. uvwxe3et qt n6Tvr w - 0 5 DEC 2002 CYCLI C BOROPROLI NE COVPOUNDS Rel at ed
Application This application clains priority under Title 35 119(e), of
United States Provisional 5 Application No. G0/088,540, filed June 5, 1998,
and entitled "CYCLI C BOROPROLI NE COVMPOUNDS'. ' The Field &° BRk & enti on
This invention relates to substantially pure forns of cyclic boroProline
conpounds that bird, in cydiic BOROPROLINGIGOMPOUNIRG. The invention
also relates to nethods for using 10 these conpounds to stinulate the
activation and/or proliferation of CD26-bearing cells to nobilize

hemat opoi etic progenitor cells t | een ndt. eri phery. Background O The
| nvention CD26, a type || transnmngﬁ%@n, is expressed on the cell
surface of a gﬁaﬁ; I h et
al ., V\Advanacrlgtill hCQtE?n(C)(fqéllrrPrl %§y§h%g¥§é g?gi ng%ﬁglﬁ%ée%% gg@flsel?]%% cells
(Vi vber ,AgplicetioralNo, 607088, 540, fiddd Juhd B; HOUE; didler(titBOILY MICBOROPRIOIEANE J.

| mmmol  149: 3G/ 1992)) thynocytes (Dang, N.H et al., J. Inrnunol.
| 47: 2825 QBOUYNDY , Tanaka, T. et al., J. Inmunol. 149:481-486 ( 1992),

Darnmoul, D. et al. J. Biol. Qhemi.A: f.ﬁ n&%}%ﬂ(lQQZ)) i ntestinal brush

bor der rrenbr ane, endot hel i al and stromal cells. Cell

surface assocrag @1061@[62166[&565&0Sdllﬁke@ﬁhyﬁpﬁd’e%ﬂhd’bfd»ych&'lmeiolﬁE cbinpoli@ss on 20
the outside of the cell. CD26 has been best characterized on peripheral T
cel |'s wikatdind i eyedicioshiseardomn, Fo a0, ddstinvantian elsy relaign & medodsosaking

(Dol W copPafnds R3FmTER 833500 o ot SRR D2 6pEGie 2519 Tl

14r: 251411c(b1llz%glilen)atoﬁ\dléttcrzﬂgg&ﬁtm Eéth@TspﬁEn andplriphdry, | MUrn. . 25: 295- 297 (
1995), Haf | er I'nntinol - 142T2530- 259G ( 1989), Dang,

NH et al., J. inununol 14Badé E@- g(unilggguelrﬁmﬁo as al so been identified

in rodents as an i nporfant regul atory surface receptor _in hematopoiesis and
| ynphoi d devéi%%ﬁmﬁrPe(Wﬂ%membran%prOéﬁfm is gXpresfed AR M cell suvfacpot aqumber 1991

Gat . BBk A p logyios il el R TS RN PR S5

repdst edlly (i ®3nuehiedoictc tEles (Vegvt, atdtan, HTm3Rnbhyapayi-asactioy piBriviol, et
differentiation and maturation (Dang, N.H et al., J. Inrrnunol

147: 28281 283pnnebd49:p67 kbﬂ?@@kayyllmcy@ﬁ (Bang, Ndlowel 88 :Inwaooh 147:2825-88%) ) .

CD26 h t t.h t

e, B MR SRR b i e IOB Db Rl 0 PRV

wi th 1lg%79kbhagsat ®oPpeldstifhllotush! Bor@ér%@éfﬁ&aﬁ% kaddidiel dak, dbrepiisdas from
proteins if the penultimate amno acid is proline, or in sone cases al ani ne

(FI ei scheomaBeellki Qktlisstfade. asTamidtedc DG 14 86ialozBR4Poteid) vakltameostaff ifs ovaseohecul ar
$t synthetlc nonoperic nol ecules with high affinity for 5 CD26 have
pre oudhaPYsHdn ofb§&Edped and characterized (G R FI ent ke et al.

| nhi bi tion of- ﬁ’@gﬂgﬂ gﬁ/hes@%ﬂ @\?@% d%slﬁ%l k)}(ergtPPcél\Iwa? e ft 15 ef&g?ﬁ)ﬁgp?@nt‘ .

di peptides an ese It Itors to examne t
T-cel | fbitheilaony siBhilAS T d8ActBAtiod.SHSsurfifde €kP8dsigr is\Wp Gegurrtdrepdn Riell W W
Bachovchi n. Separation of L-Pro-DL-boroPro into Its Conponent Diastereoners

and Ki né¢iivatinnaPosg.R.Bf etpheCe!! PHRBDIOZi (6P 0 Toipetpt Washalpédtimael 1V. A New
147:2514 (1991), Mittrucker, H-W. et al., Eur. J. Immun. 25:295-297 (1995), Hafler, D.A. et

25 al,J. Immunol. 142:2590-2596 (1989), Dang, N.H. et al., J. Immunol. 144:409 (1990)). CD26
has also been identified in rodents as an important regulatory surface receptor in
hematopoiesis and lymphoid development (Vivier, L et al., J. Immunol. 147:447-454 (1991)).
The primary structure of CD26 is highly conserved between species (Ogata, S. et al., J. Biol.
Chem. 264:3596-3601 (1998)). In humans, CD26 reportedly is involved in tﬁe regulation of

30 thymocyte activation, differentiation and maturation (Dang, N.H. et al., J. Immunol.
147:2825-2832 (1991); Kameoka, J. et al., Blood 85:1132-1137 (1995)).

CD26 has an enzymatic activity that is identical to that of Dipeptidyl Peptidase IV
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.10 Method for the Analysis of Slow, Tight-Binding Inhibition, Biochenristyv
32, 8723-8731 ( 1993)). These nol ecul es have been shown to be potent and
specific synthetic inhibitors for CD26's associ ated DP | \. protei nase
activity. Representative nononeric strugtures of these 0°5 DEC 2002
transi tion-stat e-anal og-based i nhibitors, Xaa-boroPro, include Pro-boroPro,
Al a- bor gPPB;IWad sdhinke afsecosxopastidays wirth hedh substBae sfdcificly. MTedledves Notelfimatinal og
of proline in which the carboxylate group (COOH) is replaced with a boronyl
group [ Biropyidgs fippppresyinrf die penultinpae ampwrasifyis Pyoliwapbiatseme £asEs glanites e

i nhi bit . has i of ;1 i comal M (WG Gutheil and WW

Bachovc F%fsc%erpg'réf'f”ghd'o OG(@)IJESI@T(E%%{;EW into Its Conponent Diastereomners

and Kinetic AghyseSoRfmdibailir waBhiiyhtieic fonbhRAR idldduldsentt Kas affinyty Hr New
Met hod for the Analysis of Slow, Tight-Binding Inhibition, 20 Bi ochém stj, o

32, 872%I®r81ave pi®I3)s)y bagal developft andederastesiaed(iRg Ftentlesf € abi {nhibivibn bfa Ki
of 1.6 pM (W CGut heil a Baghoychin. Supra, R, J. w, .et.al.

St udi o5 PP IRBORIGAEL VAT Bes-HaroF i BER e 204 Vs aprie dgiofors
Pepti da ifd i f -C ' t<aj-ni : nd, ,I.
Fine, cnermigs SRl d I AOT TRy YA FSTLED RN B e

i nhi bi t @hshdl smdaWowt BitlidSchiol Gepmadopof BProDabotoReo imexits Desipokdnwn
inhibitors. 25 United States Patent Nos. 4,935,493 (Bachovchin' 493) and

5, 462, 92 EaeNEs AR Kingmednalyys af Hheindhintion of Piepiipd Papidnspdy eh Nayy
referen i sclos | g bid.ap: ransitjon st al-Qgs (the
050 pandibS B RS a 8F Sl okt i e I o Bl e h B2 AR RRE e
art hri ti(s0939y. Esé Hvldeuled Mede BetsAEWRE®BE potesildnt sPycifclEythdticanhiblorR ot ent
inhibitor of the catalytic activity of soluble amno peptidase activity of
di pept i &2Qrepsocatsd DEYYepotei@®Pagovityy; (G R Flentke, et al. Inhibition of
R i R N
(USA) 88;.,,] 15 ) . 013 PC A% 6P P d j,cation
WO 98/ 0§\Af§;[’%?ﬁ}%t Llﬁ\g/%llgee%t%gggr)r%éodrﬂg b?%r Cr%g;bl%ll%ﬁk%?’nga% cgdpcilgﬂrﬂg' aB%g@ljjges

Thei &of YefegpotlicsarfatuatofipnolagLiactscistle hiborylate grblp (COOH) iasplased with a
boroProl i net{pe CD2G i nhibitor exists as a slowy equilibrating mxture of

two confberarit BHB :[BéﬁatheBrOCbﬂiplFmstl}eumanf@rml@hghaée}qtmﬂeﬁpf Bege inhbitove
cbect cous SRIEAEHRLERBE IS LIGE] b PSP Seb Pt ORAADBIIE, ,

speci es ( nNATbreory °c 'specl .

whi | e t ing -syePizREL Bt CeaipehéntiTadiavemned aall Kihal AfdlydifofTigy Bhibidh of

foregoi ng, the WD 9S/ 00439 proposes J71'el"C JIlI!!] g_lpeptl de conformati onal
ri

changes Dipepgidyl Perttislaseol Vo uNgw Myt Zertthe Analygis efSisy.rkiglatBindiggdnipbit@nent or

mul i val ent co n ini a efi,n group to.form.nagvel . CD
1P e R o L b3 00 aGkSToR  FisiEe b s B Y S Er AT 4S ¢ e
ner el Ean B e S R 0 e YRR IS e
| nvent i dbarohieAtidvziptpiate Insibiased Dipenidy! Pmidaswl\bﬂdamilﬂnaﬁiéi ofcp @yalic
unexpected findings. It has been di scovered, unexpectedly, that born-Pro
compoundgedss €praryisca B Bongel A Qlem; Sas 1698500 0367 GEBADy dhwnthes) 11
;:OCI 1C AL Boflo l?l%ligi;t(ﬂ'ls la Vaqzﬁ)%ﬂl m;'&}'cﬁé ﬁ%ré Sotglfﬁﬂcpﬂ' t%g'he;tq{esttlglﬁ% i'ﬂ?ibgtgg. Same
ypes of conditrons tTor I'C e I'inear nolecul es are useful. Tt Is

bel pgved t hatyfitee Seyted Pateh OV3:- £OB5 403 BAho schirn WO B Pandes, 4 6299081 (Bapkdvichin
reaction under acidic conditions in vivo (e.g., stonmach) to forma |inear

react i ofP28).detcefl whigh afesingeipatstes hstreis by sefeiones. flisslasel pracase inbipimry mpl | v) .
Thus, ding to thi t, t t hod d 0Si t] f th

nvent | Gavset atechnn Bes 6fE PES prishapT Hefs Al ERERaR s SeclondlS cyeric
bor onbr ol over B . _ _

00 Vel PR ek LBl oy R (L) 87 a NN R R AT LS

t he i nvelrtdatalytid actisdl o seloblerantny pémidase atisity af dippptdsil geptidaké typs IB¢DiPeved
t hat _the celcl i ¢ conpounds of the invention_ are biol o‘?i cally active in

cychPc FYiL(G.R Fleateenetal. dahibition phaipeptidyl pningpepidasady {DPiNe by agdworeigr
i)rs’rg 05 2 gﬁjegﬁ&%z?l&m%{%? hséseailninqaitérr’s {3 %nggﬁ{egdl)é) %ﬁ%prF-lI('\a/' iﬁ I;l'é%#?fafuﬁgt%n', PNAS

pH

ered to subj ec otherw s
(USA4) 88, 1556-1559 (1991)).



dn vitro (e.g., screening assays for selection of conpetitive nolecules) in
whi ch the cyclic conmpound is not first subjected to conditions to induce
conversion to the linear fore. Thus, the cyclic conpoungs b@ﬁ

adm ni stered in oral form (whereby they3+ray or may 110t be Su antially
comrerted to a linear formin the acidic conditions of the stomach), as
wel | as in 3P@hpenishedhpfloanon-WO 98600439 (Moltitvalepr Compouratatfore@tosslmkamnver t
to the |jnear f he agents usefill according to the invention are the
cyclic fFoqCﬁ%tObsra éJLﬁ'&S’G depsts that in aguegis pelution 3 lupliaﬁwfa%& CrQESABYGT i n

figure 6 S, 11
more deti CBEp SOETat AOTREVBiCotulae h e SOROUS ORI TR
i ndepend@ainl syruc@rdyilichXy Inhifi@up(Rtivasgcizy)y asdpaptie svﬁlctm ﬂﬂldﬂ}{dﬁ@{ yzed to a
hydroxyl group in aqueous sol ution at physiological pH and X represents a
si deSchannbierydimactings specige). d l@rownp@pw,d@lngxtmrxl chpinispedies Ffooredet lswird of a

b ol ref
erbod e e e et seree B o R hanpHEcinu e S BB roeptie (R BbRe "t here i s
no such M(ﬁmo%w@és pler@ﬂ‘zmrf@l@wae donforfialenRHadeRs B 4. SintdtmbhRular

L-configuration. By "the C Bonded tO B IS 111 the L-CAlflgtl["at1011" 1S
171eal | tcytlllzaa@ulneccaismxtttmteebl@maﬁolgmlnlhmlmﬂIcmmﬁbumd]eprﬁmms Iankaéeﬁmgmuﬂo al |

v hi‘lééit S5 BOVA D Lol 0B yia nd BOVELILE0H sk Sif Syl fart Hodat e 2
are

° BV Rz bRy o TR B Mgty SFtfe EonburRthERin cA0¢ %“%éy‘%f. 2 orm
reactl omppmmhmels/ BOOt-r 108 fold"ci s i soneri zation of the proline and the
formati on of a new N-B bond. Accordingly, "cyclic S f01' 111" refers to the
cyclized structure of tile Coﬂwmﬁﬂil_‘mmmlla | that are the boron
faure s accgidrRGhar Gy o { Pdud BERTORERT e B Prsick HRBE o Bt des
phar maceydti Gﬁl:o»%@émgﬁéﬁﬂe@ﬂéd@cﬂﬁf BrBPrb @ombais bf tdty 5§5&%P18€HineUBy pure” it

is neant that the cyclic conpounds of the invention 20 represent at |east
aboub 90%35y49m(iB@hmowhut 'h%)am apdEifoimonan baorahe admmestened ten Swijeat ibradiatingt s,

the ¢ c boroProI ne co r.e sents at | east 98%.b i ght  of the
oo 1 £ Dt SO Pa o BRERTB I e TR IPWSCLB%ﬁrF sqla Jele ARG
o oun O SyAEE LA RK Mk Eh. sl HTIIRI PReeRIGE LS lE RIS
98% at (b.gastonR8H) toAothn atline@arshctDY.prdduct thht isprae)laﬁﬂsedﬁcheély bardinglion®D26,

t he conpositions contain a |inear boroProline COllpdllld that represents
a per cedPEJY )by Tw @hgording tt%éllwps@stlleurmxh@@aéétce@ppfﬂam ?féh@rrwe@tlon are

Cnar a0 or Lo RELA TR pioRrlsOBimp D o P FRTob co Bbbunith o 458

| ess th%ﬂn}%ﬂ%ﬂtlcﬁrﬁsﬁ\ld\}féﬁébx itidn@ e6ntaihadl the ¥absshtiaR$ putehyoliShoroPasimet han 4%
| ess than 3% |less than 2% | ess than .0 % and less than 0.5. IIll a

part i culcanippupdsafidhe @deletnmr;)dl seduttongdr dtrhéomh\abmaremrm idaé cyclic boroProline

CC]IIpCIIIIdlsaVaI Prol.ine co bo ollneco ound
refers to a beered 6 g@@?h&&%@ﬁﬁ%{)dﬁ% o’ﬂﬁﬁ‘¥ jat h 5 Wyt"ﬁg r boxy
tenni nalg ga@g @Bﬁlokg RE1 hSiCINEA fthl YACOHRAAY, tHe ﬂw@nﬂ?&%lécﬁ&lbl‘a@&qg&hb@s and
accordance wth standard peptide chem stty to a valine am no acid resi due.
A pR&f ercosgosirbadinvelith e dyhkc oyopaunds eremdefinivieteddorskbjest wtvitidmvesamsée | 11
the follow ng forns: L-Val-S-boroPro, L-Val- R—bor Pro, D Val -g};eboroPro and
D- Val - RIBHOReE - SHEREBING 35735 & gplegtion ?feCO@tH?ﬁBM%Hw utfsx;aw@b SPEYE or

L- Val - cgqlrpgﬁ) [ Pis 1{6‘??%?{1@&@&0&%51(1?%9 1df?t,$ep%i1§ ?% 1tt§' lp]eﬁpfo}nﬁg "Thus,

pharnaceu Tor 1 such
conposi tth@@&h@fc@m@b@n\/dsdsad be hBRitared |11@6ﬁ1|llfd vHekdblyl iR Shibyl Odthey €bt Behe

Il Wellt1011 Colltalll: ( 1 ) a phannaceutically acceptable cal-rier; alld
( 2) one solpsta'rnnéy@bntdu@ddqeIluncax tformo Py bk |anlélcmﬂm§t§@né|9f thie stameachpnae wtellas in

ﬁéﬁrabl g har.paceut i cal 10 conpositions arﬁ }at ed for oral

301 < Prdsitesa) ok BT PT WI)IH PG AEFIRE (s CUpv et W&ef“b 88 111 poUL1CLS
at C also pr e zed
or othel'w SZ[\H dlggldtfsﬁ (E)enfgg?co?ﬁglﬁztgggén%ggﬁd& dmf EHechEl?Ltnflogﬂ? |O§gﬁ%§l;% AU of
reconstituted in a buffer of appropriate pH prior to admnistration. It is
believed that oral formations containing the cyclic boroProline conpounds
of the invention undergo a conformation change front cyclic to



A5 linear fonll follow ng adm nistration, nanely, when the conpounds are
subjected to the acidic pH conditions of the digestive system For this
reason, the preferred oral formations are tablets, capsul €5 pgg ajpher solid
fonns which do not include an enteric efating. The method for
111alitlfaCtLirlll g a pharlllaCel 1t 1Cal conposition involves placing a
cyclic lFonaktadl (sineviCd figipet), lihdudihg til isniehiv dainsost thiktompptied @liqasystiical |y
acceptabl e carrier and, optionally, 20 fol-lnulating the cyclic conpound
into a taMEdetagbelpneRefesingtethe hermylal sempaidecach X ind|X,48 independently, a

or ovi dedPErShaup 5F FRESUerpb e BFPHES y @PBRRY S metEni Ml s MBunas of
the i nveptutien aﬁﬁl@sﬁﬂﬂéi@ilfﬁﬂ—& Rad X Rpfd&ites kidleichdin REaH aPliind ABIUBLa pofstidem
nmodul ation in amounts effective to nodul ate i mune system 25 functi on.

