; e3e] ] Ob. 6dT_2eWD 02/ OS3s9. 4 PCT/ US01h082Cr | NHI Bl TORS OF MEMAPSI N 2 AND' ‘L))

USE THEREOF RELATED APPLI CATI ONS This application clains the benefit of @//

U S. Prowipsessds Appl i cation Nos. 60/275,756, filed on MBEHUIM/S0$2601 and

601 258, 705 fil ed on Decenber 28, 2000, 5 the entire teachings of both of

which are incorporated by reference in their entirety. BACKGROUND OF THE

| NVENTI ON T isin the arlsa of the desi gn and synt hesis of

specific in I\‘H\M}‘{M@“ m‘{]he aspartl c protease Memapsin 2 (beta-secretase, or

(3-secret as 1 are useful in the treatnment and/or prevention of

Al zheiner's Di s&¥¥¥" 10 Al zheiner's disease (AD) is a degenerative disorder
of the brain first descri bed by Alios Al zhei er exam ni ng one

. of his patients who sW@H@Rﬁ@&MEW?%%@&%&%@@E abilities and

had generalized denentia (The early story of Al zheiner's D sease, edited by

Bick et al. (Raven Press, New York 1987)). It is the |eading cause of

- dementia in gEdaTEY REPSTIONS pati ents have 15 increased problens with
menory | oss and intellectual functions which progress to the point where

they cannot functThisappicabemeleimane berpfiiiod U.-SyRravisiqaal Arpicaion Npg| | ect ual

Seti ons. and QUATS B A o MaRR B A0 40 GRS, RE Sh Deckmb ARDZONL 21 2
Di sease and {ge Eﬁﬁx%%a@hﬁ@% @Eebh&th of whﬁﬁxcbr@moéﬁomtéd\bwe‘fﬂekcdjmtw &itirgtyPr ess,

New York 20 1987)). AD is devastating for both victins and their famlles
for there is no effective palliative or preventive treatnent for the

i nevi tabl e neuro a ciated with neuritis plaques
measuri ng u SE]&{[? bF%ﬁ%ﬁﬁaﬁﬁe cortex, hippocanpus, subiculum
hi ppocanpal gyr OSThx@%eﬁHMﬂQ@lh%e &BLofahe HQ@@’PMMH@&S@@@;&&CHM@BMOM
neuritis plaques is anylo which is stained by Congo 25 Red (Fisher
(1983); Kel | yiMhe aghaitid profaie MEn@psia 24b@4-Beqratasy py -seemplast)dviptiagigaset ai ned
by Congo Red are extracel]|ular, [)I nk or rust lored in bright field, and
birefri ngentmlthe gemamntz@ul/q’rupg%\teﬂ 19 af Bl ZAgme’ Sg{$‘é°3<§8rrposed of pol ypepti de
fibrils 2 ADH\F /E&% sent around
bl ood veggel s, re ucj?l ﬁ‘gérgﬁz%é% g’?o varralélggggﬁggﬁ gf;]?te%ﬁi?]gf%ral n.

Vari ous faCt@és‘énSélﬂlfy Aﬁogﬁlt%mrmm e@ﬁ?safttslekammmg orfeexfthiopasieagevitos, t oxi ns,
nmetal s, and head trauma have all been suggestﬁgag 51{)()85' | e mechani sns of
AD 5 neur opasufﬁerewraﬁtlcamﬂ@t@%l@é%é“‘éqqbé)lhtgqsym gaicEdlizef demened @hg, o

di stinct types of 0si 1l I anal ysi s
has provi ded®BH ’88 28 "{Il“dﬁe”ﬁ% 'lsoar‘fg’ edltg@ﬁ%h%k (ﬁ@] (J(E;%?i%rf g%?\ﬁg‘%ta’gﬂ n (APP)

gene in Cert@@)f\@t%tﬁé q?éﬁﬁﬂlgfc@ﬁ@ddf@l%m(aﬂi)eﬁmeel&irlyqiersohiat KiDepBAts Hade 706
(1991); Murrell "et al. Science 254:97-99 (1991); Chartier-Harlin et al.
Nat ur e 393: 8intr@ss! groblms:wiliumpmaneessand inygleqipal f&@F“@éﬁ&t‘“C*’ll’%%S%‘&?
(1992)). Addi t| on S for esi de on
6}67‘}%6 ﬁ%‘cﬁgrmls e(}%@?ln(a I\@f’a Y BSRd 1080 f

chronmosone 1 aev 76:775-778 (1995);

Levy- Lahad eintéliectuaﬁghﬂmﬁ p&ﬁ&t&éﬁn&?ﬁerﬁd&%} ¢hafe; socilydinampropraty  Nat ur e
375: 7S4-760 (1995)). Another loci associated with AD resides Qn chronosone

19 and encodesticmswad seivizophommia @ Gw}dé ¥q ﬁ’éﬂ@@é’i“ﬂ’@ﬂ otlgesimens Pkese
261: 921-923 15 93 AD
patients andaf“lilgefﬁ‘\‘/ﬁ?)é %r% SW\E, dlp[?'?'gﬁ gYogrg;t\@ﬁgél}%x&y %BE%E\%@?’%&M 40. The

OVer expr egsi ‘?9%@5 ABols'd@dePamg%rfwﬁﬂfn@mslaﬁd frRGofmi e dforshete Basi bl e cause
of the devel opment of AD in Down's patients over thirty years of age

(Runbl e et aleffacti\lewaﬁmgwandpmveﬂ%’@ treme:arzﬁarmw@sm@ie pero@tagenarpin et al .
Neur obi ol . Aging 10Q:397-399 (19 ues.are aI S the
normal agi ng brai rﬁODéﬁatsFRﬁfﬁng‘é(ttE {”Bt\'ﬁerp SUrHE D &%8 egf“glrgltéle{r%gde up
primarily of ;f Qe amut %%&%P&@Ehﬂ@ulﬁﬁr fn%:p&%‘ﬁal ?ﬁs ahdantyglgasr emelod in the
pept
l

.literature as -anyl ol de or (err epti G enner and Wng,
Bi ochem Bi opl/srindRes coxﬁnmmtskﬂae%ﬁelﬂwe@mﬁn}'l)) ks seingt Sy quopri mary

25 prot tituent b | Th d
2t ] anerdbuReiershei ¥R KMol TR AT Rt Pl s
hydr ophobi ¢ %g':%éddogf@&%r}i | Yt cEm]u A R PudEhfSed i deriermigat i on of

its am no aci ence | tot ng of the APP c (Kang et al.
Nat ure 325: 7?03re?r3rfge(1ﬂ49§>3)anz6ﬂ)llglgaﬂme quueS arg cs;mpem@fzel'ypsmmd‘ulssaaxaqgea?)
Robakis et al., Proc. Natl Acad. Sci. 84:4|90-4194 (1987); Tanzi et al.

Nat ure 331:528-530 (1988)) and genom c APP DNA (Le|m“mm|m“|‘m‘“m Nugl. Aci ds

*159159* .




WO (12/11s359-1 PCT/ USOL/ ~0821 -3 Res. 17;517-522 (1989); Yoshikai et al.,
Gerae 87, 2S7-263 (1990)). A nunber of forms of APP cDNA have been

i denti fiwe,02iogzbudi ng the three nost abundant forns, APPYT/UNPBRIEE, and
APP770. These forns arise froma single precursor RNA by alternate
splicing. The gene spans nore than 175 kb with 18 exons (Yoshikai et al. 5
(1990)). APP contains an extracell ul at~ domai n, a transnmenbrane region and a
cytoplasm c domain. A~i consists of up to 28 ami no acids just outside the
hydr ophobi ¢ transnmenbrane domain and up to 15 residues of this i

t r ansmer nbr aare oftempiesent AxBind dlonsk vessgly, yeduging $19as pBIYHO AAAOUTIREFONSIB sues
such as hearth,5 ki.dney and spl een. However, A~3 deposits are usually found

. in abundance™88f3%i n the brain. 10 Van Broeckhaven et al., Scier2ce
248:1120- 1122 (1 - ; sifi 1€ ifBRidR RGeS tokight | y | i nked
to hereditary ce?gg%%%skfﬁeg%%??\ig?eé%@%ﬁgrg%}?gi dosi s (HCHV\%\- D) in tw Dutch

. fam |ies. Thinstalasndheflitranen Haye ahbedn sugigentedas pespbliemechanisms ohAADh t he APP

di [ int Dut.ch tjent Levy et e aSCi 248:1 124-1 |28
coslno Tegron Ui Tk parTents (LR ol s enee AL g
position 22 ane{ipglré?{sﬁgﬁf?ﬁs' fok %.Gﬂ-‘igst,%ol'@aﬁiﬁ%gly@fs RO Provi A eOR{En&d foPP770) .

I n addition, ®cer ies are genetically predisposed to Al zheiner's

di sease, a cenditibhoh thebewylodd pteourasr frateid (AP) Meuh i ceetpinsABDisrckes ( FAD) ,

t hrough nutations resulting in an _am no . d.replacement, at it 717 of
the full | enfmligy&iasiee!@ t@‘ee%49a104-7(06%§§§1)§1}4%wrﬁ6f gl éf’eﬁﬁe%?‘-%gq ):
Chattier-Harl.ija:€ o ) 2 b Y RBnSEgregaLm Wth the
di sease wit hbﬁ@gﬁtg Qi f*?%@%’n‘%i" ]g?tgpﬁgﬁéﬁ% ?Qr?(?g?ngp?delg \1/]\/| th’l at e-onset AD.
Thi s nut api ofead. RBY5NA4ACIN2)) Addiisrabgates fdreloprina dirrofehrly brseAAD) . 42
forn~ of A(3 from APP (Suzuki et al., Science 264: (15.123?]1340 @294?{%8 Anot her
mut ant  f or n~resisietoai ohzoreosernifeandcheamoesomed; @ozasy ¢¢éi Mrte 3 A 671 of
the full |ength_protein | |,aQ et .9732982) ' ' Qa2 am no
aci ds 670 an 9@910’ LIGHX'J@B%A:U%[ A c,ﬁ,}cg?u@gt%(%g}g/gf(}%9()5}&1&22?@%%)%5691(O_ tron et
al ., Nature 368762266 71%96 ) Adbother AP aésdeipfedGEHSAD resides onochadmosvneel i t es.
The evidence suggests that cleavage at the ~i-secretase site lEJQy a nenbr ane
associ at ed mendércodesor warwt fosmefigngkipapregindafCasdarndcienngi 28124 & 23s | ocat ed
in APP 121 ref]iﬁ)gge)s away fromthe |unmenal surface of the 30 plasma nenbrane.
Cl eavage of zB-secret ase site (28 residues fromthe plasma nenbrane's

| umenal surface) 1&'213)1;( =S HerBLAGRLIS biBertin ADgatlchanmdenDoans r egi on)
WO 02/ 05359-1 -4 PCT/ U 50115082G results in the 40/ 42-residue ~i-anyloid
pepti de (A ~Syndroimesedieideslaseniingtiutbe agmofadtl Theystgxatessan phAPRdbrain are
the central events_ in the pathogenesis of Al zhei mer' ' f review,
see Sel koe, %03".” Sl\%)f"afoé”%’éé?%p%fd £§ yBeFible fﬁ'uées%ﬂt?' id%@%&@%&% ﬁg‘rﬁ) lrr?enbrane
protein foungyjunrdYaments BU& thirtycRats dTlage trRAGnNY dF @, WehSERdlahde MEP 5 Y
(3-secret ase(ﬂ)gzv{hesma%ind ﬁas be’erﬁ%os?tulagt (ed to be itsel fﬁét he responsi bl e

pr ot ease AVOBLE.1446-5452 (1889); Mépnier e!. 39@rahial Siging 10:87P99 Br88VniThen 1 i s
expressed as a single chain nolecule and ifs.processi by a protease,
preseni | i nas®@2qpes ?réalﬁprpé‘?fe?td“blf‘ee%ﬂ’tafi §gng \E’f&iﬁ?ﬁ‘g‘b‘f% &gglloe{%eartnluglr?%ll'

(Thi nakar an, Tmd@ ot 8 dndIsa ddPpAp i metinds Blso et

al ., Neurobi gﬁ?seﬁlgﬁeégfgﬁ?%@%(%gnén%.o The ?@en?ifé& of @1% presenilinase is
unknown. The réfBrr¥d MOinREOBRESIB s Bfaniieid pepSdecordt peptids) ((Henrer tibWying, t o be

the rate-limting step in A(3 production (Sinha, S. & Lieberburg, L, Proc.
Nat|. Acad. SéochemUBRphe® Res (2rgnm.1095801859d) 9540 hrdichsis@iserths BHRAY st r ong

t herapeutjc target. The desi £ ki eC i [ easi ng
anyl oi d p#saq@éOtfg'Brcﬁﬁf‘tﬂBW il%c%% T ‘éabsgngta%bhg{]dsqeﬁéélﬁdgrﬁ %{dl)}c]j%{g ?sf){] of the
critical enzy{iBsdnths thierisl BRVA8Rarted MF:th-plediealsHedt eAB Zs @Rydioplubic

, peptide, the A(3, az formof Ap. Athough several enzynes have been

i dentified, ipepiidescongirisbearp fodSsintihe a¢ids.pr oduce active enzynme. Wt hout

active enzyme, one_cannot canfirmthe substrate ecificit. terydne the
. subsi te speci fici the dermyeign H\g HeamHe aﬂ‘ﬁﬁg{l}‘%’ge iel% t&ﬂime[ ((fig%l_%{‘gggﬁ’!ev‘éﬁ%i te
resi dues, all %Xv{ghgﬁ%ﬁ{@ﬂfﬁﬁﬁﬁﬁﬁ(1@'87};@14@%5&1%‘a@.deié%lemw.(W&

Memapsin 2 has 0 e beta-secretase, a IB% pr ot ease involved in
the produdd i @80i(ho8MnRobakisad! w!.oPrdseNad.adoprlobd. §5epka0d {698 Det anzaaitlei d

precursor protein (for revi ee, Sel koe . ture 399: 23- 999)).
s ow Geriiuh 3180 sromecRE A SREBHRe A RS e et 1 de
in human brain is a major 25 cause for Al zheiner's disease. Inhibitors
specifically designed for human nemapsin 2 should inhibit or decrease the
formati on of beta-anyloid peptide and the progression of the Al zheiner's
di sease. Memapsin 2 belongs to the aspartic protease famly. It is

honol ogous in am no acid sequence to other eukaryotic aspartic proteases

. T ”~ o M — o o,



-S PCT/USU1/5082(i D. R, Annu. Rev. Biophys. Chem 19, 189 ( 1990). The
nost successful inhibitor's for aspartic proteases are mmcs of the
transitiwp waises of these enzymes. These inhi bitors have KIeIM&086| | ke
structure with the cleaved pl anar peptide bond between the carbonyl carbon
and the am de nitrogen replaced by two tetrahedral atons, such as
hydr oxyet hyl ene [-CH(OH) - CHZ-], whi ch-was ori ginally discovered in the
structure of pepstatin (Marciniszyn et al., 1976). A need exists to devel op
new, inproved inhibitors of proteases involved in the production of
bet a- any| oi R4er bt:&i h512 (UPRDR (Yeoshikyi @iad, Gerc’it, 267-268 @1 ¥1M). A ovmbasoihremapsi n
2 inhibitors, that are_effective, for_exanple, in the treatnment of 10
. Al zhei ner’ s farmeaiAPP ﬁDMﬁ@.be%@ﬂW%ﬁ%% Wé&fﬁfﬁ\?sgﬂﬁggf‘@s@ms’
invent ion 1 EApb@s WeprBNIRLEI 76! THEKARRarfsedfdnt ¥ singl Ao QWA b ST Ng
t he inl>ibitors of nmenagsin to treat Al zheiner's diSease in humans. 15 In
- one enbodi NeiMernatdeliciige Mhieqené spaanmiondhihbn 1185 kb fvithalSadxpns Cédshikaaetdlve

menmapsin 2 which binds to the active site of the merr]?rgsin 2 def,i ned by the
presence df A0} adRPypen@inggpsxiracelluig derpaw, a frgney ng k8N Ay cl eft,

t he i nhi bitor having,.,an K; | es ] b O: n anot her
enbodi nent , Ctyﬁ@??sﬂ})gﬂ?WSW' i cF‘tIgést %ﬁig(r)r%glfﬁﬂ*@éﬁlg%uégo l*tsrlgén%h# he 20 group
consi sting Orfydl}%gh‘ogf&ranmmgﬂa%e dbMamOhd upYW15 Gksidues Mithi @ s 2,

MM -037, MM -039, MM -040, MM -065, MML-066, MM -070, and MM 071. In yet
anot her enbadtimant Aptikeoinmlyroumhin brgihadé sther Henrpdsked as bbb kedhey@deh t he

group consisting of M -012, MM-017, M - OL8, -026, MM -037,. MM 25
039, MM - 040splevn HrevandAviarost mAﬁ{?ﬂlﬁé‘Pl%dﬁ(?W‘H’@HPe ?Wéﬁl‘%‘ég’rﬂ“net hod for
treating patie tg_degr h I " _0f j d

progr essilgln of Nn{z/ﬁ%lgﬁ%er%&ég%ﬁg?%gc%g%%é;% glgr%qﬁ?@t) gﬁvggelﬁgn%tﬂﬁe

i ndi vi dual agaght @EP pee aBuily Inkeam henedibiy corctoh! nemadsgawdhsel ect ed from

the group consisting of MM-005 MM-012, MM-017, MM -1018, Vlw
02/ 0S3s9~ PCENYSTosSCHEHW 8-RMntypDutgh fangbes. This wassonfimed xghe NAFIDg 40,

MM - 06S, MM -070 .and -071. |4 an.addjt] j ppvention is
a met hod of R HERYOR H}at%gljbﬁﬁ)t?ogfn rg‘?lég%g N ﬁﬂgﬁg‘a ggrg%léév?%t irzr{;’rrapsi n 2
sub-sites, comBId-94RG 1018138 EPSOP! The hRARIJI@bEItHIcH agheaminerfenglngintic 2
substrates wth nmemapsin 2 and deterniining the sub-site preference of
memapsi n 12 bacidet mrsitioni 22gpfithd ABi(pesiiior €180 ARRAS) gupasitiontad3 cbARMYEON xt ur e
of nmemapsin 2 substrates. _In_still another gnbodi meRi t he, idnvgsnet iaon

incl udes a nBtaidiioss e familiesayc ErretsabopTedisRoset IR ARG S 4FE % Ace i n

mer napsin 2 | feferre AL 1 Adimbet PdidEde HOADS, tRRUBRuthtidns Nhi bi tors:
wherein the ?ﬁﬁ?‘ﬁ‘ﬁ%&g@éﬁg%{gﬁ% basémsequlencg@?akjen fg%?n OV919-_2 i's

prepar ed. Thesshiting & yn ahinordeiduieplaceméns appasitéah Wi7tdf thefrdldsngth prateigr ei n t he
menmapsin 2 may bind one or a plurali f Jinhibitars t nerate one or a
plurality of (%Qmw GheltEpbh M@Tﬁ%ﬂk@%i&ww- *H@‘Pﬁ’%ﬁ (@%&ﬁt 3&‘?%% with an
ant i body ,pai UBRS e i KhinBe RROSBOAASE 25:0R moat ed
secondar 3%615%31%%0@%%@%% %ﬁﬁpﬂ?e(?&gﬁébodi rlrlen%, the i n_ven?_i on 1i ncl udes a
met hod of tr edhilisgwah Materanses W, eThis ghuftatom abboie aved 757 diceesessheonpri si ng

adm nistering to the hunor an inhibitor of catalytical actjyv mapsin 2
whi ch bi nds produptiorsefithe &Bsi.tlamy el ARdTam AR 'HZ‘Qgéfﬁﬂﬁn&éém i44h§33;r§?esence of

i by tor ”hayPADGRR; ApRieE iR RRAERRHE] Siatd B AN PSR B fosiehS

i nhi bitor ess an or equ anot her

enbodi nent, &he hOWENSS A ANlEleag@PréteinaMmBIahetlalbf1992PatTihigmatatioman suf f er i ng
fi-om Al zhei mer's di sease conprising adm nistering to the human an
i nhi bi t or250f anwrtcedojds G741 anyl 633 inoreaspeiva pridycompl tefal Aibfaam AP (Gdtrar ¢i ve site

of the nemapsin 2 defjn resence of two catalytic aspartic
, resi dues andaiu%@lwea@@-g?%?ﬁ@&c| eft, the inhibitor having an K; of Iess
than or equal 0 4G isMrodthi@nei livh BRHAIBA. Dhc fdderde BOGESITTANCRMIRE e
difference of less than or equal to 0.5 I~ for the side chain and backbone
_atoms for amantedeicdretR8 sitd by ancalbganm di@cited metalloprotease is a physiological
event. This site is located in APP 12 residues away from the lumenal surface of the

30 plasma membrane. Cleavage of the B-secretase site (28 residues from the plasma

membrane’s lumenal surface) and the B-secretase site (in the transmembrane region)



An additional enbodinment of the invention is a nmethod of treating a hunman
suffering from Al zhei ner's di sease conprising adm nistering to the human a
30 conmpowodzasisect ed fromthe group consisting of MV -01ZCIKIAM1(34826

MM - O18, MM -026, MM -037, MM -039, MM -040, MM-070 and MM -071. WO

02/ U53S9. ~ -7_ PCT/USOL/s082( In yet another enbodi nent, the invention
relates to the use of an inhibitor of4catalytically active rnemapsin 2
which binds to the active site of the nmemapsin 2 defined by the presence of
two catalytic aspartic residues and substrate binding cleft, the inhibitor
havi ng an K;re@fitsliggfe 40Mmregidue @umhyloid pkptide (A Bprwhobeelreated protuctéonodnda 5
medi cament for the treatnent of Al zheiner's disease in a hfu‘gap I n an

~ addi tional ewbediltien in thpbraimetsihe eantiabeventsdn thy RaOEGRESIIT ARDPRKT Bi t or of

catal ytically actjve nmemapsid. 2. Wy i.Lihd§.9k Gt ty [ of the
memapsi n 2 o%ffiaﬁee{forbvviel%Q%r%%léor?\é@'%?’ a?% 3?%’8 gl%;}t(ikﬂ%ggggp%ﬁré%t%ﬁ&r g’si dues and

- substrate bipdifegniehhine gri@in fobhdin imdnbthingcdnrols thohydrebaistahére APP equal

to 10'" M wherein the inhibitor has a 10 root nean square difference of

| ess t hans ory pgembtatecsi@.afd ha$ beentpostubatetetodivdisall Hreresneariblsgokass for ami no

id 8- 379 of [ , | f..a.medi h
[ cat mont o (Ronoh ai ab e tos 13- Pes@bi 1 QAR bl Dodi mont.

the inventio Ehhd BYR BHIEhsE SrechBRiadd, QiFefiicedaboup
consi sti ng o%’“%v‘ﬁ)f?%*8§3°‘%ﬁlﬁf%ﬁ*%%‘%?%‘i%, v ofs?drw MM - 025, g 026,
MM - 037, MM predéht itNMm o] dédvhdafioh (ThikhkDE6 G. Ml ,OVa@r et ABA-197 (199 br t he
manuf acture of a medi canent for the treat t heimer's disease in a
hunan. The stsistadisey, M@-’s%ﬂéaiN%”Q%ééﬁ’f'&%%ﬂlpﬁﬁnﬁ’ﬁ&{ﬂ’ﬁwc talytically
active psin_2.was. U | Eildla a{gad e 1B MahsMtal
nmenapsi g?gazﬂegﬁég‘[a?%seﬁgﬂ%‘%&cgﬁé%n%ﬁ\f téésﬁigbg st 8?%?56%rrapsi ngﬁz.
Initially, &ortﬁ%h&fayeﬁtiﬂiidi@s't@mym?rdmmsdm, pogindedetbiag JuyPbe.atel. anal og,
OWB9-2, was used to determne the three dinensional structure of the
menapsi n 2, dsadvStil, 1A%, 966 104501 03 899, andas tharafera$ sfrerg GERPEHHC bi ndi ng.
Substrate anal ogs were then desi gned based on peptide sequences shown to be
related to t¥WE8%%atural peptide substrates for 25 memapsin 2 and the

crystal | ographi c : M S intiBRore WBstiRliR dBRBAsgSareAbida) A Rtfolreai ione

anal og of an am dgﬁé(%%éé{ﬁeu) Eg%d t hat ils not %%;%b%qel g‘i‘ﬁhei ng cl eaved by
nmemapsi n13. dépendendsh tiad idemifitasabef the copea ichzymne(y) inftha ¢tleavege el HPPdal |y

active nmemapsin 2 have been further determ ne y net hod whi ch determ nes
the initial Wphithe¢3pminpacidpeptide tﬁlﬁé\%s- t}g]ffPa? é@ L@f*}?ag%%vfr%ﬁame&scopy,
for exanple,, MALDI - TOF/. - ri Isd: des LY I hE@t i on-ti ne
of flight /nBRYS PE5R @ég‘?‘%é‘y . “03(?/%%3’5?5@%‘&9@’%2 KA By, 'Rk

Al t er nat i vel ygtiviehaz i) nt earsioe corffirm thy sebistraensppdficityydstefrome itier subeiter mi ned

by probing a library of inhibitors with nemapsin 2 and sub ent

det ecting t hepdsifieital, nesrdgisenmehakinpticPr &HEFH YV Riedendyss, Bﬁﬁﬁfé‘ﬁg‘ﬁhgf and an
al kal i ne .phosphat ase .conj ugat . ndary anti body. The substrate and
subsite 3@ecF$P@f$3°ritﬁ?gésrlé}?fglﬁh@ﬁgé's used to design additional substrate
anal ogs of the natuhalpsiEIRRDetn shoibsthedica-debrtaseankdymotoase ibvavédimct i on

of memapsin 2. Processes for the synthesis, of s,ubgtr te ana{ﬂ&r}ues i ncl udi ng
i sosteres at theodictien inhumaiebrain fibeta-arBrp i eRbf e PRSI REY K FCEES oped.

