬁ&ﬁ ve i,s described by the
liney = -1.99 [err] x + 96. 2 and the 20 regr on ™OA¥M 0-25 [%err] was used
to deté nmne plasnma concentrations. Toxicity Studies To evaluate the
potential for CONS toxicity of the conpounds of the invention, nale [err]
mce were 28’?%?’@’89’??%?‘%‘?? 93&\‘1@9'@?fe‘f’f‘°é?d‘m ni st er ed

MeCSuc- Al aAl afr o- Bor o ?P"E%r‘@' eleFﬁ%P%{V/gﬁ@[?é'P 'f‘"“&(?%’éf@é’ % &el s

of 180 ny/ kg, 290 tgl uded in
tg' ? "8

cach dfbage ofo i 2 ,g oot é%? g mf@d i s
foll ow ng adm n| st rat P %ﬁ H‘pcyuh " At %lgésf ? %urs
after adm ni s;;. Ladd on. “r gﬂ behavr oral changes, or ot her
: R? is -H or an N-termmal protecting group;

50 R? is an alkyl group of one to six carbons, optionally comprising an aromatic substituent,

or one or more in-chain bivalent groups selected from the group consisting of -O-,
-CO-, -8~, -NH-~, -CONH-, -CH = CH- or -S02-; and
¥Y! and Y2 are each -H, or taken together form a moiety derived from a dihydroxy compound
_ having at least two hydroxy groups separated by at least two connecting atoms in a
66 chain or ring, said chain or ring comprising carbon atoms, and optionally, a heteroatom
or heteroatoms which can be N, S, or 0;
With the proviso that where N or o is 0, R? cannot be -H, except R! can be H when A2 is Phe, A! is Gly,

nist,ois0, R2is
* € L M s =




synpt ons of' acute toxicity wer'e observed during the test period. 30 Cl ains
1. A-conpound of the forrmula 35 40 or a physiologically acceptable salt

t her eof , wherein [err] acid of L-configuration selected
'fromthe group consisting of Al Eti’%%émé@l, G u, Leu, Lys, Phe, Ser, Val,
Ile, Arg, Tyr, Thr, Asp, Asn or Gn; 45 [err] -and [err] are,
independently, am no acids of D or L-configuration selected fromthe group
~consisting of Ala, Arg, Asn, Asp, Adn, AQu, dy, H's, Ile, Leu, Lys,
Met, Phe, Pro, Ser, Thr, Trp, Tyr or HCHy-and o are independently O or
1,-'[err] is -H 'or an N-term®@HAl protecting group; 50 [err]

is are al kyl group of one to six carbons, optionally conprising an aronatic
substituent, or one or nore in-chain bi val ent groups sel ected fromthe

gr oup con@%l"iWQYﬁﬂeﬂmvedffwmaGD'S- -NH, -CONH-, -CH = CH or -S-; and
[err] and [err] are each -H, or taken together forma noiety derrved from
a di h‘}/ x‘\/c%’tﬂ BRTPrding\ip ﬁ&'"ai whersia A" I\ RPdF¥sGudro s P§%B’a§°&t”é€l"l§9" at

| east® t ting atons in a 55 chain or ring, said

chain o corrprr si.ng, C 0 ti apnal

.het er oato ciﬁ? a§§?’id' t°l\f§‘a"§ 1n8ra&6m "W'€ % e p,s ﬂ?/ l@%(cf'ﬂﬁt 8&%@?&3% "0 is
[err] 13 H,  except [err] can be- H\/\/nenA2|s Phe, Al is @y, n

|s 1,0 is O R2is 29 EP O 145 441 B

derived from pinacol. 2. A corrpoung acg

Ala, Pro, Ay, Qu, Leu, Lys, Phe P23k dn and o 10 are each 1. 3

A conpound according to aim1l1 or C ai wherein R2 is [err] -CH Jerr]

or 15 [err] 4. A conpound according to Claim1, 2, or 3 wherein [err] is

M , Suc, Boc, Z, Ac or Bz. 5. A compound according to Claim1, 2, 3, or

4 wher ed.n A @mppuneackofdigitg Claimet, et R whersin R' 8Me@Snm Sed, Bocl &r Ao@ dzf r om pi nacol

or diethanolam ne. 25 6. A conpound according to any one of Clains 1 to 5

wher.ei nb.| & ¢dmppnd Reeprdingl ta Clalme 14,2, Biyos 4 wBbiginOf! a®BEY? arereaci\-H; onpmoisl deived frefdtng t o

any one ofpingpahprlistienelemige. wherein [err] and [err] are, independently, Ala,

Pro, 2G_¥ Phe, or Lys. 30 8 A conpound accordrin to any one of Clains 1 to
7 wher ePn ‘{@F\Pf"“F§C‘PF"6‘9 ey opepf Glain bto Sehereindf' és Rrgydip: lé&“a'-ys' Gly or Ser.

