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(57) Abstract: Novel phosphotetrahydropyran compounds that mimic mannose-6-phosphate but that are more resistant to phos-
& phatases and mannosidases, and pharmaceutical compositions thereof, are disclosed. These compounds and compositions inhibit
T lymphocyte migration from blood to tissues or to other extravascular sites. By inhibiting such migration, these compounds are
useful for ireating diseases or disorders that are mediated at least in part by such T lymphocyte rmigration. Such diseases and disor-
ders include rheumatoid arthritis, multiple sclerosis, acute disseminated encephalomyelitis, psoriasis, inflammatory bowel disease,
T cell-mediated dermatitis, stromal keratitis, uveitis, thyroiditis, sialitis and type 1 diabetes.
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responses usual |y depend Aipon the action of another get of T |ynphocytes, T
hel per cells, which alsod recognize antigenic epitopes presented in the
context of major histoconpatibikity conplex (MHC) proteins, usually M

of lynphocytes in infection are well understood. For a nore detailed
expl i ccrublsmedof t he foregoi ng and ot her  dBsop-iepéricaies andviiehibBevR@BL. refryp the Cid-

i Munol ogyritkasitiyowirg! suditerars anllivhin sepublilede t angetNotexa§ odes qidbbravitipns canrkaririe/pylihe beginar

| munol ogyPAcHP Bidha epo) B.  Saunders Co., 'PHiof sehatepi isue opBOTST Goufrenay, CA et
al ., eds., |mmunobiology, 5th ed., Garland Publishing Co., New York, 2001;
Roitt, | et at, eds, Inmunology, 5a ed., C V. Msby Co., St. Louis, MO
(2001); Klein, Jet at, Imunology, 2"d edition, Blackwell Scientific
Publications, Inc., Canbridge, MA (1997). -1 WD 2004/104015

PCTI US2004/ 015876 [0003] T cells are believed to engage in a process terned
"i mmunol ogi cal surveillance" which they execute by continuously circulating
(recirculating) throughout the body. Recirculation involves mgration of T
cells fromlynph nodes (LN) into the blood streamvia the efferent

| ynphatic ducts and then re-entry into LN fromthe blood via post capillary
venules. T cells also exit the circulation by crossing capillary walls and
entering tissues, noving through the tissues, and entering afferent

| ynphatic vessels draining these tissues, and finally nmaking their way via
these |ynphatics to local draining LNs which are positioned around the
body. [0004] If, during this sojourn through the tissues, T cells encounter
an antigen that they recognize specifically, via their clonally expressed T
cell receptors (TCR), and to which these cells are progranmed to respond,
the T cells are activated, leading to a state of cell-nediated i munity.
Thus, when recogni zi ng and responding to an infectious agent or other
foreign antigen, T cells generate responses that ultimately result in
destruction and cl earance of the pathogen. In sone cases, however, the T
cell response may not be controlled optinally and therefore becone
excessive, resulting in collateral damage to normal tissues in the vicinity
of the infectious (or other foreign) agent. In other cases, T cells
initiate an i nappropriate i mune response directed to normal tissue
conponents or "self-antigens." Irrespective of the mechani smof these
“normal ," aberrant or dysregul ated responses, when they becone clinically
apparent, the resulting disease or disorder is



often terned an "autoi nmune disease." The cell and tissue damage is commonly

referred to as "i m"ru(nopat hol ogy." Many pat hol ogi/c di sorders of humans
have been attributed to autoreactive T |ynphocyt s and the inflamuatory
responsewa ty/1¢0ttice. See, Gllin, J et al. (eds), | nfricausaciyenssBasi c

Principles and Cinical Correlates, 3'd Edition, Lippincott WIllians &

W ki ns, 1999. Included anong these inununopat hol ogi cal nal adi es a nunber of
wel | - known aut oi nmune di seases (see, for exanple, A N Theofil opoul os et
al. (eds), 2"d edition, The Mol ecul ar Pat hol ogy of Aut oi mune Di seases,

Tayl or & Francis, 2002)). Exanples of these are nultiple sclerosis (M),
rheumatoid arthritis (RA), inflamuatory bovvel di sease (IBD), acute

di ssem nat e VE? wq EES%RWHRS) gmrﬂm tes
rrellitus(lg{DOM so Type I abet es) soriasis too is a T cell-nediated
i nfl anmat ory di sease of Qwun Today 20:40-46
(1999)). [0005] ApproaclmgMMM preventlon of

i mmungpat hol ogy and aut oi nmune di seases, devel oped over decades, target
many Eeld of the In¥entigBet s of the i nmune and -2 WD 2004/ 104015

PCTI US2004/ 015876 i nflammatory processes described above. Though sone
agent{80@kle spedhe mesw lpmnnpn mlaps genetaliyte povel phosphetetralgydoopyran dremmoubdsn
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tar get ed various St eps in the m grati on/ extravas- ation process as

an apseseelcinvension rplpieeiosthe ysesofithess compeunsgs sad nharmaeeuticalnogmwositiong ed above

ot o OReR Yy st T3bnde RN R RlReieiord SRS b Bliphhd ShespilRTuliy

acti watdeshnl | ynphocytes specifically sensitized to the central nervous
system (CNS) antigen, nyelin basic protein (MBP); upon intravenous

I nocy geneic, rats, these T cells penetrated blood vessels,
acC UrHHE S hyma and caused the inflammatory/inmmne
sequel ae _mani f est ed a,s experi nmental autoi mune encephal o- nyelitis (EAE), a

wel | Q%Qm z ed D& ATAPHVE HBRIUPe BPORSRS wmﬁm%b%wwaﬂgs E?‘B%Iﬂ’é’&ieﬂﬁ?t@ract i ons

git?gﬁreﬁ}ﬁf%ﬁ‘ﬁ@r@?ﬁ?‘%&wm&% ucedmbd vascurP%P endot el(*s They

f oundymplaicyts play keythle uthesedwortyst aﬁgpmeynﬁmubgdmponses are generated by
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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produced an endogl ycosi dase (heparanase) enzyne capabl e of degradi ng heparan
sul fate side chains of the proteoglycan scaffold ofit the ECM and responded
to MBP piasediigeody t he ECM by enhanced el aboration of s fbd013kye These
results suggested that tissue-specific antigens on blood vessel walls could
di rect |ynmphocyte "hom ng" by activating enzynes that facilitate penetration
of the subendothelial basal |am na. Follow ng up the above study, Lider, O
et al., J. din. Invest. 83:752- 756 (1989), found that adm nistration of

| ow dose heparin to mce inhibited | ynphocyte traffic and del ayed-type
hypersensitivity (DTH) reactions ('classic' cell-nediated i nmune responses).

T ith [ & .Gal, | i fied.h i n. Atively |
dos o 0L "o 14N iy et 1 Sl s ploddBensel AR lebich it 2oy o'
r ej egdhichthay exdcuie Wﬁhmbedircﬁhﬁﬁ% (recivulding) theafduf thébody) R @sctlaas
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m togen. Again, |ow doses of heparin |n_hi bited the expression of hepar anase
i ndudbus, avbeh secognizingrind repanding tocan infectiopragent artosheriforeigniantigere Tmells si on  of

hepar anase._al so i phi bj.t h | ki of, LN T cel|] harate to a site of
o et et Pk i 5w M deslplenitn anbcfiefibes, B 2 il dmsfnd

S Up pesks; hotvideer el OrelDiesponsk ina hotbetdhtroN&bptinelly andthetéfore besomg heparin
whi ch wouyl d i nhj biit expression of T |ynphocyte heparanase, exgressi on and

cel | eXfesfivR, resmliingip gallatgrpl damage to,pormal Hisyes inthe icmity of theinfostioys)(gnother

further. oy | . iﬁh“pg Nase | hid fifedelitOASmM T

|y rrpﬁ%%‘@e? % é?ﬁ\?\)eﬂ?#%gssek’??{}fﬁgﬁgl?f%és , F@?’ gﬁ’z’%&eg P@ﬁtﬁcyt es ,tgﬁacr ophages

and tsssé camporeptsort“self-amtigend 8 ldespestivead! thCiviechimisnt of thespr adanalJrabefrant or
dysregulated responses, when they become clinically apparent, the resulting disease or disorder is

often termed an “autoimmune disease.” 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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. heparan sul fate by this enzyme. The enzyne is released fromintracellular
conpartnents (i. I yéosorres speci fic granul es)( i'n response to various
activation si aI s (e. , antigens, mtogens), explaining heparanase's role
i n i nfl anm¥Pi20M/ Y- cel lular i muni ty. OF interest was tRCT/HS004/015876
various tunor cells expressed and secreted heparanase in a constitutive
manner, which was correlated with their netastatic potential. Thus,
utilizing a shared nmechanism T cells and other normal |eukocytic cells on
t he one hand, and nmetastatic tunor cells on the other, which enter the
bl oodstream can travel to distant sites and extravasate to the tissue
parenchyma there by neans of this cellular heparanase enzyne. (0008] There
is cl e'mﬂhmmmpmcmes tescribed dtowve.nEborighispine agends arke spoui&stormﬁm&rlautigms
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detected by these PPME beads, is involved in
produced an endoglycosidase (heparanase) enzyme capable of degrading heparan sulfate side chains
of the proteoglycan scaffold of the ECM and responded to MBP presented by the ECM by enhanced
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.



| ynphocyte attachment to LN BEV. [0010] The initiation of |ynphocyte
extravasation enploys a fanily of cell adhesion m)l(ecul es cal | ed homing
receptors that nedi ate |l'ynphocyte attachnent to HEVw thin the |ynph- atic
ti ssues. WO HWAMNE honi ng receptor was identified by tRETRSIGHM8TG

anti body (mAb), MEL- 14, which recognized an 80-9CkDa gl ycoprotein on the
surface of nouse Iyrrphocyt es and blocked their attachnent to LN HEV. The
aut hors exam ned the rel ati onshi p between the carbohydrate- binding receptor
and the putative hom ng receptor identified by MEL-14 and found that MEL-14
conpletely and sel ectively blocked the activity of the |ynphocyte
carbohydrate binding receptor, the ability of six |lynphoma cell lines to
bi nd [(0VE beadSubseqoaithy EileniQ b¢ alg Erer. Mﬁml%%ﬂ‘l%@) rdpbsted fthdiest
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f oundf hmm ipbibjted therabily o€ ENEAcellsde migratetp asite pf}mmenm ptively

phos a artic aut hor. cuI

SpocPREBHT DTEL Raaior, dnis Hdibls R sPbboia Tns G kst Py
enzy iefmuhitpbsi agﬁepaﬁﬁeﬂhﬂawomﬁeﬁhlbinam@%ﬁ@eﬁaﬁaeﬁmsme
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(actual dose - 60- 65 g per day), which treatnent great T educe |nflam
explaining heparanase’s role in inflammation and cellular immunity. Of interest was the fact that

various tumor cells expressed and secreted heparanase in a constitutive manner, which was
correlated with their metastatic potential. Thus, utilizing a shared 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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‘matory infiltrates in the synovium and surroundi ng-ti ssue. CS al so inhibited
di sease progression en treatnent was commenced‘\after the onset of
synpt ons. Wiheonaublas s specul ated that the nechanisn(s) leragdoeikdrg! uded

i nhi bition of the passage of |eucocytes through vascul ar subendotheli al
basenment nenbranes by inhibiting the function or expression of |eucocyte
cell surface-bound enzynes that are essential for such mgration. (0012] In
anot her study by the sane group (Bartlett, MR et at, Inmunol. Cell Biol.
72:367- 374 (1994)), MP, CS and sone sul fated pol ysacchari des (SPS) were
tested in nurine nodels of allograft rejection and elicitation of
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i nduc &4 vHdchessaguiredan &0k gl ynopmatein o thesurfaceof monse Iymphecytes and blocked

20041 it PAHuRAR HEE NS oS ARG SRARRE e B AU Rl RE e (T
Vi ew bindinglrecHpane \ahé therpatasivd hymétigh feeiptiriddntified g MIEL-44and foundhha MELSM

d de SBM ECM t b t tiqn. '
ear acoemp etely and sePecgpe y lgcl?gél t{lea Xc%isv?tylo? ﬁle 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
-5



[0014] In a review arti cle(e- (Parish, CR et at Immnol.-Cell Biol.
76(1):104-13 (1998)), the Canberra group discussed l(he | nadequacy of

current awig 2deidseqeatory drugs in the treatnment of MS pgnrbhAfo15876
i nfl ammat ory di seases because (a) di sease progression was not arrested and

(b) undesirable side effects posed problens. They discussed their
decade-l ong (see studi es descri bed above) devel opnent of novel drugs that
could interfere with the entry of |eucocyte, into inflammtory sites by
inhibiting their passage through the SBM An inportant point energing from
their research was that breach of the SBMis a cooperative process,

i nvol viing: | L o=k [ ' . | nmes
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conpounags: 0s osu rs,, Su ate ol.ysaccharl des/ 0l 1 gosaccnalrl des
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Each £ E ' '
oo ol o rinkitp e sl abdt MBSl g oM ST ARER rkAthet rRad) FelfiteThlam-
m_t i X inmlfoi-ﬁhﬂm-feg/inethel& syrbv'luyr; mulnuh}otnédilgg ti#s:ag.e@ﬂ amoggmbigﬁgieeasg _pmg't]aﬂiaﬁ e

I C ays a Ke role In e Ol upl zatl on I nvadil eucoc es.
Phospﬁg@%‘éﬂt@eﬂr ePSW“‘?“ﬁﬁ‘? 6&?" tﬁﬁ?ﬁmwuﬁy j a4l Q%IWIP%%@#& enély_mas
i NvOl Yethah{3niE M FIeEsPRalueN inth it S the ﬁ&ﬁg@%?lé\ﬁgcﬂ&cﬁ%@h%scﬁ%s mechani sm

- expression of degradative enzynes on the cell face - was particularly
evi deswbendothelial basament methbranesduyinbibitingdhe fungamer exprassionef keusenyte ¢cell be

uncl ear specifical,l y inhihit,s. SBM degradation by ECs, which results in
a Chaﬁlﬁfgf%qg?g‘f‘f%ﬂzﬁg‘ﬁb’ggﬁEQF?%}&%’&“%F“?%{R%C“ es ininflam matory sites.
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I - inflamatory agents for future devel opnent. [0015]. A nore recent

t
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expressed on the surface of activated cells, as cell entry into the CNS

in E@-dbwmaystoﬁstﬂﬁ@flecetdiim&pb@ptdki&é!ﬂgbitqdr@?ig@rpléqitzﬁmiwnml@ﬁm Bani ned
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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

-6



'C C WD 2004/ 104015 PCT/ US2004/ 015876 state of activation, and (b) whether T
cells in inflammatory dites expressed the receptor{ Flow cytonetric studies

showed MPRyafdedifSo bsent fromthe surface of unstinulate

I sol at ed ﬁvom peri pheral blood and | ynphoid tissues, and P?tﬁ{s*&é@ﬂ"é
resident within the peritoneal cavity. In contrast, MPR-300 was expressed
on activated T cells derived froman inflammatory peritoneal exudate. In
vitro studi es denonstrated transient expression of MPR-300 on the surface of

splenic T cells following stinmulation with Con A. MPR-300 was al so i nduced
on T cell lines by antigen stinulation. The authors concluded that T cells

1)][1 j{ﬂfeégsrmﬁqogqlﬁﬁéggﬁég ess 35%300 on! Ehelr suifslc nd that gctj vati on

findi n%ﬁwmﬁ%@qegraugsggﬂgmg@éﬁak%%sgm noti on that cel I surface

MPR-300 is required for th entry of T cells into inflammtory sites.

[ 0016] [0814onmon! Ip agewiew artiste Basish GR eon. frutmmnod (éadl Biol \R(1)A04-432198)piths t ed

novel - GEBETA By ATGhHR i ebulclor BRER bR R BR ofER S e Bt s,
dependgidtotheR GiflammatoBhdiseases becgisa {4)Aisease] iofSwils fsvatresté®ind (b) t he

devel opnent of effective inhibitors of T ce m gration and extravasation,
the priwlesirablesidantbct nossdtrigb mé’mmd‘;@mﬁﬁw deqadgrleng:(see studies described

h 4472) that
e R A e e S i Ry
1 esi stiaflimmatoey sitegdydinlubiting tieis prasage srdugihthe SBM.aAa unpnmt\pemt amergdig fohi ve
thus b drseurimed Bt e ShRt s Aear v Precoet CRIToS AU BRI the

di seas@d c§tiltineldRA Aedrad uvfe%zﬁﬁéé&hﬁfbﬁ 1 ﬁé&i%déthéﬁal %Qndes SUCh T
| ynphocyt é mn ation in |%s pat ogenemsfeab% el.ii‘:‘o OF THE | I\I\/Ef\lﬂ'IO\l -8 WO

2004/ 1Waeles. dosament/ dzseied the properties efthice smaratc glagges of antbindlemmatoryhe
D1 &SRS B bidsSigke, 3 Sl oo R AHRRHIABbsab itk ard :FEs, VP ©
which inhibit the passage of leukocytes through SBM. Each “drug” type appears to prevent SBM
degradation by a different mechanism. Sulfated polysaccharides/oligosaccharides mediate their
anti-inflammatory effect by inhibiting the endoglycosidase, heparanase, which plays a key role in
the solubilization of SBM by invading leucocytes. Phosphosugars probably inhibit inflammation by
displacing lysosomal enzymes involved 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
7-



Formula I HO'"' OH OH “a Sall or ester thereof, X:herein n is an integer
from0O to 3, the -Q(CH2)"R group is in an axial or equatorial position, and
R i s opt ivwaapeyiosaisst i t ut ed beteroaryl or |ower al kyl, opCouSzowaidsys
substituted aryl wherein the substituent is selected fromthe group
consisting of -, -F, 4CF3, -CH3, -CH2CH3, -(CH2) nCO2R , -(CH2)nCH20R2,
-(CH2),,, CONHR2, -(CH2)M\HR2, -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 THiatebFadtikeion| BRBAY) whetisr TellfiritdamBaire sigfsarpressedahie Rgeptor Bowect of
1- (2, 4-di net hyl phenyl ) - 6- phosphono- mannosi de del i vered at a dose of 25

ny/ k Frteametie-piydies showsd MPRAO0mgshgent fiogn the syriacs of pasfimylated ret Teallser r ed

adj uvanio R _ : !
(el Folbich BRHERPpBATOb0A fod Brlhf o, ChoiR ot Ruche i BR BEoSRBAG
PREFERREY) InNotithsi/BUPR-3 000245 expressedr s tivated Y esllodeéivid o af aflaidgiiorger t ai n
tetrahydropyrans that are derivatives of A M6P are potent inhibitors of T

| ynpiistiangaligrydate.i Bvin gtudies dewepetrataddransisni axprespion o MER308 ea thesuelrecortat i ng
0 2 BRI o RehnlieifhuldROR it Ca A ONBER 300 Gos d1g6 Flduol Bn T R HES B O et
extraVascul ar ‘sites-where they nediate i'mmune and i nflamuatory responses
ass o@ntigacstimildtionu (IhienuthorscondindedthesT calivxinénflzompatordsites eapteseMPRZO0mr €

descrj hed and e lified in, detajl. hel ow. . Chem cal Strucjtures 033] ,The
 cont it it e ARyt ca AR S PR QRO £ B EP RS ORI ¢
C bas e dinidfngs KR sak ol RS dBbisteht witk lRVMotiGhthat cell surface MPR-300 is required for the
entry of T cells into inflammatory sites.
f0016] A commonly owned PCT application published as WQ/0204472, exploited the

foregoing observations by the Canberra group and described various novel M6P derivative

compounds and their use in freating diseases that are dependent upon T lymphocyte migration.
[0017] As a next step in the development of effective inhibitors of T cell migration and
extravasation, the present inventors have discovered yet other, improved phosphotetrahydropyran
compounds (distinct from those in WO/0204472) that are defined by Formula I, below. The
compounds of this invention are more resistant to endogenous manmosidase and phosphatase
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



QPO QCH2)nR HO Formula I HOV OH OH In the preferred conpounds of this
invention, nis an integer, preferably fromO to 3, the -Q(CH2)"R group is
in an axial -or equatorial position, and the substituent Ris an optionally
subst it WygthogiNgeRr heteroaryl, for exanple an aral kyl or heteroaral kyl .
Thi s genus o conpounds IS referred to as the -11 WO 200MUID4HMS876
PCTI US2004/ 015876 "Formula | conmpounds”. Also included are salts,
derivatives and prodrugs of the above Formul a | conmpounds. [0036] The
present invention includes various subgenuses of the Fornmula | conpounds,
which are listed below (1) Fornmula I, wherein, when n=0, R is not
4-am nophenyl; (2) Formula |, wherein, when n=0, Ris not an am no
substituted phenyl; (3) Forrmula I, wherein, when n=0, Ris not an am no
substituted aryl; (4) Forrmula |, wherein, Ris not 4-am nophenyl; (5)
Formula I, wherein, Ris not an am no substituted phenyl; and (6) Fornula
I, wherein, Ris not an am no substituted aryl; [0037) In another
enbodi ment, the conpound of Formula I is one in which R cannot be a phenyl
that is substituted with one or nore reactive substituents that are
characterized by their ability to participate in a nucleophilic attack on a
carbonyl to foRAb@RaAE WS DERGspEQR3R], rés&t%s}h#agfmﬁm%gdv%% the conpound
of Fornula | is one in which the substituent oxygen atomis a
gr oup*RReHed qfdormaled: sysceptible to the catalytic action of a mannosidase
enzynme than is free mannose or a mannosi de. [0039] In general, the conpounds
of Formula | (and the above subgenuses of Fornula 1) are designed to be
| ess susceptible to the catalytic action of a phosphatase enzyne than is
free M6P or another naturally occurrrng phosphonmannosi de.
’ : O
Ox
P2

0
CHAR
HO O(CHa)n Formula |
' 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 eptionally 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?