Substrate angl Qautey rBe se SNESIE) G DI AN IENN Kk MhEncRihst Tt e

anal ogues weP& I'S baséed on"an ‘oct apeptTde

G u- Val - Asn- LeunAlandiige 4ckimbladot SER-RYBid B&tidsiih hutnhe biatiiisAl rmajpept i de
bond substituted by a transition-state isostere hydroxyethyl ene gr OUIP' The
i nhibiti @5 comstdortAlghei@vpydisepss. mhiisers gpegificpliyydgsigped FrdwRBNARsRAPS!

pr o- memapsi n

Wi~ 01, vt 2obad e spsccpe BITSEfi sS et p MR 0 " - 070

and WM -071 _Ig@a/ggesisﬁgiolgitﬁg&ﬁhgm’@@m@sdn the range of 1.4 61.4 x| 0-9 M
agai nst reconbinant pro-nemapsin 2. Conpositions that inhibit nmemapsin 2

.aspartic protease Manipsint Ybdergsse thmaspartigpreiease damilydt ishomelagory hass

across the blood brai,n barrier,, are, adm ni r - pot

i nact i vat ed byA AP 8SH SAANENEHOATRE Ul RYsS gﬁléi)q?t? JS?éL%e%O?’r%g%%g%l at such
30 specific to that family. These structural similarities predict that memapsin 2 and

other eukaryotic aspartic proteases share common catalytic mechanism, Davies,



20 conpositions are relatively inexpensive to manufacture and
preferentially inhibit memapsin 2 cleavage of beta-anyloid precursor
pr ot ei n.wohiz®sisnd or mati on can be used by those skilled i PAIESIALSI8260 desi gn
addi tional new inhibitors, using comercially avail abl e software prograns
and techniques famliar to those in organic chem stry and enzynol ogy, to
design new i nhibitors. 25 For exanpl ®- the side chains of the inhibitors
may be nodified to produce stronger interactions (through hydrogen bondi ng,
hydr ophobi ¢ interaction, charge interaction and/or van der VWaal
i nteraction) DrR.pdawer Reo BinghaaSker.riifi b3 (10R0) cfkatogst sepsesfulonhibHps t ype of
i nformation, *Lhe residues with m norflnterafti 0{13 nﬁg be el iem tegg from
_the new i nhi bior sPAASPIGHFSS RS of thidransiiaR S1akg OLBFSKE2BRSS 'S hhi bi t or .
The 30 side chat 1 a" e Vel 9Mank g yBRd My be
cross-1inked {ﬁ%&ﬁ?@g{ﬁa}vﬁ s%ééééfec%ggr?wﬁﬁéﬁ%f@a co(r?i'f orhrrlgi@on. This type of
- structure al sbeterabihesatboay! cai®nlkha /ES8Ede nPORER x¢hiced b 080 Gtrafjedidbsi gn of

pepti de surrogates which may effecti {%%f' t he. bi ndi ng. sj,t es of nemapsin
2 yet pr oéluceatﬁétst%Fhﬁhhyfifﬁ%ﬂﬂi]@‘&l['%ﬁ }'bye's]zwg‘r‘fg “faétof‘gwé'lydesi gn and
screeni ng of ~1 NPl b - g@% hh &£RAragksri zation are
provided in tﬁ@g&{%ﬁ%ﬁttﬁﬁeg%ﬂc@gﬁggé@%?gg e Cﬁlggit})lhve for i )r:;hi bition of

memapsi n 2 i ncl udg neadétists toddvelpl rewi, ithptoivedindjbimndof prbichies anoltddan ar e
capabl e of crossing the blood brain barrier. Such, jnhibitors can interact

wi t h mermapsi e rodyetion of kaihamylgidproten framy bsta-amyloid gesRr MFHLSYHR B The

i nvention described,her.ei A ~ DOS & thel thRiREd: ofEMBpPSi N 2
activity, inmﬁnglﬁl%lzjlug}l 1tt é’m’é@&gérj%t?%:%gggggase p\géc}tlﬁ\lf}}ettggagg m‘e)mapsi n 2, 10
whi ch conger Aghbetasaiehsy idl hparasr sor protein to beta-amyloid protein. The
conpounds of the invention can be used to treat Al zheiner's disease in

humans. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic
representati f  LRhjibi psin 2. "A" and "B" denote aliphatic

| i nkages (sagﬂ}wéﬁ‘r{gbgg}gﬁME§fg§g§tur ated) of any nunber 15 of carbons,
bet ween si de chai Mge pRsdd@ Hiveh@stSrebitesad thtiBitors 6f mekApFh € acliviey ard no aci d
side chains P, Leu and P3 Val in these respective positions. O her
structural emetheds ef wiing the mlnbitdss pf)me@msn@gitq tredf Algheigens disgasemgure 2 is a
schematic representation of inhibitors for nemapsin 2. "A" denotes
aliphatic |i AiKB#¥s (saturated or partially unsaturated) of any number of 20
carbons, ket ween g fdf &hdNRedtthe Adlchti@s abZni@bitorR¥ cafaBiicalkpagpive, the am no

acid side chains Pz Asn and PQ G u in these respective fposi tions. Qher
structural ehemapsis 20fhithbindnto the adivesite of thetmeraarissy 2 defmedtby thesji gure 3 is a

schematic of the design for .the side.chain at the P . subsite.for.the new
nmenapsi n 2 iH‘F??%CFBEE"%b%\aégH“%?FP?W(S rﬁﬂ&feéﬁf’d Ellltﬁfirfl t%Ib'_fé "rl%((l‘(:i? ﬁ’rttle].g “kﬁr?dr;"(t)(\%é1 25

i ndi cate posgihl&al K’{c)@frlggstth%&ﬁg%qoﬁm_napsi n 2 and inhibitor. Qher
structural elements of inhibitor are omtted For clarity. Figure 4 is a
schemati ¢ repr eseht atotlen eobodintenbitheingerftion indndgssi gommpoundselegied frpm thenot e

al i phatic |inkages (saturate tial t g%) § ide chains
i n posi ti%8ns SOUPLABSITHIS %ﬁ%@&ﬁé @%@QOWB%E‘?@@ M@’ﬁt qﬁg%@ no acid
WO 0270:3: 9. by EoiRaY HkERGe. Mvirbde MRALOSS, Fviess, MMLOTS, dasviMIon. Ot her
structural elements of the inhibitor are omtted for clarity. Figure 5
shows the rebat.ive specificity of nmemapsin 2 for.amno acid residues in

positions P,'-P4'. Letters abhove bars indicate e native m%o eﬁg'jrod at
that 5 position. GaYKR)ethEr %‘Fl?qdé"lnérﬁc@‘ei‘%ve&?ﬂ% g p EPHPIWYE FEARE WAL i ve
amno acid a JoTe I YA ey j 1§ pt t -804, MieI-28qUemMgE  of
human I\/emapsitthr?egg%é%ﬂsgh%g@?Még\g\&?g?’%ﬁdénd(}%?gﬁgiepi ¢t the parti al

pr ot ei n 5queRe,MMI-GaoriM M Tapsl MMIED72, excl udi ng the signal peptide (SEQ

.IDNO 2). Amino acids 28-48 are remmant putative .propeptide.residues.
Ami no aci ds 58- 61 Anpger ggbo 21‘38“3‘,“11‘(1]&“1‘?%9%2‘1{“%8%a?’%@‘?m?@iﬁfcrﬁgﬁwzm,
276, 278-28t ;. = [ i » dGited Edmbhe 9-2

. i nhi bitor. A%]*ﬁ‘ﬁ‘?bé’gﬁggeg@i@%@gz%‘?? S e;s,gf_agg,%Aé%h_egg,&t 109- 111, Eﬁs?%/g,

123-134, 143-adféhistdhide (bGBe inid8d 20 2n effexive 2trofaviofameniNbitere rhemapset 2 ands.

Am no 15 acids 184-191 and 210-217 are N-I|obe i ce 1 i 237- 240,
247-249, 251Sglseted g the grovp Eensting Oz’é\éMié’@?’ @?@%WQ@ g%ﬁﬁﬁ@, 348,

354- 357, 366-370, 372-375, 380-383, 390-395, 400-405, and 418-420 are

C-| obe beta strands. Am no acids 286-299, 307-310, 350-353, 384-387, and
427-431 are C-1obe helices. Figures 8A and 8B depict the protein sequence
of human pronmemapsin 2 20 (SEQ 1D NGO 3). Amno acids 1-15 are
vector-derived residues. Am no acids 16-63 are a putative pro peptide.

Am no acids 1-13 are derived fromthe T7 pronoter. Am no acids 16-456 are
Pro-memapsin 2-T1. Am no acids 16-421 are Pronemapsin 2-T2. Figure 9
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. three-di nen

W O 112/ 0S3S9~ -11 DETAI LED DESCRI PTI ON OF THE | NVENTI ON PCT/ USO11S082G
The features and other details of the invention, either as steps of the
i nvent i owoar/0ass9¢onbi nati ons of parts of the invention, VWITUS$NHEE nore
particularly described and pointed out in the clains. It will be understood
that the particular 5 enbodinents of the invention are shown by way of
illustration and not as limtations of the invention. The principle
features of this invention can be enployed in various enbodi nents wi thout
departing fromthe scope of the invention. 10 15 |I. Design and Synthesis of
| nhi bi tors DIMIf?SoMMliB2e. MME-03AaMYE-Q3% HMEBRGIMI-095, FiMI-07Q aidyuman
aspartic prg\t@ﬂﬁ have honol ogous am no aci d sequences and have sim |l ar
i'onal’ ‘structures. There are two aspartic residues in the active
site and each reshdyadisioh@wathodirhdttthé hevehti @nidtalih@hed pddidrtipingtiase
sequence notif, Asp-Thr/Ser-Ay-. There are generally two honol ogous
- domai ns wi t hsubsteate sidpahain preferencsas anasmapsiniesubuiigs reamwrisingdhhgiens ¢fe i s

positi oned between these two donmiyns, . .based. .o I hree-.di ' I
struct ur eg. - é‘%&ﬁg?‘ﬁ!ﬂa Q%BHGH{?P% 2ssflPsé[sa?eosf‘$g's%5&\g %Itl gragggg{seg{s?ﬂgﬂg@?al |y
recogni ze eigblsit@PtdoeAdd of hé@RifiHeS by aaemlaa;g&elsaﬁm@irnaidl Yiydolysisratk dpes on
each side of the am de bond that is cleaved by the aspartic protease.

Typi cal | y t Ithe miixtgrecdfanesapsin 2 awistraies.no acid arc i nvolved in the

specificity of the sybstrate/ aspartic protease inieraction. e side chain
of each substrat g"rsggiaﬂﬂtgerﬁm?%&f‘g‘&to i"Ed 'B@/"}c«l CHAIIEOY ﬁtég%ﬁ%lﬁ%'g\mi ch
are col | ect 'tﬁgglﬁbsﬁﬁdelsﬁ@-aﬁﬁ'pﬁ"efe?éme e eRapan alshi-sRGC 2Pt atbnaweRL iRay e for
the protease sub-sites and their correspondi ng substrate resi dues are shown
bel ow, wher eofirhemapsing? mhilimshwhepmabe imthsbitonecquuwiseiadnsoseqoencd takamavage.

Prot ease sub-sites 25 .Substrate residues. .S3.S2 S1.S1' S2' S3'_S4' P4 P3
P2 P1 // Pl frspOMIY- P&waeaeef{“ﬁgg@wg ‘&%&H‘&‘%Pmﬁﬁ? Withgemapsing ¢ o
protease su i i,/ A6 bndP6:0} HIARGILNESinRibHEfMo Sbidrak @At
substrate s%‘g{r I g?‘f’s‘%g‘% o Irzggac?ltkﬁ o?nspecﬁfi ci}?y. Wé %g1$§389-40r

PCT/ US01/ 50828uralidy ¥tweint me:nsapeimi X ancli thy bodndamerasysin 2 iscdgieotddemgieans known,

i nhibitors can_be desi %ned bas_eghaglg thg{ﬁgsgeci f'bci ty, whi CE i ntngr act with
the asparti ANYPeE¥RLsEd tememagsin ap alkpdine BosRhefase conliigater S60nHAYm bei ng
ef fici eni%y a‘%ﬁiﬁ@éﬁ?d' Some aspartic proteases have specificities that can
acconmodat e nmany different residues in each.of the sub s sites for
successful hydr ol s farthBlepshodiraad, hatihepdominPluday @ ntethiod df yreatid a speci ficity
and are said to have "broad" substrate specificity. Wen onlgl a very few
resi dues carhusean ilsgng fiem Alzhaimeayls.disepge coprgingAdminisighpg o SRdugRBar ¢ ¢
protease is said.t V. . I : ifiact ty. . The fmformation
on"tho. speoi 1 b} Br PRl s dherRindlEs WANNRRE & 43 doiyg TREoH

speci fi ¢ i nhibinkgdis 2 idefindt Btht beespicefoftwe dattlgtt dspasicaksidpdsamddubstraspeci fi ¢
subsites and the cl eaveda&epti de_ bond is replaced b% an_anal og of the
transiti of- shindiag clrfie the 1nhikiteiavineands qfdess thagpgieard e 40alke i sost eres.
Aspartic protease . de: . L i hi s
reacti on nechani s]r§ﬁ):é#lglo\{@eergqbﬁgmg%ﬂ’g(ﬁzinﬁ'ﬁﬁéwrg%?égﬁggnﬁér?q%wt e2{3-carbon

of the am n%tﬁﬁ:irﬂsufﬁﬁﬁ%@t@ai Abheimests deasy coniprishgy ddnfinistefirg tathemuatanached to
the ~-carbon through the bond that is to be cleaved. If the ~3 carbon is
i nsuf fi ci entanyinibiter plgalyicallyact yremamensing Wikdidindsgo theagsiypaite 8f e ¢l eaved

is insufficiently.nyclegophilij t AR Qav.e

ydrolyti o nEERaNT Ao Re) ubEidsafeeth it trab b Einah BUBRN Boofe ) (o ace
but whi chs argnaep Ry, aleiariblies hdviig i aNs1éss Bansdrakealits 061 BT, @hemdifile t he
transition state specifically and 20 are non-hydrolyzable. Transition state
t heory i ndi ciahibitor hatta toot msan spare diffsiencoef letsdhen prqualie @ apdopthetsyls

- reaction which.the enzyne cat zes for I . f1as its highest
affinity. | t&}aén ?Webi}c}%%/l?{%cl #?%%k%tagﬁ%o és)CtK#S\t,J\Q(:\gt %@e‘?&ﬁ%ﬁﬂ?w'g?ound state
structure, of theagubsikticatien¥odiRentof theNavaitibh e Dingthes bof abdtingid burhar its

- given enzynme. The transition 25 state for the hydrolysis of an am de bond

i s tetrahedr suffenimglfeom Adzhgimertrolisgase eoraprisieg adnainisterip 4 e humanygpi cal

transitiqQp-state isostere of aspartic prote i p p was first
di scovergg i FOTPR ziﬂeﬁtegyfro Eigﬁ??zﬁ?ﬁgé?ngd%ﬁwgo}mgﬂms@? fon-state
anal ogue pri RANIRbES NN S 3hepmasemc aadi-ghb WrRW706d homiohi bi t or drugs for
human i mrunodefi ci ency virus protease, an aspartic protease. Many of 30
these are currently in clinical use. Inforniation on the structure,
specificity, and types of inhibitors can be found in Tang, Acid Proteases,
Structure, Function and Bi ol ogy, WO (12/ 05359 PCT/ USOL/ S082C -13 Adv. in
Exptl. Med. Biol. vol. 95 (Pl enum Press, NY 1977); Kostka, Aspartic
Proteinases and their Inhibitors {Walter de Guyter, Berlin 198S); Dunn,

-~ 2 o



Med. Biol. 436 (Plenum Press, Ny 1998), the teachings of all of which are

i ncorporated herein in their entirety). Substrate anal og conpositions are

gener al lwoak/sizes general fornmula X- L4-Pa 10 PCT/US01/50826

L3-P3-Lz-PZ-L,-P,-Lo-P,"-L,"-Pz'-Lz'-P3"'-L3" -P4"-L4"'-Y. The substrate

anal og conpositions are anal ogs of small peptide nolecules. Their basic

structure is derived from peptide se‘(fuences that were determ ned through

structure/function studies. It is understood that positions represented by

Px represent the substrate specificity position relative to the cleavage

site which is repngstembter bybediment the iTventipB rplatss to hedisepf emishibyrpesi t i ons
represented by LX represent the Jinkin i,ons..bet. eac trate

. specificity %égmcp%?ctlpg(_mqnhapamréwﬁlrch|bgg{§§§heachv? 8¥\§%ﬂ%ﬁjgplﬁ$§$§a Px- LX

pai r voul d IfAREPENIne BreskAt oF (AB1cAA1RE ahiic IdaRuBSRId dBsivitt Biding def, be

cl eaved. hi the present general forrnula, each Px part of the formula refers

- to the a-carthemhivitdr havdag elnKi of esmthan onejuabrody Mifortbe smohfapotd of He ami no

acid. Thus, the Px partjon of an '?Aﬁ Lx pair. For  .al ﬁni ne represents HC CHS.

The general meshsanent fasgheteatmentPiiHzhepnens Aiseash e MR gener al conposi ti on

is -RCR--. Ing - =Y : (S i f sl

CH(CHB) 2 (si de cﬁﬁ?*hg%?‘ﬁ‘v’%fﬁ?ﬁ‘éﬁa,&%ﬂ%@% 3%%12&?5%363“*@?;‘;%@3{@1‘ ggl:l:lig_‘ne) ,

( CH3) CH( CHZGiZhtalysicaley affigt menfap2in 2 whick biridse) the@etivé sittaifahe fiemdpsicRai n of

o e s el s o
fyrosi e, R B Rgh . Bhebs RERt Bk N RE ek 08 LRI Runa 0

gl utam nej, ubiBi differehicd oF 16 tiasparsagilne,s LfaGhi €id2 chihlkizd (si de 30
chain of lysine), CHZCHz NHC( NH) (XQIHZ (side chain of arginine)
CHZ{ i mi dazolterklasiedéonehior amyro aeids | f mempnscy fosthganamECHre Pl dspart i c

id), WO 02/.US3a9-.1 14 PCT/ U - Z id hai f
glmut ém' c aci'dy ,lcaa{'?l%‘?iﬁifﬁh? er%%emn%g?%éﬁaWh;i \C/af1 : Ceg or

synthetic substi titstiARfo@Er diefEment! thieSnventibn prlgtterortre usdafta ddthposind si ngl e
H. In general, however, R3 can be al kenyl, alkynal al kenyl%ﬁ and
al kynyl oxy getrefrd ftdmatheagrouyvednisisting of MOTheGsm PaVIR-052, MM Qe MMI-018,a1 keny! |

al kynyl ,  al ke y | Qxy 0 e Znd<0 ) , and
nore pr eﬂgr W%@WQFP%%WQ%DWPW@Y? 8()4@@?&&%@\% gérad’ rom2 to 3
carbons, andyfoupatnRNal71 NRk edhadiTekrite bf Baiddialnedefor ial trat@geriof synt het i ¢
substitutions of these. The LX portion of the PX-Lx pair represents the
atons | i nki nglzhbieneP’s disegécang hbfianoget her. 1n a natural substrate the LX

represents the (3-carbon attached to t amino _portj : t..would be the
next amino acid i h'§ Sté"ﬁﬁﬁ?fflsu?ﬁﬁ%?pefgﬂaﬁﬁmaec%'%%neaﬁé’g%@ﬁ{tlg By €O NH-. The

general for il a.fa0 olwashsed @Wcﬁ%ﬁ@ﬁlﬁ@aﬁ)ﬁnﬁé s bNhg @agkAlmdidapsiare be CO- HN
(am de), CI—I?%—!@{1 ) (hydroxyet hyl ene), CH( 8—!) CHﬁma_l) (di hydr oxyet hyl ene),
CH( OH) CHZDIH ubytiate xhae tdnyinhivitrthy funtBorPaX raeinapsin 2p vy, Xaxa®) , CHZNH (reduced

amde). It is understood that mgre than one L- maybe I SQst er s |long as
the subst r at @YH#: %@f’hﬁ't?g@?finlﬂﬁ’_é‘nn%bquﬁﬂﬁ%f‘ts{&éfgﬁgratnla%’gp?%{bgg’ew a_ft;llj]rslcq E%on. Ls
whi ch are NOfeibrRfiRd B eéfabﬁlué%fsfohgrstﬁ@tu?@oﬁﬁk dRnhend 20ks Wemmaé e of an ani de

bond that is non-hydrolyzable. 20 X and Y represent nol ecul es which are not

typi cal |y i ningdoreadcd of théreanices oggidues onbibginghSutstparanalogpweregheedtstdnsdni t i on

site, but whjch do not interfere with recognjtion. It is.preferred.that

t hese mol ecuP#§d ep AFRIIeSEHBLEHRIGWVR SO P%eﬁatg‘g&r@aaﬁﬁubaaPSI?“%D%(%I“?B%%S%P gte

anal og. Beef grrads Al iAuRRIr@CTRISsbeMAE 8RhIbEs dohgisabst rat e

anal og t??ougﬁhggsr%gg?dﬁgﬁ?%ab%@%&nd. Clrher preferred c%rrpounds are 25

cappi ng agenteast oft ahdlogbhar amide(pentide) wmdpbalinsisotaapabloafhrimgideavedibycoul d be

. used in the purification of the substrate anal ogs such as biotin. As used

herein, al kyMep@pERE - t o substituted or unsubsti tuted straight, branched or
cyclic alkyl grougﬁé sb3flaBlal @ ¥ Msitk e%ﬁ?cit?rcbﬁ rtdl&t?@aﬁ?a&ive‘iﬂé#ﬂﬁs‘iﬂﬁm ed

- straight, branched or cyclic alkoxy. Preferably, alkyl and al koxy groups

have from 1 B&eteed Gurter baesninadhbly aprcthodrvefiel ditbynihesathe initigd hgdradgsihons,

from1l to 10 carbons, or from1l to 3 carbons. w ~359~ - 1%
30 rate of the substrates using mass spectroscopy, for examp%, M‘Kﬂglﬁ% /MS

(matrix assisted laser desorption/ionization-time of flight /mass spectroscopy).



PCT/ USI | 1/ S082G As used herein, alkenyl refers to substituted or

unsubstituted straight chain or branched al kenyl groups; al kynyl refers to

substi t wed2ms3suhsubsti tuted straight chain or branched RGAWSMN/SE26ups;

al kenyl oxy refers to substituted or unsubstituted straight chain or

branched al kenyl oxy; and al kynyl oxy refers to substituted or $

unsubsti cuted straight chain or br andhed al kynyl oxy. Preferably, alkenyl,

al kynyl , al kenyl oxy and al | cynyl oxy groups have from2 to 40 carbons, and

nmore preferably from2 to 20 carbons, from2 to 10 carbons, or from2 to 3

carbons. As Alsgshtivelyeihe, subditeapydificief efrserhapsimwas fythendeiepnineby PRYIEN ar vyl
substituent; aralkyl refers to an ary 0 t hat has an al kyl ,substituent;

. het erocycl i @ldirayof indrlifars I’(D‘ht'%enéapﬁ@tJe?'%&}’g’%qé‘e@tﬁ%ﬁ%ewntgﬁﬁ%ﬁ&lu&dkyI

substituent;_al -het.er i 3 - siRbhdide a

het er ocycl i Sy Slni ?ﬁ’getﬁtag%}éﬁiéé)@t}%rgéﬂoﬁné%@gﬁ%?IagiyE@Ig]?(ggfbkﬁeny%, al kynyl ,

- al koxy, al keBpjugxtéd sesvddary ynlyddyx YThg sobsatecand shbsiteaspegi@nity oyemnmtioani no,

t hi o, carboxy, ester, ether, thioether, carbgxam de,

) hgdrox olrytnFrcapto.
Further, % hevasruseht destgnagditional suhstmse aplags §h thegratiala Wﬁ?%@/?éﬁ §t%ups
replaced with a heter.oat ~ . NH or S. A nunber of different
substrates \XB?’té?a?é%&gagﬁhcéﬁgﬁggﬁe&aggﬁ “the cleavage rules for Memapsin 2
were determ ned. prheeskSut ihe spithésheofsubstataimbogubs moludéngeisentarby atable ar e
presented in Table 1 and the rules determned fromthese results are
sunmari zed Isitkoof theorifical amteo gnid residpes peigidey elpped. syubstratg @nalogiesansi n 2

substrate is_suhsi ition, S.°', This i nport ant
det er m nant (?Mlggslubg\f@%?@ngf}bo& %agi;(fogllynotﬂngrﬁsg%sstfaE@éna?{ﬁxteﬁg/%g%m no acid, P
1. P gy s?ﬁth@siiémkjm@-dﬁs 5438 Bn Bﬁ’bct&%d}iﬁildé iGu-2/ 4l Ashdonghlazelat Gia-Phe
substrate. Preferred enbodi nents are substrate anal ogs where R, of the P~

posi tion is (SEQUEY NA: 28) wish thealiqu- Afa ngptiés brnd subsiguied by e trmsitignsfalos
al ani ne), CHzOH i de chai,n of ser.i,ne),..ar i hai -9 artic
aci d) . )ErrbodF?Pé"rﬂg' E‘y‘?rﬁéi’eqﬁ‘ﬁ%e %ﬂu‘hj}éet%'ﬂ%)ﬁhorn% %I er 9't ‘gﬁ'éﬁé(me

chain of al aphpe) rePbmbitaPrb haiRapsinal. NTIRf inE®Itoheonstists aif SAMP0eS,avIVd.
However , suf)%ar atrgs I?ln Tablle 1 nz%g} not, due to their amno acid

conposi ti on, 01 MNMBE17 MbHH18t BMMeg25e dEvT-826.0vMIf037nMMEB3S, MME-0dBeci fici ty

of memapsin 2. Therefor P1' be |imted to the.small esi dues
ment i oned> HMINRERP MME)'%WP@IUHWQQ?#‘BW IBli\ibht N COnglAnt§ 4 %grg .61&?11
CHzCH(CH3) z £} hqj I [HaSh q&bizCH3) (sidechai n of

i sol euci ne) ,éldlﬂg?ﬁNw%?B%tsr%gﬂcﬁai Bpgﬁﬁlﬁfﬁan) , CHz(BENZNE) (sidechain
of phcnyl al ani ne) Comp&iliéitd3hat iflsibi ewhmipsinGf aspatic pegteascrig PhEREbE spilldechai n
of tyrosine), CHzCHzSCH3 {sidechain o t hi.oni ne CH 0 ' ai n of
t hr eoni ne) @Pﬁm%@?lﬁﬁéa‘é‘f Has&acrggspt&? gf&ﬁoaé’ﬁm %&Eﬁfé&%ﬁqeﬁ%’ gg‘@ ain of
gl utam ne}, ' & \NF&rtlRfid)e, it is desirable that sucl
CHzZCHZCHZCHz Si dec e{fvﬁteg?b 9P§t’§|£hnrfea§ ?%%EFZ%T—IZNC( Iﬁ"let)l; %Sériadgc_:h%}is_gcz)f

ar gi ni nep) GrepfpdvitibhdZfa Elatifsly dexpensivead nirinsfactiire ejd preéeTenyisty o2 G 15 (2)
There are no specific sequen irements at positions P4, P3, Pz, P,,

ere
Pz', P3', an@CPAPSIEaéilFaé’??eeeOfg)&F?'% BWT%%Fé‘fs@rEFR;gBt her amino acid residue in
singularity as |ong Frecd] i i1{ed)i fonadeftiohkie

remai ni ng seven pggﬁsﬁlﬁf gﬁgét%ﬁ% Hggus%zﬁystlggg%g(e’a)%@e Argﬁ)zldelg " _rru]sot have an
R, which is p@dbitsitoes, ingyomomendbilyavadshldseltware pregrpme hed teebhighest 20 -

there are at |east three hydrophobjc residues. in thﬁ? r emai ni 1g).seven

posi tions, Pﬁl,mlpg,t0FS‘ZQSGFnPr&aE’C,ChF%‘S,tWéH‘ae‘FWr‘?Ol?gyefoe P 'Y '&E 095 for the
posi tionsth [ B A [ Cinfd s hadest@hnedl ani ne), .
D0 0755t By ST A AR NGB e B h S pehemiahaal

(CH3) CH( CHz (righct(om draugainydoien barding hpdrpphdbhiz {nitevadion) clifsgaiateraciion of

.tryptophan}, CHz(benzene) (side chain oft pheg | al aﬁl.ng%), 25 %HZ%—iZSC!—B
(side chain efd/aeyadshiWral Inteiagtione HoPTcr QiR RAFHOIGP 9’589(' &M is nore

preferred t hg}lﬁ,\h;?’gﬁp }’n%r%Pa*Pi%R' the %qu}:]gs B dui G i%erill(i@lﬁ@i?ﬁ%b Chg e

. Preferred R contain1arge drophobi ¢ groups are CH(CH3)z (side
chai n of val iz the GEWGHKiBHE) desigaiteldecedde theafoleaularn waght (fEHBNEIMIOFZITCHS)
(side chain of isoleucine), CHz(indole) (side chain of tr torggadnt),

CHz ( benz éfle) sidsichring with mosfrupmed Pindragae ﬁew*,theenmch&WOE%'i‘ *%Rai n of
met hi oni ne) (phenal) ..(sjdea. ' VAR [ able/ 5359~
-17 PCT/ USOl%égfleér}rjfoe?scPQ%lr@& elt?)F gé]“ ?ﬁ%ﬁtl%}ébgﬂsp nqsoﬁniuhﬁlée %l%gophobt% R are
CH(CH )z (side chain of valine), CHzCH(CH3)z (side chain of |eucine),
CHz(benzene) (side chain of phenylalanine), CHzCHzSCH3 (side chain of

met hi oni ne), or CHz(phenol) (side chain of tyrosine). 5 (4) None of the
ei ght positions, P4, P3, Pz, P,, P'"" Pz', P33, and P4 may have a proline
side chain at its RL position. (5) Not all subsites nust have an P

o M. o o s o o o N . o o o o



10 Preferred substrate anal ogs are anal ogs having the sequences di scl osed
in Table 1, with the non-hydrol yzabl e anal og between P1 and P1'.