Modub at ivdniclofiinmsuinesityaftasmbstratenscogmzedint aipess pradyltcléayingnzyingi {rethet o,

i ncreasi ng. i nunupe function such.as by st]nnl] at raliferation and
speci 1 ORITP] SAEOITERES (1ERAMHRO R fE Leaning Api Tge udsdiRs Shesivs figedamps) t o
pr oduce : 4 Eref | 3G R re i i i

i sease, TG SRR el I BB TR eIt Pl dh. Y BEE Cihaey
accor di ngBtie it the Li-omeduraivndiemedaenied tispasofuteccanfideeann enthed® pdikeshafoft he
invention and are 30 described i1l detail i11l the exanples. Exenplary
condi t | dAd--MREY €ih be treated by adninistering the compounds of the

i nveRtion in X jnfectlan. S i " are
eyt Pyt or Hlfifes P uloft 854 LB L BRI ASIRS SIS ProffIG ey TROGRTRS 57 2
0EC ~007v-(fls6 REBRENRY [8Rdin Ak “CRURAS heeidided Ry U(S Patent Nes4bs5ag93 from a
depletion of cells of the i mune system such as a depletion of cells

deri ved (fBasiovgmp il 3d) amst YiSh 563,938 d/ ‘Bachoyehioi‘®28").neages) ; ki dney failure
(e.g., resulting in depletion of cells of the.immune systen);  bone marrow
i sor der o 1 e<EQPRG CIRAN (ian BuY 1 PHE foma PR SHaNPLgs & BAGF tocis -

| nununoq&flﬁeﬂzﬁﬁ&}'oﬁt‘ﬁe%rol'n@ 83 ol Rkl O LLEPNE 'bQHd.Oj\cccb%ilngl ,f‘cylchg | mune
systenm). More parti cul arl , the corrpo~(nds of the invention~areusefill for
thelSti rfoingt te6ors af thpcodlizeli arradtivernf tid ddnggomntls af foanukaridharabs ihebatdnon of

| ynphocytes and hematopoietic cells, as well _as for, stinulation of cytokine
pr oduct i38#Hogyokt dibagpineeizing. dbenirapsiormation jsiillystyatedsinifigurs &Sk and f or
stabilizatio I | viat i oki el for
co2ci opp1 v Do B B pe IR G PR BB | | ¢
an no agbhpsSHYeRERrHAAR Shinng, wherein Xaa | S all allll110 aC(d, and
wherein the peptide sequence is subject to cleavage by CD26/ DDPIV).

Accor di ngl y, Byhsubstewmdlyowrd’sit isgedant thaivhe egeler campougdgiesthe avication sti nul at e
the,proliferatiqgn or differentiatjon of or.to i 1ize, such.imune cells,
or ¢ st TRIETCAt %tﬂezgsg Yyt |9bé° l@’r“’ﬁ‘@[}{ Q,t;lp%c%rw%slltéqxhgggﬂn%@%et% Teflbbi | i zat i on
of_hemalamghifhds, ¢ dy21it BofRRAIREIBhIE A Riprdsis AbIeBlobld ) Jighel e of early
progenitor cells in tthe bone 11larr alld the recruitment of these cells
to the pempptigoy. ill response to a nobilization agent (e.g. G CSF, Gw CSF,
etc.). The agents useful according.to the invention can be used to treat

| ynphocyt e andl CFEHAEHBBAIEIGNE. He ayClieberoP Ear SemBPURITePrEsEds & PHEFUEDR et i c
and Mt W fRloPBR EfldosiOHIbieddd 3] AU GEdp othlillthd (18061 08 S RdSP06 RN
agents also nmay be used 1 n connectlon~w th hematopoietic cell transplants,
20 g8ch |@st PoREat N@Ist 98Y604t |QRt dPhedml at dagoad $%anspl ants, when used to
replenish or create an i mMmune systemin a subject. The agents filrther can
be used as andnilmsened pbeserabodimpetsdije pewpetitensgpataiselingar baroPgline~g j n
connection w %Plt he cul turi nlg otfocel I s.ggf)r ti her apeut.i c zim? d[]tﬁse rech_oulses.
The met FBEECTHE et FERTTSERT AECRERTERRY BRIESE OLP FYTRPSIRGbIFIGFed o Ahe Eroup

| yMphoc v essind R FGIRIARRE Bild: & 188 than 9%, R @ARDORE]kSthad 3% RisH Afni70VR! Ves
contacting thé’ 'y ocytes, hematopoietic cells and/or stromal cells, in
Vi vo or [gs8 thantG08s, ledsttharaf0%clessvhan 400 plesgahad BO%r Ess than 20%, snthan 10%,

concentration of one or nore cycl ig: bor oProl i ne conpo&gds of tqg i nvention.
I n 3@r t 4gsA thimeXer lessd hamibai Wéﬁﬁl%r} 3kotsatandgoiless dhat §. @ oo, g0t lasy thapd)-3-y

adm nisterin he .co u - ' ' ch ‘
treatment, | g%%‘,paftﬁél I tq’}éejfﬁ{r&li gﬁ%’%‘éﬁéi@%%@%Bt?ﬂg\tﬁﬁéngﬁgrgg\goéyﬁ%e medi cal
condi ti @BmeHaKEREtaeViIaRbomBlihdastestiate A YVaReyt6ligd cogprinapaifesitcacel |
activation or concentration. Parenteral adm nistration alternatively can be
used to practice the nethod of treatnent on a subject. As used herein,

subj ect neans humans,



-7 0 5 DEC 2002 nonhuman prinmates, dogs, cats, sheep, goats, horses, cows,
pigs and rodents. The conpounds of the invention can be adm nistered al one,
or in conbination with additional agents for treating tHe5@@edpion, e.qg.,
a different agent which stinulates acttsation or proliferation of said

| ynphocytes, hematopoietic cells and/or stromal cells. Contacting the 5

| ynphoc ybepound bf foneumdnpehidsthetabbey temvant bavPrdine hecpratehdy reapled viaid r o
or in vivo., As used herein, COTIpdIllld of the invention neans the
conpoun%PW@s]él%liaB@w 356 aNeR WiTh rsqana@rd PaPide cheistifto ) valige aminomsidese, t he

| nventi -\ pPé’fQ écggnﬁbgdxﬂ% pgqheag}%ﬂc %r?rgott?alcﬂoa}g%] Z%Bm%xq:ar? bg E‘A tr1g. galﬁcp el%tO the

I nvention hese~an aspects

of the ldeM%DLLVﬁ'l S\Abb}opb@ m%cRLmﬁdPﬂoanvgaS-%m@eé ahll DWhPR-bIPEPioNINGRNS By
"amino acid" is nmeant to include imno acid. By “boroPro" is neant an

al pha- armerforabbr el compouad ESrfa-IV(@QSdior@ProlquieVbdeJ@dDRro an amino acid to form

di tid P ) dto 15
Gesi Gnat e SucH it B 150 RADFHPThE! LRy BIRRY PGB ossH I GPTResiHoi od wi i

a B(OH) 111&1'i&¥é901 WARE BcliPh sudh&RhBRSIbAs FeDrdMO e HaRHRS 1AM B represents
boron. By Xaa is neant any amno acid residue, e.g., a lysine residue, a

val i ne rempdsigons' @DRGiHviegamddontan gy a phmhmt:mtlcgllyamapmbmcnmdl1 aepR2pded n or

pol ypeptide that binds to the T cell r eceptor CD2G and may provide a
st i nmul atsMPTHet thakyeia RargPioligsspmpomdepd the inygadipni Hiaterplyt thg pbarmageptisal | v

or WPI \Sé%)mﬁggtlgxllso'ﬁ 1q¥,11t%&%‘[’aqplhh?rﬂ§t?qtfo\{ F%\ e\}éﬁqg 411@152%5%&9@8&%%%01? 2G

is a I ne C eavil n renovi
(vvhere X@mpbﬁlmseﬁ@ﬁlﬁwpﬁdeeﬂffbﬂ@aB@ﬂ]ﬁb}erdérﬁﬁdlﬁmdﬁ&alfldmﬁth&lﬁlyaﬁhlﬂlQed & m nus of

pol ypepti des. By al pha-carbon of an amno acid is the one to which the
car boxyloﬂlfil‘éitsﬁ dugqﬂ (_fmpls|0§ the compounds of the invention may be reconstituted in a buffer of
appropriate pH prior to administration. It is believed that oral formations containing the
cyclic boroProline compounds of the invention undergo a conformation change from cyclic to
15  linear form following administration, namely, when the compounds are subjected to the acidic
pH conditions of the digestive system. For this reason, the preferred oral formations are
tablets, capsules, or other solid forms which do not include an enteric coating. The method
for manufacturing a pharmaceutical composition involves placing a cyclic boroProline
compound of the invention in a pharmaceutically acceptable carrier and, optionally,
20  formulating the cyclic compound into a tablet or other form that is suitable for oral
administration.

According to another aspect of the invention, methods are provided for modulating
immune system function. The compounds of the invention are administered to subjects in
need of immune system modulation in amounts effective to modulate immune system

25  function. Modulation of immune system function includes, but is not limited to, increasing
immune function such as by stimulating proliferation and specific immune function of
immune cells (e.g., CD26-bearing cells) to produce a prophylactic or therapeutic result
relating to infectious disease, cancer, and the like. Specific conditions that may be treated
according to the invention are deemed specific independent aspects of the invention and are

30  described in detail in the examples. Exemplary conditions that can be treated by
administering the compounds of the invention include: HIV infection; neoplasms (wherein the -

lymphocytes are cytolytic or helper T cells to attack the neoplasm); side effects of



.25 attached. Al naturally occurring am no acids are al pha-am no acids or
al pha-i mno, which neans that the am no and carboxylic acid _groups are both
attached to the sanme carbon atom Each am no acid can bé‘ﬁﬁgagm of as a
singl e carbon atom (the al pha carbon, &- to which there is attached one

car boxyl group, one am no group, a side chain denoted R and a hydrogen,
wher ei nché&iRSthespa os raigatmngherppy (S, resting &roml pdaplationnd cglioefthe trhmuher st
carbon (C) 30 alttache(? to the NHS group having a hydrogen (H) and an R
group atYAEREHCH & 1 fepletiqnpf cells saieddinm brrpheit sl ddorBYRed to an

Oxygeng?iﬂ%sklﬁ?c{nggg&i%p ﬁegl_ﬂiniﬁn B%})g%t nf&%eﬁs%ﬁﬂéﬁl?ﬁég %teén)é%og'e DEC

2002 _ Yt oups are 0 coval en m no aci ds

to one aneiedisorides BUAOXM inGfiiodefi ey hutei@madity) @nd ehshuasddfieeeneadexy!
end and the hydrogen (H) on the N term nus are renoved (H, 0) when two am no

aci d& aresultingkdeamtdgpletipe e cetls of grennunynesyetem). t he ami no group of one ami no

acid reacts wi,th the carbgxyl grou anot her by t | i m nation of
vater: the r dtreRE EREnTerr o & eER et et BB BE | des-
is meant, . @isaRbh, (TBERAHARN RddnobilisHdh oy lﬁﬁ‘ﬁlﬁ}rt@b HEd h&ﬁﬁo%&l@ﬁb Hs4E Py aci d
resi dues, which do not generally possess ‘a well-defined three-di nensional
st nl ct une forRhanneoautficy glkinerepdrcabin dystramd! cobld eschods Iadnilhi ldt aat GeBSBY e

described herein. Qther features and advantages of the invention will be
appar en\{ ?%'rﬁtqwaflevpaaﬁtﬁat%o @ttalfln%ﬁwwéﬁem siERcs for CRROMPIIVY ¢ he
cl aigs. ] It i T I l; o
o L0 PRALRE DS LB AN S L et

PT-100; Xahdgsiueadimhews ahdlehefdietie paptidyseliencPTsl98jant difieaghby andonmsbhane
sul fonate salts of 15 PT-100 on the regeneration of neutrophils in
cycl ophd¥phavfcartinglpdhe divenicen ismseful wheneypioihes denisatde rugtinailats thd t he open

and cycl i ﬁ? f.orns %_X a-.bol oPro i n@| Dbitors. (CAIf 9’ 11 at].ol L I oy
edui 11 bPIOHFBHONERSSisrSBATPT b of FomPRTiEs S5 ineigs s B AL siilizeu o
of For my| gclvate cytokine production. Mobilization of hematopoietic cells is characterized by the

15  enrichment of early progenitor cells in the bone marrow and the recruitment of these cells to
the periphery in response to a mobilization agent (e.g. G-CSF, GM-CSF, etc.). The agents
useful according to the invention can be used to treat lymphocyte and hematopoietic cell
deficiencies or to restore hematopoietic and mature blood cell count in subjects with such
deficiencies. Such agents also may be used in connection with hematopoietic cell transplants,

20 such as bone marrow or peripheral blood transplants, when used to replenish or create an
immune system in a subject. The agents further can be used as an immune booster. The
agents also are useful /n vitro in connection with the culturing of cells for therapeutic and
research uses.

The methods for stimulating activation or proliferation of human lymphocytes,

25  hematopoietic cells, or stromal cells. The method involves contacting the lymphocytes,
hematopoietic cells and/or stromal cells, in vivo or in vitro, with an activation or
proliferation-inducing concentration of one or more cyclic boroProline compounds of the
invention. In certain preferred embodiments, contacting is carried out by orally administering
the compound to a human patient in need of such treatment, i.e., the patient is diagnosed as

30  having an adverse medical condition characterized by inadequate lymphocyte or
hematopoietic cell activation or concentration. Parenteral administration alternatively can be

used to practice the method of treatment on a subject. As used herein, subject means humans,



JFigure 5 shows the reaction schene for the proposed boronoproline synthetic
route. 20 Figure G shows the reaction schene for the

N-BOC- (S) - Val - (R)-boroPro (1S, 2S, 3R, SS) - pi nanedi ol ester, o £Q@g. 2062 gure 7
shows the reaction schene for the H N_¢S)-Val - (R)-boroPro-(1S, 2S, 3R, SS)

pi nanedi ol ester, HCl1 | POX®. Figure 8 shows the reaction scheme for the

Cycl o- (§%nh\(ﬁ£an(d¥)m£%9sr @B’gsocatb Ps@Zé%) 8ats "—Hogéééeco%'ssﬁ'ﬁ%%nd RRentgact i on scheme for
the H N (S)-Val- ) - bor 6Pr 0- OH, H Jgf FP020. Detail ed Description The

i nvention i sTbasedpmpmiﬂ oeﬁtlwanvmupn(oﬁn belagminssiered alnoe, tmnexq:mnbleatldn widh ngs. |t

has been di scovered, unexpectedly, that boro-Pro conpounds % t he t}/ pe
descri bé@ﬁ’?lﬁn%age“tilfo%@aﬁ%t candiHen/ 112 d1fgrent a8eRhWRICE SHEPRAIGSATUBEIDY al | y

adni ni shlef;ﬁ%ﬂfér&uﬁ] &%Qidel&&gﬁ&éytésr ﬁ@fp%tpgo %{? e $iS aﬁé%P thohR %e i €8 thrl fﬂé for

~hi c i near nol ecu are use I'S postu ate at t

bol 05 Pr oyrasHieows dathuhel esigpoumds bathefiovention o tegesfonaad Uﬂ\d&b oatn tha
conditions in vivo (e.g., stomach) to forll a |inear reaction product that
i s capabl e oﬁss@%h@rp%wnmw&qﬁ@wtlaventmn@@E@hz@e@pogrl@[dzecr(hgﬁﬁbwe asThese
unexpect eﬂ s have inportant therapeutic and experinental research

i mpl i cat'“onfs. Sa greo he met hods and conpositions of the invention are

directed to %H@é’d%'ndla fraceut édh @@éstbgnetﬁadr@éc»rdlﬁgﬁd d1§inb2g.0- Prol i ne
conpounds, for oral 1111111 Str at 011 The invention al so enbraces

| yophilized fioa ﬂurcbﬁswnethcywennommoame@a|u5ﬁea<$or§lmg)@m}am I%at can be
reconstitute Ln an cidic uffe rior t. formlin ro Proline
ConBunds 1 o e TR GOt b e gcsS oef ot s eh Gt PERY- Novel
COL11pCS1t 1011S CA I tal 1111 1g the sppgtigiohé @l |y pure cyclic boroProline
conmpounds of the invention, 111 SolTItI0IT OL' dry forn, also are provided.
The ag ents R@é‘famincawd)rﬂimmntwinﬁedé iwianni:idn are the cycl i c forns of the

conpounds of 10 FO I[Jtlla | ( sho i gyre 4é wh n ch X, and
X, is, indep&YdeRtaRyO™ 1§ msAat gk P P‘Blﬂ? O%{C @ﬁg gaﬁale BEB‘IO ‘H@ﬁﬁ%aﬂ
hydr o yz 8,4 &l(?‘toh% %h>‘cl>{€> r& R{Rth'ﬂ?n&%%%& dé?érlﬁ‘iﬁa‘??es?&u ph%ﬁfo &9is¢@lq pH and

X represents a an am no acl or a pe mmcs tile

si t 5 of designsasichtad anglog@aviag thevartoxydgloup bopmlhne kepaaace@gnmmzmm{), fouphe
preferred enmbodinents, the amno acids are L-anmino acid residues (for
gl yci ne“hger@H)s rqp@esgmté fwo hydroxyl groups and B represents boron.