[ 0040] As used herein the term"al kyl", denotes straight chain, branched or
cyclic fully saturated hydrocarbon residues. Unless the nunber of carbon
atons is specified the termpreferably refers to Cl-6 alkyl which is also

referred to as "lower alkyl."” Wien "al kyl" groups are used in a generic
sense, e.g., "propyl," "butyl", "pentyl" and "hexyl," etc., it will be
understood that each termmay include all isoneric forns (straight,

branched or cyclic) thereof. A preferred alkyl is Cl4 alkyl; nore preferred
is Cl I Exanpl f Lght. chai n .and branched -5 alikyl include
ot ny{CHRRINRERY B0 {3730 COIRRRS hebeiR, i F e Bleder g, Otah by

N- penktted | $Ga PHA! &oup%@t@héi@&ﬁﬂ:f‘ 1T 2RVl and . deydl dFRt RY ! {O WY are Exanpl e of
cycl oal kyl groups are cycl opropyl, cycl opropyl nethyl, cycl opropyl et hyl,

cycl dtdepprdendy sdleqseshfrom the gronp hensisting ef &, alkyﬁ sbandeail.1 04015

PCT/ 1152004/ 015876 (0041] An al kyl group, as defined herein, may be
optionally substituted by one or nore substituents. Suitable substituents
may include: halo (fluoro, chloro, brono or iodo); haloalkyl (e.g.,
trifluoronethyl, trichioronethyl); hydroxy; nmercapto; phenyl; benzyl; am no;
al kyl am no; di al kyl am no; aryl am no; heteroaryl am no; al koxy (e.qg.,

nmet hoxy, ethoxy, butoxy, propoxy phenoxy, benzyloxy, etc.); thio; alkylthio
(e.qg., nethyl thio, ethyl thio); acyl, for exanple acetyl; acyloxy, e.g.,
acet oxy; carboxy (-CO2H); carboxyal kyl; carboxyamnmi de (e.g., -CONH al kyl, -
CON(al kyl')2, etc.); carboxyaryl and carboxyam doaryl (e.g., CONHaryl,
-CON(aryl)1); cyan; or keto (where a CH2 group is replaced by C=0). [0042]
The terns "al koxy" and "acyl oxy" refer to al kyl and acyl groups respectively
when |inked by oxygen. [0043] As used herein the term "al kenyl" denotes
groups forned from strai ght chain, branched or cyclic hydrocarbon residues
containing at |east one C=C double bond including ethylenically nono-, di-
or poly-unsaturated al kyl or cycl oal kyl groups as previously defined. Thus,
cycl oal kenyl s are al so i ntended. Unl ess the nunber of carbon atons is
specified, alkenyl preferably refers to C2.20 alkenyl. Mre preferred are

| oner al kenyls (C2-6), preferably C2.5, nore preferably C2 4 or C2.3.
Exanpl es of al kenyl and cycl oal kenyl include ethenyl, propenyl, 1-

met hyl vinyl , butenyl, iso-butenyl, 3-nethyl-2-butenyl, 1-pentenyl,

cycl opentenyl, 1-nethyl- cycl opentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl,
1- heptenyl, 3-heptenyl, 1l-octenyl, cycl ooctenyl,

-10-



1- nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1, 3-butadienyl,

1, 4-pentadi enyl, 1,3- cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl,

1, 3-cycl ohexadi enyl, 1, 4-cycl ohexadi enyl, 1, 3- cycl oheptadi enyl,

1, 3, 5-cycl oheptatienyl and 1, 3,5, 7-cycl ooctatetraenyl. Preferred al kenyls
are straight chain or branched. As defined herein, an al kenyl group may
optionally be substituted by t he optlonal substltuents descri bed above for
substituted al kyls. [B84E SCRERITIC IE ' denot es groups
formed from strai ght chain, branched or cyclic hydrocarbon residues

cont 4008319 at |R@sts D’D&mmrgmﬂﬂ sbmdg ikiecdffedi 601 -(24-Hitiitedphenylygno- , di - or

qups_as previously defined. Unless

pol y- unsaturated al k or cycl oal k

_the mmpnwa@a?%ﬂ%mﬁé at i;d %95@@2% F@g(g/wéﬁgew prd bmg/kglagfFigol By any ny |
“ Mo f bl
- C2réel or g@gfﬁeﬁya}jﬁw%lﬁ& es |nctfqﬁ e@yny%w%r%ﬁsﬁﬁg&prpggyﬁ;? d

butyrﬁ;ﬂrellimglmlaﬂcmgjommnmaﬁju'amnnimentynyI (including isoners). A
particularly preferred alkynyl is a C2. alkynyl. Preferred al kynyls are

straight chain or - / 015876 al kynyl s.
As defined herei MM%@Md by t he opti onal
subs nts SCI’I bed above_for alkyl. [004 The ter denot

St IO o 1 TBR Sisech, cpeniom diteaiseied (it psriay ioRpby o RO ot 21 ee)v ‘ﬁéﬂﬁn or
al kYWarESB@xﬁinhW}s)of Tﬁ&ﬁbﬁéé hﬁiﬁ%ﬂ%r@ﬂh@ref&r@ﬁ%‘ fof TSRk ¥h

propanoyl, “n- butanoyl, 2:nethyl propanoyl, pentanoyl, 2-di ne hylpropanoyl

hexapog oramdlamspﬂ assesiatechwifh undqsu wigritionrfcRerdisito nmmmwxmmn oyl ,

tri d a6l Ade 0 ecanoyl ,
octa e%gﬁ%ey ﬁ e%'g‘lecar% ejan? 0Sano ?B’réyarrp%;es o}%%%ln%amps alrg% pr openoyl
but edizgises. pBﬁHse aombouudahm iheiyhxsesmlredgsbn‘@emhnﬂlenaﬁylhﬁcdﬁhelehﬂd:eMar bon chain of

an agél gé oEti onal ly be further substituted by one or nore substituents
as d , So that "acyl" is also intended to refer to a
subsfadsg} ed acyhe cddd@fEheniti® ehtftl Wpoiviich tﬁ@ﬁ%?&n?p&hﬂﬂbﬁhe PrkenRbel ear,

conjugated or fused residue of an aromatic hydrocarbon ring system
" Exanpissd inthowmyin Farreulp hdweldw: bi phenyl and naphthyl. An aryl group may be
~ optionally substituted by one or nore substituents as herein' defined.

Accordingly, ™"aryl" as used gﬁrei n also refers to a substituted aryl.
O o
HO” O(CH2)nR
W 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



[0047] The term "heteroaryl" denotes a single, polynuclear, conjugated or
fused aromatic heterocybllc ring system wherein ofe or nore carbon atons
of a cyc&b@ &%ﬁé@®§abon residue is substituted with a heteroatomto provi de
a het er oYt tic residue. Wiere two or nore car BT/ HPIRH01587%6
repl aced, the replacing atons maybe two or nore of the sane heteroatom or
two different heteroatons. Suitable heteroatons include 0, N, S and Se.
Exanpl es of heteroaryls ( include pyridyl, 4-phenylpyridyl, 3-phenylpyridyl,
thienyl, faryl, pyrrolyl, indolyl, imdazolyl, oxazolyl, pyridazinyl,
pyrazol yl, pyrazinyl, thiazolyl, pyimdinyl, quinolinyl isoquinolinyl
benzofuranyl benzogplenyl purlnyl U|nazoI| phena2|n acrldlnyl
benoxEerBi 1 compognds’hiAlse ingludsd aresalts, R‘éﬂhvﬂ%ﬂﬁiémsﬁéﬂﬁ%o"% Forgwla bar y |
grouamgg%ngg optionally finther substituted by one or nore substituents as
a

descri jove. [0048] As used herein the term"aral kyl" denotes the group
- Ar - RO36]\her ei The'present énvention inchpdes yerions suBgenses ofithe Folmiyla Icbompotasds) t ut ed

| ower Ary groups can optionally be substituted at other
posi?"hl‘r'hé’%%g?&’g . “halo, lower alkyl, alkoxy, alkylthio, |ower alkenyl,
| over rx ”ylForﬁ'mli‘ W@%ﬁ%m%bﬁ)iyhﬂﬁﬁﬂﬁgéﬂ%uy paryl, aryloxy,

het erocyc substitdted heterocycl etero ) substltuted het er oaryl ,
nitro, cy@)o Fdrnuily I,swliefamwlmnalw Rhentbnahennfo(whshtasedxbheayhl kyl  conpounds

I ncl ude apQmatic c oynds havi n di val ent .hal “oup, hydroxynet hyl
"14 Vo 208%) 1m?%wﬂ%%ﬁlsgﬁﬂamamw%ﬁ%%hw a1 oup.
Specific @ganpt Sl I qaahﬁyl ggylude nmonosubstituted 2-, 3- or

4- (chl or onet hyl hen dlsubstltuted , 4-" or 6- bl(chloronethyl)phenyl

Sotri subst|€5t)t edFormulaéwhe(m%mmmw@bgnmte@nMr@d hal onet hyl and
hal oal kyI o el fhat can be use in place
of the ch @rhﬁ:]laf,) gt%g%abs%??%ﬁr@%%s r zli’rrpl e, hydroxynethyl, or

| k h | th t !
ot of EOFEH b tenaer SRERES) His mipofit ﬂmﬂy BeBn L SOl Cn 1 <
S ubslsuehyt md: ib yutRiitat&d with bfie & %Mirgcrg.éo%&b wum%% m%gwu aﬁgfz or
ex%@;hty tmcmte@mz)WMma%ackm@@mﬂm) meelgqndn)r 0-3, R is H
al kyj oo%loafy' %ﬂS‘m@P ﬁécﬂm file cﬁﬁ.gohﬁﬂj&%?&ﬁ}}tl' ¥onéﬁ1w ch%e{?ﬁi)st}t@én}{ | or

acyl 50) her erre groups 1n for
2- medfithié Ghexygen atom 1s a group that is less susceptible to the catalytic action of a mannosxdasc

enzyme than is free mannose or a mannoside.

[0039] In general, the compounds of Formula I (and the above subgenuses of Formula [) are
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 ina
generic sense, e.g., “propyl,” “butyl”, “pentyl” and “hexyl,” etc., 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-



. proc

2, 4-di net hyl phenyl; 2.4, 6-trinmethyl phenyl; 2-nmethyl, 4-chlorophenyl;
aryl oxyal kyl (e.g., @henoxynethyl or phenoxyet hyl ) benzyl; phenethyl; 2, 3

or 4-net woyehaeywis 2, 3 or 4- :nethyl phenyl 2, or 4- %2%' or
5-pyrimd nyl; 2 or 3-thiophenyl; 2,4, or (1 3) - oxazolﬂlyf foréare’
5-(1,3)-thiazolyl; 2 or 4-imdazolyl; 3 or 5-syntriazol yI [ 0051] Carboxylic
acid groups can be esterified by known neans, for exanple, treatnment wth
an appropriate al cohol under acidic conditions or by treatnment with a
suitabl e al kyl halide. A carboxylic acid (carboxylate) can al so be reduced
one oxidation |evel to an al dehyde which in turn can be reduced one nore

ehe AL o ad ol o} B kmeHeckf iy hE 0B GbMYE REQERL b SpEbEmsR | "
di i sethstiyentsu Suftatite sxtb,sﬁmmte n{aylifAhdehalo (ﬁnoxbpcmbﬁgibtdﬂﬁﬁoﬁsd@)hhﬂsalmBm) -

Correspondj ng al coho | kyl ated or acyl ated using standard
E’ﬂ&r gifluotpmethy); @OEI %tgtl)v depxyi mergapio; phenyl; benzyhamiaealkydamino; et hy| |

i o il ‘Q%Q’Wtﬂ?{a@af%‘%‘@& AR eting) bifory Srbb> 210 de
conv Stmgﬁﬁ'ﬁ““iﬁ'a”’é’éé’”b”‘h‘“w O Boul T i’??‘é’”’%‘?é’“?‘“‘ym"“?ﬁ?é nee of a
cat af ?%F&’c&ﬁﬁf’mgﬁé’g f?ﬁ%&r"ég @é’fﬁﬁb? ‘Idl (;%B}' Am des

PRQ]]@Y‘): @ﬁggx @hb@ﬂ Bﬁﬂ Nﬁearw a}y'? ; I
tmj)r/ncaan am’'de c(g)m nitri lta?& can reduce'ghv(\ng?h a su}tabl gdum ng agent "
e.g. keth(Whma(t?HzmulamrmiﬂceAdm(afﬁ)bn or al kyl ation ofh an am ne can be f

[ 1] t

* neslR4aF oupe TPE Rk Tl W o2 el Sud 80t tis MaBEHREN SRR ve
O galihkedbyed)sied.nat i ons, - 15 WO 20041104015 PCT/ U82004/015876 VCH

Publ i shers 1989 Lar ock Conprehensi ve Organic Qynthesis: A Quide to
FunctQ0ddhl o ysqdrlwmﬁm “alkenyl’ Wpaymséyn@dﬁomwdng aland Smth

dasit and
St rﬁ%’t"ﬁ‘%}‘e"d %ﬁaﬁﬂdﬁﬁ%‘%@%\?‘% %ﬁ‘?"&@%‘%ﬁce PG a‘f %’g‘ggﬁi‘d/iga el 1 - known
i n t éthylenicallyamono+ di- er gmlgumsatsratﬂd alkyd osawloaikyl(ymupeas prw&ius]asieﬁned: arboxylic
acid_or amd rou nd, ca nverted.in r means,
For " ThRa i eacfyisPe A inidter AR BingumparisGarohbalprty S sheutes, shai ,
al kyﬂ?]:etbeamyl Pdfirs 6.0, RN INeRGRefeired a@taﬁat s@kenlsns (C19), PrefdhblFiC § Shére
synthesis wherein an acid chloride is converted to a carboxylic acid with
t he prefesahly 624 8% CopppExamplss ofalkenyl and cycloalkenyl include ethenyl, propenyl, 1-
methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl, l-methyl-
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-



carboxylic acid group can be converted to its acid chloride derivative, for
exanpl e by treatnent mMih S02C12. The acid chlorldé"derlvatlve can be

react ed *&Eﬁ?g thane to formthe diazoketone which can then be treated
with Ag2 ver benzoate and triethyl am ne. The PEIGERW043816 pe
repeated to further increase the |length of the al kyl ene chai n.

Alternatively, an aldehyde (or keto) group coul d be subjected to
Wttig-type reaction (using e.g.,Ph3(P)=CHCO2Me) to produce the

a, p-unsaturated ester. Fydrogenation of this double bond yields the al kyl ene
chain that has been increased in length by two carbon atons. In a simlar

nner, other hor anes ca be us ner at.e | onget nd optionally
o beininyfoc ks e Reiein An AIYART. et RiPnelly broAhbasaien by the Sefiashl FOSERER o be
evi eEditel abo %Fh&?# mani pul ati on of a substituent at the 2-position in
t he sugar backbon Formula | may require protection of other potentially

read09453 gr oupﬂxe telm I“iacgrl;” denbies Byaiglibchaigroo bpmchédalkineyh@(€)alkd), atkenopb| e

b (el RE Rl A@i@kﬁ%‘eﬁaﬁmﬁ&;@ﬂ%ﬁ °“dLL've‘§9t§rn %ﬁea“ﬁolyi Band are
des gitaRsH, Q%éﬁxﬁﬁﬂﬂyaﬁé(yl%enﬁnoyl Pnotiffeitiylo Beslaflofl is, 3'd

ed, John Wle and “Son, 1999° Afurther as ect of this |nvent|on are these

pr omenanayl, mﬁml, nndedaney, dcslwbmyl mdqcmmi,\xwdamm, pdntné@a{md,%] The term

e:?gﬂt”* (%grl v?élw%%%lodr u% I udeﬁ xMhar rraE ti cal #ggcesk abl teosgl t,

subjpesenoy 1§bﬁamblmﬁnoyggﬂﬁﬁﬁyl B&o@eaﬂdhﬁkoﬂl mhbr&oeirbbﬁdhmﬁ@fhﬂicy@
conpound as described herein. However, it wll be preci ated that

p hawmﬁpp%lbx wﬁrr@ﬁwbéwmb& ong gr mere:subsfitnents as/@qsmbpdmbevg@e taatSeelhe
mvgﬁw &%{ajs%s% %U82004/01587_6 since these nmay be used to

prepare p ar maceu I cal I'y acce | e salts. Suitable pharmaceutically
acc¢poasll e salThe teroct'argle, deimtes aasmg]a,cpoljﬂunieaedonjogatechbiﬁnse&remﬁae ofmeutical ly

i 1 AR POR S e EPARPIES SN S pIPBr ke e Rapiel ARBBN a0 s

suc @rtﬁ‘i% rﬂ&ﬂ:é Sptidhally 'sﬁlﬁhﬁ:tecm&t otleloF mdr@&ﬁb%ﬁ!u@nts Rh&kin deRned. O}Wéﬁhﬁgﬁr
fumaric, "maleic, citric, lactic, nucic, gluconic, benzoic, succinic,

oxaf‘ug!” %Wéﬁi/h%!'e@tﬁlio refess toambstititediatyl.  t ol uenesul foni ¢, benezenesul f onic,

sal '[6(%175 ¢ sul iy ltérhxc“he?e?@ﬂlt’ idgnotQJ yéiﬁ@eﬁpolﬁﬂﬁfe&aﬁ bo&]h&ﬁé& &t fused aromatic
heterocyclic ring system, wherein one or more carbon atoms of a cyclic hydrocarbon residue is
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
-14-



pal mtic, oleic, lauric, pantothenic, tannic, ascorbic and valeric. [0057]
Base salts include, but are not linited to, thosd formed with

phar meceig sbhdiorfccept abl e cations, such as sodium p Hﬁs |t hi um
cal cium magnesi um anmmoni um and al kyl ammoni um I n par ?I cu élrj@oé%ﬁ"%oni C

salts are within the scope of this invention, e.g., sodiumor potassium
salts; also included are alkyl (e.g., nethyl, ethyl) phosphoesters. [0058]
Basi ¢ nitrogen-containing groups nay be quaternized using: (1) a |ower alkyl
hal i de, such as methyl, ethyl, propyl or butyl chloride, brom de or iodide;
(2) dialkyl sulfates, e.g., dinethyl or diethyl sulfate; and others. [0059]

The ' Nkl Ok i | nes f. el the free
compB g8 Afkof i) RIS Shastic Bmplesd aISY kBigpb s IRl Blniludd T |

t he 3<0péer H{chldiomethiyl)phetivl; Aisubstittied d - of 2,5Qﬁ(bh1dr@fﬂetazﬁplidhzl; trigtibititutede art

[ 0060] An rodrug,.of a_ conpound of formula | is within the scope and spirit

of t B&.6-t msthyDphenyl.andiothsr Balemgtpyl and haloalkyl gramaticisogpaurds. Qthere ¢ o

enco ' . 10:V] onpounds of

ho g aaeis B3P GARd WBh Epe AR oiibfom Rty Rl ihd.8 b, 1R SxlRLTTY LT

t he hy@oxmmhymaﬂgsgymwrylwmahyugnﬁmyhm&mcﬂiyhhmm a f2 ree Pydroxy_
roup, . converted into, an ester (such as an acetate), or a_ free amno

grouﬁ’oﬁg conve™®g F’B'e%‘?fnn]é‘?ﬁ_’aé’?t’ rﬂ?ﬁ’e@&fﬁ@gams #WPHQ&P%V@%%OUMS of

Lhe LBu@iel®) ol br Rkt alkROUANY, kiiRIoA ! glofd, Y6iexafpRs LCRY it dHAD
appropriate car boxgll i ¢ ag] d, anhydri d2e or chlorpde in the presence of a

sui t {HCOR al ik nﬁHz%e:(CﬁzhﬁéM&yt-@{ e{CH)LGONR BAOf 0061] By the

t - te" ‘T |." J S i Nt d |1l of .| te |i

uni AT CTN I Sherear 0%t i h SR and R of T hipalppda "7
t ext goglkylodryl seaepn| ogy, -17 WO 2003/104015 PCT/ US2004/ 015876 for exanple,

Abbas et at, supra; Janeway et al., supra; Roitt et at, supra; Kl ein, J,
supr@P50]as i s Qrﬁ)ﬁswrefqﬁreﬂﬁegramméomaw mgiuge: phenykidomethyinbenyl; of T cells

oo % i fnddphia BUSEn R BRI SRS, S22
m grpienonynedthyl of pheaioxgstheld; teneyl; plienethyled, 3 or 4amicthioxlyphéhyl; @, B osdbsets, with no
oSt A i RenyR 2 3% ARy L2, 4 of S pyimiinAY of 5-4EDpetoR 544, or 5-(1,3)-oxazolyl;

2.4 or 5-(1,3)-thiazolyl; 2 or 4-imidazolyl; 3 or 5-symtriazolyl.