Conbi natwopi@lsssem stry to Make I nhibitors Combi natori al RERHSEESPS26i ncl udes
but is not limted to all methods for isolating nolecules that are capable
of binding either a small nol ecul e or another 15 macronol ecul e. Proteins,
ol i gonucl eoti des, and pol ysacchari de$-are exanpl es of nmacronol ecul es. For
exanpl e, oligonucleotide nolecules with a given function, catalytic or

| i gand- bi ndi ng, can be isolated froma conplex m xture of ragjzdom

ol i gonucl eofy ' tdaeatick shekeffedivety fibtheibinding sites ofenet i cs"

( Szost ak, Tpg%ﬁgf%gm%gg@t he teach?ngs of ty\/\/ni,ch are incorporated herein
. in their enmieneipgin.?2 yzanprczmcspatdn@hameralqahp@éerﬁémTltﬁra%mgé 1883baring

o A peses rap L hngs fatlutypiioar e dnbl Blac MRl Gip Methblified 107
- nucl eoti de W?in%ﬂti@ﬁ@oﬁ?&&@&ﬂs%fe@ﬁ@e RRIHEhiUBEBE mpimapes 2. indbdeowdi] r epeat ed

cycles of a nty romat ogr aphy and PCR anplif cation of the nolecules
bound t o § hendle@ahhibitots)end othibitors el ara gapab!sefdressmsithgblood by 25
estimated that 1 in 10~ _RNA nol.ecul es.folded in s a-bind a
smal | ol ec BrEiegy §4ch WRIRIRE Cé‘BdPtQEachtﬁ TSRSt ggﬁggﬁﬁﬁ%géggﬁgi}i or have
been isol ate -1 Agt on and Szostak, 1992; Bock et al, 1992, the
t eachi ngs of?eg?ige\(l)@%éé%élg?é incorporated herein in their entirety).
Techni ques ai med Bie ifvdritioadegoidkd herinsirovides eamepdunds whishdnibitecul es,

proteins 30 and peptides and other pol ecul es knownt.t.i tthoge Osfinfki Il in the
art. Screenimgnapsiis2 actingy gy ragdar theaspgic Arpses A6 VRO PUREEL (i es for a

desired activi.ty whether | ' j Moi& ¥t&igt Tee nol ecul es,
ol i gonuct ot“/‘H&%?"Wg'&f g%;t%%g@?af)@gﬁu}dggﬁ{dé& rtéc))geﬁ-gﬁlry!af eirér ed to as

combi nat or i alyaeRIS e inloRtich @ndeaiseditotesat afizheendériadsdase in wanamsi ng
proteins either have de raovo 5 activity or a nodifed activity. For
exanpl e, phage display |ibraries have been used for a nunber of years. A

preferred I [ J { have a given function is
descri bed ﬁ%eﬁgécm@%@aﬁ?m% . W and Szostak J.W Proc. Natl.
Acad. Sci. USA, 945(23)ii390Her3AR reaRehlationts inleisiedrs frgsnarhapshi Lh*Alf e
incorporated herein in their entirety). Another pref erreg rrgt hod f.or

combi nat or i alndT ienbieadphiasisi likeses (athendar Papay vy eLIW TRIPE n cohen

et al. (Cohen B. A, et al.. Proc. .Natl.. Ifor S theldhhinbd@vR- 7

(1998), the ?fé&@ﬂ“ﬁ&t%?ewqecﬂlag'rsem' %%%?%glf‘a d Fopfor o pi?n’ their entiret y) .

Thi s met hod yid #1&&;%Spliemthﬁ3 9] iR\ Bplctivieqmkitioha @)therasturalwo- hybr i d

systens are useful for the detection and analysis of protein:protein

i nt er act i onselemibets bithehytbiter ary emettgd fopflentt | y described in the yeast 15

Saccl 7aronyces cerevisjae, js a.powerful. ; h&osiEEhmigeue for
eadt ﬁrzvchm1§l& legrsefenl&tloqp fﬁ%{)lgtgrs %grr}géﬂlgps

i denti fying new reétl specitic t rotein of interest
(Fields and §one.s MphlcQinkdBesddRnfudd@3iallyhesiieart) obanyafumbicr ofi ar e
incorporated hereinin their entirety). Cohen et al., nodified this
technol 0@y scarbérad betowet sidetisiagini posdiops Py P.sips eranple, 15F 2B #8%r ed

pepti de sequences .coul d be i ti.fi.ed which hi . jof choi ce.

The benefit &ficEhpias ﬁy‘%@‘%\d%@Hﬁ%flﬁéﬁlreﬁ%ﬂcﬁ]ﬁg% Q{iﬁ%sgg:ﬂgegtg %rgcrggri% s done in an

i ntracel | ul ag) gy PRERAibid e FRiifieTrtiakitzes a library of peptide

nol ecul es that attach to an acidic activati on domain, A ﬁggt ié‘gjesétof choi ce,
h

for exanple an exFigneed isd whepotic dHihe desigm frily pdochain gt 61 DNA

bi ndi ng donmai n of a transcripiional actiyvati | C Gal 4. By
performng t HE “%mﬁWBPﬁlﬂgﬁ%’é@ﬁﬁﬁfg@néhe ft‘lH?csr}l t P@gté?%&cgg't&]%?rol ecul es
that bindh Wb @ a @Rt bW e nRRIABES 2ind isabitdreOkite stridtinad].

. Scr eeni ngzsof ﬁ%tt%%g{bec&l éa Libraries In addition to these nore specialized
t echni ques, erbivacdadfoghibinel dre kmaved fooclahtyse of skill in the art, in
combination with various small nol ecul e or cponbi nat ori al 1 hbrari es, can
. be used to isol at &igHig4EhafAEMans Eeé’r?sﬁ%@'éo%ﬁg‘&‘fﬂgrss W fngﬁl%g?dr]l 't% or WO
U2/ (1 S3s9~ - 194 RETHLI ArlnhBe tinkdleS (@firatdh bhpdriglthasatuesled)degeden stdd her
memapsi n 2 orjag?tgrgh{ﬁst r@% e. Tﬂ]éé‘greelr(ati ve bi lrjldi th af fini tg of t hesde
conpounds carhhias dopgsiiond Paao tysthiaokhone ateints afdhsfor epeamnle. tByarmyiog!
conpetitive or non-conpetitive binding studies which are well known to
those of skill in the art. Preferred conpetitive inhibitors are non 5
hydrol yzabl e anal ogs of nmemapsin 2. Another will cause allosteric
rearrangenents whi-ch prevent nmemapsin 2 fromfunctioning or folding
correctly. Com-iter assisted Rational Drug Desi Another way to isolate
inhibitors is through rational design. This is achieved through structural
information and conputer nodeling. Conputer nodeling 10 technol ogy allows

-, = Y N o, — I N —



10 structure. QUANTA allows interactive construction, nodification,

vi sual i zati on, and anal ysis of the behavior of nolecules with each other. A

nunber ofvoanlossdves revi ew conput er nodel i ng of drugs i nt RGEEUSMERIt h

speci Fe proteins, such as Rotivinen, et al., 1988 Acta Pharmaceutica

Fefi~tica 97, 159-166; Ri pka, New Sci ﬁgti st 54-57 (June 16, 1988); MKinaly

and Rossmann, 15 1989 Annu. Rev. Phatftmcol. Toxicol. 29, 111-122: Perry and
Davies, @SAR Quantitative Structure-Activity Relationships in Drug Design

pp. 189-193 (Alan R Liss, Inc. 1989; Lewis and Dean, 1989 Proc. R Soc.
Lond. 23G I1xfe ddthsan deil 4l dhopositivon, Otlier lstruesuipbelements &f tsdahibépsdfie for

nucl ei ¢ acid conmpaonents, Askew, et al., 1989 .I. Am Chem Soc. 111,

. 1082-1090, tdmeitediHl4HHE of all of which are 20 incorporated herein in
their entirety). qu ers &?&E%@feldﬁﬂf@%&'ﬁci@yhﬁﬁn&ﬁp@ﬁm fondrricaid eaiduys depi ct

chem cal s are avai Fabl'e from conpani es such as Bi oDesign, Inc., Pasadena,

. CA, Allelixg dogi@ionMF&i4ssIaejm abOwe haris GndiGanthgaativhamingpsidaifieat | nc. |

Canbridge, Ontario. Although described gbolve V\ﬂtg r ferenggaéiﬁ ggﬁ%hgn and

gener at i of afositBne Srytirieligienens cEpeasee T ATV ‘?ﬂ%}ve@r‘fg e8df ¢ &S0 screen

l'i braries of kntown conpounds, including natural products or synthetic

cheni cal s, a¥"Bi%I ogically active materials, including proteins, for

conpounds whi ch apfeffe Gedpdts aletubleotiqgqaence nf inmpn dMeamapisii 2 (FEQ IO

U2/ US3S9-1 -21 Screening of Libraries PCT/USU /S1182G Desi gn of substrate

anal ogs and Né&ilpnal drug design are based on know edge of the active site

and target, and ugilize .co [ : sahRndetial | ed
structures of the @Hﬁ% %{W”% ??‘éﬁ%ﬁ%?@?ggg{%ﬁT&g?%s thgga%i nt eract,
5 al one gy i%, R ARLARE BERal PeplifdSHQ D NOF11gs Antine hoidg2&:48 aregesingtti f i cant | y
enhanced with X-ray crystallographic data_in hand, Ing‘jf bi %0{]@ m%}so be
obt ai ned by pemtenpmpertideresiduss. miag peids HrOL o §lritisSH:drl 0 H¥'s P&h

inhibit the catalytjc tl n 1B . ; iiNthehe
terature r haiiig o thaiet B ehE a7 A kLG REPRRESER®, Uity
anal ogous t Odﬁf@-ﬂﬁgﬁ'ﬁ@dd YR8 AEie 94 8177y re8, 7808QIB6NEd L 0y 1 21,8 A 8f or
i dentifying conpounds which inhibit the endogenous actjvity. These
potenti al i nh2bilBayrisi3ard, 1§l eki109§-208eand 320 411%‘1’Hg‘oh‘f“B‘l’fats%?"(Siég%SﬂPoassays,

in which , bst f | .ch I: d
:ogt enlt Fal 165??1%&%? ﬂ%sﬁgl?hé‘?fiﬂﬁ éfﬂ@?@éﬂ@ﬁﬁ“@gg %ﬁggﬁ%@s ggﬁg%%?gz%zﬁg{l ions) are
m xed and t hgsextenisoofeocheRYag© 80185 UDR 1 8, 83 tlaBe Mg, 3508%8Nt i al |y

usef ul i nhi bi Pors are t6hose which 15 decrease the anount_ of %I eava_g\ .
Preparati on ot6.3a0272t375aB80-383,8001396, Ht#itand At 8-fANaIs<E-FPbo bEfaiA] é‘f“and

Ex i f Memansin 2 ' | aat. L f8: LSEQ >D
NG ) “and pAmeeeds a8 Ao Rt 5 REFE] QR CAgbe e o
as described in Exqrples 4 ondQn HepiceMhyBR sagranbb ARlammikmspriagent s.

The nucl eotide a uced protein sequence are shown in SE i%) NCS: 1
and 2, rexpeqsSEQADYNOTHE Amatosicndsils1 ¥ we vsetarderivedifesidugsa Armipo 3eige ébase 2

ASP2) d ibed in EP 0 855 444 A by.Sm thKli ticals,
(publ | shed. s PURORRPSPRAS, APHOAHING L §e S0V RO LT hAFUroe | “Ratur e
402, 537540@%&%%@{2@163%%%# BRAMYASSES 2- Bt Mhino RRisI6LATIGRe 286, 735- 741

(22 Cctober e teachings of all of which are incorporated herein in
their entiretprpmelapsii@+EDsin 2 i s honol ogous to other aspartic proteases,

and shares honol ogy with npuse ASP 1 . S. Patent No. 6 t he

t eachi ngs of whi cHigwe 9i4ﬁ’€b‘1“p'§?é’c“é‘%???¢]%€iqﬁe’?°ﬁ O?Elgm@ﬂplrer'%l‘t%%e.hﬁéglgezd on the
al i gnnment Pr.o7 I \i ; hGdb, ARMn836ids 41 &5pr ot ease
region, afd é@%@ﬁ@éﬁ&ﬁgﬁ%gﬁ%ﬂlﬂgﬁhpgﬁgl%}’%& 9 PCT/LISIII/~082(i -
-22 the Gt erggrysond Bbamind &ids 844 ofiftigurcs 3Acué 7Baed asinddeids H3rfigo ofhe
.active enzynme is nmemapsin 2 and its pro-enzyne is_ pro-nemapsin 2. ol di n;
Aot ol xt 1 oAl GiEwiss SOcn B dRhe 451 Hisaspa 0 SHET ARerie SIS RTLRgy e o3
specificity to design inhibitors, it is 5 necessary to express

.catal yticall ¢tive reconbi nant enzyme. Since the active site is not in

t he transnenbrane Tlefgfoeégoafgobjﬂoithetiobjecdo@anmtand@qmmageﬁeﬁﬁlﬁam#mé!ﬁ@hori ng,
memapsin 2 was expressed in E. coli in two diffec{ent tJ erg)%tyh ebcpth wi t hout
t he trans#enbwihee appgresh fromrige fRIIGwWing more Rl A qesIPiof éei%ﬂe 3. The
procedures for_the cultuge . nsfected bacteria, induction of synthesis
of reconbi nan?mé‘?cﬁfn&ltﬁé’?i}& 'ggﬁﬁ{oﬂé recovery and washi ng of inclusion bodies
cont ai ni ng reconbi nant proteins are essentially as described by Lin et al.,
(1994), the teachings of which are incorporated herein inits entirety. For
refolding, the protein is dissolved in a strong denaturing/reducing
solution such as 8 Murea/ 100 mM bet a- ner capt oet hanol . The rate at which
the protein is refolded, and in what solution, is critical to activity. In

~ - - o . o o, ~ B A NN



I11. Substrate Specificity and Enzynme Kinetics of Memansin 2 The inhibitors
can be screened for inhibition of binding and cl eavage by nemapsin 2 of its
substratwo @Guwesbsate Snecificity 5 The presence of nmenmapskGI/BS(1FRY26i n t he
brain indicated that it mght hydrolyze the ~i-anyloid precursor protein
(APP). As described bel ow, detailed enzymatic and cellul ar studies
demonstrated that M2 fits all the criteria of the (3secretase. The M

t hree-di nensi onal structure nodeled as a type | integral nenbrane protein.
The nodel suggested that its gl obular protease unt can 10 hydrol yze a

menbr ane andbBT AHED DRESERPTOMORTHEINVREIOMge of 20-30 residues from

t he nenbrane surface, As a trans br rotein t b APP is a
. potential substrat fgﬁarﬁﬁ@g&B@Fgﬁ&%%ﬂﬁ%@vg‘?t{(’& ° oeéélpgtggggfotﬂ? 28 residues
from the pl 3505 SREPLANEOHAIGRE & phits W hbirfvchtiod, AN MaACR hote phticularly

i i
proteolysis. A él etic peptide derived fromthis site (SEVKM DAEFR) (SEQ
1D NO 1 S Seswitzedhayd poinyeriaht by thvRRemg nBdvitlibeamiersiood that Hierrgrtigildio aci ds

fromA a aP to Ala32~) at the beta-secretase site rke ) cond
pepti de (SEwRbadupers of GemyepiRparcs OH@V\%@‘& 0? e%mtr%ﬁ@n %{H‘ij‘"g)e‘/‘f g‘hs“ea@?%f ase
site and cont4jnj erT - adsl fPhis (iVidhli@NeanMe @ipldded.in Natioiise
Cenet. f: 340_@51%{11??%% ,Tht%ﬁgmtc@gbcﬁl%#gs of 11\S/\A > crl1 are | ncoprg%rat ed herein in
its entiretydmbdan@edts iwitheledephing fien theatoRfdhe iventmmoduction in cell's
(Gtron, M et al., Nature 260:672-674 (1992), the teachings of which are
incorporated herein in its entirety}, was hydrolyzed by M2Pd wi th nuch

hi gher catalytic gff.ici 5 tes were optimally cl eaved at pH
4.0. A peptide dmﬂﬁgﬁﬁ?@ggf C smﬁg site of presenilin 1 (SVNM AEGD)
(SEQ 1D NO: 7) wapeabser SianedosdyRdViemupsih @8ss ef fici ent Kkinetic
paranmeters. A 25 peptide derived fromthe APP gamma-secretase site

( KGGW1ATOTVK) (SE@ 573 MENATBISPRRIS PRYEASES BAKFAWNIOGOPS AMIBL35E SHAUARNGKS

i nhi bi ted M2Pd, .poorly.. (.CS0 roxi ' ; i

ki netic paraffstiavg Si‘%&ﬁ(f é@gg-d?ﬁ%qs%%%g%%sg%eﬁﬁﬁﬁE%h?gbéggwg?s; ﬁ‘[:%(lf'i‘g 15. 2
MM k~a, / K'" 4R 8its andach résidhengatdung wiltkh prpigndase fdpartic/dtta®GBequaicht ' ) are
not as good substrates as the Swedi sh APP peptide 3g%%k~a".2. 4%5SI ,Km 1
MV k~a, / K" " 460\ T/ Ser-GlywFhgroareiggragally twohopeofpgaysfomads V¥81 4t er ni ne

if M2 possesses an APP beta-s _ >t i HEE , memapsin
2 was transi &8WETUF REQ Fsgsaggghei %%ﬁg%ggﬁgh@s% ﬂ?&ét&n@et aéleﬁ“lelgzig*é% J.
7:1070-1Q80 {4993} babdiEor @Rekitaaimabionh thicars. iTheanporaat Wddingssesofin its
entirety), netabolically pul se-labeled with 35S-Met, then

T

i nunopr eci padpattidbrofenses gatdralARPCERNAR G P AMARO #gd epidiign| There piGrecgprally
APP-generated fragnents afte - pol yacr yl.am deg_ el S
g ng. . SDSTPAEEIET pBrRY 1 Sl RB kPSR AT T REE (EPPPLES R ARE, 1

band) fromthe conditioned nedia (2 h) of pul se-chase experinents showed
that APP was cleaved by M2. Controls transfected with APP al one_fand
cotransfected wit Fypieallythd sive chiinhoBeich aovmeiad are invRieed Mdhespeeidy fld. sps
10 PACE patterns,of APP (3C-fragnment (.12 . .'mg LR fegligd from
the conditi o%“ﬁﬁ&ﬁt‘?a@?&{ °'§55%ém§§&3 ril'néﬁ%mgg&?ﬁ%cusgggﬁ%%@e& Control s
transf ect [ foBo AR AAyIBS onEEEthe BNSHRGIIAEh Wetcbl 1 &RRehralld®sutsgtdsr hsf ect ed
w th APP ﬁdww WI&%FI‘? Bg?i grrlryci n Al; transfections of Swedish APP, and

co-t r ansf ect igemsaltf acBepied sbm@RRtaredonbe weqteasp sy -pitgsaid tRENSOPEERONHIES wer e

al so run of immno 15 precipitated M (70.k 4 s
unt r ansf ect edupsPLE rE%‘F‘E@ g ey Qfﬂ‘@”’tw © %qe:a)&ulél%ga;sé ?Jeaﬁésgﬁ% %gen‘g‘%gtkeoﬁfous MR
from HEK 293 o?%llxéclséggé.PAGE patterns of APP fray ents (100 kD

bet aN- f ragnent and D betaN-fragnent}, recovered from conditioned nedi a
after imuno-precipitation using antibodies specific for different APP

.regions indicated that nemapsi cl v?é . &40 I expressi ng both APP
aid M produddeieasisubpitep APPSgetZ%r" Ngsr rreAﬁr (Sgro t%‘g N-terninus to the
bet a- secrf%assqlb%gtg)esidﬁeg he cepdify oped predpp and 3neps2 kD bet aC-fragment

(fromthe Dbeta-secretase site to the Ctermnus) in the cell lystate.
Controls transfected with APP al one produced little detectable

bet aNf ragnent and no. beta C-fra nt..Bafilonycin Al, Lch is.. wn to

rai se the 25 int raWbé%ﬂl?rf‘e'SﬁrgeB?quﬁ}}% ﬁﬁ?/agp?}cl%g%ﬁ%ssug%?aae %36 1§§€i shown to
i nhibit APP c v affer &l a3 KNP ficidy ariitbréddth oPspeBifielty. Chem
270: 2419- 243@%%?M%s%ﬂach;%ngs of wh?chlagye i ncor por atped herein in
its entirety), abolished the production of both APP fragments beta N and
beta C in co-transfected cells. Cells transfected with Swedi sh APP al one
did not produce the beta C-fragnment band in the 30 cell |ysate but the

co-transfection of Swedish APP and M2 did. This Swedi sh beta C fragnent
band is nore intense than that of wild-type APP. A 97-kD beta N-band WO
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V. Methods of diagnosis and treatnment vzhibitors can be used in the

di agnosi s and treatnent and/or prevention of 30 Al zheiner's di sease and

condi ti owe® mmssokated therewith, such as el evated | evel s REFT/USONS0826

U2! (1S3S9-1 PCT/USII1/sf182~ -26 the forty-two am no acid peptide cl eavage

product, and the accunul ati on of the gepti de in anyel oid pl aques.

Di aenostic Uses The substrate anal ogs4tan be used as reagents for

specifically binding to 5 memapsin 2 or nmemapsin 2 anal ogs and for aiding

in memapsin 2 isolation and purification or characterization, as described

in the exanubes.thelipecifielty bf hoaspativchrpiensefis kubwmdohibiterasen badsagnedan be used
in screens for those indjivjduals nore geneticall rone to devel op

. Al zhei mer' s bgpedpstbat SPI%‘f‘ﬁ‘dél}{’al?'Eh %@%Ct%ﬂﬁbﬁﬁm%ﬁf Peﬁfu%é’na Vrv'r%yng%{s)i n 2

cl eaves a S%%e%ﬁtﬁtdﬁltgﬁbgtpﬁe fEAUSESE VM NEER diSiseRsptic Bloteabbd S

sequence is € I'n Vivo processing site sequence of human presenilins. Both

- preseni | in haBepdeifRsedithitita? acsoenrhodasgmahy diffielana residuesineiapls of thesybar e

processed by protease cl eavage, which renoyes .tﬂ)e N term nal. se ce from

e
the unpr otessfesifor sneaesidydprpiesRengin gdcabapsin b haye tus PO SRR n
het er odi ner ell et al . ] BjiQ g2 iR irediliddakar an et
al ., Neur © b ey &’4*}avﬁ3§‘°%d 155’8&'?%%%%’3[2.7\?1’?’2%?23& Hre '2:954(3)
125-8 (1998)panthB@edo@azBl BusSsublsi@] suchfas Whicatn, dremspartioppeast ecsatibtodiane i n
their entirety), which is stable relative to the unprocessed presenilins.
Unpr ocessed gstasgamt pf n@swam@_cq’mt&kl y degraded (Thinakaran et al., J. Biol.
Chem 272, 28415 'ftlﬁglglz%ffna %)fbxgﬁ{eva%%ciﬁlzig ofan 43 {F}chrp?&ea €hllbe sbdito 32322

(1998), the teach c € 1nc orated herein in their

entirety)p |desigh skqnp idhitorPmaskioh tiepreferitd edsiiuehereiphaced wospacificwsitby of
bet asecretase, which in turn cleaves the anyloid precursor protein (APP)

| eading to tdites hut thetcleamedpeptids hond Fireplaesdiyanaanplog obtheAranssions$taite pr ain

cells is kno to he a mmj,0or, cause of . Al zhei mef! i i.ew, see

Sel koe, 1998%‘15?1@“3?%%? ﬁ{tiEedéfanﬁ‘%"&ﬁfa&%‘s%sr‘ee’esr n%%viggréﬁﬁeﬁ%%(éi%?%ﬁﬁdﬁ ts

entirety). Tlgﬁmdﬁ“ﬁg b\ fipe1Ric RE@ERIRM iThid ResRhahechanbmnaesved e pragrgssi on of
I e.

