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antibody-producing B Iymphocytes (or B cells) which differentiate into plasma cells, while cell-
mediated immune responses are mediated by T cells, such as cytotoxic T lymphocytes (CTL) which
specifically recognize and kill antigen-bearing target cells, such as infected cells or tumor cells.
These “effector” T cells commonly recognized their target antigens in the context of major
histocompatibility complex (MHC) proteins, usually MHC class I proteins. Both classes of immune
responses usually depend upon the action of another set of T lymphocytes, T helper cells, which
also recognize antigenic epitopes presented in the context of major histocompatibility complex
(MHC) proteins, usually MHC class II proteins. The processes involved in the generation and
manifestation of these responses and the roles played by the various classes of lymphocytes in
infection are well understood. For a more detailed explication of the foregoing and other
description in this section, see irnmunology textbooks such as Abbas, AK et al., eds., Cellular and
Molecular Immunology (4th Ed.), W.B. Saunders Co., Philadelphia, 2000, Janeway, CA et al., eds.,
Immunobiology, 5th ed., Garland Publishing Co., New York, 2001; Roitt, I et al,, eds, Immunology,
5% ed., C.V. Mosby Co., St. Louis, MO (2001); Klein, J et al., Immunology, 2™ edition, Blackwell

Scientific Publications, Inc., Cambridge, MA, (1997).
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often termed an “autoimmune diseagse.” The cell and tissue damage is commonly referred to as
“immunopathology.” Many pathological disorders of humans have been attributed to autoreactive
T lymphocytes and the inflammatory responses they induce. See, Gallin, J et al. (eds),
Inflammation: Basic Principles and Clinical Correlates, 3™ Edition, Lippincott Williams &
Wilkins, 1999. Included among these immunopathological maladies a number of well-known
autoimmune diseases (see, for example, A.N. Theofilopoulos et al. (eds), 2™ edition, The Molecular
Pathology of Autoimmune Diseases, Taylor & Francis, 2002)). Examples of these are multiple
sclerosis (MS), theumatoid arthritis (RA), inflammatory bowel disease (IBD), acute disseminated
encephalomyelitis (ADE) and insulin-dependent diabetes mellitus (IDDM, also Type I diabetes). -
Psoriasis too is a T cell-mediated inflammatory disease of the skin (Bos, JD ef al., Immunol. Today
20:40-46 (1999)).

[0005] Approaches and agents for treatment or prevention of immunopathology and

autoimmune diseases, developed over decades, target many and varied facets of the immune and
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elaboration of this enzyme. These results suggested that tissue-specific antigens on blood vessel

walls could direct lymphocyte “homing” by activating enzymes that facilitate penetration of the
subendothelial basal lamina. Following up the above study, Lider, O et al., J. Clin. Invest. 83:752-
( 756 (1989), found that administration of low dose heparin to mice inhibited lymphocyte traffic and
delayed-type hypersensitivity (DTH) reactions (‘classic’ cell-mediated immune responses).
Treatment with commercial or chemically modified heparins at relatively low doses once daily
(e.g., Spg/mouse; 20pg/rat) led to inhibition of allograft rejection and two experimental auto-
immune diseases (EAE and adjuvant arthritis). The ability of chemically modified heparins to
inhibit the migration stages of the immune reaction was associated with their ability to inhibit
expression of T lymphocyte heparanase. Importantly, there was no relationship of this T cell
inhibitory effect with the heparins’ anticoagulant activity. Thus appropriate doses of heparins, even
if devoid of anticoagulant activity, could effectively reguniate or inhibit undesired T cell migration

involved in autoimmmune diseases.
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hepacardated with thehiometabtati¢ potentiabnThus, utiliringa skesed mechanism, T cells and other
normal leukocytic cells on the one hand, and metastatic tamor cells on the other, which enter the
bloodstream, can travel to distant sites and extravasate to the tissue parenchyma there by means of

this cellular heparanase enzyme.

[0008] There is cleatly a need in the art for new inhibitors of undesired cellular migration,
particularly T cell migration, that can be exploited in the treatment of various diseases or disorders
associated with inflammation and immune responses that involve such cellular migration as a step
in the pathophysiology.

[0009] As is described below, a cell surface receptor for mannose-6-phosphate (M6P) on T
lymphocytes appears to play a role in their extravasation in vivo. The background to that
observation is as follows. Recirculating lymphocytes initiate extravasation from the blood stream
by binding to specialized high endothelial venules (HEV) within peripheral LNs and other
secondary lymphoid organs. Stoolman, LM et al. (J. Cell Biol. 99:1535-1540 (1984)) reported

selective inhibition of lymphocyte attachment to HEV by M6P and related carbohydrates.
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gl y cobindingirceptortaii¢ tie\putative homingrecepidryidentified by MEIDA4 lahd fduad that: MEL-14
completely and selectively blocked the activity of the lymphocyte carbohydrate-binding receptor;

the ability of six lymphoma cell lines to bind PPME beads correlated with cell-surface expression of
the MEL-14 antigen, as well as LN HEV-binding activity; selection of lymphoma variants that bind
to PPME-beads produced highly correlated and selective changes in MEL-14 antigen expression.
The authors concluded that the carbohydrate-binding receptor on lymphocytes and the MEL-14
antigen, which have been independently implicated as receptors involved in LN-specific HEV
attachment, are very closely related, if not identical, molecules.

[0011] A group of investigators in Canberra, Australia, that included one of the present
inventors (Cowden) studied the ability of phosphosugars to inhibit CNS inflammation (Willenborg,
DO et al., FASEB J. 3:1968-1971 (1989)). They found that adoptively transferred EAE was
inhibited by various phosphosugars, particularly M6P. The authors speculated that the sugar
specificity may be due to depletion of lymphocyte cell-surface lysosomal enzymes that are essential
for the passage of lymphocytes across the vascular endothelium and entry into the CNS
parenchyma. A later study by the same group (Willenborg et al. Immunol. Cell Biol. 70:369-377

(1992)) showed that development of joint inflammation in a mode] of adoptively transferred
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( Bar t¢%t In coptragl; C§and |but | M6Rsjighibiterbangigen-elicited peritoneal exudates. The
authors claimed that, while these results suggested that CS, M6P and the fucoidin exhibited subtle

differences in their anti-inflammatory activity, the mechanism of inhibition was at the level of

leukocyte extravasation.

[0013] The Canberra group direcily tested the hypothesis that heparin, M6P and CS mediate
their anti-inflammatory effects by inhibiting the passage of leukocytes through the subendothelial
basement membrane (SBM) (Bartlett ef al., J. Leukoc. Biol. 57:207-213 (1995)). These three
compounds were examined for their ability to prevent the in vitro degradation of a *SO,-labeled
ECM by neutrophils, lymphocytes, endothelial cells (ECs), and platelets. While all three
compounds inhibited ECM degradation, M6P and CS were cell-type specific in their effects.
Heparin inhibited the heparanase activity of all cell types examined, confirming the results of
previous studies (discussed above). M6P selectively inhibited lymphocyte heparanase but not that .
of platelets, neutrophils, or ECs. CS selectively inhibited induced EC heparanase and sulfatase
activity but did not affect the constitutive expression of these degradative enzymes by unstimulated
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axam rGat Y oy el RiacihelntSpith oAb AT R T BE B S s

35S04- dndlasthe? Ginfldnizivh dieaam%badss a)ldyseRdeqaviressiorowaldidiatrested & (b (ECs), and
platelets. Wile altlbwt hr ee Ol(Jrzds I nhi b%rtef::l ECM degr adat i onMNBP and CS

wer e cidesipablesi WR?W‘F]P@EW @Fﬁ%@ﬂ-@ﬁ‘&#@@ﬂ?ﬁ'&)ﬁ%ﬂ“ Redeseribadanase

1 o £06y 8 actiopiBheqf YIS AR Spla 0 A e by PRl e anase

but nanﬂmhnmmrphtqslbgrchbinng threds praseagh ithropginthe BBM. AR impbriart rpoait ymergingofrdad

"i nduced EC hepar an activity but did not fect
eoner TR FeoB R pAL Car traa ot the SBREE  chtpari bl Per A S alnE ASPERER-bEEd 6 wio

20041%@%@%&@%@ Qéér@ééﬁ% cohttbute@ by 1t obpes, e%ﬁbtﬁeﬁﬂ c8lumar t the

view t hat "I eukocytes narkedly differ in the nechani sns by which they

degr aduateigty Tbid dosumenttdescribed the/propertiesof thiee seffarate classes of anti-inflamsatory Par i sh,

CR et at n B| 0l up

di sousDEpeP hprehoseds QU e efafelpi S ko wby Biar BT BR800 o, e

of M5 Wlﬂﬁlﬁhr%iﬂiﬂge pﬁskmmd élﬂiojtgllﬂé mfgad sst}fdc udle“drag ’;jtj:ps apmrsnl 6@meﬁt$Th dBM was |

not aryested an undesira ide, ef fects o pr o ey_dj scusse

their M% @9 ﬁg?éﬁ%wwamgr dr ugs

t hat %ul.ﬂﬂmﬁﬁl%rﬁeﬁea%} Emﬁnsxangmerem yéo@idﬁ&‘:}iéﬁamﬂaﬁé thxélfﬂgli b ifil t es

by inhibiting their Bassa e thfough tthe SBM "An I nportant pol nt émnergi ng

from thmﬂublhmarogﬁ Wby invading leygodytesi PhhspheBigarsprobaldy nbibit inflammation by |

| nvol Vd sp?acamcgtllyélo = ndggmvolved in SBM degradation from cell surface M6P receptors. This
mechanism — expression of degradative enzymes on the cell surface - was particularly evident in

activated T Iymphocytes. For reasons which were said to be unclear, CS specifically inhibits SBM

( degradation by ECs, which results in a characteristic perivascular arrest of leucocytes in inflam-

matory sites. The review concluded that inhibitors of SBM degradation represent viable anti-
inflammatory agents for future development.

[0015] A more recent publication by the Canberra group (Hindmarsh, EJ ef al., Immunol
Cell Biol 79:436-43 (2001)) evaluated the antiinflammatory action of M6P, notably in the inhibition
of EAE and adjuvant-induced arthritis in rats. It was proposed that MGP exerted its anti-
inflammatory effect by displacing lysosomal enzymes (which are involved in T cell extravasation
into inflammatory sites) from the 300 kDa M6P receptor (=MPR-300) on the T cell surface. The
authors hypothesized that MPR-300 would be selectively expressed on the surface of activated T
cells, as T cell entry into the CNS in EAE depends on the activated state of the cells. They

therefore examined (a) correiation between cell surface expression of MPR-300 on T cells and their
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and cyt oki ne-i nduced deq(adative enzynmes contri buted-by | eucocytes,
endothelial cells and platelets. This docunent described the properties of
t hree sep¥P0W/198¢ISses of anti-inflamatory conpounds: peY/Ushospimgsaigars,
(2) sulfated pol ysaccharides/oligosaccharides and (3) CS, all of which

i nhibit the passage of |eukocytes through SBM Each "drug" type appears to
prevent SBM degradation by a different nechanism Sulfated

pol ysacchari des/ ol i gosacchari des nediate their anti-inflammtory effect by
i nhibiting the endogl ycosi dase, heparanase, which plays a key role in the
sol ubilization of SBM by invading | eucocytes. Phosphosugars probably inhibit
| nf | avar@bf spliviison, ahd @) adictigr Tycells iiafla@maioip sitdsexpleyad the reBplodle@owdat i on
fromcell surface MsP receptors. This nechani sm- expression of degradative

enzy ytomrie sudiepshovesd MERS00 wasabpent fiomythe surface of gasiimulated sat T ¢allsed T

| Far. : cai d _ _ el
iy Bt B b EREA05 M folBloHiS . e ot 1 A0 Sgont iR pleiBhal
per i asityl| Jarcogirist, WMPRE300emascxptessed on dotivatedT coBd dérjvedifics an Hflamneiorgw
concl uded that _inhibitors of SBM degradatjon represent viable anti-
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aut hors hypot hesi zed that MPR-300 woul d be selectively expressed on the
sur f goey of Tselly inty iwflammatasysifes.as T cell entry into the CNS in EAE depends
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tissues, "and fromT cells resident wthin eritoneal cavity. In

cont exgavasaior, e present inygntars bave discoxencd yet atherTimpgbyed phosphetcirahydropsman

I nfl ar . ' e 2 L LT ' e t d ansi ent
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st i mgbmpbwids ‘of this inoentiyn dbRoBdfRsisant talcadogenouscthmsidisemtd plospittasby
enzymes, are effective inhibitors of T lymphocytes migration from the blood into tissues and are

thus useful additions to our armamentarium of treatments for autoimmune diseases and, in general,

for any disease or disorder that involves such T lymphocyte migration in its pathogenesis.

SUMMARY OF THE INVENTION



antigen stinulation. The authors concluded that T cells in inflammatory
sites express MPR-300 on their surface and that activation of these cells
induces cel |l surface expression of this receptor. Such findings were said
to be cogy ﬁ? qﬁ i th the notion that cell surface MPR-300 is required for
the entry o célls into inflammatory sites. [0016] AGCKsA9M/8158T%ned PCT
application published as W) 0204472, exploited the foregoing observations
by the Canberra group and descri bed vari ous novel MP derivative conpounds
and their use in treating diseases that are dependent upon T |ynphocyte
mgration. [0017] As a next step in the devel opnent of effective inhibitors
of T cell mgration and extravasation, the present inventors have

di scovered yet other, inproved phosphot etrahydropyran conpounds (distinct
fromthose in WY 0204472) that are defined by Forrmula |, below The
conpounds of this invention are nore resistant to endogenous mannosi dase and
phosphat ase enzynes, are effective inhibitors of T |ynphocytes mgration
fromthe blood into tissues and are thus useful additions to our
armanentarium of treatnents for autoi nmune di seases and, in general, for
any di sease or disorder that involves such T |ynphocyte mgration inits
pat hogenesi s. - &Rl oPNENTUyeser VB BG40 2, PET! US2004/ 015876
In accordance with a first aspect of the present 1 nvention, there is

pr ov PR L&pelidd of formula I: OH HO P O O(CH2)nR Formula | HO" OH OH
or a Sall or ester thereof, wherein nis an integer fromO to 3, the
-QCH2)"R group is in an axial or equatorial position, and Ris optionally
substituted beteroaryl or lower alkyl, or optionally substituted aryl
wherein the substituent is selected fromthe group consisting of -C, -F,
4CF3, -CH3, -CH2CH3, -(CH2PpHMCO2R , - (-CH2) nCH2OR2, -(CH2),,, CONHR2,

- (CH2) MHR2, Ox

P 0
- O(CHz)RR
' Ko™ OH

0OH

or a salt or ester thereof,

wherein n is an integer from 0 to 3,

the -O(CHs),R group is in an axial or equatorial position, and

R is optionally substituted heteroaryl or lower alkyl, or bptionally substituted aryl
wherein the substituent is selected from the group consisting ~of -Cl, -F, -CFs, -CH,,
-CH,CHs, ~(CHwCOR!, -(CHp)nCH;OR?, ~(CH2),CONHR? -(CH:).NHR?



-9 -(CH2),,, CONR2R3 and - (CH2) nCONR2R3, wherein mis an integer fromO to 3,
Rl is selected fromthe. group of consisting of H alkyl and aryl, and R2
and R3 are independently selected fromthe group consisting of H, alkyl,
aryl and aryl. -10 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0033] Figures |IA and
| B are graphs showi ng the effect of 1-(2,4-dinethyl phenyl)-6-

phosphono- mannosi de del ivered at a dose of 25 ny/kg/day (Fig. 1A or 37

ng/ kg/ day (Fig. 1B) on passively transferred adjuvant-induced arthritis in
rats. iLhai e sh a.di e scare (swelling.in affectad joints in
b G CRNRER Spd e ONRER Tt e e hraomisasoBeRic e 50bat] “he

Pr esQBfecled ViRdth OthS EHoth O¥ELBRkidMB! off ¢, t i1 gl &Y WP RE AR tRiafrear e
derivatives of MP are potent rnhibitors of T lynphocyte migration and are
t her éfdspendentdy sdledtest fromdbe Enoyp sensistingel Hp rbayl. ayyland eedes associated with
undesired mgration of T cells to tissues or other extravascular sites
where they nediate i mune and inflamatory responses associated with

aut oi nunune di seases. These compounds and their uses are described and
exenplified in detail below Chem cal Structures [0035] The central chenica
entity upon which the novel conpounds of the present are based is shown in
Formula I, below OH OP 0 QCH2)nR HO Formula | HOV OHCOH 1In the
preferred conpounds of this invention, n is an integer, preferably fromO to
3, the -Q(CH2)"R group is in an axial or equatorial position, and the
substituent Ris an optionally substituted aryl or heteroaryl, for exanple
an aral kyl or heteroaral kyl. This genus of conpounds is referred to as the
-11 WD 2004/ 104015 PCTI US2004/ 015876
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"Formula | conpounds”. Also included are salts, derivatives and prodrugs of

the above Formula | conpounds. [0036] The present invention includes

vari ous subgenuses of the Formula | conmpounds, which are |listed below (1)
Formula I, wherein, when n=0, R is not 4-am nophenyl; (2) Fornula I,
wherein, when n=0, Ris not an am no substituted phenyl; (3) Formula I,
wherein, when n=0, Ris not an anlno substltuted aryl; (4) Fornmula I,

wher ei n, SR ‘ DR TIHE ik GSn, Ris not an am no
substituted phenyl; and (6) Fornula I, mhereln R is not an am no

substoo3sjed ar Wiguré0087d lmaﬂ@iﬂlﬁ@h@ﬁhgﬁld&ﬁbtoﬂlh@ &aiﬁmmplmﬁ)@r rrul a | is
one in which R cannot be a phenyl that is substituted with one or

_ r eacPhowhentrmanpesida deliverad aba @%ﬁé?é%@f@%ﬁ@y%@t 37 mg kg day (Figol B)on

© parti de bond.

{" FOOSé’%manot églféagﬁu%%ﬁ%&chdt e corrpoungﬁ@?llaam@ HBQ’SE%SQ&%%E@I% whi ch the
subst(sweibmg in adfected ¢oifld hoapimny abit i s a group that is | ess susceptible to
the catalytic action of a mannosi dase enzyne than is free nannose or a

mannosi de. [OOBQ]M Mand t he above
subgenuses of For ble to the
et ol 894 Sccuth aﬁsm%i‘v%ﬁ@wa%mm@%m@%@] BB R Pe
nat utl occu

" al KWISP ard PBRhERNBIOA 1T IymBRbdYte RifMtidAeHdake tﬁb!z‘él’dré uééfhll for tr&afinp ki ed

hydrocar bon resi dues. Unléss the number of carbon atons is specified the
ter namebor@h@g)dlpeaseaaﬁsemat@damﬂn uad@irk@mmmpﬁ'%célsé@ﬂssaﬁsemr@hme@trwcula@mer

alky L. . "propyl,
buty mpeﬂ’tgflk%a ainafﬂ#%ﬁ&oh;}e o#%%ggoufr\%e%e@?ﬁwm Meach term
may idisedsesieThdsk compamids anct thbiﬁmse(s&ms ddsgiibed dnd @raehplifial indenilivejow. her eof . A
preferred | is Cl4 alkyl; nore preferred is ClL.3 al kyl. Exanpl es of
stra%ﬁ@-“@ﬁéﬁﬂéﬁﬁﬂ branched C1-5 al kyl include nethyl, ethyl, n propyl,
|s0p[<mq N- byhy bent@Péheliiday Emht?%?&n Btichlthe M?ﬁﬁﬂomﬁ@ftﬁ@?ﬂénﬁ
1,2-dimet hyl - propyl, 1,1-dinet propyl. Exanpl e ‘of cycl oal kyl groups are
- cyc| besed isshownyin Fopnplibelstttyl . cycl opropyl et hyl, cycl obutyl, cyclopentyl,
~ cycl ohexyl, etc. -12 WO 2004/ 104015 PCT/ 1152004/ 015876

oJ’
- Txp o
HO” O(CH2)nR

o Formulal
HO OH

OH

In the preferred componnds of this invention, n is an integer, preferably from 0 to 3, the -O(CH:).R
group is in an axial or equatorial position, and the substituent R is an optionally substituted aryl or
heteroaryl, for example an aralky! or heteroaralkyl. This genus of compounds is referred to as the



(0041] An al kyl group, as defined herein, may be optionally substituted. by
one or nore substituent(s. Suitable substituents may include: halo (fluoro,
chl or o, _ do); hal oal kyl (e.g., trifluoronethyl, trichioronethyl);
hydr oxy; %E@éﬁ%hé)phenyl benzyl ; amino; al kyl ani no;  dRGH/R§A0eH$15876

aryl am no; heteroaryl am no; al koxy (e.g., nethoxy, ethoxy, butoxy, propoxy
phenoxy, benzyloxy, etc.); thio; alkylthio (e.g., nmethyl thio, ethyl thio);
acyl, for exanple acetyl; acyloxy, e.g., acetoxy; carboxy (-COQ2H);

car boxyal kyl ; carboxyam de (e.g., -CONHal kyl, - CON(al kyl)2, etc.);
carboxyaryl and carboxyam doaryl (e.g., CONH-aryl, -CON(aryl)1); cyan; or
keto‘ V\/n e a CH2 group is replaced by C=0). [0042] The terns "al koxy" and
"acyf u’ﬁﬁowﬁ luded gre sgk%@sevaftw)@&pr@m s Wi the abpyg Rermula [

OXYygg (ﬂﬁ 43] As used herein the term "al kenyl" denotes groups forned from
stralg ? ain, branched or cyclic hydrocarbon residues containing at |east
one [D@@s]joubl eThoprdsent édventioinchidby various sibiggnuses of thedormola Irompewrdsat ur at ed

al kyl groups as previously defined. Thus, cycloal kenyls are
al so% M?E’@ﬁ%ﬁﬁemgﬂss t he nunber of carbon atons is specified, alkenyl
pr ef er abl ?’lgre‘c%rmﬂ%%e?@n Ak ho. Rl\ipg?@a{rﬁinﬁﬁﬁﬂlare | ower al kenyl s

(C2-6), ferab , nore prefera ¢2. 3. Exanpl es of al kenyl
and cycl o&)ken@dnnulml,mimmm,hdmpln—()pRopmw amfino swhistituted phenyl; but enyl |

L5 Do SRR L e e RS BB, T T oy

1- oct enyl ¢4)Cy CFRRAALT) Whereid, R‘Qflﬁﬁﬂmﬁaﬁh@ﬁ‘ﬁnw 3-nonenyl, 1-decenyl,
3-decenyl, "1, 3- butadlen |, 1, 4-pentadienyl, 1,3- cyclopentadlenyl

-1, 3- hexad(5énylFormﬂhhm&ismlammwmsﬁmeﬂph%ﬂ and4- cycl ohexadi enyl

i g 50¥Cl: f’ggﬁ%} i%/}f’aeh]érﬁ%n’%l%é%erre &Rn%ltg&la @ strai ght chain or
bra“@ﬁi%pt.o g b &g‘;‘clwkq%ﬁéﬁd% isghb ot PR AIRIRE | [ 00a4)

As Usipsyl@ars EhHsﬁﬁttéd?vhﬁh ofié byMite TeslRive bEttitileftdMBat lafd EMFacheried by BRight chain,
branched or cyclic hydrocarhbon residues containing at_ | east one CaC triple

bondahlh'zv|taaarﬁglpafetm9mue1&pplyhmk ongj carbonylyg| form gn emidabandd al kyl or
| | t
?gcs@e{}:# |egr I%ﬁmt?'erm re ers %{pg ?&%ﬁ S[l\}gr%gegt%?e?rﬂg g?ﬂetp O\Agrorrs

aI kycvfyths C( 6Rygen atom &f egroinp ;hafB lEss smeeptie af the aithlytiCacornof {ihathoaidikgeny | .
Ies |ncIu et hynyl nyl, 2-propynyl, butynyl (including
| so 88%%4/33&?&&%5 ‘i somers). A particularly preferred
al ky[oms;]l s a CB geRdrkY the confpoth®y sfFdrmabl 1l dSthe Abovid suBj&ses d¥Form®ta [Pdranched
designed to be less susceptible to the catalytic action of a phosphatase enzyme than is free M6P or

another naturally occurring phosphomannoside.