[0051] Carboxylic acid groups can be esterified by known means, for example, treatment

with an appropriate alcohol under acidic conditions or 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,
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[0062] The T |ynphocytes of the present invention nmay be derived from an
established T cell line or clone maintained in cell culture, or may be

t aken frewe fobgrodbmsod, |ymph or organized Iynphatic tisppgrRbodorghd donor.
By the term"organi zed | ynphatic tissue" is intended any tissue Or organ
whi ch contains |arge collections of |ynphocytes, including, but not limted
to, thynmus, bone marrow, spleen, LN, gut-associated |ynphatic tissue,
bronchi al -associ ated | ynphatic tissue and skin-associated |ynphatic tissue.
A-preferred source of T cells for the present invention is the site of an
ongoi ng antigen-specific response, such as a draining LN in a subject

i m"n% i y | [ 4f s | ati on of
such aﬁﬁﬁﬁg}:&{g’ 1?%%2%?&%;“&82@&%%%“ eﬁ%ﬁﬁr@eﬁo’?'ﬁg" ?%%%ﬁgg@%gubj ect to
whi ofrdipPropeatiatichinsWVieeshdSomdis, I8 hed Sunith OB &fal| Mepsiesdvandedr t O

obtaj ni ng | ynphocytes. The dose, route and timng of __antigen adm.nistration
wi | |OnganisLhemistiye RegerionsdUesfagiasondsiructure, pth ﬁélgtm Wileyriaterscigner, 2001.
experinmen- tation, and includes, but is not limted to, the doses, routes
and tinme intervals disclosed herein. [0064] By the term"activated T

| ymipes3]t e" orAs'iastellviaosal ifl theeedrt, a'niteite groeplistat ked samei oxidatiohdevdbabaa T cel |

whi ch has, been expposed to gn activating, agent. Preferred activajing agents

f or RTRORVIS AR SThidG GFRUP A AR PE ARVEHEY BAIH GroURs PYERPEN MEARSO9hcl onal

act ig¢ainBle, 51 GthtMentwih i3 hquedR3Rld%r Bhse. | Nduci ng a response by that T cell.

Such reSponses 1 nclude a Ifarge nunber of intermedi ary netabol - ic changes,

i nd6034in of reralbylohechaimeanshaiehgthined, fouctample, Diithe Rixiidthistent gyrthasis

t .S, L1, di;viSi d the like, .as.i Il -.k ' h t.
Shi (s Ap A hlogh i SosBup R o 2 e S it Sne Bactiog 8f Chy Tover s ar e
knowarboRylid\&tidroup 6ah béleddverted RiLits Ridechidiidel defivheet, Fot exlinpRISNFeaf@t yCl onal T

cell activators) such as concanaval in A and phytohemaggl utinin. Additional

act iwith Sl la gl acidieldoridaderiyative canths vith diepemethane gdomr 8¢, i ncl udi ng

rqacted
Lo (REOEHp Wil b 1Rk RERLT S NGB MRS teoeit W GMRARRIL I 000! ©°
e Bhor DOl SSLer s . SuCh a6, phot ol miri St at o 806t A ermbr pgorbl nat | o
r €S .
of - adeRufalGr Ree) Pt i vE Siedie RO sve readion (el BrohpRCEREEE 1t ndog

as ' ' ' bR I
0057 Shedit Rk AR aRE Bt HRARRAAI Ofis Bullc bl REARE Mvienddballd

t he the haslies ippoeasedirslength biydwe cetban atoms Aty a sintilar ananoer, otheTphdsphgrires yares i n
R TN 13 oD Sy B Warhred o Sl M hoiShih O
00551 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-



factors, such as IL1,1L2 or IL4, etc., to the culture mediumfor part or all
of the activation intgrval. Activation, anong o'%!ﬁer ef fects, produces
nmbrane conponents, nodifies cell traffic in the body,

changes
and indugn%%é’;gw&g‘son of enzymes that may affect the wdFTUS2HIMB6 cel | s

exit fromblood and transit through tissues, as is described in nore detail
bel ow. [0065] As noted in the Background section, above, T |lynphocytes are
known to mgrate fromthe blood streaminto tissues, including tissues in
whi ch an antigen is present for which ( antigen the cells are specific and
to which they can respond. One way to assess T Iynphocyte mgration is to
r a broader popul ation_ of yq§&0|d Qr blood cells that
I

:ﬁ?%@%?%es gp%péﬁwcyut&#lmm bb saits.| Spwbleghprmagspticallyof er abl v
at '&%éﬁta@l@g@l& inb MR HAE ¥k 551 K Qc?td”'%%f% ﬁ#@&%gnﬁ . T l'ymphocytes

are assessed using routine ne ods t1 bodi es specific
for (8) dmirganivadids m,ch;as hfdroetibic, Ghlfdric, mhe@hohqgumm c(arbnmmchaas,&;a)fanﬂcl and
cytonetri,c.or other inmunofl uorescence-based nethods, or inmunochem cal

t echni @'?b“{%‘%?}'] The | abel ed cells are adm ni ster ed by i I’lj ection or

8 S A A L OB Wt S Bt e

in a selected site, tissu subj ecting the desired
ti ssue marbeae.rclmqg;iacm e, gmcemc,l bmzme,tmodmcmxaﬂwmmnybxem mtha{xmﬁﬁmc,lvany

detectall e | | h f 1 abel
i oh S, oPh Sl e UG e, SBe e A pocent

| nvent pifiti6) 146 Qatkrds] pRisthkiie, tahﬁ@tzﬁ@&&c anavarpgnet i c isot opes and
conmpounds whi ch can be i maged by p05|tron enm ssion tonography (PET),

flugpesgent orp4elsaitSHchasPat R ot Binfted @Jﬂb@?fﬁm@&hﬁ&tﬁﬁhﬁa&ﬁﬂ%ﬁ i ncl ude

radioact’i ve, fluorescent, fl uorogeni c, or chronogenic labels. [0068] Useful
r adi asteriiabile c4ticnd, suoku a$ smm) ,potdssivim, aﬂaumaaknmmdmbgnesm @mimupiymdadact i vity

anuna. count er cint.illatj nt t.or adi ogr aphy, ,.et C.
| ol A Rar Bl Aliuy WA SN et o Uif HVpARH R kpailindr, o
99T potdedibilsaltd74Mb inbitded arszn‘@n (&gcﬁethyeemyl)&aasphom&sand 201-n. 1f whole
tissue_counting is to be used, preferred radionuclide is one that s not

reut 90$8zled on rqmﬁagen-q%%mpag{ow By bR guitpinized wsingt (13 adewer alll baliges cn i t

o 0L B 48915y DR 1 P oAl 5 ot

(cowntdsa‘th)dlsnlfate;rand@m at a selected site or ti ssue, and the nunber of cells

t hat[OB@je mg rﬂ} e((j)mtpguﬁ ‘ot ﬂlleoi%%gllltl%rl]l maycge n crystallme form either as the free

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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C- C WO 2004/ 104015 PCT/-US2004/ 015876 (in the formof (Na251Cr04) is
particularly preferred. In another enbodi nent, cells may be labeled wth
1251- i odWOe2o004100018i ne whi ch is taken up by celI's and MeyCREslEeTsRa at ed
into their DNA. [0069] Conmon fluorescent |abels include fluorescein,

r hodam ne, dansyl, phycoerythrin, phycocyanin, allophycocyanin,

o- pht hal dehyde and fl uorescam ne. The fl uorophore, such as the dansyl
group, nust be excited by light of a particular wavel ength to fluoresce.
See, for exanple, Haugland, RP Handbook of Fluorescent Probes and Research
Chem cals, Sixth Ed. (or later), Mlecular Probes, Eugene, OR, 1996).
[00?&%xhﬁ R Mb&e&%@th@?aqfanéme@ar eﬁwﬂm& P4l SiBVa; ReinCE i), Shed by

renovi ng B hi sto- |'ogi cal speci'nen from'a subject and exam ning”it by
m croscopy under appr opri ate conditi 4ais knownde tleeirt, alvarietyodldefifddonibsatd

di Ki.l I, dj t of hi st o-
" ogPE BetErhe Heodh Seh of GRAPTERaIRS celi DSF Sytstont Tristls mdlietibofthr to
achip\irsosedof the presént ifkRina6s, inethods P Tohkbitihg/figrhfiorfofT Binfihoefte@argodi ment,, T
cell magration is evaluated after iv injection of |abeled, preferably

51 Cdirecigrbtogrultipler T egdhsubgets,i vrithonorestablis pmfereacmﬁwﬂ"eneﬂmf a1ty given subeetant i gen

pre at on e Ied F le, it
(o821 b1 o°r 18 TR Eocthe o e rSlebf Byintdh nialbe Fer AT Bpian dsPbSRTE

accmmhﬁé &ictiont radinfticdGR Belt Qilfugd, B ity b Skef flayn e dkdid] 13&1 hidi@rghipiedt of

radloact|V|ty present in the tissue or analyzing the tissue histologically

tyaiphatic Hasuefia Cﬁhljﬁmgr &y thetermt prpanized lymphrbe tissupT is iptended anyfissue or

- aut 7 h t: osition
- o Pl oS 138 Collodholit B GirpRBEy L obisBley bR in RS . MBS, | D
t o malrowi splean; ANT gueésbomtgd htmphaticitissog bamchiaﬂvamcmtedyymphzhctﬁssum&l oped
assay. [007 e enbod n| mal nized wth,an en to
ot SR APC Ly B A Pt Trla bR wessms pvemlian s Prsira: | s
as S§fCAnPdriyd ﬁgénh géil Wﬁ&@m'a@%ldmﬁﬁ@qmnommwhnﬁﬁma&ﬁJtOI mune
di sease, and nma be a self antlg‘n (autoantigen), a foreign antigen that

cr ontradermally owintm@tanmunbfcgr fror Euef cizgmlatige af quche. SUbHG'fcase of antigenic

ac%%ﬁn 6508 1].he ;‘nﬁiltﬁggggbﬁqfll on %Jf'&%rgm#t &Wﬁl ogl cg'mggj tvant . For

an dostof mevangasofmwmopn@fto @Blahﬂﬂgﬂy&nphﬁéﬁes. fTHe dose, route and timing of
antigen administration will be easily determined by one of skill in the art without undue experimen-

tation, and includes, but is not limited to, the doses, routes and time intervals disclosed herein.
[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
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exanpl e, A Conpendi um of Vacci ne Adjuvants and Excipients (2nd Edition),
Vogel, FR et at.., available fromthe NIAID web site

(mai d. ni h. gov/ dai ds/ vacci ne/ pdf | conpendi um pdf); sée also G egoriades, G et
al ., |1 mmn}}q%%m%uvant s and Vacci nes, Pl enum Press, w_York, 1989;
-20 WD 20041 / US2004/ 015876 Bennett, Bet al, J. H BHO1Re
153: 31-40 (1992). Exanples of adjuvants include Conplete Freund s Adjuvant
(CFA), a mneral oil adjuvant enploying a water-in-oil ermulsion It contains
paraffin oil, killed nmycobacteria and nmanni de nonoosl eate. | nconplete
Freund's Adjuvant (IFA) is a mneral oil adjuvant simlar to CFA but

w t hout the nycobacteria. Montanide | SA (inconplete seppic adjuvant) is a
m neral oil adjuyant th@t uses nmanni de gl eat.e as_the pmj or surfactant

conporfeAns, speatieior;either the spmstanf of s xanshiowgrtipas of these chaips., Any 2c@yatioB pEE { hat

cont ai ' f'é"%d‘f‘ gj? W ' nlwnﬁ’?% in 2%
squal gﬂ@phﬁﬁfﬂb e gnﬁl?lg? P@n@ag?éyg g@n{’ﬁgérug‘lsfa?lkg}??val a cllt%r.g 8@?‘2@%@( r) is
a wat eietors; such aeid, 312 or Iy et dorthiecaliue mesiumn fiwtpaet ca@jlof dre actimation interval.

m cropartigulate silica squal ene. The

st HHVAHRMH AMSRe P%Pﬁw'ﬁ@%ﬁ%%ﬁg %ﬁ@%@&ﬂ@ﬁ%ﬂ%ﬁm
b v P R e B A S i ol e

enul sifrom bload and transit thiomgh tisnies)| ag isedeséribedan sword detaibbelowA nur anyl di pepti de
derivajl Is the i nQst Lmyl at or, onpqQnen Al ym num salt adjuvants are
generi%?weakep‘s n&%&ﬁ? @W&%@Pﬁ%&ﬁ%ﬁ@%ﬁﬁm& OVR I} BYEPE used

Wi th TRmehbl nTHISNRGER] Mcludi itRARS in WhHicH af bhti 0SS brtka Fordwimen bed

antigen, the nitrocellulose 1s basrcally inert while slow degradation of

ni t r ocetigan the eellsapespegificomd tp mhichthgscansespand One way tayassesstnlympbotyde ed or

P mundbeind b ST 18 HiPhos s QR iplser Bopadortir APl by Blega cbie Bar
s aponiedis Tasinphedytés, fRIresly el & i1edte 80 qoR pReferiblpst lvdat 90% api dl y

mgrate to draining | ynph nodes. Both cell-nediated and hunoral i mmune

r es porigeehogytes). nidwasmbersorpepreatagesraf Tymphecyiespregssessed psipg suting methods,

- : . . : _ » i
200" OB il kB I POt ey RS ) sBoal C011
ri ch iimrynoaksag) flow cutiarhetria ©r bthenishmunadfiporekcenombaded mdikodsporimmunbchdntea T

cells., Preferred sources are the spleen or, nore preferably, draining LNs
that &°8M94%%he i rmuni zation site. Lynphocytes are harvested fromthese

[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) at a selected site or tissue, and the number of cells that have migrated to that location. *'Cr
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sources, and T cells may be further isolated or enriched fromthese
| ynphocyt e popul ations usiing conventional T cell enr i(chment nmet hods. [ 0076]

These T cey/ £ell enriched | ynphocyte popul ati ons)
detectably Ib%bOGP c?x (using a | abel described above or anypgiﬁ’]g&&ég'ﬂ?sc}f)ri ate

detectabl e | abel known in the art. The |abeled cells are then introduced
into a naive recipient animal. Preferably, inbred mce or rats are used and
the reci pient and donor are syngeneic or at |east matched at the MHC so that
the infused -21 WD 2004/ 104015 PCT/ US2004/ 015876 <cells are histoconpatible
with the recipient. The |abeled T cells are preferably injected or infused

¥ ar gin e i ' Repe O s ctacty pre e, B pOlRRY ebhinent feffiimy beleBrBe g o
the ar}ipeNiodvodaox m&h@mwﬁhumm bnd\hiag Be iltOfRrdted fftd HRIrDNA.,

specific. Alternatlvelﬁ a foreign antigen may be rOV|dedtothereC|p|ent

ani nal(8068]a | o&pmmoen Wﬂa srinclude memm,l dawi@hyaoqsyﬂapo,rtlon

R L R T S T
expre 1 gidup, xhegtmereﬁemrbyn@éﬂt of ®yartivelarwawdldngth {oqﬁi:?&scEOSee?mrmh%&le; n the
case of diseases of the central nervous system (CNS) involving a

ant i gdlauglend(Ri: iHandhookef uereraent Brpdes and Keseensh @E"—‘%gﬁﬂﬁ Edefor Bateot ei n
P In M5 E, T cells | I
(MB ) &e&lag?x&% a‘l‘fé%’r Ratlggé antigen. In or EA cells localize in

the brain a N as extravasated coIIectlons of cells in

the f @oonopf per Ui sincddtevtion of tire detddhBR] 1aBe) niay e abé’dimﬂﬂidhecl By e6moligg4 histo-
(m gratign_in the setting, of these CNS di seases, I's desjrabl e to have a

st abl dogeah FrsgtRemirem mar@rexmwmﬁ&wmewﬁﬁwmﬁr spREQPTigieropditigny o
et or SrisetAELBHE s be HOAEY BB Y Mlealp ByftkifE chd afy ofe BRISRHEY IR DC

determ ned by the appropri ate

can allegicabmethods (such as stainirgg procdureskcay. he mydifiedsinawtientd echievesuch imhsiu

hi st ol,ogi cal nethods. [0079] As noted above, when testing a mgration

I nhi bfiF ‘§P gent in a system based upon a foreign antigen, a depot or site
of angogm|y accur.mhmﬁ Qprdfﬁréar@mcﬂﬂn&ﬁ Paélt migmﬁmskeahateﬂﬁér%hg&uohwt es of
admnlsterlngtheﬁ enis s.c., intradernal toEchaI (as with a

][ leact ﬂabeledem@%rab%xj eled; antigen-specific T eellqot?&g/ dwhnc«b hag the angigen f
T cor POt bl GRCHIENE ajddkord ik BETBE Monctdd. ' el i hosiiffe RuflpRHAR T ©

suf fi degred totwh”ieh th%ﬂnjected T cells have accumulated in an antigen-containing 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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el apsed for sone of the antigen to reach the draining LN. [0080] One
approach, exenplified herein, is induction of a cell-nediated i mune
reaction of the type that was once classified as @f"type |V

hyper sensi {4 Vi 1.y, ction. [0081) The foregoing nethods ar nized and
wel | underg%?ﬁ@y@gfkﬁ: ose skilled in the art and the undeﬁ’l@(‘ﬁ%@%‘l%@ pl es
can be found in any inmmunol ogy textbook such as those cited above. Here
donor animals are sensitized to a self protein (in practice, skin is the
easi est tissue to use) by chemcally nodifying the protein(s) in this

ti ssue thereby allowi ng the chem cal noiety to be "seen' as 'foreign
tissue by the i mmune system This is done by reacting the skin ("painting")

ith "hapten' which i || | kyl at i latin t that
Feact < Bewil Bt al, Lummaioh Metlor &6 1493 1990) > BoaPalon ok shwcania o in FoTise:

4t Ce . Lo o Ctization,
pl eent esBE ARl (TR, Riniakipf il il btk SihaiWRel BLoPUIGioR I Srkdsas . O
| sol at paraffireail, &lilledbrmydobmtmmgmﬁ@mbmmmg. Ihoompiéte Fltrfiﬂdrsrmijuvmit ﬁA) is
reci pi ent, anj i.ntrave i njection. Prior to cell transfer e
reci Bi @ mineral o ’é"%&%‘ﬁ”lﬁ‘é@ @%gm Y‘JB]’P‘BFI‘%‘RV‘FEM?‘S‘F‘“'S Mq@gj@g@l% ual |y
oh . > ! 4 L b
of el TP RGvaR) i finthlol afifanREskeRERINE oRAR F he albbrbitp@unlior {1 T8
hapt eneompbrfent dTtei RibiiAdjugat Sysew™ (RASRis anhoil-in-watererpusiob ¢hateomtaind and t he

|1 ul at i . . h f fl tlya l.ed I'ls,
Chel r deeores sdoonin enayeauetenl llorasasshongn i 2 Guedn Mdape, ~“and i n
the cagpmafatibasiire baialepdalfrivafiablaC THEMAD R wRePRmSAP&RAsOY th2 Bnbites 2

radi oactive decay in a suitable device. Typically, the agents of the present
i nvent symthetig adjunenttand microparticulatecsilioalwith the metabolizablewili squatspeBheopalymiso i

or " enr ermansrorgihlae FRERonsph Arbiehn SRt ke Hpquffe fesrosShist o eiiine o

the pr s&@@ﬁahgg\h JrREntFiit&l foeth, s?ﬁeﬁyﬂ?h»ﬁat FothRldtioh (S AFM) iSa pefirarawile
mgration. [008Z2) Vascul ar endothelial cells (VECs) grown in culture will
at t ai n(squaléne)dmwates soulsianihat usesa blook seprdymer foru préictant. 2 mumamyldipeptide cel | s

o, S O S ISR et A B TR
N |6|s 'S ¥ eflj j@‘r‘lﬂtﬂﬁgﬁgggﬂshn taijuvantmnid sreitioréfors usadwithandie eomgly ileyinegenichr ough

y. .This ,mgration can be studied and put into practice by
gr owi riftigeRss 133 nitpaaeflujoseradgortied antigen, Bisriisasiialoss hasbHlnt wert FAISEBY bet veen
two chaugbahgod Bf BHEEEINNUSE Bafi? al1SwE BoICHYE rel € BE MiEEeA Bnlipshidfed dr 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-



in the upper chanber of izch a device, they will growto confluence and
deposit a subcellular ( \trix over the fenestrated bérrier. If activated T
cell's are @wshepiiagisabove the VEC layer in this chanber, P&?ﬁ-fé w l}lll Lgrate
through it and degrade the subcellular matrix, and mgrate ¢4 rough
the fenestrations into the | ower chanber where they can be observed,

counted, etc. The efficacy of agents that can inhibit the ability of T
cells to mgrate through this matrix can thus be determ ned by placing the
agent in either or both chanbers during the culture period when the T cells
are present. Efficacy of the agent is quantified by conparing the nunber of

