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J. | mgnod15 (1993)), hematopoietic cells (Vivier, 1. et al., J. Immunol. 147:447-454 (1991); Bristol, et
al., J Immunol. 149:367 (1992)), thymocytes (Dang, N.H. et al., J. Immunol. 147:2825-2832
(1991), Tanaka, T. et al., J. Immunol. 149:481-486 (1992), Darmoul, D. et al., J. Biol. Chem.
267:4824-4833 (1992)), intestinal brush border membrane, endothelial cells, fibroblasts, and

2 stromal cells. Cell surface associated CD26 is a sialoglycoprotein, with most of its mass on
20 the outside of the cell.

CD26 has been best characterized on peripheral T cells where it functions as a potent
costimulatory signal for T cell activation. Its surface expression is up regulated upon T cell
activation (Dong, R.P. et al., Cell 9:153-162 (1996), Torimoto, Y. et al., J. Immunol.
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, I. 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 the 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 Dipeptidy] Peptidase IV
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borony! group [B(OH),]. Pro-boroPro, the most thoroughly characterized of these inhibitors
has a Ki of 16 picomolar (pM) (W.G. Gutheil and W.W. Bachovchin. Separation of L-Pro-
DL-boroPro into Its Component Diastereomers and Kinetic Analysis of Their Inhibition of
Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, Tight-Binding Inhibition,

20 Biochemistry 32, 8723-8731 (1993)). Val-boroPro has even a higher affinity, with a Ki of 1.6
pM (W.G. Gutheil and W.W. Bachovchin. Supra; R.J. Snow, et al. Studies on Proline

[

boronic Acid Dipeptide Inhibitors of Dipeptidyl Peptidase IV: Identification of a Cyclic
Species Containing a B-N Bond, J. Am. Chem. Soc. 116, 10860-10869 (1994)). Thus, these
Xaa-boroPro inhibitors are about 10* fold more potent than the next best known inhibitors.

25 United States Patent Nos. 4,935,493 (Bachovchin '493) and 5,462,928 (Bachovchin
'928), both of which are incorporated herein by reference, disclose protease inhibitors and
transition state analogs (the '493 patent) and methods for treating transplant rejection in a
patient, arthritis, or systemic lupus erythematosis (SLE) by administering a potent inhibitor of
the catalytic activity of soluble amino peptidase activity of dipeptidyl peptidase type IV (DP-

30 IV;(G.R. Flentke, et al. Inhibition of dipeptidyl 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
(USA) 88, 1556-1559 (1991)).
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treating the same types of conditions for which the linear molecules are useful. Itis believed

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 CD26 (DP-IV). Thus, according to this aspect, the methods and

20 compositions of the invention are directed to a novel pharmaceutical prodrug, namely, cyclic
boro-Proline compounds, for oral administration. Novel compositions containing the
substantially pure cyclic boroProline compounds of the invention, in sotution or dry form,
also are provided.

It is believed that the cyclic compounds of the invention are biologically active in

25 cyclic form, as well as in linear form. Accordingly, the invention also embraces methods and
compositions in which the cyclic compounds are administered to a subject or otherwise used
in vitro (e.g., screening assays for selection of competitive molecules) in which the cyclic
compound is not first subjected to conditions to induce conversion to the linear form. Thus,
the cyclic compounds can be administered in oral form (whereby they may or may not be

30 substantially converted to a linear form in the acidic conditions of the stomach), as well as in
parenteral form with, or without, prior treatment to convert to the linear form.

The agents useful according to the invention are the cyclic forms of the compounds of
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conpounds of By “substantially pure” 1t is meant that the cyclic compounds of the invention
represent at least about 90% by weight of the composition. In the more preferred
embodiments, the cyclic boroProline compound represents at least 98% by weight of the
20 composition.
In certain embodiments, the cyclic boroProline compound represents a percentage by
weight of the composition selected from the group consisting of at least 5%, at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, and at least
25 99.5%.
In these and other embodiments, the compositions contain a linear boroProline
compound that represents a percentage by weight of the composition selected from the group
consisting of a percentage that is less than 95%, less than 90%, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10%,
30 less than 5%, less than 4%, less than 3%, less than 2%, less than 1.0 %, and less than 0.5.

In a particularly preferred embodiment of the invention, the cyclic boroProline

compound is a Val-boroProline compound. A *“Val-boroProline compound” refers to a
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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,

20 optionally, 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
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oral f othegrobfesation or differentiation of, or to mobilize, such immuﬁe cells, or to stimulate,

stabilize or activate cytokine production. Mobilization of hematopoietic cells is characterized

15 by the 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 in 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,
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that is suitapble.for, . oral .adm nistratiop. cording to
bt her 26 pradtergtion pfsaiciymahponcs. rarorsictis ells mor strpmab pellso dedtting the

I Mung s ¥ 3 ' L O Ak 1 stered to
sup] ok o TipfBeY S it e oo bATRAMRHR clor O RN ATndie B Phe 1o
modul at e i MG 1B¥é hergin ompatndiof ¢hHe. invéncioh aieamsthe tomponnde degcsibedaioveat i on

i ncludes, but is not limted to, increasing i mmune function such as by
sti rmul at iwedl gsrsalts theseaf.i on and specific i mmune function of i mmune cells

(e.g., CD26-bearing.cells) t roduce .a pr.ophwl | c.or the utic result
relating to i ﬁ%ﬁ%ﬁ%&?’e&ia@%& .ﬂ&eal X%’i’tl,o n&‘ﬁg%f: ﬁgs%fx})icg{n %%aet%ri #?“@F%egon‘g”i tions
that may be trgphRehts, patenPapPicside, refrdnles dnd\oei idBfurdRs B8e4re HenRfed fii C

i ndependent aspects of the invention and are 30 described in detail in the
exanpl(es thiEpeatept applicationdire inoorporatesltin theeir dngirety bercimcbylrgference. adni ni st eri ng

t he conpounds of the invention incl ljge'i ,E,I V infection; neoplasns (wherein

=

the | ynphocytes are cytolytic or hel 1 lls to attack the neoplasm;
side effects % T RN : sl .

mino acid” is meant to, include imino acid. .
- 6- chemmot r?erapy or radiation teherapy e.g., resulting froma

depl etion of @ twrairoT sené¢ammumnalpha-amineyeiamic atid naksg of melrectidnded afarcel | s
derived fromlynphoid, erythroid and/or nyel oid, . lineages); Kidney
failure (amige acid éxsformiadipeniidg spithdorefio as thedj-tesmigrl reidue.miBeraPey dt wigf 10 hone
o o1 KRR Sudi b nhlo] halifle STURSAST dr6ls B ot Hela0R Rich ¥ BRE), group,
where (OH), represents two 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. CD26 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.



5 (e.g., resulting fromdepletion of cells of the i mmune systen).
More parti cul arlg/, t he conpounds of the invention are useful for the
stimul ati oWO®P/62914 proliferation, differentiation and nobiT¢YUEPOR3¢

| ynphocytes and hematopoietic cells, as well as for stinulation of

cyt oki ne production mal cells .such as I1L-6.. 1L-11 , and G CSF,

and for st abﬁﬁfi\gﬁ’l agﬁ)to(ﬁégc’&r \I,%ﬁair%ﬂse&f% 89Yaiﬂtt¥é§’“ﬁhiagﬂn%ﬁgd%t?d§lera§9@§r-f or
CD26/ DPRyk ¥ & 8dricntifo bkidBn: ' | J3ah i) Oh flae
i o i 2 ey PEQLE EOR) Sf bicinito bid B hd RELEKARK BRFk By digh i) Sh kg
wher ei nN feeminap arecemseeli@h0pwhen subgreinb atils alelinked eodegher. To f6in2 6 pESEn| V) .
Accor di ﬂ?l y,. the invention is useful whenever it is desirable to stinulate
the pr olierdpine SgrprRf oge Aming.aaid mapts witly the garbpyylgsenn efanothen by themune cel | s,

or tg Ste‘tiﬁ%ﬂna"i’igﬁ of water; t%& Rl Sh icﬁfﬂ&n‘ﬁﬁ& Cal ta(r)ég?gge %ﬁ) uction,

Mobi I'1 zat ematopol eti1c-cells 1S characte by the enrichnent

of early pro@srfipeptides®is mednd atshall hedlecul@ lelgdWisaslty Edheaihing ass A0 Mhinbhese
cells to the periphery in response to a nobilization agent (e.g. G CSF,
GM CSF, agiflgesidueshwhich do ngpgenemllynossess awelrdefingd thsee-disnensionaltstostueean be

dtot | yoph d..hemat.opoi et ic. . . |1_deficienici, t
festore henmat BETRELce) RrsPat ciRA oS of peminisafion prelrssrihetdetiitn such
defi ci enci es OufutqbatBRS Bh adVahithgBRYT tAE ind2RGor WilEHS éxﬁ@ﬁg}ﬂ'o%g ﬁglﬁm}ggpoi etic

cell transplants, 20 such as bone marrow or periphera ranspl ants,
wheril Qus detatled desptiptiors land fropy tha chaims) i mmune systemin a subject. The
agents further can be used._as _ an i nmune_hogster. .The agents al so are
useful in vitro in connect ¥ielleseriplion Ol Lhe Drawings co| | s for therapeutic
and res ; bt S | ' I vation
or prolifer amﬁ@ég ﬁﬁ‘ﬁ%@hﬁ Olnillr‘rjﬁ%ac‘),gl;llatlbélét?bggga gﬂtlo@g%ngt% fl%:ﬁ?é?’llldsﬂgg@ﬁést r omal
cells. Tudomasd dabtd of RYel0des contacting the | ynphocytes, hemat opoi eti c

cells and/ or stroga cells, invivoor invitro, with an activation or
PR

| s,
proliferati ohi8He s Q’Gr?é%ﬁttqfé’B’F%PB 0Gznd the Chband metbppesubigpatprsalts ofe
CONMDEINGT. o §d'fhe regeegefaHXE E§ h&ﬂropb{l/'s %}%&%&)E@ﬁx%&ferﬁq&ﬁ%g' ments,

contacting 1's carri out ora conpound to a

human pat i enfFiguie B8howothestrabutes@dtidasten ahd eyclized forpRtof 8ak-HosoMbagnosed as
30 having an adverse nedical_condition characterized by inadequate

| yphoc jalabiggrs (conformegigea sapidibrismeef| XaazhoreRegling inbihitosdncent r at i on.
Par ent er al a‘i-g%lﬂ-kitsh%é&%s%& n&tﬁﬁ\s‘&wﬂcan be used to practice the
e :

met hod of tr ment” on” a subjec used herein, subject nmeans hunans,
Figure 5 shows the reaction scheme for the proposed boronoproline synthetic route.

20 Figure 6 shows the reaction scheme for the N-BOC-(S)-Val-(R)-boroPro-
(18,28,3R,5S)-pinanediol ester, IP068.
Figure 7 shows the reaction scheme for the H,N-(S)-Val-(R)-boroPro-(18,28,3R,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,HCLFP020.

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.
30 4,935,493 (Bachovchin '493) in cyclic form can be orally administered to a subject for
treating 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



-7- nonhuman primates, dogs, cats, sheep, goats, horses, cows, pigs

and rodents, The conpounds of the invention canpgfmggy}%'oﬂ}.,stered
al one, or iWO¥Rtation with addi_%_i onal agents for treating :
condi tion, a different agent which stinulates activation or

e.g.,

prolifer nQof. 1 .|y | 81 ] I romal
cells. Cgéé a@?’ﬁﬁ%?ﬁ}ﬁg@g\% g}%;;/l(? #%ﬁi)@?f%@g\;‘mﬁ %ﬁ%%ﬁ%ﬁ%@%@%%@%‘ ?%%p%lg%!tfnvent I on
can be pegtQiveRbihdiny kd CD26{DPIVY. Vihese unexpected resultsAfavel SRForfE tHefapea@ipound
of the invention neans the conpounds described above as wel |l as salts

t her eof . and experimental resggrels implicdtiensh eFhussthe sethods andheornpnsisioms ofithsi | | be

described in, greater detail below. . Al at.ent s, t ent

app! | cat MNFBOH B ATEREELS B pRrebpRseryticrtErdcog aely, BREEBRNPRENE 1 10 chi s
pat ents aRBlp6itds Hor BfaP i BARAGR! PRk ihieridf lalso QiHoAced KoBEIiSé Rt bPIHE' ence.
Definitions By "am no aci I's meant to’include 1mno acid.
By "bor okyelic bodoPreling campaubihthateanrbe révonstitiied caracidia boffergiripnobsete bonded
to an amno acid to forma_di peptide with boroPro as the C-term nal

resi due. forBbliugar bororRrolineeprarpunds 1 yrefnaceordancn vith thaaetigdnal/foadnventon.
O R BrlosioBt L5t R A Gty bRl Qi pHoBHfine compotiS'of el 2

represen groups an oron. y Xaa
i s meant im},iﬁ@,miﬂgomﬁdndoﬁ&yif@iﬂg,alseag;pmﬁdéd{si ne residue, a valine residue.