(0040} As used herein the term “alkyl”, denotes strzight chain, branched or cyclic fully
saturated hydrocarbon residues. Unless the number of carbon atoms is specified the term preferably
refers to C ¢ alkyl which is also referred to as “lower alkyl.” When “alkyl” groups are used in a
generic sense, e.g., “propyl,” “butyl”, “pentyl” and “hexyl,” efc., it will be understood that each
term may include all isomeric forms (straight, branched or cyclic) thereof, A preferred alkylis Ci4
alkyl; more preferred is C;.; alkyl. Examples of straight chain and branched C,.5 alkyl include
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, 1,2-dimethyl-
propyl, 1,1-dimethylpropyl. Example of cycloalkyl groups are cyclopropyl, cyclopropylmethyl,
cyclopropylethyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.

-12-



-13 1 WD 2004/ 104015 fCT/ US2004/ 015876 al kynyl s. -As defined herein, an
al kynyl may optionallty be substituted by the opt |(onal substituents

descri bedyvabonsaoins aI kyl. [0045] The term "acyl™" denot ﬁ?im .,%hal n or
branched al kanoyl (C(O) al kyl), al kenoyl (C(O) al kenyl) or ynoy

(C(Oal kynyl). Preferred al kanoyls are ethanoyl (=acetyl), propanoyl n-
but anoyl , 2-net hyl propanoyl, pentanoyl, 2,2-dinethyl propanoyl, hexanoyl,

hept anoyl , octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl,
tridecanoyl, tetradecanoyl, pentadecanoyl, hexadecanoyl, heptadecanoyl,
octadecanoyl nonadecanoyl , icosanoyl Exampl es of al kenoyls are propenoyl,

but e I pent B chai n of
-an aw ]may op éﬁh’lgf@lpb c@uﬁ#1 er sa {B?SI’E@WSSRB@P@%P??{@ ituents
as deﬁbsunieﬁti Sniralsle substitubnats niaydyélide: lhaloaaﬂaero'; chiler bebnicoor i0ds); hiloalkyl
substituted acyl, [0046) The ﬁym ‘aryl ™ denot es.a single, poI ynucl ear,
lsylaming;

. conj &t Eall@romﬂ%ﬂdmcb@mmhﬂ Hroxy; BIERAPtO Wb@mrmn

optlor?ﬁﬁllmus stltut egmé} ‘{'Ke or 'nore sugstltue ts a@ﬁere#rﬁ%?nggy °e

,[Ac co ;Hem%yybenzyhxﬁle!c )aﬂno;saﬂcyli%u @igo methyl thief ethyl ihlm) aaqlulfeﬁ extartipleciacatyl;| . .

0047] ,The term "het eroar not.es S ng: al,ynucl e ugated or

f us eBYOBHES: @cetﬂﬁ;éF@%%{sz a’@d E%Hd% ‘I&W@ rbon at ors
of acOMkikg] Wﬁﬁﬁwﬂﬁrﬂ%ﬁagﬂﬁo*%?ﬁ%?idetgumﬂ %?ﬂ&ﬁ-&l?%‘%& QrProvi de

a heteroci;cl i’c aromatic Tesidue WO “or nore " car
r epl ketedwheiea CHpgraup isgepleesddyes®e two or nore of the same heteroatom or

anfifuel of B RS PR aid iedRen REFo " g AT By rese St emy a1

t hi enﬂadﬁﬁmlgm pyrrolyl, indolyl, im dazol yl, oxazolyl, pyridazinyl,
pyrazol pyrazinyl, th| azolyl, pyimdinyl, quinolinyl, i soqw nol i nyI

benz&oﬁghny As w5k heream he tergi ralkepivl” oA BBUPR jormed ed ionnstraight chaiay i di ny! |

b I t I
benosaatitlr IRAHUARR LRI ol f st ﬁ%@ﬁ%r"*‘ﬁ%@'eﬂ‘%'a%s??t nents as
des cemﬂed:cammmno{ ﬂD@BboMm@adtdﬂaMlmbMoﬂHl rydupsak p;dvfoudlgnhﬁn&l.t he group
- A d kyl . bstit ut ed
vt Ry arfos Rustit UBIER o Bitshg oneiren Svmie ben B, Aol ner
IOOSI priefrsblrdtbrs t€Chlyo allRAYD MbRWREfeRtb& Mie, loﬁbﬂ%ylsqu preffé@ably @8 merekenyl ,

| ower
preferably Cp4 or C23. Examples of alkenyl and cycloalkenyl include ethenyl, propenyl, 1-

methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl, l-méthyl-
cyclopentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl, cyclooctenyl,
1-nonenyl, 2-nonenyl, 3-nonenyl, i-decenyl, 3-decenyl, 1,3-butadienyl, 1,4-pentadienyl, 1,3-
cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-cyclohexadienyl, 1,4-cyclohexadienyl, 1,3-
cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-cyclooctatetraenyl. Preferred alkenyls are
straight chain or branched. As defined herein, an alkenyl group may optionally be substituted by
the optional substituents described above for substituted alkyls.

[0044] As used herein the term “alkynyl” denotes groups formed from straight chain,
branched or cyclic hydrocarbon residues containing at least one C=C triple bond including
ethynically mono-, di- or poly- unsaturated alkyl or cycloalkyl groups as previously defined.
Unless the number of carbon atoms is specified, the term refers to Cy.2 alkynyl. More preferred are
lower alkynyls (C,.s), preferably Cs.5, more preferably C24 or Ci3 alkynyl. Examples include
ethynyl, 1-propynyl, 2-propynyl, butynyl (including isomers), and pentynyl (including isomers). A

particularly preferred alkynyl is a Ca.¢ alkynyl. Preferred alkynyls are straight chain or branched
-13-



al kynyl, am no, antido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle,
substituted heterocycle(' het eroaryl, substituted héteroaryl, nitro, cyano,
t hi ol , gwlf 'ﬂﬁagpd the like. Exanples of aral kyl "conpounds include
aromat i ¢ & havi ng a di val ent hal omet hyl group, RECEUSROMOIFRS - 14 WO
2004/ 104015 PCT/ US2004/ 015876 group, and al koxymet hyl group. Specific
exanpl es of aral kyl conpounds include nonosubstituted 2-, 3- or

4- (chl oronet hyl ) phenyl ; di substituted 2,4- or 2,6-bi(chloronethyl)phenyl;
trisubstituted 2,4,6-ti(chloronethyl)phenyl, and other hal onet hyl and

hal oal kyl aromatic conpounds. QO her substituents that can be use in place
of the chloro hyls listed ahove include, for ex | e, hydroxynethyl, or
o1 o A<deinet] herein, 3 g st gpLomt s BRI bayias pQrBLeHbPIREtS e
preﬂﬁ&ﬁﬁﬂdﬁﬂ@ﬂﬂb 1 Rin formula | is a substituted aryl group which is
substituted by one oOr nore al kyl, carboxy, am do or am no groups, for

exaUfp04s] - Cri TheGemOry!” deficlasYsigiichnin of oyt domdy! ((Ckalbanayl
al lofEAleERy or figmaHIr D KiREYDy Preser G PnopL et Rppanch g or

I o ' i . )
AT Ak i

2- et hyl phenyl ; , | met h enyl ; phenyl ;

4;1 c mo;ﬂvhd?aquhmgmeﬁkweﬁmogl, Figqshgxybnyb plemhémmd,tz hyl ): benzyl ;

enet : Ol - t X en ; of .4- :net en ; or

B o FApanodt, i @edsniv (HABRIDN. monfecshopl icksmnchy) BXaBRE N dtioyts o

5- ( propenoyinbEtendyil, penfenoyl, §alﬁﬁm?1_), olddlybardl lifkeoyl2 The h{diodk®o: chaih of #n 8¢yl
y

5-symriazo ic acid groups can be esterified by known

y Iﬂa. %851] Car box L . (
neamy apsienglynbgiusther yubstityted by ope on mere Sibpituents ag desatibedabove;sa dhat Jaqyli ¢
congl Lyl . W sui tabl e al kyl halide. A carboxylic acid
(car%%i@@?%&gﬁ¥%ﬁ§%%%%gg one oxi datio% | evel to an al dehyée whi ch
i ndt[MG] can H&neltﬁthJ’é&rﬂl"dEmtmﬁnganpﬁfljﬂmhai,euﬂhgﬁta:_larlﬁuatdzmﬁdhe ofati t abl eh
reductive procedures are kngwn i e art_an i pc e.treatnment wt
y cATRAE AR GEREPon S e VS, EAPIELSs O Pb B PP PR SO SPBLT DRERL 1) or
bor Mat e(rjﬂl%usi n&ﬁi&ﬁﬁllﬁ%uﬁﬁﬁﬁf&ﬁ)by JriRIor ¥R RibsiiieAts G HGLT define® CAR Ofdinglyed  OF

acy ( standard proceédures. Suitable al kylating agents incl ude al kyl
hal ‘el asqised herginxalsa refergtoraqubstitutedaaly| chl ori de, broni de or iodide, and

di | f i i at. i.t abl
2oy 17 et i Thelodtil" Beits £ beiB forsHlfent - Ghilbated 8t Aol 71 0
Car heterdcyclicxbigisystany, virrein breor moretcartamiathess dfia dyckahydotarbér fesidusisi t abl e

amne in .
substituted with a heteroatom to provide a heterocyclic aromatic residue. Where two or more

carbon atoms are replaced, the replacing atoms may be two or more of the same heteroatom or two
different heteroatoms. Suitable heteroatoms include O, N, S and Se. Examples of heteroaryls

" include pyridyl, 4-phenylpyridyl, 3-phenylpyridyl, thienyl, furyl, pyrrolyl, indolyl, imidazolyl,
oxazolyl, pyridazinyl, pyrazolyl, pyrazinyl, thiazolyl, pyimidinyl, quinolinyl, isoquinolinyl,
benzofuranyl, benzothienyl, purinyl, quinazolinyl, phenazinyl, acridinyl, benoxazolyl,
benzothiazolyl and the like. As defined herein, a heteroaryl group may be optionally further
substituted by one or more substituents as described above.
[0048] As used herein the term “aralkyl” denotes the group --Ar--R’, wherein Ar is an aryl
group and R’ is lower alky! or substituted lower alky} group. Aryl groups can optionally be
substituted at other positions with, e.g., halo, lower alkyl, alkoxy, alkylthio, lower alkenyl, lower
alkynyl, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle,
heteroaryl, substituted heteroaryl, nitro, cyano, thiol, sulfamido and the like. Examples of aralkyl

compounds include aromatic compounds having a divalent halomethy! group, hydroxymethyl
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the presence of a catalyst or coupling agent such.as
di cycl ohexyl carbodiinide (DCC). Amides may also(be prepared by treating an

aci d chl @/g siesMbdolls 2@ suitable amine. In turn, an am de il gl can be
reduced with a suitable reduci ng agent e.g., LiAlH4, tog)gﬁnsay%wr?@igskgyl ation

or alkylation of an amne can be carried out as descri bed above. Further
nmet hods for the interconversion of these groups are described in references
such as Larock, RC, Conprehensive Organic Transformations, -15 WO
20041104015 PCT/ US2004/ 015876 VCH Publi shers, 1989, Larock, RC

Conpr ehensive Organic Synthesis: A Guide to Functional G oup Preparations,

John W\ ; ' I . ' nee
o gafoeb b A Rt bitwp. et Ao dedaltR Gy iTode inSncifiied
W I eg-, Bnomt-gohlaromethyDphehyl; diubstinited,4- or D@HicchIpvnethipl)plienyh tisubstititedr i | €
grougél s at the sane oxidation |evel as a _ carboxylic acid or_ am de group

and &&§-tschiommethybahenyl.gnd pthee hajemethyl and haloaley! aroapatic cogpoundss Qther by

| oo et ke Sl 0¥ ke SIHE00 St 86 L floRimepR APt AL iddhudh) foeklliple?? " CE0 O
chl ohydiexynsetitydoreaikeqgymiethyds (@2, methyaxymethiyi] etioxiymiethyl,ierser ti on of CH2. Thus,

o TR e SR AR BRI i s SR L1

£ REHELLy Sue 6F HOE AL, ERO. Bl iR pORpRTSt Halnblt, (O ORICHE S ° 7

& p et @R i Ol ) GHoERE 2 EHy I EONFIRS T, W GHL ) NHRA | (GHAREOMRER A or -

Alte [ 2580, al.dehy ar 0 rau oyl d. sufy eqgt ed .t .

W A s N AR nefd BEES, 1% H. B ootk Bosbseeins AL Bompennty. i

a, p- Hngrylldrgt &chegkt er . Hydrogenation of this double bond yields the alkylene
chain that has been _increased in length by two carbon atons. In a simlar

nagr@_p?()]ot her Qhespretied Fsgreups infarmplabinclidge phemyl;2-methyinherdnd oEt i ?)gal)l y
R A T e T g S S O I
et e e R S T
br o Bt ypengich 3 5 AGriish 2, e SRl 2 F FiePhenyfiark oo aa S keRRalt ac

et oglsr 5.1, 3)-dzo1y18 sOflkRiIdbRIYIAN Or 5-8PMitAlzoRi.e wel | -known in the art and are

described in Geene TWet al.,” Protective G'oups in Organic Synthesis, 3'd
ed, (9871 W | eyCasbrxylicacid grapy cambe enterified bydmewn regans Hprexampla tiegfmentyr e t hese
P Ot Gl Sfag¥PSpriled AAd1 (&der acidic conditions o by treatment with a suitable alkyl halide. A

carboxylic acid (carboxylate) can also be reduced one oxidation level to an aldehyde which in turn

can be reduced one more oxidation level to an alcohol. Suitable reductive procedures are known in
the art and may include treatment with hydride reagents, such as LiAlH,, diisobutylaluminum
hydride (DIBAL-H) , or borohydrides (such as NaBH,). Corresponding alcohols can be alkylated
or acylated using standard procedures, Suitable alkylating agents include alkyl halides, e.g., methyl,
ethyl and propyi chloride, bromide or iodide, and dialkyl sulfates such as dimethyl sulfate and
dicthyl sulfate. Suitable acylating agents include carboxylic acids, chlorides and anhydrides.

[0052]) Carboxylic acids may be converted to amides by treatment with a svitable amine in
the presence of a catalyst or coupling agent such as dicyclohexylcarbodiimide (DCC). Amides may
al s0 be prepared by treating an acid chloride with a suitable amine. In turn, an amide (or nitrile)
can be reduced with a suitable reducing agent e.g., LiAlH,, to an amine. Acylation or alkylation of
an amine can be carried out as described above. Further methods for the interconversion of these

groups are described in references such as Larock, RC, Comprehensive Organic Transformations,
-15-



Salts, Derivatives and Prodrnes [0056] The term "sal.t, derivative or
prodrug” includes any pharmaceutically acceptable salt, ester, solvate,
hydr at e wio bhagemonpound whi ch, upon administration toPéTﬁfﬁQdO@BiﬂS?d S

capabl e of generating (either d| rectly or indirectly) a conpound as

descri bed herein. However, it will be appreciated that pharmaceutically
"unaccept abl e" salts also fall within the scope of the invention -16 WO
2004/ 104015 PCT/ US2004/ 015876 since these may be used to prepare
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable
salts include, but are not limted to, salts of phar maceut ical ly acceptabl e:

Car OGP ted 1065 LR, RE, CURbRGINIY Greanlé Shbiely: B MR Blrudlal o1
acetGreoupRrefironons, JohmtWilerand Sdrsditd.c 19890 hed Snnthymwmr&h s AdVemdddc ,

mal eic, citric, lactic, nucic, gluconic, benzoic, succinic, oxalic

pherfyngapic Ghemisipy Reaetions. MechanismsangeStaictire.orth Editioan Wilaydsterscisnrs 208k i cyl i ¢

sulfanilic, aspartic, glutamc, edetic, stearic, palmtic, oleic, lauric,
pant ot heni c, tannic, ascorbic and val eri C. [0057] Base salts incl ude, but
ar e [0053]! i mi t &k is svelltknosm if thienat] awdittile groap ivest ¢het sanvel dxydation devel 8kl e cat i ons,

such as sgodi ofassium Jithium calg¢iu nes anmoni um and

al k a5 o 402 e an B b Ep oo PBuRg b IRTHBOREORE of € hi s

i nveR tréhtm eSO -G g&@%{ dWPbasd.t s; also included are alkyl (e.g.
rreth R hosphoest rs [ 0058] Basic nitrogen-containing groups nmay be

qua’;)[@ﬁfrﬂ]zeﬂl us&mqjkylgng cha:jli candye laiégt?jéne&zﬂ)rmmplstbo'lthaisfrmmmgtbrt syaltlhb}ig p[ ﬁplyl
or chl ari tom e |o i,de a i me
or d’%’%ﬂ?lﬂn@ﬂpf’ Hde 15 G eTH 5‘}4#\% %ﬁ%%ﬂ‘ﬁﬂﬁoﬁf’%&ﬁé &h\g“ehtion ma§ be

I N Gadbdklid AdiEgrionp Guebé JS\ﬁﬁreﬁSd iohl@ deideshlorfdeeeivage, Bdr exam| ?&' biaffindn€- J.
hydrat es) both of which classes are within the scope of this_ invention.

Vet WeEsS@1Cly ol headidehiaride desivative canberpacted with dveompethage tofom ths of a conpound
f f e t
Opr o- ru%t&nél ginggg%ﬁ@r?ﬂ%%%%a est seggélgﬁ%%%gs&ﬁ%%n vati \e/;;n t hat
are prmswmtbedepeatedlwcﬁmhnriﬂmas@ﬁpdmgﬂsoﬂhe alkylenevhaini diterrBtivély,car i vati ves
t ot I fh t d I
compsRee tr AT e s9iiq be ResiEtinoyRgirasereion it el b EO T o T ©
( S UG pRoauct the 63-Bhdaturated edtéd, RydrbSafidh SRR dRHPlebond YIMISY the sk BhOciRth am de.

that has been increased in length by two carbon atoms. In a similar manner, other phosphoranes can
be used to generate longer (and optionally substituted, branched or unsaturated) carbon chains.

[0055] It should be evident that chemical manipulation of a substituent at the 2-position in
the sugar backbone of Formula I may require protection of other potentially reactive groups, such as
the hydroxy groups, in the molecule. Suitable protective groups for use under the appropriate
conditions, as well as methods for their introduction and removal are well-known in the art and are
described in Greene TW et al., Protective Groups in Organic Synthesis, 3" ed, John Wiley and Son,
1999. A further aspect of this invention

are these protected M6P derivatives.

Salts, Derivatives and Prodrugs
[0056} The term “salt, derivative or prodrug” includes any pharmaceutically acceptable salt,

ester, solvate, hydrate or other compound which, upon administration to a subject, is capable of

generating (either directly or indirectly) a compound as described herein. However, it will be

appreciated that pharmacentically “unacceptable™ salis also fall within the scope of the invention
-16-



Procedures for acylating the conpounds of the invention are well known in
the art and include (eact lon with an appropri at e(car boxylic acid, anhydride

or chlor . presence of a suitable catalyst or base. T Lynphocytes
and t hei W‘@f"é@%& [0061] By the term"T |ynphocyte" offC T’F—'ﬁ?@?‘l’”“rgp’
I ntended a cell of the |Iynphocyte lineage which is thynus-derived in

origin, as is well known in the art. See any textbook of imunology, -17 WO
2003/ 104015 PCT/ US2004/ 015876 for exanple, Abbas et at, supra; Janeway et
al ., supra; Roitt et at, supra; Klein, J, supra), As is known in the art, a
variety of defined subsets of T cells exist in the body, such as CD4+ T
hel per cells, CD8+ cytotoxic T cells and the I ke. For e purposes of the
pr esEREe theseapay brusedie ma%re@hawmpmﬂlngcqwgb % %mablq yacallyar e
d| re S e shclh gt]%g Lference for T

el | éécgéhalgﬁmg‘l 1&2125%%&%@5&%“ fosffﬂw#g%ﬁocyt eg t Ere pr esent

i nve(rap linorgardy adids sieh |avhyldrbclﬁomarsulﬁm@pho$heﬂc ‘hitricpdarbdriieydorc, sulfamie, and
mai nta;lngro i n ceII culture, or may be taken fromthe bl ood, |ynph or

or gani ttic tissue of a cell donor. By the term "organi zed
}*‘1@%9 | ar ge
comgﬁégﬁ? %?&%yﬁ%ﬁso%csﬁlg (r)]‘(i:‘eu | but Enmofleﬁa?% olglg{#fﬂr?uﬂé bone

mar r owmalgi¢,@étnic, ladtjc, mltcmghlomue,ttmaizm%’rquhanwcoxaﬂls,spmnyhcmmeﬁianﬁsstfmuc,at ed

of T costpeeniiiin dossenllomnicy s e hcaentis, BBFT ARt

ant i gepakdifi6, dléi6, 1h@5d) pastEthediv Ctanmis, a%c&bi&laﬂHWehN in a subject inmmunized sc,
intradermal |y or intracut aneousl| y, or fromthe circulation of such a

S u bJ [8957 [ 0063&@&1&&1&&3& Bt @c@tn!og BRitEd to]Ridse formed Withiifrmaceiidafiy! 1O Whi ch

een adninistered a dose of the antlgen of Interest prior to obtaining
| yrrmwmmlﬂs catifime, sols o5 sqdoun,qnomsmm, hﬂngnmalclmxmgmmmﬂamrmmm will be

easi L,y ,det erm n one of. S.kl| rt W|t t undue expe rren-

© ot 1SRt T U, oty 4R otk B sodiieloP Bk inVeRech, B0 Shari

| Nt giorkiantiabs] Ascitclngedans alkyl &O@%eﬁyl, ethgl)phogphoatérsvated T Iyrrphocyt e" or
"activated T cell,"” as used hereln, intended a T cell which has been

expd98Flt o an Basiq m&vsqvgwa&@ﬁps Soups mavéa quatemizedivsimgatie adeweralkyl hidey, esent
it oeh Bme, 1, gh6pyT eI IS BitGE ofAolRl) ) Al SO, ambiy 0

i ncloncéethayllsalfate; andrtlsars. of internedi ary netabol - ic changes, induction of
R AR eCU! Ay SR or W oy R oot ) SR BRY e ©° !

compounds or as solvates (e.g., hydrates) both of which classes are within the scope of this

invention. Methods of solvation are routine in the art.

[0060] Any prodrug of a compound of formula I is within the scope and spirit of the
invention. The term “pro-drug” is used in its broadest sense to encompass those derivatives that are
converted in vivo to the compounds of the invention. Such derivatives are readily apparent to those
skilled in the art, and include, for example, compounds in which (1) a free hydroxy group is
converted into an ester (such as an acetate), or (2) a free amino group is converted into an amide.
Procedures for acylating the compounds of the invention are well known in the art and include
reaction with an appropriate carboxylic acid, anhydride or chloride in the presence of a suitable
catalyst or base.