7.. A compound according to any one of Claims 1 to 6 wherein A2 and A® are, independently, Ala, Pro,
Gly, Phe, or Lys.

err] 5 and [err] and [err] are
gto Cdaiml wherein [err] Is

8. A -compound according to any one of Claims 1 to 7 wherein A' is Pro; and A? and A® are each Ala.
9; A compound according to Claim 8 wherein R2 is -CH{CHa)a.

35 10. A compound according to Claim 8 wherein A2 is -CHjs.

'11., A compound according to Claim 8 wherein R2 is -CHz CH(CH3)2.

| \/ 12, A compound according to Claim 8 wherein R? is -CH(CH3)CH2CHg.

13. A compound according to Glaim 8 wherein R2is

14, A compound according fo Claim 9 whersin R! is MeOSuc.

15. A compound according to Claim 14 wherein Y' and Y2 are each -H.

16. A composition for inhibiting proteolysis in a mammal, comprising an amount of a compound of any one
. of Claims 1 to 15 effective to inhibit proteolysis, and a physioclogically acceptable carrier or diluent.

” 17. A compound according to any one of Claims 1 to 15, or a composition according to Claim 18, for use in

inhibiting proteolysis in a mammal.
30 . ' | ‘“‘“‘ “““ “I“ “l‘l “ |||\
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9. . A conpound according to Caim8 wherein R2 is [err] 35 10. A conpound
according to Claim8 wherein [err] is [err] 11. A conpound according to
Claim8 wherein [err] is [err] 12. EFD according to Caim8 wherein
[err] is [err] 40 13 A conpound accordl ng to Claim8 wherein [err] is [err]
14. A:conpound according to Claim9 wherein [err] is MeOSuc. 50 15. A :
conpound ¢& QOpredeiol Medatin eBoibonbefé forp® r] and [err] are each -H 16. A
conposition for inhibiting proteolysis in a manmal, conprising an anount of
a conpound of any one of Clains 1 to 15 effective to inhibit proteolysis,

and a physiologically accept abI e carri er or diluen oy‘o'S 17. A conmpound
accordisng to any one of 3 5,10r a co sition according to Claim-.

16, for use in inhi brtRng!;ﬂot)Q,dllys’insﬂ 12y . EP 0 145 441 Bl
18.. A process for preparing a conmpound of theg?oranlo *or a

physiol ogical |y acceptable salt thereof, wherein [err] is an am no
acid of’%L C%L'p EJ%EJ'I on sel etﬁ;t edtJeromth%group consr sting of Ala, Pro
dy, L

[err] Aan d [er Ija neqng egr?w%lﬁah gele p ggrisBﬁ}s?rof R{a Y0, Qﬁly,
L-configuratign sel ect

r
cys An, Gu, dy, Hl ci)ae?st;% poy éAs, p'(;)o'f'bgr -c |£lrat|6Al\ gslecéﬁr}mmAﬁ\

Ser, Thg, Trp, Tyr orp 9r or vald per'r?ient Fly’ 'ES'S' fe. qu' Lrs’ Mej Phe,

is “Hor an Ninlafd 51 nalareqﬁdgf,g;ggdﬂpgogr oup; err] is an al kyl group of
one to si X cagbons, ongchag{l,Nxenqgmrdt&h rGip; aronatic substituent, or one
or nore in-chaen bi valiea ail GoSor SR8 BGIQErbbrsO BptibriMly ESnPHEng N erfdtic 6@bstifiont, O |
20 -ofCGhe or- fore in-tHain, bivalchtNjrbups sélbttea #drk the rigroup@Bnsistivynét -per r]
and_ [ ews | are each -gb-, &, -Niak@ONHOgEH HIGH- of 903; and1Di ety derived from a

di hydr oxy conybanddhaarenepcat-H,| aaaken togethéryfamox ynoptyodgagedsienpaa athgdiotyycoapound ast
two connecting atons ihaving a Heestriwo hydrixy groupssegargtadi by alolpast iwoccovwatingiabmsdn a
carbon atons, and opt ichambrripg. said lkaincer ting eamprisindratben etamwed outipnally. @ Aetergaiony,
S. or 0; 25 Wt h tohketgseaiapisqdiich matbafh& @ ON or 0 is O, [err] cannot be
-H, exc?%pt [ty the | E’&‘f’?%'&at Rfhb 9 9 8Oy ' qagnoppra-H, prspRt R pap b@l"&/“’h"ﬂ" is Phe, A isiGly,
[err] is [erY$ 180T ] and [err] are derived from pinacol, conprising:

(a) treating an N-protected peptide or amno acid with an appropriate
reagent to generate a mxed 35 fflnhydrl de; (b) contacting the m xed
_anhy-drisgle in the presence of base vf ;’pf an [err]-am noboronic
acid, or a salt thereof; and (c) is@(;atl ng the resulting [err]-am noboronic
acid peptide. 40 19. A nethod of preparing a pharmaceutical conposition

CO”W i Sing fagPubdive Y dBrived IR PnstoREniphisihg?d t o
_ _ (a) treating an N-protected peptide or amino acid with an appropriate reagent to generate a mixed
- 6 anhydride;

] (b) contacting the mixed anhydride in the presence of base with an ester of an a-aminoboronic acid,
_ or a salt thereof; and

R {c) isolating the resulting a-aminoboronic acid peptide.
' b 40 19. A method of preparing a pharmacseutical composition comprising formulating a compound according to

any one of Claims 1 to 15 with a physiclogically acceptable carrier or dilusnt.

Revendications

46 1. Un composé de la formule

oy!

% BE-pa?y, (A (aY) )-NHCH-§
2?2 Noy?

ou un sel physiologiquement acceptable de celui-ci, oli
. 5§ A est un acide aminé de configuration L choisi dans le groupe formé par Ala, Pro, Gly,
' Gilu, Leu, Lys, Phe, Ser, Val, lle, Arg, Tyr, Thr, Asp, Asn st Gin ;
- Aot A sont, indépendamment, des acides aminés de configuration D ou L choisis dans le
groupe formé par Ala, Arg, Asn, Asp, Cys, Gin, Glu, Gly, His, lle, Leu, Lys, Met, Phe,

” | RRRR 0 R
' * € L M § %



any one of Cainms 1 to 15 with a physiologically acceptable carrier or

di luent. Revendlcatlons 45 1. Un conposd de la formule R ((A 3t ( (A){2)
(Al -NHCH 9 ou un sel physi ol ogk@lyqRE Rl BfCeEPt abl e de celui-ci, 00 65
Al est un acide am n6 de configuration L choisi dans |e groupe forns
par AAa, Pro, dy, du, Leu, Lys, Phe, Ser, Val, lie, Arg, Tyr, Thr, Asp,
Asn et Gn; A2 et /R‘.Bo,SersmITrp,imdetpﬂndamrent, des aci des am n6s de
configurati @et® ou shntafidpediidnmnGod £; gr oupe forné par Ala, Arg, Asn, Asp,
Cys, G n, GQRY, d y,esHHop uh geypelmatectdur/ds N-Matipal Phe, 31

11 11111 |1 R3] (BBt @ grdesalkyleRle URripsix Somes T parbolippcompyenant factiglivementan o
sont 4§ ndependanmentsulstiyent leronffiqus, ou un o gusios PUD %}'adﬂﬂ [§einghysotang e changle
N-terminal; R2 choisigdans jorgroype fopes rey 1G7{ -60u &5 UHHA NH- -a?’dnﬁ@ ‘ﬂeSQ?ar%one

conprenant a8t atsPRHBRYR -fhrousforment ensermble un ffagmens 4 PR Sp1PPose ’le

un ou plusieurs gr &MP'\%E“ B‘P‘U%tf"?é’ﬁtg?“?eﬁé‘y‘ﬂgxyl? g’abwavw& deppppianes dﬂ ti
groupe forné par - ans haine un cyg Iadlte emPigp ant%ﬁzaomes

., 0 al’b © 6 é g lYﬁgﬁt P S 0

SF hyg ' Sfjangc l(a:b:g‘ % l{lrfn que, lorsque n oy o es?t gétre ex 0| Hlt H;éeﬂ tre Io%,% AQWBOSA'
| hydr oxyl fagant m%v? %’é% gsswﬁ%t O Qe S5 Bar AR deux
at ones de jonctl on aknsund Ehafin® 8u Gh Tadi'te chaTne ou ledit

cycl e conprenant des atones de * 10 car bone et,

facul,gati vemrent, un ou plusieurs hdrr"éantomas qui peuvent 8tre N, S ou O;
.avec la condition que, |orsque n ougg B2-R no peut etre H, excepte qus
R pout Ore Hlorsque A2 est Phe 3est Ay, nest 1, o est 0, R2 est et
Y' et y2 sont dé6riveés du pinacol. * 16

H3 \ CHCH CH 2 3 2. Un compos6 selon |la revendication 1, dans | oquel
-AI\_Q§,b 2] aYn demposéGeign la@Ebuandidation 1, H3r6 legi A’ asl ABePrp, Gy, Glu, &by, byssPistouceacain 1.