By Xaa is meant any amino acid residue, e.g., a lysine residue, a valine residue.
“CD26 ligand” is any protein, glycoprotein, lipoprotein or polypeptide that binds to
the T cell receptor CD26 and may provide a stimulatory or inhibitory signal.

20 CD26, Dipeptidyl Peptidase IV (DP IV or DPPIV) and dipeptidyl aminopeptidase IV
are used interchangeably. CD206 is a postproline cleaving enzyme with a specificity for
removing Xaa-Pro (where Xaa represents any amino acid) dipeptides from the amino
terminus of polypeptides.

By alpha-carbon of an amino acid is the one to which the carboxylic acid group is

25  attached. All naturally occurring amino acids are alpha-amino acids or alpha-imino, which
means that the amino and carboxylic acid groups are both attached to the same carbon atom.
Each amino acid can be thought of as a single carbon atom (the alpha carbon, C) to which
there is attached one carboxyl group, one amino group, a side chain denoted R and a
hydrogen, wherein: “R” is a side chain; “NH," is the alpha amino group; the first carbon (C)

30 attached to the NH, group having a hydrogen (H) and an R group attached is the alpha carbon,
and the carbon double bonded to an oxygen and a hydroxyl group (OH) is the alpha carboxyl

group.



15 distinction); preferably, the C bonded to Bis in the L-configuration.
By "the C bonded to Bis in the L-configuration” is neant that the absolute
configuration of the Cis like that of an L am no acid. TE'LbSE’C z&ﬁg ~X~ B~ X2
20 group has the same relationship to t&e C as the COC9—| group of an

L-am no acid has to its carbon. In sone enbodinents, X is valise, alanine,
or proline réRiedddsamh@O0giduphadeiused to qoveleatipbbuple araino-avals b ohofiha,

L- Al a-L-boroPro; or L-Pro-L-boroPro, or any isonmer of the foregoing,
respect i Vg hydrpgyl e (i kefpneaming e opdhosareary! prd et the hydregers(Hven the

conmpoun ﬁ g/eglﬁz@é | aﬁc? If’eln;"%x ?I(—)I?TQ) i %nvt\@lg o gc‘fjll{lst ZﬁF t(])lPlg%(F t%f etgeprf.3 P %ﬁlﬁfvrpﬂlg {%gh d

report ec INABIrtiTng post-p €aving enzy

whi ch, ithe &QHR BBup 6f dnd ARGH a¥id refcPINRith HIRY drFox§PY R OF atRRIEXhai th a
functional group in the reactive site of a post-prolyl cleaving enzyme are
deschi betimination®f wrdere Hie rrilting gBwidd dond roatledis peptilsitiondor s”, i ssued to
Bachovchin et_al.. ("Bachovchin 493"): U S. 5,642,928, .S 30 "I nhjibitors of
Di pepti dyl - arﬁ%dﬁé’bf‘?sdalé 8‘%%S“P?\A§E‘P°fe§‘élﬁeﬁgt 8“'%@8 RERAITE lggs thpn 5 S

(" Bachove Bsidudd, IhRECARR %eﬁérQll}i] ?@ﬁe a will-@4fi 128 (hREIUALdsY 1 &Rdtyre.

Conpositions for Their Use as Inhibitors of HV Protease”, 1ssued to Hanko
et al., ("HarfbarmE&4atidgl pREhidtidS9 20 DB84AEs, of 'ahtimisttatfoorard@dsicribedaherein.

Prol i neboronate Ester”, and its U S. priority _a%pl i cati ons (USSN 07/79G 148
and 07/ 936, 18%er &awresandadpyisges pgthe myryePn avithbprapasent dipm B fellowig,

(" Boghri [ =" P% /092G 15, "DP-1V-Serine Protease |Inhibitors”,

Appﬁ)lecarﬁit@&ﬁgg)rdlesﬁgﬁ@?@an ' Sjr?ﬁ}%ncgﬁﬁs' The cyclic boroProline conpounds of the
i nvention undergo a confor nBakf P&Rkiptida WEThODRawingsear follll ("Ii near

bor oProl i ne conpounds”) that mmcs the substrate binding site of the

post - prol yl dligavilrsjown tlymeraDRoawtilgbilioofraykie Pdd1@batidethe il and hehade' ) . DP
IVis a st prol vyl ng enzynme with a specificity for renoving Xaa-Pro
(where B O‘}ﬁ%f‘%éé’ﬁﬁ’f My 10 all11110 ad d) dipeptides f1' Onl the a1111L10
terniinus of By REbYRERE fkeerAlPst & h@PTMﬁﬁéﬁgmﬁ bﬂ@nl%fhra{‘ff%Lgf;dﬁ%te%falts of

transition-state anal og-based | nhibitors Xaa-boroPro, Inc Val - Bor oPr o,
LysBbr oPTe] O(PsothBoegdiemtiana f Abwrdphile Rr ¢yclaphodphamiddrosaoddrmaicey ef ers to the
anal og of praline_in which the carboxylate group %COC]—I) is replaced with a
bor onyl gr oup $BE &groys thestimepisgsiqf dhy epanyand cxeled dormsaigtherhokel8f t he

i nventi g, b .G L }fSJé& ] -Valy- bor oProl i ne
Cormoungx'{h1%&&%&@@%}1@?@{1!?&8@)@%})un O%ggﬁgn%gmzb%égﬁbound of fonmula I in

whi ch the carfgxy 4tshbws i stivenuePsOFdritmld 5 coval ently coupled via a peptide
| i nkage in accordance with standard peptide chenm stry to a valine am no
aci d resi due Figuie S\shpyvb the raactipn|sghenaior ghe ropposedhapropoproting synthesic rewtgpl ed

Vi peptide.linkage ta additional am no | d~resi 1 provi ded that the
naddi boal | adisise B Bfoh g MmO MR G ROCHE R fpry ot
(1S,2S,3R,5S)-pinanediol ester, IPOGS.
Figure 7 shows the reaction scheme for the H,N-(S)-Val-(R)-boroPro-(18S,2S,3R,5S)-
pinanediol ester, HCI IP069.

Figure 8 shows the reaction scheme for the Cyclo-(S)-Val-(R)-boroPro, IP070.
25 Figure 9 shows the reaction scheme for the H,N-(S)-Val-(R)-boroPro-OH,HCI,FP020.
Detailed Description
The invention is based upon a variety of surprising and unexpected findings. It has
been discovered, unexpectedly, that boro-Pro compounds of the type described in U.S.
4,935,493 (Bachovchin '493) in cvelic form can be orally administered to a subject for treating
30  the same types of conditions for which the linear molecules are useful. It is postulated that
the cyclic boro-Pro compounds undergo a transformation reaction under acidic conditions in

vivo (e.g.. stomach) to form a linear reaction product that is capable of selectively binding to



20 of the V al-boroProline conpound to bind to CD2G In a nost preferred
enbodi nent, the COllpollnd O the 111Velltloll 1S Val-boroPro (also
referred to as "PT-100"). Because of the Chtl'al Carbon0&tZECI282present on
the amino acid residues and on the carb®n attached to the b01' 011 at 0111,
Val -boroPro can exist in multiple isoneric fornls: (a) L-Val-S-boroPro, (b)
LWI - R- bZEjBZJ(PﬂbP -1Ve) IheVaIunSqiaoue(bﬁsults hmat i(ngprtixt\Yadrapilbio aa@erperivinameal
preferabl %5 compound s L- Va(J(§ S-boroPr.g or L-Val-R-boroPro. In an
anal ogodE HB\P CRiRRSoL AP the aratOdsGRd BPHPPHBORSAATBLMIEITIN ArRETFHTEIA on
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whi ch each Iraf’ cent€r |gufa O and the

bor oPr o ddsihistritivn. Rl@rinetionfal@whttirhees 1pophilizee fmfcfflther &klit borsPrélfnet he

conpounds. Throughout this application, conventional termnology is used to
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0 5 DEC 2 Chap. 4, Allyn and Bacon, Inc., Boston, MA (1978); See al so,
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IIII aci with the e ci ne,
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forms. Thasgodpoeapablard bethghydeayzed 1d a dylroghlegronp tedquanes sohyishaal properties
with one exception, the direction ill which they call cause the rotation of
pl ane- pathypiplogiral pljhand Xrierreseati hydeeliads obareamiap @eidead atpsptde whichmimics

“opti cal an.rotate t | ari zed
| Cont 10 SRR TetyEreebrrdtL  Ref oty GBS RY Rl ¢F uRaREELBEst ¢ ont
groups ahiraahsshtd,and ARieacRRMrEBlamiRE 8B YesidRs @ﬂof EBCRBINAE [AROKEENL S N
space. These arrangements are not super inposable mrror images of each
ot hép' ahdinatien); pfedernlgy, the Calsorsled ita Blis irsthadreonfignation oBm‘she ©Obostedrte ®

i somers., ol uti of. ope stereo isonmer of a_given acid will rotate
o1 ane. pat B FEACEITgHIA oD FHBEA AR HirdoraluEaon BTG PV Lo SkGF PLBhET
[de5|gnqkﬁgbgm§] the other stereo isoner for the amno acid will rotate 15
pl ane polarized light to the sane extent but to the right and is called
dextror athas,ahy i soner [designated (+)]. A nore systematic method for
classifying and nami ng stereo isoners |s t he absol ute configuration of the
four different substituents in the tetrg edryln around the asymmetric
Carbon at0111 (e.g., the Cal'b011 at0Bl1 To establish this system a
reference conmpound was 20 sel ect ed (gly raldehyde) which is the small est
3@ to have an asy tric cargon at CCllveIItIO | 111 the art, the
t ersEY D SR saeR reftivagiR Y bE Pe' Hgﬁh%itpe%f an Loagping acidh@gsito dsol ut e
CO”f' gur%Rx'bSPSnP?o‘{beQ%@d ﬁl%[‘légé fbﬁﬁﬁbéaa?ﬁnéao% mg')eyrgéléues-mg tl{’e‘%ﬁhﬂﬂé{' ons,

Land D, al en assi & am no f'erence to
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chiral conpounds having a configuration 25 related to that of

L- gl ycerfalcgdeingasspacevelgsi gned L, and the stereo isomers having a
configuration related.to D Ideh de are ate rdI ess of
Che directi o frefmin creyorl o Be et bR dRSrADEUTEr fireBeRH S5he
synbgl s, di AnRditBhelfer to the absolute configuration of the four
substituents around the chiral carbon. In general, naturally occurs 'ing
Ca || pot || | dPephitiéshviciohteriortedlydiave alilityefot mhibatire Imst-yrdlyl cEavimgensyraeemd
isoneric fonn, either D or, L. The naturally occurring amno acids are the L
stereo |“§bﬁ’er1§°’°“ﬁ&ﬁﬁ1é9érre%tnﬁegl%‘@efﬂmb"rlcoé/ﬁ’ﬁ%@é%?l%ﬁvﬁg afHRONGhSIEW HEC be i n
the D st ercege 1?e°§?r%635?26%19@519&»11%”%25111%q c?gg'lge K‘UéZPJY%)rﬁtNoD r Q4§‘t§' ds that

are found haned USTT syste

However ; P%«%&mhb&ér@ﬁ1Méc1£313mhsecﬂlmet ﬂr(“Baém@mhr‘am Jeusesa6p@ys.be in 2"
possi bIe stereo isoner configurations, where n is the nunber of chiral .

cenB@r s “lifietes of Bipsptilylerneinopeptidess Toms 1AF eisgieediteyBacleychingt pl. § BaghowrBin
systemto nore clearly specify the configurations of S all11110 aC ds that
contain two or snore chiral centers. For exanple, COnlpoLlnds stlCh aS

t hreoni ne isol euci ne contain two asyinnmetric carbon atons and therefore
have four stereo isonmer configurations. The isoners of conpounds having two
chiral centers are kllow | aS diastereoners. A conplete discussion of the R
S system of designating optical isonmers for anlIn0 aCtds 1S provided i1l
Principles i11 Biochem stry, editor A L. Lehninaer, page 99-100,




10 supra. A brief StillllITal"y of this systemfollows. The R S system was
invented to avoid anbiguities when a conpound contains two or nore chiral
centers. 111 genera(, the systemis designed to rank the0f0ECHI%Z er ent
substituent atons around an asymetri c-10arbon atomin order of decreasing
atom ¢ nunber or in order of decreasing val ance density when the snall est
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conposi tions, contain | i ne oProlin IId presents a
oot M e AT b e Lol S tep ke urtacelie) s CREER *°6 s ac
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| ess than 80% less tha l'ess tilall GO |ess than 50% |ess than
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i nvent i orhec@indlandino fcid, dptidanfngidredst éouplddyvis paRidahinRagatoradaitionaind ( 2)
one or nore of the cyclic boroProline conpounds of the invention. In the
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1\'111C11 aI e Stlltable for' adnl11l11i1St1'atloll tO a lltllllall O Oher
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th which the, |ve i pgredj e 0
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efficac% Preferably, tile phal-1lnaceutical compositions are fornlul ated
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For oral or parenteral adm fistration, the cyclic conpounds of the
i nvention ard& hrc&rgdmsttthtsumqadcatrmnamm/entmrml mnnnmngyas umlftbdrsxgmat@ﬂl'e to

adl%(i}llllStCat 1011. Faor parenteral admnistr %{:}J : nds of
t he39 nv &emeshasHssriabes helow Ard FeAPRHRATIAS IR PokS W\é%r%‘ﬁes foF Partycf H]uce
I t I f

reconst (AT OReh ok bandptis rabfiRrishl, Mtosa JERREG pra s RO,

havi ng aublithety oft. pidsk) mlel»ovmhmqmgmc Théaity EMoeristaiant doyd) 3rd Edltxon
CollfA'lnatloll tlpoll 1"eCOlStlIttltloll (e.g., oral or parenteral

formul ations) or which will nediate a conformational change front a cyclic
to a |linear boro-Proline conpound (e.g., oral or parenteral folnlulations).
It is believed that oral formations containing the cyclic boroProline
compounds of the invention undergo a confonnation change fromcyclic to
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conditions of the digestive system For this reason, certain oral formation
enbodi nents of the winvention do not include an enteric coating. 05 DE
C 2002 -14 In a rel ated aspect of the invention, a netthb@etoggrmanuf act uring
a pharnl aceutical composition is providaed. The nlethod involves placing a

cyclic boroProline compound of the 111Velltloll 111 a pllal'1l11laCetltlCally

accept al@tiapcarAilygr andiB &oar mbl, BostoREMPOEOTRY; St bika) PaterdCoeptratibeTeAly 1' 1 er
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ot herwi se drying) the conposition to f01'111 a lyophilized preparation.
SuchScomposs téidmsrefaldd thas aebmdsienteuaxuﬂcmmddnlngotdmfftlhlet ipmegrar fatmen, a
pharnaceutlcally acceptaﬁle c rrler $.b %ﬁﬁg 10 acidic pHto forma
r econst i tGbe@PIHF afsafgttigniradl clisare pad ahy FPER A Y BrPie A eptinhe o o Yy,
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I11velItlolT Call be adnministered in conjunction w th exogenous growth
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parLjcul ar 0 For. ex ) delredto stimul at articular
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Thus, it known that interleulcins-1 10, 11) 12, 13

and 17 athen|abs/cﬂht\eeﬂnﬁguxhymnhuwybeerd@sm’odaslemttbyax rz(yrnnalystser”[lltetdksigmti’bnand 4 are

involved in mast cel|l differentiation. G anul ocyte g 5 DEC 2002 -15
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terl ot |
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macpephaggieditd fiRrf 6NL &oq_xydeﬁndelﬁt’é?ﬁre de@@ﬁ&i Béhdl the Stefobsdrat®hmalg hn neut rophi |

differentiation. : IL-6, I'L-11 and TPO are involved in platelet
5 di ffercelm’fﬁgtatttumrelmctl@ m1g@mqm1deélydmmld¢s@n¢tnd Beragardi¢ss Oﬁételdlgﬁww GVCSF,

| L-3, an thro are, i.nvpl. ved thrb
F ol 1 5 i F R Re bl b s ahits B SyRURE L st B thE abfifce
capabl e .of faisisH O Y f&ﬁ@%s@@@élﬁs&trﬁuﬁcﬁﬂw'cftﬁ% caflon. FI 13 Ligand, G‘ CSF, I'L-3,