T Lymphocytes and their Migration

[0061] By the term “T lymphocyte” or “T cell” is intended a cell of the lymphocyte lincage
which is thymus-derived in origin, as is well known in the art. See any textbook of immunology,
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division, and the like, -as is well-known in the art. Suitable -
non- anti gen-specific agents capable of activating T cells are known in the
art and wochoadmgensut are not limted to, mtogens (pol yedAts00d0158% |
activators) such as concanavalin A and phyt ohenmaggl utinin. Additional
activating agents are antibodies to T cell-surface structures, including

but not limted to, antibodies to the CD3 cell- surface nol ecul e, anti bodi es
to the CD2 cell-surface nol ecule, anti bodies to the CD28 cell -surface
nol ecul e, and the natural |igands of CD2 or CD28. O her activating agents

i ncl ude phorbol esters, such as phorbol nyristate acetate, or a conbination
of  gorRRAMPR], ABBILH aﬁ!‘ﬂgﬁa,%hé‘vlr&ﬁ?t P NAPRA Reitt SHal, 1-&; RIEHYE s raﬁ*‘ so i ntended

as T cell "activating agents aré antibodies to T ce recepto 18 WO
2004/ 104015 PCT/ US2004/ 015876 chai nas islgmeeinfin ¢the at, asiatibkyrofideBnadsubsedit or

BRI e 0 T o ) Bl BB

sti heélpaisUsks of e bitisént isveaton ndthdds bE TnhiBiting thigrdfién of T BmiflRcptes idr € medi um

for part or all of the activation interval. “Activation, anbng other

ef f dizected tormpultiplesT eslbswbeets, withmacestablishediprefersnesfos dreeHs of anyogiven swbset. cel |

wey L0680 ToBa om Bt Mo aRioR Ao e TR Bl oo BBt S
desgdll heslor dlongahain@iediih cElbéiliitre, oD BRAY be Atken Gofitihe bidddelyRgshidiiopganiedect i on,
above, Iﬁgqphocyt es are knowmn to mgrate fromthe bl ood streaminto

®
 ti shymphatic Hequg of A gell darare Byithe tepm c areanizedbymphatic tssye'cisdntendeganyiiiseis or
ihe ' _ I . t
- oo EER P i B8 cDBEHohs G FABRO T ki bR B SRR G dn T nl 1 ©

popmbabwo spledn, LiNyphassogiated lymphatietissae, thtarchial-asdoothes! [ymplatictiseyd agl
preferably, enriched.to at | east 80% nor eferably at.least 9Q% T

P\ ek LaRHin s APrOUrelRbig oL TSl o et Bveaian B dEAted usi ng
I OUf ddCor Bt gen-5pcifRicRspdnse, Yidh'iE aditdihin@ AN S RRGdct itmbMizedsccel | markers,

preferably ) in serologic (inmmnoassay), flow Cytonetric or other
| mintredérmsily o vrivacuipaenadiyner firer the airculation p @isghject. t echni ques. [0066] The

| a cells e L [ ¥ i O [ ' f

e D988 oo B AR MR bRt i flfifed ofibe LA L bth ShiN o o
t i sgose of theGintigén oBintbedseprivmto @blajhisg iinphbeyes. THeadodgsbiutednd tifiingoft 0 an
appropri ate, dgf%,ctlinq rrg??_]od in yigj or e)Fl V. VO, [(63;06_7] Many det ect abl e
|ab%wgeaf€mwemwaﬂ_ bp grsilyalgtermii fy ore Aol I ibs g topt ICEPEHPFTEh can
be LESH anfl iftideld At AR Bied 16, 8E dG¥eE A& 40l iRl inkd}PalP HREIBEL] HeRMiRNT 1 ON

I ncl ude radi oactive
[0064] By the term “activated T lymphocyte” or “activated T cell,” as used herein, is

intended a T cell which has been exposed to an activating agent. Preferred activating agents for the

present invention include the specific antigen or a polyclonal activator such as a mitogen, capable of
inducing a response by that T cell. Such responses include a large number of intermediary metabol-
ic changes, induction of macromolecular synthesis, such as DNA, RNA or protein synthesis, cell
division, and the like, as is well-known in the art. Suitable non-antigen-specific agents capabie of
activating T cells are known in the art and include, but are not limited to, mitogens (polyclonai T
cell activators) such as concanavalin A and phytohemagglutinin. Additional activating agents are
antibodies to T cell-surface structures, including but not limited to, antibodies to the CD3 cell-
surface molecule, antibodies to the CD2 cell-surface molecule, antibodies to the CD28 cell-surface
molecule, and the natura] ligands of CD2 or CD28. Other activating agents include phorbol esters,
such as phorbol myristate acetate, or a combination of a phorbol ester and a calcium ionophore,

such as ionomycin. Also intended as T cell activating agents are antibodies to T cell receptor
-18-



| sot opes, paramagnetic isotopes, and conpounds which can be inmaged by
positron em ssion tonography (PET), fluorescent or col ored conpounds, etc.
Sui tabl e detectable |abels include radioactive, fluorescent, fluorogenic,

or chr onoggrh Saal . [0068] Useful radiolabels (radionu Ildes whi ch are
det ect ed b;wbrresoggﬁgfﬁlrl\% radioactivity in a ganuna counter, M""éﬁ Hn
counter, by autoradiography, etc., include 3H, 14C, 355, 51Cr,1251 and 1311.
O her useful radionuclides are 99Tc, 111ln, 97Ru, 67Ca, 67Ga, 68Ga, 72As,
89Zr, 90Y and 201-n.- If whole tissue counting is to be used, a preferred
radionuclide is one that is not reutilized once it has been lost fromthe
interior of a cell into which it was originally incorporated. That property

permt a nor g?j‘ reI ationship tQ e descrltle)'ed betvvee t he anmount _of
r adi oFERMY; svscltele (Fither dhe gonstant Otthmvala% %P%rspe'cq Rosg;ghaing Vgs%‘@ﬂoaﬁﬁ’ft he

28&??8@&&% h@?ﬁ%@g}i%ﬁ%l n ttﬁewﬂg{r‘%ﬂk gﬁ%ﬂa@?f’(ﬂ"ﬁ [ s partiygm arly

pr ef erfagtoks, such an it L2 entiot]ierce ¢ theceltins nuagjurs forl pattedr adl of thd dutivation interval.

?E?é R rong oo et o A rad b oo %%%%Bﬁ@é@ el
o- pht R aES A, a?‘?*&??ﬁ%% felon of B EY ety SN FRLUEIN T colls gt

group ﬁemhho&enémanhrdughlnsgm, aeis cksq;nhetllmniowdmilbelewgth to fluoresce.
See, anpl ook .of E scent Pr obes and Resear ch
S A006T ST spied e Backgrounid EHRR pbdve HBoc s R MO TR IS MZHE,

[ 00703&&n{‘th%'b‘ldbdd.~%(e§:ﬁtlhﬁrh59ﬁest iﬁ@luﬂﬁh@ﬁ&tﬁb irewhRR 8h aﬂﬁ’g’entiﬁp%&ﬁm Mﬁ@ﬁ‘d by

renmoving a histo- |ogical specimen froma subject and exam ning it by

nm cr osobgsn the cells anpspesifici anddo adinkithe s rcspon@e@aeway baeagsedsdl lymphoesde of

ogi o dremEeh e e THFRRheRNBE 5 LRIE phiRidi o 1 gt ot Blobd b et 1o, £ o
achi eve)sdes T lympEbdyles, Braahly efricHed & 3tl1eabN80%, hbreprofepdbly stdehseod¥adi nent, T

cell mgration is evaluated after iv |nJ ection of |abeled, preferably

510 - Tamphosytes)s hequimbsrreer Fereentagesat| Tsymphecytes A assrssafh LsiRg Fusing Fiethods, gen
| t
P ot Bpnbl¥usls FRbSAHS Sbetost bAPmatiats, ftferably THA it ferolofc oM © |

ac c umiinerhwbassay ) flosndyitapeetric on bthieninmyurtofluerescenye-hased medtigls, orimnamochrmicd]
r adi oa%hi#l\éi ty present in the tissue or analyzing the tissue histologically
to de .

[0066] The labeled cells are administered by injection or infusion, preferably intravenously
(iv), into a subject, and their presence in a selected site, tissue or organ is determined by subjecting
the desired tissue to an appropriate detection method in vivo or ex vivo.

[0067] Many detectable labels are well known for use herein. General classes of labels
which can be used in evaluating agents that are useful for the present invention include radioactive
isotopes, paramagnetic isotopes, and compounds which can be imaged by positron emission
tomography (PET), fluorescent or colored compounds, efc. Suitable detectable labels include
radioactive, fluorescent, fluorogenic, or chromogenic labels.

[0068] Useful radiolabels (radionuclides), which are detected by measuring radioactivity in
a gamma counter, scintillation counter, by autoradiography, etc., include 3, l"C, 3 S, “Cr, 1257 and
1311 Other useful radionuclides are **Tc, "''In, *'Ru, ¥’Cu, 'Ga, %*Ga, PAs, ¥Zr, Y and 2°'T1. If
whole tissue counting is to be used, a preferred radionuclide is one that is not reutilized once it has
been lost from the interior of a cell into which it was originally incorporated. That property permits
a more direct relationship to be described between the amount of radioactivity (counts/min. or

CPM)ata selected site or tissue, and the number of cells that have migrated to that location. *'Cr
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the nunmber of infiltrating_labeled cells (e.g., by autoradiography). (0072]
A mgration-inhibitory ageﬁt such as a conposition of (the present invention,

or a Pa“dﬁﬁﬁkﬁuﬁﬂﬁﬂi’ is tested for its ability to inhibkgaégﬁgv&r%ﬁé

m gration using any known or yet to be devel oped assay. 0
enbodi nent, aninmals are inmunized with an antigen to stinulate antigen-
specific T cells. The antigen is preferably one that is associated with an
i mmunopat hol ogi cal condition, such as an autoi mune di sease, and nmay be a
self antigen (autoantigen), a foreign antigen that cross reacts with or
mmcs a self antigen (i.e., a case of antigenic mmcry). [00741 In a

¢ Thodi i . Cod by the admin.
7ot  atre SRt (SR el et SR B s, 1 ot RS ert s g B bR o
of adjwiup¥ISedctRExydridine WHORH t8ker'y §dhdifap be Yofiorfted Hits HREDNAN

Excipients (2nd Edition), Vogel, FR et at.., available fromthe N AID web

site ([(A969. ni h. Sowmon fusrescent labely iticlude flveresteimrheriaming densyl, phyca@rhoni ades,

Toso; Pryens v AeR G S A RRBRAF and e R, T ulcripre, 8 i
Met h. dabsi ? Omisk 8 kcitdDtA e 6f & barticiluvRietengitcloUlifrésodPE &Y, for dkimpled’ S
Adj uvant (CFA), a mneral oil adj uvante&nﬁl oying a water-in-oil emulsion It

cont aittenglapd il HHandboek ofifilueresceni Reabet end Regeich ade Siwth Bdslos later),
| ' ' t FA) i ' | oil adj t siml to CFA
ncom‘ﬁ%‘ﬁ? '{%@%@%’t AN 19§ ) is a mneral oil adjuvant simlar to

but ri'a: nt ani de |1 SA (inconplete seppic adjuvant) is
a m n¢oeiojoi | ady smaddtedtion lof dRaletattubly ldbel atayeacesmplivhed'by edmaitig £ hisfont

(conponer]t. The Ri bi Adjuvant Systen&M (RAS) is an qil-in-water enul sion that
cont ailegical gpechner fram aSyhischand FXamiping 1 Yy MicTopcopy URden apREQPTIatesopateRs © i n 2%

squal gpfet tﬁ@‘iaP&lP 'ﬁosé of SKRHE wifl Feaﬁﬂ?ﬂ@:{;%iﬁlé iat 3 Pbt ?Ma%vaaﬁgwﬁﬁ’s‘fé-r ) is

a water-i1n-oll emulsion that” conbines a t1c adjuvant

m cr opegital metheils (sich ks staininigprotedures) candiei madified ini drdedo athdens su¢hér ool yer
i's the ibmunonodul ator conponent. Antigen is bound to the copol ynmer and
prese CHM the i nmune cells in a hi ghly concentrated form Syntex

Adj uvgey7i ror Ml Thh QM & ?A%?&Md)edl%dﬁn&{tﬁf SEIMBErMidn is CPAALE BRAr iV Rjd@ioflof
emul sion that uses_.a bl ock copolyner for a surfactant. A nuranyl dipeptide

der i viabeled, preferably 7' led; antigenoperifioFselisinto a mammah whichdias thegintigemt s ar e
general | e J ALV, Lon | : I fore used
ot RSP R SRS e R BT Sl o RMAIE R Rl 1 R e
ant i gdegred foawhich thedsjettet Asells havearctwrahlated iimed antigehlcontaindivg tissue by measuring

the amount of radiocactivity present in the tissue or analyzing the tissue histologically to determine

the number of infiltrating labeled cells (e.g., by autoradiography).

[0072] A migration-inhibitory agent such as a composition of the present invention, or a

4 candidate agent, is tested for its ability to inhibit such T cell migration using any known or yet to be
| developed assay.

[0073] In one embodiment, animals are immunized with an antigen to stimulate antigen-

specific T cells. The antigen is preferably one that is associated with an immunopathological

condition, such as an autoimmune disease, and may be a self antigen (autoantigen), a foreign

antigen that cross reacts with or mimics a self antigen (i.e., a case of antigenic mimicry).

[0074] In a preferred embodiment, this “immunization” is accompanied by the admin-

istration of a potent immunological adjuvant. For an extensive description of adjuvants, see, for

example, 4 Compendium of Vaccine Adjuvants and Excipients (2nd Edition), Vogel, FR et al,,

available from the NIAID web site (niaid.nih.gov/daids/vaccine/pdf/compendium.pdf); see also

Gregoriades, G et al., Immunological Adfuvants and Vaccines, Plenum Press, New York, 1989;
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degradati on of nitrocellul ose paper allows prolonged rel ease of antigen.
Encapsul ated or entrapped antigens permt prolonged release of antigen over
time. |mune-stimulating conplexes (1 SCOMs) are artigen nodified

saponi n/ ch : icelles. Stable structures are forne ilch rapidly
m grate togﬁfikﬁﬁﬁgl$;nph nodes. Both cell-nedi ated and h&ﬁﬁ%@ﬁmW#ﬁgﬁ
responses are induced. Exanples are Quil A and QS-21. [0075] At an
appropriate tine after imunization, for exanple 7- 14 days, T cells are
harvested fromthe animal. Any |ynphatic organ or tissue, or a body fluid
rich in Iynmphocytes such as blood or |ynph, may be the source of these T

cells. Preferred sources are the spleen or, nore preferably, draining LNs
that drain the imunization s tes are haryested frgmthe e

ite, L hoc ,
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I ho ' ' ' . cel ' . 0076
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etectable la Jknown in t t. The |abe ce ar e, . ntroduce
into aaminera qibadisyaghsumilar Y?afﬁ‘gﬁ’%Y’@E%‘BIﬂ}E mV?PSP%‘G"‘?'ri ﬁdgn@,mtieggg QUpited and
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Wi t h t bampenendi BretRibirAdjulvai SysdmiM™ (RAS3 iscaneiline# atedyhylsion jtheat wemtains i nf used
system,cal | ferab v o . th they ma j,rcul ate d mgrate into
ayt ar g@?‘o’f‘ﬁ\é@ G'g‘i"?eﬁﬂ’é a?%@é%%ac{cplgg@g Ay Qﬂ‘i@‘%ﬁ%ﬁ Y‘bﬁ °t‘?@galﬁ?ﬁ' B@PP gx pres Is es
the antdrfifhtiofs ste commtfliAllPdVall N, TREMAD isWWAL-hbiPandlsiohthdt SoMbiesa
specific. Alternatively, a foreign antigen may be provided to the recipient

ani mal synthesic aflinyant apd miergpartighlatechilticaivith the metabolizable oihsquatenecThexopolypwr is on
f the,infused iniected | aheled T i || .migrate t | at

*h t hetis iR ghmBlu ik SPGent i oot rbenk ool el @ prian o, g iaind ' ©
expr esgil ik A hizhlPédhcERFRa fozR b ISonieX Adnfant F&Huﬁ(ﬁgkg?ﬂi’i")@i pRfGHIRIRil i n the

case of diseases of the central nervous system I nvolving a CNS

ant i getsqualenc)iewates siwisiomtbateuses a block copplyyprerdatia suxfactany: o myranadidipeptide ei n
the. br AT IR RERRLALEY ARORSE, i iyl R sl BT 11

t he foadjwﬁntsahari]ﬂ aadicioh adjudndts ﬁnd 5:@@7@%@135@3@% birérylp ilﬁfnuﬂ'rljgbﬁld )
mgration in the setting of these CNS diseases, it .,is esirahble o have a
st abl eaws%&u@iwehglggw&omﬁﬁﬂnm H@dw@eﬁﬁ(?mrhwﬂg@naﬁ Fhik rsfmgh

br ai NSgegradation of nitrocellulose paper allows prolonged release of antigen. Encapsulated or entrapped

=

antigens permit prolonged release of antigen over time. Immune-stimulating complexes (ISCOMs)
are antigen modified saponin/cholesterol micelles. Stable structures are formed which rapidly
migrate to draining lymph nodes. Both cell-mediated and humoral immune responses are induced.
9 Examples are Quil A and QS-21.
[0075)} At an appropriate time after immunization, for example 7- 14 days, T cells are
harvested from the animal. Any lymphatic organ or tissue, or a body fluid rich in lymphocytes such
as blood or lymph, may be the source of these T cells. Preferred sources are the spleen or, more
preferably, draining LNs that drain the immunization site. Lymphocytes are harvested from these
sources, and T cells may be further isolated or enriched from these lymphocyte populations using
conventional T cell enrichment methods.
[0076]) These T cells (or T cell enriched lymphocyte populations) are then detectably labeled
(using a label described above or any other appropriate detectable label known in the art. The
labeled cells are then introduced into a naive recipient animal. Preferably, inbred mice or rats are

used and the recipient and donor are syngeneic or at least matched at the MHC so that the infused
21-



The nunber or proportion of |abeled cells at a selected site can be
determ ned by the appropriate detection nethod, as d(scussed above. This
ﬁan al so b@gigpgdsths2 vi sual form e.g., by histochem cal ngmsg@gﬁirl%ﬂ‘s

i stol ogi cal nethods. [0079] As noted above, when testing

inhibitory agent in a system based upon a foreign antigen, a depot or site
of antigen accunulation is created as part of the test. Preferred routes of
adm nistering the antigen is s.c., intradernmal or topical (as with a
reactive hapten such as picryl chloride, picryl sulfonic acid, or
quorodinitrobenzene or dinitrobenzene sul fonic acid. A certain nunber of

Sufti EAre histhoSimRatolt it e ripiend TR lab B0 T et s Bretbb L Aksteb ox infbsad; ng
LN. [Qﬁ,@@ﬁmw pRéTEaBRG Iaor Wmtue?m@ &h%ﬁtarhndlxﬁxgmeiyﬁ&magafusﬁnecqfﬂeﬁfgeh ated

i mune reaction of the tﬁ}p’)e that was once classified as a
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can oERGRbARe A RRTRY § bl b o RU0oe) REn bt e VI
donor iceal cﬁ'&&@oﬁélﬁdﬁﬂﬂﬁtﬂﬁoﬁe‘m tithef cac?| & popBitiinof the infiised bit infectedlabikledsT t he
easi est_tissue to use chem cally nodifying the protein(s) . in this
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t d b t th Ki t
|ssu ¥§~? ﬁlenfm\%m c@(‘%@’am?cms one by reacting e skin ("painting")

with a y an al kylating or arylating agent that
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transfer the

reci pi ent ani nal yoIntravenous Injection. Prior to cel
r eci pe)eravasmdmﬂbstldmwécﬂhdndquonmoﬁpemfasaﬂmuﬂfsor sinmplicity's sake usually

the egr..pjnna, painted. w th e, Sane, rea yfhin a short tine
of Ccolo7B et o8 keah Gietlot e Solh R Bistyin e pofing ke O ciseins, B

hapt egesifableftd Bsveld ststle repﬁ;d&ﬂlbwé&ui'@éferl o&yts Htvemanm iR e Teagh Bishst he
cell accunul ation assessed. In the case quorescentI 4abel ed cel |l s,

t hei r Therumberax peportioncof dabeled sells 3&%&%@@1@%@6 sterminchay.the appsppriatad i n
the cag u%Lné&g 2§ B5ES e :onlv? @g%h‘ﬁ'yfs@ifé 8&:& ﬁﬁfﬁ%ﬂ Qﬁfs :l)i&&c%cﬁgnncal

radloac In-a sul vice. Typl ca e aye € present
| nvendr atherddstofogicakmethdds. cel | accumul ation in th| s nodel by between about

20% 5% In.this del referredto tilize a rel ativel ure
oo o oNOBE Y T ok B pheesishen PR RR b ROrY Age T 1p &Sy tem Esdd 1B A of

foreign antigen, a depot or site of antigen accumulat;on is created as part of the test. Preferred

routes of administering the antigen is s.c., intradermal or topical (as with a reactive hapten such as
picry! chloride, picryl sulfonic acid, or fluorodinitrobenzene, or dinitrobenzene sulfonic acid. A
certain number of T cells will migrate to the site of antigen or to a draining LN if sufficient time has
elapsed for some of the antigen to reach the draining LN.

[0080] One approach, exemplified herein , is induction of a cell-mediated immune reaction
of the type that was once classified as a “type IV hypersensitivity” reaction.
[0081] The foregoing methods are recognized and well understood by those skilled in the art

and the underlying principles can be found in any immunology textbook such as those cited above.
Here donor animals are sensitized to a self protein (in practice, skin is the easiest tissue to use) by
chemically modifying the protein(s) in this tissue thereby allowing the chemical moiety to be ‘seen’
as ‘foreign’ tissue by the immune system. This is done by reacting the skin (“painting”) with a

‘hapten’ which is usually an alkylating or arylating agent that reacts covalently with and thereby
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the present invention are not expected to interfere with B | ynphocyte
m gration. [0082) Vascu(f ar endothelial cells (VECs)y grown in culture wll

attain confy deposit an endot helial subcellular matrix. The cells
and matri x%#g&gﬁf@qgo the same conponents found in bl ooPCIEESB0L0I5ET6v vo

(Jaffe, EA et al.,. J. din. Invest. 52:2745-2756 (1973)). Activated T

cells mgrate through this matrix in the sanme fashion as they do through
tissues in the body. This mgration can be studied and put into practice by
growi ng VECs on special devices that contain a fenestrated barrier between
two chanbers through which cells can nove. Wien VEC are cultured in the
upper chapber of such a device, they will grow to confluence and deposit a

subcelmedifigs protein(p) in the gin. Sexen tofen daysfellovpag sensitization, spleersaraampngdiNss ar e
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to st ygtoch@inically drid ih We $aBé SLABioVDERY calls, SN ON Y hRBHed By BBidtingnOWN i N
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migration can be studied and put into practice by growing VECs on special devices that contain a

fenestrated barrier between two chambers through which cells can move. When VEC are cultured
in the upper chamber of such a device, they will grow to confluence and deposit a subcellular
matrix over the fenestrated barrier. If activated T cells are suspended above the VEC layer in this
chamber, they will migrate through it and degrade the subcellular matrix, and migrate further
through the fenestrations into the Jower chamber where they can be observed, counted, etc. The
efficacy of agents that can inhibit the ability of T cells to migrate through this matrix can thus be
determined by placing the agent in either or both chambers during the culture period when the T
cells are present. Efficacy of the agent is quantified by comparing the number of T cells in the
lower chambers (i.e., migrated cells} of the agent-treated group versus the number of T cells in the
lower chamber of the control device (no agent or a negative control agent). This method is
commonly used to study cell migration through vascular endothelium and is well known in the art.
See, for example, Poggi, A et al... Europ. J. Immunol. 27:2345-2350 (1997); Hauzenberger, E et

al.,. Transplantation. 69:1837-1849. (2000); Borthwick, NJ et al.,. Immunology 90:272-280 (1997);
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[0084] As used herein, the term"inhibit" includes its general neaning,
i.e., stopping, prevent| ng, restraining, mnimzing or slomng, T -
| ynphocyte migration fromt he blood into an extra vascular site, such as :
sur roundi t The term"inhibit" is also intended reversing
t he progre\gglzggmgrgﬁ;everlty of synptons of a disease or df’@gﬁ‘éiqﬂw 6685]
Conmpounds that inhibit T cell mgration are therefore be useful in
"treating" cell- nmediated i nmune or inflammatory di seases and conditi ons.
The term "treating” (and is intended to include "prevention,” "protection
frorn " "suppressi on of or "therapy of' of a disease or disorder.
"Prevention” general |y involves adm ni stration of the present corrpound or
phar maceut i _cal r’rBosi tiaon 9DI’I or to the _ induction_or appearance of th
di seadehlepRe al 569 ExBlepi S89:73-80 { WAy endidourdsl ¢f., Leninvest, 84 953-1925.
adm n| ?tlon of a the therapeutic conposition prior to injection of the
encephal'itogen (e.g., MEP) that induces the disease results in "prevention”

of t hgnosaj seaseCﬁmﬁumﬁseﬁshapféseyehﬁe%ﬁdmhhﬁmmwﬁﬁyﬁﬂhb?&sEm@-iﬁm fedmt he f
CcO ou 1 t.he 1| ucti ve ent ut ri.o tothe ¢ rance oO
the d .“g@es% gfsegé.vasse ngmf!ﬁel@e Wgsefg{}eé%mwmféﬁ ﬁwﬂ&%f%qa on of a
pr ot eﬁiﬂaﬁﬁn%&s%%{)ﬁ&ﬁoﬁsﬂmﬁ%ﬁ@gm&&%ﬁ%ﬁﬂ&%'awmﬁm yimggeor 1o

t he appear neuro oglcaf synpt o conprises suppre55|o
di seadeterniifiakbbythe testydeseritxd in theﬁxdm;dss incinied bamahﬁern hhmmmm:tg;mprpimabf af ter

the a nce of he dlseas exa succes
e R iR Gry oG Y Rena ik ey FUISBORUS AL e PERSER and
af t er invehtidH :ﬁ@ihdémn M ASE %&ﬁi&@@i‘oﬁpgﬁfséaiesrcélhﬁkéﬁkd dmithe, dhogase. |t

will be understood that in human nedicine, it is not al ways possible to
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neant net hods i ncI ude both
&Qmin?qgé'nglﬁgreg%r&gg%y e of sﬁ%ﬁlﬁﬁﬁmf a Pordisorder!

t her apeut | nistration of the conpounds of the
i nvenfd08%] t o teempbumlsahateﬂﬁlat Ercel}.una:atlomme t{mem] benisefw dm oeatig” odil- t he

[ b h h 221
conpoaRie g e BF (uamrates ieeRt enaaPaibi TSR | wetbng (PP, e oindbay o
t he tfoanElige tprevéntivnlret raahicﬂcﬁcan, Nafpﬁmmnoft@d‘m@moﬁeim@rl mat es,

livest ock animals (e g. eep
disorder. “Prevention” generally mvoivm administration of the present compound or

pharmaceutical composition prior to the induction or appearance of the disease. Thus, for example,
in the animal model, EAE, successful administration of a the therapeutic composition prior to
injection of the encephalitogen (e.g., MBP) that induces the disease results in “prevention” of the
disease. “Suppression” generally involves administration of the compound after the inductive event
but prior to the clinical appearance of the disease. Again, using the EAE example, successful
administration of a protective composition after injection of the encephalitogen, but prior to the
appearance of neurological symptoms, comprises “suppression” of the disease. “Therapy”
generally involves administration of the compound after the appearance of the disease. In the EAE
example, successful administration of a composition after injection of the encephalitogen and after
clinical signs have developed comprises “therapy” of the disease. It will be understood that in
human medicine, it is not always possible to distinguish between “preventing” and “suppressing”
since the ultimate inductive event or events may be umknown, latent, or the patient is not ascertained

until well after the occurrence of the event or events. Therefore, it is common to use the term
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cows, horses, goats, pigs) donmestic conpanion animals (e.g., cats, dogs)
Iaboratory test aninald (e.g., mice, rats, QU|nea(p|gs rabblts) or captive
wi | d ani maywgp 200996%61s The corrpounds of the invention are adpini stered to the
subject in a treatnent- effective or prophyl axis- ef f ect | vECIAIARO13876 s ed
herein, such an "effective anobunt” is intended to include an anount that at
| east partially attains the desired effect, or delays the onset of, or
inhibits the progression of, or halts or reverses altogether the onset or
progression of the particular disease or condition being treated. [0088] As
used herein, the tern1"effective amount" or "effective dose" relates to an

anoun dos : co oun or phar maceut i orrposltlo J hereof ), which,
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body L,ght to 1 g.pe, kg of |ght per dosage. The dosage is
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Suitably,” the dosage is in the range o to 500 .tg per kg of body
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conposi tion formul ati on of such conpositions are well know to those
ski | | digease or ¢pndition beingtraatedonposi ti on may contai n any sw tabl e carriers,
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medi a |l ers Sol'l ers, coatings, antrfung a er| al
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g S tﬂasn'et{] gosgnlg regimen, ;Mrov%des 'taheu 1redS r&:erapeutl% € ect %)os?nrépmgjlf ocl‘,cur gt intervals

of minutes, hours, days, weeks, months or years or continuously over any one of these periods.