Al zhei nmer's sea Thi's is supported by the observation that in the

absence of phgBedii¢ ion @ehe p-cattenmfokhaninoncidf Papanatipagnisdeceus af Biker ed (De
Strooper et al., Nature 391, 387 (1998), .the teachi.ngs, of. whi.c r

i ncor por af edotherrapm attacheddo éh’i’tﬁ'?%rg% thr @i’%ge BWH’?@&%@ S%Be ﬁlﬁﬁvfgn?f&‘ﬁﬁ' s
degraded WO 02/(h359-4 P : - ekl t pEERsRd i

het er odi ner i %ar?ﬁne é'ﬁﬁw?ﬁi%entpll&%@%{eh?g’gﬁg agﬁré aﬁ (H)(IFH;&{E rtlée(thaecggﬁcrlnlgclr ation of]S A342

| eadi ng to Apzhgicimily fudbGRases thelbundmitlaRsbé cigawid hyradsenilyiiombghamesmapsi n 2
woul d enhance the production of A~i42 and therefore, further the progress
of Al zhei ner Asaldzsexisievhiqinde aptoninis theslral)sidion ste By WHERAEMRET crosses the 5
bl ood brain parrier.,can he used_ to. g : kel ; fapPi ng or
sl ow the pr o&%glg?%e’g)fut Q?’}Sﬂéan%%tgés(agtl%{scgﬁgué ?éﬁh?@b%‘@%@ g%ﬁggngz{éposi tion
of A(342,5(Si M%oﬁmﬁzﬁyﬁb@,cl eaves APP at the beta cl eavage site,

prevention of APP Cleavage at the beta cl e_a_valge_ site wll prevent the build
up of A(342. Phar Feneilionsteld heoxydedieaipy Batchisthe ransipnmiaie infemsdiale &5 wi | |

typically be . adm ni stered,orally or iy i Qn. Inbsdgation is
preferred. MW&FW&PP\V@V@‘, thSFﬂ@?]Yef %a}%%étf&o‘ﬁ@&%g% ell)]glﬁés g%di?’] oﬂr}b}gléesl ivery by
pul monary, migesdl 195 e 1AmSHivn RRte §tRILE nofthe draundatdiestruatire, afshal |y be
adm ni stered 1n Conbination with a pharnmaceutically acceptable carrier.
Phar maceut i calbstratenilécls will baverfowhighest ety fekily gisen enzymse TAp frangifjgn
appropriate carrjer 15 will typically be sel de of
admi ni st rat i 8'e fl@hg‘l’s#&é@eﬁfsilsc%ﬁ aB@BHB%g?r{qelgiés?raﬁ%@:ggy@?ﬁggf cﬁl grggdrggnor nor e
active ingredients isHeRardS Apldaliraisaiinadiata @RBlefe ofalpdrtinbloasmsmisor y agents,
.and anal gesics. . Preparations for parenteral admnistration or

admi ni strat i GHOH) @i ects was fincdisadversd an pepstatigbyddarcnszip sl HqUued 0l

| utii ons, i.ons, and enul si.ons. 20 | . _sol vent

are’propyl end T ApRUROHary B RARBIT B CrepatERr Ly pRn R oF Ve ©

oil, and inj %Fﬁg@%rerﬁﬁ\ﬁ&ﬁmlﬁurﬁﬁﬁﬁéﬁn%ﬁs%?ot@isbya{n @bt protéelenmyadr ri er s
al cono

i nclude water, —alc I ¢/ aqueous solutions, enulsions or suspensions,
i ncl udi n@osalthese amririently Br dohicnbdsea. Infarmpieny enithe sirestukey specifisHy cekiYPsfc| ude

sodi um chl ori de saol ution, R nger.s dextrose, dextros -S0(] ride,
25 | actated KREHYENtEs C%}%efgﬂ'é‘g‘“oTarr’sgz E‘F'r‘lit@8‘7@7?8%%&?@@?“‘?"n%}djugleoq%ygi d and
nutrient replenishers, and el ectrolyte replenishers (such as those based on
Ri nger's dextrose). Formulations for topical (including application to a
mucosal surface, including the nouth, pulnonary, nasal, vaginal or rectal)
adm nistration may include ointnments, |otions, creans, gels, drops,

supposi tories, sprays, liquids and powders. Fornulations 30 for these

o o Y N _ — —



any counterindications. The present invention will be further illustrated
by the foll owi ng exanpl es which are not intended to be limting in any way.
WO 02/ () wdsRAsEXEMPLI FI CATI ON PCT/ U SO01 /s0826 Exanpl e 1.PGH/6¥0860826i c
activity and cl eavage-site preferences of reconbi nant nemapsin 2. The am no
aci d sequence around the proteol ytic cleavage sites. of APP was 5
determned in order to establish thel¥pecificity of memapsin 2. Reconbi nant
pronemapsin 2-T1 was incubated in 0.1 Msodiumacetate, pH 4.0, for 16
hours at roomtenperature in order to create autocatal yzed cl eavages. The
product s wershanskypedieds Big. P RIgacn PreasiNg 1§27); Klostkar Adgpadicesi s.

Several bands whi ch corresponded to .nol ecul ar i.gh |l er. than that of
. pro- menapsi Aroteinases ang t%%@ﬁ\bé@?s ('ﬁ;:@teé p%@ﬂ'ﬁﬁhﬁ?@&i @BEM%‘QMG_
trans-bl otted %E&io%ae%y% it {c?}gteirﬁgéér ARandseer $1:ahBREBBNHleatR ected to

N-term nal sagauence erm nin a Protein Sequencer. The N-term nal

- sequence of HrBRSKYLEIIY R&hkdshi, akpattit Reotgrsss, Stmnmre FupetmneBiojegys cl eavage
sites on pro-nemapsin 2. In addition, the oxidi éﬁg? ~3-c§ai n& gg%/i_ne

insul i n and Bimedicalflmpdisations, A¢vitin&xpd MediBigh 3637 lenye fessN Y gtk at es for
memapsin 2 to .determne. .t t i i A 8Sin ERgpe
reactions weaing EIEFSr’{%Bargﬁf%%tgfﬁg%?bl-{%@tﬁég éid@%lﬂg%ena S|en’ Aﬁ‘ﬁlshn OJ.&?Lt M sodi um
acet ate, pH we® Bivhish (Mesurh Pess,NCUbeg)ethewtdchirighef piépf whizh.areThe hydrol yti c
products were subjected to HPLC on a reversed phase G 18 colum and the

el uent peaksnewperatedibieesin sutheip eatirgtr ospray mass spectrometry for 20 the
determ nation of fhe | ecqul ar_ wei.ght of th r rolytic
sites were ident i#‘ibéﬁaf)ﬁn F 8?’9%%?‘59‘?1“5&& %engﬁclzl&aa?%{g?# g%ﬁaleﬁmut%hnge% 2

hydrol ytig sitgs were.p deop i ep fir,appepp]de, NCHigasibRratdamleg! e cl eavage
site was observed in syntohetl Cc peptide PS 1-gammm, whose sequence

E} LVNMAEGD) (@F@osﬁoh@rgfaﬁ)logsomall/m/tlw owlacheshdhelr PR HEUStHg si t e of

uman presenilin Tabl.e 1). 2/ US3S9-~ . - Ta , te

Speci ficity Wﬁfé#ﬁ eﬁnge i%ﬂuﬁ,@ﬁg\gg%mcg'dgg nnedothrou%{x?trt]‘ctw%%x%tfoﬁ

Si t e#Substr ast&e}ﬁ PIPERLRLr o8 d it E&éiﬁg@ reptebédted byl® a@predent Bretdubsikie

| D1Pr o- RGSMAGVLNQO.  3) nemapsi nSEQ 1D NO ° 1230 of SEQ 1D 222GTQHGLRL3) NOSEQ
I D NO | 3( aaspR8ifiihp paditi GEQEESKRAVGAIDY NG sitg Stdrh B regoesenteddy apgde1 Jheof

SEQUAG.AYAELAI D, NO SEQ ID NO 157"SHLVC is cysteic acid: 50xi di zedHLCGSEQ
B NG 185 napsitnsobtecamppsinat ey e Bl g R

cl eavedVGS Lde; ! LhSRK( SEPeptide'"Q I D

NO: 30) gVGngﬁggecso %%B Wtr%%ggaﬁ%k%@%Q&LLSRKSEQ I D NO 19SEQ I D NG
1010Pe ti de** LVNMAEGRtRaksubitoats fd? memapsir, @ihdr, giair wouldrepresent agsingle et c. )
refer to the positjoning of the am no acids i peptide relative to the
site of cl ea%@é,acidﬁ&i‘%ﬁ%’dﬁy"%ﬁ&b‘s (%%‘ﬁ‘éavf@ Eléﬁleipé%femﬁp?m@m F‘On nunber s
i ncrease dis Iy L SSi ] I RToN ey @rupon
the. am no. achan Eagti AL efREs Rt T M cor o G R B
Memapsi n28 céRavwamld beahibloaid eptius dbe Bt pdrtiveef si Pek, pdir foBphninet i ¢ pepti de
based upon the processing site of Presenilin-1 .20 (Accession hunber lP49768,
Sherringt on wprésents HGaGihe Trsesgaliprmylgacpresniing §ha)l, perien ol RsRgel of

whi ch are hereba/ incqrp@]&;}{_ed by reference inits entirety). WO

| 12/ 11 S359~ SHHPEYIONIF *S3xct i vati on of pro-memapsin 2 and enzyne
kinetics. PCT/ U $Qeche/abRB24a HeegthbaCHO (iderch@inlofMdlamireti) G €Cié) Asie chkind. O,
for 16 h at 22C auto catalytically converted Pro-lVBPd to %& For jnitial
hydrol ysi s t efvadine), W,EJACHe) (Bdpetsin efdsuaing) el FEpaHE 1GH; chaayobi t h

ro-MePd in 0.1 M t at Hd4,. [ | KT i Fng from?2
Fo 18 b ZinerehutiBar saonnyreRialaR st Buspi: SRy (eg pianer no
identificati gﬁer@ialmﬁe),m @H%sdug éﬁgﬂ@d\&ﬁ 5t mEbiorine) el i(idsthait efsglytihe),
.identified HPLC (Beckman stem ldé[ roduct peaks were_integrated for
quant i t at i onCHFO# (kide chaid of seriney,{Tl4Q (ﬁ'bl(s%‘? ehpempf thpeonngh & Sh APP

pepti des (Tabl. .\Were nea . St ea e K} 1 he.:k Ndiwi dual

. K", and k-~a, ?ng %%? ‘1‘8@8?’%%55%‘%%“88@%@% e)bgﬁﬁéegg"z(?e 2gscl:d(l:&uéry(fil:ti/deI y by
standard et Bpgigtanfife), U5, EONH, side Yidiv6f a¥psragiey WHRCHHGOHLNE) (sidee

hydrol ysis of m xed substrates agai nst presenilin, l‘h&pt! de (Fersht, A
"Enzynme S uchainef bnsimeNEd‘b@HﬁhﬂiNHMNHzWﬂ*ﬁemé giai®).Conpany, New

York. (1985),..the.teachings,of i.ch,.are.d - W eir
entirety).  LSHRRB BRI o S BD P B R B A i o v
shown by SDS-pol yacryl am de el ectrophoresis. The difference in mgration

bet ween pro-M2pd and converted enzyne is evident in a mxture of the two.
Exanpl e 3: Design and Synthesis of Menmapsin 2 Inhibitors OW9-1 and OW9- 2.



20 Based on the results of specificity studies of nmemapsin 2, it was

predi cted that good residues for~positions P 1 and P 1' would be Leu and

Al a. It we8ai9eéquently determined fromthe specificity RMA/BSKIFOE26P 1
preferred small residues, such as Ala and Ser. However, the crystal
structure (determ ned below) indicates that this~site can accommpdate a | ot
of larger residues. It was denonstratded that P1' of 25 nemapsin 2 is the
position with the nost stringent specificity requirement where residues of
smal | side chains, such as Ala, Ser, and Asp, are preferred. Al a was

sel ect ed f oCHRCH,COOH{sydddamusielitimicuedd pinabiunctionabyatnrabend momenatgnal i s
favored for the penetration of the blood-brain barrier, a requirenent for
the design dérivatives prpaihetio subshiubionbef ey for treating Al zhei ner's

di sease. Therefore, inhihitar r i aptransi tion-state
anal ogue i soster Zt 158%%2@??%8%%3% %Séélggf\mdmﬁngﬁ%b%g% 1I{’SE%SQ- 4 -32
- PCT/ USI 11 / 56{i@gyl, MeUTA Akenpltafanti JlIBmfyRS S Ecupk higat bl ow diitdinntoshehapsis ost er e,

R *
-CH(COH) - CHz-) and tﬁne subsite P4, P3, P2, P2', P3'" and P4' are fillgd W th
the bet a-5se@r Preferbly, akerdaleynyb adfenylesy soialkypylort SqEPY haymitorp? to 4

beta-anyloid protein. OW9-.1: Val - -leu*Al a- - P r 20) 5
be- 5 & uCHRPTAER ok Releraty Reit £ AT ?agé’é%m%zqﬁii)o ‘!%ﬁ’é’%gg’ug*figt‘%@
di pepti de i $95(8HEnYARd FRISEA ngachl afd hén-hawe ddhativesioAlyatidiipept i de
i sostere for the Mz-inhibitor was prepared firom Ll eucine. A bol ded nunber

in the foll cubstigntibesofthesd.on, e.g. 2, 3, 4, etc, refers to the respective
nunber ed conpound._in synt hesis henes 1, 2 nd. 3. .The bol de 21~ OH
(Boc) ZO, 10% Naoqﬁheﬁdz@,o“é’?%%éhﬁlf OB r@’ﬁsﬁnﬁut%ﬁﬂﬁf“sl\‘ﬁ’ﬁ‘é%tﬁf’gp?e gordlédi ne,
Me ONHVe. $Cl i " 110 hﬁtl:d'at'f‘éJé&gat?%@,&eﬂs‘e'senfszthb I3- QxR %t tchddAo tigd dtino

propi ol ate Yo HH O COzE 62.8 0 HO'~ ~Ov ~O M _ 3 x, ~r
of 1. H2, PghbBaBf what AoGld, beRthdvkext Sutimmarid in the wirio2 Theg $9 weuld be
PCT/ L1S01/ S(182G -33 n er_ is. also referred to .herein as,"conpound”, e.qg.
conpound 2, r@?re%eﬁ@dwn‘t%@f%; ?&‘ﬁ@ﬁ’é‘?mlAé”gWB%W I?xr}s §?ﬁ%sﬁﬁte§]°y%—21 Uci ne was
protected as_j = derdey af : SN2 Ird ﬁ@%@,in t he presence
of 10% NaOH e*ﬁérgllgﬁ?ﬁ)%ectqgmrg?la?gt#(o%w ﬁﬁwgrn’{}ez Was)the_n converted to
et e

met hyl pi peri di ne fol | owe reat me resultin xed a ri de
with N i M(%)%K@Wwﬁftﬁi %&Wﬂf%@&e@@m S-tl,t IS HROPTSHRRG oA CHasE s 1981,
32: 3815, the teachi : ' ' I i&hdVolifhibA @darti
entirety). IQé]gIE‘C |agh9g§18§£t\?\n t%ﬁq%%?ﬁémag 5%93%8%{}%‘%5% |0r,1 dli et h{/aI lcet her
provi ded 10 grbeas2lfdediioile 4. Reaction of the al dehyde 4 with |ithium

propi ol ate derived fromthe treatnent o{% thyl%rF)ro iolate and |ithium
di i sopropyl am de Lafwijelaig nohisosietes ey sitherheEdandsdopd opmindig ity o

e hL BRI Rfoby £ <0 20ed Yo (e ave o
i ncor porag ed her X and ¥ rfepebdnt @ldcuiet whichGae abtytypicaltyuivolyedat then of 5 over

recognition by the aspartic protease recognition site, but which do not interfere with

recognition. It is preferred that these molecules confer resistance to the degradation

of the substrate analog. Preferred examples would be amino acids coupled 1o the

substrate analog through a non-hydrolyzable bond. Other preferred compounds are

25 capping agents. Still other preferred compounds are compounds that could be used
in the purification of the substrate analogs such as biotin.
As used herein, alkyl refers to substituted or unsubstituted straight,
branched or cyclic alkyl groups; and alkoxyl refers to substituted or unsubstituted
straight, branched or cyclic alkoxy. Preferably, alkyl and alkoxy groups have from 1

30 to 40 carbons, and more preferably from 1 to 20 carbons, from 1 to 10 carbons, or

from 1 to 3 carbons.



15 Pd/ BaS04 foll owed by acid-catal yzed | actoni zation of the resulting
ganuna- hydroxy ester with a catalytic anount of acetic acid in toluene at
refl ux, wormiosised the gamm-lactone 6 and 7 in 73%yi el d.PCTAESHISHErs were
separated by silica gel chromatography by using 40% et hyl acetate in hexane
as the eluent. Introduction of the nethyl group at G2 was 20 acconplished
by stereosel ective alkylation of 7 wih net hyl iodide (Scheme 2). Thus,
generation of the dianion of lactone 7 with lithium hexanethyl di sil azi de
(2.2 equivalents) in tetrahydrofuran at -78C (30 mn) and al kylation with
net hyl iodi de (1.1Aequédedreinf skerfydref@® tmubsatutmmnsubﬂm@wbﬂrabghtab@ﬁch. ng

"B (76% yi el d %m?aé'm& R T S T
cor r espondl éﬂ'tug L pr ﬁezw&ée O@ﬁw‘??ﬂ) §§ dans l’ox%geof@rs% s sftutéd@MnshSButed 3,

6146- 54, re in orated herein in their entirety).
- The epi ”e” Guight L1l SManErsd bRenyledy; ud abdynyllnxgai'ﬁfmm agzsapm! @ver silica

| t 3: f ethyl t at t
Sstom T &&Z&&émm% chein g ABRE RO D P B ADt ARE™ B8 Yhmde based

30 ext ted
Pycr ol yai o cRRePHis) e e oD Fo e R BB S e & 54 by

protection ofqdt heo38¥EMoRY, dopkY ko 00 E4tbow, bhfrbrast tolButaybatiset hyl si | yl
chloride in t%e presence of imdazole and di net hyl am nopy;a[rﬁ St
SIS k- up

di et hyl f or mani de a#sfwsedibeteinhalkacd tefegs imalg@l%wemthaf hasyan

and chromat ogr aphy, Sel ective r e val of .t by

treat ment wiarMkyhieRers 9ra A& QU thﬁaﬂ g&bfgéﬁcg{ ﬂ%ggw??lceglféﬁ%%gi 1. Aq.

L|O—I 70-76 % 5@1\@ [ k@ subdvituft; vtk yTitidteaddyclic reférdta arDgiyl (1 :
o] COY@ PO%}%IE@J Qoug\mlﬁlﬁ]lz-léglm Sl110d| oxane }?g?herrdgCZ)rWG-B HOH~I IO

O q 5 acid |godptmtbﬁsmm¢ra¢whatsumtlfeot 1 h. The resulting am ne salt was

th ted th | .(Al.dr k d
or 1 vat fve i n" di ks Bussoens gy AUS kst LR AR ARSATHE BT G ¢ e
Froc- pr ot ect g hf)‘()} %?8@5%51? bl%afo@er@%y/ﬁﬂb' ﬁﬂndxoafﬂn@rcaﬂimprmt@,gmmhy Prot ect ed

i sostere 10 wa I'n the preparation of a random sequence .j nhi bi tor
library. 10 fhiqeeer artioxkmixtepbpiiux g oNmerapto. By coa HOHBA 9an@peen%! Yne

(conpound 2). To the suspenS| on of 10 140 nmL
of diethyf ehaverongas momiEgthgEneEryPs iqp?ayg&g@%\ a%qrg%to%ﬂdth Nzﬁssgl ves,
20 mL (87.1 mmol) OwkRAedt&Pmid Al d<tauﬂ$he diksvapesul ting
reaction mxture u@%&h\rﬁ@e @%%L%{%%ﬂ& Wor ﬁ12 h. Afteyr%thl s period, the

| ayers were ggpabadeghapbid 2 hecdqueoinsd| Apercsulsofdabt sitfsiralgs t’VJSUC[B‘HVﬂfe by

careful addition of 1 N aqueous, HCl The re

extract ed wi afplyzeyare I&é@@ﬁde‘“(ﬁbg‘? Ly tmsu%ﬁ%‘?“&ﬂ ?untjf E}%\?\%‘%‘Ef/&é@?% 4 -35
PCT/ LI SO1/ S082G Lxﬁ}{;ﬁirbsel re conbi ned and washed with brine and dried over
anhydr ous Na 2"80%" e solvent was renoved under reduced pressure to provide

title proguct whicl) TRsprliaeg sgecificity gxtefforanemapmeécsvbsjmlwstshbﬁﬂe further

purlflcatlon (yield, 97 %9 . '"H NVR (400 VHz 13 oad d, 1H, J
= 8.3 Hz), 4pesitignS,’1{Hpis meamﬂ@tﬁ@”ew “@JFB”*‘“ Qe }‘?’g 933% tgagé 95 {d, 6H, J

( Cgrrgotlﬁzj 3) } séeceisgltyl%rlil tn%)ﬁ}/a%%lt?o QYﬂe) anlrm!) %Uiﬁ' pp- N "rﬂﬁt hox¥m A sidethath form de

memapsin 2 to recognize the substrate. Preferred embodiments are substrate analogs
where R, of the P’ position is either H (side chain of glycine), CH; (side chain of

25  alanine), CH,OH (side chain of serine), or CH,COOH (side chain of aspartic acid).
Embodiments that have an R, structurally smaller than CHj, (side chain of alanine) or
CH,OH (side chain of serine) are also preferred. However, substrates in Table 1 nay
not, due to their amino acid composition, provide a complete representation of the
substrate specificity of memapsin 2. Therefore, P1' may not be limited to the small

30 residues mentioned, but may also include the following:



To a stirred solution of N, O dinethyl hydroxyam ne hydrochl oride (5.52 g,
56.6 mmol ) in dry dichloronethane (25 nlL) under N2 at nosphere at 0C,

met hyl piwerd2@s54 (6.9 nL, 56.6 mMmvl) was added dropw se. PHHEUS@S0§20i ng

m xture 10 was stirred at OC for 30 min. In a separate fl ask,

N- (tent-butyl oxycarbonyl)-L | eucine ;g 11.9 g, ~ 1.4 nunol) was
dissolved in a mxture of THF (45 nl)}“and dichl oronet hane (180 ni) under N2
at nosphere. The resulting solution was cooled to -20C. To this solution was
added 1-nethyl piperidine (6.9 nL, 56.6 mml) followed by isobutyl

chl or of or mat e (7(:HgﬁH(CHQ)ﬁsudﬁwa)nof'ﬂh@lmfésul ting mxture was 15 stirred for

5 mnutes at -20C and the ution f N, O di net hyl hydr oxyam ne was
. added to it. The( %&H@Hﬁﬁbfﬁﬂx}aﬁw euﬁlﬁe)c for 30 minutes and then
warnmed to 23C. T JE@ShAHSPeNsdpinyh water and the layers were
separated. The a{}ﬁ% ? 2 was extractgdn\t}\nth di chl oronethaile (3 x 100
- m). The conbi necbIQ{(BENZNE)e(yﬂe@avqunhmﬁhl@mnﬂ) th 10%citric acid,

saturated sodi um 20 bi carbonat e, E‘é%rl ne. The organic |ayer was dried
over anhydrous Nﬁ%@‘léﬂ&mé‘?ﬁ%@rﬂﬂv under the reduced pressure. The
resi due was purif r omat ogr aphy (25% et hyl

acet ate/ hexane) t%ﬁg})gﬁﬁ? 5(*31&%{[; agpgfo Sﬁ’ﬁg 3(13.8 g, 97% as a pale
yellow oil. '"H NI\@-I @Q@@Hﬂz(snd&)ﬁi:&)frﬁet&oﬁﬁle]{broad d, 1H, J = 9.1 Hz), 4.70
(m 1 H, 3.82 (s, I—?I I—%r 170(m 1 H, 1.46-1.36 (m 2H 1.41
25 (s, 9H), 0.93 CHC @H)@decb@lrsof £0BIN

N-(tent - But oxycar 5 ou~ad 4). To a stirred suspension
of lithium alum nﬁﬁ‘%@ﬁﬂ_ E ;}%b%Sp%g{ﬁgpml ) in dry diethyl ether (60
nm) at -4 C undeCHI\@Hgt(DNm@ﬁﬂéaxalmathlaﬂdm&)

N-tertbutyl oxycar bonyl -L-1 euci ne-N - et hoxy-N,-nethylam de (5.05 g, 18.4
mol ) in mozlowﬁzcooﬁdsm@qhwseﬁslsmwﬂ%t hyl “ether (20 ni). The

resulting reactio mn. After this period, the
reacti on was quen@%ﬁﬁﬁ%mkﬁhﬁq ﬁfs n (30 nL). The resulting
reaction nixture waschhen, 0, (sReddifobdaginkid)r red at that tenperature
for 30 mn. The resultln solution was filtered and the filter cake was
washed by two 5 pﬁﬁzdmAﬁOIcﬁ)éSIHWhamﬁéﬁStldﬂ?é conbi ned organic |ayers were
washed with saturated sodi um bi carbonate, brine and dried over anhydrous
MyS04. Evaporation of the solvent under reduced pressure afforded the title
al dehyde 14 (3.41 @) ? r@afprloesp\éﬁlﬁk@t‘!!}&héere&ﬁﬁerﬁ@ﬁsuittpo@gloat HeBy,dd, Ras used

i mredi ately wi t hout” further purification H NV\R (400 MHz, CDC13) 8 9.5 (s,
1H, 4.9 (sp2 1P;4)a,nd4p42 Heloh edelcan acgorppnodate guy ofer #ine@epypsidye Wy (s o)
1.49-1.39 (m 6H J =.2.7 6.5 Hz). Ethyl (4S,SS)-and

(4R, SS) - 5- ~( fBeY aBD’t%i?/‘béi?s‘orB}f‘y‘f%W%dﬁmﬁt hydnoxy- 7- met hyl oct 2 ynoate

(con: pound 5) . To( 8§ |dkitbosAtule icfinfiy ghivi psiamel ParPacPy(E, B, ng,amdsa nmol )
in dry THF (60 nL) ‘at OC under Nz at nosphere, was added n- BuL| 6 Min
hexane, 4. 95 Pyl mugt Iavé n RyDHhictdisopade sie.of Tediopheltie rastiusollt s Ptﬁﬁefm’sthétt irred

at 0C for 5 mn and then, war and tlrred m Xt ure
was cool e t @1@'78‘6%%Stéf‘??§lhn§’r"85ﬁ%? 5&55“8%6‘1‘ er_e)mammégﬁg 2’ g’ %an %epefdded
dropw se overnp 3 pgrigpd aﬂE(PS rPrE‘ferrui‘R g}d&bblf& tM@ﬁos‘Etidnrsm&d cf)m[un&o mn, after

whi ch N-Boc- L#1€uci nal’ m-nol) in 8 nL of dry THF was added.
The resul ti ngydiogholsie gwap ast CHr3 mham7<8”@1¢rm6),1CH(CIébz (&f‘%eérhaltnrﬂfsvﬂbé?rod

t he reaction was_quenche et|

reaction ni xirtd §%r(ﬁ86w€ﬁ5“9gfé§%‘ﬁe a@gpﬁ%ﬁtgﬂaf (sisie \%‘/éllé%afgbja)l %}‘J‘iﬁ

| ayers were rieeHainidf ph ala@he)

SOéI um bi car mﬁg 2@%??%%@@@%%%%%%%%2?&& on ?)lf t Ee&ggl vent)dunder
rﬁduce? ngesag[ﬂ%;gg(s%\? ydie{ ﬁha:nesﬁ xd;:thxwvtn/e&ﬁm@bcrm]) (Sfdeﬁa@ffft}’faélﬁeklmiscg %)el
.chr omat ogr aphy o et hyl ace xa o,afford a m

of acetyl eni onete@serrad @at@e%dr@ph C gfoup: Fla:iﬁ‘/%e%%ﬁpl g&fﬁlﬁ%&é& & (d,
Ly 7 i Syt aoRi b o JBCUTARHes duFoming )L, 63
W ?2/ 05’359 ICH;ﬁH%ﬁﬁh: ()SIds)chﬁmgleucme) (CH3)CH(CH2 CHh3) fjmdef chain of isoleucine),