"CD26 ligand" is any protein, glycoprotein, lipoprotein or polypeptide that
bi nds1Q o The lagenifs ussful acenrding ¢o thebpentierdaraile ¢yche fagms of drei qemipaundsyofor

i nhi bi i gnal . 20 . 6, .Di penyi dyl. Peptid V (DP_ IV, or DPPI
and i poBOrRyR |16 opBgE s Wherein ehTE 46t TP ERE L OB e o

post prol ijng Igg(%@gc‘é e SPBAREhydrb1) 28 t§§3,%g_ﬂ ox§1 grdup B aqueons hsﬁﬁﬁ'é}i{ lahg Xaa- Pro

(where Xaa sents any am no acid | peptides fromthe am no

t er mi nus phfsiplogicpleH; ahd X represents an amino aBid alagfeptideawhioh nofmi@rthasitenaf aaci d i s
the one to which the carboxylic gcid_ roup is_25 attached (@Hﬁ natLuraIIy
occur ri n§ubsarFeeranired by @ pestmalyh flemingenzymen in the preferred erabodiment, the

15 amino acids are L-amino acid residues (for glycine there is no such distinction); preferably,

the C bonded to B is in the L-configuration. By “the C bonded to B is in the L-configuration™
is meant that the absolute configuration of the C is like that of an L-amino acid.

Thus, the

20 group has the same relationship to the C as the --COOH group of an L-amino acid has to its
o carbon. In some embodiments, X is valine, alanine, or proline residues and the inhibitor,
preferably, is L-Val-L-boroPro, L-Ala-L-boroPro; or L-Pro-L-boroPro, or any isomer of the
foregoing, respectively.

As used herein, compound of the invention means the compounds described above as

25 well as salts thereof.

Peptides which reportedly have utility for inhibiting post-prolyl cleaving enzymes and
which, if coupled to a reactive group, form a covalent complex with a functional group in the
reactive site of a post-prolyl cleaving enzyme are described in U.S. Patent No. 4,935,493,
“Protease Inhibitors”, issued to Bachovchin et al. (“Bachovchin ‘493"); U.S. 5,462,928,

30 “Inhibitors of Dipeptidyl-aminopeptidase Type IV”, issued to Bachovchin et al. (“Bachovchin
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means that the am no and carboxylic acid groups are both attached to the

same carbon atom Each am no acid can be thought of as a single carbon
atom (the ¥PPHE4rbon, ©) to which _4q.there is attached %ﬁ?é”%”éﬁﬁ’d%w _
group, one am no group, a side chain denoted R and a hydr ogen,

wher el n:«ghdRy. « ' | g | 1. 00..Or OUR; e first

car bon (%%ﬁ\)ﬂ’o ﬁcgﬁezl?:%gvc?ﬁ? gg %}ﬁeC‘N "%‘?"3‘3g&ﬁ?ﬂ*\%"ﬁ‘g&aﬁwggﬁﬁmﬁ%ﬂ@%’ R

group atissaemmll-lhlﬁcoédnal.p(ll“ﬂbﬂko ‘6021"0);_0 "’@mﬁz’wﬁ“ﬁ memawﬁbuglale bonded to

oxygen and a r ox rou H) i s the al pha car boxyl group.

'?'Re ﬁﬁ?é’ﬁ?l}negﬁ@neé@-ﬁtfg)r{@agst%?& PRy @nplmv?nsdﬂssw _@'Z{G%,éé%aicmfi/alﬁ,M)i 0 |
then: roup (. 0 e.an ng acid on the carboxy

gﬂg 223 ‘*lﬁglcmt(ﬁoggen&(r ngg%lﬁémé%"na&uﬁf%_% AR r@goegpggfrg};rﬁﬂéd (Herr]0) when

two &1 IRCEGBYE/02685,“DIKBYLSeAae PRase THmibliRhe™ Ap H%?F@m‘n]g V.V. E‘h.e Fﬁg;?o

group of one amino acid reacts with the carboxyl group of ano ! ‘the 5
el i m nati on dthewsels boroheline soimpouryls offithei ivedntion mddérgo a&bhfbﬁnatimﬁl)bl?aihge boRd.
By "peptides" i nt snal L. nol ecul e, e . g.,, ysually containing | ess than
5% aPri ﬁ 0a ‘neafaf‘é’f‘ﬁn%ﬁ’é@?@%gﬁ T ?ewnafa"ﬁai) 'J@agﬁ@ffaﬁ e gehsratedinding pite efef i ned
three-ditﬁr@ﬁ@t'_ Vit le Le ions and
nodes of adm %iﬁg%'lr(g%i on éaf{zgmgeDslz:IrY E)aés&) ﬁgerrglpﬁﬁ Heftds @2@ )Om{als} 'feaaﬁoﬁfes
and advgmélybeleaviig értrymierwitina spaeifidityl fobenrpiiRr i Plof(Whetd ead pfeddits ghyl O

detaj ] ed descr.ipt.ion, and fromthe cl ains, ) )
Bri Z’rd DETHRY ﬁlﬁﬁé{p@hd?ﬁ Eropy thgjapao terminus of a polypgpjide substrateo\Représentativg

cal s of ks Gendifbn bite shaltd belBfioh ol ke Rt BN Ve BRtPbrlio0 and

the Chl BuroPropPloaBeroPtd ArinAalacBo@PicinGihidb totor/d0 r&@rsttbﬁ]éeﬁﬂﬁi@%fg}él% iff
neutrophils in cycl ophospham de treated m ce; Figure 3 shows

t he st r dti¢h te carboxylategsewp (IO iy tepladed withra bofonyhgrobp (BE@H),].

In a particularly preferred embodiment of the invention, the cyclic boroProline

Joud

15 compound is a Val-boroProline compound. A “Val-boroProline compound” refers to a
compound of formula I in which the carboxy terminal boroProline is covalently coupled via a
peptide linkage in accordance with standard peptide chemistry to a valine amino acid residue.
The valine amino acid, optionally, is further coupled via a peptide linkage to additional amino
acid residues, provided that the additional amino acid residues do not inhibit the ability of the

20 Val-boroProline compound to bind to CD26. In a most preferred embodiment, the compound
of the invention is Val-boroPro (also referred to as “PT-100"). Because of the chiral carbon
atoms present on the amino acid residues and on the carbon attached to the boron afom, Val-
boroPro can exist in multiple isomeric forms: (a) L-Val-S-boroPro, (b) L-Val-R-bdroPro, (c)
D-Val-S-boroPro, and (d) D-Val-R-boroPro. More preferably, the compound is L-Val-S-

25 boroPro or L-Val-R-boroPro. In an analogous manner, the other cyclic boroProline
compounds of the invention can exist in multiple isomeric forms; however, in general, the
forms in which each amino acid chiral center has an “L-" configuration and the boroPro is in
the R or S configuration are the preferred forms of the compounds.

Throughout this application, conventional terminology is used to designate the

30 isomers as described below and in appropriate text books known to those of ordinary skill in
the art. (See, e.g., Principles in Biochemistry, editor A.L. Lehninger, page 99-100, Worth
Publishers, Inc. (1982) New York, NY; Organic Chemistry, Morrison and Boyd, 3rd Edition,



i nhi bitors (conformational equilibriumof Xaa-boroProline inhibitors).
Figure 4 shows the structure of Fornula I. Fi gur t he
reaction scHoRSEYE t he pr oposed boronOﬁ]oI i ne synthetic roel’?g%sggﬁ%
Figure 6 shovvs t he reactlon schene for e N-BOC-(S)-Val -(R)-boroPro-

Fonct  on Gk PR ton iRt Povit MR/ TxRse o Retsud Lhoperyibn ey
pi nanedi %ubﬁ?tﬁeﬂr f%oh%%/mlﬂ apphcatlonﬂ:d 9@%@2@9&&% the reaction schene
for the Cyclo (S)p Val - (R) - bor oPr 9, Fi gure 9 shows the

reacti on schenéll fmina awisHWMh ti®) e)wqit}oﬁllafgbmm&mrta&lﬂam&y,rﬁﬂaﬁa or chiral carbon
Detail ed Descrlptlon elnvenlonls based navarlety of

surprisi rA9RY CARtAR Borehan P%?}H’Ej%caﬂ’?n Ham. eas%%@ﬁ“’&l%% gtem of th
unexpe te f vl 30

4 035, S0y a ehserare oS ORI SUNE ar coh Bk HEREEIGDPRlimble e 0° 5
subj ect f'ﬂiese formstafeelabmﬁl:gl ol cfha:mat Mﬂlqﬂly@if:alqﬁé‘;dﬂrﬁésﬁﬂﬂl &wembpttan thee |inear
nol ecul es _are useful. It is postulated that the cyclic boro-Pro
conpoundsditaetien tpowhich they samp pange ﬂl&ﬁoiﬂéa% of planaiprienizeddight. cThese annno acids are

p?oduct tiigred o Eggeé%ﬁ pixfali]y A’cn\’;g l%e t}geeq Bt Og‘gf 921)05 %&?ﬁ’(jr& ear(b[s&?im on

These ungyRge daetloadticoth@ve | nportant therapeutic and
experi mant al research inplications. Thus, the nethods and conpositions of

t he The/ent differeat wbdﬁimemt@mhps cattachnd) wethe pharbomcanbeasply tpoodr ug,
namnel y %&J i c boro-Proline npounds, for oral admnistration.

The inve nb?fg@gmtaeb%’%o%? Fli%’(ge‘f“&?tﬁﬁredpt $per 1mposable mirror images

of each other and are referred to as optical isomers, enantiomers, or stereo isomers. A

('W

solution of one stereo isomer of a given amino acid will rotate plane polarized light to the left
and is called the levorotatory isomer [designated (-)]; the other stereo isomer for the amino

15 acid will rotate plane polarized light to the same extent but to the right and is called
dextrorotatory isomer [designated (+)].

A more systematic method for classifying and naming stereo isomers is the absolute
configuration of the four different substituents in the tetrahedryin around the asymmetric
carbon atom (e.g., the & carbon atom). To establish this system, a reference compound was

20 selected (glyceraldehyde), which is the smallest sugar to have an asymmetric carbon atom.
By convention in the art, the two stereo isomers of glyceraldehyde are designated L and D.
Their absolute configurations have been established by x-ray analysis. The designations,
Land D, also have been assigned to the amino acids by reference to the absolute configuration
of glyceraldehyde. Thus, the stereo isomers of chiral compounds having a configuration

25 related to that of L-glyceraldehyde are designed L, and the stereo isomers having a
configuration related to D-glyceraldehyde are designated D, regardless of the direction in
which they rotate the plane-polarized light. Thus, the symbols, L and D. refer to the absolute
configuration of the four substituents around the chiral carbon.