T cells,in the | h (i ' d.cell h - d
o oup s e biforemRnie FAGTRS <Bigient “The Breled 05 SepiroBb e Rl S bifa ©
devi CgystéiRicAE PrefBrably 19 VY, thae iHed MayUircale dnd- mikhit® inieh B getithsueC THIRAgy Used

to study cell mgration through vascul ar endotheliumand I's well known in
t he atissue isene thatmithexnatwally expresses the antigen; e.g., Bgelf potigen, againgh whichzthess45- 2350

(1997),; r ! . | Oy 169; - 0);

Bort nsinde R Hohernirvely, a Rroion SHROSONALAE DB g Skt

PCT/ Up@0dt/ redioftal @dniifiBtration R titlir cadc}@?%goﬂioeaﬂthﬁﬁﬁﬁé’d SOinjetRd ldbelad™ Lou,
Jet al., Lab. Invest. 79:1015-1025, (1999), [0083)_ Conpounds of the present
i nveneallsviflmigrate iy andiacqumylateiin e site OF tiggus or gFgan rnbwhwhn'r{bp%maenés peatiand
vesse | . [ | 0g useful in the treatnent of

cel | -%@’&f’%{a‘gH‘Syf°ﬁ'%1%f&8f?l§%§ﬂ§€£§§§&and conditions. The ability of these
conpo{0d3] t o acFor exahipls; invthy cam\ofldiscaske of theicerital mgrvobesysesh SCNSpimvolvaitg d n

t he Exanpl es included, hereipafter. Nonlimting exapples of such,
i nf | akhetaptigenios heianigal ’F?%W%Mnﬁéﬁ’ﬂ W%‘%W@p%pounds of

the pigeRblas '&ve@%ﬁg&hi RVYEERS, TGN RidRizcRa Y rﬁtﬁ@s?nd%ﬂmo%dﬂif&ﬁ%e, T

cell-nediated dermatrtis, stromal keratitis, uvei , thyroirditis, sialitis
and t ppmvhsatkdadndiections of 68K)in de fore of peniwisenlartdusfst erm "i nhi bit" includes its

gener gl aning, i.e.,.Stoppi reventi.n restraini .m ni m.zing or
o1 owi 9781y R et Bhiktgr g T plgetionan drecitime A giesy CRB iresertt i ar s t e,
such a&irablet®Haet Ifablé feprRfacibld Wedsarddf T Mindphobyte nfovemest ihtd! R0 IedufiPbrman
reversing the progression or severity of synptons of a disease or disorder.

[ 0085Themirpbarn srapostion ofigbsied celle af 4 selectadsite 6an by detenmined by GepppgpEstal i n
L ea&ét&%ﬁ:?%t{qdn g?ﬂd(séﬁsgéﬁl aHOVEPhid o Bisb BUUBIE R VikiaPRES £ 31 By BRRLIRAP-

The term e an S I nten
or other histological methods.
[0079] As noted above, when testing a migration inhibitory agent in a system based upon a

foreign antigen, a depot or site of antigen accumulation 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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to include "prevention," "protection from" "suppression of or "therapy of'
of a disease or di sord@ar. "Prevention" generally i(*’nvol ves adm ni stration of

t he presen 2 or pharmaceutical conposition prior to the induction
or appear ah‘gg%@ﬂmsdi sease. Thus, for exanple, in the DGTHEI2004016876¢ EAE,
successful admnistration of a the therapeutic conposition prior to

I njection of the encephalitogen (e.g., MEP) that induces the disease results
in "prevention" of the disease. "Suppression” generally involves

adm ni stration of the conpound after the inductive event but prior to the
clinical appearance of the disease. Again, using the EAE exanpl e, successful
adm ni stration of a protectjve conposition after_ injection of fhe

encepHapditigratem(a) inthe gan.[Sevemio terydays fo g sensitization. spleens orgramging f\s

conpri , r b4} anfHha ‘EHPE - VAP i f

adm ni%?%f‘?gﬁﬁo é? h‘g&corrpcl)%jﬁ a tggﬁ%haée %E%g% égé%%g?l ﬁ@%%éaépgg%%g?\@% t he
EﬁE eresfeired irto aaies sédoﬁﬁi?admm‘ '1pr muhoasnl 00§ inject h'ﬁﬂpnglt liolmellazfahdbrd thejrevipiestn Of
t he encephalitaqogen and affer _clinigal, signs have deve| oped, conprises

"t her éﬁ?ﬂgﬁ*‘a‘f‘fﬁ@d(ﬁ RQS‘&%‘.”I ‘ﬁ?‘!“v 1 W‘Urﬁféﬁ%?%g)’ﬂﬁﬁ” prana;pamied withiths ne, it

i s not Haiﬁé'rpl ithih Fihok ' RELYYEE "-BE%I/ ' %?1'3 ’ si ng"
si nce staﬁéw%%tarﬁate I'n l??:lall ve gﬂvﬁﬁbgérguevent s&r%saly e’?%l{l(s[}'l% ) %gf%ﬁ@?{egﬁ t he
pat i erthe haptemsinodified tisstien824 hontsilatensbt tissuetcan b¢ remaved and tecell atcunwdatiorent  or

events. Therefqre, it LS cO se, the term-24 WO 2004/ 104Q15
pCT! LstsasFo 18 isase of DirspaRtbaisb ded Sefl, PR acPayiftion i atohesee SeHRoBFIb Aass
bot h 'Mt&h@ﬁ!idaﬂ!?,"aﬂ’iﬁ theddeP b Badiolbeled elld ﬁédu&ﬁﬂhdbﬁfiﬁbdﬁess&i‘ﬁy E&Eﬂﬁn"gt reat ment”

(as used herein is nmeant to incl udemfrogﬁyl axis." As such, " the present
‘et hodedipastive decaydn i sultehlegevice: I ypivallpithpagepts,ofihe proseatinvemtion caniinhibisT t he

conmpoungds __of .t he .i pv.ent i o, "ftreat" IS r.conditi.on. - 0086] The
corrpoﬁglggc%l?“\l ni'ﬂglgﬁﬂog%%rfa'{?t‘géeenfgéﬂt @oﬁ Waggfg'hﬁ}@#smg‘?é’olgﬂ'éef&ﬁé l'ian
subj ecititize 4 RdathelPRie df erdiched T 1ympkitlyieqivpalation Becaustothe thhitsitod compbditots af | Y
suitable for the treatnment of_ human subjects. Non-human, subjects may

i ncl udie PefeRhinventiqn are sptsxpected odntstiere with Bdyaplpcyteswigratiodr ses, goats, pigs)
donesty; onpant | ¢8O QE%g S) at LRl s
(e.g.fwér?%zze, ra???“‘gﬁ%@gﬁ'ﬁ%é’?nsr b |a? or ccé’%)tt&l?\%‘ﬁvﬁ%égﬁuﬁﬁ%ﬁ?ﬂ?oos?] The
conpouspwitah entiethelinl enbdebulanmetrixd fiheicsieamsdnatox tatecakini by the samecamporeatsnent -

et § o QA BB EsRels i RSB E A el i Pt ar et O T ARV T a1
att ai pelisfgrale firb@sh @i Batix iPthedeha ahiohas eitydo (Rouglfissues in the body. This
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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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 term"effective anount” or "effective dose" relates to an
anount or fins@onpound (or pharnmaceutical conpositio f)__which,
when adm rﬁ@?g?&é@“ggcordi ng to a desired dosing reginen, pﬁf’%#@g’g}‘tﬂ%
desired therapeutic effect. Dosing may occur at intervals of mnutes,
hours, days, weeks, nonths or years or continuously over any one of these
periods. Suitable 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 g to 1 g per kg of body wei ght per dosage,
such as is_in the rahge of 1 to 1 g per kg of body wei ght per dosage
Sui t abfghle, Be aboC88D Plosd: 4913180 (1897 v Long at 6l beb. Drvgshodd 1053025 ocly
meighgnggs dosage, such as | g to 200 ng per kg of body wei ght per dosage,
or 1 07100 ng per kg of body wei ght per dosage. Other suitable dosages
maybe [0083] he r a@gmpolnds ofthd pres&n® inventiw thitgnkibit Algwnphesyaé emigratinnuftbmg 1ng to
i ght per dosage or tg, 100ny per kg

10, 20, 50 00 er kg of,.body we 10
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condi tetempinedbywheltestsdestbegldn cheaExaneales includebheaeidafteri YNunlinfitingexasphgsedt . - 25
WO 2004/ 104015 PCT/US2004/ 015876 [P0O90] Th ' ' di b

i AR LETRALOR SPRGFLOLFOBDTGRS Fhiea e eairodyhe COffpemas of 1 PR b o
for t ifedtidr HElubERAS VIS HDE Dsbasts] Crohidh 818, SdEmeltfatddUcRRAI @Rkt O

present it to a subject as a conposition, preferably as a pharmaceuti cal
conpokeérafitis uveifis thyeiditis siaikis a1d typehdiab&tessosi ti ons are wel | know to those

skil | LN the fi ' Side Lyl ont ai suyj. t.abl rriers,
di | ueﬁ?’ghﬂr exc%ﬁé%t%%iﬁhtgggg?@n%@g %??Gd%(}%\/%%ﬁ%ag%mé 1"Far gp&gt sper si on
medi aprevértingSrestraining) méhigibding e SowiagaT tyifshocftéinhigtation froan thedlidodiawtaar i al
agents, dernmal penetration agents, surfactants, ,.isofonic and absorption
agent SXtangrseular Siteiquch ps syrqunding tigsies, Jhe bramy Pehibif His alsg infgadedito means  he

i “Ve“Feiv&@in%g?l? €1lo§i%s§i8ﬁ Bi—'&%ﬁigﬂﬁ"\ggg?m of a3ehzd O di tory or other

physi ol ogl ctive agent e appropriate. |0091] The carrier,
di | uef085) exci Gorapoundsdhat inhipihEcalh cdgratiom hteytherafocels uishd in fweating” edse  of
Dl 1 SR Bl O el leadcB 968 St s b R” BRI 480 Ak

i njur

to include “prevention,” “protection from,” “suppression of” or “therapy of” of a disease or
disorder. “Prevention” generzlly involves 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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Conpositions include those suitable for oral, rectal, nasal, topical

(i ncluding buccal and dublingual), vaginal or parénteral (including sc,

i nt ramuscu ' { ntravenous (iv) and intradernal (id)g) adm ni stration
The corrpos?‘?if%%mr}‘g;d conveniently be presented in unit dof&J&/EMAIEHTE nay
be prepared by any nethods well known in the art of pharmacy. Such nethods
I ncl ude the step of bringing into association the active ingredient with
the carrier which constitutes one or nore accessory ingredients. In
general, the conpositions are prepared by uniformly and intimately bringing
into association the active ingredient with liquid carriers or finely

divided solid carriers_ or _both, and then i gcessary ,shaping the product.

[ 0002] PrPREYIEXIST 39 diftact frgpn “sea t’pﬁoe@emp@ahﬁﬁuﬁweam A g RS
CONMPOhfs y t . . « ' nt cessary
di stri%l fElltléiaon og' t Lg%rrpoung fguéugc |evﬁem%l'tn§§g(g§|u{rce tei ﬂﬁigﬁ tory g?fqg}%t’.

Syst e khepresent methedscinghudé bothalierapéutio and/or plophylacteraderinistrationbafithe corhpramats or
regi onal, adm pistiratign, ,.such as i.ntra-articular and topical, is also

cont er?gfhgt“évcf.“g%_io %@ﬁrﬁ)‘f’ﬁfasﬁﬂrrﬁ%dg’("l”a_t i on may be by injection or infusion.
Prefey Mut €S ThOEdrplmds bf MéSATion mah b ATBESHS Hedf hurdat’ O bAHRE Ridfhmalian

I ntranasal, intrapul nonary, intraperitonheal, intrathecal, and 1 ntradermnal.

Rect alsubjents. The compounds of the. invenfion argresisidered to besparticwlaity suitablecfor thedieatmend| | y

o i 1 2F BB fobfeets;, B bl P hotife b BRGR I ER ek MR @el 3l Pel cae
met hodowy, hbBes]\gbats, figs) dehlestid codipadtoniintmiie (d.g. kmy,\mo'%s) labioiftoBy tkst @nifald OF

exanpl e European Patent publ.ications EP 92918, EP 0166596; U. S. Patents No.
4, 789 (&a.amice, Biyegwnaa pigs.gahbitsher captivewald animalys 677, 4, 942, 035; Hsi eh, DST et

at. ., harr . L : 4 VAN . -42 (1983);
i o[BI or 5 T Competad b GG dr ol R HEER in St 000
at, bfféctiveot propligiaxisieffectiverdmory.nAs uded hetedr, sBéibar{ ‘IRBlive Mammt” ikintendedat |
Canc. Res. ,49:5103- 5107, (1989). QG.ei et ., J. .,Controll ed,Rel ease
11: 61!%aeﬂgybwow@ﬁwhﬁeéﬂﬁﬂ&"w@ Pinesifer ety oRdeliAtbe FaseBot o5 (1990) ;
Sal t Z frinibits Yid stbgrabsiorrf, ¥IRAltsFIr 8Verddt altopethkr the/badet (oF PRODressiohlt® aibsaRstRlar
adm ni stered wi Il be dependent upon the age, health, and weight "of the
reci pilisease ok¢anditiontbeingrfraatadent treatnent, if any, frequency of treatnent,

¢

rven( U8B Su ot e 3l i chEve ittt o PRk uBHS rBleh RAPLESEP,

uni t soisdosé ofconspnad (@rphagnadeatical compaditiad thereaf) iwhich) twhien iadayirtistered dedogding ned
to a desired dosing regimen, provides the desired therapeutic effect. Dosing may occur at intervails
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.



amount of the active ingredient; as a powder or granules; as a solution or a

suspension in an aqueous (or non-aqueous |iquid; or as an oil-in-water
i quid emyyg water-in-oil liquid enulsion. The active ingredient
may al so be pr es{ieHn"?fékd as a bolus, electuary or paste. [oogﬁfmﬁz‘!ﬂ&g%ﬂffﬁ may be

made by conpression or nolding, optionally wwth one or nore accessory

I ngredi ents. Conpressed tablets may be prepared by conpressing in a suitable
machine the active ingredient in a free-flowing formsuch as a powder or
granul es, optionally m xed with a binder (e.g., inert diluent, preservative
di sintegrant (e.g., sodiumstarch glycolate, cross-linked polyvinyl
pyrrolidone, cross-|jnked sodium carboxymnmethyl cellul ose) surface-active or

di spet09PRy  agekhe aqtive ingrediem imaybeadministensdia asingle dese oy ajseries of dosesh| e

bt oa o ' ) T . Liaui d
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n ~  usipng, for .exanple, hydroxypropyl nethyl celluylose in
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opt i opgk T I t : | | g}% gsi ' parts
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adm nsotidreatriens) coatirtgh cantifirighl amdcintitiecténial apees, dermahpenetratign bpentsy Giufactants,

i ngredi enf i flavored ggéﬁ%ﬁe‘ su l!gé sucrose ntgﬁgﬁaci a or.tra %éanth gum
pazt L’Ls;'é’?c_ PO 3ggats °n_§? ‘%?ndeﬁ“%?ﬁ ¥ ¢ cqpaRgstiang ohthgs ef;l atin
an efuds S Stk gfallp e
active ieﬁigdpghé?)gﬂ%é?&nmg gtllﬁtabl e fﬁéﬁ] d caT??g’F. Co\r%lgi}?ﬁ ons ?%t?e{lgpitcal
admi nwhereapproptiattor exanpl e, dermally, may be in the formof |otions,

crea st es, ~0el s.. oi.at nent nd.th | ke [ 009 osi Lk ons f or rectal
oo Pt o Tk apriercieF B kot b bd SpBtsUlibally TSGR theenls
conpr pfeitih contifatibleavit the oflee iigrétidrtess the byrapssition Hidlrdt ifjuridusie teaubjetene
glycol. -27 I .C_WD 2004/ 104015 PCTI US2004/015876. [0097] Compositions

sui t abPmpestionsinglvds thasesuitable foriqrajnregial ngaalJopicel {incinding %}@gglaanﬂégbhnwaﬂpons,
crea . ' g I B} ' ition to
Che. i b par Bt nclb g o, MRt GhiihicROR (Y indifitddimhd] (R

appr ogimiaistratidr) @ ]coMpopitisng mey somehicadly be presenpat iennirdakagedorm asd may ben

I ncl u;%gpa%g&' gy? zlxjnsy I%thxogsovgéll known in the art of pharmacy. Such methods include the step of

bringing into association the active ingredient with the carrier which constitutes one or more

(44

accessory ingredients. 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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aqueous isotonic sterile injection solutions which may contain

anti - oxi dant s, buffers(ﬂbactericides and sol utes %thh render the
conposi ti ogg hix With the blood of the intended recipi - and _aqueous
and non-aqugo%gbgjtlgfrsi | e suspensi ons whi ch may incl ude susﬁgﬂ%ﬂsﬁﬁ“@b‘@ms and
t hi ckening agents. The conpositions may be presented in unit-dose or

mul ti-dose seal ed containers, for exanple, anpoules and vials, and may be
stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for exanple water for injections,

I medi ately prior to wuse. Extenporaneous injection solutions and
suspensi ops. .may_ be prepared frgmsterile powders, ranul es, and tabl ets of
£ ki BRI SRF Shkrn Lo e Cnyded Refeated 28268 (1O H0c domiemspotl &abns ar e

t hose ol IR MR Aol O9 i, 95: 341165 (‘i'@éég%}’?ﬁ% ?/I?Oe?%l, nd Hef! 4@:535?-" €

descri'bed, or an appropriate‘fraction ther he "attrve i ngreédient.
[ 0102]51D7 (k989 Grefpe Nu etidl, gt ContralledtRelensad 16178 1(1999)f Jegathl, Rve? al.ngr edi ent s,

th this | ' d | bed , the p
phar e AAed Reteatt b1 DB S8k Yooy WA o1 g Hrbipier thgmiese S HetS8 61990

. P O ; g . . ¢
exanp g R gs kil willbe dipadeft |pOR s, RalGICHERCY theredipicpl ki T Of
agent of sendvrmetireatmentyif any feequencyiof ticatment, and teuwhire of thyerfifest disiedat egr at i ng

agent atin ent regservatives, .. lubri ts and/ ot ti.ne _delay agents.
Sor ¢ P et o famasTiont HEBE i i ention Hulablept il Aot mri b6,
saccharésefted @b Hisoreteqmits Saohi8 GapHulddJsadB@ts bStablRs! ddblec (frBdetermined ,
(rret hyl celutglj‘!’é)tge,@i‘gql yw_%pyrrolgone, éﬁgt han gum bentonite, alginic acid
or agamo HR |ingredieyaspawder or granulgs; agse A1l AT 2 SUSpenyp inAm
W g 80 LAY o BRI e G ofH W2 f9RlIaN9. agents
I ncl ué‘gﬁpopymers %r cop@{f)frrers o?ﬁacrfl [ c%m%ang?or ne acrylilac aci d
and/ olerulsiort. Higd axtise ingradiens majyalso\beireseined a3 a belus, elainedry acpaste. gl ut en.