3. Un conpde sguehaown i.a revendication 1 ou |la revendication 2, dans |equel
R2 est -CH3, -CH(CH3)2, -CH2CH(CH9)2, -CH(CH3)CH2CH3 ou 26 30 4. Un corrposG
sol on | & rln eqmeposs: 9igania yrevendiestion3 1 o d gevprstiration R pagsslequpk Best, -Clby cCHBHD:

Ac ou Bz. -CHiGH(GHsRntEECHIHaRHI & [ evendi cation 1, 2, 3 ou 4, dans | oquel yl

et y®*sont chacun -H ou un fragnent 35 d6r|ve du pi nacol ou de la

di ~t hanol am ne. 6. Un conpos4 solon |’ uel conque des revendications 1 a
5, dans lequel Al est Pro, Ala, LCH.,: y ou Ser. 40 7. Un conposé6
solon |'"une quel conque des revendi czi a 6, dans | equel A2 et A3 sont,
i ndépggndam nent, Ala, Pro, Ay, Phe ou Lys. 8 Un conpose solon |' une

-quel conque des revendications 1 a 7, dans lequel Al est Pro; et A2 et A3

-Zg?t &E ?.&L_%h Bhidoss 40 rhlBncRBTOSE o5 &1 1bcel e WEMUOREL, 56 BB, ZIRNS, A0TUEl R2

5. Un composé selon la revendication 1, 2, 3 ou 4, dans lequel Y' ot Y2 sont chacun -H, ou un- fragment

us dérivé du pinacol ou de la diéthanolamine.
,' o 6. Un composé selon 'une quelconque des ravendications 1 & 5, dans lequel A! est Pro, Ala, Leu, Lys,
- : Gly ou Ser.

40 7. Un composé selon I'une quelconque des revendncatlons 1 & 6, dans.lequel A? et A3 sont, indépendam-
ment, Ala, Pro, Gly, Phe ou Lys.

8. Un composé selon I' une quelconque des revendications 1 & 7, dans lequel A' est Pro ; st A? et A® sont
chacun Ala.

9. Un composé selon la revendication 8, dans lequet R? est -CH(CHa)..
10. Un composé selon la revendication 8, dans lequel R? est -CHs.
éo 11. Un composé selon la revendication 8, dans lequel R2 est ~-CH, CH(CH:)s.
| 12. Un composé selon fa revendication 8, dans lequel R? st ~CH(GH3)CH2CHs.

: 13. Un composé sefon la revendication 8, dans lequel R? est
" 66 :

w VDO R
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10. Un conpose solon la revendication 8, dans |loquel R2 est -CH3. 50 11.
Un conpose solon |la revendication 8, dans |equel R2 est -CH2CH(CH3)2. 12.
Un conpose solon | a rovendi cationgg.g fi@glgyauel R2 est - CH(CH3) CH2CH3. 13.
Un conposG selon Ia revendication 8, dans lequel R2 est 65 32 *c L H

S* -EP 0 145 441 Bl -CH 14. Un conposd selon ia revendication 9, dans

| equel RI est MeOSue. 15. Un conpose sel on.la revendi cati on 14, dans | equel
Y1 et Y2 sont chacun -H. 70 16. Une Jof_Teqele). AN destin6e a inhiber la
prot 6ol yse chez un manmi fere, conprenan® \ ghpos6 de |'une quel conque des
revendications 1 a 15 en une quantits effitac®e pour .Inhiber |a proté6olysei
et un §upp0rt ou dil uant physi ol ogi quenent acceptable 15 17. Un conpos6
sel on | ' une quel conque des revendications 1 ou une conposition selon

| a revendt cé’f‘l"@PPOf%se"iS'dﬁ'fe"%'ﬁa“ﬁf?Iqa%sd?qué'rﬁ’détrl‘éeqs“? nhibition de |a

f;gtngr'eya G Simile ST 0L s 14 IR 25 U o2 RRREHET U COMPOSE de |2

1B - A31) i N % ‘ah2 er Q/ ro 6| ouc uznuseri\tI mRQé’g %Pu el
e azgﬁlﬁ%%&;j“;h%q%%%iﬂ AR A
S| i ent al epél Al