In general, naturally occurring compounds which contain a chiral center are only in

30 one stereo isomeric form, either D or L. The naturally occurring amino acids are the L stereo
isomers; however, the invention embraces amino acids which can be in the D stereo isomer

configuration.



cyclic boroProline conpounds that can be reconstituted in an acidic buffer
prior to use to formlinear boro-Proline corrpounds for use in

accor danceW@i%2Hhe net hods of the inveption. NRFEVUEBAPEEi ti ons
contai ning the substantially pure cycl bor oProl i ne corrpounds of the
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capabl e S'@rwbsamg mﬂgwayeml wherean is yhky mgber f obipal i |cantmsu Ghese sako ﬁsmr@t
physi ol ogi cal and X represe a side chain of an _amno acid or a
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absol ut SOEshEPRgUERtNS. Jhe m@e@ qfscomp@endsdwuwm@mhnal centers are knowamisno

aci d. Tlafﬁite%ﬁr; e}\rcl)m }ete d1s1:_uss1%g of the! Ieggxgggxtotg %@?a 1ngro%tlgatll 1§)or}rslcgls£ to the

C as the -- am no acl %r bon.
I'n sonemﬁﬁmahdﬁl 50v1dédl i Prinkiph® in BicUhemestryObdifh A1 MEeHnGiflef 9qophe

i nhi bitor, P preferéﬁ%y, i s ngiyo L- bor oPr o, %%e la{ﬁg goroP’ro or
L- Pr1§- Lsmﬂoérwlef@umm@yy pEbisesystem foHews. f or egm ng, respectively.

I,nventi on. neans .t he conpounds descri bed

Qts) O\ljzeg s here lljﬁé é%g ”}’ﬁgﬂ gwagim}seg efigo Ay ampiguities when a compound contpigﬁ W 8K
Mni CN T GRAE EIRE eMBNC T bbdrdly the QFsttal i Bstdnd PRkt LY bisfth i (il ellg y e

I'f coupled to a reactive group, forma ent
conpl ex atmtsraramfdmnasynmdtngcarhm atomtiherder of decreasing at@ﬁfctmmﬂoeﬁ ot i @lertof

post-prgeg/ ¢l eavi ng enz e arg described in U S. Patent No. 4,935,493,
" Pr ot eaSECTRAMHIEYRICE en-*v t %srseléqsb%lﬁwste@nlagmup BeRdipteg diectizgaray. U, S.

S, 463, 943m the viewetO The r&t?%czn %ﬁ%&\g}{ nﬁx@aﬁ%ﬁ%’é &jesgr?b nepalg\é"

I ssued to Bachovcbin et
99 of Lehninger. If the decreasing rank order is seen to be clock-wise, the configuration

around the chiral center is referred to as R; if the decreasing rank order is counter-clockwise,
the configuration is referred to as S. Each chiral center is named accordingly using this
system. Applying this system to threonine, one skilled in the art would determine that the

20  designation, L-threonine, refers to (2S, 3R)-threonine in the RS system. The more traditional
designations of L-, D-, L-allo, and D-allo, for threonine have been in common use for some
time and continue to be used by those of skill in this art. However, the R S system
increasingly is used to designate the amino acids, particularly those which contain more than
one chiral center.

25 By “substantially pure” it is meant that the cyclic compounds of the invention
represent at least about 90% by weight of the composition. In certain embodiments, the
cyclic boroProline compound represents a percentage by weight of the composition selected
from the group consisting of at least 5%, at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least

30 96%, at least 97%. at least 98%, at least 99%, and at least 99.5%.

In these and other embodiments, the compositions contain a linear boroProline

compound that represents a percentage by weight of the composition selected from the group
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also are capable of being co-mingled with the molecules of the present invention, and with
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15 each other, in a manner such that there is no interaction which would substantially impair the
desired pharmaceutical efficacy.

Preferably, the pharmaceutical compositions are formulated for oral or parenteral
administration; however, lyophilized forms of the cyclic compounds are also provided. Such
lyophilized or otherwise dried forms of the compounds of the invention are reconstituted in a

20 buffer of appropriate pH and salt concentration prior to administration. For oral or parenteral
administration, the cyclic compounds of the invention are reconstituted in an acidic or neutral
buffer prior to administration. For parenteral administration, the cyclic compounds of the
invention optionally are reconstituted in an acidic buffer to induce linearization prior to
administration. In general, the conditions for reconstitution involve placing the cyclic

25 compound in a buffer having a pH which will allow the cyclic molecule to maintain its
conformation upon reconstitution (e.g., oral or parenteral formulations) or which will mediate
a conformational change from a cyclic to a linear boro-Proline compound (e.g., oral or
parenteral formulations). It is believed that oral formations containing the cyclic boroProline
compounds of the invention undergo a conformation change from cyclic to linear form

30 following administration, namely, when the compounds are subjected to the acidic pH
conditions of the digestive system. For this reason, certain oral formation embodiments of

the invention do not include an enteric coating.
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method involves contacting said lymphocytes or hematopoietic 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

20 patient is diagnosed as having an adverse medical condition characterized by inadequate
lymphocyte or hematopoietic cell activation or concentration. Parenteral administration of
the reconstituted cyclic compound under conditions to form a linear compound can,
alternatively, be used to practice the method of treatment. |

The compounds of the invention can be administered alone, or in combination with

25 additional agents for treating the condition, e.g., a different agent which stimulates activation
or proliferation of said lymphocytes or hematopoietic cells. For example, the compounds of
the invention can be administered in conjunction with exogenous growth factors and
cytokines which are specifically selected to achieve a particular outcome. For example, if it
is desired to stimulate a particular hematopoietic 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, 6, 7,9, 10, 11, 12, 13 and 17 are involved in lymphocyte

differentiation. Interleukins 3 and 4 are involved in mast cell differentiation. Granulocyte
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-12- .Most amino_acgids that are faound in proteins can be
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withdrawn from a patient or cell donor and contacted with a linearized compound of the

invention in vitro: T cells, bone marrow cells, stem cells or early lineage progenitor cells
from the subject. Preferably, the compounds of the invention are adjusted to neutral pH prior
to, ot concurrent with, contacting the compounds with the isolated cells in vitro to facilitate

. 20 formation of the linear boroProline compounds. In this manner, the cyclic compounds can be
stored for prolonged periods of time in cyclic form, thereby reducing degradation/enhancing
stability of the compounds prior to use. The cells are contacted with amounts of the
compounds of the invention that are effective to stimulate the cells; thereafter the treated cells
are reintroduced the cells to the patient.

25 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
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 CD-26

30 bearing cells to produce a prophylactic or therapeutic result relating to infectious disease,
cancer, and the like. Specifically included is the use of the compounds of the invention for

the treatment of disorders characterized by reduced T cell levels in vivo, e.g., HIV and other
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condition characterized by inadequate lymphocyte activation or concentration. Examples of
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such conditions are HIV infection, kidney failure, cancer (in particular, cancer accompanied
by lymphocyte-depleting chemotherapy), and bone marrow disorders which result in depleted
lymphocyte populations in the patient. The compound is preferably administered to the

25 patient orally. Alternatively, the compounds can be used to stimulate proliferation or
activation of lymphocytes in vitro, e.g., where a patient’s autologous lymphocytes are
removed, stimulated to increase activation and/or number of lymphocytes, and reinfused into
the patient. This method can be used, for example, to increase the number of cytolytic T cells
specific for a patient’s tumor or T cells in HIV infected patients.

30 In one important aspect of the invention, the subject has an abnormally low level of
hematopoietic cells or mature blood cells and the agent is administered in an amount effective

to restore levels of a hematopoietic cell-type or mature blood cell-type to a preselected
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or protective levels of neutrophils, erythrocytes or platelets. The preferred effective amount

of agent is as described above.
According to another aspect of the nvention, a method is provided for preparing a
. 20 subject for treatment with a hematopoietic cell inhibitor. The method involves administering

to the subject prior to the subject receiving the hematopoietic cell inhibitor an agent in an
amount effective to stimulate in the subject production of growth factors. In one embodiment
the agent stimulates stromal cell production of growth factor. The agents and the preferred
agent are as described above. In one important embodiment, the growth factor is granulocyte

25  colony stimulating factor. In other embodiments the growth factor is selected from the group
consisting of IL-1, IL-2, IL-3, IL-4, IL-6, IL-11, IL-17, TPO, EPO, MCSF, GMCSF, FLT-3
Ligand and Stem Cell Factor. Preferably, the amount administered to the subject is less than
1 mg/kg body weight per day. It also is preferred that the administration of the agent be in at
least 2 doses of the agent in an 18 hour period.

30 According to another aspect of the invention, a method is provided for treating a
subject to increase the number of hematopoietic cells or mature blood cells in the subject. An

agent is administered to a subject in need of such treatment in an amount effective to increase
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more than five regimens, no more than four regimens, no more than three regimens, and even

no more than two regimens.
One important aspect of the invention involves restoring or preventing a deficiency in
hematopoietic cell number in a subject. Such deficiencies can arise, for example, from
20 genetic abnormalities, from disease, from stress, from chemotherapy (e.g. cytotoxic drug
treatment, steroid drug treatment, immunosuppressive drug treatment, etc.) and from radiation
treatment.
The invention is useful in general to restore deficiencies created by hematopoietic cell
inhibitors. A hematopoietic cell inhibitor is an exogenously-applied agent (such as a drug or
25 radiation treatment) which causes a decrease in the subject of hematopoietic cells and/or
mature blood cells.
Hematopoietic cells as used herein refer to granulocytes (e.g. promyelocytes,
- neutrophils, eosinophils and basophils), erythrocytes, reticulocytes, thrombocytes (e.g.
megakaryoblasts, platelet-producing megakaryocytes and platelets), lymphocytes, monocytes,
30  dendritic cells and macrophages. 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
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differentiation enewa
cell disorders. Such “normal” levels, then can be established as preselected values, taking

into account the category in which an individual falls. Appropriate ranges and categories can
be selected with no more than routine experimentation by those of ordinary skill in the art.
Either the mean or another preselected number within the range can be established as the

20 normal preselected value. Likewise, the level in a subject prior to treatment with a
hematopoietic cell inhibitor can be used as the predetermined value.

In general, the normal range for neutrophils is about 1800-7250 per nl (mean -3650);
for basophils 0-150 per pl (mean -30); for eosinophils 0-700 per pl (mean -150); for
macrophages and monocytes 200-950 per pl (mean -430); for lymphocytes 1500-4000 per pl

25 (mean -2500); for erythrocytes 4.2 x 10%- 6.1 x 10° per pl; and for platelets 133 x 10° - 333 x
10° per pl. The foregoing 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 pl, moderate neutropenia at between 500 and 1000 per pl and

30 severe neutropenia at below 500 per pul. 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
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patients undergoing chemotherapy and/or patients under radiotherapy for hematological or

other cancers, and patients undergoing bone marrow transplants.

20 When administered to mammals, e.g., humans, the compounds of the invention may
enhance the ability of the immune system to regenerate cells that are suppressed, e.g., CD4
and T cells. Thus, the compounds of this invention, can be administered to mammals, e.g.,
humans, in an effective amount alone or in combination with a pharmaceutically acceptable
carrier, excipient, or diluent, in unit dosage form. Conventional pharmaceutical practice can

25 be employed to provide suitable formulations or compositions to administer these compounds
to patients suffering from immunosuppression or an immune deficiency or presymptomatic of
AIDS. Any appropriate route of administration may be employed, for example, parenteral,
intravenous, subcutaneous, intramuscular, intracapsular, intraspinal, intracisternal,
intraperitoneal, intranasal, aerosol, or oral administration. Therapeutic formulations may be

30 in the 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
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. 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-CD26 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 if a 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
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t he 45NV Rk L coftall bpshally, Alitbledpsbehativey, Srasnigen@alkonium chloride;

chlorobutanol; parabens and thimerosal. Carrier formulation suitable for oral, subcutaneous,

intravenous, intramuscular, etc. administrations can be 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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hour s peri od, n the regl nens are-separate |
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

20 preferred 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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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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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

25 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,
particular embodiments are described and illustrated. It is to be understood that any of the
teactive groups disclosed herein can be substituted for the particular reactive groups (e.g.,

30 boronyl group) shown in the drawings or described in the particular Examples. Formation of

the cyclic compounds can be assessed, e.g., by NMR.
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are supmﬂe&seebnfmtmnﬂ%angetotné\nne’ﬁrﬁﬁhi S. Thus the conpounds of this
i nvention, can be adm nistered to mamual s, e.g. humans, in an
ef fective anbefthe moshiarh straighidervesrd pentida copnlingchemistayds emplayad topraparept abl e

15  the linear boroProline compounds. The standard peptide coupling chemistry methods and

protective |evel °

procedures used in this invention are readily available. Examples of books using these
methods include, but are not limited to, the following citations incorporated herein by
reference: P.D. Bailey, An Introduction to Peptide Chemistry, Ed.: John Wiley & Sons,
1990; Miklos Bodansky, Peptide Chemistry, A Practical Textbook, Ed.: Springer-Verlag,
20 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.
The compounds of the invention can begin with the synthesis of H-boroPro as taught
25 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
aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine

30 therole 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). Alternatively, H-boroPro may be produced by a new

procedure (Kelly, T.A., et al., “The efficient synthesis and simple resolution of a proline
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Since it s e e conp i nvention, in cyclic or
i near form have

EXAMPLE 2:; C TION REACTION

Identification of Active (Open) and Inactive (Cyclic) Species of Monomeric Compounds as

Related to Inhibitory Activity of Soluble CD26 (DP IV)
20
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
non-inhibitory (inactive species). See Fig. 3 which is a diagram showing the structures of the

25 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 cis isomerization of the proline and the formation of a new N-B bond. The cyclized

30 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.
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amount s a I'n pharmaceut | y-acceptably conp
Method for the Analysis of Slow, Tight-Binding Inhxbltlon Bzochemistry 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
conditions the inhibitors behave as though they had Ki’s of 2.5 nM and 1.8 nM respectively.