- ~(t ent - But oxycar bonyl ) am noJ of ur

(coni pou~ad 7§F z(P@WeQJéGIFI grRigoldrmio agYC?fé%ngqﬂe S%e chapn ?f%eeéélgl\l;%m Xt ure
of acetylggic fyfodth as

Y g@ / nge(glff%?l—é)(g glei_%ﬁaugof rﬁetﬁlm)d}l (PheBEINYdid SRS FrylodtheL )t i

added S% e resulting



S m xture was hydrogenated at SO psi for 1.5 h. After this period, the
catalyst was filtered off through a plug of Celite and the filtrate was
concent rngpad/sssder reduced pressure. The resi due was di sJSITVERSEE26 0l uene
(20 nmL) and acetic acid (100 p.L). The reaction mxure was refluxed for 6
h. After this period, the reaction was cooled to 23C and the sol vent was
evaporated to give a residue which wbs purified by flash 10 silica gel
chromat ography {40% di et hyl ether / hexane) to yield the (SS, 1 S)
gamma-| actone 7 (0.94 g, 62.8 and the (SR, 1 S')-gamm-|actone 6 (0.16 g,
(10- 7 0?5 - La%d@t("?re?e’rreﬂ*thiﬂ&ﬁsiﬁéﬁmwi)ﬂﬂz,hyﬁlbﬁﬁc’ﬂ)ic&1 4reSOHACH, (side chrip, 0(f3. 84-H)3. 82
m 1H), 2.50 , 2H, J = 7.8 Hz), 2.22-2.1 m 2H)., .1.64-1.31 (m 3H),
. 1.41 (s, 9Hyplige)oCH(CH(CHg (siflechainpf 1%‘91716%0@2((‘”%"63{%&‘%%%‘%? CDC13) 8
177.2, 1 S6.0, .S, 7 . B : olP4id2 chaid. O,
210, (3R, senimidgise GCH ST oly chaner nithithipgRof st ol ol
-yl J- 3-net hyl,¢ 'Qg{ﬁl‘g)pfurafr-Z(m—D-one (compound 8). To a stirred solution of
the lactone 7 (4S 1.8 ng, | .67 mmol) in dry THF (%ﬂ},,,) rl%'3),-780 under NZ
at nosphere, was ddrabng of Hicwighhessifietsn i Fash Be Ame Py 8P A ninaY pa¥e \y j
THF) over a perj od .gf 3. mn, The rtesulti ng mxture was stirred at 78C for
30 min to géiEPiResifhehai st 25 %k e, After this period, Mel (228 pL) was
added dropwi se a.f NJagl ks il Hiv¥ ki Paepresensdd innbelamiog. TBCekaNpR0 m n.
The reaction was ‘quenched with saturated aqueaus NHACL sol ution and was
al | oned to wesubstie 220Mg dned haedXPoh. Mo lh eLnds -Eonbehs r 1% 8 OHtfer reduced
pressure and 25_t he_resjdue, extracted wiyh ethyl acetate (3 x 100 nL).
The conbi ned‘aﬁﬁé{ahi'gl'%agg’r[s &gie '?aélﬁ?e‘ép“\i\}“th%‘bri ne and dried over aWdrous
Na2S04. aporat‘ﬂ@feﬂfedhm SR MEI sﬁ‘tfefaﬂﬁl‘égﬂhﬁ/iﬁ%ﬂie@lﬂ@e\nbéscdisolmdp'mri fied by
silicag chr omat ogr aphy {1 S ethyl acetate / exane% to furnish the
al kyl at ed | apdbini, Bt the 36nehydidbyzableanalag batwaepRdadddli d. ' H NVR (300 MHz,
CDC13) b 4.43 (broad t, 1H, J = 6.3 Hz), 4.333 0 (d, 1 H J=9. 6 H), 3
.78 (m 1H, 2262 (m1H, 2. 3S(m 1H, 1. 86 (m, 1 H, |I .63
WO (12/05359-4 P lo50efEmidBy o Rbké Mhikdks 1..37 (s, 9H), 1.21 (d, 3H
J=7.51-1z), 0. , , = 2.6, 0. ;j'CNI\/R§75 MHz, CDC13) 8
180. 4, 156.0, 80.B8omBMariabdnefistdlinbludebig is a3t 1gnitgzigoa!l methods fon o 21, 8,
16.6. (2R, 4S, SS)-5- j(tert-Butoxycarhonyl)am nol-4-
j (tert- butyl gplsegylokichiss }Myreyﬂaﬁb)fefo blaﬂ%%@ﬁ%&%ﬂb‘i“%&%‘f’& e und 9)
To a stirred sol ution, of; ] acto : JORRkdes atdexbiifpléslofiml) was
added 1 lelgaq’&’é“brﬁ?oi Y spé{)tﬁﬁsb&n%f)gycgg(ﬁ%%.s’%ﬁéo%guI ting mxt lTl;)e was stirred
at 23C for 1Qabondidcales! Posexpaniedligbhelaotide triobavubes it 2giversfupshiernt r at ed
under reduced pressure and the remaining ‘%c‘tﬁeous rlesi dtge V€§m1%8 led to OC
and aci di f i ecatalgtions hgapddaieding can he 15914} e & FoPw BHE MR THESH ti ng

aci dic sol ution was extr DYdd BGStALSIrb 3eretid (Skdstakl TEBBONDI ned
organi c | ayef g%é'f’:%oﬁgessﬁlggh%ﬁt‘at\%db%% ﬁég, 4Pea over” Nazsoa ogﬁd concent r at ed

to yield the;ggyrEBROMdita@hingslsO™icharein¢@Porateg)hessin in tiir catiteBAMODPh s
hydroxy acid was used directly for the next r actié)g tWl tdhout fcusré[n er .
puri fi catZi0onsyntBesizgs o hrsgaperot mplrcyley bsing 1@n 1 dgned S T anhy dr ous

DVF was added .i.m dazole (;1.59 : 15 individual

tert-butyldi ﬁ‘étljﬁ%}’f @‘ﬂﬂ&ﬂnﬂfgﬂ g]ﬁ’gg?l@g;%é?mg@&&nnﬁgﬁly ]Ql'hlen ;velsltj_ll ting mxture

was stirred %%u%x?fcegixfn ) %éohal@\f h&dledtilie RWAT oGdmeNeletigniandi enrivkmeridded and
0

0
the m xture waS stirred r 1 h. The m xure was dil uted WIC%{; 25‘V?.ci.tric
aci d (20 niL) peovdssihreughrraptatad oyicleh obaffipity shematesrarhy,ang & CFoamphiication

conbi ned extracts r sh i th te I I dr ous

NazS04. Evap®fHisi %gﬁﬁﬁes\tlﬁpémgg‘? @fgﬁl'tgalé %Ehae c\%dsr@gl}%ﬁg%t?ﬂ \l‘}\ﬁj %%b\é\%gs@g%% fied by

flash cl W%@%Qx@ YaPY &5 16% RNganBlculc3B9kied ysucihaetagtas td bindxans)l to af f ord
otecte i

.the silyl™pr acid 9 (0.44 g, 90 %9 . IR (neat) 33Q00-300 ébroad ),
2955, 2932, 2886culddykt. DNA mokcNdRWiHomcviigandshmdingtbehaviar iaye §een 4 6. 20

broad s, 1 H), 25 3.68 (m 1H), . 3.5I 4, S .49 ,
, (1 83 (t, 1H, Flbﬁola_ie‘{i as ‘re‘rlléé‘,‘m&t."mén? ﬁfosmﬁ %Qf%fcf s?w?c) ﬁﬁgai %ﬁeééa‘%%riég%fn% ]L%H) ,
1.08 (d, 3H, = i i i 1 Hz) 0.86 (s, 9 , 0.82 (d,
3H, 386 ﬁE})W,T“‘Z}T %5?&%’5",&?%},1&%@62?“ e(ws]eﬁgﬁf')l Yo 02/.053359. » . (
PCT1LJS01/ 5( 182G -BRhfidks aAfied 8mBay gdals exist for small organic molecules, proteins

| uo~enyhnet hyl oxycar bor ayl ) am poJ-4-~(tert-but L i . -2,

7- di met hyB@ctadgicptidgsiand eét?ﬁﬁ@??ﬁa‘ei&“.gw‘cr@ thogg %/*lrs(rfge%n‘g‘é%"t‘u g%ﬁ%@gﬁ%{é acid 9
(0.17 g, 0.41 mol) in dichloronethane (2 nL) at 0C was added
trifluoroacetic acid (500 p.L). The resulting mxture was 5 stirred at 0C
for 1 h and an additional portion (500 p.L) of trifluoroacetic acid was
added to the reaction m xture. The m xture was stirred for an additional 30
mn and the progress of the reaction was nonitored by TLC. After this

o o oy Y o o . - o

i




The sp~thesis of OW9-1 and OW9-2 were acconplished using solid state
peptide synthesis procedure in which Leu*Ala was incorporated in the fourth
step. Thwosgnsisesi zed i nhibitors were purified by rever s{FHeS/SHREC and
their structure confirmed by mass spectronetry. 25 Exanple 4: Design,

Synt hesis and Anal ysis of Additional Inhibitors. Various substrate

anal ogues ot her than OW9-1 and ove9l® can be sinilarl y desi gned and

synt hesi zed. For exanple, sixty six additional inhibitor anal ogues, MM -001
to VMM -062, MM-06S, MM-066, MM-070 and MM -071, all of whjch resenble
an i sost er e oBndldtaleaddi adesived ectofityrvaretips ibased ondihreriegedisgab gyntBeficThe
synthesis of the additional substrate anal. ueﬁ %ﬁll Ir?%e&tg@% for OW9-1 and
. WD 02/ ( 15359a0leadespeligQuuelerteRspREOBFRT PEPHYE IR AT ¢al “stTuctures of the
addi tional substrate Qgues are listed in Table 3. The general synthesis
of various icﬂm%matﬁ%lraé@g%ggﬂtl ined in Schene 3. TBS. O CH3 H2N Y "N‘Ph +
BOC-N OH ~" 11 a THerGiid ahufbtRofRnethd@SoBGEGlaNnpretpins ¢harbavgdengyoc, d X H

OH CHg H 14 R = BOC, X = CONHZ R~ N N 15 R = BOC, X.= CHZSMe =
BOC- Val , X =chonf o1z modifed-petigity 7 Far exa ashil%e Pla)éﬂfé%sz‘ﬁ%’e (%?61%%63: (a)

EDC, HOBt, ine 1 i Pr. NEt, - : ; $iRs that kave(@ivéd BU4NTF-
"THF) 23 C af?‘es “Eﬁ%ﬁf@f&?ar&%‘d’%f%g%ﬁ }EQE’)D&““? P IE)CtPit? acid. ait@Fl’FIZNEt,

DVF- CHZC12 (ghndion i9 d&sckBe @By Robés andisenEtald(Risdenn & Wared SzestakilgWa Psacandar d
peptide coupling procedure, valine derivative 11 V\ﬁls refacltl.e w th the

di pepti de i ¥att. exead BdinUBAID(2B3E904-392 (W), the teachings of which arc

et hyl - N - (di.net hyl am.nopr opyl ) eay. i 1,m ! bibBiatbtHagm ne and
1 hydroxyberf?&?rp%{r&&eg:h@r @ﬁé?éeﬁ{%gggm xoﬁl(r%reg% %gggg%d 2 to afford the

am de deibv%kt}aedsl&sigﬁemabla&f ebhigessis UydcribedineColieng gk UiphdnyB. A cuhent
wi th tetrabutyl amoni'um fl uori dpe in THF afforded inhjbi tg{ ﬂ;‘B VM -001 ).
Exposure of Rict Natl.rAddaduSmod8405 249014731 (£98851the feaehingsel VAR A + enpval of

BOC group. Couplin 0 of .the.resulting.am - hiAgor ovi ded
i bi tor 14nERRPESATETS iREiRRRH oft g oy g (e R BRREb AT IT

coupling of I\ dABG WA VBRI d Wy itbm B&Xe-uéatul i thindectivhandanalysoofli ti ons
af f or ded i nh‘feg‘?{ogcfgg’“lgé(aw -01}%?1. or the WD I12/(] 5359..é ‘J/D\P%T US| 1/ 51182(
- 41 synt hesi proefin:pronéibintenactiovis. The teemybiithsystesn. iaisialp descaped it e yeas

trifluoroacetic acid and the resulting.am,n i 4 b e
BOC. ot i St Secchi oapres ronaed it bV ST O Bt ot bfidentifying,

group of 16 L ngL108u1dsn Eneb BUb thd Yo S¥Entkdsh(FREEs wad Sores, pr ovi ded
t he inhi bi toﬁ%@%ﬂyg‘%gu Eas’gjrepar at id(r)‘fﬁL of inhibitors MM 001, MM Ol 1,

MM 012, MV NGhr&34mad4VEI( 1 95P), tRe trachings efwloeh erglinersperater &R e npound

wel & 0 oo Vel CEpkma abompRT ALt K S HARE o ol e B gm0
373 , 2.76, - i iTdd dvHicopind pyrhaltdule am
(2.4 nt. 13, R8s o e B e ATt or e adi 11 on.

t he reactigonofihdisy. Erhsarneafil afitid typs ofdgchaolagy tsdhat3le spiestionily 4B 1B¥Br ni ght .
The m xture was poured into sa Na 3..(aq) .. The re f ! e was
extracted wi !W@@%@t%&@ﬁ@?‘&ng’?heﬂ%ﬁ%‘éfé{%le 2?'3?@? °%§H%%Ee§m$ Eﬂ}l‘?tbr i'ne
and dried OV?%C'N%%%Q%CMEWQ 53] nfh. ANRpa&d ¥Rdhoicenfieexdhgle arduced

ue I ch was

pressure gav resi purified by Mash col utm chronat ography 15
(30% Et OAc/ hexaaR)lukeopeitive oddRnmgsio@3sptiahed tupPNAbIpABEOMainTAEa r esul ti ng

am ne was dissolved in CHZCI 2 (20 nlL), TEA (4_nL S. the I .at room
t enper at ur e. UrEhEeTpEaRAliaghHvatioRIPIE Tyslich 25 ﬁé} é’dBP' (B’?ﬁrﬁé\g’%‘nﬁ}tﬂ?eng‘gg %S'Em\%as

concentrated , under the .r r T ) Lobbalaast
quant i t ata#\/ e t?l}lihgiq&e on 11&%&%%?@y5‘?&ﬁ,siﬁb'le€ules A& Kifd AR ekiravamlRp

memapsin 2 can be identified.

Screening of Small Molecule Libraries
In addition to these more specialized techniques, methodology well known to
those of skill in the art, in combination with various small molecule or combinatorial

30 libraries, can be used to isolate and characterize those molecules which bind to or



(500 MHz, CDC13) 0.87 (3H, d, J= 6.9 Hz), 1.02-(3H, d, J= 6.9 Hz), 2.00
(2H, br 20 s), 2.37 ( 1 H m, 3.36 (1 H br s), 4.43-4.52 (2H, m,
7.27-7.3W0o(0BMs3503, 7.70 ( 1H, br s). Preparation of ani dePIeV$0raPs2¢
(conpound 12): Dipeptide isostere 9 (41 ng. 0.10 nmol) and am ne 11 (41 ngy.
0.20 mmol) were dissolved in DV (2.0 nL). To this solution, HOBt (20 ng,
0.15 mmol ) and EDC (29 ng, 0.15 nmot)9- 25 and dii sopropyl et hyl am ne (0.2
m.) were added successively at 0C. After the addition, the reaction m xture
was allowed to warmup to 23C and was stirred overnight. The m xture was
pour ed | nt 0, faket MAHYGERE targbh@ititothethpsied opkd abstra. The rel@0%

Et CAc/ hexane. ﬁe organi c | ayer was washed with brine and, .|, WO 112/ 0S359~
. PCT/ USO1 / Sifiia: affiftitg of thdsoscanponiadso beppaparediand pPEmuhithibyoffent under

the reduced pressure gave a.residue which. [l
chr omat ogr apﬁEF;F“@Q@)%‘EE@@Pﬁtétkvér?é)nof’?foﬁ’?%tg“\é%ﬁgﬁgé %@E% @Cﬁ% ggn 12. 'H NMR
110" (S G bR Bt e Lk 5 1 46 (oK
s}, 1.63 { ‘hylitolymhblendbgg oflmbmapsin 2) , Anotlg will papse aljpstenc yempngenentsy © 5 56
1H .62-3.7 2H .1 H 4. 48- H . 1
I(4, br dfﬁ’J gv}S?lSSW?W(“G@‘mP?(“’ 21éPP‘Sfo)Cti‘)“}“gfpzf%‘-d"f?g4°8’”%§ § Sr)?’ ’ Pmaioa?a? Ton of
i nhibitor MM 001 (con:pound 13): To a solution of amde 12 (61 ng. 0.10
mmol) in THF (1.0 nLO was added TBAF (1.0 Min THF: 0.3 nL, 10 0.30 mmol) at
23C and it was stigmpdeoasisrd Rationdltiug @gsighon m xture was concentrat ed
under reduced pressure. The residuye was, purified b ol u raphy
(40% Et OAc/ hexanenathergrapetongalate grhifitoss isfiropgh r%@g}gl_(fesgnm%? 58@%&9
(o, ), 2. 1818 REclyalhujorysln o fpuamiUduEgigonpunteding M D Ty
15 4. 20- 4¢ 45c613id10gYaliods Fbublidtion)of theQBreg-UiméBionahylomig €piiue Pbh of
i nhi bit MM 011 d 14); T | uti f 13 (44 1) i
GG 2 (1 miselosts moldoe mAHahonel gosi of e CRppepns ity THpietecl W0, '
m xture was concentrated undef. r LS eh@Sdridien fom Xirsypol ved
in DVF (4 mide ect“ﬁﬁ-s eot#[ﬁerdé‘ﬁ?’?ﬁq\@@gg‘frggrggt?g%‘ieﬁéy( T'mg. 0. 18 mmlr)):s 20

HOBt (24 Ny, ¢ st&@og‘?ﬂmia a@pﬂ;eEMinmh{g dfgheselédted motecule. The molecular
di i sopropyl ethylamne (0.2 nlL) were_added successi veI%/ at Oq. Aftqr t he

addi tion, théymasts requing fores feelddataaThe sRMPYIEr FAPHELS/StEGSSED SR St i 1 1 ed
overni ght. The m xture was ur. L pnt ietalr € was
QW BREW C?Wé’oglﬁtggﬂfgmf {25 tBe ﬁa\?\%et nm&@egarﬁaﬂl)ow %@nﬂi’e

extract ed>wi P ayer s washed with brine and dried
over Nai S04.  Evanofiah ofheirubiifs e headinpsnseand faege roleediectegerfedssur e gave

i due wh fied b | h hy. (4% MeOH Et. QA
ot astac, e W Pob B b SELEE) (2,
, 1.10 (3H, d, J= 6.7 .Hz), 1.20-1, 5H, : .60 (1H, m,
|n? 75 (1H, ( m WetE ‘é’ie qullta‘%%@e Sé"’éé‘”)“}fgp'(‘é‘ﬁq °nf;f,} 'te?.j" i@{ﬁ%t%ﬁ?sggw ((1H, n)n?
4.10 (1H m étéazlhsﬁlgm‘ﬂ)raﬂ'@ s hiDidiné kfdsck) &Agrabids witjch retaid0he 21ra868Pfithe 43

PCT/ USOL/ 511 r ~ Preparation of inhibitor MM -DI15 (conpc%m: To a
sol ution 2 Gahyidunduli-dofBimsog theatatytierife of p T SBK- P2 thebass)o ed TFA

1 nmM) at 23C. After 0.5 hr, .the .reacti ) t ed under
ﬁeduc)ed pr es§ﬁ’ﬁé’.tl’%%(65‘€§’§]%ﬁﬁééﬂggy B&S‘%‘l‘ﬂ?;@? ‘?ﬁ‘%@? (g %O?ﬁ&ggqfhl s )
solution, N qfﬂro@%gb gm{%l?)g tﬁgéamngﬁ)tﬂv}ﬂ&x #Pghdorpdrided héi3m imgheiDerRBetyrol )

and EDC (50 ?g and di rsopropyl ethylamne (0.4 nl) were added
successi vel y AfotiEgodd cxamplhes tadet] o1 ba thre¢rdimeisOnaLHUEY%E 8f 2 was al | oned to

warm up to 23C and, tir over ni . Ih i L : 1 into sat.
NaHC03 (aq). wﬁwew%@%&[ﬁ @M?‘g&%ﬁrpﬁnﬁ@gﬂﬁé&@igﬁﬁéﬁayer was

washed wi i | G5laiUBE sHIBZ SFstricwap Of Bth @it @lcihdieinktisositeent
.under the£$e?fbésgh§l°g%ggg5¢§ﬂglave %M?esi d?Je whi ch was purified b | umm

chr onat ogr aptum(iﬁ@ﬁ/o&temdmenmamww@wézbin@ins@e%etGfJ-Smeeé@ °(15). 'H

NMVR (300 MHz, CD30D) O.80-1.00 (. I2H, 1.50 = 6. ,

1. 2052. 10 ( 15,563%,74?;@ Pifﬂkl@%‘bﬁ}e(tgﬁc,%‘%s%WP‘fﬂ,ar%&':%y‘?f’g"é?dzlj.‘eéﬁ‘gﬁ‘gfi%;n?ﬁ, 2.70 (
1H m, 3.50 ( 1.H. 3. - QarfhekBedndid d uplerd oH,
" 7%0-7.35“&‘%%&‘{)' A mi@gb‘?g%’éa}?%‘i‘ﬁ“od?’%nm ek Poiltielens C\iggrggr uiﬁ 1~

To a sol uti onofafe ds30¢itich ofpanfallighndned subsirateswith the(binding po &Y TFA
(0.2 rnl) at 23C. After 0.5 hr, the reaction m xture was concentrated under
reduced pressure. The residue was dissolved in DMF (1 nmL). To this
solution, N Boc-valine (6 ng, 0.028 mml), HOBt (3.8 ng, 0.028 mmmol) and
EDC (5.3 ng. 0.028 mml ), and 20 diisopropylethylamne (0.2 nL) were added
successively at 0C. After the addition, the reaction mxture was allowed to
wane up to 23C and was stirred overnight. The m xture was poured into sat.
NaHC03 (aq). The m xture was extracted with Et OAc. The organic | ayer was

1 N PSNrN A e~ g = Y ' -
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enzymatic activity.
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5 aloneor m the presence of inhibitor. These techniques are s1gmﬁcant enharic
with X-ray crystallographic data in hand. Inhibitors can also be obtained by
screening libraries of existing compounds for those which inhibit the catalytically
active enzyme. In contrast to reports in the literature relating to memapsin 2, the
enzyme described herein has activity analogous to the naturally produced enzyme,
10 providing a means for identifying compounds which inhibit the endogenous activity.
These potential inhibitors are typically identified using high throughput assays, in
which enzyme, substrate (preferably a chromogenic substrate) and potential inhibitor
(usually screened across a range of concentrations) are mixed and the extent of
cleavage of substrate determined. Potentially useful inhibitors are those which

15 decrease the amount of cleavage.

11. Preparation of Catalvtically Active Recombinant Memapsin 2

Cloning and Expression of Memapsin 2

Memapsin 2 was cloned and the nucleotide (SEQ ID NO: 1) and predicted
amino acid (SEQ ID NO: 2) sequences were determined, as described in Example 1.
20 The cDNA was assembled from the fragments. The nucleotide and the deduced
protein sequence are shown in SEQ ID NOS: 1 and 2, respectively. The pfolein is
the same as the aspartic proteinase 2 (ASP2) described in EP 0 855 444 A by
SmithKline Beecham Pharmaceuticals, (published July 29, 1998), U.S. Patent No.
6,319,689, Sinha, et al., Nature 402, 537-540 (December 1999) and Vassar, el al.,
25  Science 286, 735-741 (22 October 1999), the teachings of all of which are
incorporated herein in their entirety).
Pro-memapsin 2 is homologous to other aspartic proteases, and shares
homology with mouse ASP1 (U.S. Patent No. 6,291,223, the teachings of which are
incorporated herein in its entirety). Based on the alignments, Pro-memapsin 2

30 contains a pro region, an aspartic protease region, and a trans-membrane region near
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Refolding Catalvtically Active Enzyme

In order to determine the substrate speciﬁcity and to design inhibitors, it is
5 necessary to express catalytically active recombinant enzyme. Since the active site is
not in the transmembrane region and activity does not require membrane anchoring,
memapsin 2 was expressed in E. coli in two different lengths, both without the
transmembrane region,'and purified, as described in Example 3. The procedures for
the culture of transfected bacteria, induction of synthesis of recombinant proteins
10 and the recovery and washing of inclusion bodies containing recombinant proteins
are essentially as described by Lin et al,, (1994), the teachings of which are
incorporated herein in its entirety. For refolding, the protein is dissolved in a strong
denaturing/reducing solution such as 8 M urea/l 00 mM beta-mercaptoethanol. The
rate at which the protein is refolded, and in what solution, is critical to activity. In
15 one method, the protein is dissolved into 8 M urea/100 mM beta-mercaptoethanol
then rapidly diluted mto 20 volumes of 20 mM-Tris, pH 9.0, which is then slowly
adjusted to pH 8 with | M HCI. The refolding solution is then kept at 4°C for 24 to
48 hours before proceeding with purification. In the second method, an equal
volume of 20 mM Tris, 0.5 mM oxidized/1.25 mM reduced glutathione, pH 9.01s
20 added to rapidly stirred pro-memapsin 2 in 8 M urea/10 mM beta-mercaptoethanol.
The process is repeated three more times with 1 hour intervals. The resulting
solution is then dialyzed against sufficient volume of 20 mM Tris base so that the
final urea concentration is 0.4 M. The pH of the solution is then slowly adjusted to
8.0 with 1 M HCl.
25 The refolded protein is then further purified by column chromatography,
based on molecular weight exclusion, and/or elution using a salt gradient, and

analyzed by SDS-PAGE analysis under reduced and non-reduced conditions.
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I11. Substrate Specificity and Enzyme Kinetics of Memapsin 2

The inhibitors can be screened for inhibition of binding and cleavage by

memapsin 2 of its substrate.

Substrate Specificity
The presence of memapsin 2 (M2) in the brain indicated that it might

hydrolyze the $-amyloid precursor protein (APP). As described below, detailed
enzymatic and cellular studies demonstrated that M2 fits all the criteria of the -
secretase. The M2 three-dimensional structure modeled as a type 1 integral
membrane protein. The model suggested that its globular protease unit can
hydrolyze a membrane anchored polypeptide at a distance range of 20-30 residues
from the membrane surface. As a transmembrane protein of the brain, APP is a
potential substrate and its beta-secretase site, located about 28 residues from the
plasma membrane surface, 1 within in the range for M2 proteolysis.