IL-G an<§8| L2711. Various conbinations for achieving a desired result will be
apparent to thgseersf nahllyacyursikg kbmpourtdsevidci conBen avhialtdeetecagerninty isefill
according to 10 the Illvellt1011 Stlllltllate primtivye) non-comitted
hend® opehestetcoppapein fosm. eidiar 01tlhe§h%:aatu@8y@ggarltaimm acfdsees e Lastefepn

ally of . thefore 0|n cat or i t he.
ool i £ el gean 0P bart POGRE Flindbes3anED Aubeufichith B f R bbiebThdnter
factors cgf@gMlidn. known to those of ordinary skill in the art, and nost are
commercially avail able. According to cel-tain enbodi nents, contacting the
| ynphocytes with the conpounds 15 of the invention can be perforned in
vitj' QO For exanple, any of the followng cells can be withdrawn fr0111 a
patient or cell donor and contacted with a linearized conpound of the

Il1lvelltloll 111 vitro: T cells, bone 111arCOw CellS, stemcells or early
I|neage progenltor ceIIs froI | the subject. Preferably, the conpounds of
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20 fol'lllatl Gl O the linear boroProline conpounds. In this manner, the
cyclic conmpounds can be stored for prolonged periods of time in cyclic
form thereby reducing degradation/enhancing stability ofy¢g C@E Cﬁkilpollllds
prior to use. The cells are contacted M2th anounts of the i | 11 dS O
the I'11Vellt 1011 that are effective to stinulate the cells; thereafter t he
treated cel | Madtantind adidothacad fourel ia@rdtsink car h@uxmﬁlhgmﬂuslyﬂfan%&l&&h@ tag X o
anot her aspect of the invention, nethods are provided for nodul ating
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ot her 5 . C~ 200z - diSorders associate a conpronlseﬁ I nmune
system dizctuéahérs. nAon‘ompmﬁ descayssdneshitheIRES a;)@tenabﬁdnsl gnatinglestjcabisdbmes fopt
limted tqQ, decreasing inmune function such as. by suppressing generally t he
i mune s:lyelﬂewdwswewgfﬂ elrﬁlnwe&ifﬁouneﬁf@elweﬂsteuﬁéﬂesféaln elyagsrs pags Pyl Aone
|nny@e §¥&éeg%%%§%“§ﬁﬁm?%%ﬂ“yg%ﬁﬁlg se, allergy and the like. In one
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i nportan foli ne conpounds of the invention
are used to SftHeWB%S/ﬁelwx%dn%ﬂtéd fRr@bidf A E0i6Bs whsn §esapsiRtohfimdatiboldr!
bel ow. Specific conditions that may be treated according to the invention
are deemsue shiedicknters. ldeprerde fite sysioras devpgnadite rinkvibafouydifgrantsnbstdesdr i bed
in detail in the exanples. ai)rrgl ar oadlt ons that can be treated be
adnmi ni sCETROYHEMLBYBYRTHS © F‘ioé'? RFER QTSRS BRI G MO8 &7 PR
neopl as &
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(e. 95, Mesutlicivigvért dinealiffaphtatnldngodre el koomn mlﬂm drmemdnere gysstibed suupkgeﬁs a
depl eti on of cells derived from|ynphoid, erythroid and/or el oi.d

| i neage$y:of kichpiager df fhgrdscreasipg ra*ieog@ﬁrtw $rgn it beielgrkstvissn thsrcopligpration t he

| mmune %{iigg@.ef ?I%Oaﬁlgaj}éﬁ@%-rfgﬁvecgfo a%rlgefﬁhé’ c?e%péaglnggarfkl der s COL nter-clocli\gse
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resul ti mige don@iRueeiph e tediredfito ael EEaGIE cﬁlﬁﬂ cbrﬁtﬁﬂh@@:aﬁl}é&h&i&dlﬂﬂb&lsﬁi@thﬂspm I'1'1ds
O the 117vellt1loll Can be used to stimulate activation or proliferation of

human | pr§i¢ioc ypesyingihiz sirsteac ta theponine, Dl}qﬁhﬂéﬁﬂyﬂlé&e 9 t\ﬁulél ﬂiﬁfmlfeeth&ttth@n or

111d
oY e e Rn s bisPul R @S, SRRl ftin R Rttty g Fhofs b ghal' "
conNpouNn@esigsiionsdf M, i, a-Ndakneoedlol frlthéodRe Bl it @ mmbe s stab as

pharnaceutlcal sterile saline. The patient can be any patient who suffers
froma (tmwchnldloontlmhtauodmtteed b thasy of stald émthis &t.| Howpherythe Rag sysian i on or

concentration. CLes of suc condi tl ns arﬁ Il-l % i nf fc ki dne
failur em%%“ﬁee}y (S.tﬁe mqseulﬁert BRHREC! cE‘BHf} ALEEIOBS VR Vﬁ?ﬁﬁ%@&}’t‘@o'&ééi"eti ng
chenDth%Egg%,”Cgﬁglbone mawow di sorders which result in depleted | ynphocyte
popul ations 1 n the patient. The conpound is preferably adm nistered to the
25 patient omal tsybstMlttadiypatd’ ’Vieis}{neetnh&1a€ﬁﬁﬁ9¢ﬂ%nﬁ}ﬁilmb£o£medwteﬁn@tl mul at e
proliferation or aCtl~"alloll O 1ylllphQCyteS 111 |~I1] e. wherea
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T cell's fopehkld G ppf&fnsﬁhH@Bfﬁ%qs%%ugﬂ%as@rlo%, Gelkhst 20%, EHIVaéth)‘%Chtel@as@at' ents.
30 111 Ale 1 T aspect of the Invéntlon, the subject has an

abnor nl dD%ay at kamst 156%e lat ta:hstlﬁ@m at tepsiﬂ@% at bast|ZBOYgrat heastlﬂO% lat past 9584, lasleastd t he

agengé is adm nistered 111 al |t effective to restore levels of a
opdPér ptleast 972, y"bl§a8r98r(ata&ké5tlﬂ9o/b&“€é¥ keagtYde %0 a presel ected nor nal

0 5 O=C 20D2 thh]eZeand other embodiments, the compositions contain a linear boroProline :

compound that represents a percentage by weight of the composition selected from the group



or protective level. The agent preferably is adm nistered to the subject in
at least 2 doses in an 18-hour period. The invention has particularly

i nportant applications in the restoration of normal or prlbd &cCi 90§2 | evel s of
neutrophils, erythrocytes and pl atel ets.3-The nost preferred agent is cyclic
Val BoroPro. 5 According to another aspect of the invention, a nmethod is
provi dedohsistiishef 4 gercdrgagerthalis s etiah 99 %4, s tHan®004) ddss shan80jo6 déss hiddh 70%%,
abnormally | ow | evel of hematopoietic or mature blood cells resulting from

t r eat merlessupamoQyenlesstham 8P less tian¥ova, lasp then8pe. loss thaagdi. less thami et er ed
to a subLe i £,,N f C t i no f.ectimve to increase
{0 PSSl SRR BN SR HRRUTR e B FOURCH Y B 5T
wherein the agidordifg Eaydt@Rother HpedttF tIRGANENRAGH T MAREdBEall@nfPositions and
substantial ly si nul Taneous with administration of the hemat opoi eti c cel

| nhi Bl t onethddsefongant fcamidgtsheh gmafasitiond asegentided.eThspliesacdubiedl above. I n
Ale 11111~Olﬂtallé enbodLnent,.thf henat o oiethg cel | bnhibi;or causes an
abnor mal PPPEEENLoELIC Jveninm EANTetl) @ PhaTmaceficalhy afceR AN LI ee (2 ANE he
subj ect ; o i i : t ¢ e
evel s oF Aork 8PURASEe biroPATHShBLAILS I BRI IENLGREICKEa sn BRI

pr ot ect itkecydti¢doroHrb Bficct@mpoundtih¥aRbaoPra. SPaderhtsly sthe pRsiniaeeitital subj ect in
at least 2 doses in an 18 hour period. In inportant enmbodi ments, the agent
i s used o8Py weisteria e Thaksracirhaaraesitichlly Acensahle GuTipie\As lusediferein

neut rophi l s [yt hrocytes .. atelets...The.preferred effectiye amunt of
ngedp P dherl oL Y MRREETRyBTe REGF UG P RBERE R SEGRIAGR st ant i on,
a met hodyliigh RieQ@vitase féidnRhBRATING athudthinoHkIRE bnih@l. TheRMeRhret dendtes
hemat opoi etic cell inhibitor. The nethod involves adm nistering to the
subj ect aprorgmi¢ or inhegagichjpgretient oefuvil vg syrketicewith oypuctethie acitd ingredtenbist or  an
agent in an,all1Qt 111t ffeﬁtive h@ stinul ate iq t he sub{ecH roducti on of
growt h fCRELHY O fqiliesedthe pprlisauet nihg ¢ormppaeny oh iheAMAFoaH ! SPMBARMIOSe| |

producti Qf - f [ as
B R S S i s

gr anél oeytleotRbr, ok anmyin&t dukch khak tietd isino ifi@cdicdon whithotdwdd sebstradaieimhsait the
grow h factor is selected fromthe group consisting of IL-1, 1L-2, IL-3,

| L-~1, |desigsd pharmpgceuficalefficappo  EPO, MCSF, GMCSF, FLT-3 Ligand and Stem
Cel | Factor. JPref.er Ll | . ni | 1S |l ess
than | o/t od Bet QT R Coro BTk YR Oy B BhEfferd

adm ni stadafihioath; hbeeageRbplizddifoaths bL@sydickeagoudds irbalsa@estidddd 8ikchl8
hour period. 30 According to another aspect of the invention, a nethod is
provi dedydmulized egoilegvise slubfl évstad thegnmeppyads efdhe invisetiondre ieapnstgpisien pc

I t bl |1s i,n th bject. A t.i dmi ni st t
cubflct BFErEERaTT PP Lt hene e Pt FEisb B Ry o T pasae s
DEC 2002 4n,)@sthQIBnt ARQUBIiE Corfifdunds BF thEBALENEoR R H8litufed iR ah REIdRUH RGLral
wherein the agent is admnistered in a first reginmen consisting of 2 doses

or 3 dodeffer priarto b8nmustratjpar Focharditterabafeministratioh, thecyslietenpadchdagétite are as
descri bed above. .In one inporiagé,enboq%ngng, t he ag?nt i s.adm.nistered in
a second"Y8YPRERAHHyiAEE resgniuted granacidie butferde daduch ligearzgtio,priondar j od, 5
wherei n, : d (. egi Jen, i y [ cidor imen. In
anotheré@ﬁﬁggﬁﬁgﬂf}Bfggagbgﬁ?oﬁgﬂggﬁﬁﬁf%?g%ggﬁvﬁﬁ§g¥%??gh%gg%C(ﬁgconsisting
of 25dosgempdiindindosEterihaviag alpH waloh witlrallod, thwbgdlRimolehide tdmbtaiegs men i s
separate in tine fromthe first and second reginens. In other enbodinents,
t he agerspnfosmalder vipast iee@stibysion éaral logal phparenteid famubagiondrpr vehieh wilhmedigienen,
a sixth regjnen, or seventh regi nme ereiy each of such regjnens

consi st ¢ Cfgko(?lmféo'&fﬂg@@gg r%‘"a&g@ Hoﬁqm?%rﬂﬁ?lénepc@mpc%?&lg%%’ 9\5_%L?rei n the
regi Men$afherAGBAh@hfons). [ifBelfehOdANSraf RYEARENARE i RENHNS c RE bGOPFRREMENS.
In one inportant enbodi nent, the subject has an abIICITIIaIIy | OW

neut r opktbmpowmuistofaied thveitenaldetgol d danformadidh elrdnige dromocyodis ttofipear iormhe subj ect

a presel ected | evel, of neutrophi)s. In other, inportant enbodipenis the
subj[5§ct fﬁ‘éFS"‘é%Bﬁé'ﬁWﬁFW’%}'Q“@W"F%‘Ve‘IVé%‘rhCéPVPH‘I“H‘é)?E*‘e%‘b&ﬁEFdﬁPé‘%eeflcé‘ggp The

preferr & ncgﬁggsgdzfrﬁlhe agr%gtﬁ\ﬁe’esygtg%. tlm?.tllli-% k&s%?gﬁfiﬁ bral q&%ﬁlrtiiog%glbgaﬁ’ﬁ’eﬁgs c%rfglrl% "

i mportan nents, sage i's no an si x reginens,

than fi veenggh GBMSt indide@n enfcliadodtitgl regi mens, no nore than three

regi mens, and even no nore than two regi nens. One inportant aspect of the
i nvention involves restoring or preventing a deficiency in hematopoietic
cell Illilllbel'" in a subject. SLICK deficiencies can arise, for exanple,
frolll 20 genetic abnormalities, f1' 0111 di sease) fromstress, from
chenot herapy (e.g. cytotoxic dnig treatnment, steroid drug treatnent,

i mmunosuppressive dnig treatnent, etc.) and fromradiation treatnent. The
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30 dendritic cells and macrophages. Mature bl ood cells consist of mature
| ynphocytes, platelets, erythrocytes, reticul ocytes, grap%l8ggt s and
macr ophages. In certain inportant aspects of the iil~~enti“o* agents
useful according to the invention incrdgase the nunber of neutrophils, 05
0 E c zooz -19 erythrocytes and platelets. In connection with neutrophils,
the agents mdy abelategedpdooof thedtiventinh,er majhod fordnag fanuriredi plidronacdutidaic ed
neutropeni a, chronic jdiopathic neutropenia and cyclic neutropenia. Stronal
cel I's i KEMBASPN by RyBYided s$11¢ralf=ﬁ1ts>ﬁna yl¥es plpcdog A eYGlisl boselfrpline epmpaiind odithe

Goscr paBveon i RRifloePBlcyfy aCREMBIS Aol o Bl B B Rl 00 on 1

restori ngedpfuble ShHEEE buitdbé fRloral @lmifE@itRAL IMEYe préTBlBE, Bl heth6d Bivalved
"normal " | evel as used herein can be a level in a control popul ation, which

prefer atfmymulmtmgmesomub;lé@m sﬁ@ambhg og icapsuter whtioh deest it inlidssanaatarive t r eat ed
i ndi vi dual gch as evel can so be a ran

! I
exampl o SO dhyel Bt TR aT o o B Do b F ST ARG 2
part1 Ul p AL AU AdHh RIS af e SHERSE furfn®! n%o1v;f{:ﬁ/ogmmgin@t(bp&h9@gsea' S0 be
di vided 1nto groups, such as into quadrants west quadrant
bei il ~ idaghy) disadosnpaisitionttd dorhoabebhilevdpepadatibe nBilidp@ingiositioaetirsbeand t he

hi ghest quadr ant bei ng |nd|V|duaIs havi ng t he hlghest | evel s of
hemat opch‘é’ﬂWé“‘I?él'JYsaddTF’f&}g the preparatieyy 'aphpEmaceytigally ageaptabpdhearderisymean

par {f cUl gt Rl AL on SELRElEd o PLELSY Aol A8 A0 dR, LANRLEALE O

of apparen Fior poi etic
cell di %@élﬂwxﬁposﬁmmn |b|e@ddnkt@thted|l:f§“ﬂhﬁmg th hmp@pd}am @ﬁ[‘ie&ﬂhbéﬂ@ﬂl;ﬁs

presel ected val ues, taking into account the category in which an i ndividual
falls. Apptyld e eelrlawgw @mm atplildegn ab@ltmﬁrﬁ HH & ehare pederablyhirom pibhS-t han
routine7§ﬁ6er|nentat on skill in the art. Either the

i ose o? or% %

mean or ? U $FeSQRIILKE 8‘9‘?6%8‘? AR HHEF M ye can be established as
the 20 nor mle@BRﬁ@J %C};e‘?QnMﬁéH\%peclt'okﬁ\é‘lﬁ@entlBHea xln@t‘ﬁ%h féﬂtlgnﬁéc{t?igecﬂivﬂfdnor to
treatment with a hefratopoietic cell inhibitor can as the

pr etlet elorrpruéﬂfemadwef luiknmgl(yngmatytes, Ihemmmpmhc celisge sfromahml]ts nopfovidedi Fhabout
1800- 7250 per 1 (nmean -3Gb0); for basophlls 0-150 per 1 (rnean,-30); for
eosi nopfiat 5,0<bnw@kyei)@rma°t1@&éalﬁ lymphgcytesgyr hematoppleieelisa Huving ApEYYIES. wiib- 950

B o o R e R

333 x 1Qompeiinds. oleIftennf/atte@oiIngemzangee&“e@édeelﬁliocﬁﬂnen@%mﬁﬁ& genatedavey. In

connection with certain conditions, the nedical conmunity has established

cer tain ogfﬂ’és"éinmelts@@ngélnmnpqn@d te) RHpias patignt ih reedtof @p@hﬁr@tmgntchw theteri zed
vin utrop en|a at

bt t2un b SRk pEb T Ea S e Rb o RIG R0 By A tkhge

Li kewi s @ymphiibcaiiRmatopoletiRRER ME @y A£iBH Bk caiceh®sfont MaRenderfAntifist AN 6jfer ed a
medi cal I'y undéesirable condition. In children the value is | ess than 3000.