Suita reservatjves ipclude, sodium henzoate, vitam.n E

o phal0@a o oA lablet By bg mads BY SHEPTRoR A REEHRE. BPGHALY SIBARE PTBOTS ocl um
bi sul fy ! 1€ re6s20 kIt flay B8 P%afea%y%hfp& &@ﬁ.g St Mnbctive d.
sodi ur% olseoa gfgricg%ii umt‘?:iﬁ?ori de or ta?c. P uitable tine téiﬁgio; agenl'?s ]iﬁlﬁécl ude

gl ycetlyd achve ngrediend ina Sec-§oying fprm guchsasaapasedsr of grandps, ppiorallypuixediwitb t he
D Y S Ao R, R A R T
- 28 Cp¥Bv30pyridlitidhe, drssh/kiked stk o8boxymethyl 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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conpositions include those adapted for. (a) parenteral admnistration, e.g.,
sc, im or iv injection aé a sterile solution or suspension; (b) oral
adntnlstrqﬁbg %ﬁtgrnal application (e.g., drenches 'inc udlgﬂ@agueous and
non- aqueous SO utlons or suspensi ons), tablets bol uses, #hul es,
pellets for adm xture with feedstuffs, pastes for application to the t ongue
; (c) topical application e.g., creans, ointnents, gels, lotions, etc.
(0104] Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and nodifications other than those
specifically described. It is to be wunderstood that the invention includes

all s vari at onsadm) |0ns chfall W ihin t Lri.t and
scopet Qﬂe i nve Siapnssuy F V‘%F ﬁe ‘f‘{g‘?% sitions
and Cfaﬁipeﬁmd&anfseéa rpaetei JodMis éﬂbﬁfﬁ%ﬂﬁmhﬁbdst&bﬁmﬁﬁ%fsdaﬁdnqa thel azaavefl dual 'y

or collectively, any and a c¢onbi nati ons of any two or nore of said
st epsingredienbiug @gmqomknmmhnmtgmquescn bed the invention, the

same be noxe. r Ly . gLt o0 t.hr.ou ref er thefollovvlng '
exanpl?ﬁleé(5 i ch ?‘Bpgsf%g%s y 6’? Fhéﬁ ogﬂncu le’“’\"nlgtm}]ntended to
be | i ffubbuddsdtbnit @&rﬂl’é RjRtbn sehuds! vhich tﬁay emmctt&xtcﬁdts bo&8 babseritides
foll om ng exanpl es tenperatures were neasured in degrees Cel si us (OC) and

th: n Mwetutqsm’laﬁhmgm?s compesitigpisatogicrwithhihg blpodpf e inteadedrecipient,amdand i
 anpriedh SR sBREGs e SBT3 WA nBINE SEpBNIAL I dfaibickiity "

( éé_lg jaggma:e Thy lb%mpesigd)ﬂﬂﬁamlbmpmm:gmh%s?ﬁ mﬁlﬁectaw bealed containers, for
I nzen reparat i .
1- met FOMDLE, ampoyges et es@né?ﬂe%l%%gte&én a ﬁwecfi}?eﬁdtmhlhﬁ@)emdeon EeQITNg ppy

Ph 20?1ly the addmon of the sterile liquid carrier, for example water for injections, immediately prior to

use. Extemporaneous injection solutions and suspensions may be prepared from sterile powders,
granules and tablets of the kind previously described.

[0101] Preferred unit dosage compositions are those containing a daily dose or unit, daily
sub-dose, as herein above described, or an appropriate fraction thereof, of the active ingredient.
[0102] It should be understood that in addition to the active ingredients, the compounds of
this invention, described above, the present pharmaceutical compositions of this invention may
include other agents conventional in the art for use in the type of composition in question, for
example, those suitable 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 glyceryl monostearate or glyceryt 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
-28-



C WO 2004/ 104015 PCT/ US2004/ 015876 [0109] To a stirred solution of 1-nethyl
mannosi de (64.3g, 270mml) in DVF (1200nml) was slowy added sodi um hydride
(-6eq., 5 krred for -lhr. Tetrabutyl ammoni um i ogli - -

10. 69) magg?ﬁgﬁﬁggggd foll owed by benzyl chloride (12eq.,ﬂ§9§§?£ﬂgﬁkﬁ) and
the mxture stirred overnight at roomtenperature. The reaction 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

| i ed SA),, filtered th | vent d (rotary.
evapofisitond nghdgTrcas atnpted fork LA PafRicral SRS, S o B ot oRI8g of
si | i castghle sunﬁoﬁeﬂaﬁpaﬁmbﬂ; b )SorR4difiklsteiton, axt&AhLUPpliStion (kigs Arérhes (2509)

under vacuum The colum was then el uted successively with 100% | i ght
pet r oinelyding @geemsend npnfagedus Folutionsgo eesppisionsistabless) balesss.posydersggranies,r ol eum

800 % [} ght | eum Q . 250
(et hy ﬁeélg{es%?%&%é# “%tglt roleunt P g‘ﬁ%tn%t 4 1c§%q%t§%§@n§%%,e(§ci%ﬁqﬂa} ﬁﬁ? pne rol eum
( 800ng.g., treamauintdiksnpélhdonddsgesenl or omet hane (800nd, f7). The title product
was found in f4-7 (130.09g, 71%. M [MtH + (calc,) = 555.67, [ MH +
oxpel0I04L" S5 Brosp aklod e g il spbrosipte £has o iy et desesfond hein 1

tribe . J: . P; [ Ll ti on of
1 ot PO 3dfons afld mioQfficafibhs Sherthanitoss Speckfcally dbaciitel Hig R 1 OF, ©

( 500 nidesstoebd dlsat tthecinaentjcoy inclad¢s1Ai0mt]) variations amimodificationg evhickafall s thisdthe
“concentrated sulfuric aci ngéZ. ?%%j Tgﬁfreact jon m xture_ was all owed {o
sl owl PRSP IRYERHER lsp ine all ptthe stgps, fratEes, compostiontandsompoynds o
was pemrRd 1ot indiaies in (Hig’%ﬂiﬁcaﬁélﬁ ilﬂﬁi&@iy‘%ﬁ' cBilédﬁv@iy?&xm’iny &HQEF (3 x

500m ). The conbined organic |ayers were washed succCessivély wth water (4 x
600ni ¢ombinations ofaryi tearayanere of said stepsoor features.500n1, 400nm of a saturated

solution diluted to 1000m ), water
[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.

-29-



(1rooom), brine (500m ), dried (Na2SOX4), filtered and the solvent renoved.
The residue vvas t aken upfl n |ight petrol eum (400ni), (- 50g of silica gel
was added {]hﬁ} goured onto a colum of silica gel (1501% under vacuum
The col urm was en-eluted with 100% | ight petrol eum (800FI/USAP4015876 _ 30 |-
C WD 2004/ 104015 PCT/ US2004/ 015876 ethyl acetate/light petroleum (800nt,
f2), 10%ethyl acetatellight petroleum (800mi, 13), 25%ethyl acetate/light
petrol eum (800nl, f4), 50% ethyl acetate/light petroleum (800m, 5), 100%
ethyl acetate (800m, f6) and 10% net hanol / di chl or onet hane (800n1, f7). The
title product was found in 14-6 (71.32g, 87%. [MtH + (calc.) 534. 59,
534.59 [0112] Preparation of 1-trinmethylsjl |-2 4- di met hvl

pheno[01(091r fl [Eq&s]lrr%scelu%@w methyl manensider(64.3g. 27 Gmmed) in B 09mh47g,

44, 8 | d
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petro ) OV8 ﬁb’l’?"%b %g ng (v%,ﬂlgnmedamnc enirated; gan| c
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6. i ARQAD.Byepchiorciaciet 3 00wl nd wites (4 % To06mbs TR raamic tayer et gried

di chl h 2t saf eﬁ%mla%lf
1- tr|ﬁ*‘\ia}it'}hypsﬂiﬁmi 4-di m;rt hy heng? (éﬁg&lﬁ’ Zq%ggﬁ%fﬁmlﬁlﬁ r:nhg];/t

di chl mtmigmé&%m@h sdfng p‘ésxﬂlgmd wap added mddh;smmedmm ptolump més:hya géll vl

Enr)lnr L@:ﬁé@r{ﬁ{d&a va%m?tﬂ! tﬁ’)@%{)ﬁm&] éseﬂen eluﬁeﬁngccegm@eli “)lt'h 1-86% flﬁﬁ fro eurn >
(1600m!, f1]800ml], £2[800mi]), 5% ethy! acetate/light petroleum (800ml, f3[800ml]), 10% ethyl
acetate/light petroleum (800ml, {4), 25% ethyl acetate/light petroleum (800mi, f5) 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 O._ .WOA
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%
-30-



thin | ayer chromatography (25% ethyl acetate in 60-80 |ight petrol eum and
upon conpl etion (-2hr) /"sat ur at ed sodi um bi car bonar solution (100m ) was
added The _agueous | ayer- was extracted with -31 WD“2004/ 104015

PCT/ USZOOH@J?BQ#’@ H01§i chl or onet hane (100m ). The conbi ned BETyHS20040858%6 S Wer e
washed successively with sodium hydroxide (5 x 100m ), water (2 x 100m),
brine (100m ), dried (Na2SO4), filtered and the solvent renoved. The

resi due was taken up in light petroleum (100m ), 20g of silica gel was added
and this poured onto a colum of silica gel (50g) under vacuum The col umm
was then eluted successively wth 100%|ight petroleum (400nmiL, fl), 5%
ethyl acetate/light petroleum (800m, f2[400nl], f3[400nl]), 10% et hyl

acet adthyilacethte/ljpht patodenm (8001 £2),f 14094 ethyPacetatejlight petraitwh (8¢, ) 25% ethyl

et nevbih e PEvOREN KA, E)otng Yy et eealepmesnndn, 3 100t n 15

(4. 35etaftBDOmI, Wﬂna b%in%th)m&l/cﬁ&ﬁm%&eﬁ{a% (8obudl Zﬁgei‘hé tiffe profuctQvasl fOntiGh

Preparation of '1-(2.4-di nethvl phenxl| -6-hydroxv- trlbenzv mannosi de CH
3 0 Of-6(3132g, 87%h). [[M'JH]] (oade. h-sSB#ﬁBeladtH] (expon) 5534.59

1- (2, 4-di net hyl phenyl ) - 6-acetyl -2, 3, 4- trlbenzyl mannosi de (34.48, 57.7muol)
i n dr 1 t haggl 9:_ . 220 I\ ‘ d ] Eube I n place was added

sodi St—errange occurred. The reaction
was nonitored by thln Iayer chronatography (25% et hyl acetate in60-80 |ight
petrol eum) and upon conpl= & | hr) the solvent was renoved. The residue
was shaken with water/dichlorpneflhane (1:1, 500ml). The organic |ayer was
renoved and the aqueous | ayer~ygs~extracted with dichl oronet hane (250ml).
The conbi ned organic | ayers were washed with mater (250m ), dried (Na2SO4),

filt and t %%e‘d ﬁﬁm n |ight
pet r Ibg% ( 200 2 ut@ﬁ@%&%q@ﬁ&rﬂéﬁéﬂgﬁ%ﬂ and this pgh# ed onto a
col uniichiéromiethane( @Ghﬂx dt@lﬁ@)lmdmmtrommnddadmedqﬂmmne Whieq. He99% Iﬁlﬂlmi)j/
cc e 100% | t 0 fl 5 I acet te/light
;gt r ?@M%%ﬁq af@ Hon eﬁl sﬁy‘? Hia%ﬁ ?mJSeq 5) Ilg, JOOGmBy on 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
-31-



10% et hyl acetate/light p%t.rol eum (SO00M , S), 25% ethyl acetate/light
petrol eum (800ni, f4) and/-32 WD 2004/ 104015 PCTI US2004/ 015876 10%

met hanol / dj hane (1'800rr1 ,15). The title product: was found in 13,4
(22. 639, &3@@%’@%+ (calc.) = 554.67, [MH + (exper.) ECEAB2¢0#015536 13
Preparati on of 1-(2.4-dinethvlphenvl)-6-fonnkK-2.3.4-tribenzvl-mannoside 013
H 413 0 OO PhOO Ph Ph [0119] To a stirred solution of dinethyl sulfoxide
(4eq., 11.4g, 10.3nl) in dry dichloromethane (300ml) at -60C under nitrogen
was sl owy added a sol ution of oxalyl chloride (1.5eq., 9.26g, 6.3ml) in
dry dichl oronet hane (50m ). After 5 min a solution of

36, 4nflSPIOTREUFYP DORDor D SHPEIREN oriAiRyvRa & e it Sucramerey it sl or

> . f s ; .
(o, HgYRR ¥ 100D, Watet (L 4AONAD, briic Q00 e (NAESOD, fflertd b e ALAP
room teampvedaThe egsidsieiwasdakeniowp ia light petiodeun (100mi))20g bfsilicaogel evls added and tleis
i oo of 6 a0 oA o et sy ™
Na2 10084 & | ' d. Th
(Na2 St 10044 i pekratBbin (MROBOH O, HHBTRASIAS afggﬁ%éé(gméﬂim,tfh@gé%gpoun e

resi due was taken up in |ight petrol"eum (200 of si'li was

addedf3i#@Dml), 40Bctid aceatedight pasralenm B00mi; #4),24% ethyl x50iglight getroleurouum  The

colu | uteed wi t.h.100%.l i trQl e 800 f 5% et hyl
cet aOlRL ) 0o sy CRemilenst pestdipia Thadis) i s Tote ey ictistorpbi,
800nl400i3)£7). BRI ARk Theid ingH (4.5, 18oYHU IMG-BO(chic, =4396.70) %0 et hyl
('glcet at e/fni?i:;h% petrolm(SOOHﬁ, fIS?mgngﬁé 10‘qugmat hano igi)chls?r;gﬁnet hang
(800niM+HY' (experpe $96:7% product was found in 13,4 (19.16g, 95%: [ M-HI+
(calc.) = 552.65, [MtH + (exper.) = 552.65. -33 WD 2004/ 104015

PCT/ U3 98f+ O tion of 1-(2.4-dimethylphenyl)-6-hydroxy-2.3.4-tribenzyl-mannoside
CHy
CH,
0 0
o .

( 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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[0120] Preparation of 1-(2.4-dinethvlyhenyl b6-diisooropyl
phosphono-2. 3. 4-tri benzLl - nmannoside No Cy H3 P/0 "0 0O H3C Ph/ O r 0O Ph
{Ph [0121] §08€ stirred suspension of sodiumhydride (60% 1.1 eq, 1.57g) in
dry tetrahy@28HiH%HMS (100m ) at 0OC under nitrogen was addBETAUS0HDESETE opy !
met hyl ene di phosphonate (1.2eq, 14.3g, 13.3nml). After 10m n a solution of

1- (2, 4-di net hyl phenyl ) - 6- al dehydo- 2, 3, 4-tri benzyl - mannosi de (19. 168,
34.7mol ) 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 oronethane (I x400 and | x200m ). The conbi ned organic

| ayer & 0kemethanslfdichlorontethane 80001, £5).2Tbertitle prbdiretovas X din f3,41(22.63g, 82%3nd t he
sol ve r ved, ' was {a pinlight petroleum (300nl), 50g of
sili cZk'b%ﬁwgﬁic'%’dgggé%m%i(g"pﬁﬁif'éggéﬂt o a colum of silica gel (1509)
under [YAEBIUM PrEbEraGoh Uﬂ-%%ﬁﬁﬁﬁiﬂﬁgﬁiﬁ-%-fu“ ﬁcmﬁmsé_&ldmoﬁm%l i ght
petrol eum (800niT, ) o éthyl acetate/Tight petrolreum , U, 25%
ethyl acetate/light petroleum (800nml, ), 50%ethyl acetate/light petrol eum
(800m, f4) and 10% net hanol /dichl o t hane (800nml, f5). The title product
was found in fl,4 (22.54g, 909%: | " (calc.) = 714.82, [MtH)+ (exper.)
= 714.82. -34 (- r WD 2004/104p15 P 4/ 015876 [0122] Preparation of
1- (2, 4-di net hyl phenyl | - 6-di i sgyr opyl phosofono- mannoside oh CH3 \ ah 0 O
H3C HO'" oN 0 o

[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.



ON [0123] A solution. of 1-(2,4-dinethyl phenyl)-6-diisopropyl

phosphono- 2, 3, 4-tri benzyIG mannosi de (7.11g, 10.0mr Yy and pal | adi um on

char coal &‘;‘84 18£ in a ethanol, water acetic aci mx (95: 5: 1, 100n1)
was shake %’é’r’“‘@l ydrogen at rmsphere (-60-65psi) in a &rTfUﬁﬁ?iéﬂaQ"és and
moni tored by thin |layer chronatography (Ethyl acetate/ethanol/water,

85:10:5) and nmass spectroscopy. Upon conpletion (several days) the reaction
m xture was filtered and the solvent renoved. The residue was taken up in
di chl oronet hane (100m ), 50g of silica gel was added and this poured onto a
columm of silica gel (100g) under vacuum The colum was then eluted with
100% di chl or onet hane . 2. 5% nmet hanol /d| chI ororret hane (800m I,

f2), [9320]net Resparationofil el Ryl ropylghosphe tribengylor onet hane
(800m, f4), nkmeesidet hanol | di chI ororret hane (400rrfL 5) and 100% net hanol
(400m , ff) The title product was found in f3,4,5 (4.10g, 92%: [MH +
(calc.) 446. 47, [ MtH * (exper.) = 44%.47. [0124] Preparati on of

1-(2. 4- d| met hyl phenyl) 6--3?_;ghono- pnosi 0% SOH / ~P HO HO OH OH [0125]
To a stirred sol uti on of 4- di | phenyl) - 6-di i sopropyl

phosphono- mannosi de 12.9 dry acetonitrile (200nl) at room
t enper at ure under nitro n,QNas added | tri g‘thyl am ne (10eq, 13.0g, 17.Sm),

fol | owed by sodi um iﬁ%e,’ 39Q.%y) and the slow addition -35 WO

2004/ 104015 PCTI US200 95876 oOf chlorotrinmethyl silane (10eq, 14.0g,

16. 3nl) . The reacti Okt wasy 8Tip+" night then filtered through a plug of
celite which was washed with 2% tgi et

hyl am ne i n di chl oronet hane (200mL) .
The solvent was removed, the res<S due s taken up in 2%triethylamne in

di chl oronet hane (400m ) and waghed with water (2 x 200nil). The organic
| ayer was dried (Na2SO4), filtered and the solvent renoved. The residue was

(5O Tre 8 FREER e ATrot e it pBeade b 1 ek Lo R B GiinBRsiierhane.
al | owegbrhY) at 0°C under nitrogen was added tetraisopropyl 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

.-U
3

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.



evaporate off. The solution was allowed to cool, wash w th dichl oronet hane
and the solvent renoved to give inpure title corrpound. The was then
purified on reverse phTse silicato give pure title conmpound (3.41g, 779%:
[ MEH] + (cal c.) 362. 3 [ MrH] + (exper.) = 362.31.%[0126] In a simlar
manner to Wﬂé“‘i-%lﬂéyél ng procedure and using the appropri aPeTUSZ®ENIs376 t he
foll ow ng conpounds were prepared. Conpound (d) was tested and found to be
pharmaceutically effective as defined herein; conmpounds (a)-(c) are al so be
shown to be pharmaceutically effective. (a)

1- (2,4, 6-trinethyl phenyl) - 6- phosphono-manosi de, [MtH + (calc.) = 376. 34,

[ MFH + (exper.) = 376.34. (b)

1- (2- et hyl, 4- chl orophenyl ) - 6- phosphono- mannosi de, [M+H + (calc.) = 382.73,
[ M+H] f0122% per@ma?atﬁﬁﬁ)ﬂ  842,4<limethylphenyl)-6-diisopropyl phosphono-mannoside

1-(2-met hyl , 4-f1 uor ophenyl ) - 6- phosphononannosi de, | + (calc.) = 366.27,
[ MH] + (exper ) = 366.27. (d) s

1-(2-methyl, 4-trifluoromethy,)-6-phaospononannosi de, [ MtH + (calc.) =

416. 28, [I\/H—I]+ (exper. % <| 6. 28.