Val, lie A2 et A3 sont,

' nd6pe|;gdaﬁrr@ntcongs§é Sdidnd e AgTHI Q%e&%@ddﬂ:ﬂﬁoﬁ& 1108 18, QU uUne CdoRIp&HiRN ds@!% 14 €

groupe for MesyBritficafinds, pdlirkon A¥iiBatior $dns Iifbitshion Gm,pr@dwse oY un Flammidre.€, Leu,
Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr et Val; n et o sont

i nd~ pendm'fpro@écﬁlpoﬂrpréBbreruncompos@%la—anﬂlé un groupe protectour de

N-term nal; 36 est un groupe al kyl e de un a six atones de
carbonm, corrprenant facultatlverrent un K-' substi t uant
aromati que, ou un ou pl u5|;e#rs groupezs bi val ents incl Y}ans | a chai ne
choisis dans | e groupe f K - - -CONH-, -CH = CH
et -SQ2- ; et Y1l et y2 0gon Rh&@u‘ﬁk ?—n )f]oﬁ?g nsenpl e un f ragnent
deriv4 d'un conpose di hydroxyle ayant au noins dmx g es hydroxyl e
s6par 6% par au noins deux atones de jOI‘lCtIOI’l 40 dans une
chai ne ou un cycle Iadlte chalne o |t cycle conprenant des atones de

fﬁ' Pfyflf) nt agse
&ar gogﬁ gt avBec | a ng n acu%}l lﬁ.gés e c n sn dglés tgﬁorﬂgsff)qné pgel\lf'\/%rqt GBt rHe

t " t
ST(CEDI %S?UEG%@ *3}; r%h a%ﬁ ﬁés %5 &\ﬁgura Yo & E%Bousls déhs G5

0 r Ala, Arg, Asn, Asp, Cys, Gin, Glu, Gly, His, lle, Leu, Lys, Met, Phe,
Pro, Ser, Thr, Trp, Tyr et Val ;
neto sont indépendamment Q ou 1 ;
R! est -H ou un groupe protecteur de N-termmal
_ , 35 R2 est un groupe alkyle de un & six atomes de carbone, comprenant facultativement un
[ - substituant aromatique, ou un ou plusisurs groupes bivalents inclus dans la chaihe

choisis dans le groupe formé par -O-, -CO-, -S-, ~-NH-, -CONH-, -CH =CH- et -S0;- ; ot
Y'et Y2  sont chacun -H, ou forment ansemble un fragment dérivé d'un composé dihydroxylé
\_/ ayant au moins deux groupes hydroxyle séparés par au moins deux atomes de jonction
40 dans une chaine ou un cycle, ladite chaine ou ledit cycle comprenant des atomes de
carbone et, facultativement, un ou plusieurs hétéroatomes qui peuvent 8tre N, S ou O ;
avec la condition que, lorsque n ou o est O, R! ne peut 8tre H, excepté que R* peut étre H lorsque A?
est Phe, A! est Gly, n est 1, 0 est O, R2 est

CH
- 3>cncaz-
CH,

60
ot Y' et Y2 sont dérivés du pinacol, consistant &
(a) traiter un peptide ou acide aminé protégé sur N avec un réactif approprié pour produire un
anhydride mixte ;
(b) metire en contact I'anhydride mixte, en présence d'une base, avec un ester d'un acide a-
85 aminoboronigue, ou un sel de celui-ci ; st
. {c) isoler le peptide d'acide a-aminoboronigue résultant.

19. 'Un procédé de préparation d'une composition pharmaceutique, consistant & formuler un composé

= RO AR
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60 et yt‘ et 'y2 sont derivds du pinacol, consistant a (a) traiter un peptide
ou aci de anmin6 protdg6 sur N avec un rsactif approprie pour produire un
anhydride mixte; (b) nettre en ngggd, gphydride mxte, en prdsence d'une
base, avec un ester d' un acide u- am nobor oni que, ou un sel de

cel ui - ;, et (c) isoler |e peptide d' acide ae-am noboroni que r6sultant.