20 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
the compounds of the invention could be significantly increased (approximately 100-1000

25 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,
accordingly, it is believed that the bioactivity of the compounds of the invention can be

30 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.
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EXAMPLE 4. MEASURING STANDARD CD26 (DP IV) ACTIVITY

20 Assays to measure CD26 (DP IV) activity can be performed on the compounds of the
invention. Methods for quantitatively measuring the interaction of small peptidomimetic
inhibitors with CD26 or DP IV, as well as for the interaction of CD26 with larger ligands,
e.g., the HIV Tat protein, have been developed (W.G. Gutheil and W.W. Bachovchin.
Separation of L-Pro-DL-boroPro into Its Component Diastereomers and Kinetic Analysis of

25  Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, Tight-
Binding Inhibition, Biochemistry 32, 8723-8731 (1993); Gutheil, W.G., and W., B.W. Kinlsq,
A Matlab Program for Fitting Kinetics Data with Numerically Integrated Rate Equations and
Its Application to the Analysis of Slow, Tight Binding Data, Analytical Biochemistry 223, 13-
20 (1994); Gutheil, W.G., et al., HIV-1 Tat Binds to DP IV (CD26): A possible Mechanism

30 for Tat’s Immunosuppressive Activity, Proc. Natl. Acad. Sci. U.S.A. 91, 6594-6598 (1994)).
These methods use the chromatogenic substrate Ala-Pro-p-nitroanilide (AppNA) and
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for each administration. The different forms of VBP used were: HC1 = linear, the HC1 salt;

Cyclic = free base, not salt; and MeSO4 = linear, the methylsulfonate salt. Solutions of the

20 different forms of VBP were prepared in 0.1 N HC1 and stored as frozen aliquots at -20°C.
An aliquot of each form was thawed on day-3 and the thawed aliquots were then kept at 4°C
for the duration of the dosing period. Normal and saline control groups received saline only
by the same regimen. Groups of four replicate mice were used for each dose of each form of
VBP and the control treatments.

25 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
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.
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U S. Patent Nos. 3,832,253, and 3, 854 In additio ased
har dwéft e Sﬂ%ﬂovgwtﬂfs& Med. Chain. b%%é%c?“%oﬁé Kellygi @i egﬂéec&eaéf%s f 8?3

| mpl ant aty Of009: P, Beak ot al Tfegryﬁfdr% généﬁg'l@sé, §6,{)‘1}1§‘7‘S&n%'#‘ﬁd13£a%' Tl lgppj ant may

be partlcur y itk rea Ehronic condi 1 8ns

Long-t er myen) 886a932S4uUs£1d5 herein, neans that the inplant is 15
constructed and arranged to delivery therapeutic |evels of the active

ingredient for at least 10 days and preferabl y 60 days. Long-term
Tt he ataMiLE sicl <
inthe a : gl
The conpounds ﬂﬁ%&ichaﬁgcﬂeﬁfe%ﬁmﬁﬁo@e@plykﬁ&uﬁfﬁ%g&e Gf fective amounts. An
ef fective anount Is a dosage of the conmpound sufficient to provide a
medi cd | y desiThelhass ofstadting nidterial, (1S,2S,3R,5S)-pinanediol Pyrrolidine-2R*-Boronate

HCI, equals “:A”. The reaction scheme for this protocol is as follows:

1. Charge CH,Cl, (A x 20 mL/g)

2. Charge BOC-valine (A x 0.761 g/g)

3. Cool to 0-5°C

20 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™)

6. Stir for 30 minutes at 0-5°C

7. Charge (18,28,3R,5S)-pinanediol Pyrrolidine-2R*-Boronate HC] (amount =A)

25 8. Charge 4-Methylmorpholine (A x 0.722 mL/g)

9. Allow to warm slowly to room temperature
10.  Stir overnight
11.  Wash with water (A x 9.5 mL/g)
12. Wash with IM KHSO, (A x9.5 mL/g)
30 13. Wash with Sat’d Na,CO, solution (A x 9.5 mL/g)
14.  Dry over MgSO,



20 effective amount will vary with the particular condition being treated,
the age and pwgzm cal condition of the subject being treat e% EH
severity oVOPHB2Rdndition, the durati ogp_of the tr eat néit/YY RRYTTZ¢ ur e
of the concurrent therapy (if any), the specific route of administration
and |ikesfac d e health

practi t?onerkﬂ x%léﬁ)ﬁlﬂ%f@ﬂ%‘%ﬁ %ﬁ?@&l@)ﬁé%@% (ggP}@tl mul ating T cell
acti vatien OCohéﬂmmﬁldeﬁieSs woul d be an anpbunt 25 sufficient to increase
to a statl stically significant extent T cell activation or hematopoiesis as

for exahpl e, Theary A& b§/7gﬁm@s§@fhe@r@m(9ﬁmﬁ&%§ or by increased T cell

activi tg)b &ﬁi&t anmount for stinulating a desired inmune
respons EVRSS) ?Teasured for exanple, by determ ning a change in
the i mune function in a subject (e.g., increased B cell response,

i ncreased cytotoxic T cell response stl rrul ati on of bone marrow cell
pr ol isf eEXIAMBLEI{ 6t r eas &, :‘ ‘ :

vent .an | Ctl on cancer effectl ve am)unt

sl ow, halt e

for treati ngq’éﬁ&éﬁ?@? ?ﬁlr‘ﬁ?i’@ B‘i b‘rRi%‘i"c‘ﬁrls gTqV@’r’é‘leg‘éﬁeg(ﬂ"ééﬁ apollowspe t hat

?ggunt guffi @hﬁlge 1@}@}!@%&%&‘0%:&mmygﬁbta%ﬁkhef the imune or allergic
ponse’ assocl

- 25- 2. WBubblehahgtireay HEL i@ th@Solutios fevl (mirhal t t he devel opment of or

t he progression of the disorder. Thus, it will be understood that the

corrpoungs of Ct°ﬁb"°|Q1§e§%t| on can be used to treat an aut oi mrune di sor der

(e. rans hyd_a subj,ects a ISk of

devgelll oplhng ag,ihar ne regér)onse@)%&yﬂroii:%?gﬁi{n% ‘i'”gb()?SStﬁ’il%@ﬁl ant). As
used i n(dmidun®EQ) N5, S5 "inhibit" enbraces all of t he foregoing. Likew se,
an effectlve anount for treating an i mmune system di sorder is that
amount Whi chStinpverhight, elowingimixture trewhem slowdy toymeptnoemiperature.associ at ed wit h
the i ne system di so[ﬁigj?r S0 as to prevent the disorder, slowits

progr esSi on, “§P¢ ﬁH’é’i M68Dgr essi on of the imune systemdisorder. It is

preferred gqu{,@g,lg/Axogsg hatxRctBxpg%m dose be used, that is, the highest
safe dose according to sound nedical 1 0O judgnent.

15 Observed Yield: 106%

EXAMPLE 7D, Cyclo-(S)-Val-(R)-boroPro, IPQ70
The reaction scheme for this protocol is shown in Figure 8 and is as follows:
1. Charge H,N-(S)-Val-(R)-boroPro-(1S,25,3R,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)
Charge Hexane (A x 25 mL/g)
Charge phenyl boronic acid (A x 0.333 g/g)

20

Stir vigorously
25 Decant hexane layer and replace with fresh hexane after 30 minutes

Again replace hexane layer after 60 minutes

© % N AL AW N

Replace hexane layer after 90 minutes

um—y
e

Replace hexane layer after 120 minutes

ek
[
.

Stir overnight

[ary
g

30 Separate the layers



General ly, doses of active conpounds will be from about 0.001ng/ kg per day
to 1000 [ kg per day. It is expected that doses range to 100
ng/ kg wil | ‘B@gg’ﬁ?ﬁébl e, pr ef er abl quaI ly and in one oF‘Q'j&’é’g??@%"

adm ni strati ons per day. Lower doses w result from ot her forns of

Fetponse n o LasAEkoRF b ATERRUERBNG: S0 bR mxcrnd R AR, G o

doses (on4ef f @hitewaihyH,0 until hbvgaer doses by a different, nore |ocalized
delivery route) nmay be enployed to the extent that pati ent tolerance

perm ts. 18ul t iEdute vithsks80 NELOHEL,Qir e cont enpl ated to achi eve appropriate
system c | evel.s of..conpounds. . Al'l patents, patent

appl i cat i¥ns, HYQP%‘FIE%%"H?%*&WEP%OCunents that are identified in 20 this
pat ents appl i cafy ApEG, ¢ tdodoheir entirety herein by reference.
EXAIVPLSESHQ' Ty A%T%gwmg?%&gggd%%/gs denonstrate the oral

bi oavai | @bskrvey Yaélda83¥%pr esent ati ve cyclic conpound of the invention
and the functional_ _activity of this conpound with_ respect to

sti mul at i*nBLE€nkS O NELOBMeDProduct visnplizsd pemg L ¢hambglo.  The exanpl es are
illustrative only and 25 are not intended to limt the invention in any
way. A particularly preferred conpound of the i nvention, cyclic

Val - bor oRoAMPPEA00" ) , H,N-($340h]{(K)-bdEPMOOKI O FEpeagP| €s.

Throughout this application and in particular, in each of the Exanples and
dr awi ngs, Theaeaction sehemerfotbisrmeetosol as shoasio Figyeel9 andlisiasifoldawsat ed. 1t is

to be_understqod,t ha th reacti r.Qu I sed herein can
be sub%tﬂtute i ?‘E'k@?géf(%'@m@f‘o’llgg&?@aégeggﬁﬁg‘g‘g%gf%?,ﬁg&?boronyI gr oup)
shown in st he cgrti@%gﬂﬁ or described in the particular Exanples. Formation of
t he cyclic conpounds can be assessed, e.g., by NWR

- 26- 3. EXAlyBphillize the product GENERAL SYNTHESI S OF COVPOUNDS The
synt hesi s of the conpounds_of the invention involves very simlar
chenistry. - Theory =g IP070 x 1.17 g/g  Expect=~100%
Observed Yield: 106%
15 Other embodiments are within the following claims.

While the invention has been described with respect to certain embodiments, it should be
appreciated that many modifications and changes may be made by those of ordinary skill in
the art without departing from the spirit of the invention. It is intended that such

modification, changes and equivalents fall within the scope of the following claims.