M gration Across Rat Br ndot hel i"a S Layer Reparation of Brain
Endothelial Cells (E pQJz 7] Vascul ar ECS were isolated fromrat brain
capillaries of 6 to ek el ™ efics~Pat s according to the nethod of Risau,
Wet at, 1990, J. Cell Bidd. 110: (- 1766 Col onies of ECs were purified from
astroglial cells and”’ﬁeri cyt e Yorant i - Thyl . 1- anti body and conpl enent
nedi ated |ysis to renove unwantedAThyl .1+ cells. -36 WO 2004/104015

PCT/ US2004/ 015876 [0128] The EC col oni es were grown, using conventional

suppt 23l 60, wReR st de drinettideryh e ditesrory phommnn g, Btiats.
nonesﬁﬁﬂﬁdsiﬂe (arm g,qmmanal lﬁmfohe:haﬁaﬂ (w%l busgylﬁa etHaRBR Witer Beetic acid

anphot eri CI n) eparl n (all fromd | tures were suppl enmented with

150 gk (95 bd@ﬂ@ﬂ)ﬁ wias shaken mbycbmmmommecﬁoﬁ%ém}mm
Prod U&Bﬁml-y@ 89 tHif¥ ‘?a%i' Eﬂomatography (Ethyl acetate/ethanol/water, 85:10:5) and mass

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-



confluence, EC cultures were washed with 0.2% EDTA in phosphate buffered
sal i ne (PBS), trypsi ni zed (Trypsin-EDTA, 0.1%final concentration), washed

and re-tr anti-Thyl.l antibody for 40 mn, wa bat ed
with co Wmsnt sufficient to |l yse all Thyl.l+ cells Bgﬁf’%ﬁ%%fdgg%]
Marburg, Germany) at roomtenperature. [0129] ECs were then plated on
Matrigel (r)-coated 6.5 mm Transwells, 5 mm pore size (Corning Costar

Cor poration, Canbridge, MA). Presence of ECs and confl uence of the nonol ayer

wer e checked by neasuring the electrical resistance (Wrld Precision
| nstruments, New Haven, U S.A., nodel EVOM G and by staining with

i g s ARt S ot i
B A R G e AR )

(198kb1vegtmnﬁnmved,ltﬂb ﬂeyxdphmytaksn up drroiﬂrotlimhd ﬂmum‘mldm)ddtomaﬂmndthﬁﬁmhl I atldbeen
i nuni z MBP. i e Fre S a CE These c S were
used Yne M%tﬁz §&9§F‘g ﬁl? uﬁ@“qussdﬂ’ex?ﬁ%@%ff@ﬁ“ﬁ ‘5’3 ion in
I L-2-y g@ﬁ, §i10 of

ant i gg‘% presentl ng ceﬁtﬂj{éﬁ(l rradi at sp een or tﬁ?%@)cﬁﬂ“%?ro%%ﬁ‘gr mal
LeW| saddai (§)nl) jzelithe ptirféxbmix tetel warnad éel55°C) fpnﬂmmmtthsdmhlbmmelhmmlaﬂbwbdatt with

occasq"'(‘)?f’&? %’rtﬁlelsgﬁ%flﬁ‘@aﬁ@’@f%?f’gﬂl \%@%‘f‘u&&‘l‘#ﬁq‘ém nuh’ﬂ‘é% 'g?g‘ﬂf%ﬁhand

Pl acqembvido 'ghR iHPBRY tittd WiRun@! Thd'Wad theh ?Mﬁﬁé@o@?ev@?ﬁéﬁﬁas@@iﬂcé td

"mgration medium" Test and control substance were included in %]he upper
wel [ ditletcompaund (Getlgc 276):afMOHE (calc)=B6281aMMHHT (experd=i3623lgr at i on was

assessed visually by light mcroscopy to gauge progress of the experinent.

The dapsji nent Invasmtnrmammwthﬂfmgo&lgrmucdure\mdnm appeopristeieagemts, ace of
t he ilanefllters were rins (%@A&) tJpcec | d PBS-0. 2% EDTA
and AR RS GoMPoERds WERPETR f The conbi ned

Mat ephitmadedtically effectie a8 Q@ﬂﬁ&%@é& daﬁiﬁbmqgﬁ(c@ &?a‘%ilﬁa bé:sm%eal bé O

radi oactivity in a gamma counter (Packard Aut o- Gamma 5650 (Downer's G ove
| L, pbmmaceutieally efeqtiver . Each "treatment” group was run in triplicate (test

agent, coply ol 1388y trimethylphenyl)-6-phosphono-manoside, [M+H]" (calc.) = 376.34, [MHH]*

(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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(gl ucose 6-phosphate) and no treatnent). [0132] The results froma typi cal

. experinent are shown in Table 1, below. The value for the glucose

6- phosphate was not statistically different fromno treatnent. |nhibition

val ues ar%ﬁkﬂ congﬁrison with the negative control. Table 1 Test substance
(10 mv) % YRAOHIOLh (t SEM  1- (2, 4- di met hyl phenyl ) - 6- pREERISHSOHEHTROS] de.

Ot 4 1-(2,4,6-tinethylphenyl)-6-phosphono-nmannosi de. 80 4

-(2-met hyl , 4-chl orophenyl ) - 6- phosphono- mannoside. 65t 4

-(2-net hyl, 4-fl uor phenyl ) - 6- phosphono- mannosi de 53 t 2

-(2-nmethyl,4-trifluoromethyl }6- phosphono-mannoside 88 t 3 negative control
gl ucose- 6- phosphate 0t 5 [0133] The results show that the five different

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

ni gr afd188] acr osEheEGsaionies srerogropnausingeanvertipngasethads, in PulbecaoieNpdified

"I nhi bit . . tion jn i oJ e 134 hocyt es
wer e SPHER ALY FENEEH. il b iR A 2 L Bt e Y e
“Bal b/ glutintige, pRvate, Sonesntigl sni6i®hdids; RPOSHuIfes aid itibictits BanampyigNt i onal
means (pushing through a stainless steel screen). Red blood cells were

| ysedampphatenicin)i sng hpann LlkbrmGIBEQY Cubiiies wsohsupplementedveth EiOrpgimlim

hl ori.de- . EDTA 7. deth at | 1 al t h h a . Fal 2350
ol | <o Broafh st R Sont CRIBRRHTE B mAh Rk O Relline el | war o
sus pegsigilende, E@ cGRi¢S MeteoRadhed Wit 0¥ ED TR phospHatsbuferdd dvENe (PBE), 9l ucose,

folic acid, L-asparagine, sodium bicarbonate, L-glutamne, sodi um pyruvate,

HEPESHYEinizad Zpmsia BRAA; 0. 1% final icprentratinn).ayasbed end-ve-treated yith anti-Fawd . D FCS) .

i - ety FRAY B Ra S8 Sad EOMRAEV R OHTBREN G f foe My PYF b 1!
conce(BehfihgwerkefA@, Maiirg, Gerinsdy)lat rovarieperanated on ice for 20 mnutes. An
gg#—? L@\i%z;rg lgf uwlwgrlérﬂ?enrrpﬁgtl 2111 a%ige?fgyc%gate\é%% rzrilgld rg.nsav{r]e Is, 53 ISImV\i%r%%g'zgl 104015
(Coming Costar Corporation, Cambridge, MA). Presence of ECs and confluence of the monolayer
were checked by measuring the electrical resistance (World Precision Instruments, New Haven,

U.S.A., model EVOM-G) and by staining with FITC-labeled phalloidin (Sigma).

9
1
1
1

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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the cells centrifuged (200.x g) and resuspended at a concentration of 107 .
cells/nil in Biovag goat (ant-rat 1gG (H&L) ("GARIG )(conjugated to magnetic
beads (Bi : ptive Di agnostics, Polysciences, Inc., USA). Follow ng
a 20 m nu?‘gwgﬁg'gplﬁgn on ice, with agitation every 5 m nECSQUS20H17876

bi nding to the GARI G anti - CD45/ B220 anti body conpl ex were renoved using
magnetic separation (Dynal MPC-6, Dynal, USA). This procedure was repeated
4 tinmes, resulting in a cell population containing approximately 80-90% T

| ynphocytes (determ ned by FACS analysis). [0136] The cells were then
washed i n Hanks bal anced salt solution (HBSS), resuspended in 5 nil of

HESS, di ol.abeled.with "Cr f 0 .m pyt t 37 d I.bed .ab .
The | SBOTELIS cHpR Y & b a8rE comimLs R Apfr Gioms 50 odmer 088 For 1 | on
Ver e N ESHISRARsEshuRtera Fas ceabhiditt BBup Was PurKinkBplicats g&éﬂﬁgeﬁﬁ cSiitid? 8entt BS

(negative control) or PBS contai ning phenyl mannoside 6- phosphate (25 ng/m
i n PBfglugnss btphpsphateitandinp treatn®BY. cont ai ni ng the test conpound (25 ng/nl),

d ice. Cell .viabilit fi d.th th b
FrypatOBihe. oxc e FERS S RpBeRTBEEFD FH IS AU SRS PE VRS Sinto
the | #efiddosé 8iphoyistale whd kot Gtatistithily Siffenéril fideh fo tedthifent. | [ARIBItRA Jalli¥h BRGHT S
and 0.2 m of either PBS (negative control), 5 ng positive control or 5 ng

test cewpartsonwiththe nggatiyesonffolni ce were wei ght matched (+0.5 g). [0137]

Spl eens fromrecipient mce were r en, g.‘l. 5 hours after injection, and the
cell- g ' ' A FA-ned—dustig—a—garra—eountey (as
b inhi

above) | Results of Testisvbstangedi0 mMhphocyte nmigr ition § & HEMIp| een were
(‘expr ess,qgtzgﬁ_d% @hﬁ%éﬁgﬁlﬁh%éﬁhé CPM ofl the gglegns fromtreated

anl ITH' 41201 bhao.noaslid b va _ocaont |
LI A2 CUTTUCT UT I, L\JJ—\JUJ e PUOI CTr vVvoe T ouritT

conpouhd-2 Edtmetvipbemi)-Giphpsphatto-Mmanpesise: ¢ rilqr at i 080 ¥h=4). The
phﬁ_sEhonqzrmammﬂumgpeumlsﬁosph@nmjde?v ntion ggg 4heir rel a:iv?e )
I NNI DI 1 O NMPMMOTCYTT 1T at o T VI Vo (Conparecoto_MegatTVve ontrols
are pr eddarmathylHlioriRenyl)SphasphangsMannosids s 11y imnoc®3& 2 gratipn into

spl eens 1-(2@nethyt4<drifitadromdihyl)-8+phobphéiio-nariosideny | 88+3
R P S A R WA 7.

1-(2- met I 4-chl or ophenyi ) - 6- phosphono- nannosi de 45.
1- (2- HE8BYI | 4- fThe W-tbat;igaém@ﬁ‘@rm

0
MePdenivativesphosphono-mammosides)
significantly inhibited T cell migration across a monolayer of brain-derived ECs in vitro.

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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+1-(2-met hyl, 4-trifl uoronet hyl - 6- phosphono- mannosi de_87.3 -39 C WO
2004/ 104015 PCT/ U82004/ 15876 EXAMPLE 4 [ nhibiti or( of T Lynphocyte
M gration % 00% '{?@nphatlc Ti ssues In Vivo [0139] Spl een ceII suspensi ons

wer e prepar ed as’|
6-8 week old female Balb/c mce (19-21 g) which had been sensitized one week

earlier with picryl chloride (in 1%in ethanol) applied topically to a 1 cn2

anpl e 3. Spl een donors were specifi &€T a6 ee

shaved area of abdominal skin. [0140] B | ynphocytes were depleted as

descri

bed in Exanple 3. The enriched | ynphocyte popul ati on contai ned

approxi mately 85-90% T | ynphocytes and <1 % B cells (determ ned by FACS
anal ysis). [0141] The cells vvere | abel ed with 51Cr as .in Exanp

Reci pi

& cefiaF grE20Rx 8 and resuspender st cnesntmien pEHYE |ceus/mém oném gt h

o A BRI o Ao i[85 M M BB, T

chl ori

Polysdends,iInc. eUSAmoFc)lldvang aQ0aeinate Immxbhmmemh ma,tw:gem&ﬁeﬁ eberg Sinmintices,

respons As.is kpo t h he _i erva bet ween anti gen-treat nent
and. adfRIS RERdERg foghe W@%@@%&@h P Somety] WSRE FaAenek

i ncl ud

after

ARCES DRI NEC 5, BYAR, BEAY e W{‘”ﬁsﬁﬁ%&%ﬁﬁﬁ‘%ﬁﬁ%ﬁ“@ar o

the r epopnlﬂrdn oohzningappreximately 86:80%\T Dﬁmhocj'ta {determgined bp FACS anabais).pi nnae

[ra] THEEEI 1 o ( Fiodle oYt B vt B LoRE Flpeat peh iy GRS e i

romtreated aninmals conpared with the right ear pinnae of the negative

_r
Ccont r opgls viese wemedom PB&; centifugesbZ00 x@)rAngranariden weregesuspendediat a qoppeptration

cowt § a0t i 10 sl Bicr R GBRAVERARED SORE SRR B bR e e

for eagﬁb@hﬂel {25 rh@’irMﬂ PBSspusitivel dofitiol) of PBS eahtaitisizethe t3hEontyound (Z5Nmghslh,ow.

Tabl e

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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Test substance (5 ng/nouse) Route Inhibition* 1-(2,4,-dinethyl

phenyl } 6- phosphono- mannosgde IV 56.1 *Percent inhikhition of T cell
mgration _-40 C C WD 2004/ 104015 PCT/ US2004/ 015876 EXAVMPLE 5 Inhi bition of
Cel | - Medi HEPHMMIM Di sease of the Central Nervous Syst QGT/US20MA35876
Experinmental autoi mune encephal onyelitis (EAE) is an inflammatory di sease
of the central nervous systemthat bears simlarities to nultiple sclerosis
(M5) and has therefore been used extensively as an ani nal nodel of M. Many
references to this nodel are available in the nedical and scientific
literature. See, for exanple, Paterson, PY, In Textbook of | mmunopathol ogy
(Mescher, PAet at, eds) Gine & Stratton, New York, 1976, especially pp.
179-213; Al vord, E. C Jr., In: ExEKAMEhEdI Al | ergl c Encephal onyelitis: A
Usef ul NMbdel : C. nuew Yor k,

1984, pp. 1-2 : StoLiob e L 1993). The
pat hopngy] of EAﬁplb&zeél Nlh@kaﬂfpléynﬂﬂgéﬂaﬁa%rﬁﬂ&e%&ﬁ’ﬁé’t es
into the “brain and spina cor wi th an associ ated denyel i nation of the

cegt8 B pathpgenvisre6-8 mkmmhﬁﬂb(cmcnil%ﬁ gxwhich had beenseositizedse 188k 157
1 Pa o i
bar 1 e R R chibpRl GRiop WUHAR arp L oAV 0 £ onf $REGprdpioT dbldrhftal "

anti gsinspecific CD4+ T Iyrrphocyt es are the initiators of the response
since_in vivo depletjon of CD4+ T cells _inhibits induction, of EAE (Wl dor,

MK et [HH0]  sci eRdvmpbocytessver deplstod ag deserihegd imbizamplecd | The ensished lm:@pféms can

15: aciiptaton B atficd wpfipiniRay 35009} Fymochlon A ST B Rels dcleRERR by FACS,
rrg31/4lématysm).act eri zfed as being T | yrrg?logyt e- medi at ﬁ?b?tﬂd ti 3§;Jieoﬁpg(r:i fic.
Lat hoé)é%ggpgugf O‘f_f"tsa%ég{?sélaaf“e@ :[{ fh"‘{'oﬁ ‘ﬁlﬁ'f" RSOV St her

cell- keat;ednd.ltﬁ@%e&d%nstmmﬁesmtchn&a coRipdRnds a’%’lﬂﬂxﬁm RN UARRs Bﬁﬂ?ﬂ
[0147 To stud the effect of the present agents in vivo on a di sease th

i ncl ublesevien on@ ourypyicn de trieimiestionchetightzat efreach mpuse wasipainted withmiayh specific
tiss U&kilo t&e(oq‘fl etha%%&?)%':ﬂ&?ﬁ%% 18&i%ed 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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performed in the Lewis rat nodel of passively transferred EAE. MBP-specific
T l'ynphocyte cell lines were generated fromthe draining LNs of Lewis rats
t hat had been i mruni ze ‘With MBP in CFA essentiallfy according to the nethod
of Ben-Nun supra. (0148] Donor T |ynphocytes were generated
from f emal g%l@%t’%mf%gv\eek old Lewis rats weighing 150 to@@‘ﬂ’ﬂj‘m%’m@% rats
had been injected intradermally in each hind footpad with an enul sion of
gui nea pig MBP (gpMBP) prepared according to Deibler, GE et al., Prepar.

Bi ochem -41 WO 2004/ 104015 PCT/ US20041015876 2:139-165 (1972), in CFA
(0.05 m). The adjuvant enul sion was prepared by enul sifying equal volunes
of a mxture of light mneral oil (Sigm) and a solution of the gpMBP in
normal saline (0.5 ng/n) and Mycobacterium butyricum (4 ng/m; D fco).

Thus, each rat recei ved was 50 g dIXAMPLIS 400 g of M butyricum
Approanatelx NgQ ' S _Were hanized and the
drai ning LNs bl unt

G ot cldig ""QSS%C"“’W% %ﬁ@%ﬁfﬁ% o ””iﬁe@%ﬁ%ﬁ ma%b seegt o
spl eenghe Thfiral ABivhiss $yBicth INBEKAR Mlﬁﬁxds@o fiateplé SclérRsis gmsg d Babth C%ﬁ“‘;&ﬁd

cells were |ysed wi tth anmoni um chl ori de as above. at
concentsed ektonsivély Bs an aiigial mdd&fé&%umgymiermesmﬂhbmpéehm wadablpnte&ence of

b ot oo Bndstie@ing ierahfe stk Br Sambley RSG5, in BB K o Wttt
cent r i {NgssheR PAOR o, Eds Grine &RIMAHDE New YoB) 3976} essptRllsbp. U7RI] B Nivérd, B.C.

i denti cal manner to t hat -descri bed by Ben Nun et ‘al. supra. The fraction

cont ai ¥ 1g: Expeeimeyiad dfergie Encaphalomyehtisy dd/set M@ielfonwﬁapﬂee%@mmmq;d, whi ch
was adﬁ%d(ehﬁ%sy e)w?o hbsy B> BEL AR, 10 nh.fﬁ%;ﬂiéi} erfliah: 69 56&“111 rowt h

factors pernatant cori nava % f et al
cal f s@pesn mmmgylodmmaraaemia HyBindnflwbof Ljrmphs@ltmdhﬁdmeyt)ss inbdothe

anti gen ( MBP S a The cells wepe originall lated in 100 mm petri
di shgsb‘é‘g”& é@?@éﬁg wﬂaﬁaéwt%@dfyye inatiog %Aﬁh K?p F‘?“"Sn%rp4
days. ,ﬁﬂ‘ﬁr C5 Q¢ ol LAPBhESL. #ﬁﬁﬂ)-k?ﬂ‘{l%ﬁﬁi’a%ﬁﬁﬂ FPYBQI al, Ih%n&lehbﬁ 59R0€120

resti ated wth antigen, MP (0.0 I’rradi at ed syngenei c
t hy moo{983) reaslhagtn gwbalpwresmptatmrdws and m(spvete dasps dedrh.eNeumraLiarttigem-dpecific
stimul @hedy. L LIPROCK 6 MBS e Al koS ARSRIR A LRI R Siiof Se CBI RRa 105
inhibits mductlon of EAE (Waldor, MK et al., Science 227:415-417 (1985)..0Only 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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Lews rats. [0150] In a typical experinent, a group of 5 female Lewi s rats,
approxi mately 9 weeks old, weighing 110f 15 granms was anesthetized with

di et hyl ew%otgg%gpl anted with mni-osnotic punps (Al %@Q@mlﬂﬁa

Corp., Palo USA) containing 1-(2,4,-diinmethyl phen

phosphono- mannosi de di ssol ved i n nor nal saline at a concentration that
delivered the drug at a rate of 45 ng/kg/day. A second group of 5 control
animals were inplanted under anesthesia with a simlar punp containing
normal saline. Just prior to recovering fromthe anesthetic, each ani ma
recei ved 5x105 cells of the above encephalitogenic T cell lineiv in 0.2 m

of nor a The results of this expe pe n Table 4. -42 WO
2004/ 10K @riﬁﬁaé‘??@szom/owsm Tabl e 4 Efméﬁ*né’r&@at@éﬁdwtwmmm“s

iln( Eeja %@@/é@m?&@sbk nnos%%&ﬂ%ﬂ%&c%g %E%I’ emﬁ%%ﬁ?gmﬁgge?lz

Mean the gﬂdenabrmaitsahn&ﬂcﬁmg(nﬂmdnd/mcﬁacteﬁum)busmm (41ﬂgﬁill,1Dﬂ"cd) Thits,5 2
1.6 00 00 52 ﬁbﬂ O 01110.6 2 22 221 72
001 efcleraérwetyeé s aofMB méweuaogéééemr .Agprvmmgeébvee%n an

2 b1 b3 AEHRS ik AR okt iy PG g o |
d| ffi cruﬂnbyed aSepuogﬂy by blurtidissectién ahd pldcdd into lymphosssculiye hieditim asrdesqitied| ysi s.
cont_r i °¥1‘? e IG‘H&F"EI o \g?‘%%&g%%é%g‘lmaéé’gw gg °|B$P é’%e%el nthe
ai 2gaé%ﬁé‘i‘?&e‘f‘.&%“ﬁ*"mﬁsg%ﬁé@%ﬁ%@?%ﬁ%ﬁ@%ﬁ“% Bt W ahhRRLES, deace
onset ohbiddebahod. Al | of the cont rol rats devel oped clinical synptons of
di seasgg Ry 98V Anllel RS WG htd ot s 1 Aol St or 72 hours in the

presence of MBP (0.06 mg/ml) at 37°C in 2 humidified atmosphere containing 7.5% carbon

dioxide. The cells were collected and the lymphoblasts were isolated by centrifugation on a Ficoll

(Pharmacia, Uppsala, Sweden) gradient in an identical manner to that described by Ben Nun ef al.

supra. The fraction containing ~90% lymphoblasts was cultured further in complete DMEM to

which was added (15% v/v) a culture supematant containing a mixture of growth factors

(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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(

'Spi nal cords were rem)ved

had synptons at this tinme. [0152] Al of the animals in the control group
had maxi mum clinical s€ores for two consecutive qéys whi |l e none of the 3
drug treated aninals that devel oped synptons had maxi num clinical scores
for nore MWRAAMHMOAZY The severity of EAE for each grouPCOTUS2606015%76
calculated as a Disease Index (D) which is (for those animals devel opi ng
di sease): nean of daily clinical score x 100 nean day of onset* This
calculation allows a nore conpl ete assessnent of the disease by

i ncorporating both speed of onset and clinical severity and duration of the
di sease. Using this calculation, the control group had a D of 160, whereas
the treated group had a DI of 40. [0153] In an identically designed

experi nment, rats were sacrificed on day_ﬁ’_ﬂiter T Iyrrphocyte transfer and

‘their spinal arves e | ssnent. ts were
deepl y anest het ﬁ%sgﬁm? m ﬁg ?ﬁp QuG-PIENQSITE W d by 60
m 10% neutral -43 ( 6 buffered fonnalin.