A synthetic peptide derived from this site (SEVKM/DAEFR) (SEQ ID NO:
5) was hydrolyzed by M2, (modified M2 containing amino acids from Ala® to
Ala™) at the beta-secretase site (marked by /). A second peptide (SEVNL/DAEFR)
(SEQ ID NO: 6) derived from the APP beta-secretase site and containing the
‘Swedish mutation’ (Mullan, M. et al., Nature Genet. 2:340-342 (1992), the
teachings of which are incorporated herein in its entirety), known to elevate the level
of AP production in cells (Citron, M. et al., Nature 260:672-674 (1992), the
teachings of which are incorporated herein in its entirety), was hydrolyzed by M2,
with much higher catalytic efficiency. Both substrates were optimally cleaved at pH
4.0. A peptide derived from the processing site of presenilin 1 (SVNM/AEGD)
(SEQ ID NO: 7) was also cleaved by M2, with less efficient kinetic parameters. A
peptide derived from the APP gamma-secretase site (KGGVVIATVIVK) (SEQ ID
NO: 8) was not cleaved by M2,,,. Pepstatin A inhibited M2, poorly (ICs,
approximately approximately 0.3 mM). The kinetic parameters indicate that both
presenilin 1 (k. 0.67 s; Ky 15.2 mM; ko /K, 43 8 s'M™) and native APP
peptides (k. /K, 39.9 s'M) are not as good substrates as the Swedish APP peptide
(Koo 2.45 51K, 1 mM; ke, /Ko, 2450 s™M.
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with Bafilomycin Al; transfections of Swedish APP; and co-transfections of
Swedish APP and M2 were performed. SDS-PAGE gels were also run of immuno-

15 precipitated M2 (70 kD), M2 transfected cells; untransfected HeLa cells after long
time film exposure; and endogenous M2 from HEK 293 cells. SDS-PAGE patterns
of APP fragments (100 kD betaN-{ragment and 95 kD betaN-fragment) recovered
from conditioned media after immuno-precipitation using antibodies specific for
different APP regions indicated that memapsin 2 cleaved APP.

20 Cells expressing both APP and M2 produced the 97 kD APP beta N-
fragment (from the N-terminus to the beta-secretase site) in the conditioned media
and the 12 kD betaC-fragment (from the beta-secretase site to the C-terminus) in the
cell lystate. Controls transfected with APP alone produced little detectable betaN-
fragment and no beta C-fragment. Bafilomycin A1, which is known to raise the

25 intra-vesicle pH of lysosomes/endosomes and has been shown to inhibit APP
cleavage by beta-secretase (Knops, J. ef al., J. Biol. Chem. 270: 2419-2422 (1995),
the teachings of which are incorporated herein in its entirety), abolished the
production of both APP fragments beta N- and beta C- in co-transfected cells. Cells
transfected with Swedish APP alone did not produce the beta C-fragment band in the

30 cell lysate but the co-transfection of Swedish APP and M2 did. This Swedish beta
C-fragment band is more intense than that of wild-type APP. A 97-kD beta N-band
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02/ US3s9- L P%iHﬁ&%/tégég&j for efichéyVinShhibitag shevaemapsial yzed by the Voyager
Dat a Expl orer nodule to obtain ion intensity data for nass species of
.interest. Raradonr Seyuertce I~il:ibitor Library The random sequence
inhibitor library was basig, on t.he ggﬁfncet of OMP95 2 with random am no
acids (1ess dyateiMeshogdso ?@Bg?‘féné SAPMONs Pz, P3, Pz' and P3'.

Di i sostere Leu™Al %%%itﬁ%@aﬁ%@%&&i iAYAE @RRIsfiyeng M@atnicun and/ooprewdndibe of sost er e)
was used in the syn hesis to fix the positions P, and P,'. Peptides re
synt hesi zed bxlzBeiiedstdideesapmgtconditiopsasheniited therendth, Al as&lavatef 19 on the
resin beads. By using the “split-synthesis' procedure (Lamet al., 1991 ),
each of the resin beads contained only 10 one sequence while the sequence
differed frombead to bead. The overall library sequence was: G y-Xx |

- Xx2- Leu* Al a- Xx3- Xx4- Phe- Arg-Met-d y-d y-[Resin bead] P,, P3 Pz P ~ P ~

Pz' P3. P4.



(SEQ >D NO 67) 15 where Xxn residues (where n represents either 1, 2, 3,
or 4) are random zed at each position with 19 am no acids. A shorter

ver si on wb dejossspepti des, starting at Pz' (sequence: PCT/US01/50826

Xx3- Xx4- Phe- Arg-Met-A@ y-A y-[Resin bead] SEQ )D NO GS), was al so present
in each bead with a ratio to the | onger sequence at about 7:3. Wthout

i sostere, the short sequence woul d r¥t bind memapsin 2 with significant
strength but 20 its presence was convenient for identifying the residues at
by automated Edman degradation. The residues are identified fromthe
random zed mffé%%ék/%% aftfind &didl pymidemtbamageyrodestfand the Sccamlaiigawé&el, from t he
| ong sequence: y XxI Xx2 Leu Sequence 2, fromthe short sequence: Xx3 Xx4
. Phe Arg 25 Thptidessiagryeiond pleduexx3 and Xx2 had no anbiguity since they are
the only unknown residue at cycle 1 and 3 respectively. Am no acids XxlI and
Xx4 were assigned fromtheir relative anounts. The presence of a nethionine
-woul d permt the ;NBl Gt eR¥age follow by peptide identified by M5/ M. WO
02/ 0S3S9-4 -54 Problrng of the Rarrdom Sequence ibrar.}t ng-éiu 01/ S0821 About
130, 000 i ndi vi dudthelbebtsite @pkags ean based s reagpRis 597 PRETIFHBI UPINEILt i mated to
be contained in 1,1 nm of settled beads ; A (50 MM Na
acetate, 0. YRR DA ‘?PTﬁﬁilng.aﬁgwsuarlgjafpr %@B%%{ %g%@?%{e?m?u%??ﬁl @E/SA, pH 5
3.5; filtered ' inl bEdeseribdadn Biepdianipbese Theaklabitom agdo BSA i n
buffer A foﬁj%ilwﬁgtgbﬂl%g?ﬁ{eﬁgm%dgh%speci fic bindi ity nsed tvice with
the same buffugified Rearbinamamzymerap bi nsel IM§YGGEIEI€9F§U>SF HAVIBES BT to 4 nM
and incubated with the library f 1l h, (@ single stringency wash was

per f or ned vwge@wqaﬁwpr.m@doé?‘?elgnvﬁfzﬁ‘a%“iftsi Wt ate isosteric inhibitor OVD9-2
in buffer B (50 nM Na acetate, 0.1 10 Triton X-100, 0.02% Na azide, 1 ng/m
BSA, pH 5.5; filtered with 5 mcron filter), followed by two additional
washes with buf f eThdiapeatit &ised ng no OW9-2. Affinitypurified | gG specific

for reconbi nant memapsin 2 was diluted,. |00 fold,i f.fe i ncubat ed
30 min wibh the |Rmoarbynanthvmmnﬁam?ﬂ?ée°?%a§%%§“bv§ng?‘%%¥}&’f Sr%e‘g{ég"é
affinity-purjfj i tr i A%y SéHeaiAHe (£ omb peessivgsstedi | uted into
buffer B 15 %Wﬁ%?\ I (%Iag\g(??c? pgl#@?%g mn, w tlh th_?_ee subsequent washes.
A singl e tabl@het ofhigakh prsphitnp Bdth pesenibs reatl @respolip2NBTINt@Ed! di ssol ved
in 10 M water and 1 ml_ apE‘I‘i ed to the Beads and incuba}uecgll én&esgﬁ@ﬁs wer e
resuspended inembraRreeinb.ukley;4TE BTICRSSHA DY PrAlefie S AKAST A "IN PO B di ssect i ng
m croscope. Darkly-stain 200 R0 prb&ted, predenlinl Gallsa

i sol ated, st P%B’@gsqqﬁe%eﬁoﬁg‘%q'?'girl&%%eﬁ,%3020 Fgest al ngd i nlDIVF. The
sequence jdet gidtbinah haerodfmédCapapa s weriok dheined7320% 928); Ahpnakagn et

Bi osystem Protei n Sequencer at the Ml ecul ar Bial oqy,. Ir r on
carrpﬁs and thé,]@ﬂﬁolaigi. %s-zﬁeﬂ%&(l\%?quﬁﬂ?i&%&S%#%LE@?@S@&%Q? "HPLC.
Determi nati o L netkoy g%ﬁf%%geﬁ%ﬁ%{Bﬁtéﬂ Heedih tn DRIrANEERY)S whith.is staltlek ~~"

of
usi ng si ngl eﬂ}fe‘fﬂoﬁ S8ubstrate, 25 against free inhibitors, were
det ermi ned ag.|gfzab idkeshpabeyed pMadsilinh Uhpliongssaf preMdimsiare quislly g t o
emapsin 2 The crystal structure of OW9-2_in C Wi.th psi was
used as the idagraded (Trhﬁdéﬂtan@)fvlr,e’sétﬂltcﬂffd’-3@%&%@%!‘@@’&8@66@@’?‘ebgf)éced
with that__of QMO i chai.n i hYeE Bicipouatd hersaliect ed
froma ro%%né?’qn'r g?%ﬁ?r%%mg%)p%ée Cg@{b’fs?:ftg?ito%gﬂi&nto tﬁeh)gi_ndi ng; pcl)ckets in
terms of the @ansBRagedIiinkesvactiaopreseni MR @HOBIBEHRCIISED bEB21 - 55

Energy mnimzation Was then carried out with the CNS {%Igl?)r a%rla.usgor}ge Engh
and Huber enecgytapamdnet ioriem(ciaayes thRamyloid Brecriser Profu: RN AR angl e

paranmeters for X-ray .structure refinenent, i mn: : :  tode4- 400
(1991)). Ca 49’6‘]’1%‘0&?(“[%@' S%C‘\ﬁ?‘t‘ﬂ"’é‘ %f%[%dgﬁ&ﬁ%l%ﬁgﬁ%ﬁ?sh%% t_aongst r ons
from the inhibi.tor B wexBhsHREe@ischs® (RRTETB Csek Setkioaj 198 tiriterghinge of
.mnimzation prJocess. Resul'ts Deterrr:irration of substrate. sjde-chain

pref er ences i rvghioiz areEpirporated hbregi indts eNHeetYu Hélﬁraﬁttl\élt)wfé?r?se&fh"ﬁb?ﬁf%? n 2
acconunodat es ei ght sub-sites f he si de chai - { he crystal
_structure. A%lbmeéﬂ@%%reﬁl‘m‘s‘?fg@?&ﬂ%ehsg‘rsgqsgr gﬁ%e‘ﬁ%ﬁ%?%%ﬁ by cl assi cal
enzyne kinetics for L. SUh: S f efe, 2h HektioaqufiAP42tgeptide is

det er mi nat i on‘%&?“i%%ﬂg)’%tl 1?1;{9% Sirzn id\}ripéletgjgg{m‘é?-lew and Km val ues,ﬁaa t edi ous task
so far not atj,akRAADePtroapsr @apaNtdiee JrloB &AL, the topchurpssiediigh &Fty. The
sub-site preference is, however, . defiged \t'i)a/ t he r.el ateh'\fﬁ‘: ‘ggge%%%tdl c
ef ficiency, kingorbrratedherginan vy eriigRe} r3pee WP HTAPLrSERY M7 4888 hAi ns, whi ch
may be determined fromthe relative initial 15 hydrolysis rates of defined
m xtures of substrates (Fersht, A Enzyne Structure and Mechanism 2"d Ed.,
Freeman, New York, (1985), the teachings of which are incorporated herein
in their entirety). This nethod has been successfully used to analyze the
specificity of other aspartic protcases (Kassel et al., 1995; Koel sch et

NN PN PN - e I o




herein in their entirety) and pertinently, to determne relative anount of
A(3 40 and A(3 42 fromcell culture (Davies et al., "The structure and

f unct i onwofooReseasparti c 30 protei nases" in: Annu Rev Bi dHyESBISehy s
Chem 19: 189-215 (1990), the teachings of which are incorporated herein in
their entirety). Advantages of MALD -TOF/ M5 WO 02/11 S359~

PCT/ 11501/ a(1821 -56 for this method2l-nclude its sensitivity and rapid
acqusition of data. Linearity of ion intensity data with m xtures of
product and substrate produced excellent correlation, was consistent for
each subst r@ﬁﬁ‘ckl tidfofs¥dd! heerodiiflericstotenilth mostbemresponsible foatbeor. 1 niti al
rates of hydro js’]is for each peptide in each mxture were sugse%ue tly 5

. det erni ned usiuigulatidsofiepédtadiRgté Adzhemarirediseapsyi Theprorespiag ogpEesentiin

proportional to their relative catalytic.effigcienci ~ - ersht,
1985). The rb@'Ira@’hwr@”c%tW@Piﬁ‘?né’a@feftl’%PéﬂE?té‘g‘ ﬁﬁmﬂgﬁﬁeérgﬁ’lﬁéﬁréﬁig sub-site
. positions of the s trate.ar re L Rl SN hiblde §Rt Erosdestise confirm
previ ous obJEPEEES n@ZI?EH‘Qter 88‘%‘8&& qﬁ%ﬁgfgm s%b-nsi te of memapsin 2 is
absol utely S§i5ddsantbardd AR et fohicaszitielibeithopef feveldpdrg or iew dlnt r al

P.")

sub-sites (P, and P, are nore stringent than the outside sub;sit.es (P4
and P4'). ThirsgiessiomoteAiztieinte swissaseachisanedigied EYQFHQSEIO&Péf‘L@?-t Bee

non- preferred residye ba roun a r AIPPER nesi dues.
The | ack of_rﬁtimﬁi?ﬁg‘é%f?a)g%s ‘%}? & tﬁ? g%\%ﬁk@‘écﬁ%g@?’ p?ﬁ‘éé‘@oggg-si té?wg%éj The P
si de, eSpeCl%{té ineprar 3o ﬁ?%eﬁ&tMQ]£JﬁMWr ounds are relatively high.

The 15 poor ngercr es o ese two sub-sites is consistent with the
observation that the P3' and P4'" side chains of OW9-2 do not significantly

interact with the enzyne in the the crystal structure. Sub-site P4 favors
G u over G n whi CBMMMMM@H Asp. P4-Gu of OW9-2 fits
wel | in $S4 pocket with.multinle L oNSered BRIy Slbg trjeionf CRAI cat al ytic
efficiendy from saﬁn‘%{"?‘fbdtﬂr%‘hm()&pfﬁg@ﬁ‘ﬁ%hth A n magll be’ dte to the loss of
charge i nt er ahinrafbn Ropréfepted cAREMativdl}y oty I@sndattbnacgBbe UEHEOF ur t her

decrease of catalytic efficiency fromsybstijtution,of P4-d i IS
i kely due t delives) bbpemseans mupesahgTiHERETIE s TG it kB0 P3,

an lle is nor ref erabl e it.h | L ENRRA Ry ackBhableafiee. t0 a better
fitting in tﬁ@“g‘éﬁ\ﬂﬁgﬁrbﬁ%@f@%ﬁoc t}é?.ﬁh%@al nhi bi T or gi de claain preference
determr:ed i’é%a@eﬁﬁﬁp@,d’ﬂﬂél@ral'tea{nokainhballiqsefhiéleé ubths atte The @PRIOBH 216 CRBHT

i nhi bitor binding was al so studi ed. A conbi

gaqtori al .li 2@% oft.C i

appr oxi matsel will tdioally®s seietedbased onihs BrLe PSAAMHSHAIY 6 THIBRAFS was

synt hesi zed and probed w {h. psLn SRONRAGSE agimitidid | brary
was taken frSWW“EP‘WEE"%Oﬁgﬁﬂgg’rﬁzg@qu%)@dl?@ desi gnatnéls 30 i sost ere
hydr oxyet hyl %g‘ﬁ‘)‘s ahtﬂnﬂmrﬁ&omexﬂ%nahﬁae@sieﬁ, P2, Pz', and P3' (bol df ace)
wer e random z Wth all am’™no acids except . cys'gfﬁi ne. were keep

P, and P '
constant due  WOROEardtvds SorparOirySAniseEse - ’E“_b“‘ftFPé‘Oﬁgbé’ IECHATA T 1
library synthesi %%%Fgg‘?%gg@ 1‘4‘({’%}2%@%{15 { ARG Li6fkrisnS S erdulsidiep the

library si ze R ormat1 on on those outside sub-sites

are |ess gfi tﬁxgﬁ{ 1<t nbhB.qE&sk 86lveiits Sreairbeyerientiydol tpolysthyMnealycohhanci ng
memapsi n bin |r§)g selectivity to the Iibrary%ab

, ( > | y washi n% W QE/ uke%
sol utions, thegkabieails swhrsmdive o, ©)d insadslepEgaNREsETs SIS UM PIS8Ey r ai sed

to nmemapsin 2 and an al kalin ophat ase. j ghdorant i body.
About 65 frorAgiseus Cz}rS’Br,Smu%e‘ggggﬁg?@a}Céﬁlﬁggé%g‘@gg?’%ggnﬂs observed under

the light m LG5 REs i{{éleciihg@meta% s asiRraBacdin ORrditred el vehidesel v

st ai ned beads re déterm néd by automated Edman sequenc@gﬁa&lﬁedzy A

cl ear consensigsludé sédiemfcbloride aokition,Ritzes's sexiresgsdexiropopl WeE Bbser ved

to be ELDLAVEF (SEQ ~ NO 70).. The clear ' hid Meribgads and

the lack 8f d@ﬁg@ﬁ%}ggqfﬁ, (Hetoﬁz@ffiio\l}é' Hﬁ'&&%m(’% gg‘ﬁglggyﬁlsdggg@?féﬂtlhencontenti on

that the rremalgﬁieﬁiSéemdtg@éeﬁgl)&@raweﬁisﬁéﬁs%ﬁlcﬁaqthmebsse'dmtRiegdr'sIdleatrr%e)-Al so,
nhi

the consensus I'tor sequerice agree well with the results obtlai ned from
‘the substrate studFemulations for bipicat (nciydiye-applietion i PHeSAISHERF IS  uence 1

S ELDL* AV EF (SEQ >D NO: 71 ). was nt [ . WSk H8gh cribed
above. The K; thefmauii, §UmpRAR} ’t‘%ﬁ%" ‘b"r%‘%?ié‘ rfgglgé&gﬂ’ﬁﬁm%& ea‘r"l“? fi veéiisc?n d

| ower than the K 2 , Rl dd 5bovdd82Bormbfatibabl e 2.
Sel ection of EO(SIPEHQ’ICCO egsi(%rg Ss’y%fpg%f\%%g’gﬁiagsom@gonbi natorial Ii rary 5 10

| DP3P2P2' B}y SEfRthdse applications are known. For example, a number of pulmonary formulation

NO 721LeuAsVal A u732Leud uVal G u743LeuAsVal G u754LeuAsVal G u765LeuAsVal G n7
761 1 eAsAl ad n7871 1 eAsVal Tyr 798Leud uV

al A n809LeuPheVal A u8110Phe/ | | eSer Val Phe/ | | eB2Ne 1PheMet AsnAr g83Ne

2AsPheSer 15 Library tenpl ate:
QG v-Pj-Pz-Leu*Al a- PZ' - P3' - Phe- Arg-Met-A@ y-A@ y-Resin (SEQ I D NGS: 72-83)



Bidig of OMIO-3 in tl:e active site of nmemapsin 2 Conpari sons between the
crystal structure of OMB9-2 and the nol ecul ar nodel of OMOOO-1 reveal

i mpr ovedwionhjobiswer binding of the later to nmemapsin 2. 20°GRUYdAPR6ed to
OMD9-2, the | arger hydrophobic side chains at P3 atld PZ subsites for
OMDO-3 are better accommodated by the enzyme subsite through inproved van
der Waal interactions. Anong these a?&% six significant new interactions:
P3-Lew of inhibitor with Leu and Ay of the enzyne and P,'-Val with Val,
Tyr, Ile and Tyr. In addition, the nodel shows that replacenent of Asn by
Asp at the Bz PQshlbRbpés, %{]&dﬂ?@‘sﬁﬁgsmh&ld@gm@fomlate dpavetse bavieg REESICS he
side chain atoms CDL and CD2 of PZ Asp and that of NE and.WNHI &Héég 23S.

. The i nt er - atwith an adiodyzanpesdigiheteheidetween Ong AMd s TUprans; CRNsIsYng 0L CrE 3%
angstroms respectively. These .char i i ons w0 02/ 05359 -59

PCT/ USOL/ 508‘2‘!’3‘&1}?8’&?&6’%‘?%%1 p?}mﬁrezrgﬁ/folrrg&é&%%g{r'gi es of binding than that of

. Pz- Asn | n OVB9- 2.Co];%ﬁogpﬁ,gBl\épghnsihfsumdnriﬂdludéi;fomlexsrmcg@nblei,mﬂn&mé bi ndi ng
of two inhibitors are consistent with the 4.5 foLd decr aseglllirf( K'rSvaI ues
from OVD95 2 dr oliHa-iBwafEpotreneagaéars Media, ¢APPHES BAChES-QALAT Y OY“AE > nenapsi n

2 inhibitors nmust 5 penetrate_the.Dbl ood-brain ' déddpeonsequent |y,
nust be smalflavprngs diluepts, ‘ﬂ%{f’tdbsrﬁ’gr)sl.ng,&hsg%gﬁ?%{élsa?%e I nhi bitor such as
OMDO-3, is 917 daﬁeﬁ)ﬂﬂé&" s AL HRA Herti intaMoshCaimibistepaisisgneitimadicntcdlsner
sub-sites, perhaps'spanning only 4 or 5 subsites, Information dgscrf bed
herein on sulceititde peief arteneaslditogsthaormgd by repeliqnivih IOFEH 35S HE"

t hree-di nensi onal structure of the sub-sites.can : Hodvhsic heiddesi gn
of these i nkﬁsﬁi}’dtﬂcbl.or%‘fﬁiph)é(ﬂ@?m@g? AY - HTE rilcs%éﬂﬁ@{l ?%gftaﬂtrkgocpo Desi gn

| nhi bi tors Fhar naceyt | RERERIARAE ofeafic Atide Eudly asgsrmaicecidpaceiclagid, ess

t han 8005§al %“@’flf ca 1?1{’ %@ﬂgége of rrémapsign 2 inhibitors, this requirenent
may even be ppRnftdcid)gBrblicadd lacticreidhepvicacid p&aliy arsd MYOHEAEr ate the
bl ood-brain.” I'n the current 15 nodel .. wel |l defin ' pikges at P4
to PZ' pr ovis:l@ci@u:fﬁcil%iﬂéﬂl‘?lcta@ﬁfp?“élt'gmépﬁégldf Or yﬁ&?“ﬁ%h‘éﬁ%aﬁée‘is?’é’%g? such drugs.
The spacial relatiopshi f . J ndivi hydrBRidRi foRdssiinligydrbraide, anttonganie

cor r espondi n§© %é?&gmﬁ%{%édééﬁl%qgg lyerveal e% in this crystal structure
permits the gasi ginek nit-,idihidlkyrand aryliemines snd pubstipiedsthaeldBIngHsi ti ons.
It is also possible to incorporate the unique conformati on of subsites PZ',
P3' and P4'" 20 into the selectivity of nmemapsin 2 inhibitors. The exanpl es
of inhibitor design based on the current crystal structure are given bel ow.
Exanpl e A3 Since a8 de chains of P3 Val and P, Leu are packed agai nst
each other and th%@'mig% RPefRRAVEcsdiy atdregpobavaeso! theendigipbishy i nking
these side chains would increase the bindin atrentﬁth of of -npénttpi‘stiﬁé)
nmenapsi n 2. ﬁbitsd,ibgtwﬁlmdbs@qm@ﬁﬂﬁfqﬂﬂs?ﬁd’%f 2% U ERYYRE, "t he crosst i nked
i nhi bitors ul d have, | ess ent,r i red ba tidd®tdrhares aod bound
forms than }Aﬁr@mseﬁﬁﬁ‘-W% ss-eY?r?‘llI?g X%s(%%@rtgg@?g (Rhan, AR, et al.,

Bi ocheni st ry g 3% baREARiIBeHBined! Persbieartiordigsy 4l whi dsteraine dpHRwRpor at ed
herein in their entirety). Possible structures of the cross |inked side
chai ns i nz0 udesdshsdesishoehodalogiesand depputigyaetanpl e B: The sane situation
exits between the P4 d u and P2 haDtrSduds il deSfrédurtést & shows
that these side c 1erq§s%gsé'mé§elsggiﬁ@gi$>}g%§gegw%on ed WD 02/ 05359, 1

PCT/ 11 S01/ S 'vﬁﬁé}?th-e@g}nbfbnesamh@mmapm 2trhalisteddisoldendre nievisedéenicchem woul d
al so derive binding benefit as described in A é’he Cross-| i nkbeég shipstures
i ncl ude t hosehshoterizédbyra dearease in Sxensh@ numbgy ebMyALd RS, P OhE 'EV5t al

structure, the P 1" Al g side chain may. b ibydr ophobi c,
Van der Waal $0amdedse HoHec P%ﬂ@ﬂgb’i%ﬁ%&hg%ﬁﬁégg%dﬁgﬁgé %P ag?}gﬂﬁglgesi gn is

di agranmed.in Fi | &n B sed borhdingiviuar gysicamyistla ent att ur e,
.the pol yp%%ti%@gég%kﬁrélﬁ?&?%%t hg ?ggi@on o? P1, P2, and P3, and the side
chain of Pl- Lgiy santehadibstichged into rings by the addition of two atons (A

and Bin Figure 4). Also, a nethyl.gro ca e peldnear bon of
.the P1-Leu (Fi gur eTlgpresapt W&PW‘?‘{‘SIIF%@’QHWJH\‘}%&]%E|gongtf@%&\{iﬁ% net hods and
mat erial s described her el il e & iQRYinOkS wag. t hose skilled in the art and
are intended \”E‘cggﬁcerbcgvi“?ﬁ?%e theescég@/of he appended claims. Wiile this

i nvention has been particularly shown and described with references to
preferred enbodi nents thereof, it will be understood by those skilled in 15
the art that various changes in formand details may be made therein

wi t hout departing fromthe scope of the invention enconpassed by the
appended cl ai ns. WO 112/0359.1

o0




-61 CLAIMS What is clainmed is: PCIT/USOL/~082G 1. An inhibitor of
catalytically active nemapsin 2 which binds to the active site of the
memapsi n'wd od@sismed by the presence of two catal ytic asparRGTEURIBEERPdues and
substrate binding cleft, the inhibitor having an Ki of |ess than or equal
to 10-~ M 2. The inhibitor of Claim1l, conprising an isostere of the
active site of nemapsin 2. 3. The iVWhitor of Claim2, conprising a

nol ecul e having the general form10 X- L4 P4 L3 P3 L2 P2 L1 P1 LOP1'-
LI'"- P2'- L2'- P 3 - L3 P4~_ L4~_ Y wherein PX represents the substrate
specif city [ ive to the cleavage site which is represented by
an -LO, an 9@4]%%%?%%2% the linking regions between each substrate