These conpounds are designed such that they selectively bind to the CD26
receptor. Synthesis of the linear boroProline conpounds are described .
in BachovcKPAYe#¥. 5 Conversion of 4he linear boroProl i FETEHYAEs to
the cyclic boroProline compounds of the invention is acconplished by
pl aci ng the |inear conpounds under igg@%@éons of neutral pH (about pH
6 to about pH 8.0, nore preferably, 6.5 to about 7.5) for atine
sufficignt ta composiioh@emptismgabove- described confornational change from
linear to cyclic form Conversely, under acidic conditions, the cyclic
f or m under goasubstansiaily prrgtnrepesationrofagcliobirpPreline tompouridthaying the strimliieeved

t hat botPft he c%gl | C andfl i n(éar forms of these conpounds are biologically
active otformplalasshowninigwsd,  ocantor) and that |inearization is not

requisr ed for whbmhOed (Fafer b - r.a cyclic
Compaunds. can TEREgieRot, B X 1 dpendenty Rl o0 YapabliorCY 2

conf or mheing hadrotyzad ¢rea hpdroky drowpearagiesusisolution at physiologicdl pHanddst part,
straightforward peptide coupling chem stry is enployed to prepare 15 the
|i near BOVESERISEN FBURQAPS Oh# BePtdsviuch mimaicy theesiteiod @ shbitsts rpoehiaed BY py

met hods : s used in this invention are readily avail able.
Exanp|e8&§$“§8kﬁ?35§fﬁggﬁﬁése nmet hods i nclude, but are not limted to,
the followi ng citations incorporated herein by reference: P.D. Bail ey,
An Introduction to Peptide Chemstry, Ed.: John Wley & Sons, 1990;

M kil os Bodandlkg compesitiereoftaim Liwherein tim eyelic betoPradinelsonipoutdiis: selected

Syni Resie bedur Sroinktr STt mp@PRLIc Y S oot falshoBPamd Oty -

Vol ume 314)-rREshroprapr i nger - Verl ag, 1984; and M kl os Bodansky, Princi pl es
of Peptide Synthesis, "Reactivity and Structure Concepts in Oganic :
Chem stry, " Vol ume 21, Ed.: Springer-Verlag, 1984. The

conmpoundgs of _the invention can begin with the synthesis of H boroPro as
Caught 35 i nThecemPoRUaROr SEE b wherns srsstic Borgrolmelcompound eelstiedos os
only, g fhedRbug BhG8EELF @ Val-S-bbioBtd add8-$8ARBcRIPr, N S 1 nventi on.

Accor di ng toe%u&/ 004€l?jjol—l-boarloPro vvasaﬁprg'ngle %Bf}jptr e synthetic route
previ ously devel oped and described (G R Flentke, et al., "Inhibition of

di pepti dyl am nqpept . dase_ | V. (DP-] )y . Xaa- bor oPro di pepti des and use
of thes& i nhﬂ"ﬂs‘FPe’ingO%lgO@sz}éﬂﬁ%lwh%fﬂé @%QY&BBPO@NIWWWDBE s selgatedi on,

PNA U : ; I | t
Pat ? nS'E @ E Eg(ghp 9‘;2()@%%%5?@ F %%?%%WPJ’ ELQ%%?% r°|(l)) p(%)%%bgﬁ%éh{gélgq%y -agng\fv
pr oceduberoPs; | Whereilt LAX is @i amino, acidlineandf Eonfigarition b peplide conchisihgaintno

resolution of a proline,
acids in an L configuration.

5. The composition of claim 1, wherein the cyclic boroProline compound is selected

from the group consisting of L-X-S-boroPro and L-X-R-boroPro.

20 6. The composition of claim 1, wherein the cyclic boroProline compound represents a
percentage by weight of the composition selected from the group consisting of at least 5%, at
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
and at least 99.5%.

25 7. The composition of claim 1, wherein the cyclic boroProline compound represents at

e
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-27- boronate ester suitable for enzyne inhibition studies,
Tetrahedron 49, 1009-1016 (1993)). Both of these synt hetlc £S
reportedly ‘yPéP/ﬂz%‘hcem ¢ H boroPro pi n; edi ol . FWMZ} to WO
98/ 00439, stereochemcally pure L L a L, D diastereoners of Z-

Lys- boro re by fi r resol ving racem c H boroPro through
crystall E #I@)f”ig?fm%f h&’? F@‘ﬁ @BP(‘F mhct i ve bl ocking protecting groups ((1S,
2S, 3R, 5S)-+-pinanediol isomer) followed by coupling the isotopically

pure L-boroPro and D-boroPro to the stereochem cally pure L | somer of
| ysi ne (8ee UThe edmpositiasoiiay of theNoregsing 6nj e, 8yherein aéimaxtbovrd?rylinet he L,L and

Dol o e e Ry Bt o s SR e Bl ol vt
di ast er e%@éét&ﬁ%f%é%m@&%?f ﬁﬂfﬁ'léﬁ Haf ?&W ?eskﬂx%n@@% ?&gﬁﬁﬂ%‘/ k 5%1%?%%,

di astereoners Gsing reverse phase as previous descri

di ast e eg¢se thad aer/gm@ KaRrse%, Wsethaam%e idss dnad N%Nessamhcm%gilm thaBdp%s, at i on
of L-Pro-DL- boroPro into onent Diastereoners and Kinetic
Anal ysi s less thend%, lessikhasi t41"/or¥e~°<§1than 3%, lasﬁbq@tmylpsspﬁhm 1.8 &a.cang\ess thanddp - Met hod
for the Analysis of Slow Tight-Binding I nhibition,"” Biochemstry 32,
8723-8731 (1993)). A specific protocol for obtaining a 15 preferred
conpound gof t h@el Icafégla;m&ﬂoﬂ Ay R el f0RGoind cRAANR IR reln a linear boréDFOMRLE 2:

CYCLI ZATI ON REACT | denti fication of Active (Open) and I nactive
(Cyclic) compouras refredebtsdess than 56 bp oveight ofithe composiidmat ed to | nhibitory
Activity of Soluble CD26 (DP IV) 20 I n aqueous sol ution at al
pH val ues, the inhibitors exist as a slomﬁy equilibrating m xt ure of
Luo confqpmat g8 Somd wBIBBe &Y hetoldlbh cmk L RRin BOtRR k4 BIGliL TPOUN )
whi ¢ S |nh| tory Ive spe cyclic structure (cyclic
bor o Prool icBfp o eepregentstiess thansl % by welght of the composition.

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

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

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

compounds represents less than 0.1% by weight of the composition.

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

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

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

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

16.  The composition of any of claims 1-15, wherein the cyclic boroProline compound is a

20 Val-boroProline compound.

17.  The composition of claim 16, wherein the cyclic boroProline compound is Val-
This \

Ll i

boroPro.



non-inhibitory (inactive species). See Fig. 3 which is a di agram show ng
the structures of the 25 open and cyclized forns of Xaa-boroPro inhibitors
( conf or mat WO(62¥4ui | i bri um of Xaa- bor oProl i ne i nhi bi ¥eFE$/HEE open,
active, inhibitory chain species is favdred at |ow pH whil e t he

cyclize trugture is.favored at, ne |_,pH.. The reaction s full

reversi gllsz th 4 °S§Eﬁ’§%’ﬁ’§i° any ?Pclaggmz "6%5‘38 etﬁ’r‘fﬁc §?r &U?ﬁﬁpf“ﬂqé“%pen .
chai n t Qopiids 4 1SREI0% 3. 48iR6 labids and R IboesPralide i€ S the R rseorfff%?né Terization
of the proline and the formation of a new N-B bond. Tﬂe cycliz 30

structure is the boron anal og of a diketopi perazine, a product often seen
in peptide chemstry... clization_liberates one equival ent of H+

t her eby expl a W&‘I%ﬁ@opé’& l?r%/@l;@ﬂ‘fnsf I51 7-yihegein the ¢yglic boroPgglinejcpmpionnd
react i on aAnRshsaf 1dhsi ouok hearRin6 Al t AN r .is quite
stabl e i r? aqueous sol uti gfrqga%fﬁ]%iﬂgﬁypﬁﬂ?-%swg}e Kor's C&gﬁéiﬁaqmn‘

- 28- Prol onged incubation at high pH never leads to the

conpl et e di sappearance, of DP IV | inhi bitory activity for any of the
Xaa- bbr A o cﬁ?mmmlt@%mmwf claimssl-bhsdereinitharygtie boroProlingsofipoynd

d . i b . . ¢ ) 1ibri it h
non- ol 4SSl L oarhil'abich Bha W bol R RECT o T R S it 0

i nactivation. The half life for the 5 reformation of the open chain
species fromthe cyclic structure is surprisingly low Thus, it was
concl udedl- t hathetdpmposiiioneff any bf gaimsy b1 3ovheréin yhe cycliq bexPsolizel cotiponndvas due

to a pH ._depen confornmptiongl _.equjlibriumrather than a degradation
r eact i orfontains SRSRESH, Lyghanp a¢ Sf’ﬂ@&‘etbﬁg}ﬂr Wf%ﬂ?%%rt gonfigwtion. not go to
zero for any of the Xaa-boroPro i nhibitors, even after prol onged
i ncubation, together with the fact that the reverse reaction, 10 i.e.
cyclic t22. opethexdvmipositonsif any ofclgipesl-&7, wiatinittie SfefitboroPeolRToinpoand O

i for_the conformation equilibrium by

nmeasure the, equi i bri um const ant CC |
moastt | FODERS 8459 v Ligmigp acids and dheioraRepki 1A the Gk PRGN h { he

true Ki. It has been reported that the ratio of [cyclic]: [ open]
forms, at neutral pH is 156:1 for Pro-boroPro and 1130:1 for Val -boroPro
(WG 23.  The composition of any of claims 1-17, wherein the cyclic boroProline compound

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

24.  The composition of any of the foregoing claims, wherein the carbon-boron bond is in

an L configuration.

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

boroPro.

26.  The composition of claim 25, wherein the carbon-boron bond is in an L configuration.

27. A pharmaceutical composition comprising,
(1)  apharmaceutically acceptable carrier; and

20 2 a cyclic boroProline compound of any of claims 1-26.

28.  The composition of claim 27, wherein the composition is formulated for oral

This Sheet Has Been Replaced
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Qut heil and WW Bachovchin, Separation of L-Pro-DL-boroPro into Its
Conmponent 15 Diastereoners and Ki net| c Analysis of Their f
Di peptidyl PERPVRAYE 1V. A New 3 d for the Analysi s%dg@&ﬂ
Tight-Bi nding I nhibition, Biochemstry 2 8723-8731 (1993)). This
means t-hagdmli sﬁeﬁ@ 1% Pro-boroPro and | ess than 0.1% of Val - bor oPr o
exi sts S ‘open chain, inhibitory species, at equilibriumat pH
7.0. Neverthel ess, under t hese conditions the inhibitors behave as
t hough they had Ki's of 2.5 nMand 1.8 nMrespectively. 20 This apparent
Ki of the29.f uI The corapasitiontof ¢laim 23 or @8, whereinithd cyslib boraRtaliak cgmpewndds at han,
(~1000- éﬂl that of .other inhibitors of DP IV thus far reported.

The mvenyéwéorﬁ ing Eompnd he cyclic conpounds of the invention have the
ability to specifically bind to CD26. Accordingly, the inventors

predi ct that the biological function of t he conpounds of the invention
coul d be sb.gni ‘Il‘h@anhﬂaqmtidﬂcufemcw(amemhaa;tdhbyooﬁ%olﬂxﬁ%n@isund iselstedy
orally adm nistering the cyclic corrpoun s of the invention and permtting
the ~5 Gomithe gvpspesisteBalgeVal-SberoPrq, LnkalrR-Darabsm, D-Vsl-SchoueProaangd Ro
(e.qg., gefﬂ;) t.he Iam dic conditions of the stomach). Thus, if

| i neari zat ]r?fliog r{gcessary, it can be acconplished in vivo and

therefore, therapeutic concentrations in the systemc circulation can be
generated in situ and, accordingly, it is believed that the

bi oacti vi 31, of Thdeompuspivuredslaih 27 hehéremahe campasitiontie f@Mulatedcior pareutetay

appr oxi maﬁgn% 100 1000 fold. In addition, it is believed that the cyclic

boroProl i BOhds of the invention, in | yophylized or solid form have
i mproved shelf life properties, thereby contributing to the further
utility of the compounds of the inventi on.