O her pnlmetcerstletﬂed/alcuesomwbllmda\mdeea‘mdnyodsm\fwnn olindrosempdpurst@innary skil |
in the art ents usefill according to the

i nventi 8 eleaﬁa\'e& hséxéed Eod’ré%‘tc%lﬂ‘? @ﬁﬁwfi%?ae?t@eégt ablish stlCh presel ected
~~al tles, 'nqlhggbﬁugfﬂ&{s'm'mé 1‘%\’ tr%n &h® %Fﬁﬁﬁqﬁﬁﬁegeg\éﬁr@ &fnfz&mhﬁﬂghwlc cells

is the nunber 0 S reqwre to con I Nl Ca ene|t tot epat|en
The25 equiidiadndiayelts farareatige guahditionod.g | @ d¥fdréiangéhevhiciogtimllates hawatist .
Such levels are well known to those of opd[naré skill 111 the art. For
exanpl eor propfsatiet ehagid bywhoerteheryheppapeistis eel boEOI(?XllGQ@; thﬁﬂéﬂ’@ﬁ’&@ﬂsﬂf at
| east 1

Q3 1| po RIS TERER PRSP mP oLy pRbaion T rioepfed Ho g fbypReRt
| 110dL1 babkinkgwhiter 20 spHciffeail( sé{eéte& & 4dheAt aPaBRARR otRDMIe! FBPExMIAE acltes | zed
by i munosuppression, e.g., AIDS or AIDS-related conplex, other viral or
envi r ondesited|td gtimulate a particular hematoponetlc cell type, then growth factors and cytokines
30  which stimulate proliferation and differentiation of such cell type are used. Thus, it is known
that interleukins-1, 2, 3,4, 5,06, 7,9, 10, 11, 12, 13 and 17 are involved in lymphocyte

differentiation. Interleukins 3 and 4 are involved in mast cell differentiation. Granulocyte



10 induced conditions and certain congenital inmmune deficiencies; (2) to
i ncrease an i mune function which has been inpaired by rb% mg of

i mmunosuppressive dnlgs, (3) to treat system c | upus eﬂrélt & sis
Fheumatoid arthritis, and multiple sclggosis. Tile conpounds of the
invention, ill cyclic formor followng |inearization, or conpositions

t her eof ngldpHage bsledy biomskting kRte (GMCSF QO WM:éridkil®and ppaiekincs g@lihvolivddl
culture. 15 Such cells can be transplanted into mammals, e.g., humans, to
st r engt hefhegosipepkil dtffﬁéelﬁ@ﬁaﬂ-oﬁM@Sip,dl,laquhagfb celony stirgylating Factor §MGdi)h.

These co ds als an _be used t.o.treat ' erj from di sease
o 11 omPBREE AN v anatsparess L tebfRiof SV ESTAE R R e v efce
under goi;nge G AGERRNtRMd 'CN1SEat [18B!1 1] -5NEer] LRI AR iAPNvEPH platelet
hemat ol ogi cal "or other cancers, and patients undergoi ng bone n- ow

t r anSpl aiffeent2Oiow~éd3 | Ligatid ik hinloStedlih dendricl dellagrdbwill IGMESFellg3, andt | | 11a11S,
the conpounds of the invention nay eniggnce. the abili t%e of the i mune system
to regererhiopoictinage Nalved ieerytinonyds diglgrendiation. Tapally ike selfgpewal ofhus) t he

conpounds:. 0of. I S.: 1 [ Q0; 1 N £ ; - ns,
o orrudty e i P SRieo SA0s REBHRB AL AL b R S fticr M
accept abligndaG-CSBSIL-BATIQARITL-1 Qr Vehidusedinbiddtibnd fol hdicwlas adesifadrBiult

CAa | Vel | t_TC] lal ph armaCeLltlCal praCtlCe Call 25 he enployed to provide
sui t abl aviflbeppparenidptidse ©f ordigaygloidl injtlemart.t Becatsd the sgants visad acewdipgunds to

patignts, suffering (r0111 11111111l 110st CesSI.On Or al.] 1lllnltlne
ot 181 e N e st Rt A S POk epaT R AP et Firas hilsr et e 6 be
adm ni st @t i QdnAEYioR8y By R He 1dr&foi S &R Bies BRLRMAAD &limulad SPRVIFIIANN the
subcut aneous) i ntranuscul ar, intracapsular, intraspinal, intracisternal,

i nt r apeprdldomabn of npnaicamah¢maepasnt ¢elbtyper @he fidegomsfac@ts om wellhawameaat i ¢
formulations may be 30 ill the fOIl O Ilqgllld solutjons or suspensions;
for oralthogarf Ardsaryskidiin thepimand masharesaynkECialy avadlableni | o tablets or
capsul es; and, £.0r4: 1 NLr tl b : sal
Coen! S, SR AR AR S B I S o

adm fi sbetrdnhtidatcan BEPeiTermedQn 9itkd. BF &7 e£0@3le; 2y afthelsdlm@nitg odlistcagbpH t o
acidic conditions to formthe |inear conpound prior to admnistration in

vi ew of withdraygl Bp@ epificpoeirashtdoger andecogfagied withea Hyepriged comprovad @i pst | | | ds O

the Il1vent|.on.or.. C0111poslt]|011S thereof he us to control the T cell
acti vat VO EPOUEEL S GER bah BRI G s e S Sl e RS el B
The COWM\@]&CQ“ PileR@all 1OMBE tbiAPoids 8 RARVAN1ON 2rd AHHRQS toGROtrASHHIFES! thOor
enhance recal |l -antigen specific inmmune responses. Lynphocytes from nost

Hl V- i nf ectaudrentretitii chugdcsing diei dontpoandgsalth thet iselated etldsci vitno tohfarilitadbi ity to
respond to recall antigens (A S Fauci. The.hlilllall Il1lnll110deflclellCy
T B0 gt of iy Misa HRE RS hamapists: Mo Gus e e puslice SIS P
19SS)). ' ool i b : ; Ferd Ldi o daghakie 6f e CD4+
T ool IO PR el & MACHESRNY S SR I B R Bl
conpoundsbidity bf the cagebuhds priorts esd i Tig cAllDSe cbhtasted WifB shdunkd dfithat oi 'y
activities should inprove | ?/nphoc te fLI11Ct 1011 111 H V infected

i ndi vi dgamgowidsaidng igveitionghatiiee efsscdive to eimgatg the eglls; ersafierdhe teasd gllsch
show up _early after.,inf ihon, .and by inproving COR+T cell nunbers. Since
it is bé e’llgl\}%@a l%eajtth? ﬁg%gtértrlgeo%rt]ﬁggof the invention, in cyclic or linear
f012411, haV@\c_@&dﬁlh@ﬂ&_z@Bfﬂeﬂhé ctTdh SRRt IS ifeYholl® bre @8 iaded e Yngdamting usef ul
for the selective delivery of other therapeutic agents to, and into all
CD2G beanimge sgitéis fuietign, ToBempowrslsiod theTihventionhee @DlinkEatdtbisybieck in he

|l 1vel1t 10] 1 Cal | be used (%la deljver phargacol gﬁi' agl%nts i nsi de
CD2GheaFHPIdBIPUNC SYSENTBP RSN IRASQUREATECH Y (9dReqYE IMBBRSES T s, For
exanpl e | SN hBBydpdh PireriBh i |t Y R SRR R ARG iR REE

devel opglam\%i &&%lglgﬁg g%?hlél?]?Q%gl?égrh?g@ligﬁinﬁﬁgdseﬁz%t or the H \/lg$ ot eli ‘hase,
are | i mifigdné furetion kiohgastiy\stintulatingvpro st atigntaad spezific inmatnd fuhytidnoofgeiD-2i6nsi de

the CD2G bearing cells. These H V proteinase inhibitors can be |linked to a
conPoundeasing aels inpiodusompioahyactiograheranetic sesulitrelatingrioninfacoysdisssto aci d

side chai n or finctional oup .1 e 011- I I [T f the
nol ecul émtcteh@“gmenlbket esﬂ?cﬁffﬂcsa;i? l%ﬁ%@?%d%g%tlﬁé Ogﬁ %ggﬁ{@gh@sddoﬂélge ﬁ]g% llit!io 1\r)f(gir)sel y
af fect ghar@Bhbitor ddbrddecitemmaled bl Pediited Tze1 dvelkahtng| e pHHIWNEA Sbher
delivered into CD2G+ cells, Even if a drug is capable of entering CD2G+

cells, the COllpollllds O the IlIl"2I1t1AIl Call be used to concentrate
the dnlg in CD2G+ cells, thereby |Inax111117111g the desired phannacol ogi cal
activity while mnimzing unwanted toxic side effects on other cells. This
delivery vehicle therefore provides a nmechanismto prevent lysis of HV
infected cells, e.g., by delivering AZT to CD2G+ cells. Thus, the CD26 30

L, - B Y b1 o Y I



0 5 DEC 2002 -22 in conbination with one another, or in conbination with
ot her therapeutic agents. For exanple, treatnent mﬁtQ]QQ)Co? gnre of the
conpounds of the invention can be conbined with nore tradi't % al therapies
for treating disorders of the imune sygtem Wen adm nistered, the
pharmaceutical preparations of the invention are applied in 5

phar macdisordsad dsgeciaed piithod enagronnided imathne Ryadar medkildtiohad flinnace epitail y
conpositions. Such preparations n%¥ routinely contain salt, buffering
agent s, figicdienelsatinglades, bripaet Isnidedtty) dacreasing imapitnedpastivasurly avbher

t herapeuytic_ agents. n used in edicine. the salts shoul d.be .
phannacotTEaMg Ael T Mty s B e mab e PRAly B e rmscitinly
I1Tay conviafha dy¥teRrousRlaltdinith fiRAdiSeaRE M IRRSAMHiItEa]ike/ -RCHERhBBk Mt Sal t s

t hereof and are not excluded front the scope 10 of the invention. Such
phar drac ehbgilimadnit yheanydlip haroRed matcospohydsaafcepinabhteonsat tised tnstivaiéate biebtd ar e
not limted to, those prepared fr, the foll.ow ng . acids: hydrochloric,
hydr obr s#A Brolimtion.as desoed i d%ﬁﬁ%ﬂwr Specifi cRRqIEoNSAat e beleatedl i c,
citric, rm ¢ l.0ni C: 0.5, ' - - .

phar mc et T TR BRsfionAHFdichlol spltf bepordef asfbcfot e ipveption and jre

al kal i ngegaibed irs@dthis in th leCitnplSs. XM hplhty conpifioaStlak bad be tedateddat C 11111
Salts. The pharnmaceuti cal coqposjtlons,lS al so nay contain, optionall

sui t abl édpidgerinathieempoyidspidhe inyaptian iRelyderhldhingeqtiga; naoplasmelvhergimtbe ;

arabens and thinmerosal .. Carrierf L ati sui tabl.e .f.or .ora
T BT Ry e AR e GRAAHE LAl pRAG s Tl Rl Puitgplifor
adlllln ;ﬁ@m@mb@%&- fRIMtRE thatpd(el 4, RATHEE ABmS) PG CtIICat thSahnaes, Mack
Publ i shing Co., Easton, PA. A'variety of adnlinistration routes are

avai | abkgstérosutlr esat depdetwnafisgbederivEd dropakyniphwidery2rorbalsl/afmyddidver y
selected will depend, of course, 11p0l11 the particul ar conpoun el ect ed,

t he sevSPFft%?sbﬂ“ “ﬁé?*ébj"? -1 Wi‘%t'B%i“ﬂgepi?té’étoef&ggﬁﬂfc ‘ﬁﬁé“@l’%gg@“‘r‘éqg?‘ﬁeed for

t her apeut i £ \A QTSN : X i ) 3 khg, may
be. pr act oy ey AR keculiie AR T PR RE AR RRARY (00
accéept abdsaltingefeonh dgplanyn aDektls bidie ipmadtiecesied).f ective evels O the aCl~'e
COL11pQLl ndS wAt 110L1t causing clinically Unacceptabl e adverse effects,
Such nodes 25 herompmiissafihn iNgentionqande usedio, stimuidata petivagipn eapLolifgation of

i nterder mal ter . i ~atl dl al SO
11 G e RS 6 Sl GG B RO TRy Bt S O L T

| i neage iptueBRYoh&ent@Ebh 8f fie@BIomad intitro anth €0t ThE hizthddirefetmdlaihedivee! | s
with the conpounds of the invention ex vi~~o, followed by reintroducing the
t r eat ed icehd sdmmistisiopat tlermompphiad tadguxestivitk kipbamzdceutivally et eeptabthuesedert o t he
patient 111 any manner .known i11 e art for 30 adm njsteri i able cells.
G 25 aa i SRR S i P Sl (AP BRLPERB S ECRBSS) Do RuTdateaEr o f or
oral aClhdddbd dirtrhctdiz8bY ihddehatl GyipiRRFRIRHY ARNErI6h&N G,  BraniPl&do@S
capsul es, tablets, |ozenges, each 0 5°0~c Z~z -23 ContallllLl1lg a

pr edet esindhi cvaditiink hat HIV tnfedtioni kidneyofajotencanotr (il partiowlentcamrer addohgpanied

conpositions include suspensions in agueous |iqujds or non-aqueous Ii%gids
such as b 14yphgsyteafispistmgshemptherapy siasn bors Brapysliserdernyhahgpsidiigsisp ktsdon

SR L A e S G S

di 925t i petidnt afdllyt Q\leRnacRiety, tHeeoiouhds dilRGEES stidniliteiptoll feragan or
counterparts. As used herein, the tel-lIn "parenteral” includes

subcut areibagion phtyraieapies /1 vifrol ¢.gl, MhereSQatieat’s autglpgousilypphetstey are

Conposi tions suyitab for parenteral agm nistration,.conveniently c rise a
ster T ertag. e e b AR BEBURITO AT LR GO Feras AEPYSF BN ¢
Wi th t heyJ).gagh ofhif BRoBChRbENed Fd}'e%alﬁﬁté,ewsﬁcﬂeas%ﬁaé althB& JTRY1oRRic PEaN at ed
according to known 10 |11et 110CIS LISIiTg suitable dispersing or wetting

agent s apatifsufopamediiag’sagmot sr T Telds intHIM indecitanj atienis] e preparation al so may
be sterile injectable solution or suspension in non-t oxi ¢

a
paréht er al | ylheteperpsiast givpeiaftheoinveriope i subisst lds apgbrormadly o avst pon i n

1, 3-but ﬁ@lgat%bgilegic 'é‘élils%q%ﬁunte%%@qc&?lmlﬁg 'thee a‘é:%!ﬁ' igltagﬁixﬂﬁgregﬁ)lll Xl?ﬁﬁﬁuﬁt.@gfecﬁ%y be
enpl oyed arer~ater, nger''s sol ution, and i sotonic sodium chloride

sol uti ofy rekidr@Rdék ioPR he@bh®pbletic céll- @d R inhadure bfocketianyeintd iroaldcyedatarhay ed
as a solvent or suspending nedium For this purpose any bland fixed oil may
be enpl oyed including synthetic nono- or di-glycerides. In addition, fatty
acids such as oleic acid may be used in the preparation of injectables.
Intravenous or |I11tl'all1111SCUl al' routes are not particularly suitable for
| ong-teen therapy and prophyl axis. They coul d, however, be prefe(-(ed in
energency situations. Oral admnistration will be prefel-red



20 for prophylactic and other treatnment because of the convenience to the
patient as well as the dosing schedule. Tile phannaceutical COlIlpCSItlollS
may conveniently be presented in unit dosage form and "g\peloezgar epar ed by
any of the nmethods well-known in the ant.of pharmacy. The nethods include
the step O bl' 111111~ the conpounds of the invention into association
with a %F[dt&ftw@%wv&ﬂl The BQNSprctthNG i ORBIATsIITES B A6 SEFER Y at 1B4H @osdlig. | N
general, the conpositions are prepared by t1111fol'ITIly alld Illtllllately
bdl 1| gl ny 18H®UC pered: ibis: mmclttloast@@pmancul@riymmpmwIaplqlunadonsmﬂbe resmrzfthmedfy

di ~~i ded solid carrier, cf goth a en, if ne F yj; the

pr oduct NOBPHE PHIPFIVEJEYFIS) ieé'ir?li@ ScaWyl w94yes 41 at@ e -l e Bfe %léffdayed

rel easeé‘gé‘}jﬁgﬁ‘%CWB glpgase delivery systens. SLlch SyStenl S Call avdd

repeat e tratl Of the Conpotl!11dS 30 descri bed above, increasing
convéni ence tAxcbhng tdhjﬁbdtex aspact dfahp wventorn . mdvhodyistpypededfor BIdr@aie or
delivery systens are avail abl e and known to those of ordinary skill in the

art. Théliniipatingdhe poleyhal e sybiget lwgﬂ@h%m@mlu los lgysi 9f heseatoppietinl gravatinege) ,

copol yo ] =24 p rolact ol yest eram des,

pol yortE’ioeogtcgﬁgresﬁg\“iﬁgod’?gfg‘/tﬂlﬂn “4% 3‘3?43? Shea“:ﬁSﬁy‘ﬁH%‘;ﬁcair. ENS o r ocapsul es
of the fLahea%Rd tBAlHFRESN e &F JUCR Grefti B intrEarblRfe EffB@F citd inctike Beanpl e,