19. 'Un pr Oosba d'ute quicob ades Gdventlidativhs CORAM6 Sdvéd O siippart A Gtush phySiplogiquambat ant
a f or nul eracosptablenpose 33 ¢ L H s EP O 145 441 Bl selon |'une

‘quel conque des revendications 1 a 15 avec un support ou dil uant :
.physi ol Bgfletaespicheaccept abl e. Pat ent ansprUche 5 1. Verbi ndung der Fornel R
[(A) 8(A (A -NHCH B oder ein physiologisch annehnbares Sal z dersel ben,
worin 18- Verbindupg der Formel ei ne Am nosaure der L-Konfiguration ist, die aus
der aus Ala, Pro, dy, Qu, Leu, Lys, Phe, Ser, Val, lie, Arg, Tyr, Thr,
Asp, Asn odor G n bestehenden G uppe ausgewAhlt ist;q¢® und A3 unabhi ngi g

Ani nosaur en der D odor I_%Kpp(}ﬁ%ur 3)on(p§1ﬁj_uﬁl¢g.gljs der aus Ala, Arg,

Asn, Rsp, Cys, Gn, I'ar*"Lou, Msgy? Phe, Pro, Ser, Thr,
Trp, Tyr oder Val bestehenden G uppe ausgewahl tR%I nd; n und o unabhangi g
0 oder 1 sind; R -H oder eine N-termnale Schutzgruppe ist; R2

ei ne Al kyl d@'é*pms,%&scﬁla%m‘ Seahsatphlgpst of f - Atonen I'st, die .
gogehgnenf algs €I Nl aiish q%&m-néwmkhénqﬁrﬁ.@&s%ﬁsuswwﬁroodﬁreutraJan e 1
der Kette angeor dnetghe28er, val, lle, Arg, Tyr, Thr, Asp, Agme%rntﬂe&&le@dﬁnﬂ aBsRuENY. h

aus der aus -0-, -CQy -S-, -NH, -CONH, CH oder -S best ehenden
G uppe, unf a8 amiye unmawngmdmma’saurem asveD- |o&er—l.l=kdﬁﬁdilﬂatl@ﬁﬁfd did ags e raaﬁmarm@n

ei ne Struktureinhei tAshj AsgeCys, €lingGiy, @iy, elisney; Ldoj byscveXBheMert,[Ben dtn Grp(Tyr oder
wer{ get ens zwei Hy dr\eakyesBhendpre@rupdagesgewdiittsing;st , di e durch weni gstens zwei
ver.bi ndende nAndpe | rungbhiingig Kedet ¢ siodler ei nem Ring getrennt sind, . 30

wobel die Kd&'te odor-Heder eftembforinaledichuizsfiuppedisone und gogebenenf alls em

Het er o- At omMder HetaineoAln-Gruppa, mitzainem bl oakis Kehlengtol-ADmse fish dia geashenenfills der
Mal gabe, daB dann, ViR af?"@EFGFG"oSL@StF@t"O" e jging jedler mghioes, in den fiette ﬁ'ﬂ@é‘#ﬂetedaB
R d#hn H sein kann,2~AMARonSrypRen. jausgowshtt aysydersqus -R- 1-COgt-8- gNij- | -6PNHRy

35~ 3 CI-F "Cl'kgdqr -S('questehenden Gruppe, umfassen und
2 40 - ytund ng joweils -H sind oder zusammengenommen_ej (%kturelnhelt bilden, die von siner
Dihydroxy-Verbindung mit wenigstens zwei Hydrbxy- ruppen abgeleitet ist, die durch

: wenigstens zwei verbindende Atome in einer Ketie oder einem Ring getrennt sind,
.30 C wobei die Kette oder der Ring Kohlenstoff-Atome und gegebenenfalls ein Hetero-Atom
o oder Hetero-Atome umfaBt, die N, S oder O sein kbnnen;

mit der Mafigabe, daB dann, wenn n oder o 0 ist, R" nicht -H sein kann,

auBer, da8 R' dann H sein kann, wenn A2 Phe ist, A’ Gly ist, n 1 ist, o 0 ist,

R?

3>CHCH2-
CH,

_.‘g'(.. C

ist und.
¥Y'! und Y2 sich von einem Pinakol ableiten.

- 46 2. Verbindung nach Anspruch 1, worin A' Ala, Pro, Gly, Glu, Leu, Lys, Phe oder Ser ist; und n-und o
jewsils 1 sind.