. specificity position, P X, and wherein LOis 15 a non-hydrol yzabl e bond and
Pl' is -RICR3_, wherein RL is a group snaller thap CH20 Si . i n of
serine), andilxamplléh.sfﬂttmlymﬁé‘ﬂ“%’ %WEFIL"?W'S&?@%&HW%gﬁ&ﬁf’g‘%@'}lﬁc}ﬁp. 4. The
.inhibitor of JaimJ] having a Ki of |less than or equal to 10-6 M 5. The

i nhi bi tor of ™M T having a Ki of less than or equal to 2 nM_ 20 6. The

i nhi bitor of O aimRe kY hdi@ séquihceadfroreisthe btraenptic depuaie sites Df WP was The
inhibitor of Claim1l having a root nean S%E%.re di ffeﬁegce fd§38,.than or
equal to 0. Setrmhimedimerdst Weestablifhthg sACRARRITREBIRTHE 1 SFAR'NE" 88 ds 28- 441
of SEQID NO 2. . 112/ - ] 16 dfs bnhi bi t or of
Caim1l whi d’iﬁef’iwé’%’e?r%é.’bﬁsé“‘%‘%’géﬁgn g‘llg\sﬁ"@%# agerl iﬁg?.a’qg? he T hi bitor of
Aaiml whi ?&éﬁemﬁeﬁtu;ﬁ%r@mo grbiconsocanlyred eleanages. WEhaproductowerthe
inhibitor o aim 1 which bl ocks cl eavage bg mamagsi n % (L}I(?d [P

physi ol ogi canalypettiising$BS-pplyacryieanide BelslecsopBeress apayeralpy Sn“zhlﬁ Ki of |ess
than or equal to 1Q-6 M 12.. A cO _ C ; consi sting
of MM - 005, W‘épang%f toNRpIeEHIFt Wﬁﬁgg%ﬁemf%g&%%%ﬁz%ﬁ%% i%37, MM - 039,

MM - 040, MY 3R onMYEH OFhds dek tMs-tdtted onté a PYDFPmembpmend
sel ect ed1 roo%ggﬁ%d'grojp cglr)lsi sting of M -012, M -0l7, MM.-018, MM -026,

MM - 037, MMEQi38andeMerddiigscivivhd oubfectasctoNieryrmal saquenge dRiGTRRNPEN A1 eat i ng a

atient to decrease the |jpkeljhood of devel opi t si on of
RI zhei mer' s }%}'P@éhg"él“%‘f?ﬁ'r:r f 'tcgﬂmafﬁe&t‘%'ﬁ%r?gmeg"%ﬁgsfgﬁ l-)]pslrhggi&%isdual an

effective a MRl QR eOfitciBABRS iemapsialzect ed from the group
consi sting O%W?Bis@‘?%% A 00T M 008, MM - 025, WM - 026,

MM - 037, MM - 039, In\tiitdAOhc Mdi AT -clia o DFeyiamiaswin argityo difierethe et hod of
Claim 14, wherein the inhibitor is adm nistered or?LI YeterzOneiBe ei@gt t hod
of O ai mli4, synthstie peptides WernrsH @p pubsiaier TMPmPSEL i “ABPR9P° A et hod of

determ ning the substrai.e side: Jo 3 ELEN&GEout By TRIBREVRe@pfdib- Si t es,
conpri si ng t‘ﬁtgers yzlf)@y%? g'?eg) L[ﬁgsécgr?i?dﬁlgng(vg Xture of femapsin 2 Is),_ubstrat es

Wi th nmemapsi feRiap@id in OMMQARLSBEStat PH LBLThiSURS thagdngpagdtdintieni ng t he

Pyl ol ySi &+ memBon! ThaimaryEaPoHS Werrneithes 18 il it sLvelll P Glboa o
Gaim 17, wherehn L% eqLetAt%La@Xadé’rQ bbidcted Rlcfeckidssi8Y Riatd dpRérometry for
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identified from peptide NCH-gamma. A single cleavage site was observed in
synthetic peptide PS1-gamma, whose sequence (LVNMAEGD) (SEQ ID NO: 10) is

derived from the beta-processing site of human presenilin 1 (Table 1).
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inhibitor drug for treating Alzheimer’s disease. Therefore, inhibitors were designed

30 to place a transition-state analogue isostere between Leu and Ala (shown as
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Leu*Ala, where * represents the transition-state isostere, -CH(OH)-CH,-) and the

subsite P4, P3, P2, P2', P3' and P4’ are filled with the beta-secretase site sequence of

the Swedish mutant from the beta-amyloid protein.

OM99-1:
OM99-2:

The Leu*Ala dipeptide isostere was synthesized as follows:

Val-Asn-Leu*Ala-Ala-Glu-Phe (SEQ ID NO: 20)
Glu-Val-Asn-Leu* Ala-Ala-Glu-Phe (SEQ ID NO: 21)

The Leu-Ala dipeptide isostere for the M,-inhibitor was prepared from L-

leucine. A bolded number in the following description, e.g. 2, 3, 4, etc, refers to the

respective numbered compound in synthesis schemes 1,2, and 3. The bolded
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(Scheme 1)
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number is also referred to herein as “compound”, e.g. compound 2, of the synthesis

scheme.
As shown in Scheme 1, L-leucine was protected as its BOC-derivative 2 by
treatment with BOC,O in the presence of 10% NaOH in diethyl ether for 12 h. Boc-
5 leucine 2 was then converted to Weinreb amide 3 by treatment with isobutyl

chcloroformate and N-methylpiperidine followed by treatment of the resulting mixed
anhydride with N,O-dimethylhydroxylamine (Nahm and Weinreb, Tetrahedron
Letters 1981, 32: 3815, the teachings of which are incorporated herein in their
entirety). Reduction of 3 with lithium aluminum hydride in diethyl ether provided

10 the aldehyde 4. Reaction of the aldehyde 4 with lithium propiolate derived from the
treatment of ethyl propiolate and lithium diisopropylamide afforded the acetylenic
alcohol 5 as an inseparable mixture of diastereomers (5.8:1) in 42% isolated yield
(Fray, Kaye and Kleinman, J. Org. Chem. 1986, 51: 4828-33, the teachings of which
are incorporated herein in their entirety). Catalytic hydrogenation of 5 over

15 Pd/BaSO, followed by acid-catalyzed lactonization of the resulting gamma-hydroxy
ester with a catalytic amount of acetic acid in toluene at reflux, furnished the
gamma-lactone 6 and 7 in 73% yield.

The isomers were separated by silica gel chromatography by using 40% ethyl

acetate in hexane as the eluent. Introduction of the methyl group at C-2 was

20 accomplished by stereoselective alkylation of 7 with methyl iodide (Scheme 2).
Thus, generation of the dianion of lactone 7 with lithium hexamethyldisilazide (2.2
equivalents) in tetrahydrofuran at -78°C (30 min) and alkylation with methyl iodide
(1.1 equivalents) for 30 min at -78°C, followed by quenching with propionic acid (5
equivalents), provided the desired alkylated lactone 8 (76% yield) along with a small

25  amount (less than 5%) of the corresponding epimer (Ghosh and Fidanze, 1998 J.
Org. Chem. 1998, 63, 6146-54, the teachings of which are incorporated herein in
their entirety). The epimeric cis-lactone was removed by column chromatography
over silica gel using a mixture (3:1) of ethyl acetate and hexane as the solvent
system. The stereochemical assignment of alkylated lactone 8 was made based on

30 extensive 'H-NMR NOE experiments. Aqueous lithium hydroxide promoted
hydrolysis of the lactone 8 followed
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by protection of the gamma-hydroxyl group with fert-butyldimethylsily! chloride in
the presence of imidazole and dimethylaminopyridine in dimethylformamide
afforded the acid 9 in 90% yield after standard work-up and chromatography.

Selective removal of the BOC-group was effected by treatment with trifluoroacetic
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(Scheme 2)

5 acid in dichloromethane at 0°C for 1 h. The resulting amine salt was then reacted
with commercial (Aldrich, Milwaukee) Fmoc-succinimide derivative in dioxane in
the presence of aqucous NaHCO, to provide the Fmoc-protected L*A isostere 101in
65% yicld after chromatography. Protected isostere 10 was utilized in the

preparation of a random sequence inhibitor library.
10 Experimental procedure

N-(tert-Butoxycarbonyl)-L-Leucine ( compound 2).
To the suspension of 10 g (76.2 mmol ) of L-leucine in 140 mL of diethyl
ether was added 80 mL of 10 % NaOH. After all solid dissolves, 20 mL (87.1
mmol) of BOC,0 was added to the reaction mixture. The resulting reaction mixture
15 was stirred at 23°C for 12 h. After this period, the layers were separated and the
aqueous layer was acidified to pH 1 by careful addition of 1 N aqueous HCl at 0 °C.

The resulting mixture was extracted with ethyl acetate (3 x 100 mL). The organic
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followed by isobutyl chloroformate (7.3 mL, 56.6 mmol). The resulting mixture was
15 stirred for 5 minutes at —20°C and the above solution of N,O-dimethythydroxyamine
was added to it. The reaction mixure was kept -20 °C for 30 minutes and then
warmed to 23°C. The reaction was quenched with water and the layers were
separated. The aqueous layer was extracted with dichloromethane (3 x 100 mL).
The combined organic layers were washed with 10% citric acid, saturated sodium
20 bicarbonate, and brine. The organic layer was dried over anhydrous Na,SO, and
concentrated under the reduced pressure. The residue was purified by flash silica gel
chromatography (25% ethyl acetate/hexane) to yield the title compound 3 (13.8 g,
97%) as a pale yellow oil. 'H NMR (400 MHz, CDCl;) & 5.06 (broad d, IH,J =9.1
Hz), 4.70 (m, 1H), 3.82 (s, 3H), 3.13 (s, 3H), 1.70 (m, 1H), 1.46-1.36 (m, 2H) 1.41

25 (s, 9H), 0.93 (dd, 6H,J =6.5, 14.2 Hz).

N-(tert-Butoxycarbonyl)-L-leucinal (compound 4).

To a stirred suspension of lithium aluminum hydride (770 mg, 20.3 mmol) in
dry diethyl ether (60 mL) at -40 °C under N, atmosphere, was added N-tert-
butyloxycarbonyl-L-leucine-N’-methoxy-N’-methylamide (5.05 g, 18.4 mmol) in
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10 2H), 1.44 (s, 9H), 1.49-1.39 (m, 1H), 0.96 (dd, 6H, T =2.7, 6.5 Hz).

Ethﬂ (48,55)-and (4R, 58)-5-[(tert-Butoxycarbonyl)amino] -4-hydroxy- 7-methyloct-
2-ynoate (compound 5).
To a stirred solution of diisopropylamine (1.1 mL, 7.9 mmol) in dry THF (60
mL) at 0°C under N, atmosphere, was added n-BuLi (1.6 M in hexane, 495mL, 7.9
15 mmol) dropwise. The resulting solution was stirred at 0°C for 5 min and then
warmed to 23°C and stirred for 15 min. The mixture was cooled to -78°C and ethyl
propiolate (801 pL) in THF (2 mL) was added dropwise over a period of 5 min. The
mixture was stirred for 30 min, after which N-Boc-L-leucinal 4 (1.55 g, 7.2 mmol)
in 8 mL of dry THF was added. The resulting mixture was stirred at -78°C for 1 h.
20  After this period, the reaction was quenched with acetic acid (5 mL) in THF (20
mL). The reaction mixure was warmed up to 23°C and brine solution was added.
The layers were separated and the organic layer was washed with saturated sodium
bicarbonate and dried over Na,SO,. Evaporation of the solvent under reduced
pressure provided a residue which was purified by flash silica gel chromatography
25 (15 % ethyl acetate / hexane) to afford a mixture (3:1) of acetylenic alcohols 5 (0.96
g, 42 %). 'H NMR (300 MHz, CDCl,) 8 4.64 (d, 1H, J.= 9.0 Hz), 4.44 (broad s,
1H), 4.18 (m, 2H ), 3.76 (m, 1H), 1.63 (m, 1H), 1.43-1.31 (m, 2H), 1.39 (s, 9H),
1.29-1.18 (m, 3H), 0.89 (m, 6H).
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& () 2.50 (1, 2H, ] = 7.8 Hz), 2.22-2.10 (m, 2H), 1.64-1.31 (m, 3H), 1.41 (s, 9H), 0.91
(dd, 6H,J = 2.2, 6.7 Hz); *C NMR (75 MHz, CDCl,) § 177.2, 156.0, 82.5, 79.8,

15 51.0,42.2,28,6,28.2,24.7,24.2,23.0,21.9.

(3R,58,1°S)-5-[1"-[(tert-Butoxycarbonyl)amino)] -3 -methylbut-yl]-3-methy!l
dihydrofuran-2(3H)-one (compound 8).
To a stirred solution of the lactone 7 (451.8 mg, 1.67 mmol) in dry THF (8
mlL) at -78°C under N, atmosphere, was added lithium hexamethyldisilazane (3.67
20 mL,1.0M in THF) over a pe'riod of 3 min. The resulting mixture was stirred at -
78°C for 30 min to generate the lithium enolate. After this pefiod, Mel (228 pL) was
added dropwise and the resulting mixture was stirred at —78°C for 20 min. The
reaction was quenched with saturated aqueous NH,Cl solution and was allowed to
warm to 23°C. The reaction mixture was concentrated under reduced pressure and
25  the residue was extracted with ethyl acetate (3 x 100 mL). The combined organic
layers were washed with brine and dried over anhydrous Na,SO,. Evaporation of the
solvent afforded a residue which was purified by silica gel chromatography (15 %
ethyl acetate / hexane) to furnish the alkylated lactone 8 (0.36 g, 76 %) as an
amorphous solid. 'H NMR (300 MHz, CDCl,) 8 4.43 (broad t, 1H, ] = 6.3 Hz), 4.33
30 (d, 1H,J =9.6 Hz), 3.78 (m, 1H), 2.62 (m, 1H), 2.35 (m, 1H), 1.86 (m, 1H), 1.63-
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with ethyl acetate (3 x 50 mL). The combined organic layers were washed with
brine, dried over Na,SO, and concentrated to yield the corresponding hydroxy acid
(330 mg) as a white foam. This hydroxy acid was used directly for the next reaction
without further purification.

15 To the above hydroxy acid (330 mg, 1.1 mmol) in anhydrous DMF was
added imidazole (1.59 g, 23.34 mmol) and tert-butyldimethylchlorosilane (1.76 g,
11.67 mmol). The resulting mixture was stirred at 23°C for 24 h. After this period,
MeOH (4 mL) was added and the mixture was stirred for 1 h. The mixure was
diluted with 25% citric acid (20 mL) and was extracted with ethy! acetate (3 x 20

20 mL). The combined extracts were washed with water, brine and dried over
anhydrous Na,SO,. Evaporation of the solvent gave a viscous oil which was purified
by flash chromatography over silica gel (35% ethyl acetate / hexane) to afford the
silyl protected acid 9 (0.44 g, 90 %). IR (neat) 3300-3000 (broad ), 2955, 2932,
2859, 1711 em™'; '"H NMR (400 MHz, DMSO-d®, 343 K) delta 6.20 (broad s, 1 H),

25  3.68 (m, 1H), 3.51 (broad s, 1H), 2.49-2.42 (m, 1H), 1.83 (t, 1H, J = 10.1 Hz), 1.56
(m, 1H), 1.37 (s, 9H), 1.28-1.12 (m, 3H), 1.08 (d, 3H,J = 7.1 Hz), 0.87 (d, 3H,J =
6.1 Hz) 0.86 (s, 9 H), 0.82 (d, 3H, J = 6.5 Hz), 0.084 (s, 3H), 0.052 (s, 3H).
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110% " & ( ) - 1 §/C. The residue was dissolved in cgloxane (3ml) a.nd(I\)r OCX (30 g}(l)n 5 mL of
10 H,O. To this solution was added Fmoc-succinimide (166.5 mg, 0.49 mmol) in 5 mL
of dioxane. The resulting mixture was stirred at 23°C for 8 h. The mixure was then
diluted with H,0 (5 mL) and acidified with 25% aqueous citric acid to pH 4. The
acidic solution was extracted with ethyl acetate (3 x 50 mL). The combined extracts
were washed with brine, dried over Na,SO, and concentrated under reduced pressure
15 to give a viscous oil residue. Purification of the residue by flash chromatography
over silica gel afforded the Fmoc-protected acid 10 (137 mg, 61%) asa white foam.
'H NMR (400 MHz, DMSO-d, 343 K) & 7.84(d,2H,J =7.4 Hz), 7.66 (d, 2H,J =
8 Hz), 7.39 (t, 2H, J = 7.4 Hz), 7.29 (m, 2H), 6.8 (s, 1H), 4.29-4.19 (m, 3H), 3.74-
3.59 (m, 2H), 2.49 (m, 1H), 1.88 (m, 1H), 1.58 (m, 1H), 1.31-1.17 (m, 3H), 1.10 (d,
20 3H,J =7.1 Hz), 0.88 (s, 9H), 0.82 (d, 6H,J = 6.2 Hz), 0.089 (s, 3 H), 0.057 (s, 3H).
The synthesis of OM99-1 and OM99-2 were accomplished using solid state
peptide synthesis procedure in which Leu*Ala was incorporated in the fourth step.

The synthesized inhibitors were purified by reverse phase HPLC and their structure

confirmed by mass spectrometry.

25 Example4: Design, Synthesis and Analysis of Additional Inhibitors.

Various substrate analogues other than OM99-1 and OM99-2 can be
similarly designed and synthesized. For example, sixty six additional inhibitor
analogues, MMI-001 to MMI -062, MMI-065, MMI-066, MMI-070 and MMI-071,
all of which resemble an isostere of the active site of memapsin 2, were designed.

30 The synthesis of the additional substrate analogues follows that for OM99-1 and
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Scheme 3: (a) EDC, HOBt, amine 11, iPr,NEt, DMF-CH,Cl, (1:1), 0 °C to 23 °C;
(b) nBu N, THF, 23 °C; (c) CFyCO,H, CH,Cl,, 23 °C;
(d) EDC, HOBY, acid, iPr,NEt, DMF-CH,C}, (1:1), 0°C to 23 °C.

As scheme 3 demonstrates, using a standard peptide coupling procedure,
valine derivative 11 was reacted with the dipeptide isostere 9 in the presence of N-

5 ethyl-N’-(dimethylaminopropyl)carbodiimide hydrochloride, triethylamine and 1-
hydroxybenzotriazole hydrate in a mixturec of DMF and CH,Cl, to afford the amide
derivative 12. Removal of the silyl protecting group by treatment with
tetrabutylammonium fluoride in THF afforded inhibitor 13 (MMI-001). Exposure of
13 to trifluoroacetic acid in CH,Cl, resulted in the removal of BOC group. Coupling

10  of the resulting amine with BOC-asparagine provided inhibitor 14 (MMI-011).
Treatment of 14 with trifluoroacetic acid and coupling of the resulting amine with

BOC-valine under standard conditions afforded inhibitor 16 (MMI-012). For the
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gl0% & ()-p gqlO%W & ()-p qlO%W & ()-p qlO% & () - pCOEFGH ~dJOuV70 gql0% & ()-p
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and the resulting amine was coupled with BOC-methionine to afford the inhibitor 15
(MMI-015). Removal of the BOC group of 16 and coupling of the resulting amine
with BOC-valine provided the inhibitor 17 (MMI-017).

5  Preparation of inhibitors MMI-001, MMI-011, MMI-012, MMI-015 and MMI-17:

Preparation of valine derivative (compound 11): N-Boc Valine (500 mg.

2.30 mmol) and benzylamine (0.50 mL, 4.60 mmol) were dissolved in CH,Cl, (20
mL) and DMF (2 mL). To this solution, HOBt (373 mg, 2.76 mmol) and EDC (529
mg, 2.76 mmol), and diisopropylethylamine (2.4 mL, 13.80 mmol) were added

10 successively at 0°C. After the addition, the reaction mixture was allowed to warm
up to 23°C and stirred overnight. The mixture was poured into sat. NaHCO; (aq).
The resultant mixture was extracted with 30% EtOAc/hexane. The organic layer
was washed with brine and dried over Na,SO,. Evaporation of the solvent under the
reduced pressure gave a residue which was purified by flash column chromatography

15 (30% EtOAc/hexane) to give 442 mg (63%) of coupling product. The resulting
amine was dissolved in CH,Cl, (20 mL). TFA (4 mL) was then added at room
temperature. The reaction mixture was stirred for 0.5 hr. and it was concentrated
under the reduced pressure. The amine 11 was obtained quantitative yield. 'H NMR
(500 MHz, CDCI,) 0.87 (3H, d, /= 6.9 Hz), 1.02°(3H, d, /= 6.9 Hz), 2.00 (2H, br

20 s),2.37 (1H, m), 3.36 (1H, br s), 4.43-4.52 (2H, m), 7.27-7.37 (5H, m), 7.70 (1H, br

S).

Preparation of amide derivative (compound 12): Dipeptide isostere 9 (41
mg. 0.10 mmol) and amine 11 (41 mg. 0.20 mmol) were dissolved in DMF (2.0
mL). To this solution, HOBt (20 mg, 0.15 mmol) and EDC (29 mg, 0.15 mmol),
25 and diisopropylethylamine (0.2 mL) were added successively at 0°C. After the
addition, the reaction mixture was allowed to warm up to 23°C and was stirred
overnight. The mixture was poured into sat. NaHCO, (aq). The mixture was

extracted with 30% EtOAc/hexane. The organic layer was washed with brine and
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dried over Na,SO,. Evaporation of the solvent under the reduced pressure gave a

residue which was purified by column chromatography (20% EtOAc/hexane) to give
55 md (95%) of amide 12. 'H NMR (500 MHz, CDCl;) 0.09 (3H, s), 0.10 (3H, s),
0.91 (9H, s), 0.92-0.98 (12H, m), 1.10 (3H, d, J/ = 6.7 Hz), 1.25 (1H, m), 1.44 (1H,

5 m), 1.46 (9H, s), 1.63 (1H, m), 1.74 (1H, br s), 1.80 (1H, m), 2.18 (1H, m), 2.56
(1H, m), 3.62-3.78 (2H, m), 4.13 (1H, m), 4.48-4.56 (3H, m), 6.35 (1H, br d, /= 8.5
Hz), 6.41 (1H, br s), 7.26-7.40 (SH, m).

Preparation of inhibitor MMI-001 (compound 13): To a solution of amide

12 (61 mg. 0.10 mmol) in THF (1.0 mLO was added TBAF (1.0 M in THF:0.3 mL,
10  0.30 mmol) at 23°C and it was stirred overnight. The reaction mixture was

concentrated under reduced pressure. The residue was purified by column

chromatography (40% EtOAc/hexane) to give MMI-001 (13, 41 mg, 83%). 'H

NMR (300 MHz, CDCI,) 0.88-0.98 (12H, m), 1.15 (3H, d, J = 6.9 Hz), 1.40-1.80

(5H, m), 1.43 (9H, s), 2.10 (1H, m), 2.60 (1H, m), 3.40-3.60 (2H, m), 4.00 (1H, m),
15 4.20-4.45 (3H, m), 4.70 (1H, m), 708-718 (5H, m).

Preparation of inhibitor MMI-011 (compound 14): To a solution of 13 (44
mg, 0.089 mmol) in CH,Cl, (1 mL) was added TFA (0.2 ml) at 23°C. After 0.5 hr,
the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in DMF (4 mL). To this solution, N-Boc-asparagine (41 mg, 0.18 mmol),

20 HOBt (24 mg, 0.18 mmol) and EDC (34 mg 0.18 mmol), and diisopropylethylamine
(0.2 mL) were added successively at 0°C. After the addition, the raction mixture was
allowed to warm up to 23°C and was stirred overnight. The mixture was poured into
sat. NaHCO, (aq). The mixture was extracted with EtOAc. The organic layer was
washed with brine and dried over Na,SO,. Evaporation of the solvent under the

25 reduced pressure gave a residue which was purified by column chromatography (4%
MeOH/EtOAc) to give 12.5 mg (23%) of MMI-011 (14). 'H NMR (500 MHz,
CD,0D) 0.85-1.00 (12H, m), 1.10 (3H, d, J = 6.7 Hz), 1.20-1.50 (5H, m), 1.45 (9H,
s), 1.60 (1H, m), 1.75 (1H, m), 2.05 (1H, m), 2.50-2.70 (3H, m), 3.45 (1H, m), 3.75
(1H, m), 4.10 (1H, m), 4.30-4.40 (3H, m), 7.20-7.30 (5H, m).
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Preparation of inhibitor MMI1-015 (compound 15): To a solution of

compound 13 (64 mg. 0.13 mmol) in CH,CI, (4 mL) was added TFA (1 ml) at 23°C.

After 0.5 hr, the reaction mixture was concentrated under reduced pressure. The

residue was dissolved in DMF (4 mL). To this solution, N-Boc-methionine (65 mg,

5 0.26 mmol), HOBt (35 mg. 0.26 mmol) and EDC (50 mg, 0.26 mmol), and

diisopropylethylamine (0.4 mL) were added successively at 0°C. After the addition,

the reaction mixture was allowed to warm up to 23°C and was stirred overnight. The

mixture was poured into sat. NaHCO3 (aq). The mixture was extracted with EtOAc.

The organic layer was washed with brine and dried over Na,SO,. Evaporation of the

10  solvent under the reduced pressure gave a residue which was purified by column

chromatography (80% EtOAc/hexane) to give 37.2 mg (46%) of MMI-015 (15). 'H

NMR (300 MHz, CD30D) 0.80-1.00 (12H, m), 1.50 (3H, d, J = 6.7 Hz), 1.20-2.10

(10H, m), 1.45 (9H, s), 2.10 (3H, s), 2.45-2.60 (2H, m), 2.70 (1H, m), 3.50 (1H, m),

3.90 (1H, m), 4.10-4.15 (2H, m), 4.30-4.42 (2H, m), 7.20-7.35 (SH, m).