U S. Patent 5,075,109." Delivery systens al so include non-polynmer systens

t hat ar eumiblepoﬂsemzrw}tqndlmlls bematme bloot celds inltbhé stjent,obhereihchestreinckragen er s
and att aC| ds or .neutral fatqj Stlc asS 111 g 2{0 di - anag
tril Iy@ Hechgent BRgsyIar 1 &1 %%f%tén% kyt%rﬁﬁ ansops, with *dministzation ofthe | de based

t d
ol pi enpLpERRL ?ﬁﬂ?&Pdmﬁﬁﬁa%“%ﬁ%ﬁ%%&%‘éﬁf*ﬁ@E e e o e
i ncl ude onbuhip&tat amﬂ)o&hmmnt ek hemat(apc)letai cadiSGhibital cauyesSinedbaSrmhailyvibivabvdl o€

C011lpotllld 1S COltallled 111 a fonll wthlill a matrlX sl1Ch aS those
descr i béampipppiese cplt erihatiisshlood egdls i i subjeciandgha agent mpginpBistesasingn239, 660

and (b) _10 d f nal, s nen nl eates at
a cont r 81°&8 ‘gﬁcév? ?OOlr%Stgléll%Feﬁggﬁge“ é&e?escﬁt}'g E%@%§&I§Bﬁ eanltOINos

3, 838, 2pdte@@ 18veBS e Ably! the agétitlid MMminRWIBDRSEE sitged VR hElese D idéeds)in A St ens
can be used, solve of whi ch are adapted for inplantation. Use of a

| ong-ter mlwuspquedn nspeday embpiliammtarthe dgentgansddctolrestory is thietsahjeet fagmal

treatnent of condi ti.o ong-ter | ea us rein, means
that 1 e PiRgreie Tl Tegharth Bosrati s Paies 15t alr g e apuit o

| evel s %fqufréh‘?lsa%tde‘é&lﬂeﬂ%% ent for at least 10 days, and preferably GO
days. Long=term sustal ned rel ease inplants are well-known to those of

ordi nary ski |Accotding foeanatlfer aspect dfnhé indentsonre nathddie prcezhc@isfer prepirarssa
desgél bed above. The conpounds descri bed herein are adm ni stered i1
ef f €8t | vebisshdanieatmapt \éwﬂn abemglapalefif eslf mhtbwog Aheipstigd 1pYolyesedaunipisting

\7\/| uffi ' ci ?cmhe SBPJ tq\gﬁoq(?o Fhergﬁgtﬁﬁ]el:é{vﬂg%g l?&llluﬁ E;ISO‘?&%U dell 1T1§5§1t810%nez{gfaﬁﬁtn ape amount

condition ng t Feat ge an

phyS| Ca"lm‘éﬂﬁﬁéffdcﬂﬂe Qf stinf@tate U jIRGUbJRE! ftadidtiealof drovithdaciers el bive ﬁ'ﬁbdd‘h@ent
condition, the duration of the tl'eatlllellt, the nature of the concurrent
t her apy tlfd dgeal styl)uhtteh strespalaietlipeodustiomobgrontinfastost The pgantaand the Reefersask or s
wi thin the know expertise of the oner.. For exarrpl
an ef f eGEFV " ”rfocf?ﬁ%q‘? gra%%i“f P RPPYRTY e*flb(?glln?e”&éf? %ré’ﬁt%rq Py lﬁérr?ﬁk‘l(?ﬁ%tl esis
woubsl beoRRy ARHMEing FactdH! Th GHRPEmbOdihRAEAARS Srofdh ackdral be‘l&dt&ﬂfrbﬂ’l thd §1Q>'uf)' cant
extent T ceY aCtIV5.tI on or hematopoiesis as for exanple, neasured by
i ncr easednsiging aflibetls-201L-Bylli-hdieadbd 1TIIcéVITB@tER@IMCSﬂnGM(ESzE,tEMé?
alllTalllt for StiTlllliltln, ~~y a desired IIIjnIung %SO|S F ?Call
be meastH@dd apdSten SsH Factopy Pd"efF’é‘PFM Hicrgnopng pdmestered tq the subipetis fost thepe
filneti ] ; cr iener

qri'nqll]%epﬁyae?% Rér a9 It 41 1s%?€§§getﬁhqa]h£ a0MIQHRGn o HEe a%,lgﬁtra%r 28 o,

cytotoxic boné “narrow cel |

I NCr eas gk d&eWBF tie aeémr,ﬁ@lnbgqx@dr@@{ohs or an ability to sI ow, halt, or
prevent an infection or cancer). An effective amount for treatill~ all
aut 3 mune difsopidiéng @rwnathleea@ﬁ@t ofitboingestionod methed is Reavidad fpoireating a

sufficient. to lLessen or i t altogether, ti .

r espons &Y EEEIEFESC thed“'@ﬂ’(?r Iéhée"i%B G%C"\}éﬁf’ﬁ“‘ni‘ﬁggm"?gr"&g"@he% ?Cg &w or
hal t the,dgyel %ﬁ'ﬁ%@él o PLubidiei ﬂ{e%gro?ﬁt?dlﬂ%aﬂ'fleﬁthﬁaﬁlhr%@ﬁﬂee"ffecﬂ-m%yinér%as‘é‘ I
be under st ood t e corrpoun e Invention can be used to treat an
atltolllllllTtllle disorder (e.g., transplant rejection) prophylactically in
subjects at risk of devel oping an i nmune response (e.g., recipients prior
to transplant). As used in the clains, 5 "inhibit" enbraces all of the
foregoi ng. Likew se, an effective amount for treating an i nmune



system di sorder is that anmount whicli can slow or halt altogether the
synptons associated with the I111nlLIlle SyStelll di sord% so as to prevent
the disorder, slowits progression, or halt the pl'Qgl'e SEF 202 t he
FIT1T1TtIne SyStelll disorder. It is pigferred generally that a nmaxi num
dose be used, that is, the highest safe dose according to sound nedi cal

J udgnmenhemia@pbietecalld or, matosdsoaf calstin e shbjEpy twhdseinttelaghe it ndminadiardd i0a 001
ng/ kg per day to 1000 111511<~ per day, It is expected that doses range of
0. 00l t dirst@esimgniegnsifting He dases bl €osepinefrel &y periad.| Yhapgenisangribe or

several adm njstration L r_dose il esult, f1'0L11 ot her

For mo oP e faerf e SeREbed Avec i Bhe FRFRE b e h R sresfe 1ottt ol 1
In the qy@MisttRatin a8 sé@REESE Meh QosisiHe] FRtdosss driBsddsks fi #N1S-Réurtdedodni ti al
doses applied, higher doses (or effectively 15 higher doses by a different,

nor e5 | ocdieiae thedetondeegintenus edparay irbieme fiphotpe dirstaeginenekn amthérhat pati ent
t ol erance pgrn‘i ts, Multiple .doses,.

) er d are contenpl ated to achi eve
appr opr EAP8dLRAG.he aeqnbirAdmipisteg OUHH@ZGWES?@E@?\%&OR@% %e&iﬁi)’lnes

denonst rat e | JRLeavallapi L W=10]: i Y,ClJ

ol mpoL P S PERER Rl yBUAR i fobertl SR ARTFERT REA MR Brieriha,
conpoundeghinths. r@spldtenibdihéma) kigd ddegt i Aempiistetcti@pabhaly iafa foymip Rptnegs i n
vivo. The exanples are illustrative only and are not intended to limt the
i nvent i diithirpgime, wepjxth regmen. & @lsayenih peanet rdwred Aprbuafuelt regiraensppasisison,
cyclic Val-boroPro, ("PT-10Q"), Js used in the rking ex | es.. Throughout
i 10 5o P GRea 2isted i Bapeton Brioa o Duck B ikl e SR P e,
25 partineH éfc AR bR BE pridesehdRd IRbhdlinpdriast émb&fmeht tlieSsubRchas
understood that any of the reactive groups disclosed herein can be

subst i t ab ebndronally hew pavtrophul cornt @elché smogmtosipleqtiore 4o restone omijek sghjetip) shown
in the d{aV\fi ngs or d scr_ibe.g in the.ParticuI gr Exanp| es., .Forni ation of the
/0l 1'C SRR feabo i rop s, I8 oUisk ihbertan! emBgdifgeRis g SIS BREHOTRBERAL
SYNTHES} 3, (¢ (SQYR eyl Q40 ankiie fiv4RLE ON
involveg§b§$§ s.ﬁﬁ?@&§¥%€ﬁ$§¥@yﬂﬁiﬁggﬁﬁg%ﬁgggﬁﬁg ér§§3é§WgE§%h§%§EH%hat

t hey5 seldectibee hiyovzl na imiportdne eib2dinteateicalosage iOns nwe€than 2ix- 2ginnsfiesi s of
the |inear boroProline conpounds are described in Bachovchin " 493.

Conver s e Bandhs regipeas. nodnenethan four PN MEEs A thege regimensy ¥ ienne
conmpoun f [avent. is acconplished by placing the |inear conpounds
ti nder ggﬁgqr?i&lgﬁst{vgflgﬁékggal pH (about pH 6 to about pH 5.0, nore
preferably, aheuipbrtntta8pabofithe Tnvehtib®invalves PRt Hefdrprdmrhtii®a Gefdiémgtint he
abo~. e-described conformational change fromlinear to cyclic form

Conver séepatoppigie celt hanbergnadhbieeinSuch dekciencddsi can fagpenforriemgpése from
conforn~ational change to linear-forth Lt is believed that both the cyclic
o nedi PP B HSRBBUIS SIF: BB SETeLIFdes LoBRI e, ¢ he
CD26 1 eqRphdh), sBRGid @ bdiMeRY IkAlheR P;f%sgmt dﬁlg%un%t,fe@&) Riok-ogiredhi g

bi ndi ng activity. Accordingly, the cyg I ¢ conpounds can be adm ni stered

w t hout tipatnent.t reatment to 10 111dtl1Ce a CAOIfQ'il 7atlollal Chatlge to the
linear forth, For the post part, straightforward, pepti coupling chepistry
i s enpl oyed tT§€pHEPHPRISYsell mgsRerab &t rrtos erf@‘%’ﬁ%?ﬁ&ﬁ%&fé%ﬁﬁ@%@é’ﬁd'&rcﬁﬂl
pepti de. | n 1Sk . : g Bf ] 1ol hSsl: ion
e 1 eadliy Rsbafh SERBRIE SR IRERACE, B SRR ERHRTRgE (tiae AUEEL LT,
ar epmot rddidtionagkatifent] Waich@hliwa dgcreidedh tignabjebt 6 heBaitdpysticARlls plid/educt i on
15 to Peutide Chem stry, Ed.: .Tohn Wley & Sons, 1990; M kl os Bodansky,
Pept i de n@hgarbirodeelld Practi cal Text book, Ed.: Springer-Verlag, 1988; Mkl os

Bod Ky, Principl f tide Synthesis, " tivit d St t
Concopt & i n SRGHUR KRG ISET Y508 WA AEet 1g 2ot ooy 1t R IVEPP AR 1084 and

M kIl os , LB p | Tetict I hkdnYbcd gucture
Concept sﬁaﬁwg’gﬁﬁlb (IlaS?nAng?) rqgég'hﬂ\gféfeltﬁrr@o%t,gg é%“c“f%g% ntger - Vers}lEé ;Sé E"1984. 20

The conmpryndsydflagtd)@lateivembiaring aegiiagyarytes hhd phelayntyngsiosytes, mbiweyEPr o as
taught in WO 9S/00439. Use of H-bor%r’ro iﬁsfor il ustrafiv pur %?es only,

andd9 s AerdritisiceHeaid mgerophages. Mature blood cells consist of mature lymphocytes, platelets,
erythrocytes, reticulocytes, granulocytes and macrophages. In certain important aspects of the ~

invention, the agents useful according to the invention increase the number of neutrophils,



Jimt the scope of this invention. According to WO 9S/ 00439, H-boroPro was
prepared by the synthetic route previously devel oped and described (G R
Flentke, et al., "It~lIlibition of dipeptidyl 25 aninopeptilda®EC1:802 pp-| V)
by Xaa-boroPro di peptides and use of thgse inhibitors to exam ne the role
of DP-1Vin T-cell function,” PNAS (U. S A ) 88, 1556-1559 (1991); also
descri begythfocyts taad pRliéletes iPediBétioNowitipndirbpBdS)the Addney may by @ded to efor oPr o
may be produced by a new procedure (Kelly) 'F A, et al., "The efficient
synt hesiigteartic sdriploeradegiondniungd afutzonsnist cirenisadiopathis neytrependaandadyicic or
enzynme inhjbition studies,” Tetrahedron 49, 1009-1016 ( 1993)). 30 Both of
t hese S)}Wf‘h@f?“éa'rout es reportedly yield racem ¢ H boroPro pi nanedi ol .
According t o WRI¥L043RIudS IBEANSRE ML AIphigddERlothelikl @MY, dsteoblMisaghEFSOMEr S
of Z Lys-boroPro were prepared by first resolving racemc H- boroPro through
crysbal |dtzattyms ofictls kndybtoD6se2kRled 217 thepiri awl deycribetliiv antnuaclogngexipy. ot ect i ng
groups (( 1 S, 2S, 3R SS)-+-pinanediol isoner) followed by coupling tile

i sot opi cal | y Qg @NUBsF HPEY odmke InVeioaps iestosingie a sulyedospamlcar |y pure L

i soner af_. |.ne . it St at. t : : : elmtively,
the L, L ghd&ﬁ!‘% dlglglgﬁlee%grlrg‘?e sls'o ﬁ@@fag‘orﬁggra%'? l\?\%ﬁﬁ%@%é?éa I?A\\Jr?li Hi "b%onér ? i cal
purity RspaRLBH, WBich EFEhBlyih&udRrsabetts Bivikg ksl RHas eBAst Rk a thel tRited

resul ting diastereomeric Z-Lys-boroPro-diester into its conponent L.D and
L, L di asnérvslonksschuasiagg. Moo Engmaphlzye cepriSo s aparge turskymplsswheteed f or

di asjereoneri.c Pro-horoPro (W GQut hell and. WW Bachovchin,. "Separation
o 105y OB BPEr GoF i B0 BASHURSIEReS 5 ABRLieblSREruDaRd "RhHethe TR ysi o of
Thei r | jditiie atighReRhi K : i ysi s
o S ow, T GBS p e SO SRR Rl sB A s Shb IR 58S
A speci fquedanobecy indivdudbtvathnhalgwasideefleof et aopopeicnetllo ind the highesint i on i s
provided in Exanple 7.. BAlll'_I PLE 2: CYCLI ZATI ON REACTI O}I I dentification of
Active (PN RES IWAGE AR ihe dyShspideyedsoldienioraieic Clleohptufits as 15
Rel at ed .t.Q. 1 nhibi VAR | ution
at all ph&\}g‘u}ag‘}l&? %ﬁéd%u?‘é}sé%? a@%“éf b(g?slﬁ:‘g?ogls% ?hggﬁéfﬁagﬁgﬁ}%g%@n&xture of

t wo | onfleveledre @isse oflApmpanlyditaithy sibiced whieh Ghvdeapri®aiiabyod i aepdpeiend)
whi ch is inhibitor active species), alld a pzcllc stnlcture (cyclic
bor oPr olccHdisosdpspubienh “Waia” leyelsothen san bhessatlishsd s preselactas vlues) taking See

Fig. 3 which is di agram showi ng.the .structures of the open apd cyclized
forms oftiaschbt Bisseery b Y ore g buivior ik iArtora ihest i salpofiécdn”
Xaabor oRGQLicBRd W K £19FSthan Tdfin® BRFbrindékdt}8 byl tReNeRI flofdidarGRRIINnIREGHES 1S
favored at low pH while the cyclized structuré is favored at neutral pH.

The r eadtiihenthiesndainl drlayothenvpresdlditet ninhleer optim tieanngeras bmestaplishddps thent  at
| ow, BH. The open, chajn to clic gg&ci es reaction involves a.traps to 25

c
ci 32_ somFPalAEssiee _ YAl ﬂf%?‘ivlﬁ%t VEIHA arsy JEERIEN t?)'fre%{mﬁ_ng '8 bond. The
cycli Zeqleﬁltamr?ﬂelt‘irct%.eg?nl{iﬁi?or.t?:% 8e u?éggﬁs e g{ed&eﬁiﬁxigﬁg& pRperazine, a product

often seen 1 n peptide chem stry. clization erates one equival ent of H+
t her eby expl dihengal e oeadi magefdr nbwrophils & dbdut NEH0cYAS0Ipeatli(mear &#60);0n and
acid in the openi ng$reacti on. The cyclic stricture is quite stable in

aqueous feohageplsls0-$0 pergh(npgan -30); frsesinertls Or10Ingak (mpen - BOnfogh pH never
leads to the conplete dis .apce DP 1Y~ nhibitory actd.Xi for,any of
the. Xaa HSTGBPE RbIBLEL o pah ataer Thmeinniak B gpBici@aisolfidopo pg 1™
evi dencenehiatashhp BediiBodytddi4n & Q0° V&$ «i IV° ef ANARN fSRplatlete 3 kilbti sy with a
noni nhi bitory species rather than undergoing an irreversible inactivation.
The hal fl10f pdrel.f Dire fonezoing ranges are at the 95% confidence level.
In connection with certain conditions, the medical community has established certain
preselected values. For example, mild neutropenia is characterized as having a count of
between 1000 and 2000 per 1, moderate neutropenia at between 500 and 1000 per 1 and
30  severe neutrbpenia at below 500 per 1. Likewise, in adults, a lymphocyte count at less than

1500 is considered a medically undesirable condition. In children the value is less than 3000.