Suitabie dosages lie within the range of about 0.1 ng per kg of body weight to 1 g per kg of body
weight per dosage. The dosage is preferably in the range of 1 ug to 1 g per kg of body weight per
dosage, such as is in the range of 1 mg to 1 g per kg of body weight per dosage Suitably, the dosage
is in the range of 1 ug to 500 ug per kg of body weight per dosage, such as 1 pg to 200 mg per kg of
body weight per dosage, or 1 ug to 160 mg per kg of body weight per dosage. Other suitable
dosages may be in the range of 1 mg to 250 mg per kg of body weight, including 1lmg to 10, 20, 50
or 100mg per kg of body weight per dosage or 10ug to 100mg per kg of body weight per dosage.
[0089] Suitable dosage amounts and dosing regimens can be determined by a treating health
care specialist and may depend on the particular condition being treated, the severity of the
condition, as well as the general health, age and weight of the subject.



I nvention may al so i nclude._supplenentary anti-inflammatory or other

physi ol ogi cal | y active agént S where appropri at e. [0091] The carrier,

di | uent orw%x%f}g i nmust be pharmaceutically "acceptable” in the sense of
bei ng conpat | h the other ingredients of the conposFPETBIF2¢HE1HIeE
injurious to the subject. Conpositions include those suitable for oral,
rectal, nasal, topical (including buccal and sublingual), vaginal or
parenteral (including sc, intranmuscular (in), intravenous (iv) and
intradermal (id) ) admnistration. The conpositions may conveniently be
presented in unit dosage formand may be prepared by any methods well known
in the art of pharmacy. Such nethods include the step of bringing into
assoc{®@PPbn theTh%th‘\Ye“Fm' emmnbwdmmsmcbmme W@ha@%@tqft@G@s one or
nor e q Is by
i o IER ol R W‘lﬂ#‘?‘dﬁmﬁﬁ £ yoopbilfeRRRRAS i s 3eb BHRARNT o
with & mcbjecnl acabompussium; pfafmbl adu\phmcsﬁoadcwdsitmms The fotmilitionofduéihen i f

necessary shapi ng the prod e.a nistration of the present
conpoTATRROSHIES BreY SHhkRAT ed%ré nigé SEPnARgY SCRATR apy ritahle

nmeans, aﬁ@ﬂ e d&ggg fli eve
Its deésﬁ?;g I'n ?é?té%ér‘éﬁm?f gg&%qug?ée%%dd&g{lﬁcg@l gi;héén%? rr@gfmﬁ"?her dral,
par engotidadarriars, lvodtings, dmﬁaigabmdramgbmtaial agertsidetmal ppensiration aems surfactants,

intra-artjcula and to cal 0 terrpl ated, For exanpl e,

adni nisgtopigiand {3 Sf il by enderioodibasths parmposifians of fhel ude

| Nt r ayeaRtth may zﬂ&d ﬁ:ﬁl&ﬁ& Eﬁﬁlm&ﬂﬂ?%&ﬂﬂ%‘ﬁm ﬂ‘éxadiﬁe‘i%rsxbw&ﬂ E&W}aaﬁkénts

i ntraperitonedl, intrathecal, and intraderndl. Rectal admnistration, e.g.,

by suﬂb@'slapmoynatﬁs al so incl uded Addi tionally or alternatively,

admn tion I r mal n at ¢ r pther sim.d.ar, device),
o ToMRRIE" ! o TR R Ter, SR O R il PR o B Bt AL cppll 8 SEbe™)
for Mﬂieiﬁ‘con@}:lahb]@fmmm thf thon&lidntkofohe corpositivh @idinot ﬁﬁmézﬁrto mmbjeet

Eur opean Patent publications EP 92918, EP 0166596; U S. Patents

4, 78909990sxwwlm ose syitable fies orad, trotsl nasal, topisaldingludimgibucgalznd ISB‘P‘EW“&]I))ST et

oL s bt it SO e SRS B8 it 2 (1953

at , d\ahhmstraﬁon. (frercondasitionsinay Synvenielily b8 pes 3l wmai)osagéd'ugn aﬂd%maybe at,

Ca R 49: 5103- 5107 (1989) & N. et d Re
nnélnr?%sfﬁbbwmsf&ﬁ% Gy tye ot of phagmaty Sk pelinds BN RhESen gt (5000,
Sal t Z§rapin gvimoeassﬁauoaqhé'mw Ri@edibmittwithithe barriédwfich b82Rutes diLordnsege

adm ni stered wi || be_dependent upon_ the age, health, and weight of the
r eci pAceersorydpgigdients. In general, the compositions are prepared by uniformly and intimately

bringing into association the active ingredient with liquid carriers or finely divided solid carriers or
both, and then if necessary shaping the product.

[0092] The administration of the present compounds and pharmaceutical compositions may
employ any route and any means that achieves the necessary distribution of the compound to
achieve its desired inhibitory effect. Systemic routes are preferred, either oral, parenteral or both.
Local or regional administration, such as intra-articular and topical, is also contemplated. For
example, administration may be by injection or infusion. Preferred routes include intravenous,
intramuscular, subcutaneous, intranasal, intrapulmonary, intraperitoneal, intrathecal, and
intradermal. Rectal administration, e.g., by suppository. is also included. Additionally or
alternatively, administration may be transdermal (using a patch or other similar device), by osmotic
minipump, or by any other controlled release method or formulation, all of which are well-known in
the art (see for example European Patent publications EP 92918, EP 0166596; U.S. Patents No.

4,789,516, 4,806,621, 4,877,606 , 4,906474, 4,925,677, 4,942,035; Hsieh, DST et al., J. Pharm. Sci.
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of concurrent treatnent, if any, frequency of treatnment, and the nature of
the effect desired. [0@@3] Conposi tions of the pregent invention suitable
for oral agg el i on may be presented as discrete uni ch as

capsul es, sggc e'?isd"gfrsl tabl ets each containing a predeterm héai’%éﬁ’d@his"%f t he
active ingredient; as a powder or granules; as a solution or a suspension in
an aqueous or non-aqueous liquid; or as an oil-in-water liquid enulsion or
a water-in-oil liquid enulsion. The active ingredient may al so be presented
as a bolus, electuary or paste. [0094] A tablet may be made by conpression
or nolding, optionally with one or nore accessory ingredients. Conpressed
tabl ets npy be prepared_by.c ressjng in a suitable machine the_ active

§ ngr odeRt-22: 198 9; Katsy Lok rriodled Relegsesd 243763 (K98 731 Gortiepoed Bt rthal | y

m xed ' { - Synh eyl At iV i S (e.g.,
o bt B, ClehtSackindl Srigh 36, 24l 8soan)oYESEME, it Chodd e isR001 2. 21
sodi urf102( 198o);etein N. ecdll, Jl OadyollediRedease A£:61-78 (0990); Jepathi, Roer adipént . Mol ded

tablets nma de i in a syjtable hi ne. a m xtuyre of

ondercolisABeliatt oy OE SRS Selteier WA ¢ g1, Bebpairaeis Hine 609 may

optio I ARk I'wi rd@gend@ﬁlq,ﬂgﬁ f L] &ldEFei i sl ow

olro co%re(ﬁblsge% rel eglgfada()v?ﬁ?ﬁe ctive'i né?%%cént t herel ﬁ@@%ﬁ%ﬁ%&%ﬁﬁ

exanplof cotppdreniiyatment| ifeny frequernclydf treatmient, and thegtyre optheteffentsdesivedsr ovi de t he

desir el eas rofile, bl ets ma tia | vy _be ovided with.an enteric

coat i ﬁg(,)%jo pro %@qsgﬁog%géﬁfe Rresﬁ‘gr‘?'genggn tﬂﬂg‘%lflﬁr B'Eahg‘iim’t“ﬁg‘ﬁgﬂ\&“gﬁ’fs mach.

[ 0095hrésente@as Hiserete winits bitdhl 48 chuldsORCRS oPEBleRi bl adritslings pridetéiinidd | ncl ude
(1 ozenges conprising the active ingredient in a flavored base, usually

sucr ogBogntoiihe activeansredientaesctpawden oF Srapules;iasagelutionor p skspgnsiorinant i ve

I ngr edi i ' . [ . ' . ' O . se and

ac gci g}*‘g&l}%” Og%%pﬁ%%ﬁgm}é@ﬁé’s&c%%ﬁppflgﬁ'r?%?%ﬁgghgc@gg% éﬁ?é“l&%’éﬁ’? °f‘§fﬂ‘§{ sui tabl e

| i qui dmulsion. €The acGoepgsediend naryfaluo begpesented aslabolus,teletiapy or paste. exanpl e,

and K54 ke [ 0aoisPlek iy b TR i BpTeRSn of aldiE, PERTEY SYOHREF A9 ecent ed
Bt o RS TRy o pevPa o oy Pk BB e 1
PCTI USizotive rmamiient o 6v3-flowingiomm msstias pavedsr o gianulos gpfianallyamixed Bithat i on
T OSBRI B i) 5 AR gL oo IR ©
polyvinyl pyrrolidone, cross-linked sodium carboxymethyl cellulose) surface-active or dispersing
agent. Molded tablets may be made by molding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may optionally be coated or scored
and may be formulated so as to provide slow or controlled release of the active ingredient therein
( using, for example, hydroxypropylmethyl cellulose in varying proportions to provide the desired
release profile. Tablets may optionally be provided with an enteric coating, to provide release in
parts of the gut other than the stomach.
[0095] Compositions suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored base, usually sucrose and acacia or tragacanth gum;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or sucrose
and acacia gum; and mouthwashes comprising the active ingredient in a suitable liquid carrier.
Compositions for topical administration, for example, dermally, may be in the form of lotions,
creams, pastes, gels, ointments and the like
[0096] Compositions for rectal administration may be presented as a suppository with a

suitable base comprising, for example, cocoa butter, glycerin, gelatin or polyethylene glycol.
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I ngredi ent such carriers as are known in the art to be appropriate. [0100]
Conposi tions suitable for(parenteral adm ni stration |6blude aqueous and non-
aqueous |§@? ?4§rlle i njection solutions which may coptain

anti - oxi dant s ers, bactericides and solutes which r qﬂyﬁz“f’ﬂglssm
conposition isotonic with the blood of the intended recipient; and aqueous
and non-aqueous sterile suspensions which may include suspendi ng agents and
t hi ckening agents. The conpositions may be presented in unit-dose or

nmul ti-dose seal ed containers, for exanple, anpoules and vials, and nay be
stored in a freeze-dried (Iyophlllzed) condi tion reqU|r|ng onIy t he

addi t f the.sterij.e |i carrje f.or ., exanpl e vvater f I nj ections,

i m’redlilog Iy prigPmpesi ?féses q%!?é Mﬁﬂﬁ%‘nﬁsﬂ“f pﬁéf“es'

S US PefafnpBits cFeithsD wgﬂaa g%hhﬁammsﬁﬁ:mn mta&fé dcipd et s of

t he Ki nd preV| ous escri bed 1] Preferred unit dosage conpositions are

thosemg@dteatsuchgammaagreMmthgnmtoqurgpnmb dose, as here| n above

(02020 TRY < hou comBBifds st Rat dimiRrmitp oo Shbb B anfgRear oni o

the cqjupisistRonit stekild njdclv® Bélutdhs wWiEEE fnla? eentaid Anl-oxidaatsPbeF&s tbactericides
pharmaceuti cal_conpositions of this invention may include other agents

conv ezndisglytgs whick @da? the compesition isotonic willnthe MO‘@&%@M@P@@FI reaipipmbsndon, for
I a
gont Libeods 8 GoB dohellsBecr i nBbAui i Wil e e Ebehdiiy Mook o
agent agents 0 Thé bempositidrss, may Espresentddvia sinit-dosdsr mﬂnt-dbsawmoohtamsje‘hay agents.
(e e SShSIh ol il SRS Sed e Bop s o s
met hydigeine ‘AH&‘ﬁ;%n of BY SHIE KhPd chlek, %P&m%ﬂ@&@@ﬂf&%ﬁ}ec&&@t F}Hﬁééli?altelgh:ﬁbf‘ioc acid

or agar. Suitable flavoring agents | nclude pepperm nt ol i
Wi nt eusgr Bstempotameoys injaction)solutions ang isuspeysidrisanay begrepaded frainl sterdopowders, agent s

i ncl ude_ pol rns or.copolyners agf acrylic acid and/or methacrylic acid
and/ c?rm{'ﬁ %H‘é%@ fﬁ’%&%@'@ﬁ@?ﬁ%ﬁ%ﬁ ols, zein, shellac or gluten.
Sui t gpl@jpr eserptafeinéd amit A6sagd eoﬁpds:ﬁmstwmeﬁ amtmihg arahny Bose or unit, daily

al pha-t ocopherol , ascorbic acid, nethyl paraben proeé paraben qr sodi um
bi sulsbdese, ashereinabove describeds o5 an mremat%ﬁ ibg petivesingiedient. aci d,

SOd' y@]eate’ PG EM ét&fr‘itﬁtl %h&xtxon%&@&{ng%%d | @Y oG ﬁ%:?s cl ude

gl ycer nmonost earate or g yceryl di-stearate €’ conpo t he
i nverthis inventgn, akesayitied aboes thetpeebentphamsaceitical emnpmsmx,s of dnsrmygnthonmsy These

MY SciBde R agents cBiVenBihal 4 the aFF1OF e th e type of dbrmpbsition i udstion, for © "

example, those suitabie for oral administration may include such further agents as binders,

-

sweeieners, thickeners, flavoring agents disintégrating agents, coating agents, preservatives,

(‘ lubricants and/or time delay agents. Suitable sweeteners include sucrose, lactose, glucose,
aspartame or saccharine. Suitable disintegrating agents include com starch, methylcellulose,
polyvinyipyrrolidone, xanthan gum, bentonite, alginic acid or agar. Suitable flavoring agents
include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavoring. Suitable coating
agents include polymers or copolymers of acrylic acid and/or methacrylic acid and/or their esters,
waxes, fatty alcohols, zein, shellac or gluten. Suitable preservatives include sodium benzoate,
vitamin E, alpha-tocopherol, ascorbic acid, methyl paraben, propyl paraben or sodium bisulfite.
Suitable lubricants include magnesium stearate, stearic acid, sodium oleate, sodium chloride or talc.
Suitable time delay agents include glycery! monostearate or glyceryl di-stearate.

[0103] The compounds of the invention may also be presented for use in veterinary

compositions. These may be prepared by any suitable means known in the art. Examples of such
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WO 2004/ 104015 PCT/ US2004/ 015876 conpositions include those adapted for.

(a) parenteral administration, e.g., sc, im or iWﬁinjection as a sterile
sol uti on ayoShEPeYEsON; (b) oral admi nistration, external ' ' (e.qg.
drenches including aqueous and non-aqueous sol utions or g@@@éﬁéﬁ@h&%

tabl ets, boluses, powders, granules, pellets for adm xture wth feedstuffs,
pastes for application to the tongue ; (c) topical application e.g.,

creams, ointnents, gels, lotions, etc. (0104] Those skilled in the art wll
appreciate that the invention described herein is susceptible to variations
and nodifications other than those specifically described. It is to be
under st ood. t hat | nvention.i ncl.udes, al.l such Larlatlons and nodifications
hi oneArReitgns fpelpdhose aamepy foanﬁa)eseaemlfﬂm AR B 5548 PYITEEOR ) | of

t he s§ swefile sbRifibh b Susp sﬁmpgb SHEda] apbﬁf:ﬁfohf(dgt Qré?khés”d' cated in
this specification, Individually or collectively, "and any and a

conbi waluﬁmeqwuanpd DoRragueays p@u@@ns@ampm),dable@,ahqlmm pop@f%p‘amdvs,ng now

i oubhel SPERERHSE b BERR, bRl & Gl Bllon i Wl ) PR il ' °°

i1 usé. abﬂeaxﬁs, oxﬂﬂﬂnﬁ[gelﬁldbummaaded to be linmting of the present i nventi on,
unl ess specified. [0106].In the follow n exanpl es_ tenperatures were

measutfd@4] n deg%gsleél in the apwili sppreeipterihat sheinv enﬂoerﬁesweérbsreeqxsc) wer e

eagehe i ibRlo Shidechs S5 pRU iR Vi M pR BRI AR s EBET 0O

Conpowiderstod thad 17 mvéhtﬂmnam&mlkn‘uclidﬂm&oﬂs' amlmvdhﬁcauons which fall within the
“ phenyl ) - 6-nhos 0 mannosh% 4-di met hyl benzene, no

DT 0P A5tk e 1 veRBRR a1ty ncicss A of o et it ies FRROSAGES Andpoids:
PhOneéreferRd t@ofindicated in Biis spelification, individually or collectively, and any and all

combinations of any two or more of said steps or features.

[0105] Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by way of illustration,
and are not intended to be limiting of the present invention, unless specified.

[0106} In the following examples temperatures were measured in degrees Celsius (°C)and
thin layer chromatograms (tlc) were determined on silica gel plates and uniess otherwise specified
chemical reagents were purchased from Aldrich.

EXAMPLE 1
Preparation of Chemical Compositions
[0107] Preparation of 1-(2.4-dimethyl phenvl hosphono-mannoside
(Formula I; R=2,4-dimethylbenzene, n=0)

[0108] Preparation of 1-methyl-2,3.4,6-tetrabenzyl-mannoside.
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C WO 2004/ 104015 PCT/ US2004/ 015876 [0109] To a stirred solution of 1-nethyl
mannosi de ( 64. 3g 270mml ) in DVF (1200ml) was slomﬁ& added sodi um hydri de
(-6eq., %ﬁ% rred or -lhr. Tetrabutyl anmonium i odi de 0&£0 | eq. ,

10. 6g) wa ﬁen a ed fol | owed by benzyl chioride (12eq.,PEHER00#E15876) and
the mxture stirred overnight at roomtenperature. The reactlon m xture was
then poured into concentrated anmonia (600m) and stirred for -6hr after
which it was extracted with diethyl ether/light petroleum(1:1, 2 X

| 000m ). The conbined organic | ayers were washed successively with water (4
x 1000nil), hydrochloric acid (1000m ) and water (2 x 1000m ). The organic

| ayer was_dried filtered and the solvent renmoved. (rota
evapot®08}). ThEe PéBFE@uEOIWA@ elkcmethyhmannaside (64.3gc2 10pmaeblin B Ogml1)208 of

inver vacuuﬁﬁﬁﬁﬁ%%d&éé?ﬁﬁﬁ@g@@%ﬂgﬁ%@g';;‘.ﬂt‘e %ﬂ%&%@‘ﬁm‘ﬂﬁ?&g)

E)et r %%[,OQKQD?@ thieh aﬂ&lﬁmlbwed By Bé)ﬁn/jdl éﬁlc;]ncﬁé’@leeqllyﬂl’ngg?l@hl%hd f@h;;nnnﬁﬂ ol eum
800 3[ 800 10% et etate/light petrol eum (800ml 4 25%
G hy | SHEh YRRt B HooBbTPERER( 36 acten migu e L0 FAmGHRER, [ ol cum

\(I\g.gof oun@ g g- %Qﬁm?%}?& %&%?m%ﬁgﬁw éz@g’j&g%{ﬁ%m +pr oduct
(ex pepct?oleunSBSl @ [0X0nl). Phepambinedorgedic layersdvere stashedsuscebsively w:thI w?tiero(: o
1 e R 003,y dchloric a8ia 000 el (%530%61 he Svgfpie e '%?ﬂa@s fo aci
(500n}{Na, 9095 ARG sn@ﬂlesédrvbﬂﬁefn%%@m% AL Bl B The irkdi R Shas ¥aken

concent ratéd sulfuric acid (2.5m on mxture was a Iovved to

s| owl petvodeum (300mbom 128gp€ silicaige] wasadded=nd tbls@pmegmm aedump af siliongeli xt ur e

Soon 2 0RRg fictr Th g A affita Sl BREELY Tl Do% b Pibwhvat o (4
600ni {1500mE S80I L800R11 ts*'/mhwacaﬂ Kpetfdiiin a@@ﬁmamooml 21094 ethgnl
solution djluted to 1000 vat er om , brine 500n1fg dr| ed_ (Na2sO4),
filtcfcettedlight peipolewm (80Aml ethvheceraé%fh Pefraleum(Ba¢mi, £5) 50% ethyl

acetate/light petroleum (800ml, 6) and 10% methanol/dichloromethane (800ml, 7). The title
product was found in f4-7 (130.09g, 71%). MS: [M+H]" (calc.) = 555.67,