-29- 32.  The cdmpdsitvh dfichiradipwherdm the epap@itioads Hephilizédd above can be
purified to honbgeneity using HPLC and its identity can be confirmed by
NMR spectroscopy, am no acid conposition, or nmass spectroscopy as
ggﬁ\r/rgﬂtogg f Ssaﬁ\%ﬁé%tiho gorr nrgll%mfacg;%g %M%C&chpg&%%ﬁ%k ctt)gl?anklﬂgent' on can be

placing a compound of any of clalms 1-26 in a pharmaceutically acceptable carrier.

34.  The method of claim 33, wherein the pharmaceutically acceptable carrier is suitable

for oral administration.

35.  The method of claim 34, further comprising the step of formulating the composition

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

36.  The method of claim 33, wherein the pharmaceutically acceptable carrier is suitable

for parenteral administration.

37.  The method of claim 36, further comprising the step of lyophilizing the composition
to form a lyophilized preparation.

20 38. The method of claim 37, further comprising the step of reconstituting the

composition in a pharmaceutically acceptable carrier having an acidic pH for form a

This Sheet Has Been Re; placed
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5 the pHto an acidic pH (e.g., pH range: 1-3) and the potency of

I nhi bition of CD26 proteinase activity by the linear boroProline
conpounds W&P46¥1det er mi ned usi ng convgntional enzyne REHVS9NQ7TT
(exanpl e provided below). In addition,”the i munonodul atory effects of the
conmpounds_of..the invention are evaluated by in vivo experinents using

ani mal ABGEY tutgﬁgreparanogy in vitro experinents using cell culture nethods
that are believed by those of ordinary skill 10 in the art to be
predictive of an in vivo activity. EXAMPLE 3: ASSESSMENT OF
FUNCTI ORBL A@Tinethoy for stimulating actiVationcormppalifexition bf hivaan Iynephocpes bave at

| east the follow ng, properties: (i), binding site is the DP IV active
site: afEmAIOPYICH il pai sl omprising sopiarThesaHg lymppocytes or heppaiopietiy s

whi ch QI pRflal S1Ra86R br hisiRdratiitidAthd K cég##fo%n;b‘}%e Bpr%q\ﬁ#%gﬁ?ﬁ eferred

as "DPPIV") activity, o al bl oa and n
pr ol isf echimob-286ssays and are described in detail below The cyclic
conpounds may be converted to linear formprior to perform ng the

activity assays or assayed directly wthout prior conversion.
EXAMPLE

. I.N TANDARD. CD2 DP.I . IVITY 20 . .. .Assays
to neas Glé‘e o WW@%&% ‘eb%ﬁ“%g"‘g%ﬁglflé r‘%@d’lg‘ﬁ’r‘f ahh Admpdstering hey
i nventi f i i ' s ] |
bopt 1 dommid coBbbaSEo aHuriliryblieheth fRl If BB SUARAL Wi U AL IR dDien R

i nt er acts baving a CORtien chardcteriyed by inpaagimte lymphoeytg or herhatopbistidedl] pr ot ei n,

have been. devel oged WG Gutheil and WW Bachovchin. Separati on of

L- Pr o- DRSHGHOPLHCOUERIIYOL- Conponent Di ast ereomers and Ki netic Anal ysis of

25 Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the

Anal ysi s of Slow, Tight- Bi ndi ng I nhibition, Biochemstry 32,

8723108731. ( 1998 )metifad dfaildim 3, Gheredmshidéontditing isEaatisdiout by recdhsihitingla Pr ogr am
ing, Kinetics Data . wt umerically Integrated Rate Equations and

for Fittin
I'ts AppﬁXQPgt 128 CORPOFEON Gislagps &26in atrpgidic marmagsyticdlyaccantablet i cal

Bi ochem sanst: g - ' , . - H V-1 Tat .
Bi nds TSE‘HSYT"\Z}%?ES%‘?“SW“E&??? }‘ﬁ%é‘%}é@ﬁ%f@ﬁ?@rgﬂ&é@y g 1g1%{e% Irﬁlbesuppr essi ve
Act i vi t yecofstitated ispdparatiba acia htimian phlicnt dufféing R0 4c68A80k $0840rized by These

met hods _use t he chromat ogeni c substrate Al a-Pro-p-nitroanilide (AppNA) ar_ld

inadequate lymphocyte activation or concentration.

15 42.  The method of claim 40 or 41, wherein said compound is administered in conjunction
with a second, different agent which stimulates activation or proliferation of said

lymphocytes or hematopoietic cells.

43.  The method of claim 41, wherein said contacting of lymphocytes with said compound

is carried out in vitro.

20 44.  The method of claim 43, wherein contacting comprises 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.

45. The method of claim 40, wherein said condition is an HIV infection.
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- 30- fluorescent substrate Al a-Pro-7-am no-4-trifluoronmethyl coumarin
( AP- AFC) . NA and AP- AFC are comrercially avail abl e ﬁ% e
Systenms ProWQE2914 hin, cA). EXAMPLE 5. ﬁ?&l@lﬁ?ﬁ’ ORAL
Bl OAVAI LABI LI TY The data for this exanple appears in Figure 1.

5 - ari Qus.s of RT-100.were adm ni.stered as 0.2. of, a
of uti on4Pn 0 ISR ot st A AN F RIS T ard S beielyie
doses i ngiL@hsiGion: Relger f @Kks of Figure 1. Two hours | ater bl ood
sanples were withdrawn individually fromthe tails of the mce, and the

DPPIV activity of each sanple was neasured in the fluoronmetric assay. The
data are Xpresse n the Y-axis,of Figure. 1l as the % inhibition of
the DPPI ¥7act iTSIPWtb%i %ﬁm‘@bw l&wpqaggcqeﬂém%ew e Fiest of gwgwrmh
0.2-m sali. A t T Lal of
sanpl es ? J%‘%‘%?‘%“Ym\?‘%‘}é N rgr(aa S a\c}édebég%ﬁ p?{oﬁﬁt% e'?; n§e8}1ené:§rgﬁﬁ%g%tgongo§?’cﬁ§§_ Sl

EXAMPLE  Gematopoietic systént kétedt&T frol thEghiah/EbisRiihf oP&s|deFiRAT 68 lymphoid,

The data for this exanple appears in Figure 2. On day-0, female
BALB/ ¢ mietghueid sndgmyplelddinepgesge were injected intraperitoneally 15 with
cycl ophospham de at a dose of 220 ng/kg. Normal controls received an

i njection of wat er, the vehicle alone. Comrenci ng on day-3 and

conti nui ng t hrgWghRlRY. f%laéﬁamj “{hefem &ld conditiodas kigﬁé;ﬂﬁﬂem(rvfﬁﬁn S

adm ni stered tw ce dai?y y oral gavage using a dose of 2 [err]g/ nouse

f or each depleiion of heatatepoictiFrrellsipf i arben¢ maooweliswtdeyBRulisgdn iwamanoddficiency.
linear, the HO salt; Cyclic = free base, not salt; and MeSO4 =

| inear, the nethylsul fonate salt. Solutions of the 20 different forns of

VBP wer e 41 e P G difb orbidin, whBRirlafl &hdffonfis A7 R0t hMbistadd -20[err] C

10 50. The method of claim 49, wherein said condition is immunodeficiency symptoms

resulting from depletion of cells of the immune system.
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An aliquot of each formwas thawed on day-3 and the thawed aliquots were
then kept at 4[err]C for the duration of the dosing period. Normal and
sal i ne contwobygopups recei ved saline only by the sanwoTagsmeey77 G oups
of four replicate mce were used for each dose of each form of VBP and
the control treatnents. 25 On [dsy- 7, individual blood sanples were
collected fromthe tails of each nouse into EDTA- cont ai ni ng

m crotai ner tubes. The data shown represent the nean (+/- standard

devi ati on) of0@M30I-yte neutrophil counts calculated froma different count

of peripheral bl ood snears stained wt , ¥ and a total
white cell CogyH efforned in a . P after the lysis of
erythrocytes w f% 0] 5% aceti c acid.

- 31- EXAMPLE 7 SPECI | The
reaction sche@@s00ot this exapptesfefrovided in Figure 5. EXAVPLE 7A.
Proposed Boronoprol [ ne Synthetic¢Ro ite The reaction schene for

thi s protocol 7igs08hpwn in Figurd,S, wherein the Reagents and 5 Conditions
are as follows: |. Hi-t-butyl dj carbonate di chl oronet hane; ii.

s-butyllithiugo ogo4etranet hylgt hyl et hyl enediamine; iii. trialkylborate
(al kyl =net hyl , ethy}], or butyf), ether; iv. Bi-bu-tETaqoe@us?|m|

hydr ochl ori c Y. pinanedifol, ether; vi. anhydrgusshy oric acid,
et hyl acegate] 660 recrystallfi zati on. Ref er ences: P?Olltgs?se&outtes et

al. J. Mg Ch%gggég%, 39, 20B7; T.A. Kelly et al .- F@tr BietDOrsulidnate s 1993,
a

49, 1009;5P | al. Tetr®ahedron Letters 1989, 30, p¥l ‘@S% F. R Bean
et al. 1‘9 Aner . Chem Soc. 1932, 54, 4415. Tiigo
T 30.00 -
y—d
®  20.00;
10.00 -
O'OO F { llll].ll ] ll[lll!' 14 | DL R
0.01i 0.10 .00 ' 10.00
Dose of PT-100 (ug /mouse)
1600
1400 - I T
€ 1200 |
~
< .
o {000
X 8004
-
g 600 -
=)
z
— 400 -
QL .
© 2004  _. I
0 : ; : :

Normal Saline HCI Cyclic MeSO 4

FIG. 2

SUBSTITUTE SHEET (RULE 26)



EXANPLE 7B. N-BOC-(S)-Val: (R)-boroPro- (1S, 2S, 3R 5S) - pi nanedi ol ester. |P068

The reaction schene for this protocol is shown in Figure 6. he
mass of staWQ W2t erial, (1S,2S, 3R 5S)- pi nanedl ol P%T’Us”’m”;r
Pyrrolidi ne- 2R*- Bor onat e HO equaé ". The reaction schene for
this protocol is as follows: éﬁarge CHerr]C[err] (A x 20 nlL/Q)
2. Charge BOC-valine (A x 0.761 g/ g) . Cool to 0-5C 20 4.
Char ge hydroxybenzotriazol e (A x 0.473 g/ Q) 5. Charge EDCI (A X
0.874 g/ Q) FV\#leY?’_L'Z(’EBGI is "1-(3-Di methyl am nopropyl) - 3-
et hyl car bodi i m de_hydraghl ari de") 6. Stir for 30 mnutes at 0-5C
7. Charge (I S/S 3R 55\k- pi nanedi ol Pyrrolidine-2R*-Boronate HO (anount
=A) 25 8. /éharge 4- Met él nor pholine (A x 0.722 n/g) 9. Al | ow
to warmslowyy to roomte rature 10. Stir overnight 11.
Wash with water (Ax95 12. Wash with 1M KHS@2rr] (A x 9.5
m/g) 30 13 VashQhit . d @i er T1£8 eor2 hiol ut on (AN< 9@5 i9)
14. Dry ovéP qur] pH>7.0
- 32- 13\Fl| gr thro gh a plug of silica_gel, tlng WIN‘L t OAC(A X
0.1 L/g). e to dryness 7.  Nhebry = Alx 7 glg
expect =t heory x q95 to 98
X O N
T1/2 =1hr
pH=2
cis configuration
is needed for cyclization
open chain form (trans) cyclic form (cis)

FI1G. 3

cyclic form (cis)

Formula |

FIG. 4
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observed Yield: 84% 5 EXAMPLE 7C
Herr]N-(S)-Val -(R)-boroPro- (1S, 2S. 3R 5S) - pi nanedi ol ester. HO | P069
The reacti WO ¥®RY4e for this protocol is shown in Figure 7 BEHUS/IAZT7

fol |l ows: 1. Charge 1M HC in Et[grr 0 (Ax 37.2 nL/g) to a flask

2. - Bubbl e anhydrous HC into the sol ¢®n for 10 nin 3. Cool to
O-5[err]C 10 4. Char ge

N-BOC- (S) - Val - (R) - boroPro- (1S, 2S, 3R, 5S) - pi nanedi ol ester, |P068

(amount =A) 5. ir overnight, allow ng i re towarmslowy to
roomtenperature. Concehtrate to dr 7.0, 0il, NTheory = Ax
0.858 Expect [er{] 100% 15 (bServed Yrel d: “EXANMPEETFD.
Cyclo-(S)-Val -(R)- 'rq ro, 1P0O70 ction schene for this
protocol is shown inYFigure 8 and is as fjol | ows:N 1. Char ge
H2N- (S) - Val - (R) - bor oPr o- ( 1S, 2S, 3R 5S) <pi fjanedi ol | ester, HA (Arbunt =A)

to a flask 20 2. HCharge Herr]0 (AXI25 n/ 3. Adjust pHto 2
with 1IN HO (if necessary) 4, X (A x 25 n/Q) 5.
Char ge phenyl boronic acid (A x 0.333 g/Q) 0" 6.0 stir vi gorously 25

7. Decant hexane | ayer and replace with fresh hexane after 30 m nutes

8. Agai n repl ace hexane | ayer after 60 m nutes 9. Repl ace hexane
| ayer after 90 m nutes 10. Repl ace hexane | ayer after 120 m nutes

11. Stir overnight 30 12. Separate the | ayers

vii

HCI

FI1G. 5
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- 33- 13. Load aqueous | ayer on prepared Dowex 50-X2-100 ion exchange

col.um (Hform 14. Elute with Herr]O until neutral 15, Fl ute
with 1:50 NWOA6RDM: H err] O 16. Lyophi li ze appropri at ECTUSINEhs 5
17. Theory = A x 0.556 g/ g expect 90 to 95% Qbserved Yield: 83%

* TLC: .1:50 NH[err] OH: MeOH Product visud4&ed using I[err] chanber.