, flxed for 7 ays in 10%fornalln and enbedded for
sectioning. _The | 23 r andannasidend t he hal ves

enbedde@afl de b@mﬁbgeséd}és Iong| ng,-pal sectcgﬁich o&'e§ S1i m sqegddpns were

cut at i bus ﬁ-}a RidSal faldf OUgh th§ th Sndiicus Rltspeen IevelS%Ol.eSectlons
were stained with hematoxylin an eosi and a m ni mum of 30 sections were

count ed 4at dt.Bf dr@nﬂ 5 e1/5I sZ2in ordd td qunt Ofy Ohe Qunb@r of |@sions.

[ 0154] ' Io | ts were pbtaijegd. contr gLoup s d an

extrerrel h 2\)/ Ies urgen oné)aver gg ap ox?matgl y 15 Iespégr/:g/section.

I n cont réast}, Zspl Eal 20r(25 frZomth&dru Oreafed ¢group hag an average of 3.5
op in.the, nos af%ected ni mal .

| esi ons and
Hhe B sehse

EXAMPLE 6 novl aP-4ri ssue
(PassTV [ OUYG], P Vel : ed
adj uvan v e- medi at &9 d| sease in

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)

[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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which T cells froman animal with active arthritis are transferred to a

nai ve syngeneic recipient(“The nai ve reci pi ent subsegﬁently devel ops
clinical signs of disease, including |ynmphocyte migration into the synovium
with subsé’&&é P4/ i ng of affected joints. The i nmmunol oBFEHP2084P15826 of
this disease and the dependence upon T |ynphocytes has been well
established for many years. See for exanple: Kayashima, K et at, 1978, J.

| munol . 120:1127-1131; Waksnman, BH et al., 1963, Int'1l. Arch. Allergy
23:129-139; Pearson, CMet at, 1964, J. Exp. Med. 120:547-560; Whitehouse,
DI et al.,., 1969, Nature 224:1322. (0099] The experinent in this Exanple
was designed to study the effect of the agents of the present invention in
vi vo cbufferadi foemslin. t Spinal cordsiwers re]hdvpd;;ﬂxndﬁne? d:isgrintl D¥nformalin andsemtpediled for

L oo SEORPHE  TBABAESSral cpmal i Mt BPET Y o5 e iR EBbEORAIde ey Sae

USA)\MBtﬁnéq Q@E‘Qgﬁ“‘é’ §§£’q’tﬂ§ %O%ﬁeo%e%%ﬁgsnﬁ r aﬁ%?e 'n 85%

| i ght bzmmdévels ISe¢tising weere hi%):dmmﬂhbﬁﬂﬁaxylmantbeomnmd eatiimusi of 81 seetichs
enul sif ﬁ_us nsi.op, Qne part, one saline. Thus, the final
emul si ¥ 8 ‘H%taﬂlﬁé’d oreptFYls & 1o gHantify ‘{%6 $8100%en days after

I muni &%r "vut}?é]ét?iﬁﬂ d ?Qh@%,m‘ggm

asept |[ggﬁy A glﬂlrfg?ﬁ ce Irssslﬁtgpeny on ?‘ﬁnﬁ/ nphocyte ture nedi um WI tﬁylo%
FCS wdssign byrdew dnaveragd apibofibiiel § 03 RitonHeELtiols? bodomists sifinal dosdsfrdne thealvay e
and adjust.ed to concentr n of 2 106 c A was. added

1 e s e b G Erees O iesiosand Bp Faors BB S Hionyaegion esmogt affpeted

at nosplaghf. 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

irrpl anted sc on the flank with Al zet 2002 ("2 week delivery") or Al zet 2001
("1 week delivery") nini-osnotic B¥AMPLE&a Corp., Palo Alto CA USA). One

treatment group imﬁmﬂdo%t:e faiathd [GhiNd DREERIDS o@ﬁﬁ o-rmannosi de in
t he one week deliver JI' Bhrrld Qb tis rug was delivered
at a dose of 25 ny/ kg/d xperi rrent recei ved

cxper I ot MR e 8 TP B Hhoss
pheny | hiéh PREBLHGH An FRHAA iflfactive hrdititishrd\@Risterftd tb\4SiaWve sph ient. The

m ni -osnmotic punps. This drug was delivered at a dose of 3 g/ kg/ day.
naive recipient subsequently develops chmcal signs of disease, including ]ymphocyte 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
44-



Control animals for this group received saline delivered in identical

m ni -osnmotic punps. Whife the animals were recoverﬁ ng from anest hesia, the
above cul t&ré(gd I {i@hocyt es which had been harvested and washed twice in
HBSS wer e 6@5& & in normal saline and injected iv (| ZCTEH204B15875¢c n)
into recipient rats, each of which received 75-90 x 106 cells in 0.5 m .

[ 00102] After 5 to 8 days, a characteristic thickening and cutaneous
hyperem a of the distal joints of the hind | egs becane clinically apparent
in saline treated control animals. D sease severity was eval uated and
graded in each group by daily neasurenent of the nediolateral w dths of both
ankle joints. The data were expressed as the nean of the change (conpared
Wi t h widelictibert above and adjiisted torg eenténtrajion of 2reldl’ otltsfral. £lonah as addedtana dinal essed

inmllimeters (f..stan d error of th .. [ 00103] The conpounds, of the
pr esenFonCEHERon Sl zd@?‘ﬁﬁ ee ‘BFF§§P’“§P‘$ Eﬁ%@dﬁl"m §F§?§’ﬁﬁ'ﬁ&f 54 oxide
severi ‘i‘%??fho e disease. Figure 1 shows the results of a typical experinent
in whic - P , 4- di met hyl phenyl ) - 6- phosphono- mannosi de was delivered in the

" o/nE )/vglﬂlou}el i veﬁydhpé\bf?hrﬁm&ramiﬁnb 8 weoekt ofagewere andstirtidabwith Hiefyl etrl]:er o

ay, At the en t he_one Jrea t riod there was_ a hi
Stat | sH mnignted soAry e§ﬁ¥km¢f‘@¢%ﬁ§@<€ﬁWﬁé'ggﬁ%@g@rﬁﬁtaﬁ%f oWeeke 1 oat od
Ver sus i AL U l.J 4N _t he
151 oot SpierPphiiemole plEos (ALREARS RO MBTAISAS Uhelfeifiicht Bip rbivad | 1°
of t he(2,4,etiinmtind ppemillpé-phipbotuinafagidedn thestrevweckidelivery Mlzat 200t mimiesmotic a
typi cal ex i nent _in i C -(,2, 4, - di hyl hen - 6- phosphono- mannosi de
v Gy, clerdhi was aditsredaba Ui 4678 T kalting Th3oRE ol BE RS PRI ot
dose oiecazedrm/eﬁwaﬂamﬁ-o%mﬁbguﬁ §lceHtaih iﬂg nbHRal\WaRke. {Ta@NebRd exparimast anbikef € Was
a -45 C WD 2004/ 104015 PCT/ Us2004/015876 highly statistically significant

di f f er gieup of BA; tats regeivedsle(%4, aliimsthyl phenyl)rG-phosplionemannosidedn g2 week ani nal s.

{1 cat copiRty AedF20Ra G- FE BB, PhRBnlg i BB SHode YTl o

EﬁAl\Ebﬂrcil aﬁ‘éﬁﬁ:for tHifpoup heveired/Batine sctieeréin iuatﬁcdeméﬂims?iaﬁb plxapsVOdRile thef
Arthriti,s _ and Autoi] e Disease [0155] The npounds of . the present
| nvent FHRal TS PP YANOEdram aneshepadhe ébqv]ﬁ cg@v@ﬁ Jympggcyics Which Had been

harvested and washed twice in HBSS were resuspended in normal saline and injected iv (Jateral tai

vein) into recipient rats, each of which received 75-90 x 10° cells in 0.5 ml.

[00102] After 5 to 8 days, a characteristic thickening and cutaneous hyperemia of the distal
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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known ani mal nodels of arthritis and autoi nmune di sease. These incl ude
adjuvant arthritis (see anpl e 6 above), streptococ€al cell wall

arthritis, coplasma arthritides arthritis and coll gen- i nduced arthritis.
(See, for WQAM180Pearson, CM Proc. Soc. Exp. Biol. MdPOWUSHO{ALEHE) :
Cromartie, W et at, J. Exp. Med. 146:1585 (1977); Trentham DE et al., J.
Exp. Med 146:857 (1977); Chang, YH et at, Arthritis Rheum 23:62 (1980)).

1. Streptococcal Cell Wall Arthritis Mdel (See Schwab, JH et at, J.

| munol . 150: 4151-4159 (1993)) A. Induction, neasurenent and treatnent of
arthritis [0156) Female Lewis rats wei ghing about 175g are injected
intraarticularly (i.a.) under ether anesthesia above the cal caneus through
t he Adiighly statistiealiy sighificant differends inttisd disea§astiatus of thei tréatedrvetsmy the condrolh 2. 0 pg
of rhammose ui val.ent s roximately .6.0 dry. wei ght) .of 100p .

ept | OUTEARe CoRRSI Rl PROsEraheDine i e fHfstoaiohi, Ridsheistios Buiaals

( PG ARRhwedifR 3Weink 2t #2 dald o@&eﬁi”eraﬂﬂﬁi??afi&ﬁe saline, as described previously
(Esser, RL et at, Arthritis Rheum 28:1402 (1985); Stinpson, SA et at, In:
Phar macol ogi cal Methods in the Control of Inflanmation, Chang, Jet at, Eds.
Alan it. Liss, Inc., New York, p. EXXMPLESD)). Right or left joints are
injected with P& 'n al ternate. ' ] | al at eral, j.oints were

i nj ected Wit h TSt pyrogeriee FOPRSEEI AT Bet er of the
ankle joint is neasure Il digital caliper (Lux

W t h aSFofrer—o 3

Scientifi¢c Instrument Corp., New York, NY). The average of thyee
‘rreasur[é%its for e@a@nowﬁﬁﬂh@fﬁ%ebma@amm&%ﬂ@@l I redents mpeveral well ean
t SF . o L e :
bostr Snopl Sl 0ASR drarhi i d hATREhe Ahe SURR DeREL WBERRRE Cee )
[ 0158 ExRaple teabeve)a strefitoensdal aalll wallarthritis, dfycoplasma awthritidenarttitis shd poltagens | xed

in fornpli i f.ied dded | fdi t ' ly, d
o oA e TS R PG, O e S A RS,

gr oupTrbmarke SWI LAY, Eb.UMEd t/46:1589(11927); Trerthdih, DEler A0 MNERNMAL 126:B87 S (AA)
Mdel (See, especially, Chang et at, supra) [0159] Male Lewi s rats weighing
235- 2807 Ghasg ¥ ¢ a M@Mﬁb?@ﬁ@(&ﬁoﬁ«ant is either purchased

comercially or prepared by grindi ng powdered Mycobacteri um butyricum (10
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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.ng; Difco Laboratories) with mneral oil (1.01 nil; Prinol 355, Hanpden

Col or Chem cal Corrpany). Adj uvant arthritis is pr(6duced by a single

i nt rader nmgj Fctlon of the adjuvant into the tail or one nd aw. The
dose is a%‘alz‘% 4048 heat killed Mycobact eri um t uber cul os"%T’(' 10188/¢pended
in 100 | IFA. The volune of the uninjected hindpaw is neasured by the nethod
of Wnter et at, Proc. Soc. Exp. Biol. Med. 111:544 (1962) on day 0 and 16
(with respect to the injection of adjuvant). The increase in the volune of
t he uni nj ected hi ndpaw serves as a neasure of arthritis. [0160] To

determ ne the effect of a therapeutic conposition, rats are treated with
either saline or the conposition each day fromday -1 to day -15 (with
respect to BxdHistopathologyection). The initial paw volume (VI) is measured on

ni iy GDVE i el O s St e Mo ShRETO TR R it el iAdlle R i ng
.t 0t hajecilpifiedVénitadaet i paddftinj sebfidtiet isgitatty,land\@aitléd Wit herflstogylih-dddth, e

control - _VI copntrol Alternatively, severity of arthritis is assessed by
scor i riignifiencoeldiffersare hetwornmewns ippsseregd bl Shidentisovol taih tesker yt hena, and
deformty of the joints. Thus the maxi num possible arthritis score is 16.

M  ColIK.aAdiuvantrthritisi(Ad ) Modedr(She, icspesially) Changadal., pe® Trenthamet al .,
supra) [0161] Sensitization Procedures. Collagen is dissolved in 0.1 Macetic
aci d d0159] concésmaleibw&n'ratm‘wdigighgrﬂﬁ -6 gin amhsade%aﬁadtsa:bhmmadjmwnhson and

CFA or .| FA are ed and., enul sif ni | t old.e s on
e i RS B ALy GE PreRRIed BY PO Rog defed MyeoBerterisen WAL LD of t he
rats. pprEifcolll b6fatoridsE ithHhindral &lgl‘@ltml M&JﬁStHﬂﬂ?&ént&loMeﬁlmse heal

Wit hout - 47 WO 2004/ 104015 PCTI US2004/ 015876 elae in 10 days. Control

i nj ectGopapangh rAdjuvand artheitis ispeeducediby 2 smghllsmdewa i injection afithe sdireant ingdthehuman

P e A R L

My Cl2sﬁ§ﬁeﬁ@éat1ﬁhbﬂ pE WA t’ﬁgeolﬁﬁﬂtdfﬂﬂ:l WHirg Bted RIALPAW isﬂﬂeasﬁdéa b hdMeRbY 0200 ¢
uronate per nil is mxed with 0.5 nil of CFA or IFA emulsified, and

i nj ectVéimter gtakiRrac. S| Bxpe Héol. Mﬁde’slé 5461(1963) ov depBand {6 (witherspectto teses
consi ﬁ]%ﬁ{ a&u@mﬁ? uvan%n@%%& Ofg)(;ﬁéé‘ﬂl%g dri {11'3 &Jr@e&ﬂd lﬁmipa%1 LTI ﬁ%aglrgof"

given I"p w S
arthritis.
[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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I mmuni zation. One m of the MgCl 2 extract is given ip after an identical ,
interval to the proteoguycan control aninmals. Adjuvgnt arthritis is induced
by intradermal injection of 0,1 nil CFA H37 at the base of the tail. [0162]
Arthriti swlg/%ﬂoﬂé'fjf’% Animel's are observed daily for the PGTMS2000158876hr it | s,
and an arthritic index is derived by grading the severity of involvenent of
each paw fromO to 4. Scoring is based on the degree of periarticular
erythema and edena as well as deformty of the joints (Wod, FD et al.,

Int. Arch. Allergy App.!. Immunol. 35:456 (1969)). Swelling of hindpaws is
al so quantitated by neasuring the thickness of the ankle fromnedial to

| ateral malleolus. N Autoi nmune Model MRI/Ipr Mce (See: Kim C et al., J.
Exp. muelaﬂn‘l-ia@aysmeant(oi bjectipns cEB} o) addtic lagid/enpiisified in CPA or s ool d) are

Einzy n PHTIER SRLAE SRR g SRk Eie et PO BIEe. [ 0164

Pol ysidjiwime Ab ah dditiGhal\WBhirsl, RO al&FM z—&ﬁi&tﬂﬂ%‘éﬂr&h éMcM&W) or

goat g. Blood is obtai ned fromindi vidual mce before the bi weekl'y

i Nj ecappoerdmaly aOlhne ugiinatetpetim is mixed 33thBakmd of CFArOrTIBS, mnub:ﬁpdm igjettedi on

ol at ot S cqlsgens, Mers oiheisearifie hoodis s Fopriotngclals me WRRERS of goat

antl-ﬁ@é&&dhﬁ@ﬁﬁﬂollqbﬂaaeﬁdmmre?.&ﬁ WRRORAduRakl BOESs hftér er enzyne
that 1s known to be wuseful in EFA) are added to the plates. After

i ncubimmwrization. mnermhof the MgCli extract ia givendm idar anfidenticakintepeal to hey PRS- Tween

The cHPERBER wrmRarile. A9k afeihyf bl pRabeRer i of T GkHAT, o

by neH$Tai thgbaseluTekdriice at the appropri ate wavel ength for the partlcul ar
col ored product of .the enzymatic¢c reaction using a _m cropl ate reader. -48 WO

2004/ [Pd6¥15 PGMMGWF&W%%%‘W econsetf #imitis and aw 5]
Ur i “ear{h%n@%@xﬂ?ﬁe&&e&rﬂﬁtﬁ%B[e%#‘ér@/ﬁfﬁ@@%%@ﬁﬂ d}‘f}aaﬁ?a W Bom RSER p@f I]SSL ood

in urine is neasure itat y COMMer Cl reagent str|
ur i ndhaged an thb@lﬁ@ﬁ]s onnartlailarseyymammhecbmm aswvedll as defurmity afthe jointsydVeydypt ons;

sever}g{’ f@yg“f éf C’&%‘Z{B{@,&v Eém% 2% (1%68))0%Swe l\i/negdof hmcfpaws 1sb§' ng the nost

quantitated by measuring the thlclcncss of the ankle from medial to lateral malleolus.

IV. Autoimmune Model MRL/lpr Mice (See: Kim, C. et al,, /. Exp. Med. 174:1431-1437 (1991))
[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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| ynphadenonegal y, inmune conpl ex vasculitis, and necrosis of the ears).
Scores representing physical synptons are calculq{éd by determ ning the
total score for each group and then dividing by the nunber of animals alive
in that gMRplI81¥he neasurenent is taken. Treatment [FETAS200M5856ch of

t he nodel s descri bed above, treatnent is started 6-14 days after the

I njection of the inducing agents (or in the case of MRLIpr m ce beginning at
4 weeks of age). Doses vary froml g to 100 ng of the foll ow ng conpounds:
1- (2, 4, -di met hyl phenyl)-6-phosphono- mannosi de; 1-(2, 4, 6-trinethyl

phenyl) - 6- phosphono- mannosi de;

1- (2- et hyl, 4- chl or ophenyl ) - 6- phosphono- mannosi de;

1- (2- net hyIPré, tefriugiarapt @hydidal Sympwahono- mannosi de;

1-(2- ,A4-trifluor phepyl ) - 6- phosphonq- manngsi de;

1- ( 2- ﬁ@ |  4- t rYTPe A Bsme%m BIcsh Sspiminfroneantaten ard e Pﬁqwewﬁé}ooéﬂnt he
novel Qédaéagﬂ NofaTyeole I nvention. [0168]
The co%glggén g are a s?ielféelgg?éoor |pHat ﬁsetl‘ntervg{’s for 4 weeks.