15 Preparation of Inhibitor MMI-012 (compound 16). To a solution of 13 (8.4
mg, 0.014 mmol) in CH,CI, (1 mL) was added TFA (0.2 ml) at 23°C. After 0.5 hr,
the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in DMF (1 mL). To this solution, N-Boc-valine (6 mg, 0.028 mmol),
HOB (3.8 mg, 0.028 mmol) and EDC (5.3 mg. 0.028 mmol), and

20  diisopropylethylamine (0.2 mL) were added successively at 0°C. After the addition,
the reaction mixture was allowed to warm up to 23°C and was stirred overnight. The
mixture was poured into sat. NaHCO; (aq). The mixture was extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,. Evaporation of the
solvent under reduced pressure gave a residue which was purified by column

25 chromatography (4% MeOH/EtOAc) to give 2.1 mg (21%) of inhibitor MMI-012
(16). '"H NMR (400 MHz, CD,0D) 0.80-1.00 (18H, m), 1.05 (3H, d, /= 6.7 Hz),
1.10-1.50 (6H, m), 1.40 (9H, s), 1.55 (1H, m), 1.70 (1H, m), 2.00 (1H, m), 2.45-2.70
(3H, m), 3.45 (1H, m), 3.80-4.45 (6H, m), 7.15-7.30 (SH, m).
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qQl0% & ()-p q10(y’?‘$’eﬁr&ﬁwggpf/ﬁz%i{o)-ﬂMI-l 07 (compound 17): To a solution of 15

(14.5 mg, 0.023 mmol) in CH,Cl, (2 mL) was added TFA (0.5 ml) at 23°C. After
0.5 hr. the reaction mixture was concentrated under reduced pressure. The residue
was dissolved in DMF (2 mL). To this solution, N-Boc-valine (10 mg., 0.046
5 mmol), HOBt (6.2 mg, 0.046 mmol) and EDC (8.8 mg, 0.046 mmol), and

diisopropylethylamine (0.4 mL) were added successively at 0°C. After the addition,
the reaction mixture was allowed to warm up to 23°C and was stirred overnight. The
mixture was poured into sat. NaHCO, (aq). The mixture was extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,. Evaporation of the

10  solvent under the reduced pressure gave a residue which was purified by column
chromatography (EtOAc) to give 5.5 mg (33%) of MMI-017 (17). Rf=(10%
EtOAc/hexane); "H NMR (300 MHz, CD,0D) 0.80-1.00 (18H, m), 1.10 (3H, d, /=
6.7 Hz), 1.20-2.10 (11H, m), 1.43 (9H, s), 2.10 (3H, s), 2.40-2.60 (2H, m), 2.70 (1H,
m), 3.50 (1H, m), 3.80-3.95 (2H, m), 4.18 (1H, m), 4.30-4.50 (3H, m), 7.20-7.30

15 (5H, m).

Enzyme activity of the isosteres was measured as described above, but with

the addition of either OM99-1, OM99-2 or one of MMI-001 — MMI-062, MMI-065,
MMI-066, MMI-070 and MMI-071. OM99-1 inhibited recombinant memapsin with
a K; calculated as 3 x 10® M. The substrate used was a synthetic fluorogenic peptide

20 substrate. The inhibition of OM99-2 on recombinant memapsin 2 was measured
using the same fluorogenic substrate. The Ki value was determined to be 9.58 x 107
M.

The residues in P1 and P1' are very important since the M2 inhibitor must

penetrate the blood-brain barrier (BBB). The choice of Ala in P1' facilitates the

25 penetration of BBB. Analogues of Ala side chains will also work. For example, in
addition to the methyl side chain of Ala, substituted methyl groups and groups about
the same size like methyl or ethy! groups can be substituted for the Ala side chain.
Leu at P1 can also be substituted by groups of similar sizes or with substitutions on
Leu side chain. For penetrating the BBB, it is desirable to make the inhibitors

30 smaller. One can therefore use OM99-1 as a starting point and discard the outside

subsites P4, P3, P3' and P4' . The retained structure Asn-Leu*Ala-Ala is then further
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ql0% & () - p Q4R &ith)substitutions for a tight-binding M2 inhibitor which can also penetrate

the BBB.
The other substrate analogues, MMI-001 to MMI-071, were also tested for
enzyme inhibition. For example, the K| values for MMI-017, MMI-070 and MMI-

5 071 are comparable to that for OM99-2, indicating that they are also excellent
memapsin inhibitors. The K, value for MMI-012, MMI-01 8, MMI-026, or MMI-066
1s approximately one magrﬁtude higher than that for OM99-2, indicating that they
are competent candidates for memapsin inhibition. The K; value for each of the
additional substrate analogues and its corresponding chemical structure are listed in

10 Table 3.
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Example 5. Sub-site Specificity of Memapsin 2 (B-secretase)

The results obtained from OM99-2 demonstrate that by evoking all eight sub-
sites with OM99-2, a high inhibition potency (K; = 1.6 nM) can be achieved.
However, clinically useful memapsin 2 inhibitors must be small (i.e., typically less

5 than 500 - 700 daltons) in order to penetrate the blood-brain barrier to reach the
brain. Detailed information on sub-site specificity of memapsin 2 would provide a
better understanding for the design of small yet tight-binding inhibitors. The
complete sub-site preference of memapsin 2 has been determined based on results
from both substrate kinetics and the probing of random sequence inhibitor library.

10 Experimental Procedures
The Design of the Defined Substrate Mixtures

Peptide mixtures were synthesized to probe cach of 8 positions in the
template sequence EVNLAAEF (SEQ ID NO: 22), derived from the (B-secretase
cleavage site in APP and memapsin 2 inhibitor OM99-2 described above. For

15 characterization of each position, an equimolar mixture of 7 amino acid derivatives
were added in the appropriate cycle of solid phase synthesis (Research Genetics,
Invitrogen, Huntsville, Alabama) resulting in a mixture of 7 peptides, differing by 1

of 7 amino acids at a single position. To facilitate the rapid quantitation of substrates
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Y (tyrosine) EVNLYAEFWHDR |45
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Amino Acid Peptide Sequence SEQ ID NO.
Substrate mixture 1 | F (phenylalanine) RWHHEVNFAAEF 46

D (aspartic acid) RWHHEVNDAAEF | 47

S (serine) RWHHEVNSAAEF 48

T (threonine) RWHHEVNTAAEF | 49

I (isoleucine) RWHHEVNIAAEF | 50

E (glutamic acid) RWHHEVNEAAEF | 51

G (glycine) RWHHEVNGAAEF | 52
Substrate mixture 2 | F (phenylalanine) RWHHEVNFAAEF | 53

A (alanine) RWHHEVNAAAEF | 54

V (valine) RWHHEVNVAAEF {55

L (leucine) RWHHEVNLAAEF | 56

Q (glutamine) RWHHEVNQAAEF | 57

M (methionine) RWHHEVNMAAEF | 58

Y (tyrosine) RWHHEVNYAAEF | 59
Substrate mixture 3 | F (phenylalanine) RWHHEVNFAAEF 60

P (proline) RWHHEVNPAAEF | 61

N (asparagine) RWHHEVNNAAEF | 62

K (lysine) RWHHEVNKAAEF | 63

R (arginine) RWHHEVNRAAEF | 64

H (histidine) RWHHEVNHAAEF | 65

W (tryptophan) RWHHEVNWAAEF | 66

Initial Rate Determination by MALDI-TOF MS

Substrate mixtures were dissolved at 2 mg/ml in 10% glacial acetic acid, and

diluted into appropriate concentration of NaOH to obtain a mixture of substrates in

the uM range in sodium acetate at pH 4.1. Aliquots were equilibrated at 25 c,C, and

reactions were initiated by the addition of aliquots of memapsin 2. Aliquots (10 pl)

were removed at time intervals and combined with MALDI-TOF matrix (ot-

hydroxycinnamic acid in acetone, 20 mg/ml) and immediately spotted in duplicate

onto a stainless-steel MALDI sample plate. Samples were subjected to analysis by

using MALDI-TOF mass spectrometry device, operated at 20,000 accelerating volts

in positive mode with a 150 nsec delay, using a PE Biosystems Voyager DE

instrument at the Molecular Biology Resource Center on campus. Ions with a mass-

to-charge ratio (m/z) were detected in the range of 400 - 2000 amu (atomic mass
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Random Sequence Inhibitor Library
The random sequence inhibitor library was based on the sequence of OM99-
5 2 with random amino acids (less cysteine) at 4 subsite positions P,, Py, P,' and Py"
Diisostere Leu*Ala (* represents hydroxyethylene transition-state isostere) was used
in the synthesis to fix the positions P, and P,'. Peptides were synthesized by solid-
state peptide synthesis method and left attached on the resin beads. By using the
‘split-synthesis’ procedure (Lam et al., 1991), each of the resin beads contained only

10  one sequence while the sequence differed from bead to bead. The overall library

sequence was:
Gly-Xx1-Xx2-Leu*Ala-Xx3-Xx4-Phe-Arg-Met-Gly-Gly-[Resin bead]
p, P, P, P, P'P, Py Pf
(SEQ ID NO: 67)

15 where Xxn residues (where n represents either 1, 2, 3, or 4) are randomized at each
position with 19 amino acids. A shorter version of the peptides, starting at P,'
(sequence: Xx3-Xx4-Phe-Arg-Met-Gly-Gly-[Resin bead] SEQ ID NO: 68), was also
present in each bead with a ratio to the longer sequence at about 7:3. Without
isostere, the short sequence would not bind memapsin 2 with significant strength but

20  its presence was convenicent for identifying the residues at by automated Edman
degradation. The residues are identified from the randomized positions as follows:

Edman cycle # I 2 3 4
Sequence 1, from the long sequence: Gly Xx1 Xx2 Leu
Sequence 2, from the short sequence: ~ Xx3 Xx4 Phe Arg

25  The assignment of Xx3 and Xx2 had no ambiguity since they are the only unknown
residue at cycle 1 and 3 respectively. Amino acids Xx1 and Xx4 were assigned from
their relative amounts. The presence of a methionine would permit the CNBr

cleavage follow by peptide identified by MS/MS.
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Probing of the Random Sequence Library
About 130,000 individual beads representing one copy of the library,
estimated to be contained in 1.1 ml of settled beads, was hydrated in buffer A (50
mM Na acetate, 0.1% Triton X-100, 0.4 M urea, 0.02% Na azide, 1 mg/ml BSA, pH
5  3.5; filtered with a 5 micron filter). The beads were soaked in 3% BSA in buffer A
for 1 h to block the non-specific binding, and rinsed twice with the same buffer.
Recombinant memapsin 2 was diluted into buffer A to 4 nM and incubated with the
library for 1 h. A single stringency wash was performed which included 6.7 pM
transition-state isosteric inhibitor OM99-2 in buffer B (50 mM Na acetate, 0.1%

10 Triton X-100, 0.02% Na azide, 1 mg/ml BSA, pH 5.5; filtered with 5 micron filter),
followed by two additional washes with buffer B containing no OM99-2. A ffinity-
purified IgG specific for recombinant memapsin 2 was diluted 100 fold in buffer B
and incubated 30 min with the library. Following three washes with buffer B,
affinity-purified anti-goat-alkaline phosphatase conjugate was diluted into buffer B

15  (1:200) and incubated for 30 min, with three subsequent washes. A single tablet of
alkaline phosphatase substrate (BCIP/NBT) was dissolved in 10 ml water and 1 ml
applied to the beads and incubated 1 h. Beads were resuspended in 0.02% sodium
azide in water and examined under a dissecting microscope. Darkly-stained beads
were graded by sight, individually isolated, stripped in 8 M urea for 24 h, and

20 destained in DMF. The sequence determination of the beads were carried out in an
Applied Biosystem Protein Sequencer at the Molecular Biology Resource Center on

campus and the PTH-amino acids were quantified using reversed-phase HPLC.

Determination of Kinetic Parameters
The kinetic parameters, K., and k,,, using single peptide substrate, and K|

25  against free inhibitors, were determined as described above.

Model building of OM00-3 binding to memapsin 2

The crystal structure of OM99-2 in complex with memapsin 2 was used as
the initial model. Corresponding subsite residues were replaced with that of OMO00-
3. The side chain conformations were visually selected from a rotomer library for

30 the best fitting into the binding pockets in terms of the non-bonded interaction.
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Energy minimization was then carried out with the CNS program using Engh and
Huber energy parameters (Engh, R.A. and Huber “Accurate bond and angle
parameters for X-ray structure refinement” in: Acta Cryst. A47, 392-400 (1991)).
C,, atoms and the atoms with a distance of more than 5 angstroms from the inhibitor

were subject to harmonic restrains during the minimization process.

Results

Determination of substrate side-chain preference in memapsin 2 sub-sites
The substrate cleft of memapsin 2 accommodates eight sub-sites for the side

chains as shown in the crystal structure. A complete set of side-chain preference
analyzed by classical enzyme kinetics for all sub-sites of memapsin 2 would require
the determination of 160 pairs of individual k., and K, values, a tedious task so far
not attained for any aspartic protease with broad specificity. The sub-site preference
is, however, defined by the relative catalytic efficiency, k., /K., values of substrate
with different side chains, which may be determined from the relative initial
hydrolysis rates of defined mixtures of substrates (Fersht, A. Enzyme Structure and
Mechanism, 2™ Ed., Freeman, New York, (1985), the teachings of which are
incorporated herein in their entirety). This method has been successfully used to
analyze the specificity of other aspartic protcases (Kassel et al., 1995; Koelsch et al.,
2000, the teachings of which are incorporated herein in their entirety). The rate
determination was further simplified by the use of MALDI-TOF/MS ion intensities
for quantification of relative amounts of products and substrates. MALDI-TOF/MS
jon intensities have been used to quantify compounds from plasma and cell culture
(Sugiyama et al., “A quantitative analysis of serum sulfatide by matrix-assisted laser
desorption ionization time-of-flight mass spectrometry with delayed ion extraction”
in: Anal. Biochem. 274: 90-97 (1999); Wu et al., “An automated MALDI mass
spectrometry approach for optimizing cyclosporin extraction and quantitation” in:
Anal Chem. 69: 3767-71 (1997), the teachings of all of which are incorporated
herein in their entirety) and pertinently, to determine relative amount of A3 40 and
AP 42 from cell culture (Davies et al., “The structure and function of the aspartic
proteinases” in: Annu Rev Biophys Biophys Chem.19: 189-215 (1990), the teachings
of which are incorporated herein in their entirety). Advantages of MALDI-TOF/MS
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for this method include its sensitivity and rapid acqusition of data. Linearity of ion
intensity data with mixtures of product and substrate produced excellent correlation,
was consistent for each substrate in the mixture, and required no correction factor.
Initial rates of hydrolysis for each peptide in each mixture were subsequently
determined using this method. Ratios of these initial rates are proportional to their
relative catalytic efficiencies, &, /K, (Fersht, 1985).

The relative catalytic efficiencies of memapsin 2 for eight sub-site positions
of the substrate are presented in Figure 5. These results confirm previous
observations that none of the eight sub-site of memapsin 2 is absolutely stringent.
On both the P side and the P’ side, the central sub-sites (P, and P,") are more
stringent than the outside sub-sites (P, and P,"). This is in evidence when the
hydrolysis efficiency of the non-preferred residues (background) are compared to the
preferred residues. The lack of stringency is more pronounced for the 4 sub-sites on
the P’ side, especially for P,' and P, where the backgrounds are relatively high. The
poor stringencies of these two sub-sites is consistent with the observation that the Py’
and P, side chains of OM99-2 do not significantly interact with the enzyme in the
the crystal structure.

Sub-site P, favors Glu over Gln which, in turn, is favored over Asp. P,-Glu
of OM99-2 fits well in S4 pocket with multiple interactions. The reduction of
catalytic efficiency from substitution of P,-Glu with GIn may be due to the loss of
charge interaction of P, side chain with Arg?® and Arg*”’. The further decrease of
catalytic efficiency from substitution of P,-Glu with Asp is likely due to the absence
of the hydrogen bond to P,-Asn. For sub-site P3, an Ile is more preferable than Val
as in OM99-2. This is due to a better fitting in the S, hydrophobic pocket.

Inhibitor side chain preference determined from a combinatorial Library

The sub-site preference for inhibitor binding was also studied. A
combinatorial library of approximately 1.3 x 10° different inhibitors immobilized on
beads was synthesized and probed with memapsin 2. The base sequence of the
library was taken from OM99-2, EVNL*AAEF (SEQ ID NO: 69) (* designates
isostere hydroxyethylene), in which the sub-sites P;, P,, P,, and P;' (boldface) were

randomized with all amino acids except cysteine. P, and P,' were keep constant due
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to the use of L*A in library synthesis. P4 and P4' were not randomized in order to
keep the library size manageable. Also, the information on those outside sub-sites
are less critical for the design of smaller inhibitors. After enhancing memapsin 2
binding selectivity to the library by washing with urea solutions, the bound
5 memapsin 2 on beads was detected by antibody raised to memapsin 2 and an alkaline

phophatase conjugated secondary antibody. About 65 from about 130,000 beads
were intensely stained as observed under the light microscope. The inhibitor
sequences from the 10 most intensely stained beads were determined by automated
Edman sequencing (Table 2). A clear consensus at the four randomized positions

10  (boldface) was observed to be ELDLAVEF (SEQ ID NO: 70). The clear consensus
in positive beads and the lack of consensus in negative beads (Table 2) supports the
contention that the memapsin 2 was bound to preferred sequences in the library.
Also, the consensus inhibitor sequence agree well with the results obtained from the
substrate studies. An inhibitor, OM00-3, having the consensus sequence

15 ELDL*AVEF (SEQ ID NO: 71) was synthesized using the method described above.
The K, of this inhibitor proved to be 0.31 nM, nearly five fold lower than the K; of
OM99-2.



Y 10%CC& ()-% Y 10%0C& ()-% Y 10%CC& ()-% P8 YY Y 10%CC& ()-% Y

10%CC& ()-% Y 10%CC& ()-% Y 10%CC& () -% Y 10%CC& () - %K/ Y 109%CC& () - %r

Y 10%CC&VO)2M5IEIL0YCCE ()-% Y 10%CC& () -% Y 10%CC& () - % WCT/US01/50826
109%CC& ()-%/01>wh; Y 10 FHO810%h& ()- Y 10%CC& ()-9%Y Y 10%CC& () -%

10%0C& () - Y 10%0C& ()-%CKrtz|[:; Y
| .38

Table 2. Selection of potent competitors of OM99-2 from combinatorial library*

D P3 P2 p2' P3' SEQ ID NO.
72
1 Leu Asp Val Glu
73
2 Leu Glu Val Glu
74
5 3 Leu Asp Val Glu
75
4 Leu Asp Val Glu
76
5 Leu Asp Val Gln
77
6 Ile Asp Ala Gln
78
7 Ile Asp Val Tyr
79
10 8 Leu Glu Val Gin
80
9 Leu Phe Val Glu
81
10 Phe/lle Ser Val Phe/lle
82
Negl | Phe Met Asn Arg
83
Neg2 | Asp Phe Ser
15 “Library template:  Gly-Py-Py-Leu*Ala-P,"-P;’-Phe-Arg-Met-Gly-Gly-Resin

(SEQ ID NOS: 72-83)

Binding of OM00-3 in the active site of memapsin 2
Comparisons between the crystal structure of OM99-2 and the molecular
model of OM2000-1 reveal improved inhibitor binding of the later to memapsin 2.
20 As compared to OM99-2, the larger hydrophobic side chains at P, and P,’ subsites

for OMO00-3 are better accommodated by the enzyme subsite through improved van
der Waal interactions. Among these are six significant new interactions: Py-Lew of

inhibitor with Leu and Gly of the enzyme and P,’-Val with Val, Tyr, Ile and Tyr. In

addition, the model shows that replacement of Asn by Asp at the P, position

25 introduces three new salt bridges between the side chain atoms CD1 and CD2 of P,-

Asp and that of NE and NH1 of Arg-235. The inter-atomic distances of these salt

bridges are 3.6, 3.4 and 3.5 angstroms respectively. These charge interactions

Y
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sites. Information described herein on sub-site preferences together with the
information on the three-dimensional structure of the sub-sites can be used in the

10  design of these inhibitors.

Example 6: Using The Crystal Structure to Design Inhibitors

Pharmaceutically acceptable inhibitor drugs are normally less than 800
daltons. In the case of memapsin 2 inhibitors, this requirement may even be more
stringent due to the need for the drugs to penetrate the blood-brain. In the current

15 model, well defined subsite structures at P, to P,' provide sufficient template areas
for rational design of such drugs. The spacial relationships of individual inhibitor
side chain with the corresponding subsite of the enzyme as revealed in this crystal
structure permits the design of new inhibitor structures in each of these positions. It
is also possible to incorporate the unique conformation of subsites P,', P;' and P,

20 into the selectivity of memapsin 2 inhibitors. The examples of inhibitor design based
on the current crystal structure are given below.

Example A: Since the side chains of P; Val and P, Leu are packed against
each other and there is no enzyme structure between them, cross-linking these side
chains would increase the binding strength of inhibitor to memapsin 2. This is

25  because when binding to the enzyme, the cross-linked inhibitors would have less
entropy difference between the free and bound forms than their non-cross-linked
counterparts (Khan, A.R., et al., Biochemistry, 37: 16839 (1998), the teachings of
which are incorporated herein in their entirety). Possible structures of the cross-
linked side chains include those shown in Figure 1.

30 Example B: The same situation exits between the P4 Glu and P2 Asn. The

current crystal structure shows that these side chains are already hydrogen bonded
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Example C: Based on the current crystal structure, the P1' Ala side chain
may be extended to add new hydrophobic, Van der Waals and H-bond interactions.

5  An example of such a design is diagramed in Figure 3.

Example D: Based on the current crystal structure, the polypeptide
backbone in the region of P1, P2, and P3, and the side chain of P1-Leu can Be
bridged into rings by the addition of two atoms (A and B in Figure 4). Also, a
methyl group can be added to the beta-carbon of the P1-Leu (Figure 4).

10 Modifications and variations of the methods and materials described herein
will be obvious to those skilled in the art and are intended to come within the scope
of the appended claims.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in

15 the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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4. The inhibitor of Claim 1 having a X; of less than or equal to 10-6 M.
5. The inhibitor of Claim 1 having a K; of less than or equal to 2 nM.
20 6. The inhibitor of Claim 1 having a K; of less than or equal to 1 nM.
7. The inhibitor of Claim 1 having a root mean square difference of less than

or equal to 0.5 A for the side chain and backbone atoms for amino acids

28-441 of SEQID NO: 2.
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20 16. The method of Claim 14, wherein the inhibitor blocks cleavage of APP.

17. A method of determining the substrate side-chain preference in memapsin
2 sub-sites, comprising the steps of:

a) reacting a mixture of memapsin 2 substrates with memapsin 2; and



109% & ()- 9 4ASHI 10% & ()-& SHI 10% & ()-& 9 "10% & ()-M 9

"10% " & () - M4{stuvvU410 910% & ()- 99L10% & ()-10"10"10" 7 3710% & ()- 93
109% & ()W® BOITWE & ()- /7~|[:vU410 9 910% & ()-9 9y' 10% &IUS01508260% & () -
9S10% & ()- 9S10% & ()- 9110% & ()-b p|[:vU410 9 9&10% & ()- 9

O#10% & ()- / MI10%W& ()- 9s 10% & %—_ -yl GLO% & () -

9y10% & ()-Yp% [:-410"9 99<10% & ()-39 - 910% & ()- 95! 10% & () -

9S210% & ()- 91 (! 109®" & ()- 9l (110% & ()-bA410"9 9 9L10% & (11-10)9

fylO®W & ()- 9 yl1O% & ()- 4,9110% & () -.,9910% & ()-10"10"e5s| [ : "9,

9y100/2' & 8 9s 110% & ()5169‘5‘““%%‘@ {YP-Stgpr fg%ﬁg‘é? ??‘Pe‘}]?l’si%b@[b&' glermining

QU L0 () T|L: M10"S RIGAOIEL LB mislne b HO i)y

LI 10% & ()- 9&S10% & ()- 989NML0% & ()2 5<|[: A410"9 9831098 & () -

O@10% & ()- 9& f10% & (Jubs@@esy 109 & ()- 991 +10% & ()- 9)s10% & ()- N\vW410
9°10% & ()- 910% & ()- 9!&10% & ()- 99L10% & ()-10" 10" 10"

- B&7!109% & ()-mNLV] | [VU410 9°109% & ()- 9 9S110% & ()-9 9S 10%& ()-9
)S& 10%W & ()18 - HRMeHBd6F Claim'17; whedn th&ikidial ha!éi%lpzﬁ}é at¢ ﬁ%@@k@ﬂle&ﬂ c
“Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading SBTC_ ading 63]c
"Headi ng 73] c" " Heall vain83MALDHEHTME degie wWheteethaubn inRarsiigs &pim the

Font H$+4#>G P@X i Cs \ LV '/ 8BAgqJ OUX0ai ¥%suW} Ao/ g7u] . X

"$&(*, .02468: <>@B ﬂﬁ&?‘ﬁf@?&?@?&?% \%2&&@0&#9&0&%@@8{ r| ~+nbT

G ] _ abcdef ghi j kl =Zh e * : -
)=?$]A6Ef HL OQC%TXJ@ | %%%%‘é%%%%%ﬁ é}? E’?( ?’%?‘é“ 6%%%%‘5\8?@5}/’%?'6’%‘3
'/ Cl ai u$17PVn~1CP&buiAl¢ Ajbstt&es.**, . 2358;
: =>nCDI MWN&PRITV>YZ\ "a?dt fil ! ogs5vxyz{( | V}}J~~Wh, Tz4*w>10>9k5g0Z5Xz. Mn! ?I n
@\ ; Et eh9h/ 8DRZI r ! ' <ES_*>GR4psN] " #$9R ()*+,-./0123456789: ; .
<=>? @\BCDEF JKLMNOR(IRS, N I; b KL VWX ~6Ti mes
New RomanAr ing'muri er I{IeWﬁ%@@]ﬁh@&g%ﬁ%y&%%@mg%?&ww o ¥1%e{nla}p51§1
" #$9&' ()0 +, - ./ 0123U&MH7EES, comprising the steps of:

<=>?@\BCDEFCHI JKLMNOPOQRSTUW\KYZ[\ ] *_"abcdef ghi j kIl mopqgr st uvwxyz{| }~
| " HSUR' () *+, -. /012 M567 gyeparing a combinatorial library of memapsin 2 inhibitors

<=7 GABCOEFGH J KL MNOPORSTLNINCR oA S0 bl TARREHC ket |~
<=>7? @\BCDEFGH JKLMNOPQRIIMYWKYZ[ \ ] ~_" abcdef ghi j kIl mopqr st uvwxyz{|} ~
b) probing the library of inhibitors with memapsin 2 wherein the
15 memapsin 2 may bind one or a plurality of inhibitors to generate
one or a plurality of bound memapsin 2 ; and

c) detecting the bound memapsin 2 with an antibody raised to

memapsin 2 and an alkaline phosphatase conjugated secondary

antibody.
20
20. The method of Claim 19, wherein the inhibitors are immobilized on
beads.
21. The method of Claim 19, wherein the base sequence is EVNL*A AEF and
wherein the P3, Py, Po’, and P3’ sub-sites of memapsin 2 are randomized.
25 22, Use of an inhibitor of catalytically active memapsin 2 which binds to the

active site of the memapsin 2 defined by the presence of two catalytic

aspartic residues and substrate binding cleft, the inhibitor having an Kj of
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less than or equal to 10-7 M for the manufacture of a medicament for the

treatment of Alzheimer’s disease in a human.

23.  Use of an inhibitor of catalytically active memapsin 2 which binds to the
active site of the memapsin 2 defined by the presence of two catalytic
5 aspartic residues and substrate binding cleft, the inhibitor having an K; of
less than or equal to 10-7 M, wherein the inhibitor has a root mean square
difference of less than or equal to 0.5 A for the side chain and backbone
atoms for amino acids 18-379 of memapsin 2, for the manufacture of a

medicament for the treatment of Alzheimer’s disease in a human.

10 24.  Use of a compound selected from the group consisting of MMI-005,
MMI-012, MMI-017, MMI-018, MMI-025, MMI-026, MMI-037, MMI-039,
MMI-040, MMI-065, MMI-066, MMI-070 and MMI-071, for the
manufacture of 2 medicament for the treatment of Alzheimer’s disease in a

human.