[M+H]* (exper.) = 555.67

[0110] Preparation of 1.6-diacetyl-2.3.4, tribenzyl-mannoside.
o 0. .0A
m o 0
s,

[0111} To a stirred solution of 1-methyl-2,3,4,6-tetrabenzyl-mannoside (85.37g, 0.154mol)
in acetic acid (500ml) and acetic anhydride (100m}) at 0°C under nitrogen was added concentrated
sulfuric acid (2.5ml). The reaction mixture was allowed to slowly warm to room temperature and
left overnight. The reaction mixture was poured onto water (1000ml) and extracted with diethyl
ether (3 x 500ml). The combined organic layers were washed successively with water (4 x 600mlI),
sodium bicarbonate solution (2 x 500ml, 400ml of a saturated solution diluted to 1000ml), water
(1000mi), brine (500ml), dried (Na;SQ,), filtered and the solvent removed. The residue was taken
up in light petroleurn (400ml), ~ 50g of silica gel was added and this poured onto a column of silica
gel (150g) under vacuum. The column was then eluted with 100% light petrolenm (800ml, f1), 5%
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up in light petroleum (400m ), - 50g of silica gel was added and this poured
onto a col um of sili ca(" gel (150g) under vacuum le colum was then eluted
with 100%/] i et rol eum (800m, f1), 5% -30 r- € WD 2004/ 104015

PCT/ USZOOH@% @ 01§t hyl acetate/light petrol eum (800rrfL PCY/US 200 S8l |
acetatellight petroleum (800nil, 13), 25% ethyl acetate/light petrol eum
(800nL, f4), 50% ethyl acetate/light petroleum (800m, 5), 100% et hyl
acetate (800m, f6) and 10% net hanol / di chl oronet hane (800m , f7). The title
product was found in 14-6 (71.32g9, 87%. [MtH + (calc.) = 534.59, [MtH +
(exper.) = 534.59 [0112] Preparation of 1-trinethylsilyi-2.4-dinethvl

phenol. T fl [0113] To a stirred solution of 2,4-dinethyl phenol (5.47g,

44. 8netinyl acétatedight peﬁodd:dm (800etlhE2),c1 004 exbyilcetate/light petiateumi(800mje 3),25% athybd

e T o
moni tRe@E (W(hhh '6) dnﬂM@% ﬁl@ﬁﬁﬂ@%ﬁ&ﬂ&%ﬁi&tﬂaﬁg %(ﬁh{l lm afhé ﬁﬂ@gﬂoﬁg&%ﬁ%ﬁd&ﬁt

petrol eu upon letion (-2hr) water was a The organic
| ay erfaval lﬁésh%)x\n[Mﬂ\ﬁht(@icI?ﬂ 59;*&\')+H] c(cxmd)?l‘ﬂéﬂé@) filtered and the
sol vent renoved to gi ve t he t|tIe corrpound (8.13g, 93%. [0114] Preparation

of 1- di g b nzyl - mannoside CH 0 .0 /KO
Pha ()[Mlﬁ (i'n of

1, 6- dlacetyl 2,3, 4- trlbenzyl nann03|de (4 748 8.88mml) in dry
dichloronethane (50nl) atrMaC uder nitrogen was added
1-trimethylsilyl-2,4-dinethyl gnol (1.6eq, 2.78g, 14.3mml) in dry
di chl or onet hane (25n1) fol | ey the slow addition of trinmethylsilyl
triflouronmethane sul fonate (0. 4eq , 788ng, 0.64m ). The reaction was

g[e)'[“r E)[gi andt]?p%%dr%\g% et | %?9{40% g%%?/ﬁ-@y glﬁ‘%{(ﬁ%l ca bgga'?g lsljlgm I on
( 100nlighlovemethdded 20hd) atdi€omder mitregenwess added tricthydammne (1.1eq., 4.99g, 6.9ml)
followed by the slow addition of trimethyl silyl chloride (1.05eq., 5.11g, 6.00ml). The reaction was
monitored by thin layer chromatography (10% ethyl acetate in 60-80 light petroleum) and upon
completion (~2hr) water (50ml) was added. The organic layer was washed with water (2 x 50ml),
dried (Na;SOy), filtered and the solvent removed to give the title compound (8.13g, 93%).

[0114] aration of 1-(2,4-dimethylphenyl)-6-acetyl-2.3.4, tribenzyl-mannoside

[0115]} To a stirred solution of 1,6-diacetyl-2,3,4-tribenzyl-mannoside (4.74g, 8.88mmol) in
dry dichloromethane (50ml) at 22°C under nitrogen was added 1-trimethylsilyl-2,4-dimethyl phenol
(1.6eq, 2.78g, 14.3mmol) in dry dichloromethane (25ml) followed by the slow addition of
trimethylsilyl triflouromethane sulfonate (0.4eq., 788mg, 0.64mi). The reaction was monitored by
thin layer chromatography (25% ethyl acetate in 60-80 light petroleum) and upon completion (~2hr)

saturated sodium bicarbonate solution (100ml) was added. The aqueous layer was extracted with
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-31 WO 2004/ 104015 PCT/ US2004/ 015876 di chl or omet hane (100m ). The conbi ned
organi c Iayers vvere washed successively with sodi um ﬁydroxi de (5 x 100m),
wat er (2 _ym 1tgrlne (100rr1) dried (Na2S™4), filtered and the sol vent
removed. The Teer é"e was taken up in Iight petrol eum (100RFYUSI4/083876 | i ca
gel was added and this poured onto a colum of silica gel (50g) under
vacuum The colum was then eluted successively wth 100% i ght petrol eum
(400m, fl), 5%ethyl acetate/light petroleum (800nil, f2[400nl],

f3[400nl]), 10% ethyl acetate/light petrol eum (800m , f4), 25% et hyl
acetatellight petroleum (400n1 f5) 50% ethyl acetatellight petroleum

gfggu hi\&'é‘%? ﬁ‘%ﬁ?(bw 8@%111 g»!;;{n?‘{ hag,%fecw@e?s f7)v ThetPt le
5 T AR Y SOBG 3 e o o, s

Ph [ Oﬂeiﬂqveflo The sdsidueochssakientmpan light petroleum (IOOml) 20g of silica gel was added and this
1-(2,4-di thyI enyl -.-ac 22,3,4-tribe nmannosi 34.48, 57.7mmol)
! i BOVTER A oD e 80 bi0) APyt L% eolpg ﬁﬁjﬂ% esEasabY
sodi U8 bb%m%ﬂpééo}é&a)mmum as%'éﬂﬂ)l‘tacéiﬁw reaction

AR eo0E. T
was nonitored I'ayer chtomat ogr aphy (25% et hyl = acet’ate | n60- 80 l'i ght
pet roﬂé@ﬁmﬂhd%mﬂnyl@eetpkélghbpﬂt(d¢m ¥800md, fQQSVeemybmatdhgtnpdmlm resi due

\r/vg?m\s; }#é‘,/g%h r/dﬁ%orret hant??é%?] E{S)\SRPQSE&)G‘%‘BFFS%‘} lﬁ @ﬁnl C er was

.The coimbined). OTEAEM Cprodid? fwas WU a3 (R35g)sE )W H ]t &l 596170, ed (Na2804),
(flltered qnd the solvent removed. The residue was taken up in light

pet r ol MHH (@BPWD T 5961 of silica gel was added and this poured onto a
coI um of silica gel (100g) under vacuum The colum was then el uted
succe 100% {_-ghts; £ ¢ _of D00 at tate/light
petro eunIe (%‘ ot i ?HR h i 23da ”1? , S, 25%
et hyl acet at elli ght pet rol eum (800nt, % 4) and -32 WO 2004/ 104015
PCTI US2004/ 015876

CH,
O._ w0
HO -
Ph//\o\‘

N

( Ph

Ph

) [0117] To a stirred solution of 1-(2,4-dimethylphenyl)-6-acetyl-2,3 ,4-tribenzyl-mannoside
: ( (34.4g, 57.7mmol) in dry methanol (250ml) at 22°C with a soda lime tube in place was added

sodium methoxide (5.33g) until a slight color change occurred. The reaction was monitored by thin
layer chromatography (25% ethyl acetate in60-80 light petroleum) and upon completion (~1hr) the
solvent was removed. The residue was shaken with water/dichloromethane (1:1, 500mI). The
organic layer was removed and the aqueous layer was extracted with dichloromethane (250ml).
The combined organic layers were washed with water (250ml), dried (Na2SO,), filtered and the
solvent removed. The residue was taken up in light petroleum (200ml), 50g of silica gel was added
and this poured onto a column of silica gel (100g) under vacuum. The column was then eluted
successively with 100% light petroleum (800ml, f1), 5% ethyl acetate/light petrolewm (800ml, £2),
10% ethyl acetate/light petroleumn (800ml, £3), 25% ethyl acetate/light petroleum (800ml, f4) and
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10% et hanol / di chl or omet hane (800m ,15). The title product was found in 13,4
(22.63g, 82%: [|VH—L]+ calc.) = 554.67, [MH] + (eﬁ)'er.) = 554.67. [0118]
Prepar at i O‘%OOMW& i met hvl phenvl ) -6-fonnkK- 2. 3. 4-tri benzvl - mannosi de 013
H 413 0 O Ph [0119] To a stirred sol ution of PET/HE2084P1ISETR f oxi de
(4eq., 11.4g, 10. 3n1L) in dry dichloronmethane (300nl) at -60C under nitrogen
was slowy added a solution of oxalyl chloride (1.5eq., 9.26g, 6.3nml) in
dry dichl oronet hane (50m ). After 5 min a solution of

1- (2, 4-di net hyl phenyl ) -6- hydroxy-2, 3, 4-tribenzyl - mannosi de (20. 2g,

36.4mmol ) in dry dichl oronet hane (120nl) was slowy added. The reaction

m xture was stirred for a further | hr at -60C after which triethylam ne
(8eq, lmm@,mdwﬂﬂbmnwma@Ml fﬁheThetitlc pwductiwas foundsin fh4€22.63g, 83%Nn t o

roomt 1; t hr and then poured onto water

(SOOMW 33&“6?%@@ é?gé wi th dichloronethane (2 x 50(ntl).

The 0 gpigjed pre é’ﬁh&nbﬁ)l a.aaﬁfeaa %ﬁixﬂ@,ﬁ,ﬁfmﬁg_h%légﬂm& dri ed

(Na2sO4), “filtere the Solvent renove 0 gl ve crude e conmpound. The

resi due was taken up in |ight petrol glm (200m ), 30g of silica gel was

added and this poured onto a colum © silica gel (150g) under vacuum The
(

colum was then eluted with 100% i g betrol eum (800m, fl), 5% ethyl
acetate/light petrol eum (800nt, 12), ef.hyl acetate/light petrol eum
(800mt, f3), 25%ethyl acetatje/light |petrol eum (800nd, f4), 50% et hyl
acetate/light petrol eum (80QENEHNafd 10% net hanol i di chl or onet hane
(800m , f6 ). The title product found in 13,4 (19.16g, 95%: [MHI+
(calc.) = 552.65, [MH + @efper 32. 65. -33 WD 2004/ 104015

PCT/ U82004/ 015876 [0120] Preparatli onlof 1-(2.4-dinmethvlyhenylb6-diisooropyl
phosphono-2. 3. 4-tri benzLIl - mann °de N e Cy H3BPO"O0

Ph

[0119]  To a stirred solution of dimethyl sulfoxide (4eq., 11.4g, 10.3ml) in dry dichloromethane
(300ml) at —60°C under nitrogen was slowly added a solution of oxalyl chloride (1.5eq., 9.26g,
6.3ml) in dry dichloromethane (50mil). After 5 min a solution of 1-(2,4-dimethylphenyl)-6-
hydroxy-2,3,4-tribenzyl-mannoside (20.2g, 36.4mmol) in dry dichloromethane (120ml) was slowly
added. The reaction mixture was stirred for a further 1hr at —-60C after which triethylamine (8eq,
29.4g, 40.3ml) was added. The reaction mixture allowed to warm to room ternperature, stirred for a
further 1hr and then poured onto water (500ml). The aqueous layer was extracted with
dichloromethane (2 x 500ml). The combined organic layers were washed with water (3 x 500ml),
dried (Na;S0Qy), filtered and the solvent removed to give crude title compound. The residue was
taken up in light petroleum (200ml), 30g of silica gel was added and this poured onto 2 column of
silica gel (150g) under vacuum. The column was then eluted with 100% light petroleurn (800ml,
£1), 5% ethyl acetate/light petroleum (800ml, £2), 10% ethyl acetate/light petroleum (300ml, £3),
25% ethyl acetate/light petroleumn (800ml, f4), 50% ethyl acetate/light petroleum (800ml, £5) and
10% methanol/dichloromethane (800ml, f6). The title product was found in 3,4 (19.16g, 95%):

[M+H]" (calc.) = 552.65, [M+H]" (exper.) = 552.65.



(

O H3CPh/ O r O Ph {Ph [0121] To a stirred suspension of sodi um hydride
(60% 1.1 eq, 1.57g) in qu tetrahydrofuran (100m ) s/at OC under nitrogen
was added opyl nethyl ene di phosphonate (1.2eq, 14.3g, 13.3m

A Cer donWe adspi opY o, o 1! ene dipnosehionate (1260 g i Govorsere
1-(2, 4- d|nethylphenyl)-6-aldehydo-2,3,4-tribenzyl-nannoside (19. 168,
34.7mmol ) in dry tetrahydrofuran (100nil) was slowy added. The reaction

m xture was allowed to warmto roomtenperature and after 2.5hr poured into
a saturated amoni um chloride solution (200ml). The reaction m xture was
extracted with dichl oronmet hane (I x400 and | x200m ). The conbi ned organic

| ayers were mashed mnth mater drled (Na2804), filtered and the
sol veft2Qle npPeeparatien of d(24rdimethylphey HSOp OS] trifigenayini) , 509 of
silica gel maxmadﬂﬂd and thls poured onto a colunn of S|I|ca gel (1509)
under vacuum The colum was then eluted successively with 100% |i ght
petrol eum (800nil, fl), 10% ethyl acetate/light petroleum (800m , u), 25%
et hyl acetate/light petrole§Q1(800nﬂ 3), 50% et hyl acetate/light petrol eum
(800mL, f4) and 10% neth / di chl § et hane (800mL, f5). The title product
was found in fl,4 (22. §ﬁb 90%) : [: Fr. (calc.) = 714.82, [M-H)+ (exper.)
= 714.82. -34 (- r WO 2 4#&04015 PCT] UsZH04/ 015876 [0122] Preparation of
1- (2, 4- dlnethylphenyWF l.«bhosohono- mannosi de oh CH3 \ ah 0 0
H3C HO'" oN ON [012 A solutgon.}of 1-(2,4-dimethylphenyl)-6-diisopropyl
phosphono- 2, 3, 4-tri B¥hzyl 5 -Mag d 7. 11g, 10.0m ) and pal | adi um on

char coal (10@6 5.18g) in a ethanot, ter acetic acid mx (95: 5: 1, 100nl)
was shaken under a hydrogen at %her #- 60-65psi) in a Parr apparatus and
nonitored by thin |ayer chromat Qgraphy (Ethyl acetate/ethanol/water,
85:10:5) and nass

[0121} To a stirred suspension of sodium hydride (60%, 1.1eq, 1.57g) in dry tetrahydrofuran
(100m) at ‘O°C under nitrogen was added tetraisopropyi methylene diphosphonate (1.2eq, 14.3g,
13.3ml). After 10min a solution of 1-(2,4-dimethylphenyl)-6-aldehydo-2,3,4-tribenzyl-mannoside
(19.16g, 34.7mmol) in dry tetrahydrofuran (100ml) was slowly added. The reaction mixture was
allowed to warm to room temperature and after 2.5hr poured into a saturated ammonium chloride
solution (200ml). The reaction mixture was extracted with dichloromethane (1x400 and 1x200ml).
'The combined organic layers were washed with water (2 x 200m]), dried (Na;SOy), filtered and the
" solvent removed. The residue was taken vp in light petroleum (300ml), 50g of silica gel was added

“Q

and this poured onto a column of silica gel (150g) under vacuum. The column was then eluted
successively with 100% light petroleum (800ml, f1), 10% ethyl acetate/light petrolenm (800ml, £2),
25% ethyl acetate/light petroleum (800ml, £3), 50% ethyl acetate/light petroleum (800ml, f4) and
10% methanol/dichloromethane (800ml, f5). The title product was found in £3,4 (22.54g, 90%):
[M+H]" (calc.) = 714.82, [M+H]" (exper.) = 714.82.



spectroscopy. Upon conpletion (several days) the reaction m xture was

filtered and the solvent renoved. The residue was taken up in

di chl or onet hane (100m i/ 50g of silica gel was added and this poured onto a
colum of silica gel ( g) under vacuum The coluhm was then eluted with
100% di chl ¥PGREYWENSE (400 , 1), 2.5% met hanol / di chl or onpttyasmoéBeme | |

f2), 5% nethanol/dichloronethane (800m , f3), 10% net hanol /di chl or onet hane
(800mL, f4), 25% nethanoll dichloronmethane (400nil, 5) and 100% et hanol
(400mM, ff). The title product was found in f3,4,5 (4.10g, 92%: [MH +
(calc.) = 446.47, [MrH * (exper.) = 446.47. [0124] Preparation of

1- (2. 4-di net hyl phenyl ) - 6- - Rhoghono- mannosi 0% SOH / ~P HO HO OH OH [0125]
To a stirred solution of 1-(2,4-dinethyl phenyl)-6-diisopropyl
phospl@i2e] marmesarstéon df51-(24.dishethOhphenyl)-6-dii Bhesphbhid-rRankaedsl) at room
13.0g, 17.Sm),

foll owed by sodiumiodide (I0eq, 19.3@) and the slow addition -35 WO

2004/ 104015 PCTI U82004/0158EQ of chlegotrinethyl silane (10eq, 14.0g,

16.3ml). The reaction i'rred o ght then filtered through a plug of

celite which was washed wi t\a 2% tri etpfiagj ne in di chl oronet hane (200nt) .

The solvent was ren%%/ed%vﬂe residuelwas taken up in 2%triethylamne in

di chl or onet hane (400 ;}ram #Pth water (2 x 200ml). The organic

| ayer was dried (Na2SQM4), ind t he sol vent renoved. The residue was

taken up in dichl or of¥€t hane/ wgit (*ond, 400nil), trifluoroacetic acid added

(5n) and the stirred mxture warged to 55C for I hr and the dichl oronet hane

allowed to evaporate off. The solution was allowed to cool, wash with

di chl th th t to. give i tint] d. Th
Comot RERSEL T S AdPploR2s A2 BnetiRYiES Bschrpoe eipbono P Eoiibdtng. |
(3. 41ghanrokide: (7[1VEH 0t0rtaf® dnd)paftadird of bharcdlt il 0%( £ X88)1in b ethaB6E wiler atdtib2Rld | N a

simlar manner to the foregoing procedure and using the appropriate

r eagemi%(93: §nb 108mDovrsRhakeipdenaibydiesen anesphered ~6@6Apuiline Ram apparetuseanded
and T 4 i BYRE MRl (BB Rk ARSI 891 28 B OPOUns
spectroscopy. Upon completion (several days) the reaction mixture was filtered and the solvent
removed. The residue was taken up in dichloromethane (100ml), 50g of silica gel was added and
this poured onto a column of silica gel (100g) under vacuum. The column was then eluted with
100% dichloromethane (400mi, 1), 2.5% methanol/dichloromethane (800ml, £2), 5%
methanol/dichloromethane (800ml, £3), 10% methanol/dichloromethane (800ml, f4), 25%
methanol/dichloromethane (400ml, £5) and 100% methanol (400ml, f6). The title product was

found in £3,4,5 (4.10g, 92%): [M+H]" (calc.) = 446.47, [M+H]" (exper.) = 446.47.

(' [0124]  Preparation of 1-(2.4-dimethylphenyl)-6-phosphono-mannoside
CHy

[0125] To a stirred solution of 1-(2,4-dimethylphenyl)-6-diisopropyl phosphono-mannoside
(5.74g, 12.9mmol) in dry acetonitrile (200ml) at room temperature under nitrogen was added

triethylamine (10eq, 13.0g, 17.8mi), followed by sodium iodide (10eq, 19.3g) and the slow addition
-35-



pharmaceutically effective. (a) :
1- (2,4, 6-trinethyl phenyl)-6-phosphono-manosi de, [ MH] + (calc.) = 376. 34,

[ M+ (GepbalgamsS76- 34 (D) .

1-(2-met hyl, %ﬂ orophenyl ) - 6- phosphono- mannosi de, [ MrH ECTUSHE4915876355 73
[ MtH] + (exper ) 382.73. (c)

1-(2-met hyl, 4-fl uorophenyl-) - 6- phosphononmannosi de, [ MtH + (calc.) = 366. 27,
[ MtH] + (exper.) = 366.27. (d)

1-(2-methyl,4-trifl uoronet hyI ) - 6- phosphonomannosi de, [M+H + (calc.) =

416. 28, [MH—I] + (exper.) = 416. 28. EXAIVPLE 2 Inhibition of T- Iyrrphocyte

M gratl Ac,ro R | n_ Endot hel | Cel |l  Layer . Reparation of_ Br
Endotdfehlo 1?@655 %1598 o TeastianoVes St o eas Bien Fleredy ai n

ver. L@“&%ésﬂg& Qﬁe%ﬁé@?ﬁ%ﬂ*@% 18 shctaffsledn Rl o DR R0 VI T
as:jr m?lweaiw t;ahgllqmﬁﬂym?i:aggs%pmmz?itﬁlﬂmbmmgd WO 28 ( 401&'3emdnt

e S
gea}h ‘?@Sgil 3198 G RDIBD. e oo Ry s i BNerSn S L s OISR o
mE‘tppl errent ed vm t ﬁ 20 0/% ‘ziaq ca?kg‘ﬁger um %F(ﬂ(l %ﬁh@ﬁm%b%@?t@xg

nonessdded 65&11) amd the stiredimixthieREEmesd td £5°Cofiod lla‘rﬂndtlhmﬂnchlmc(meﬂmpﬂowed to

anphotericin arin (all,fro CO ture vvere Ierrented W th
150, i rorste aft Rk LR gra iR 08l avaen with SRRy tiane e e BB c o

Pr odyghsvedB @ive ifipar ik conuhd CTRE wasfhch BlliféEsn WRERe @ﬂxc&"t& v9 w0 EDTA
in phosphate buffered saline (PBS), trypsSini zed (Try SI n- EDTA, f| nal

conc ditlecampowd (vl ghEe)nEMF BT t(cdlad sd6i3 nMHET (WIJF:B’@F&IL body for 40 nin,

washed and i ncubated with conplenent sufficient to lyse all Thyl.l+ cells

( Behr[012$)er ke, I\&sinkitar manger iGeherforggoingy procudnret andpeirgt the appréfrihoieagetits, wer e

t hen pl ed on Matrigel coat.e ran re size

( Cor r‘iﬁ%@lﬁﬁgeﬁ““&’ %r %‘? “Eign‘g;q é‘nngbﬁ %V%Eiﬁfﬁqn@& and confl uence
of t hAaMREIRMRY ef¥Rive aﬁﬁeﬁﬂfﬁ%e%in,f’%ﬂﬁjéﬁhquﬂ-@? afd 860 bd shRwnfteBe St ance (World

Precision I nstrunents, New Haven,
pharmaceutically effective.

(a)  1-(2,4,6-trimethylphenyl)-6-phosphono-manoside, [M-+H]" (calc.) = 376.34, [M+H]"
(exper.) = 376.34.

®) 1-(2-methyl,4-chlorophenyl)-6-phosphono-mannoside, [M+H]" (calc.) = 382.73,
[M+H]J" (exper.) = 382.73.

()  1-(2-methyl,4-fluorophenyl)-6-phosphonomannoside, [M+H]" (calc.) = 366.27,
[M+H]" (exper.) = 366.27.

(d) 1-(2-methyl,4-trifluoromethyl)-6-phosphonomannoside, {M+H]" (calc.) = 416.28,
[M+H]" (exper.) = 416.28.