EXAMPLE 7E. Herr]N-(S)-Val -(R)-boroPro-OH HCO . FPO[ err] 0O

The reaction schene for this protocol is shown in Figure 9 and is as
follows: 10 1. To Cyclo-(S)-Val -(R)-boroPro, 1P070, charge 51.4 nL/g of
0.1 N HC 2. Stir 10 mn 3. Lyophillize the product

Theory = g IPO70 x 1. 17 g/ g Expect [err] 100% bserved Yield: 106% 15
Q her enbodinents are within the follow ng clains. VWil e the invention

has been described with respect to certain enbodinents, it should be
appreci ated that many nodificati ons and chan ﬁs may bhe made by those of
ordinary skill in the art w thout depart? g fromathe spirit of the
i nventi on. i nt ended that such modi 1i catli on“ changes and

equi val ent within the scope-bf tQH;fol0twGg—cCamOH =

HN—C=—0
0]
HsC—C——CH,
CHj3

285.622 : 217.27

448 .40

FIG. 6
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US 009910777 - 34-

CLAI MS A pharnaceutlcal conposition conprisin

(1) a subéV@ﬁWﬁﬁP?y pure preparation of a cyclic boroProll%ETégﬁﬁUWHH
havi ng the structure of formal a rr] 5 wherein
each X[err] and X err] is, independently, a hydroxyl group or a group
capabl e of being hydrol yzed to a hydroxyl group in aqueous sol ution
at physiol ogical pH and X represents a side chain of an amino acid
or a peptide which mmcs the site of a substrate recogni zed by a post
prolyl cleaving enzyne; and (2) a pharnteutically acceptable
carrier. 10 2. The cofiposityon of claim1, wherein the cyclic

boroProlie conmpound is sel ected f&om t he roup consisting of
L- Val - S-boroPro, L-Val-R-boroPro, and D-Val -
bor Pr o. 15 3. The co ition of claijn1, e*eln t he cycllc

boroProline conpound is selgcedHro
CHy—CH—C—C=0

HyC—C——CH,
CHa,
448.40

FIG. 7
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the group consisting of L-Val -S-boroPro and L-Val - R-borePro. 4.
The conposi §j claim1, wherein the cyclic boroProline mﬁggg i

sel ected frgd%%/&;“ the group consisting of L-X-S-boroPro, L-X-R- (’)’lrrf)Pro,
D X- S-boroPro, and D X-R-boroPro, 20 @& ein L-Xis an anino acid in
an L cenfiguration or a peptide containing amno acids in an L
configuration. 5. The conposition of claiml, wherein th cyclic
bor oProline conpound is selected from t he group consi sting of

L- X- S-boroPro and L- X-R-boroPro. 25

AVENDED SHEET

US 009910777 -35-
6. The conposition o im1l, wherein the cyclic bor | i ne conpound
represents a OH
- B_.e“
CHy N N “NoH
[ H |
CH;—CH—C—C=— O——C NH
N/ 2
NH,.HCI ClH
HiC—CH—CHgq
384.75 214.071

DL o,
B. >
N Ny B
OH
CH

L B

N s 2
O/ ClH H3C/ \CH/ N

214.07 F I G 9 250.53

SUBSTITUTE SHEET (RULE 26)



per. by wei ght of the conposition selected fromthe group con v
#éﬁé‘%ﬁﬂit 5% | east 10% | east 20% |L§a§@é§ﬂ)77

at at at |l east 30% at
40%. al least 50% at |east 60% at |east 70% at | east 80% at | east
90% at least 95% at least 96% at |east 97% at |east 98% at |east 99%
and 5 at least 99.5% 7, The conposition of claim1, wherein
the cyclic boroProline corrpound represents at | east 50% by wei ght of

tclhgi (r:rgnpmer el n (ah‘Tl near or%ybwg%%%p{?@ gpﬁsﬁ%ﬁp@&%@scﬁ?%@%x&em age

by wei ghtmofe debxi etownoR efetring 8 eheRorahula Tonipdend) eadhIX CAESX Sisi ﬁd@ﬁenaenﬂy
percenta hat is | ess than 9%% _| ess than 90% | ess than 80% | ess an

70% | ess by group or pgroup; qapgple ofhemghydrolyzed 3o hydeoxyt grawp meqwss t han

han 20 TR B sjoIFBEA 10 00 X etfah ayide ST b S bpBhenllle, 7 o

of anys ofwhhhnhnn@gheﬂ@aﬂamubmawmwmdéylmpmemmlybcleﬁﬁﬂgemmomwds
represents kesa 5% by wei. ‘%j t e C.O q% The
conposi t i B e F@F e%(fﬂf QXS’P" Pr”@l i ne

corrpoundss&ﬁdxslhﬁ@ﬂi W%@B&M%@Bx&"ﬁiﬂ@t%ﬁ 861 "BY ik CPonded

11. The corrp05|t|on of any of the foregoing clailns,
bor oPr ol i 1B isdmles lrgenfigurations mmwﬂvabsalwamﬁﬁgmﬂnp ofmhe;ﬁbﬁs like thisteof

conposito The conposition of any of the foregoing clains,
wherein aglfbﬁgéEO%%%oProl I ne conpounds represents less than 0. 1 %by

vei ghig of the Peptidesthht afinic the substrate binding site of the post-prolyl cleaving enzyme DP
IV (also referred to herein as “CD 26") are described in U.S. Patent No. 4,935,493
(“Bachovchin ‘493") and U.S. 5,462,928 (“Bachovchin ‘928").

The open chain (linear form) to cyclic form reaction involves a trans to cis

isomerization of the proline and the formation of 2 new N-B bond. Accordingly, “cyclic
15  form” refers to the cyclized structure of the compounds of formula [ that are the boron
analogs of a diketopiperazine. This transformation is illustrated in figure 3.

By “substantially pure” it is meant that the cyclic compounds of the invention
represent at least about 90% by weight of the composition. In the more preferred
embodiments, the cyclic boroProline compound represents at least 98% by weight of the

20  composition. _

In certain embodiments, the cyclic boroProline compound represents a percentage by
weight of the composition selected from the group consisting of at least 5%, at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, and at least

25 99.5%.

In these and other embodiments, the compositions contain a linear boroProline
compound that represents a percentage by weight of the composition selected from the group
consisting of a percentage that is less than 95%, less than 90%, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10%,

30 lessthan 5%, less than 4%, less than 3%, less than 2%, less than 1.0 %, and less than 0.5.

In a particularly preferred embodiment of the invention, the cyclic boroProline

compound is a Val-boroProline compound. A “Val-boroProline compound” refers to a

AMENDED SHEET



13-..' ' conposition of any of the foregoing clains, wherein a |i 77
%B?@@Bﬁn S 099107

O EPT0T T ne conpounds represents | ess than 0.05% by wei ght of the
conmposi tion. 30 14. The conposition of any of the foregoing clains,
wherein a |linear boroProline conpounds represents | ess than 0.01% by
wei ght of the conposition. 9.

AVENDED SHEET
US 009910771, 36

15. The M‘?ﬁl"ﬁ ?’38’8 (8‘5” 5‘9?‘38]?) t8 F%@n%uﬁqﬁfﬁw%negrgﬂ%ct {bﬁ giscc?gziﬂ?lg “bor ;)Pr ol i ne
conpound sélectively bindiMgto OD26 EDRIVhe Thespaergected results hirde impofiaet therapertict i on
of claim 15, wherein the cycljc_borqProline conqpound is Val-bproPro. 5
17.  Thend exgsomentabresearcipimplisationsa; Haus, Fethpfore opaposIions, oF}
Do oFT ol B3R e SR Bppacu A P ot e e
5  compounds, for oral administration. The invention also embraces lyophilized forms of the
cyclic boroProline compounds that can be reconstituted in an acidic buffer prior to use to
form linear boro-Proline compounds for use in accordance with the methods of the invention.
Novel compositions containing the substantially pure cyclic boroProline compounds of the
invention, in solution or dry form, also are provided.
10 The agents useful according to the invention are the cyclic forms of the compounds of
Formula I (as shown in figure 4), wherein each X; and X; is, independently, a hydroxyl group
or a group capable of being hydrolyzed to a 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 the preferred
15 embodiments, the amino acids are L-amino acid residues (for glycine there is no such
distinction); preferably, the C bonded to B is in the L~configuration. By “the C bonded to B
is in the L-configuration” is meant that the absolute configuration of the C is like that of an L-
amino acid. Thus, the

A
B
X2
20  group has the same relationship to the C as the --COOH group of an L-amino acid has to its
o carbon. In some embodiments, X is valine, alanine, or proline residues and the inhibitor,
preferably, is L-Val-L-boroPro, L-Ala-L-boroPro; or L-Pro-L-boroPro, or any isomer of the

foregoing, respectively.

)

As used herein, compound of the invention means the compounds described above as
25  well as salts thereof.

Peptides which reportedly have utility for inhibiting post—prolyi cleaving enzymes and
which, if coupled to a reactive group, form a covalent complex with a functional group in the
reactive site of a post-prolyl cleaving enzyme are described in U.S. Patent No. 4,935,493,
“Protease Inhibitors”, issued to Bachovchin et al. (“Bachovchin ‘493"); U.S. 5,462,928,

30  “Inhibitors of Dipeptidyl-aminopeptidase Type IV”, issued to Bachovchin et al. (“Bachovchin

AMENDED SHEET
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18.12-081200601POSTt 6h of anyof-cl & we:de 16, whege} Raf hed:_ﬁcl i g, boroProline
conpound .10. contains at |least 94% L am no acids and the boro r%lslsn'eyggo'gmww
the 'R or S.confjiguration. 19. The conposition of any of clains

1-16, wherein the cyclic boroProline conmpound contains at |least 96% L

am no acids and the boroProline is in #4e R or S configuration. 15 20.

The conposition of any of clainms 1-16, wherein the cyclic boroProline

conpound contains at |east 98% CILAIM® acids and the boroProline is in

the R or, S copfjguration, .. 21. . .The conposition of any of clains

1-16, wh}srei Ph&@?ﬁﬂc&@mﬁ? : ound contains at |east 99% L

am no aci ds gyl hivaBRAIR R hidBetafiod &é&?ﬂ&&&?ﬁﬁﬁ@éﬁn&%@hmﬂ%&%m 22.
ro

The conpositionh of any of clains 1-16, Wwherein the cyclic bo roline
conpoundof farmuladnt ai ns at | east 99.5% L anino acids and the boroProline is
in the R or S configuration. 23. The conposition of any of the

f oregoi ng cl ai ns, wherein the caHlbogn bond is in an 25 L configuration.