Qut corf@s6b]ar e asl%lwssdckymptmc Vismll)edmorm asf@) moayinpnmisl;IOJSt tracepddiewhewut cone
neasur es, j nclude: (a ti asur ement rading of jqQint swellin
eryt hé’ﬁﬂblﬁmpﬁsrﬂ& )bgﬁ'ﬁa’ § eing WQ?&SWG@%P‘B% F‘g’a/ 8?oi nts usi ng
a quani, ggag ifhehusl 86:8 xva&&ﬁgi ah8 nalrbs;s Bpmgeﬂﬁj SRS GEpressting he four

conpounds Ilste ove are effective in significantl redUC|ng direct or
in d i r ohiysical symptagnsdre a#lclﬂatpd by detertgininguhe R 4¢dre Mclpﬁﬁumﬁm dehdividing

Pho 03| d va the Treatnent of Rheumatoid
Art hr |lbtyt6 éﬁ'r?gf 1v°|%§‘6%ﬂ \‘7&’3'l g’ﬁ)mﬂ"."f‘?ﬂ"{‘fﬁ " Allied Conditions:
A Text book _of Rheumat ol ogy, Li ppi ncott, WIllians & W Ikins; 13th edition,
1996.) Tre rocedure [00105] Doses of the compounds of this invention

are deppg7) ned FPr dRhOT HAHoRIEScritid Wove, treatment is started 6-14 days after the
injection of the inducing agents (or in the case of MRL/Ipr mice beginning at 4 weeks of age).

Doses vary from 1 ug to 100 mg of the following compounds:

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.

-49-



inter alia, appropriate animal nodels of autoi mune di sease. [00106] A
treatnent consists of inuécting a patient with 0.1, , 10 or 100 ng of the
conmpound i nfusing-the conpound in 100 nil of ‘normal saline over a 30
m nut e peﬁ%w\’\?‘gés weekly at three day intervals for siBCHESREOIEETSN cal
responses are assessed by the criteria described below. Treatnents are
continued in patients with stable or exacerbating disease. Treatnent is
generally given on an outpatient basis. dinical Qutcome Measures [0170]

Qut cone neasures used to assess treatnment efficacy in RA should detect the
smal lest clinically inportant change and, at the sane tine, be reliable and
valid with respect to capturing the dlnen3|onallty of the clinical and

pat hophysi ol ogi ¢ responses. To avmsboth pati ents and assessors
pref erabl j a 1ded. duni Bg O noy mmnly used

are based T LS at and
redness. L&eoKadpony, V(Je(!d) Srﬂmly am.ﬁ@d b‘em'a@udA iTmbadséMmlpm hmgbtt. ilbiams &
treat ment Wikis; Bt ofition,d8¥%ds a | aboratory nmeasure without, for exanpl e,

relleﬂeggn ipRde nis of less interest. No single |deal met hod i s known
tm‘m%%%ct di sease activity in arthritis. As a result, it is
usef uﬁOOthS]aggr eDates of the: qnnipmmdsi oftthis inventiproare determihed as Geseyribed dbove nsihges are

constyuct st a i st,i C d mant al procedures that allow aggregation
of sciHf&EL ?'85 M‘F‘P@%W % 0172] Objective and sensitive
MeasUiopBaYt S arg td%ﬁﬁﬁéﬁ E&ishistofS eﬁﬂﬁﬁhﬂ@"@ l@&”fd()txhg%fﬁ@rc lﬁfd to

change w t'h antirheumatic drug t erapy |n RAis the patient~s subje
- assesﬂnmﬁ@ingﬁh‘t wmmm@fm 169 md of nomnatsslawoxenm3IG mimie period tndécomenkdy aie j oi nt

o s anpree Rt Bun iR ekt el ook e Sies A 38 B8 efrped Biesi o s
of usp;feuﬁn@t&mmﬁma@ Mﬁleﬂ@m&stable Eﬁéadaeerﬁaud@ah@m -BrleatmeifisgeRetallyp 4015

PCTf US2004/ 015876 0173] Table 5 Qutcone Measures for dini caI Tri aI S in
Ar t hrgivemson 20 oypatientbasisat a1 ., Cin. Rheum Dis. 9:681-693 (1983)

Clinical Ouicome 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

"knee | nvol venen

FDA Cui delines (1977) Bellany and Buchanan din. Rheununol. 3:293-305
(1984) Joint swelling Pain Joint redness Patient(global assessnent
Tender ness on pressure Range of novenent Pain at rest or on notion Physician
gl obal as¥AWIHOIRange of notion Joint stiffness 50-f o@CTRBROGHIZSST6 e
Qualitative aspects of sleep Cdinician's global assessnent Wal king tine
Patient's gl obal assessnent Activities of daily living Altman et at su ra
Joint tenderness Pain (using visual anal ogue scal es Anal gesi c conpound
Tender ness on pressure/ notion Joint swelling dinician's global assessnent
of current status and degree of Signal joints change in status Ascent tine
Patient's gl obal assessnent of current status and degree of Miscle power™'
changgBli7d] st atus Hand functiTeble80-foot wal king tinme (for patients with hip/
) f o-tJents w t h hand

i nvol venent) Jo FF +is the major conplaint of
t he rheumat ic sufﬁtlﬁfaerR,D amsarnmmmfymwm (1983b| ef is i rrportant I n

‘assessifp s e-hed of this
i nventi o s=is i dlA¥en tlo t he
adj ect i Mg c caal> pain,
3=sever ain. Such a scdle is

. if ?ﬁﬂ?ﬁ%’@ﬁ“’%ﬁﬁ‘&l gdsi cs and
90dQrRessoN{PESEHre | . : 1. Rhet ratl%ﬂngegfwsmgm (1978)) .
AImBtyest AoNRONeN | ng pain incluc ssesd ndthysigian glelishasseasmentolfd and
pain t m&ﬂl@ﬂﬂs&_ssm,_&,__ﬁ_l_n__ahaum_& s Joipt Siffnes®( 1976) ). [§175] To
score | WMWS Qualtaivedisestsichsiegpoi it
mar gi n§ ian fscoloballcagss i | s gradedq lwalktimgetinmat i ent’ s regponse.
Lansbur Waﬁemrsg@al aasesemax_( Lans bu ry, J Activities of daily living
Altman et al. (supra) Joint tendemess
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-

51-



Arthritis Rneum 1:505-522 (1958)) is useful in assessing progress. A sinple
count of clinically act i(ve joints, as determ ned by/pain on passive notion,
tenderness on pressure, or inflammtory joint swelling is used (Cooperat.
Clin. Con¥O 1040 heum Assoc., Cin. Pharmacol. 2her. $CT{US2804/01587¢\0
2004/ 104015 PCT/ US2004/ 015876 38 (1967)). Scoring a few selected "signal"
joints may permt better assessnent of therapeutic effect than a total
joint count. A standardized dol orineter tested agai nst the Lansbury indices
is highly reproducible. The Ritchie Articular Index (RAI) is based on
summation of joint responses after firmdigital pressure. The responses are
recorded as O=no tenderness, +1= patient says it is tender, +2= patient

says i38 (1967 nSeringradewiselccted “sigaal* Brints ataypetmis byieriassdssmer od drerapeitices, and

i t hd i nb. The, f .this Index |s. 7 fl bat i f
G seasBiaHAR RiEGHEAROY: AR ARl b b te LARSRY TS S

| i o " . b . i th

S(r)|r [)es}??g?lgt h, gxry(}éi% he |%V\BI’ I %s Wlj th: ;{s%ﬂo&éﬁ( 0 wa gih% ee‘g. T%ANG]
Var i ouwfter fisndigitshpressires Fheaiesponises arorarerisd aelona iendemensgt I+ patienhsaysit is

det i ned .he strength of th I in.t f d._hand dth
pai . AFHEREch-EtER U1 EEE A P Y TR GRS T3 EESeB Pl | of it o:
grip SkitlRRSV41iEB! TR ik of Mid Thde & 78ind rbffekts/dxaddiBatiiiR @E d3kaselahi Bfiprobement

peripheral joints in normal subjects is known, and these neasures have been

asses dnduced by antigheumasic dmgs,| This tyex gomelgtes with thepatieny’s assessment of painyirathar ed

b L i i . | { , 3, din.
RreunmipBraim e B kP09 i BE INATAMPANAE HELSFak 90350 D O
: Eﬂys_ [(ygréﬁ](élz 29.&rrasl 7?21'7;(3&%21)6 (198&;§w1@11£&étm€mﬁﬂgliﬁmﬁgﬁ' nwhitle is determirdd by

eum U . - . . Imn (0] ertaln rmverrents_ or set . .
maneuvh§ gﬁmsthgapfé%e mysclesiip fhe forcargrangd aﬁlgdy apd &erp@s% apdedegreeraf joint destrugtiondm| ar

the ti . K SLdoee ' ﬁﬁ?{g al., Br. J. Rheumatol.
27: 372“—%%?9( %8?‘??%%?5%#81 %lcpr sétgéég nn\%:r/aa?cﬁt%ﬂ 0 ;Rt'\fgi lying skinis a
car di f@17M eat ur Ghefrangefolf aratieniof pexiptetral joints én nomewed subjebts is kmawnparsl thesgs (e. g. ,
Bacon, P.A et al., din,.Rieum Dis.. 2 51-65 {1976).)., Infrared
quant i | an
quant MG R B APaRY L HOHE o/ Ak daos SRty ouhal b 2RaCE memred by anc
| S Us @bvdralimetheds 98clidifig tRThirhafyspehd doeteP{ATRIREsoR OT] 10 Rh&n. Wis. 6310653
Ther m?rg&hy provides a noninvasive, _reproducible, sensitive, and
quant (982, skindistraetionr (Malk d ¢ phgRhenf: Blosrdded. 112933 13 (1972) canaelingmeter
(Domjan, L et al., Hung. Rheum. 28 (Supp!):71-76 (1987)). Timing of certain movements or set
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

(Togpen, 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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(I'ngpen, M., Ann. Phys. Med. 9:322-327 (1968)). Laboratory Tests [0179]
Certain | aboratory test{s reflect the severity of jéint inflammtion and may

used t the efficacy of the therapeutic conp é}ﬂ
rret hods of 9@#@ llléi@i"htlon The nost frequently used test%‘ks‘%@ﬁ@? fir ocyte

sedinmentation rate (ESR). O her neasures used include evaluation of various
acut e- phase reactants, such as C-reactive protein, haptoglobin, fibrinogen,
a-2 -52 C WD 2004/ 104015 PCT/ US2004/ 015876 rmacrogl obulin, and pl asna
viscosity (McConkey, B at at, Q J. Med., New Series 41:115-125 (1972);
McConkey, B et al., QJ. Med., New Series 42 785-791 (1973); Constable, TJ

et at, Lance 1:1176-1179.(1975 Cr din. Lab, Sci

ég 368- @?Wg‘t?b'ée} %PB?B‘W" "IP(EPSé'EY é@c‘mg% éhéé?ﬁfdl’ ew Seriesgf Il 5t hgg ) -
ckel nﬁ%ﬂ u _ 1 0

r heunmat c}?d?)]t' actor or B th?rr%fngﬁ e?orrﬁ%q’ e%glgs %3'2;8)%?9%1)%17? )’aqfén%%]ﬁlrf’ %Mm“’ﬁeé.

45: 183- L&W&(WG??S)R@MR ed &.,adnna Clin Aiab. SEhEHR68-BY6(1980); THx&E) JA¥D8E) ;

Fumot 1 ofpeptel, RhpltarotyysiSSO8: cpadRgiel. 4 tlseope 59Beyt70 KA e

al ., Arg i&‘facib?oF SFimbhe(chhp f&es 80 et YF\ Bhn. Hhrerhl Dﬁnﬂj 1831189Ved.
277 163 &m Qﬁ} di spl acenent of ﬁ o han from serum al bumi n; serum
i ron co@@&ﬂt S ettlcden. Rhewpyr Bis, 4‘@3%8 W,l&@ynoﬁs,om@tqk o Rkeumatol.

e ont 2 ?@F@@%@Zf‘?ﬁ%@?ﬁ?ﬁ%@ﬁ%@%ﬁ“éﬁ‘ Je 4’1%9@%'874‘7@'# S00%796 455

(1971) )¢ 19s@r emparalcmemmwﬁ NG AL TBO1 9T, Sevarison, MINer dRNEUBgILY. Med.
38:174-176 ;. __serum propeptide | evels (Horsl ey-Petersen at al.
Rheum 2" 217% Eb@eap}acmmp Latryntophag frosmegrymyiatbunpiay $emrsp¢0@tcomentra@ﬂn

o ol ekely g eoifibphdfl dmbo il anlBhtlE KW D9 B RIUSEDASSIRLE

c ?) unt bgttkis(ll BT&?)(; amﬂmsﬂ;’?ﬁs{ ofI sujlffagdlyl gr)a);]xa((l.nﬂ:::er Q\vieng)., Merdbalismc(:446s455c an
oo Y36 ss3ar e oghckmons roRg, BH et gy et Rci b e 100 7
(1981) )serubh BropeficR 18¢H1 (Hotiley-Peterseh bPal, Rhbisk. Légasdzyssmdmﬁ dyabHalxtuig! ear ance

fromthe joint determ ned or, alternatlvel they are adm nistered iv and

the ratanatysis 4HalLSH et alo dnosRheum. Dét. 37 3@1)13513 61975%)) measured. The cl earance of
[0180) Various methods are used to score radiologic changes in theumatoid 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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133Xe after intra-articular injection provides an indirect measurenent of
synovial blood flow 9 TcO4 is al so used. Radionuclide joint uptake in both
| arge and snmall joints is known to be reduced with successful

ant i - r he S¥R2904/10488F apeut i cs such as NSAI Ds, corti cost er AGIEUSHGVUSET6
D-penicillamne. [0181] Results: 375 patients with RA are treated with one
of five conpounds (75/group): (1) 1-(2,4,-dinethyl

phenyl ) - 6- phosphono- mannosi de; (2) 1-(2, 4, 6-trinethyl

phenyl) - 6- phosphono- mannosi de; (3)

1- (2-net hyl, 4-chl orophenyl ) - 6- phosphono- mannosi de; (4)

1- (2-met hyl, 4-fl uor phenyl) - 6- phosphono- nannosi de; (5)

1- (240E82)Y/! , 4- tAccérdit tonkd §itlersibesIidefindec I MhtddlRies™ a8 5 @0eve] 975945
PCTI US2004/ 015876  [0182] According to the 8 neasures |isted under "FDA

Gui de&f thecpptients treated with any ghihe abevessgmpeunds,shop sigrificant cpmylagiye {RPAYERSPtof t he
abov%cﬁ)g @gﬁw@how significant cunul ative inprovenent across all
measures. Toxicl ~[0183] The incidence of side effects (as % of total

t r eatliogiity acr oss groups) are as follows: <chills - 10; fever - 10; pain -

5; naus - 5; respiratory .- 3. headache - 3; tachycardia - 2; vomting - 2;
hy pei&@ii on - T%? “ﬁ}‘{ﬁ‘?% idg effects (ag %1 fitotglireatments agtogs, groups) apq ﬁsfgh?]"&“- 1;
di arr, _10d8avit_ Gl hisv 2 L&, nes o _Chi. 77,0 o= A< ops -
21" PRAR 10%ovis 0, BlnD S Biuste 15; gttty 13 fRadlache 3, b a{omiBRATS ).

gast 2; hypertensiored2idypotensibmnd; joint painCtZh eash r2pflushihgnijeliardizaerly @chisg/hives -

lini,cal Ly _insignificant, [0184 i L1y, d i bed. this.i tion,
$t il Plogeby ngs? 4 Sizplnf <1 brptbsl e it <Y, trelingltaof £ et o e
- per f @hiiRd Wdidd\ €1;Ba¥ids<1;3008Rsdn 106 1- Al OtherRRNBIBHAESs oliteRed Rl clihically,  and

conditions w thout departing fromthe spirit and scope of the invention and
wi t hénsignificaoe experinmentation. -54 CLAIMS 1. A conpound of formula 1:

[0184] Having now fully described this invention, it will be appreciated by those skilled in
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

experimentation.



OH OCAP HO ' Q(CH2)nR Formula I HO'" OH OH or a salt or ester thereof,
wherein nis an integer fromO to 3, the -QQCH2),,Rgroup is in an axial or
equatorial position, and Ris optionally substituted heteroaryl or |ower

al kyl, or optionally substituted wherein the substituent is selected
fromthe group consisting of -C ,ei‘ !lM-S 3, -CH3, -CH2CH3, -(CH2)nCO2R ,

-(CH2) 2 , - (CH?) . (IJ\II—( , -(CH2) M\HR2, - (CH2)nCONR2R3 and

-(Cl 2)%\1%”‘%‘?@ QTFPW"SPEan integer fromO0 to 3, R is selected from
the group of consisting of H, gl kyl and aryl, and R2 and R3 are

i ndependently sel ected fronmyt group consisting of H alkyl, aryl and acyl.
2. The conpound, salt or est@;a of cladmé@ erein, when n=0, Ris not 4-
am nophenyl . 3. The conpouHl@, saft or fiz) cl aipgrutather ei n, when n=0, R
is not an am no substituted phen%l,.-. 4. The conpound, salt or ester of claim
1, wherein, when n=0, R is not afYanmiho “Substi t ut ed aryl. 5. The conpound,
salt or ester of claim1, wherein R i¥ not 4-ami nophenyl. 6. The conpound,
salt or ester of claiml, wherein Ris not an am no substituted phenyl. 7.
The compde#tor ssterthesgofest er of claim |, wherein, Ris not an anino

cel oot g Mahumegst fom D87 P0G Dheny” Soret gl phemyl: oo
2, 4- di eRt-O(CHAGR Eroupds fh r dxialroe ehydigrive pydition) 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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met-hyl - 4- chl or ophenyl ;  2-net hyl - 4-fl uor ophenyl; aryl oxyal kyl; phenoxynet hyl ;
- phenoxyet hy); benzyl; phenethyl; 2, 3 or 4-nmethoxyphenyl; 2, 3 or

4- et hyl phenyl ; 2 3 or 4-pyridyl; 2 4 or b5- pyrinidinyl 2 or
3-t hi ophenyl ; or 5-(1,3)- oxazol 4 or_5- thlazolyl 2 or
4- im'dgzol yi hﬁéﬁ@PQ ,sshwrﬂstemi@ﬂgxm gvheml’c em from thecgrousst er of

AL A T T e L S

net hyl n&ﬂfylmwhmbﬁwyl 102 méhycaMaeiepBerst; claaymk;%lkymer phdnokﬂﬁetﬁﬁnpound i's

1- (2, 4- di net hyl pheny té)hos phono- mannosj de. he compound, salt or
est er BRENOK¥SE 9bewbrpbpmf: Hechapbmathawphenyh, 2436:« 4-methylphenyl; 2, 3

Ll et BYARGERYL b £oPIRRRABRTINNORISENAd. o 116 SRTRRMOMIIALE oPS. oSt er Of

claim rrpoun

chl oroplb@)qmia)m@},phﬁﬂphﬁdmmrlm 6es.- sﬁ'&naid]fel conpound, salt or ester of
claim9, wherein the conpound is 1 (2- met hy

f 1 uor phenyl ) - 6- phosphono- mannosi 14, The cqmpound, salt qr ester of claim
1, whgﬁel % %l'hee chaﬁgglqlmdallt LT E5{ep 9 zw};q 8 mherein R 1s selected from the group

tr|qu ylo osition
conpri gﬁ;xﬁfgﬁh? §f g ’2’ &m‘g%gﬁ @gyl %&%g&g )@‘f Egﬁétﬁgl;’f%lo&%c@ﬁl and (b) a
phar manethyl, ddluoyopherypt abl e carrl er, diluent or excipient. 16. Use of the
conpound, salt or ester of any one of claims 1-14 in the manufacture of a

nmedi caf nt r the tre nt _of a disease or c¢qondi tio e | ynphocyt e
m grat! |Ir B?iﬁ‘dt‘?)%&g@ S bersin Hierrampoun éﬂ/gséxﬁ'&@\g@'lyﬁfg‘epg)é step in
the dey ﬁ‘dgﬁ%ﬂomd@he di sease or condition. S6 17. The use of claim 16,
the nedi canent additionally conprising a pharnaceutically acceptable
carrier, diluent or excipient. 18. The use of claim16 or 17, the disease or

condi t 1bn b&hagompeund; |@he$wrgﬂﬁtcla@ 9,Whmhﬁwcwpml st b@xﬁ,ﬁundem red
O 1 TR iy B RS ph SRR, £ 1 1 SUe o

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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extravascul ar site. 19. The use of any of clainms 16-18, wherein in-use said
. conpound, salt or ester results in an inhibition of T |ynphocyte m gration.
20. The use of any of clains 16-19, wherein the disease or condition is

rheumatoid arthritis, . nultiple sclerosis, acute di ssem nated
encephdlfonydhe uisesof gaim 1 §sths medicafmkntnadeitmnyllp osmprising e phermabeutadally mredi at ed
dermatitis trom eratitis, uveitis, thyroiditis, sialitis or type |

di abet &&cepighle Camel‘, diluent or excipient.

18.  The use of claim 16 or 17, the disease or condition being one in which migrating
T lymphocytes 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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