EXAMPLE 2
Inhjbition of T-lymphocyte Migration Across Rat Brain Endothelial Cell Laver
Preparation of Brain Endothelial Cells (ECs)
[0127] Vascular ECs were isolated from rat brain capillaries of 6 to 8 week old Lewis rats
according to the method of Risau, W et al., 1990, J. Cell Biol. 110:1757-1766
Colonies of ECs were purified from astroglial cells and pericytes
using anti-Thyl.1-antibody and complement-mediated lysis to remove unwanted Thyl1.1+ cells,
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US A, nodel EVOM G and by staining with FITC-| abel ed phalloidin (Sigm).
. Meli n Basic Protein (MBP)-Specific T Cell Lines [0130] To study the effect
of agents of the present invention on T |ynphocyte migration, MBP-specific
T | ynphoc ell |lines were generated according to the method of Ben Nun et
Eur\é{&uﬁ” 19493 nol . 11:195-199 (1981); starting wi t RCTASRIME@Y3886  from
the LNs of Lewis rats that had been i nmunized with MBP in conplete Freund' s
adjuvant (CFA). These cells were used for mgration studies during the
first 4 days of their propagation in |L-2-containing nedium follow ng MBP
restimulation in the presence of antigen-presenting cells (irradiated
spleen or thynmus cells fromnormal Lewis rats). [0131] These stinulated T
| ynphocytes were radiol abeled with "Cr (Na51Cr4, 37 MBg/ml, Anmersham UK)
f or 3f91¥!$]~.ut es Hhe EQ colgnicn wste groPanusingepnyentiosal metheds, w:eD@lbpm Medified t hree

cel | SEHIb3 AR BOBEP AR a1 R8s, tieRRE AR R NSRRI e e 1
i ncl uglathniine, phaviepadnesstntisl adind hdidd, HBPBSARiTLer atd atibidtcs @xai;amircﬁﬁd 10 nM

"Cell mgration was assessed vi suaIIy by light mcroscopy to gauge progress
of th@ngaqs@ imeand hepadn @lblem GIRCOja Sultures ez wpplementedavitiolf0sig/mher eupon

| co- coraopae gR5in Simileelly BarE b= R RESSALERE Ry UeRE ishiZe chamber of
the veinfucRApEG QNS ek ahidlni B EDTA i 4 B oG (9004 015676

counted for radioacti Vi t;; ganmma count er ackard Aut o- Gamma 5650

( DowngYpsitigd{(Feypsin-ED Igf'aﬁﬂﬂ c@mmon) I?é@ﬁhed andargrtepated Wil antio Thidsl run in
E : Iezlglt man%’?y ﬁ%%ﬁ&?‘? eegg'g&]uh fsﬂL"’ftr oma ‘frg%l ca s@%@%@??@ﬁ?gg}??gﬂ% qusn Tabl e
i ffop et romng L1 oat mant haL bt Lo el U6s. ar6 1N copparison. i th ¢ he
negat 'Odélcont r ICS vraqgﬁécnlpqqtgg S@PS’% ccga(eg@ i‘mn FP?Wﬁlka 1 MYhPYIE size))

i E g & ogﬁJtH? m%ﬁ%\@(}?@iﬁényl ?, %ﬁ%@g%?%ﬁ%&gﬁxg (133%@ ahd éonﬂuence of the monolayer

were checked by measuring the electrical resistance (World Precxslon Instruments New Haven,
U.S.A., model EVOM-G) and by staining with FITC-labeled phalloidin (Sigma).

Myelin Basic Protein (MBP)-Specific T Cell Lines

[0130] To study the effect of agents of the present invention on T lymphocyte migration,
MBP-specific T lymphocyte cell lines were generated according to the method of Ben-Nun ez al,,
Europ. J. Immunol. 11:195-199 (1981); starting with lymphocytes
from the LNs of Lewis rats that had been immunized with MBP in complete Freund’s adjuvant
(CFA). These cells were used for migration studies during the first 4 days of their propagation in
IL-2-containing medium, following MBP restimulation in the presence of antigen-presenting cells

(irradiated spleen or thymus cells from normal Lewis rats).

[0131]  These stimulated T lymphocytes were radiolabeled with *'Cr (Na®*'Cr0s, 37 MBg/m,
Amersham, UK) for 30 minutes at 37°C with occasional agitation, they were then washed three
times with DMEM and placed into the upper chamber of the Transwells at 5x10° cells in 100yl of
“migration medium.” Test and control substance were included in the upper wells at final
concentrations of 0.1, 1 and 10 mM. Cell migration was assessed visually by light microscopy to
gauge progress of the experiment. The experiment was terminated after 6 hours, whereupon the
undersurface of the membrane filters were rinsed twice with 100 pl of ice-cold PBS-0.2% EDTA

and combined with the medium of the lower chamber of the weil. The combined material was -
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(2 -

(2-met hyl , 4-f 1 uor phenyl - phosphono- mannosi de 53 t(2

(2- et hy, AN ronet hyl } 6- phosphono- mannoside 88 t 3 __negative contro

glucose-%qﬁﬂ%égﬁgﬂg 0t 5 [0133] The results show that ?ﬁgﬂgﬁwﬁmﬂﬁV$erent

M6P derivatives (phosphono-mannosi des) significantly inhibited T cel

m gration across a nonol ayer of brain-derived ECs in vitro. EXAMPLE 3

I nhi bition of Lynphocyte M&ration into Lynphoid Tissue [0134] Lynphocytes

wer e obtained fromspleens of 6-8 week old femal e specific pathogen- free

Bal b/c mce (19-21 g). Single cell suspensions prepared by conventi onal

means shing ..throygh a stainless steel.scregan). ood ¢gells re

yecd DR EAPHiRpHTR T d alipfie o ol ArGREA o0 DAV B AT L

chl or iggy) gﬁamépﬂﬂt&.- | chfeattihtPEORE Wak relinthp ﬁéd%@‘ite&ﬂ‘,{g@h@@mﬁrol Eginlion 2350
c on I ce.

cell strainer. ell preparative steps were perforne | were
sus pegluebse A-phosplate)andinorwatmeptiphocyt e cul ture nmedi um (DVEM pl us gl ucose,

foli l,d, L- ' di bi t L.- t.ami ' te,
+EPESIT5 s cap BEFHANB FOMILRPIER FPHOETh 2R PO A Loy 1he B Hir )
[ 0135 }heFthaos® Cg?ms_?ﬂﬁtwa@ndi@ﬁhﬁceny Rifferetit HOAThE GedthRnt Thhibition valies htedfl I at
anti - nouse 5B220 anti body (RA3-6B2 cl one; Phar M ngen, USA) at a

concefemparisgn with the pegativecertrad/ 11 and i ncubated on ice for 20 minutes. An

equal vol une of culture nedium (as afaém )1 was added and -38 WD 2004/ 104015
PCTI USH&%B—?—G—H*&&HW%ZCMA —anft—+esyspendeth at a

concenfration of 10Vesiaubstamce (10 mMp\vag goat a i%?mibiﬁgm(m%ﬁw( "GARI G )

(oo a9tuag 4 Bini@iyiphi ofc¥idnodSe et vy Diaongetigs |
R pi oy T TR e SR oy el

DYl o e el e g ch |

popul a m[@ﬁﬁﬂiﬁf%@%w)aﬁﬁgm%%@a%wel ymhacyt ed3 d (t?h’at ernined by FACS

anal ysi 4)(2-matiy84itrifiieroasthyl)-gephesphemo-neariogiden |Hanks 8@ltdiced sa t
sol uti “”ré{@?@thﬂiﬁﬁgﬁgeﬁ- .~h !sgga i T of HE_?;;\ !cmor radi 6’1';{:2 belted Wwth "Cr

for 30LmR d—above). abel ed Js werle washed

in PBS, centrifuged (200 x lg), and a portion were resuspended at a
concefiBdl i on e results show that the five different M6P derivatives (phosphono-mannosides)

significantly inhibited T cell migration across a monolayer of brain-derived ECs in vitro.

1- (2- et hyl, 4-chl or ophenylf)- 6- phosphono- mannosi de. 65t 4
1- -6
1-

EXAMPLE 3

Inhibition of Lymphocyte Migration into Lympheid Tissue
[0134] Lymphocytes were obtained from spleens of 6-8 week old female specific pathogen-
free Balb/c mice (19-21 g). Single cell suspensions prepared by conventional means (pushing
through a stainless steel screen). Red blood cells were lysed by treating with a solution of
bicarbonate buffered ammonium chloride- EDTA (pH 7.3) and the preparation strained through a
Falcon 2350 cell strainer. All cell preparative steps were performed on ice. Cell were suspended in
a conventional lymphocyte culture medium (DMEM pius glucose, folic acid, L-asparagine, sodium
bicarbonate, L-glutamine, sodium pyruvate, HEPES, 2-mercaptoethanol, penicillin, streptomycin,
neomycin, and 2% FCS).
[0135] B lymphocytes were depleted by suspending the cells in purified rat anti-mouse
CD45/B220 antibody (RA3-6B2 clone; PharMingen, USA) at a concentration of 4 x 107 cells/mi
and incubated on ice for 20 minutes. An equal volume of culture medium (as above) was added and
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.of 3 x 10" cells/m in elther PBS (negative control) or PBS containing
phenyl mannosi de 6- ph sphate (25 my/mM in PBS; pogitive control) or PBS

cont ai ni ng onpound (25 ng/m ), and stored on ice, Cell viability
was confi r?fe&gﬁﬁg{qbﬁout the procedures by trypan bl ue ex®CTYSIIPH01H.I6)

mce were injected intravenously (iv) into the lateral tail vein with 0.2 ni
containing 6 x 106 | abeled | ynphocytes and 0.2 m of either PBS (negative
control), 5 ng positive control or 5 ng test conpound. Al groups of mice
were wei ght matched (+0.5 g). [0137] Spleens fromrecipient mce were
renoved 1.5 hours after injection, and the cell- associated radioactivity
was detern1ned u5|g£(a gamma _counter (as above). Resul.ts of inhibition of

| ympho&ig 20Qtx£)apd resyERea raeeoemgereaf HY cgllyfml inBioMpg goat

reour i co%déf&ﬁ‘?ﬁsvglﬁ“iﬁ°ﬁ€%a‘?§{‘ﬁ w208 BERE BB ML Rt RE PRt

i Ph |t EI Pblyscierices, )Iimhﬁsm eFaﬂcgnag B @0 mlﬁm&)cubiﬂlm cpxgms,phdnmgmﬁam eﬁdrylh ¢ miaugeauNds
t t

i o ot Fhlls Timing ke GARIGY S8-ChISEb fubads ol werk Sl s g ANl ¢ 2

T

i b By R EFC G DPRGTUSA) YR B 2 R Wi PO e

1-(2, 4p6pulattmtdoytaumlrgaa];plroxiﬁlapﬂw&¢}ﬂ%d: lympbosytes(ds@nained by FACS analysis).

1-(2- ,4-ch - 6- n03|d 45. 0 .

1- ( 2- 5@443 . 4- fI d aﬁ%‘ﬁﬁﬂ%@“ﬁ Bgﬁbmn (HBSS), resuspended in

1-(2- ngtuh])dei?SS hﬁdﬂuﬁf Mi‘ahmmbmwawc% &%q%bed%%o%)\/\@he labeled
(2004/104015 PCTfU82004/015876 EXAMPLE 4 I nhibition of T Lynphocyte

M gr at £dls wese washed ia PBAptastrifogead €80 &)/ andvi postigroweg|restspended ated ¢onsenirsdingi ons

65 well S pn e EERES Gopsthh S8 O SS Yl Rn R BusnBBA08T" Ve
ear | i ephosphdie {(85ahyimi ¢ PBS] psitivevohtiol) 6r BB 2omthinighe teaticdmppuad(29/mghnly, 1 cn?

shaved area of abdonm nal _. skin.
and stored on ice. Cell viability was confirmed throughout the procedures by trypan blue exclusion.

-
.-

Balb/c mice were injected intravenously (iv) into the lateral tail vein with 0.2 mi containing 6 x 108
labeled lymphocytes and 0.2 ml of either PBS (negative control), 5 mg positive control or 5 mg test
compound. All groups of mice were weight matched (0.5 g).
[0137] Spleens from recipient mice were removed 1.5 hours after injection, and the cell-
associated radioactivity was determined using a gamma counter (as above). Results of inhibition of
lymphocyte migration into the spleen were expressed as a percentage reduction in the CPM of the
spleens from treated animals compared with negative controls.

(_ [0138} The positive contro! compound caused 70.5% inhibition of lymphocyte migration
(n=4). The phosphono-mannoside compounds of the present invention and their relative inhibition
of lymphocyte migration in vivo (compared to negative controls) are presented in Table 2.

Table 2
Inhibition of [ymphocyte migration into spleens.
Compound % inhibition
1-2,4,-dimethyl phenyl)-6-phosphono-mannoside 82.4
1-(2,4,6-trimethyl phenyl)-6-phosphono-mannoside 85.5
1-(2-methyl,4-chlorophenyl)-8-phosphono-mannoside 45.0
1-(2-methyl 4-fluorphenyl)-6-phosphono-mannoside 68.0
1-(2-methyl 4-trifluoromethyl)-6-phosphono-mannoside 87.3
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[0140] B | ynphocytes were depl eted as described in Exanple 3. The enriched
| ynphocyte popul ation contai ned approxi mately 85- QO%YT | ynphocytes and <1 %
B cells (detern1ned by FA anal ysis). [0141] The cells were |abeled with
51Cr as i WOSMAMIMEIS " Reci pient Balb/c mice were . injectt&FYS20R1F876he

| abel ed cells and with test or control conpounds as in Exanple 3. In this
study, however, one hour prior to this injection, the right ear of each
nouse was painted with picryl <chloride (0.1%in ethanol) to induce a

| ocal i zed antigen-specific inmune response. As is known in the art, the

i nterval between antigen-treatnent and adm ni stration of test agents and
mgrating cells can be varied, including extensions of greater than one
hour. [0142] Between 9 and 10 hourEXAﬁIELEanu5|on of the radi ol abeled T

cells (thoug . ! _ ham zed by
Q02, their r¥ont—are o ' ials for
gammgngyptl ng, s @ﬁpﬁspaﬂla@% &Q&é@isﬂmmkﬁl Sﬂb@d&duﬁ’s Werelspegrhocyt e
magration | nto t ear gl nna wer e expr essed as a per cent age

r educpatboganﬁwfeiimk@id fermale Bejhic me(q&rﬁﬁ)eWhmbhadbem@smmdmw npar ed

non- s R it Rl h1oBiaB 0T 28 1 S Bled fp R ICa L pr) Rp PR R ofaBfomina

(nonckighl enged) ear pinna was subtracted fromthe CPMin the right ear
pi nna_of the sanme animal prior to determ_ning_the nean for each group

[ 0144{0148kul t s Blympheayigsivtess depleted asdaseribpddn Fxamplesd | Bie enriched lymphoede

subst %&(} I

pheny?‘?}g&éﬁospﬁo "‘m%ﬁg’mom aysllgt?dg%ﬂ%p}ﬁ?e}t %Pé %%%F @etefmlfwgle’ﬁFACS

m gr ahnabysis)40 C C V\D 2004/ 104015 PCT/ US2004/ 015876 EXAMPLE 5 I nhibition of
Cel | - i ted D| se he . Cent cal rvaus , Qyst .0145
Experh(ﬁg ﬁgéﬁaé‘f‘ PIp £X ’\E i g‘?trﬁe‘?q%(ﬁﬂé‘f%‘i” di sease
of t.ﬂﬁecfe%rw wh tﬁ@Ia\S@!éa csussmmﬁat &a%aﬁéolscbmpbaﬁdstas% E&Qmﬂlé'?ot Imltﬁs acah rosis
(M5) and has therefore been used extensively as an ani mal nodel of Many

r ef er howeyver, ope hourpris de thiginiection, thetight eanofidaeh mouse was painted with picryl
chloride (0.1% in ethanol) to induce a localized antigen-specific immune response. As is known in

the art, the interval between antigen-treatment and administration of test agents and migrating cells
can be varied, including extensions of greater than one hour.

[0142] Between 9 and 10 hours after infusion of the radiolabeled T cells (though this can be
varied) , the recipient mice were euthanized by CO», their right and left ear pinnae were excised and
placed in vials for gamma counting, as described above.

[0143] Results (inhibition of lymphocyte migration into the right ear pinna) were expressed
as a percentage reduction in the CPM of the right ear pinnae from treated animals compared with
the right ear pinnae of the negative controls. To control for non-specific migration of ceils, the
(CPM) radioactivity in a left (nonchallenged) ear pinna was subtracted from the CPM in the right

ear pinna of the same animal prior to determining the mean for each group.

[0144] Results from a typical experiment are shown below.
Table 3
Test substance {5 mg/mouse) Route Inhibition*
1-(2,4,-dimethyl phenyl}-6-phosphono-mannoside. v 56.1

*Percent inhibition of T cell migration
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medi cal and scientific literature. See, for exanple, Paterson, PY, In

Text book of | mmnopathol ogy (M escher, PA et at, eds) Ginme & Stratton, New

York, 1976, especially pp. 179-213; A vord E. C r., In: Experinental

AI I erg| o I is: A Useful Mddel for Miltiple ScI erosis (Al vord,
ed. )IItf?@Z)u?% York, 1984, pp. 1-511; Steinman, C@B?%Pﬂ*("&ﬁi’“

AITEI’I can, 269:106-114 (1993). The pat hol ogy of EAE is characterl zed by an

influx of | ynphocytes and nonocytes into the brain and spinal cord with an

associ ated denyelination of the central nervous systemneurons (Rain, CS et

at. Lab Invest. 43:150-157 (1980); Paterson, PY et at, I|Inmmunol. Rev.

55:89-120 (1980)) resulting in partial or conplete paralysis and in severe

cases death. Neural antigen-specific CD4+ T |ynphocytes are the initiators

of the response since in vivo depl &X&MP&EW+ T cell s i nhi bits induction

of EAE (wald cel |
I i nes or cl 'E‘bM% at, Europ.

the mgéle 12: 4@%@?&%@‘%@°%}%ﬁﬂhﬁ% ol 12 . 303- 30&% Thys

ti ssuepg Ié&ﬁtafl hervoldsydin @Wlﬁﬁuésh@rﬂ@[tﬁﬂ@ﬁlerbﬁy ems) afd WY thitefordbdeh!

I nduction or pathogénesis of EAE are expected to be useful for treating M5
or ot hesed extehsively anamanitiabmadelof MS.t Manyiegerencss ito this modelans available in thenhuman

O soasietire i el Rheie S i pRhies PRcbar 35 o 28Rk o sl

i nto aiessHer, PA driad. k) Gridde &ISHafton, NaWe Yo 1976, eSpeRiall fwmﬂs IAverAgE.ceW s
rat nodel_ of passweI}/)transferred EAE. MBP-sp e\(?lgfgl C ?ﬁi’? ocyte cell

li nes Iterle: Aflengie Eneeplelammelitly: ddsefd M@Iﬁi.@rmlapkwglerwd%@gﬁ,

mmun t e I rd f..Ben- Nun et
1’1 Y I%@?’ewghpsw(v%?ﬂg?ﬁ%fg’? i?'% P'ét nphocy g‘s %%%éh%%ﬁhf@dm& lgmal eulo
to 12 (198X). qhe phtologylod EAE isehghcta@zdi&@ ananfhi0oHlymphecytes siid mdiadytoeinto the

I nj ected lntra,derrrally in each hind fﬁotpad th an enul sion of guinea pig

NBP (g‘i‘WBF’P BPIBf:FoEd Wath ag agoipted slemye cctentipl neryeug Sygtem BewPRY M - 41
WO 20 4@&5; BCTLb 530449 iﬁﬁfﬁ (1336)3%&1@511 (B9 2241, Imuﬁgﬁxw sgfsgniizb The

adj uvant emul si on was prepar ed erul sifyi'ng equal volumes of a m xture of
| i ght (1P8®B) B:Isullbng u(ﬁargala:)r camqﬂeep mmmmdmfsev&mea@pﬂﬂﬂu Newsl antigen-apdcific (0. 5

ng/ m ) bacte r| o Difco) us
racer VIR SARRET ST Sl el B Bectertieics t eSS GRFET OB days
inhibits induction of EAE (W aldor, MK et al., Science 227:415-417 (1985)..0nly CD4" T cell tines
4
or clones can passively transfer the disease (Holda, JA ef al., Europ. J. Immunol. 12:453-455; Ben-
Nun, A et al., J. Immunol. 129:303-308). Thus, the disease may be characterized as being T

lymphocyte-mediated and tissue-specific.

[0146] Compounds of the present invention which inhibit induction or pathogenesis of EAE
are expected to be useful for treating MS or other cell-mediated diseases of the CNS, both in
humans and in nonhuman mammais.

[0147] To study the effect of the present agents in vivo on a disease that includes in its
pathogenesis the migration of T Iymphocytes into a specific tissue, the brain, experiments were
performed in the Lewis rat model of passively transferred EAE. MBP-specific T Iymphocyte cell
lines were generated from the draining LNs of Lewis rats that had been immunized with MBP in
CFA essentially according to the method of Ben-Nun et al., 1981, supra.

[0148]) Donor T lymphocytes were generated from female 10 to 12 week old Lewis rats
weighing 150 to 200 g. These rats had been injected intradermally in each hind footpad with an
emulsion of guinea pig MBP (gpMBP) prepared according to Deibler, GE et al., Prepar. Biochem.
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following injection the rats were euthani zed and the'draining LNs (popliteal
and inguinal) were renoved aseptically by blunt dissection and placed into

| ynphocyt Qv&%(,g}imﬂﬁssdi um as described above. A single %g]g['ﬁig‘ﬁ@g?%kon was

prepared fromthe as descri bed above for spleen. The washed
twice in culture nediumand any red blood cells were |ysed with amoni um
chl oride as above. [0149] These cells, at concentration of 5 x 106 /m were
cultured for 72 hours in the presence of MBP (0.06 ng/m) at 37Cin a

hum di fi ed at nbosphere containing 7.5% carbon dioxide. The cells were

coll ected and the | ynphobl asts were isolated by centrifugation on a Ficoll

Ph ' U |l a, Swed dient in an dentjcal er to that
doscr 1B H BBANIN ot al . Supra. The. 1B GHELBH: ARsHgvesGapon was
D" PRt Sy Bitulkitlind el VTS ot h B @RRY1ghe KM (SYh )t SoRB o (157

v/ V) tur'e supern nt containing a mxture o actors

( supertheppMBPGh nonmal sabine(0l Sm/nsl) andbfptabdcieyimatiotyican) (4 mPlf Bifed). Thbd,
serum nonessential amno _acids (Bio-Lab, Jerusalem Israel). No antigen

(VBP) SRel rak gesetyed s Ybug of MBFand 400iugaf 0 hypaicerr. Anpravmately Hbds¥ di shes at

Fr anor ool it e s WareRinanioEh off fho ERE TR TNl o sbaBBlSpe™ ' O 1O

ant i gemsmotdFaseptically by/bidnt disssvtion iand pldcead iath lymphesyee cultuby madiiress, deacribed

antigep-presenting,cells, for 4 days.. Thes ultured, ,stim ated
|ynpﬁc?39?% s I@Hﬁgﬁﬂ@ﬁ&@ﬁﬁ@ﬁpﬁé@m&éﬁ% e@fsr&s&ffasvealar FRlccsi g
I nduc efRAsRhd | L Sl at | gﬁm Alm @
group%g%lgg&fenapéecptlfg\;e\# ﬁ“&?@%@oéﬁégﬁl%%@ﬁ%@%wg Ing 110f 15
gr ans ohbidensshbdvet i zed with diethyl ether and inplanted with nini-osnotic

S et 20Q2, Al rp... Palo t USA) .co | Dl .
0 ?2 z{ﬁf#ﬁi et h °iﬁ1‘éﬁi€1 %’B&eﬁﬁﬁ%‘mﬁ#&é ﬁ@ﬁﬁ&&%&ﬁﬁ“@éﬁzgﬂﬁ%ﬁ‘ bl saline
at a GREEREY JTNIBR0.06 dg/Md) 4t 397G th 4 Menidified adhospheicBntadfing! P sodadsinday. A

second _group_of 5 control aninals were inplanted under anesthesia with a

si mi | gioxidarpThesntlapiernepliegiedand thelymphoblagtsiwese isslatadby eensifgation anadficalhe
T ool 1\ picimc pbea) SWeaed) SAHTS, aliithicainkncdto bBFu@LAN (REAVR LLAOTT ©
appearsupra. Thelfmction ecitaiifg2®0% 1ifphdiladtCrad Sameed Hha&76 completecDMEM ftect of
Treat TEntn whd aidsd {59 v Teullite sp it con o o S T RSt Gt
(supernatant of concanavalin A-stimulated lymﬁhocytes), 10% fetal calf serum, nonessential amino
acids (Bio-Lab, Jerusalem, Israel). No antigen (MBP) was added. The cells were originally plated
in 100 mm petri dishes at a concentration of 2 x 10° cells/ml and replated every 3 or 4 days. Prior to
transfer into Lewis rat recipients, the cells were restimulated with antigen, MBP (0.01 mg/ml), and
irradiated syngeneic thymocytes, as antigen-presenting cells, for 4 days. These cultured, stimnlated

T tymphocytes were highly encephalitogenic: as few as 5x10° cells could induced disease in naive
Lewis rats.