3. Verbindung nach Anspruch 1 oder Anspruch 2, worin R2 -CHj, -CH(CHs)z, -CHzGH(CHs)a. ~CH(CHa)-

CH2CHz oder

“ | ) AT R
. * [ L M s *
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‘ist und-Y'" wund Y2 sich von einem Pi nakol ableiten. 45 2. Verbindung nach
Anspruch 1, worm Al Ala, Pro, Gy, GQu, Leu, Lys, Phe odor Ser !st; und n
und o jeweils 1 sind. 3 Vbrbinduapeﬂ %Eﬁ §pruch 1 odor Anspruch 2, worin
"R2 -CH3, -CH(CHa3k, -CH2CH(CH9) 2, ™- ? - CH2CHa oder 50 -CH2 56 i st.
34~~~~~~~~~ 1| 1] 1|11111]11 .- EP 0 145 441 81 4. Verbi ndung nach Anspruch
1, 2 0dol, Sverikiuhdinddh AMBRISHS, 2 6363, whiROR' MBOSAS; SO6IBbc, BZAd stler BAist. Ver bi ndung
nach Anspruch 1, 2, 3 oder 4, worn Y1 und Y2 jewelis -H odor eine von

Pi nakol @&deverbihduhd) agvnl Asprachal) e l3addbied, avolit YU kidivejenélisi-H oBlbrndlne onRinakol oder
Ver bi ndung piatbénolampeabghiditete Sira@reinkeisgiid. che 1 bis 5, worin Al Pro, Ala, Leu,
Lys;- &y oder Ser ist. 7. Verbindung nach irgendei nem der AnsprUche 1 bis
‘6, Wor i n 6A2Vaibictiud@nagh axgentieinprodeARaspriibireot, bish, worirPR'ePro disy Lduykys sGiy dder $¢ i
Ver bi ndung nach irgendei nem der Ansprache 1 bis 7, worin Al Pro !st und A2
und A3 j @weYdrkinding nach frgendginem/dar [finpridehe) 1 iscth walinsAfrune X° gnabbgisgig iearro. @iw(ha3) 2
ist. i5 -100dexAysisinddung nach Anspruch 8, worin R2 -CH3 ist. 11. Verbindung
nach. AAspruch 8, worin R2_-CH2CH(CH%%§ ist. 12. Verbindung nach Anspruch 8,
wor i n Ro & Clpreisdpa-pstitgendeifom der Anspriches! RIRF-ORRN O REKH AAHELA RAIBAR REF  n B2
-CHa ist.. 30 .14. Verhindu nac uch 9, worin Rl MeQSuc !st. 15.
‘Ver bi ndufl 2%‘8%"%2"558&%?’“55,9' “W@? F"’n'égfcq{ﬁ)ﬁds".ﬁ/z jeweils -H sind. 16.
Zusamenget . By ateql yse bei ei nem Sai uger, unfassend
_einengﬁrﬁﬁbﬁ#ﬁﬁﬁﬁg&Fmggguﬂgsgﬁﬁ?Eo?b%%Lmﬁrksane Menge el ner Ver bi ndung nach
i'Tgendei i b _,y@q | hysi ol ogi sch annehnbar es

Tri ger na?g'wgﬁﬁdgﬁ%?&@ébﬁpﬁ?\ﬁ’n\'ggﬂ%t@e ) (:;Lﬁ%)ﬂggrbi ndung nach irgendei nem der
Anspr achqg lyhbisdulPndef Rhspfidf 8WHRR REICHIH)CMEGN i@nspruch 16 zur Hommung der
Prat eakyse be! ol nem S-uger. 40 18 Verfahren zur Herstellung einer

Ver bi ndung. vgsindug Reeh Addpruch 8, worin R? _ R -tR(A )o(A )n(A
)]-NHCH B/\2 R oder ein physiologisch annehnbares Sal z dersel ben, worin so
Al - ei ne Am nosaure der L-Konfiguration ist, die aus der aus Al a,
-Pro,- Gy, Gu, Lou, Lys, Phe, Ser, Vaby @ \rg, Tyr, Thr, Asp, Asn oder
G n best ehenden G uppe ausgewghl t 2 -

ist.
" 80 14. Verbindung nach Anspruch 9, worin R! MeOSuc ist.
15. Verbindung nach Anspruch 14, worin Y' und Y2 jeweils -H sind.

I 16. Zusammensetzung zur Hemmung der Proteolyse bei einem SHuger, umfassend eine zur Hemmung der
\J 35 Proteolyse wirksame Menge einer Verbindung nach irgendeinem der Ansprliche 1 bis 15 und ein

physiologisch annehmbares Trédgermaterial oder Verdinnungsmittel.

) 17. Verbindung nach irgendeinem der Anspriiche 1 bis 15 oder Zusammensetzung nach Anspruch 16 zur
\/ Hemmung der Proteolyse bei sinem S#uger.