Other preselected values will be readily known to those of ordinary skill in the art. The



0 5 DE C 2002 -28 reformation of the open chain species fromthe cyclic
stnleture is surprisingly low Thus, it was concluded hrgtrlhe | oss of
|nh|b|tory activity in aqueous sol ution was due to a p
cAdlfol'lllatlollal equilibriumrather-20han a degradation reaction. The
fact that the inhibitory activity does not go to zero for any of the
Xaa- bor aBegs bsdfolnicobitddigsto thy Rivemidredanbealsah@gesitablisiubabireestablogeduber Wit h
the fact that the reverse reaction, i.e., cyclic to open chain is slow,
suggest @aesrelrateduml@hdmlddm nsr,m@hlb\reés to measure the eql lillll1I" 111111

CA | sCal | f 1011 LILITbrl 1] 111 SL|| h
ophr ot ki | ottt (Sie PR RAORaRs wel st abinber o e Yot B gpried D |0

been repaRicarhdidat totth@paﬁém omé rquﬁrred 1&&1&9@8@&@2@{&@ 1e§tm£1€ﬂrtsr‘ﬁ{mm s
15G 1 for Pro-boroPro and 1130:1 for Val-boroPro (W 10 CGut he and WW
Bachbvchévels " SSpah ;bdwetsmmfveu-l\RDWH Bb thoee ofRsrdinant gkill irsth€artp dioe akamplass er eoner s

and Kinetic Analysis of Their Inhibition of D pep tlgg/ Peptldase V. A New
Met hod MERtegths Iarrlioy sewraphilsisainov ail gtk pmf%rablﬁgatrlﬁﬁr @ on, Bi ochenii st ~~~

32, S723-S73 e) 9 ro and
Iess than 0. lee((% (‘])D?@\ﬁ]] émtp-éx) cﬁsdﬁl?eg vrt:rn?otntcln%gﬁgbgﬁ&hs]ﬂw/?e f Qrﬁl?rgét?l:
speci es,imatun@aespbhy hodlad Apéut b tlehtedissase canddtednsicheaetedizedc®ndi ti ons
t he inhi“t?i tuonrs ger:a\;e] as tnhggt:ljarhpt rrlecsl\mr?gd 1K| sl ofec2 5 nl\l}lsand 1e8 r?tl\:/llsyl

r espect iimaiuposuppiressigppage MDRior Sl DSkelated; doppjex, athst Vivaltasgnvispraaendally s stil |

substantially better t 1000f o t ha th nhibitors of DP IV
© huoddf i Rk nd R aheRe el i e SR RS do Lo B BRGNSy ¢ ne
i nventi gphdi@yey ﬁrarah@sméehwp&lpedso%ﬁe b ihm BloBhpr&ss PR s A9 6 fHedtg! v, the
inventors predict that the biological filnction of 20 the conpounds of the
i nvent i epstenid ldplhmergthgmaqucsaritehmatmmelaﬁesdar(c’alppl’tmm Meéry 100- 1000 ti nes)

by orally admnisterin e cyclic conpou s of _the i vent,ion and
pernlitting tHg& Ceéiplof”é‘%lolfri]%\? HFALPDN. e oyelg Sl orfogowing I‘]eé‘éﬁmt’IOZa?flol 1, tO

G:CI - fcgnl gjoél E]ré/ Qs tQELegf Ca[Mél\'kllasgg to étnﬁul%'tgé goﬁf?ﬁ‘gf ltrénq n’pﬁcg&#t (%‘?ls St QR Q)

nearization 1s cessary, it be acco I'n vivo and
theI'IEfOISach téler@apedttiaasglanee s Alahmnds, iely. tHienay sb efrewgthdn Gbloakitee can be
generated in situ and, 25 accordlngg{, it is believed that the bioactivity
of the érelrﬁﬁmﬁwswolrmtlrr@ sysieener bethc dhpserompeundssdeicanbedispd Mrmpém«;nts 00 -
1000 fol d eli o
corrpounagff%rfnct m ({We?ﬁ' o) faom%ﬁg‘flel cﬁhﬁeglggapg etlgoFE{dSlﬁ‘cglaFr?‘Iﬁg 1F'ﬂfﬂ oved

shel f | iph@eRE ORI EIIRS chdh@h&RYy Q@l/bﬂ;&mb%Iuhaéris&dlbmeraw féi hentdiSlbgiehi o ty of

t he corrpounds of The invention. Each o f the conpounds prepared as
descri betheabawerscam paieptsrinkipedingdone mogemeiranspBOtsusi ng HPLC and its

L e ST N e el AR e oL
i nventi gE]l"ﬁ‘l%Q tlgerbﬁ:ﬁt %‘ﬁl‘ieﬁq héhd éygt%lﬁ_?r to rQ%ernErlaté)ééllgﬂlagﬁrtehsﬂggress%dS e.8 6?]374002 -29

5tile pHTo an aci ran 1-3) "an ot enty

i nhi bit |a@ahTQj‘ell§3D2ﬁnsptlmc&inmﬁdsa@fttmsntn}enhw tdag bk ianthiristbred ad’nmahinits,cogrpounds
can be determ ned using conventional enzyne analysis (exanpl e provided
bel ow) . hhrangda ¢ sHectivEamaupt #ppg 1 igicamBinatign Wil apparicculsallypcceriaileunds

Of e LANER SR & RLHA SN hL MO LB PR LR DLIRL: Ie! o

and by irn vttt ture 7 r8ved by

t hogg ofye @nfildiRl Yo vhde duﬂa[t)ll%@orﬁﬁﬂ'lttdﬁsbﬁc&f fitfdnis Y& a@hinddler tReséicempaahdsvi L Y.
EXAI f 1 PLE 3: ASSESSMENT OF FUNCTI ONAL ACTI VI TY The conpounds of the

i nvent i empdteone saffelisgftont rmsnfumsuppwrsgarmropenmue@ de(lpl)embr mmrﬁﬁg'lrmtmaaM)Oﬁ S
t he DPMgctlve site; and (lgj exhi bi t cross speci % ecificit Th
assays WHPeh APePEYidGrogtefadniRistratigngnay begn W?Cg O fePTALe: PEBIG Al so
referr eqintraQ/erjroqls, subcutaneous, intramuscular, mtracapsular, mtraspmal, mtrac1stema1,
intraperitoneal, intranasal, aerosol, or oral administration. Therapeutic formulations may be
30  inthe form of liquid solutions or suspensions; for oral administration, formulations may be in
the form of tablets or capsules; and for intranasal formulations, in the form of powders, nasal

drops, or aerosols. As noted above, compounds which are orally administered do not require



as "DPPIV') activity, oral bioavailability and neutrophil proliferation
assays and are described in detail below The cyclic corrﬁgmds be
converted to linear f01711 prior to pel'fOl'IlIlII5 the Pﬁaiﬁ&/assays or
assayed directly without prior conversi2dn. EXAMPLE 4. 1\ | EASURI NG STANDARD
CD26 (DP IV) ACTIVITY Assays to neasure CD2G (DP 1V) activity can be

per f or madjuermdrie f demib tnatsdiototditoio Zom3B theilime@mdonground/ptibodsadiinistration
guantitatively measuring.the interaction of snmall peptidom nmetic inhibitors
wi th CD2GVEW gihe eidieenyippmast of dhe digestivAskste®t i on of CD2G with |arger

| i gands, e.g.m..t H VT L el ! l-one il~and
Wi sdcnovartie £ oRadhl bR B pos BRSBTS 1 il e 1

Di ast er eeaEsvatiod pkbdess il thiabey/ Sded t@preVBR unwaited @8 rédpofegept i dyl
Peptidase 1V. A New Method for the Analysis of Slow, TightBllldlIlg

| nhi bition, Bilsclkemousdsofthe BentBnpe-@ngDsitiog9tiereofoarhles ised W ehanand W ,
B.W Kinlsq, A Mitlab. Programfor Fitting Kinetics Datg with Nunerically
ot egr At S i SO RO OHTW eSS SrROEYRS PTG AT et RO Gl
Ti ght  BigQgi A Anakyt inGadie Bi; ' 13 %) ici eil,
TG, CeRAfis, (g Q8 A RGBT b caecal dteind (L3 HATD o
Tat s | n hlumanosuppodsiidisteyAditusvinfegtiviey aed mbttamismsAtaathog&asis. Yeonde 281,

@4- 698 91994 . _These nethods use the chronatogenic substrate

Al a- Pr o Op /22 (&%) Has dpispiNarxhihted saiyradics sriectiontsad fepgdbefore CD4+ T cell

Al - 7-am A-trifli hvl .. i - ) NA . AP- AFC
comhdr bt B8 e ks PRI igRsu SRR kel Cpliints AR BE: I e b AL

5. MEASURDNG TIRAL LBl dAARBLLViTids sholdlDintdeéy298phodfe filirtidatPHIWinfehted
exanpl e aPpears in Figure 1. Various sanples of PT-100 were adm nistered as
1

0.2 m afdigidgals byiaoreliorpting 9og dofeotivs asda@npgerotespongesulieh skovBap Bady aftere at

t he doses. i ndi ca(ﬁjggl.on_ t he @Pgﬁés f Fh ure 1. Two 110LI1'S | ater bl ood

sanpl es “\’I\_%?t_ém\l\na? ¥ FUROVHE VY au F‘F@ml"P the tails of the mice, and the 5

DPPI V acti vi tgn&fit %%he'?éﬂrm!lteché"@&ng&%§ oF & ]i_h\VbntiBﬁ if1!¢8fmqfl{ehﬁfoﬁﬁs%e The
0

data are expressed on the Y-axis of Figure 1 ~s the % inhibition of the

DPPI ¥ adighvaftiyity and erecificBalfbt §D26, t0) taicadeful Gritie delecliCe deliméagofiothet t h

0.2-m saline wthout compound. The nean gnd standard vi_ati on of sanpl es
fromt hr”éf‘éapoFHPFrég%mﬁ%é“%é‘é%a‘gp&zpel?fa\“% e eabt %F%fss HYsEAVPLE 6.

STI MULA ; RE E I i ; appeal ' s
in Fi gu}él@%%%&g@%%tgﬁlnﬁegngggﬁg @g%%@%l%@(ggé 51? S @g@%@f i njected
i nt r apebedripedd k yhavinbinglyicdro phasp kagendeatdtsuch @lies Eopéxarnle, mhylhéghly Nor mal

controls received an i nlegcti on of water, the vehicle alone. .
Co1111 1 retenginhjbytosnoihy HIVairpigaseday e bean daygloped, wharli daspidathelr highheffingtisls- m of

20  for the HIV proteinase, are limited in blocking HIV in vivo owing to their inability to get
inside the CD26-bearing cells. These HIV proteinase inhibitors can be linked to a compound
of the invention (e.g., via covalent attachment to an amino acid side chain or functional group
in the non-CD206 binding portion of the molecule (the amino terminus), provided the
attachment does not adversely affect the ability of the compound to cyclize at neutral pH) and

25  delivered into CD26+ cells. Even ifa drug is capable of entering CD26+ cells, the
compounds of the invention can be used to concentrate the drug in CD26+ cells, thereby
maximizing the desired pharmacological activity while minimizing unwanted toxic side
effects on other cells. This delivery vehicle therefore provides a mechanism to prevent lysis
of HIV infected cells, e.g., by delivering AZT to CD26+ cells. Thus, the CD26

30 internalization activity of the compounds disclosed herein can be used to provide a vehicle for
delivering and concentrating other therapeutic agents into CD26-bearing cells.

The compounds of the invention or compositions thereof can be administered alone or



15 Val -boroPro (VBP) was administered twice daily by oral gavage using a
dose of 2 El g/nouse for each adm nistration. The different)§@rgsyps VBP
used were: HC 1 =linear, the HC 1 salt; Cyclic = free base, not salt; and
MeS04 = linear, the nethylsul fonate sabp. Solutions of the different fonns
of VBP were prepared in 0.1 N HC1l and stored as frozen aliquots at -20C.

All ali guesmbihagactvithohe hiotWers of mcovatbimiof ayittotaacthtdapedt Ravests aFbguot s were
then kept at 4C 20 for the duration of the dosing period. Nornmal and shine

cont r ol eyrOpIgstreadmeniEdh ea¢ powrmithegompanndsaakthe dayention car baugsmivhed our
replicate,mce re used for each dose of e fol-nl of VBP and the
control “flpléﬂf’lr?é\f{\ﬂ%étm@i&&éqﬂef,fgf %?ﬁtwgdiﬂfgfé%? @g@? é‘ﬁ?ﬂb‘f’&ys\f\f’é’?e col l ected from
the tails of yoRGh iR Ed R PR CARERI At b 'iWntiBh'Q{%aatpgili_&?ixpata

shown represent the nmean (+/- standard eviation) of abso neut r ophi |
counbs opahmudcattedllfraocepaatde fiheuesbnd muytiarmodceptcaliyheeregtalill ootipssinadss st ai ned
with Weight Gensa, and a total white cell count perforned in a .

henocyt SHER BrePaRighs may goyting|ycogtainpalt RE Bernsagenis; Areservasvas conwpatibled.

oxanpl o 4TS pray RNy cpteptRolet il AP S bL Bt IETRR: At 6 ©

Synt het ipharfRRidt @ichNg at @pedble) BusEdiepkarineceutibilly ReeptasiokaltissmehesMvenientty Beir e S,
wherein the Reagents and 05 DEC 2002 -31 Conditions are as follows: 1.

di - t - butigdd t@ipcenapoplareacaitichllyreneptahlerselts thiereof anglarg Inpt exeluged from the scope

e D o S RORL A e
ether; \e nd@rl‘im{Q'ElQH,sthQééugfeQEthQfdn?tlﬁ%ﬂ'owﬁ%g Qb'x*ds:a}%?&Ithric\,/hk?irobromi ,
t 5. 1. Cou I J7 "N'ed. Chenr . 1996,

recrystallization. 5 References: 5. tes et crl. J

39, 208%ylfuricAnitkel thpsgtoral niiEia, aadiedsaicylietcitac SohB@3makdijc, 3Q@aic,And Beak et
al. Tetrerl r?cl ron Letters 1989, 30, 1197; and F,.R Bean et al. J. Arner-.
drenr. l&pcA ngglza,m@gguty;aliyg_amfgtaé ganzlpe prepared as alkaline metal or alkaline

N BOC- ( ?Ar'tly H lt's,(ﬁ)ch QQE&BPQE éc]tgﬁar%’l %Rceﬁéﬁm sﬁﬁggﬂﬁ ha‘?‘ﬁ%@&ﬁic#l%&?&rogipﬁag eaction
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mat B5 i aklso mal OniSh,iRtiSW1yp smisbedpresertitivesIsicli mebaizatkdaheneatilerid;! , equal s

":A". The reaction schene for this protocol is as follows: 1. Charge CH C,
(A x 20chipropptangl; parabray ¢l tBomresali e fermulaigon gyighledor @ebisubtaness, 4.
Charge qul %rvgx)l( uts),e i%l%ltnruiséau z?rl, gtc.(e'lbdn%(lnlostrgt?o?hs%/ag)oe found in Remington’s Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA.
A variety of administration routes are available for treating a subject. The particular
20  mode of delivery selected will depend, of course, upon the particular compound selected, the
severity of the condition being treated and the dosage required for therapeutic efficacy. The
methods of the invention, generally speaking, may be practiced using any mode of
administration that is medically acceptable, meaning any mode that produces effective levels
of the active compounds without causing clinically unacceptable adverse effects. Such modes
25  of administration include oral, rectal, topical, nasal, interdermal, or parenteral routes. Such
modes of administration also include obtaining T cells or bone marrow cells. stem cells or
early lineage progenitor cells from a patient and contacting the isolated cells with the
compounds of the invention ex vivo, followed by reintroducing the treated cells to the patient.
The treated cells can be reintroduced to the patient in any manner known in the art for
30  administering viable cells.

Oral administration is particularly preferred. Compositions suitable for oral \

administration may be presented as discrete units, such as capsules, tablets, lozenges, each
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schene for this protocol is shown in Figure 8 and is as follows: 1. Charge
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injectable preparation also may be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-butane diol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer’s
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are

15  conventionally employed as a solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or di-glycerides. In addition, fatty
acids such as oleic acid may be used in the preparation of injectables. Intravenous or
intramuscular routes are not particularly suitable for long-term: therapy and prophylaxis. They
could, however, be preferred in emergency situations. Oral administration will be preferred

20 for prophylactic and other treatment because of the convenience to the patient as well as the
dosing schedule.

The pharmaceutical compositions may conveniently be presented in unit dosage form
and may be prepared by any of the methods well-known in the art of pharmacy. The methods
include the step of bringing the compounds of the invention into association with a carrier

25  which constitutes one or more accessory ingredients. In general, the compositions are
prepared by uniformly and intimately bringing the compounds into association with a liquid
carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product.