24. The conposition of Bhai F\mgﬁyeﬁn t he cyclic boreProlive conmpound

is a cyclic Vval - boroPpd @0 Q? The conposition of claim 24,
wherein the carbon-boron Mond is in pn™K, configuration.
o N

5 wherein each Xy and X; Is, indepeadently, a hydroxy! group or a group capable of being
hydrolyzed to a 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; and ‘

{2) a pharmaceutioally acoeptable carrier.

10
'\ 2. Thecomposition of claim 1, wherein the eyclic boroProline compound is sefected from
o the group consisting of L-Val-S-boraPro, L-Yal-R-boroPro, D-Val-S-boroPro, and D-Val-R-

15 3. The composition of claim 1, whersin the cyclic boroProline compound is selected from
the group consisting of L-Val-8-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 wherein L-X is an amino acid in an L configurhtion or a peptide containing amino acids in.an L
© configuration. '

"' 5 Thecomposition of claim I, wheren the cyclic.boroProline compotnd is selected from
* -1 the group consisting of L-X-S-boroPro and L-X-R-boroPro.

.

« x

:
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26.-  The conposition of claim1, wherein the conposition is fOrnat elgsfougg10777
oral . administration. 27. The conposition of claim1l or 26,

wherei-n the cyclic boroProline conpound is a Val- 5 boroProline conpound.
28. The conposition of claim1l, wherei«5he conpostion is fornulaed for
par ent er al adm ni strati on. 10 29. The conposition of

cl ai m 28, gwher P boklpRsiioHBOsk P wtiefoth IHRRAILS BoRsProline compoumd represents a
percentage by weight of the composition selected from the group consisting of at least 5%, at
least 10%, st least 20%, at least 30%, at Jeast 40%, at least 50%, at least §0%, at Jeast 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, and

5 gtleast99.5%.

7 The composmon of claim 1, wherein the cychc boroProline compound represents at least
50% by weight of the composmon

16 8  The composition of any of the foregoing claims, wherein g linesr boroProline compounds
represents a percentage by weight of the composition selected from the group consisting of a
percentage that is less than 95%, less than 90%, less than 80%, less then 703, less than 60%,
less than 50%, less than 40%, less than 30%, less than 20%, less than 10%, less than 5%, less
than 4%, less than 3%, less than 2%, Jess than 1.0 %, and less than 0.5.

15
9. The composition of any of the foregoing claims, wherein a linear boroProline compounds
represents Jess than 5% by weight of the composition,

10.  The composition of any of the foregoing claims, wherein a linear boroProline compounds
20 represents less than 1% by weight of the composition,

11, The composition of any of the foregoing claims, wherein a linear boroProline compounds
represents less than 0.5% by weight of the composition.

25 12.  Thecomposition of any of the foregoing claims, wherein a linear boroProline compounds
represents less than 0.1% by wetght of the composition,

13,  The composition of any of the foregoing claims, wherein a linear boroProline compounds
represents less than 0.05% by weight of the composition.

30
. .14, The composition of any of the foregoing claims, wherein a linear boroProline compounds
R i  represents less than 0.01% by weight of the composition.
_—
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30 12.06&2[3@@h0d Tor manuf acﬁjrf’ng’ a-phsgommceut i calkz erQ(rrpogi_t i on +%Qrggus.l ng

pl @i ng a cyclic boroProline conpound havi ng t he st,ructure “of ‘fornulys 009910777
[erf] . 15 wherein each X err] and Xerr] is, independently, a
hydr oxyl group or a group capable of bejng hydrolyzed to a

hydroxyl group in aqueous sol ution at 0 si ol ogi cal pH and X represents a

d hai m of tid h t te of
2 cubstr e (DiEpRPREongt svias 1 14 wntpRa eicfy APy ohetified ' © ©

phar nt e WhCRirbProBaC Eithiidhg, Carrier. 20 31. - The nethod of claim 30,
wherei n the pharnaceuti cal [ y accept able carrier is suitable for
oral "adm ni stration. The method of claim31. further

et or
conpri si %I cmes ol | nc lﬁ%vﬁe?éin&ﬁ@ﬂ?d ﬁdrﬂ%hﬁ&mzpomdxs Valboraios

capsule e an enteric coatl ng
. 17. The ¢omposition of any of claims 1-16, wherein the cyclic boroProling compound
contains at least 90% L amino acids and the boroProline is in the R or 8 configuration,

. 18. The composition of any of claims 1-16, wherein the cyclic boroProline compound
10 contains at least 94% L amino acids and the boroProline is in the R or § configuration.

19.  The composition of any of ¢laims 1.16, wherein the cyclic boroProline compound
containe at least 96% 1. amino acids and the boroProline is in the R or S configuration.

15 20,  The composition of eny of claims 1-16, wherein the cyclic boroProline compound
¢ contains at least 98% L amino acids and the boroProline is in the R or S configuration,

21,  The composition of eny of claims 1-16, wherein the cyclic boroProline compound
contains at least 99% L amino acids and the boroProline is in the R or S configuration,

20
2}. The composition of any of claims 1-16, wherein the cyclic boroProline compound
contains at least 99.5% L amino acids and the boroProline is in the R or S configuration.

. 23, The composiﬁén of any of the foregoing claims, wherein the carbon-boron bond is in an
25 L configuration,

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

30 25.  The composition of claim 24, wherein the carbon-boron bond is in an L configuration.

"
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adm ni stratj on. 34. The method of claim33, further conprising the
step of Iyophilizing the conposition to 5 forma |yophilized preparation.
35. - The nethod of claim34, further edfvprising the step of reconstituting
the conposition in a pharmacutically acgeptle carrier having an acidic
pH for fosm aThessmnsdsitontofdiaih ¢ pahictindic compbition & fornfuisted Fayardlor

sti mul atiaa‘giact i.vation or proliferation of human |ynphocytes or

hemast op mrafef s sai d nethod conprising contacting said | ynphocytes or
hematiopoi etic cells with an activation or proliferation-inducing
conentration of the conmpound of a cyclic bor oProl i ne conpound havi ng

the stru@fre Thetempasition of clam 1ty 26, wherein the cyclic boroProline compound is a Val-
. 5 boroProline compound |

H
1
4

28.  The composition of claim 1, wherein the composition is formulated for paventeral
administration.

10 29. Thecomposition of claim 28, wherein the composition is lyophilized.

30. A method for manufacturing s pharmaceutical composition comprising:
placing a cyelic boroProline compound having the structure of formula I

15 wherein ¢ach X and X; is, independen'ﬂy, a hydroxyl group or a group capable of being
ﬁ';drolyzed to 2 hydroxyl group in aqueous solution at physiclogical 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 pharmaceutically acceptable carrier,

20 31 The method of claim 30, wherein the pharmaceutically acceptable carriet is suitable for
oral administration.

32.  The method of claim 31. further comprising the step of formulating the composition into
a tablet or capsule which does not include an enteric coating.
25

T
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\Aﬁ"'_"éf%" CH=XpEY i and X{erd:_ivs:,. }tndependently],—, ezohyq}r oxyI g{ ogg ar a
group ¢ @ol e of being 15 hydrolyzed to a hydroxyl group~tn aqgu ugs 009910777
soluti'on at physiol ogical pH and X represents a si de chai n of
amno acid or a peptide which mmcs the site of a substrate recogni zed by
a post prolyl cleaving enzyne. -38-  37. The net hod of cl ai m 36,
wherein said contacting is carried out ,by orally adm nistering 20 said
conpound3t o Thémethod of clatm 80, wherein theghasmckuticaliy eeeptable oherieg fs-suithble fort | ent
I s di agnosed aV| ng a condition characterized by inadequate
I ymhocﬁmﬁm %tic ceU activation or concentrati on.

" The net hod of cI aim 36, wherein said contacting is carried out by

reconst | tutl a 25 ﬁgqg::é co S.I t | on_ of e tﬁ bor oPtol i ne
corrpoun aﬂ%md c‘%ﬂlg?' Mbﬂ%ﬁr EQIPRFI¥IN Y, o
/&ﬁ/gﬁl ﬁ% Qoﬁﬁhﬂé@pﬁﬁ%@t i on and parent erally adm nistering the

35.  The metbod of claim 34, further comprising the step of reconstituting the composition in
a phatmaceutically acceptable carrier having an acidic pH for form & reconstituted preparation.

{0 36, A method for stimulating activation or proliferation of human lymphocytes or
hematopoietic cells, said method comprising contacting s2id lymphocytes or hematopoictic cells
with an activation. or proliferation-inducing coneentration of the compound ofa evelic
boroProline compound heving the structure of formula I

XL 5 ;

wherein each X and X is, independently, a hydroxyl group or a group capable of being
15 hydrolyzed to a 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 apost
prolyl cleaving enzyme,

37.  The method of claim 36, wherein ssid contacting is carried out by orally administering
20 said compound to a human patient in need of such treatment, wherein the patient is diagnosed as
" having a condition characterized by inadequate Iymphocyte or hematopoietic cell activation or
concentration.

. 38.  The method of claim 36, whersin said contacting is carried out by reconstituting 2
25  lyophilized composition of the cyclic boroProline compound in an acidic pharmaceutically
acceptable carrier to form a reconstituted acidic preparation and parenterally administering the

T
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- 382.06-2000 Fetdnst i t ttedepreparttion to a bunase paiient i%fa%“ ng from
a,condi tron charactei zed by i nadequat e | ynphocyte activation &fS 009910777
concent r at i.on. . 39. The nmethod of claim37 or 38, wherein

said conpound is adimnistrated in conjunction 5 with a second,

di fferent agent which stinulates acti vai%-on or proliferation of sai d

| ynphocyt es or hemat opol etic_cells. The

met hod OMMWmmmMpmmaﬁnmamyhmmbm d

conpound QHﬁS 10 41. The net hod of
cl ai m 40 mmlxmghoanﬁsaﬁ%&ng co l.’I ses ‘tal ning the T cells, bone
marow cells, stemcells, stromal cels, or early lineage progeni tor cells

fromthe ubJ actin e isol cells. wth, the
cbrrpound %W‘:’&ﬁfa%ff%ﬁ? ﬁa‘@wﬁ%ﬁmft ered io conjunction, | | o
and rai nt\ﬁxﬂfh'&b&ﬂl, Hifferéi® hifedt (Which BEmOIIRE &ftivation or prolif&ation of said lympHabytes of he
net hod of cl ai 37 wherein said condition is an HV infection.
43 Théeratopaigtioeells; oi m 37, wherein said condition is a neoplasm and
sa| d tynphocytes are cytolytic or helper T cells. 20

The method of claim37, wherein said condition is side effects of
chem)teraﬁﬁy o1The method of claim 38,¥herein said contasting oblymphdcytes with ssidromponud iss
bei ng, a c&mﬁ%‘fnce of depletion of cells of the

o
' 41.  The method of claim 40, whersin contacting comprises obtaining the T calls, 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.

15
42.  The method of claim 37, wherein said condition js an HIV infaction.

: . 43.  The method of claim 37, wherein said conditior is a neoplasm, and said lymphocytes are
P cytolytic or helper T celis.

4. The method of claim 37, wherein said condition is side effects of chemotherapy ot .
rachehon therapy, one of which side effects being a consequence of depletion of cells of the
. hematopoietic system selected from the group consnsting of cells derived from lymphoid,

' erythroid and myeloid Imeages

' 45,  The method of claim 37, wherein said condition is kidney failure resulting in depletion of
hematopoietic cells or is a bone marrow disorder resulting in immunodeficiency.

46.  The method of claim 37, wherein said condition is an autoimmune disease.

30
47.  The method of claim 46, wherein said condition is immunodeficiency symptoms resulting
from depletion of cells of the immune system.
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Substantlally pure preparations of cyclid boroProline compounds that bind, in cyclic or linear form, to CD26 are provxded Methods
for using the cyclic compounds to stimulate the activation and/or proliferation of immune cells to achieve preselected normal in vivo levels
of these cells also are provided. Evidence of the oral bioavailability and activity of a preferred cyclic compound, valine-prolineboronic
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