18. Verfahren zur Hei’stellung einer Verbindung der Formel

1 3 2 1 / ox’!
45 _ : R =[(A”) (A®)_(A”) ]-NHCH-B
o n | \OYZ
2
R
oder ein physiologisch annehmbares Salz derselben, worin

50 Al eine Aminosiure der L-Konfiguration ist, die aus der aus Ala, Pro, Gly, Glu, Leu, Lys,
Phe, Ser, Val, lte, Arg, Tyr, Thr, Asp, Asn oder Gin bestehenden Gruppe ausgewshit

ist;
A? und A3 unabhingig Aminos3uren der D- oder L-Konfiguration sind, die aus der aus Ala, Arg,
Asn, Asp, Cys; Gin, Glu, Gly, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr oder

- 85 Val bestehenden Gruppe ausgewahit sind;
' nundo unabhéngig 0 oder 1 sind;
R! -H oder eine N-terminale Schutzgruppe ist;
R? eine Alkyl-Gruppe mit ‘einem bis sechs Kohlenstofi-Atomen ist, die gegebenenfalls

b OO 00 U



ist; A2-und A3 unabhf ngi g Ami nosiuren der D- oder L-Konfiguration sind,

di e aus der aus Ala, Arg, Asn, Asp, Cys, Gn, Qu, Ay, Hs, Ile, Leu, Lys,
Met, Phs, Pro, Ser, Thr, Trp, T Val

bestehenden G uppe ausgewahlt S?ﬂ;]de(il@,{4é?1 unabhfingig O oder 1 sind;
RI -H odor elne Nterm nal e Schutzgruppe ist; - pR2 ei ne

Al kyl -& uppe mt el reen biomatiseioh Sukgihbmers bdaf 'émd\bmmhrbst in dét Ketgaggdoaneanf al | s -
35 _ zweiwertige Grupbdn|, |abisgbwdhit 14k | dbi Biid 1Q-, -CQ-1 18-, HEH-1 1GANHA = C

L N S  EP 0 143HCH-Bder e$Grebesphaert Gropdecymi@spsund uent en oder ei ne oder
mehr ere, inYted Ref tieweiimdisindieder eusammpngenonimes i Birpidureinteil dijden~gitven eines der
aus -80-, -CO-, -S-, Dihyfroxy-Veriadupg mit werdggiengpwel bydioxy-Gogpen ghaslgitehish diesiuch uppe,
unfassen; und Y undvenigstensizwgieyerhindende Atmee cRiner Keieaoree piaRm Hingedstrainhgind.

St r ukt ur ei nh el t bi | d\@Hei digj I%ttq,aq?r rﬁg}g I@hlenstoﬁ-Atome und gegebenenfalls ein Hetero-Atom

Di hydr oxy- ndun d?ﬁ °t s bﬁ ?{%k‘@'ﬂ‘ppen abgel eitet ist,
die durch g,é tKette oder ei nem Ri ng
getré‘hnt s@'"@tvéeng dﬂ’r 3?15' KE) *&14¥0of f - At one und

gege_benenf aI I s ei n Het er o- At om oder Het ero- Atone unfaft, die N, S oder 0O
sein kénnen; mt der MaBgabe, daO dgpnn, wenn n odor o O ist, R nicht -H
sein kann, to auBer, daB Rl dan @Eﬁ] kann, wenn A2 Phe ist, Al Gy
ist, o 1ist, o O ist, R2 CH3 / CH -/ 2st und y' und y2 sich von einem
Pi nakol abl eiten, unfassend (a) das handel n el nes N-geschUt zten Pepti ds
odor einer N-geschUtzten Am nosaure mt einemgeeigneten Mttel, umein
gem scht esstémdhydrid zu erzeugen; (b) das |n-BerUhrung-Bringen des

geni scht ery' Awiy?dich ds direm/ARinakes etsidien,t el ner Base nit el nem Ester 2s

“ei\Agro a- Ami nobor onsgure odor el nem Sal z dersel ben; und (c) das Isolleren
des resul turdasganden a- Am noboronsture-peptids. 19. Verfahren zur Herstellung
el ner  phar méa det Peehdain Sheesdiroasridiizten Reglids odbraeinoe hboschbizien Amincsaureenit enerer

'Ver bi ndung gerignelen Misigkien qiegprisehtos Asiwdliss preerzeugans 15 nit  ei nem physi ol ogi sch
anne h rrbar en (B das In-BeriiprypgBringencdep gemisghtep Aolyidtrsrim AripseAneit einer Bagy mjtsoinam fgpr

einer a~-Aminoboronsiure oder einem Salz derselben; und
(c) das Isolieren des resultierenden a-Aminoborons8ure-peptids.

19. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, umfassend das Formulieren
einer Verbindung nach irgendeinem der Anspriiche 1 bis 15 mit einem physiologisch annshmbaren
30 . Trégermaterial oder Verdllnnungsmittel.
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