[0150] In a typical experiment, a group of 5 female Lewis rats, approximately 9 weeks old,
weighing 110415 grams was anesthetized with diethyl ether and implanted with mini-osmotic
pumps (Alzet 2002, Alza Corp., Palo Alto CA, USA) containing 1-(2,4,-diimethyl phenyl)-6-
phosphono-mannoside dissolved in normal saline at a concentration that delivered the drug at a rate
of 45 mg/kg/day. A second group of 5 control animals were implanted under anesthesia with a
similar pump containing normal saline. Just prior to recovering from the anesthetic, each animal
received 5x10° cells of the above encephalitogenic T cell line iv in 0.2 m] of normal saline. The

results of this experiment appear in Table 4.
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(

Passively Transferred EAE in Lewis Rats. Saline Mannoside Day Cinical
Scores Mean dini cal ores Mean (individual ratg) Score (individual rats)
Score 41.51.51.51.521.6000000 5222222001110.6 632
22222%W08041940357 7 2 001 10.8001010.4 D POUSOMISTsse
severity was scored on an arbitrary scale of severity ranging fromO to 5 as
follows: O, asynptomatic; 1, flaccid distal half of tail; 2, entire tai
flaccid; 3, ataxia, difficulty inrighting reflex 4, hind Iinb weakness; 5,
hind linb paralysis. D = Goup D sease Index (see below) [0151] Al of the
animals (5/5) in the control group devel oped clinical disease, whereas only
3/5 of the drug-treated ani nmal s devel oped di sease. Mireover, in the
drug-treated group, disease severity Wﬁﬂliﬁwer than that observed in the

‘controls, and dij n e of .t he ntrol rats devel oped
clini cai5 synpt Oﬁgi%%fso 'E:? @;’;\2{ 3’3“9&1 pB?SP?‘ﬂ O'H’raﬂﬁosf$e°&'t \éd rgts

had synptoms at this ti |n the control group
‘had maxi mum clinical scores for two co secujtlve days while none of the 3
dr ug treate anj_nal alingevel oped synlbt ons” had navamagside| | ni cal scores

for @zh il Oomuéé%coTB@ Seve“M Pl E fellnr%QFQ up of jf
cal cuI a | S (ihdRAdudl e ani mal ﬁ%el opi ng

%davam&@) ndex (g
di sease): dally clinical "score [k 100 nmean day of onset
.sﬁentOof Ohe Qi seflse by 0

ni c vergty ?nd du ion of the
t ol groug a D of 0, whereas
On a0 |d¢nt|2aII2 desi gted

after T ho yte t sfer and
their Soln.lzborgs spolo-|cai QE S _were
deepl § 'lf 219 TOUL © s DT THSed W LT e 10l 1T owed by 60
m 100 Mutral 43160 40
Disease severity was scored on an arbitrary scale of severity ranging from 0 te 5 as follows: 0, asymptomatic; 1, flaccid

distal half of taif; 2, entire tail flaccid; 3, ataxia, difficulty in righting reflex; 4, hind limb weakness; 5, hind limb paralysis.
DI = Group Disease index (see below)

Ean O

i ncorpor§t|
di sease. Us'
the tread ed

bo h onset and
?ula i on, t%e cda

g!roua haZi aZDI @ 40. 20153

experimept,| rats

[0151] All of the animals (5/5) in the control group developed clinical disease, whereas only
3/5 of the drug-treated animals developed disease. Moreover, in the drug-treated group, disease
severity was lower than that observed in the controls, and disease onset was delayed. All of the
control rats developed clinical symptoms of disease by day 4 whereas none of the drug treated rats
had symptoms at this time.

[0152] All of the animals in the control group had maximum clinical scores for two
consecutive days while none of the 3 drug treated animals that developed symptoms had maximum
clinical scores for more than one day. The severity of EAE for each group of rats was calculated as

a Disease Index (DI} which is (for those animals developing disease):

mean of daily clinical score x 100
mean day of onset*

This calculation allows a more complete assessment of the disease by incorporating both speed of
onset and clinical severity and duration of the disease. Using this calculation, the control group had
a DI of 160, whereas the freated group had a DI of 40.

[0153] In an identically designed experiment, rats were sacrificed on day 6 after T
Iymphocyte transfer and their spinal cords were harvested for histological assessment. Rats were

deeply anesthetized (Nembutal) and perfused with 30 ml saline followed by 60 ml 10% neutral
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( WO 2004/ 104015 PCTI US2004/ 015876 buffered fonnalin. Spinal cords were
renoved, fixed for 7 days{in 10% formalin and enbedded for sectioning. The
| unbar-sacral spinal cord was transected and the hal ves enbedded si de by
side for WOAMMWHIAal sectioning. Six 51i msections wer ePETUSHIESIOUS

| evel s through the cord with 50 m between |evels. Sections were stained
with hemat oxylin and eosin and a m ni mumof 30 sections -were counted at
different levels in order to quantify the nunber of |esions. [0154] The
following results were obtai ned. The control group showed an extrenely heavy
| esi on burden, on average approxi mately 15 | esions/section. In contrast,
spinal cords fromthe drug treated group had an average of 3.5 | esions and
no norfferaifosmalasi Spisdl sondsiweare remavied, finedifors? daystin d 0%aformalin ardembadEedior

Inhibition, O |J - Medi ated | ne Di sease of nqQvlal Tis \ .

(Pass| ﬁgf‘i‘%ﬂ‘ﬂﬂ-a%‘@ﬂl\ggﬁ; _ qmﬂ%ﬁ it wfssw? e'efg%;gasigg Mﬁﬂ%@émr )
adj uv aldt : Ak RS RBRC: Sr ViR [ cells
from Zin %nid%ﬁahpkvmh??iﬁgﬁt fivgmgrst%rl tis ar egtirans er rlesght%gggﬁlﬁgpflde syﬁg nei c

(r]I eci pimt_een'lﬂl.avnls_..ﬂabtlimsmh s!?maﬂmﬂ:lh?mmyhxtyndimsmth amba miinimuad _tfhm@uﬁob' msf :

i sease, includin oGyt e ration into e_synovi um wi subsequen
swel | i‘fﬁ?‘j’eﬁ?‘”ﬁﬁfgéﬁgﬂye}‘n@ﬂéigmﬁgg@ dsinumbenaf Iesiongt ¢ hi s di sease and
the d ence URR¥ g&@gﬁ&ggﬁ&mﬂ 2 efhe R ntrof S rs.
See fgrg?g?arrpl e: Kagg%‘k?ﬁ , et at, 1%6738, J. Ignél%gﬁkhlzo: 1127- 9}'111;16\463(”;1
V\aksrlrglgséil J am.a,Rr/eexahgﬁ?%pgb . JA é}é(l)ﬁashpslsé:ﬁen.gjn%? .I ;mﬁhl969mel\i?‘g ;e
at, : : : : - ; i tehoyse, et al.,. , ture
224; 138ted adpnaverage of 3 Srgsion ap g e AR 8 Isiantheiiopisithe Biost dfftetne
ef f ectan@thalt he agents of the present invention in vivo on a disease that
requires T | ynphocyte mgration into a specific tissue (synoviunm). Ml e DA
rats, 8 to 10 week old, were inmunized with three 100 | injections of CFA
intradermal |y at the base of the t BNAMPRE €A was prepared by nixing 8
ng/mM of M butygi ' _ R M (h"sirrn ground to a
fine powder usi ngi_lgmr?]oorng :?ﬁ-r | D é)nt' pﬁg}ra oi I (Signma,
USA) and 15% nmanni de norootreate SipLoRmEanLe g this suspension,

one .n one part .saline. Thus, th final .enulsion contained,4. ng/ nrl of
v b0 OO Britegedadien 53 S mpuestepedien Sisterni s
and t Rgtiiéh B Bbﬂseﬁ&p a8 ARl with active arthritis are transferred to a naive syngeneic recipient. The

naive recipient subsequently develops clinical signs of disease, including lymphocyte migration into

the synovium with subsequent swelling of affected joints. The immunological nature of this disease
and the dependence upon T lymphocytes has been well established for many years. See for
example: Kayashima, K ef al., 1978, J. Immunol. 120:1127-1131; Waksman, BH et al.,, 1963, Int'l.
Arch. Allergy 23:129-139; Pearson, CM et al., 1964, J. Exp. Med. 120:547-560; Whitehouse, DJ et
al.,., 1969, Nature 224:1322.
[0099] The experiment in this Example was designed to study the effect of the agents of the
present invention in vivo on a disease that requires T lymphocyte migration into a specific tissue
(synovium). Male DA rats, 8§ o 10 week old, were immunized with three 100 pl injections of CFA
intradermally at the base of the tail. The CFA was prepared by mixing 8 mg/ml of M. butyricum
(Difco Laboratories, USA) that had been ground to a fine powder using a mortar and pestle, in 85%
light mineral oil (Sigma, USA) and 15% mannide monooleate (Sigma) and emulsifying this
suspension, one part in one part saline. Thus, the final emulsion contained 4 mg/ml of M. butyricum.
[00100] Ten days after immunization, the rats were euthanized and their spleens removed
asepﬁcal]y. A single cell suspension in lymphocyte culture medium with 10% FCS was prepared as
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aseptically. A single cell suspension in |ynphocyte culture nmediumw th 10%
FCS was prepared as -44 WO 2004/ 104015 PCT/ US2004/ 15876 described above
and adj ust to concentration of 2x106 cells/m. Con A was added at a
final con ?'}Oé’?"?"c?ﬁs of 2 g/m. The cells were cul tured afCIAS2PY4/045876

at nosphere of 5% carbon dioxide for 72 hours. [00101] G oups of 4 or 5 DA
rats, 6 to 8 weeks of age were anesthetized with diethyl ether and

i npl anted sc on the flank with Al zet 2002 ("2 week delivery") or Al zet 2001
("1 week delivery") mni-osnotic punps (Al za Corp., Palo Alto CA USA). One
treatment group received 1- (2,4,-diinethyl phenyl)-6-phosphono-mannosi de in
the one week delivery Al zet 2001 mni-osnotic punps. The drug was delivered
at a ddeseribéd s®verghdagjusted toRhencenttation ofi2:d@f céltamt. IGon A waeaddedrt a finskei ved

identical mnj-osnotic punps . containing normal saline, In_a second,
exper i AEIFENEROD H’z 501"36‘?‘!3 558 &ellgEere ﬁl"%"rP‘g E@Qi/ g?}n fin atmosphere;of a¥4-garbon dioxide
phenyl }'6r61t2%9§9h0n0' mannoside in the "2 week delivery" Al zet 2002

m ni -osnoti ¢ punps. This drug was delivered at a dose of 37 ng/kg/ day.
Cont r o[00401}ral s Gooups bf 4 og 5 D rats 6ao 8 avkekndf age wierk anastirtzédwith divtliyt ather

Sbove. e wmiesed 5ot e iR AL ROGE G2 Brpek HERveY D Aleet 200k fdcpvac ce fn
CBos ) . ndl . 1 ce 1!
hto r SafvehET HRERREe pInRSI AR, COf. Pio AT CAIRHAS brcrchbie gRtup efvall. "

[ 00102]2,Afditmetlty! pberylH6pbosphondraapnusideiis thecortehwaskalelinery avizet 200 hniwicosmotic

h i a_of.the distal. jaints of ind | b | inically . t
P S Pt Miees wah Briivekehal e of 33 SnelkeOaw SR PHE Baim b S aRsediear "
gr adedrecivedinitaP Hitnidsnidtic PUmPP SGHiRINE Mbrifdl shiie, MRG! sebetdaxpbritibrtiansthef Dot h

ankle joints. The data were expressed as the nean of the change (conpared
wi t h wergup opPidanatsireceived) 1-(2,hjddimettyh phenylrfephespheono-mangosidedn thef ressed

24w
in ml}j ar f a Iy frod . of the
or eserdoi b2 ipds 203 PR hoRc plinot, Thip SnfE AR detiverdl R ok V07 RRUREE 0
sever i Cynted] ahingaloifos €s groupirghetved taliedelvdrbdin identidabmirfi-o3mboite paaps. cWhile ithee nt
in which 1- (2, 4-dinethyl phenyl) - 6-pk‘§§'pho o- mannosi de was .del.ivered in the
"one VRIERAlATSS ERgvenng o gasgthesin thp lowirglter ogytes whishchagdteon,

CPat Dol VAt f R el hapcipd AP hd Ryt Yl
ver susveindntoantipieht ratsnéeachlof whichgeesived 76+H90m it adedls im@ Sgmlver e swel ling in the
al 1 ectggy i 1S A1 UG 108 S0 AR dersS F bbb By SBhis Bhlisi o1
joints of the hind legs became clinically apparent in saline treated control animals. Disease severity
was evaluated and graded in each group by daily measurement of the mediolateral widths of both
ankle joints. The data were expressed as the mean of the change (compared with width prior to cell
injection) in mediolateral ankle width expressed in millimeters (+ standard error of the mean).
{00103} The compounds of the present invention delayed the onset of clinical signs and
lessened the severity of the disease. Figure 1 shows the results of a typical experiment in which 1-
(2,4-dimethylpheny!)-6-phosphono-mannoside was delivered in the “one week delivery” Alzet 2001
mini-osmotic pumps at a dose of 25 mg/kg/day. At the end of the one week treatment period there
was a highly statistically significant difference in the disease status of the treated versus the control
animals. The control animals had severe swelling in the affected joints while the treated animals
showed little swelling at the end of the treatment period.
{00104] Figure 2 shows the results obtained of a typical experiment in which 1-(2,4,-dimethyl
phenyl)-6-phosphono-mannoside was delivered in the “two week delivery” Alzet 2002 mini-

osmotic pumps at a dose of 37 mg/kg/day. At the end of the two week treatment period, there was a
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[00104] Figure 2 shows the results obtained of a typical experinent in which
1- (2,4, -dinet hyI phenyl )(6-phosphono mannosi de was livered in the "two
week deliver Al zet 2002 m ni- osnotic punps at a dose of 37 ng/kg/day. At
t he end of“’?ﬁ WH1/YP1{eek treatment period, there was a - 45PCT/VBROBEOBI04015
PCT/ US2004/ 015876 highly statistically significant difference in the

di sease status of the treated versus the control aninmals. The control
animal s had severe swelling in the affected joints while the treated ani mals
showed little swelling at the end of the treatnment period. ' EXAVPLE 7
Ef f ect of Phosphono- Mannosi de Derivatives in Various Mdels of Arthritis and
Aut oi nmune Di sease [0155] The conpounds of the present invention are

adm nikdghdy etdtistically)signﬁkamrﬂlﬁ'amah thedikeaskstatm ofi thientedatedDaedus thefcoatrdlhri ti s
and aut oi e ase The i ncl ude adju rthritj see anple 6

A bov e uraaly b PRt et P spveraieia i die ket ile e FERGL SR 1t
and cqhbeethnle sAeln gqtgfetéaalo?mu&%g%d exanpl e, Pearson, :CM Proc. Soc.
Exp. Biol. Med 91:9 1956 Cromarti W et at, J. Exp. Med. 146: 1585
(1977); Trentham DE et al. . EXE Med 146:857 (1977); Chang, YH et at,

Arthritis Rheum 23:62 (1980)) Xt&MBLEc’bcca Cel | Wall Arthritis Model
(See Schwab, 2, I .

measur enent afg—treatr : o
about 175g are inject ed |ntraa her anest hesi a

above fhe cal caneus through the ACI II es, ten : in he ti bipotal ar ankl e)

“jointl @ﬂf Say 0 The epmpos §f e preseRt B entio amﬁe«%ﬂé deaitinseysraks ‘5’

~dry | a oup A
V\%QMLDB%PG APg) suspengdﬁgﬁlrll 10 pl e iR g@h{rﬂ%ﬂ st

- St reptococci pyrogen- al 1 ne
descr iBxaniplerteatiove)s styeptecosesl ceﬂQMaHtarthntls,MJtdaplawtns aﬁkwndes athritis @ad ¢d1bgsh-

St i | Method th
"t 1 e s, fite, S enapBlechiamsoRy GRE roc sbpoB. pigl Meqlli 901850 301
( 1989)Cromiig"WIRF ol of Exh. MBS, I4871885 (1997}; Trenthdrh, ﬁ@eAEiSJ Bxp |\ MRE 126857

animal's, and contralateral joints were |qd9ect ed with 10l of pyr ogen-free
sal i né197Ty Bene. TV o al.odrabriiis Riresrep3:68 (19%)ankl e joint is measured with a

Fower Utra-Cal 1l digital
1. Streptococcal Cell Wall Arthritis Model

(See Schwab, JH et al., J. inmunol. 150:4151-4159 (1993))

A. Induction. measurement, and treatment of arthritis
[0156] Female Lewis rats weighing about 175g are injected intraarticularly (i.a.) under ether
anesthesia above the calcaneus through the Achilles tendon into the tibiotalar (ankie) joint on day 0

with 2.0 pg of thamnose equivalents (approximately 6.0 pg dry weight) of 100p peptidoglycan-
polysaccharide from cell wall of group A Streptococci (PG-APS) suspended in 10 ul of pyrogen-
free saline, as described previously (Esser, RL ef al,, Arthritis Rheum. 28:1402 (1985); Stimpson,
SA et al., In: Pharmacological Methods in the Control of Inflammation, Chang, J et al., Eds. Alan
R. Liss, Inc., New York, p. 381 (1989)). Right or left joints are injected with PG-APS in alternate
animals, and contralateral joints were injected with 10 ul of pyrogen-free saline.

[0157] The lateral diameter of the ankle joint is measured with a Fowler Ultra-Cal I digital
caliper (Lux Scientific Instrument Corp., New York, NY). The average of three measurements for
each joint is recorded. Results are presented as the mean + SE of the increase in joint diameter

(difference between pre- and postreactivation).
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.caliper (Lux Scientific Instrument Corp., New York, NY). The average of

t hree neasurenents for( each joint is recorded. F@éults are presented as the
nmean t SEV@@ %@ﬁ i ncrease in joint diameter (difference between pre- and
post r eact iIWVAETUHMI3 46 WO 2004/ 104015 PCTI US2004/ 015876 @TW@M@Mm ogy
[0158) Rats are sacrificed and the ankle joints are renoved, skinned, fixed
in formalin, decalcified, enbedded in paraffin, sectioned sagitally, and
stai ned with hematoxylin-eosin. The significance of differences between
groups is assessed by Student's two tail t-test. H Adjuvant Arthritis (AA
Model (See, especially, Chang et at, supra) [0159] Male Lewi s rats wei ghing
235-250 gm are used. Freund's conplete adjuvant is either purchased

commer ci al 1B by grindi ng powdered Mycobacteri um butyricum (10

st
ng; Di Labor L es Lt k Rer . (1.01 nilg Pri 5 Hanpden
Coi or OB oot HebhirE Rorttctofl Bl st ahe emdisp o g B
i nt r adiealeified,dntteddedinqiardffia, stofioned BigitallyOarid Wainédsvith REmAGLyliH- e \TheThe
dose is about 0.5 ng heat killed Mjcobacteriumtuberculosis (M) suspended
i n 10cignifigance qf differencepcbetveanrmoypsihpssessedby Sidenlis tve taibstast ed by t he net hod
of Wnter et at, Proc. Soc. Exp. Biol. Med. 111:544 (1962) on day 0 and 16
(wi t h .eAdiuvantiArthritis (Aid)Model dSew fespediallyaGbang eTiaé, supa)ease in the vol une of
t he uni nj ected hi ndpaw serves as a neasure of arthritis. [0160] To
det er rfdh89]t he eMale Lewis mtsweighipg 035-25¢ gmpaos isedo Freumdtscoapieté adjmvantiisni t h

either . saline or the composition.each day fraom -1 to.day -15 § th

" espo it PRGNS BUY O RePa B9 atiaondaabreaies oo brarpe e g on
“the dayg.gbifdl beAbridsNivithihiferal 6l (L EER]; G501 335 CHampd U6 KemitalF) of the
uni nj ected hindpaw i s neasured. Percent inhibition Is cal culated according

t o t héConipany)hvh 'gvr@:q adthiitimis prodviced by @ﬁingleinhadg;mahigiﬁwormfulgp adjvgot intcgth;
trQly- V { ' | L1js |
ccori ! s HERRT e iRt oSy me R B Biledlen Ao RERG ans

def or Hhipénddd ihh60 ertl) [FU S Thd RelamievE tiebutii BingpHY & médstived by themehed b 16.
M Col |l agen Type [l-Induced Arthritis (CIA) Mdel (see Trenthamet al.,
supr a)Winter 6147, Sene i Sor-Zoxn. HolRMed ddiiddd (1963) ongay Oand 46 Exish wespect fo the| M acet i c

aci d ?ﬁje&ion of adjuvant). The increase in the volume of the uninjected hindpaw serves as a measure of
[0160] To determine the effect of a therapeutic composition, rats are treated with either

saline or the composition each day from day -1 to day -15 (with respect to adjuvant injection). The
initial paw volume (V1) is measured on the day of adjuvant injection. Sixteen days later, the volume
(VE) of the uninjected hindpaw is measured. Percent inhibition is calculated according to the

following equation:

% inhibition= 1- Vpdmug-Vidrug X100
VE control - Vi control

Alternatively, severity of arthritis is assessed by scoring each paw from 0 to 4 based on degree of
swelling, erythema, and deformity of the joints. Thus the maximum possible arthritis score is 16.

I, Collagen Type [I-nduced Arthritis (CIA) Model (see Trentham et al,, supra)
[0161] Sensitization Procedures. Collagen is dissolved in 0.1M acetic acid at a

concentration of Img/ml. Equal volumes of collagen solution and CFA or IFA are mixed and
emulsified. One ml of the cold emulsion is immediately injected intradermally in four to six sites

on the backs of the rats. Small ulcers frequently form at the injection site, but these heal without
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concentration of 1ng/m . Equal volumes of collagen solution and CFA or |FA
are mixed and enulsified. One nil of the cold errulstgon i's inmediately
injected jntradermally in four to six sites on the backs of the rats. Small
ul cers fr oI5 m at the injection site, but these REIVUSAPIWRIBRT6- 47 WO
2004/ 104015 PCTI US2004/ 015876 sequelae in 7-10 days. Control injections
consist of (a) acetic acid emulsified in CFA or IFA or (b) human or chick

type Il collagen dissolved in acetic acid and injected intradermally w thout
adjuvant. As an additional control, 1.0 m of MCl2-extractable cartil age
prot eogl ycans containing approximately 200 g uronate per nil is mxed with

0.5 nil of CFA or IFA emulsified, and injected as with collagens. Unless
ot her saquelas el 0 idays. Gomsenl injectionseonsistiof (si acetjc atidentulsiffed in CBYonIFAlbssol ved

or ey B P Bl Bl el ol i sl o,
| dent jdjadant.NAS biY additiGndltEnird]] RO eAGF z-eﬂmcwle mﬁ%@“’at ! h&ﬁﬂonﬁiﬁﬂiﬁ' tis

is induced by intradernmal injection 1 nil CFA e base of the

t ai | . ajpdé@ptely 200 jug pronBiegter ol usamxed\mﬂtdl S md o€ CHAsmIV Ad emtulsifiedf and injectednset

vl S0 EOlsete, e theise sPrcifet begelv e consigiuades Uk b soloesdh oo of |

peri adisdohhddan 0% mi bquﬁaééﬁi:a%ﬂﬁé]@ ghen fPwithéidt afhvanidIl da e;g%gx;?m%ymglt S f, \ébgg

FD et al Int. Arch e | munol .~ 35: 456

hi ndmmamns@nmhwﬁmcﬁmwmmmmumd@m tathe ankl e from
medi al o at er al I u I .M.ce e.

o Prolegely B icel RutpBle. Psyeps a¥hetia gl WdRe o o e fnictR o0 o G ¢
wks oj{gl')aﬁhebmrdﬂm@ﬁq fromthe Jackson Labor at ory (Bar Harbor, M) or

ot her S@ﬁpl I er. Enzyne | nmunoassay (EIA) for Anti-DNA antibodi es and | nmune
Conpl OTER [ 016 bty Braliaion. Mﬁiﬂmbsmﬂéﬂl&f@fé&aﬁnéﬁ%aﬂhﬂﬁs’an an

i co areantiads B ARy Shting B a8y of oty it AP R Ll P b,

PBS diased dn the@egiek of periartiodarcdrythemal andedenadsatedl asndefdranityl of tthesjoints (VB6odyi N at

room er.at e a are d w - Tyween, and 501 of

7 2000 8 Re i et AlBem At Tomaner 35956 HORAE skiolihg oL FiniPe At ot ed ¢ o

ur easfiahfifatedHy i th@isulig HERhitkbs bﬁmkwaﬁbﬁl lhschauaq;talal man&didy. are added to
the plates. After incubation for 30 mn., the plates are washed three tines

‘é“ ;gllﬁfﬁﬂgﬁ%&ﬁlﬁ@ﬁlﬁw PRIV P& e/ MQE et dlNE ERY. He£37A081-1A%Rsd1cUbat ed with
[0163] MRL/Mp-Ipr/lpr mice (4-6 wks old) are purchased from the Jackson Laboratory (Bar

Harbor, ME) or other supplier.