Other delivery systems can include time-release, delayed release or sustained release
delivery systems. Such systems can avoid repeated administrations of the compounds

30  described above, increasing convenience to the subject and the physician. Many types of
release delivery systems are available and known to those of ordinary skill in the art. They >

include polymer base systems such as poly(lactide-glycolide), copolyoxalates,
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partially fused implants; and the like. Specific examples include, but are not limited to: (a)
erosional systems in which the compound is contained in a form within a matrix such as
those described in U.S. Patent Nos. 4,452,775, 4,667,014, 4,748,034 and 5,239,660 and (b)
10  diffusional systems in which an active component permeates at a controlled rate from a
polymer such as described in U.S. Patent Nos. 3,832,253, and 3,854,480. In addition, pump-
based hardware delivery systems can be used, some of which are adapted for implantation.
Use of a long-term sustained release implant may be particularly suitable for treatment
of chronic conditions. Long-term release, as used herein, means that the implant is
15  constructed and arranged to delivery therapeutic levels of the active ingredient for at least 10
days, and preferably 60 days. Long-term sustained release implants are well-known to those
of ordinary skill in the art and include some of the release systems described above.
The compounds described herein are administered in effective amounts. An effective
amount is a dosage of the compound sufficient to provide a medically desirable result. The
20  effective amount will vary with the particular condition being treated, the age and physical
condition of the subject being treated, the severity of the condition, the duration of the
treatment, the nature of the concurrent therapy (if any), the specific route of administration
and like factors within the knowledge and expertise of the health practitioner. For example,
an effective amount for stimulating T cell activation or hematopoiesis would be an amount
25  sufficient to increase to a statistically significant extent T cell activation or hematopoiesis as
for example, measured by increased cell numbers or by increased T cell activity. An effective
amount for stimulating a desired immune response also can be measured, for example, by
determining a change in the immune function in a subject (e.g., increased B cell response,
increased cytotoxic T cell response, stimulation of bone marrow cell proliferation, increase in
30  white or red blood cells, or an ability to slow, halt, or prevent an infection or cancer). An
effective amount for treating an autoimmune disorder or allergic disorder would be that

amount sufficient to lessen or inhibit altogether the immune or allergic response associated
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EXAMPLES
The working examples demonstrate the oral bioavailability of a representative cyclic
20  compound of the invention and the functional activity of this compound with respect to
stimulating the proliferation of lymphocytes in vivo. The examples are illustrative only and
are not intended to limit the invention in any way. A particularly preferred compound of the
invention, cyclic Val-boroPro (“PT-100"), is used in the working examples.
Throughout this application and in particular, in each of the Examples and drawings,
25  particular embodiments are described and illustrated. It is to be understood that any of the
reactive groups disclosed herein can be substituted for the particular reactive groups (e.g.,
boronyl group) shown in the drawings or described in the particular Examples. Formation of

the cyclic compounds can be assessed, e.g., by NMR.

30 EXAMPLE I: GENERAL SYNTHESIS OF COMPOUNDS

The synthesis of the compounds of the invention involves very similar chemistry.

These compounds are designed such that they selectively bind to the CD206 receptor.
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Val bor OFﬁrlé?hods include, but are not limited to, the following citations: P.D. Bailey, An Introduction

15  to Peptide Chemistry, Ed.: John Wiley & Sons, 1990; Miklos Bodansky, Peptide Chemistry.,

A Practical Textbook, Ed.: Springer-Verlag, 1988; Miklos Bodansky, Principles of Peptide

Synthesis, “Reactivity and Structure Concepts in Organic Chemistry,” Volume 16, Ed.:
Springer-Verlag, 1984; and Miklos Bodansky, Principles of Peptide Synthesis, “Reactivity
and Structure Concepts in Organic Chemistry,” Volume 21, Ed.: Springer-Verlag, 1984.

20 The compounds of the invention can begin with the synthesis of H-boroPro as taught
in WO 98/00439. Use of H-boroPro is for illustrative purposes only, and is not intended to
limit the scope of this invention.

According to WO 98/00439, H-boroPro was prepared by the synthetic route
previously developed and described (G.R. Flentke, et al., “Inhibition of dipeptidyl

25  aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine
the role of DP-IV in T-cell function,” PNAS (U.S.A.) 88, 1556-1559 (1991); also described in
United States Patent No. 5,462,928). Altematively, H-boroPro may be produced by a new
procedure (Kelly, T.A., et al., “The efficient synthesis and simple resolution of a proline
boronate ester suitable for enzyme inhibition studies,” Tetrahedron 49, 1009-1016 (1993)).

30  Both of these synthetic routes reportedly yield racemic H-boroPro pinanediol.

According to WO 98/00439, stereochemically pure L, L and L, D diastereomers of Z-

Lys-boroPro were prepared by first resolving racemic H-boroPro through crystallization with
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EXAMPLE 2: CYCLIZATION REACTION

Identification of Active (Open) and Inactive (Cyclic) Species of Monomeric Compounds as
15  Related to Inhibitory Activity of Soluble CD26 (DP IV)

In aqueous solution at all pH values, the inhibitors exist as a slowly equilibrating
mixture of two conformations: an open chain structure (linear boroProline compound) which
is inhibitory (active species), and a cyclic structure (cyclic boroProline compound) which is

20  non-inhibitory (inactive species). See Fig. 3 which is a diagram showing the structures of the
open and cyclized forms of Xaa-boroPro inhibitors (conformational equilibrium of Xaa-
boroProline inhibitors). The open, active, inhibitory chain species is favored at low pH while
the cyclized structure is favored at neutral pH. The reaction is fully reversible: the open chain
becomes predominant at low pH. The open chain to cyclic species reaction involves a trans to

25  cis isomerization of the proline and the formation of a new N-B bond. The cyclized structure
is the boron analog of a diketopiperazine, a product often seen in peptide chemistry.
Cyclization liberates one equivalent of H+ thereby explaining the requirement for base in the
cyclization reaction and acid in the opening reaction. The cyclic structure is quite stable in
aqueous solutions of high pH.

- 30 Prolonged incubation at high pH never leads to the complete disappearance of DP IV
inhibitory aétivity for any of the Xaa-boroPro compounds examined. This observation was
the first evidence that the active inhibitor was in a conformation equilibrium with a non-

inhibitory species rather than undergoing an irreversible inactivation. The half life for the
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Method for'the Analysis of Slow, Tight-Binding Inhibition, Biochemistry 32, 8723-8731
(1993)). This means that less than 1% Pro-boroPro and less than 0.1% of Val-boroPro exists
as the open chain, inhibitory species, at equilibrium at pH 7.0. Nevertheless, under these

15  conditions the inhibitors behave as though they had Ki’s of 2.5 nM and 1.8 nM respectively.
This apparent Ki of the “fully inactivated” species is still substantially better than, (~1000-
fold) that of other inhibitors of DP IV thus far reported.

The inventors believe that the cyclic compounds of the invention have the ability to

specifically bind to CD26. Accordingly, the inventors predict that the biological function of

20  the compounds of the invention could be significantly increased (approximately 100-1000
times) by orally administering the cyclic compounds of the invention and permitting the
conformational changes, e.g., linearization, to occur in vivo (e.g., under the acidic conditions
of the stomach). Thus, if linearization is necessary, it can be accomplished in vivo and
therefore, therapeutic concentrations in the systemic circulation can be generated in situ and,

25  accordingly, it is believed that the bioactivity of the compounds of the invention can be
increased by approximately 100 - 1000 fold. In addition, it is believed that the cyclic
boroProline compounds of the invention, in lyophylized or solid form, have improved shelf
life properties, thereby contributing to the further utility of the compounds of the invention.

Each of the compounds prepared as described above can be purified to homogeneity

30  using HPLC and its identity can be confirmed by NMR spectroscopy, amino acid

composition, or mass spectroscopy as deemed necessary.

The cyclic compounds of the invention can be converted to linear form by adjusting
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These methods use the chromatogenic substrate Ala-Pro-p-nitroanilide (AppNA) and

caJ ca] ca ca]ca]ca]ca]ca

fluorescent substrate Ala-Pro-7-amino-4-trifluoromethyl coumarin (AP-AFC). AppNA and
30  AP-AFC are commercially available (e.g., Enzyme Systems Products, Dublin, CA).

EXAMPLE S. MEASURING ORAL BIOAVAILABILITY
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On day-7, individual blood samples were collected from the tails of each mouse into
EDTA-containing microtainer tubes. The data shown represent the mean (+/- standard
25  deviation) of absolute neutrophil counts calculated from a different count of peripheral blood
smears stained with Wright Giemsa, and a total white cell count performed in a

hemocytometer after the lysis of erythrocytes with 0.5% acetic acid.

EXAMPLE 7. SPECIFIC SYNTHESIS PROTOCOL
30 The reaction schemes for this example are provided in Figure 5.
EXAMPLE 7A. Proposed Boronoproline Synthetic Route

The reaction scheme for this protocol is shown in Figure 5, wherein the Reagents and
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3. Cool to 0-5°C

4. Charge hydroxybenzotriazole (A x 0.473 g/g)
5. Charge EDCI (A x 0.874 g/g) FW=191.71 (EDCI is “1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochlaride™)
20 . Stir for 30 minutes at 0-5°C
7. Charge (1S,25,3R,5S)-pinanediol Pyrrolidine-2R*-Boronate HCI (amount =A)
8. Charge 4-Methylmorpholine (A x 0.722 mL/g)
9. Allow to warm slowly to room temperature
10. Stir overnight
25 11.  Wash with water (A x 9.5 mL/g)
12. Wash with IM KHSO, (A x 9.5 mL/g)
13. Wash with Sat’d Na,CO, solution (A x 9.5 mL/g)
14.  Dryover MgSO,
15. Filter through a plug of silica gel, eluting with EtOAc(A x 0.1 L/g)
30 16.  Concentrate to dryness
17. Theory = A x 1.57 g/g expect=theory x (95 to 98%)
Observed Yield: 84%
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Observed Yield: 106%

EXAMPLE 7D. Cyvclo-(S)-Val-(R)-boroPro. IP070

15 The reaction scheme for this protocol is shown in Figure 8 and is as follows:
1. Charge H,N-(S)-Val-(R)-boroPro-(15,2S,3R,5S)-pinanediol ester, HCl (Amount=A)
to a flask
Charge H.0 (A x 25 mL/g)
Adjust pH to 2 with 1N HCI (if necessary)
20 Charge Hexane (A x 25 mL/g)

Charge phenyl boronic acid (A x 0.333 g/g)

2

3

4

5

0. Stir vigorously
7 Decant hexane layer and replace with fresh hexane after 30 minutes
8 Again replace hexane layer after 60 minutes

9

25 Replace hexane layer after 90 minutes
10. Replace hexane layer after 120 minutes
11. Stir overnight
12.  Separate the layers
13. Load aqueous layer on prepared Dowex 50-X2-100 ion exchange column (H*form)
30 14.  Elute with H,0 until neutral
15.  Elute with 1:50 NH,OH:H,O

10. Lyophilize appropriate* fractions
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10\ 8\ 8! ' 10%(8\ §&161S)-Val-(R)-boroPro, IPOT0, charge 514 mL/g of 0.1 N HCI
2. Stir 10 min

3. Lyophillize the product
10 Theory =g IP070 x 1.17 g/g Expect _ 100%
Observed Yield: 106%

Other embodiments are within the following claims.
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prolyl cleaving enzyme; an
(2) a pharmaceurically accepteble carrier.
10
2. The composition of claim 1, wherein the cyclic boroProline compound is selected frqm

the group corsisting of L-Val-S-boraPro, L-Val-R-boroPro, D-Val-S-borePro, and D-Val-R-
P . boroPro.

15 3. The composition of claim 1, wherein the ¢yclic boroProline compourd is selected from
fhe group consisting of L-Val-S-boroPro and L-Val-R-boroPro

4. The composition of claim 1, wherein the cyclic boroProline compound is selected from
. the group consisting of L-X-S-boroPro, L-X-R-boroPro, D-X-S-boroPro, and D-X-R-boroPro,
20 wherelnL-X is an amino acid fnaa L configuration or & peptide containing amino acids in an L
configuration. '

'S, The composition of claim 1, wherein the cyclic.boroProline compound is selected from
i the group consisting of L-X-S-boroPro and L-X-R-boroPro.
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9. The composition of any of the foregoing claims, wherein a linear boroProline

compounds represents less than 1% by weight of the composition.

15

10. The composition of any of the foregoing claims, wherein a linear boroProline

compounds represents less than 0.5% by weight of the composition.

11.  The composition of any of the foregoing claims, wherein a linear boroProline

20 compounds represents less than 0.1% by weight of the composition.
p p Yy g p

12.  The composition of any of the foregoing claims, wherein a linear boroProline

compounds represents less than 0.05% by weight of the composition.

25 13.  The composition of any of the foregoing claims, wherein a linear boroProline

compounds represents less than 0.01% by weight of the composition.

14.  The composition of any of claims 1-13, wherein the cyclic boroProline compound is a

Val-boroProline compound.

30

15.  The composition of claim 14, wherein the cyclic boroProline compound is Val-

boroPro.
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20.  The composition of any of claims 1-15, wherein the cyclic boroProline compound

15  contains at least 99% L amino acids and the boroProline is in the R or S configuration.

21. The composition of any of claims 1-15, wherein the cyclic boroProline compound

contains at least 99.5% L amino acids and the boroProline is in the R or S configuration.

20 22, The composition of any of the foregoing claims, wherein the carbon-boron bond is in

an L configuration.

23. The composition of claim 1, wherein the cyclic boroProline compound is a cyclic Val-
boroPro.

25
24, The composition of claim 23, wherein the carbon-boron bond is in an L configuration.
25. The composition of claim 1, wherein the composition is formulated for oral
administration.

30
26.  The composition of claim 1 or 25, wherein the cyclic boroProline compound is a Val-

boroProline compound.
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5 28.  The composition of claim 27, wherein the composition is lyophilized.
29, A method for manufacturing a pharmaceutical composition comprising:

placing & cyclic boroProline compound having the structure of formula 1

10 "y

wherein each X and X; i, indcpcndently, a hydroxy! group or a group capable of being
K;'drolyzed to 2 hydroxyl group in aqueous solution at physiological pH; and X represents a side
chain of an amino acid or a peptide which mimics the site of a substrate recognized by a post
prolyl cleaving enzyme in a pharmeceutically acceptable carrier,

15

30.  The method of claim 29, wherein the pharmaceutically acceptable carrier is suitable

20  for oral administration.

31.  The method of claim 30, further comprising the step of formulating the composition

into a tablet or capsule which does not include an enteric coating.

25 32, The method of claim 29, wherein the pharmaceutically acceptable carrier is suitable

for parenteral administration.

33.  The method of claim 32, further comprising the step of lyophilizing the composition

to form a lyophilized preparation.

30

34, The method of claim 33, further comprising the step of reconstituting the composition

in a pharmaceutically acceptable carrier having an acidic pH for forming a reconstituted
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represents a side chain of an amino acid or a peptide which mimics the site of a substrate
15 recognized by a post prolyl cleaving enzyme, for manufacturing a pharmaceutical for
stimulating activation or proliferation of human lymphocytes or hematopoietic cells.

36.  The use according to claim 35, wherein said pharmaceutical is for contacting said
lymphocytes or hematopoietic cells by orally administering said pharmaceutical to a human
20  patient diagnosed as having a condition characterized by inadequate lymphocyte or

hematopoietic cell activation or concentration.

37. The use according to claim 35, wherein said pharmaceutical is for contacting said
lymphocytes or hematopoietic cells by reconstituting a lyophilized composition of the cyclic

25  boroProline compound in an acidic pharmaceutically acceptable carrier to form a
reconstituted acidic preparation and parenterally administering the reconstituted preparation
to a human patient suffering from a condition characterized by inadequate lymphocyte

activation or concentration.

30 3S8.  Theuse ofclaim 36 or 37, wherein said pharmaceutical is for administration in
conjunction with a second, different agent which stimulates activation or proliferation of said

lymphocytes or hematopoietic cells.

39.  The use of claim 37, wherein said pharmaceutical is for contacting of lymphocytes iz

35 vitro.
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40.  The use of claim 39, wherein pharmaceutical is for contacting said lymphocytes or
hematopoietic cells by a process comprising obtaining the T cells, bone marrow cells, stem
cells, stromal cells, or early lineage progenitor cells from the subject, contacting the isolated
cells with the compound ex vivo in an amount effective to stimulate the cells, and

reintroducing the cells to the subject.

41. The use of claim 36, wherein said condition is an HIV infection.

42, The use of claim 36, wherein said condition is a neoplasm, and said lymphocytes are

cytolytic or helper T cells.

43, The use of claim 36, wherein said condition is side effects of chemotherapy or
radiation therapy, one of which side effects being a consequence of depletion of cells of the
hematopoietic system selected from the group consisting of cells derived from lymphoid,

erythroid and myeloid lineages.

44. The use of claim 36, wherein said condition is kidney failure resulting in depletion of

hematopoietic cells or is a bone marrow disorder resulting in immunodeficiency.

45. The use of claim 306, wherein said condition is an autoimmune discase.

46. The use of claim 45, wherein said condition is immunodeficiency symptoms resulting

from depletion of cells of the immune system.