Enzyme Immunoassay (EIA) for Anti-DNA antibodies and Immune Complexes
[0164] Polystyrene microtiter wells are coated with double-stranded DNA (ds-DNA) or goat

Cl1q. Blood is obtained from individual mice before the biweekly injections. Sera are diluted in
0.05% Tween-20 in PBS at a 1:500 dilution and allowed to incubate in the plates for 60 min at room

temperature. The plates are then washed with PBS-Tween, and 50pl of 1/1000 dilutions of goat
anti-mouse IgG and IgM antibodies conjugated to urease (or another enzyme that is known to be
useful in EIA) are added to the plates. After incubation for 30 min., the plates are washed three
times with PBS-Tween and twice with 0.15M NaCl. The plates are then incubated with a solution
of the chromogenic substrate for the enzyme. Colorimetric change is quantified by measuring
absorbance at the appropriate wavelength for the particular colored product of the enzymatic

reaction using a microplate reader.
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of the chronogenic substrate for the enzyne. Colorinmetric change is
quantified by neasuri ng’ absorbance at the appropr(i’ate wavel ength for the
particul ar. col ored product of the enzymatic reaction using a mcroplate
reader . -1%0\?994@@@4§104015 PCT/ US2004/ 015876  Pr ot ei nur i 2CAIS200E 5878
Synmptons [0165] Urine is obtained frommce. Protein concentration and the
presence of blood in wurine is neasured sem quantitatively by conmerci al
reagent strips for urinalysis. [0166] Physical synptons are visually scored
as: 0, no synptons; 0.5, trace; 1-4, when visible synptons are observed,
with 4 being the nost severe (physical synptons include |ynphadenonegaly,

I mmune conpl ex vasculitis, and necrosis of the ears). Scores representing
physi cal s)Proteiiniiaand Phydicall Sjnpwdnlsy deternining the total score for each
groumn&then di_vi dj ng . by the pumber of aninmals aljye in that igroup when

t he Oflenent Vang iswpBlained fiom mics; Proteinsppcenyation and be presencendblosddscr i bed

above, ' . < c@nﬂ}fﬁr% t - d A | of the inducing
agent sﬁ%?%ﬁﬁheed %g@‘i‘ﬁ%@ﬁﬁﬁ‘ﬁ}’%ﬁ m ce ;elgr?&%#ﬂ%n%%ﬂhﬁﬁﬁ\edel ss'of age). Doses
Vﬁl‘ y }‘[Dwﬁ]l hg tﬁ’h}»@ﬁalrmympfqn’:jm ﬁ'ni:ﬁlbmcngpdms:_rmmbrsylmptams( Q.54 track; dak, when

Bh : % péélél:e Bﬁ&qg‘ﬂ% ng%vga,: ﬂ@: 4 b?ﬁh& %hc4 r’ngéttsgxlrerrrg Ep%sical symptoms include

1 5. e defionil, RARY combrR VARHIAS AnTARR0NS fthe cars). Scores representing

1- ( 2- rphysigal ‘syeptans aro calendatng by Heteryhining: thé tedad Iscore forceaciogioup and then dividing
1-(2-nethyl  4-tri.fluoroneth - 6- phosphano- nannosi de .qr_any ot her of the
novel rg;’tg%?lfm?ﬁrgorf&?]iﬂgi‘q’-ﬁﬁﬁi'%*h?mggg’%g}?&wa&u%pﬁ%gm i nvention. [0168]
The corrpoug&ls are admnistered iv or ip at 1 week intervals for 4 weeks.

Qut comes ssed as described above. For all arthritis nodels outcone

MeasUIefs7) NCl Udeior kdbh o thodel ded@BEANDUVE R APT st 600 iys bRErthe SWe! | i N

erythema or deformty, and (b) assessnent of histopathol ogy of joints using
a quarnmjectiom of gheyinduéingjageptst(enip the ¢ase of MRIL/ir mict begimndng &t 4iweeksiofege). t he f our

?:g(rjr})? Coggwléﬁb;%ggf‘ﬁg\@}ﬁﬁgﬁﬁlg%lwv%n'g%oml%&%f icantly reducing direct or
1-(2,4,-dimethyl phenyl)-6-phosphono-mannoside;
1-(2,4,6-trimethyl phenyl)-6-phosphono-mannoside;
1-(2-methyl,4-chiorophenyl)-6-phosphono-mannoside;
1-(2-methyl,4-fluorpheny!)-6-phosphono-mannoside;
1-(2-methyl,4-trifluoromethylphenyl)-6-phosphono-mannoside;
1-(2-methyl,4-trifluoromethyl -6-phosphono-mannoside

or any other of the novel T cell migration-inhibitory compounds of the present invention.

[0168] The compounds are administered iv or ip at 1 week intervals for 4 weeks. Qutcomes
are assessed as described above. For all arthritis models outcome measures include:

(a) quantitative measurement and grading of joint swelling erythema or deformity, and

(b) assessment of histopathology of joints using a quantitative grading system.

[0169] In all the models described, the four compounds listed above are effective in
significantly reducing direct or indirect measures of arthritis.
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-49 C WO 2004/ 104015 PCT/ US2004/ 015876 EXAVPLE 8 Phosphono- Mannosi de
Derivatives in the Treatnent of Rheumatoid Arthritisgin Humans (See:

Koopman, rthritis and Allied Conditions: A Textbook of Rheumat ol ogy,
Li ppi ncot WOW’?%‘?ﬁH% & WIkins; 13th edition, 1996.) Tr FATERISRIEIuUr e

[ 00105] Doses of the conpounds of this invention are determ ned as descri bed
above using, inter alia, appropriate aninmal nodels of autoi mmune disease.

[ 00106] A treatnent consists of injecting a patient with 0.1, 1, 10 or 100
ng of the conpound iv, or infusing the conpound in 100 nil of normal saline
over a 30 mnute period twice weekly at three day intervals for six weeks.
Cinical responses are assessed by the criteria described below. Treatnents
are continued in patlents mnth stdEKéNHHJQQacerbatlng dlsease Treatment is

general ly .o_ as 0170]
£ %J'F#!&@Péct t he

Qut cone nEa
smal | est (Sbe Kmpah!h }WI (@dnbmunwmgmmu, Aﬁmbbmfsmamlumhpmott. HNilialsl & and

val i d wi t hWilking kth edition,d8J)uri ng the dinmensionality of the clinical and

pat h%%sponses To avoi d bias, both patients and assessors
prefe ded during testing. [0171] The net hods nobst commonly used
are bed¢aslon quBosesod thecompounds afithia inveatibniare determmed as degeribedahove asihg,and
redness. aborat ory test be used in assessnent, though a
treat'l'i’éﬁ'fta AN RPTRRT] ?"E’G‘Gﬁ@ggé P’la"d’g‘? dgséé%eure without, for exanple,

reli eiorgs) Oi Nt AR@hfndnt ciisidtF6iSa Jebﬁn%eaﬁéﬁmtmwml Fob:dﬁﬁ mgsme%in?omom

to accurately reflect disease activi inarthritis. result

“usef uiv, evinfitsingshecempenndinl 6@ ml pﬁmrml salinsoven 230 mimte pmndimmct\eedkhchtc es are

const k uct [ rocedure tha aIIo egation
o scBIEBY imiRls3ol Sk Wilks kit BRRONE: e R S int e R B AREORES 1 ve
neas Ureaiiings € Cotinaed il gelich withyt4lé bivexatstbatingdiseass; ﬂh&aﬁneﬁexs@aﬁm er to
change with anti rheunat ic drug therapy in RAis the patient's subject
assesENEnen &1 oHpglent B3s%i . bj ecti ve nmeasurenents incl ude radi onuclide joint
upt ake. Ot hers are
Clinical Outcome Measures

[0170] Outcome measures used to assess treatment efficacy in RA should detect the smallest

clinically important change and, at the same time, be reliable and valid with respect to capturing the
dimensionality of the clinical and pathophysiologic responses. To avoid bias, both patients and
assessors preferably are blinded during testing.

[0171] The methods most commonly used are based on quantitation of cardinal features:
pain, swelling, heat and redness. Laboratory tests may also be used in assessment, though a
treatment that only reduces a laboratory measure without, for example, relieving joint pain is of less
interest. No single ideal method is known to accurately reflect disease activity in arthritis. Asa
result, it is useful to aggregate end points into a composite index. Composite indices are
constructed by statistical or judgmental procedures that allow aggregation of scores assigned to
different end points.

[0172] Objective and sensitive measurements are preferred to subjective ones. One
sensitive parameter to change with antitheumatic drug therapy in RA is the patient’s subject
assessment of pain relief. Objective measurements include radionuclide joint uptake. Others are
the 50-foot walking time and assessment of functional disability (the second most important
symptom in osteoarthritis). Examples of useful outcome measures appear in Table 5, below.
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L3

t he, 50-f oot wal king tinme and assessnent of functional disability (the second
nost i nmportant synpt 1in osteoarthritis). Exanples of useful outcone
nmeasur es ?}F(gear in Table 5, below -50 WO 2004/ 104015 PCTf US2004/ 015876
[0173] TaMQ2MHEOL e Measures for Cinical Trials in APCRAIS2004/015476 man,

RD. et al., din. Rheum Dis. 9:681-693 (1983) FDA Cuidelines (1977) Bellany
and Buchanan din. Rheununol. 3:293-305 (1984) Joint swelling Pain Joint
redness Patient gl obal assessnent Tenderness on pressure Range of novenent
Pain at rest or on notion Physician gl obal assessnent Range of notion Joint
stiffness 50-foot walking time Qualitative aspects of sleep dinician's

gl obal assessnent WAl king tine Patient's gl obal assessnent Activities of

dai | y[#iAIng Altman et at siabl&SJoint tenderness Pain (using visual

“anal ogue scal es , oy . d .Jor essure/ notion Joint
i A S : l,u A

swel ling dini status and degree of

Si gnal JOI nts chaﬂnganlkm s;taa,tmn mm 16m93eossnent S gI obal assessnent of
6 — unction

‘current e '
50- f oot LUARY AR RRHIAARA ; ¢l ogy
Gip st -tats ,- EE a4 sbtidd [0174]
Because : = v ’b sufferer meaerement
of pai n%ﬂéﬁﬂm 3t —A-assessing—chi 'ceﬁat’?'ﬁg # @gsessmanh
t her apeﬁﬂ%ﬁi@&ﬁiﬂ or— et hod—of this i nugntRapge ofxpgvementval scgl es may
be usedt¥ PSLREINRONOD | 105 given tG ] i \Fhysiciamglebal sssessment

_._‘o‘_ns_eof motion Joint stiffness
50-foot walking time Qualitative aspects of sieep
Clinician’s global assessment Walking time
Patient’s global assessment Activities of daily living
Altman et al. (supra) Joint tenderness
Pain {using visual analogue scales) An_a!gaslc .compound
Tendemess on pressure/motion Joint swelling
Clinician’s giobal assessment of curent status and degres of Signal ch'"ts
change in status Ascent time .
Patient's global assessment of current status and degree of Muscle power
change in status Hand function
50-foot walking time {for patients with hip/ knee involvement) Radiology
Grip strength {for patients with hand involvement) Joint temperature

[0174] Because pain is the major complaint of the rheumatic sufferer, measurement of pain

relief is important in assessing clinical response to the therapeutic composition or method of this
invention. Adjectival scales may be used with numeric values given to the adjectival scale, for
example: O=no pain, I=slight pain, 2=moderate pain, 3=severe pain, and 4=extremely severe or
agonizing pain. Such a scale is known to discriminate between nonsteroidal anti-inflammatory
analgesics and placebo in short-term trials (Lee, P., J. Rheumatol, 3:283-294 (1976)). Other
methods of measuring pain include assessment of pain threshold and pain tolerance (Huskisson, EC,
Clin. Rheum. Dis. 2:37-49(1976)).

[0175] To score joint tenderness, firm digital pressure is applied to the joint margins and the
degree of tenderness is graded by the patient’s response. Lansbury’s Articular Index (Lansbury, J,
Arthritis Rheum. 1:505-522 (1958)) is useful in assessing progress. A simple count of clinically
active joints, as determined by pain on passive motion, tendermness on pressure, or inflammatory
joint swelling is used (Cooperat. Clin. Comm. Amer. Rheum. Assoc., Clin. Pharmacol, Ther. 8:11-
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exanpl e: 0=no pain, 1=slight pain, 2=noderate pain, 3=severe pain, and
4=extrenely severe or agonizing pain. Such a scale 'S known to discrimnate
bet ween nonsteroidal anti-inflammtory anal gesics and placebo in short-term
trials (LW 2004104915 phoymat ol . 3:283-294 (1976)). Cther REI{VBARIHESTS
measuring pain include assessnent of pain threshold and pain tolerance
(Huskisson, EC, din. Rheum Dis. 2:37-49(1976)). [0175] To score joint
tenderness, firmdigital pressure is applied to the joint nmargins and the
degree of tenderness is graded by the patient's response. Lansbury's
Articul ar Index (Lansbury, J, Arthritis Rheum 1:505-522 (1958)) is useful

I n assessing progress. A sinple count of clinically active joints, as
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maneuvers related to activities of daily living, are useful, in particular the time to walk 50 feet (Lee,
supra; Grace, EM et al., Br. J. Rheumatol. 27:372-374 (1988)).
[0178} Increase in warmth of overlying skin is a cardinal feature of inflammation and can be
measured in various ways (e.g., Bacon, P.A. et al,, Clin. Rheum. Dis. 2:51-65 (1976)). Infrared
quantitative thermography shows reproducible changes in disease activity and is useful in assessing

efficacy of a treatment composition or method. Thermography provides a noninvasive,
reproducible, sensitive, and quantifiable method of assessing improvement in joint inflammation
(lngpen, ML, Ann. Phys. Med. 9:322-327 (1968)).

Laboratory Tests
[0179] Certain laboratory tests reflect the severity of joint inflammation and may be used to

monitor the efficacy of the therapeutic compositions and methods of this invention. The most
frequently used test is the erythrocyte sedimentation rate (ESR). Other measures used include

evaluation of various acute-phase reactants, such as C-reactive protein, haptoglobin, fibrinogen, a-2
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Ann. Rirealysis(Hall, SHEBEJL&BGRI(@W@}-S) 371361866 (\48)ous net hods are used to
score r[ﬁ%(ﬁl 0gi ¢ \f’ahr%ug %?etﬁo'as agedigﬁoogcgre%a&lhfog%c c%anéeg%n rheumatoid arthritis, the

most useful of which are count erosions and assessment of joint space narrowing. Radionuclides
can also be used to quantify joint inflammation (Dick, WC, Semin. Arthritis Rheum. 1:301-325
(1972); Wallace, DJ et al., Arthritis Rheum. 11:172-176 (1981)). These are administered intra-

articularly and the rate of clearance from the joint determined or, alternatively, they are

( administered iv and the rate of accumulation over a joint (or joints) measured. The clearance of
133Xe after intra-articular injection provides an indirect measurement of synovial blood flow.
99mTc0, is also used. Radionuclide joint uptake in both large and small joints is known to be
reduced with successful anti-rheumatic therapeutics such as NSAIDs, corticosteroids, gold or
D-penicillamine.

[0181] Results: 375 patients with RA are treated with one of five compounds (75/group):

(1)  1-(2,4,-dimethyl phenyl)-6-phosphono-mannoside;

(2)  1-+(2,4,6-trimethyl phenyl)-6-phosphono-mannoside;

(3)  1-(2-methyl,4-chlorophenyl)-6-phosphono-mannoside;
(4  1-(2-methyl,4-fluorphenyt)-6-phosphono-mannoside;

(5  1-(2-methyl,4-trifluoromethyl)-6-phosphono-mannoside;
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the art that the same can be performed within a wide range of equivalent parameters, concentrations,

and conditions without departing from the spirit and scope of the invention and without undue
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experinmentation. -54 CLAIMS 1. A conpound of formula 1: OH QAP HO
QCH2)nR Formula | HO'" OH OH or a salt or ester thereof, wherein nis an
integer fromO to 3, the -Q(CH2),,R group is in an axial or equatorial
position, and Ris optionally sub%i:hmt.srgd het eroaryl or |ower alkyl, or
optionally substituted aryl wher substituent is selected fromthe
group gonsisting of -C.. -F, -CF3, -CH3, -CH2CH3, -(CH2)nCO2R ,

- (CH2) 20!@2‘,’0"311(0@&)’& 2, -(CH2) M\NHR2, - (CH2) nCONR2R3 and

-(Cl 2) mCONR2R3, . wherein mis %E integer fromO to 3, R is selected from
the group of consisting of j jalkyl and aryl, and R2 and R3 are

I ndependently selected from copsisting of H, alkyl, aryl and acyl.
2. The conpound, salt or eYfer ' Q‘,%"'\’R)l’#erei nFownam =0, Ris not 4-
am nophenyl. 3. The conpound, salt . er of claiml, wherein, when n=0, R
Is not an am no substituted pheWI. . tHe conpound, salt or ester of claim
1, wherein, when n=0, Ris not an ani¥tb substituted aryl. 5. The conpound,
salt or ester of claiml, wherein Ris not 4-am nophenyl. 6. The conpound,
salt oprasalker esterthersoly 1, wherein Ris not an amino substituted phenyl. 7.

The compQ 911%?@:%68&53&1%&0%5 claiml, wherein, Ris not an am no

substi tutea _
the -O(CH3),R group is in an axial or equatorial position, and

R is optionally substituted heteroaryl or lower alkyl, or optionally substituted aryl
wherein the substituent is selected from the group consisting of -Cl, -F, -CF;, -CH,,
-CH,CHs, -(CHp)mCO:R!, -(CH))nCH,OR?, -(CH2)»CONHR?, -(CHi),NHR’,
.(CI-Iz)mCOI\JRzR_3 and -(CH;)mCONR2R3, wherein m is an integer from 0 to 3, R' is
selected from the group of consisting of H, alkyl and aryl, and R? and R} are
independently selected from the group consisting of H, alkyl, aryl and acyl.

2. The compound, salt or ester of claim 1, wherein, when n=0, R is not 4-
aminophényl.
3. The compound, sait or ester of claim 1, wherein, when n=0, R is not an amino.
substituted phenyl.
4. The compound, salt or ester of claim 1, wherein, when n=0, R is not an amino
substituted aryl.

- 5. The compound, salt or ester of claim 1, wherein R i3 not 4-aminophenyl.
6. The compound, salt or ester of claim 1, wherein R is not an amino substituted
phenyl.
7. The compound, salt or ester of claim ], wherein, R is not an amino substituted
aryl.
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5S.8. ‘The conpound, salt or ester of claiml wherein Ris selected fromthe
- group consisting of phenyl; 2-nethyl phenyl; 2,4-dinethyl phenyl;
2,4,6-trinethyl phenyl; 2- methyl-4-chlorophenyl; 2-nethyl-4-fluorophenyl;
aryl oxyal kyl ; phenoxy nethyl phenoxyet hy) ; benzyl phenet hyl; 2, 3 or
4- et iy phdhy lcompount, gelt 2 esieh,of sy | Mwhefeins R &8 seieqissdr f 2y or

(1% rﬁias?%‘ky?fzvﬁinﬁ* AHARIER G 2t B S Byt Fhe
COWPOUﬂﬁthyfﬁﬂthldibp}%ﬁ?k?r Qfmahﬁll—mﬁowgﬁé ;N aryiaxﬁﬂk}act eﬁha‘nbfayméthﬁ group
consi stjng of , 4- di et hyl phen

t t
2- met hphenexggth sbﬁlﬁhﬂhm ylnét%pﬂzmqthqxagﬁqr;;br%ii Or&n}{'fﬁwlni@hﬁo&,nﬁ of claim

R e e e e R
1- (2, 4(163)-thiazolt; kzydrmh@mumﬁ oS e nenwailglsi de. 12 The corrpound salt or

ester of claim9, wherein the conpound is 1-(2-nethyl,

chl or opheny| ) - 6- phosphono- mannosi d 13. The cormpound, salt or ester of
clai m B, Wb eamp SAb oRiFater of £l bxthegein K is selectéd from the group

1 uor bbbz O HOSBRAGIITRANC S 6wty ThEny O TARUAh 4 SRblophenytber Of ol ai m

1, wherein ohpoun
trifl umedybtdHidojophemylosphono- nannoside, 15. A pharnmaceutical conposition
conprising: (a) the conpound, salt or ester of any of clainms 1-14; and (b) a

pharmageuti cal |y accept arrier, diluent Xgi pi.ent e of the
corrpouﬁ@ iﬁ? %‘é‘lde‘i’?a 1y, Ay WhRRE I theqompoun “!Li éﬁ' ‘k‘ %Fﬁi}‘zure of a
nedi cageRphéiS-mhitdsidecat ment of a disease or condition wherein T |ynphocyte
mgration fromblood to a tissue or other extravascular site is a step in
t he devel opnent of the disease or condition. S6 17. The use of claim 16,

t he medl.can®he comppundsrsalt] g1 eserpef slam pherrimatisucompound isab-tapbabl e
carri e{dm&hylp enyl)o -pl? hg 'ogt%nnomde

12, The compound, salt or ester of claim 9, wherein the compound is 1-(2-methyl,4-

chlorophenyl)-6-phosphono-meannoside.

13.  The compound, salt or ester of claim 9, wherein the compound is 1—(2—rﬁethyl,4-
fluotphenyl)-6-phosphono-mannoside.

14.  The compound, salt or ester of claim 1, wherein the compound is 1-(2-methyl,4-
trifluoromethyl)-6-phosphono-mannoside.

15. A pharmaceutical composition comprising:
(2) the compound, salt or ester of any of claims 1-14; and

()  apharmaceutically acceptable carrier, diluent or excipient.

16.  Use of the compound, salt or ester of any one of claims 1-14 in the manufacture
of & medicament for the treatment of a disease or condition wherein T lymphocyte
migration from blood to a tissue or other extravascular site is a step in the development of

the disease or condition.
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18.- The use of claim 16 or 17, the di sease or condition being one in which
.mgrating T |lynphocytes nedi ate an undesired inflamuatory or inmune
response in the tissue or extravascular site. 19. The use of any of clains
16- 18, wherein in-use said conmpound, salt or ester results in an inhibition
of T | yfiphodht essrofclaim b6, the heditamentsalditfonally cahprising aphindeutioalier ei n t he
di sease or f)ndi tiff?{ Is rheymtoid arthritis, . multiple sclerosis, acute
di ssema“?f%?Pﬁg AR ISR AN SXFIPENt hsor  asi s, i nfl ammatory bowel disease, T
cell-nedi ated dermatitis, stromal keratitis, uveitis, thyroiditis, sialitis

or typgg! diTRPQELSS cl@im 16 or 17, the disease of condition being one in which migrating
T lymphocyt_es mediate an undesired inflammatory or immune response in the tissue or

extravasculiar site.

19, The use of any of claims 16-18, wherein in-use said compound, salt or ester

results in an inhibition of T lymphocyte migration.

20.  The use of eny of claims 16-19, wherein the disease or condition is rheumatoid
arthritis,  multiple sclerosis, acute disseminated encephalomyelitis, psoriasis,
inflammatory bowel disease, T cecll-medinted dermatitis, stromal keratitis, uveitis,

thyroiditis, sialitis or type I diabetes.
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