. PUR' () *+, - e3e} FzBBCDLDOF6>FTF2 WD 00/i 2483 PCT/ US99/ 20150 1 TR EE%#@
PRODRUGS HAVI NG HI GH AQUEQUS SOLUBI LI TY Field of the Inventi org nt
invention relates to conpounds useful as inmunosuppressive and(&ft4:
inflanmmat ory agents, The conpounds have good aqueous sol ubil i and conv
to biologically active conpounds in vivo. Refer encelﬂwmﬂ M’mm"m
CARBOHYDRATE CHEM STRY, Kennedy) J.F., Ed., d arend ford 10
(1990). Garver, L.C. et al., J. Am Chem Spe. 104' 867 #(&%82). d ei chmann,
E. et al., Imunol. Today S:324 (1984). Horm) O E. O and Nasman, J.H.,

Syn. Conmugg ook4s69 (1986). Koci enski, P.J., PROTECTI Neg1aRa 8o CGeorg Thi ene
Verlag, Stuttgart (1994). 15 Korngold, R and Sprent, J., J. Exp. Med.

148: 1687 (1978). Kupchan, SSM et al.) J. Am Chem Soc. 94:7194 (1972).

Kupchan) S. M EIrOLIDEPRODRUGHHANNG B1€8 AQUEDUSISOIABILITYSKY, P.E. et
al ., US Pat ent No. 5,294,443 (1994). Ma, P-C. et al., J. Chin. Pharm

Sci . 1?%2 20 Mori, S. et al., Tetrahedron 47(27):5051-5070 (1991).
l\/brrls é—-@—#‘iﬂéﬁ% ant Proc. 23(6):2722-2724 (1991). Morris, RE et al.,
Tr anspl ant TRe present 28 €ritipn 288s @4PnpodrAOdspfnl himmageypphdssivendang-, Tr anspl antation
55: 7015 (mmato%n@nﬂxelﬁbm&ﬁm’lwggooa-magorus &ﬂglfh'ygt\/dac%gvert §LU 1c§z/( 2) : 225-29
(1969). 25 Pu . Zhongguo Yaol i Xuebao 11: 5 Wang) J. and
Morri s, F?“I“:‘ecom??‘ﬁflféf‘)f”%t ation Proc. 23:699 (1991). Yu et al., Acta

Phar maceutica Sinica 27(11):830-836 (1992). Zheng, J. et al., Zhongguo

Yi xue Kegefeieptan Xuebao 13:391 (1991). Zheng, J. et al., Zh_ongguo Yi xue
Kexuey AR ERA0N Lrdihd 0 lnndlly RAGEG) PO, O, bR O

| nmunosuppr ess d he tfreatnen aut ot rmune

di seas® and19]999 treatl ng or preventing transplantation rejection, including
the treatGared L@ «gu. af. tnmv EkesiliSoc R BTl BRAS € (GVHD) a condition in which
transpl a r cells ecipient's cells. Comon 35

i tnnunos@ebcgré‘ggi%ey\él %L si“"?%]"c%u#ﬁg%a‘ﬁm oprine, corticosteroids)

cycl ophoé’ﬁﬁﬁn@@@ iﬁ’m“r eXatte) Caupsr B8 EB0r i ne, vincristine, and

cycl ospoOrKioflenkki, B.1, miﬂﬁfrﬁleRM@Q}e&fg Thisas @erdg, UGGz (BopONpl et el y ' 26 FEB
2003 /12483 CT/ US99/ Z ive, and nost are limted by severe
t oxi c}{%) 940 C%dqz Al 43“”1! %:Jyjzgjops%‘?q“?k;g?éwv@/‘del y used agent, is significantly
toxic to@?@arkﬁéifhéyﬂl Vi @ldm: Sen24: H8456%72heeded for effective treatnent may

i ncrease mm;{[patl\,-{ sz 8.5 ua&eRs. sk tdsyidrp. i nfection by a variety of

oppor t uni Si nv. ounds isolated fromthe Chinese
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tripchl orN?I I. d?fg%%‘-’"gp?%gp —%ﬁ {79{2734 # , in Lipsky et al. (1994) and

Zheng et alme adm n atl on and therapeutic effectiveness
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di ssol ve § hese conpounds or ratio of solubilizing agent
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such conpoulatiminastppteshive Bgewis hrenvidet Q4 QKRR RindtE of autoimmune disease and in

treating or preventing transplantation rejection, including the treatment of graft-versus-host disease
(GVHD), a condition in which transplanted marrow cells attack the recipient's cells. Common
35 immunosuppressive agents include azathioprine, corticosteroids, cyclophosphamde, methotrexate,

6-mercaptopurine, vincristine, and cyclosporin A. In general, none of these drugs are completely
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20 activity in their water soluble form or would be converti%lge?aé é@{bi&
i mmunosuppresswe formin Yl YO Sunmar~,of the Invention In o é t he

i nvention provi des conpounds which are useful as prodrugs for 25

i mmunosuppressive and anti-inflamratory therapy. The conmpounds are
deri.vatives of triptolide having hydrophilic substituents, represented by
structures I-111, as shown and descri bed bel ow. The conpounds possess
greater water solubility than the non-derivatized parent conpound,
triptolide, and are effective to hydrolytically convert to the parent
conmpound waooube®. These and ot her objects and feat uresrsboton® | nventi on
w Il becone nore fully apparent wheR 30 the follow ng detail ed description
of the invention is read in conjunction with the acconpanyi ng draw ngs.

Bri ef DeSfefivepind amnst@fe liried Ursenatenescitf=i Bor edamplaangospdam Apn eqpialy atedon  of

trrptolr X s Mt h 35 structure
' ageg6%{5?%%2'%@%5%%8%&%& i &g‘reregko‘s}gta&fgcgw%% t\%ag’how exanpl es

of speciiferease SRBHEMTEREPURY LripfrHenfye "F‘“e‘3|'—‘ifﬁpp°§““§%‘9\)§d%‘he preparation of a
| act one riAgmbpen edhpoeis Naddd\f@emalie Chinegetn@biti6ke plart Mriaeamtaned; wuh struct ure

L PO Sw b PO XD P huho RESL G BTAREIRINS o Sosbf uture 111 -

reparati o an epoxy rli°ng-opene 'Vative of
t npt ol i dwejudg ‘ﬁpta@éo‘r‘sdla‘ﬁ@é’"w%“ﬁ §'P&°ER§P‘UF% "IPF‘P“dcaf‘ﬁ ‘“F?hb’é"thAs 6C show exanpl es
of specrdfedcﬂbeerr&adinﬂs&mns,nﬁiy S bl (1ed4) iR Zhénlg r ADgioa1; Ire@lr) Descrr ption of the

I nvent i .On c{mrras!?e ttrcﬁ anc} Eheraé)%uup )&ﬁrkc \aness of ese%\évr{rp%g%g ]b Fe sa te(aWI ng meani ngs

unl ess in utated acyclic
monoval élﬁ‘t/eVFrahM thedl IO‘MYFFFfaﬁOhP'Wg Elame)#nawbquﬁwemv fmlawwlt?h may be

br ancsbredo@,rou@s StrhiRl@ddf e®hB] Ad péReatBI2a cafor al (lsgl @Emmcﬁr e mst hyl, ethyl,
nburyl , refers toafully

Oy b oottt AE0GY mky e pES RS iyt R e A hyar agen.
whi ch naipnsthavefsufferdd gromdigh daxicityy desdto Wi high ednkﬁytlram@(acr’rwﬂeslg edeniggavirgsal kyl gr oups
a{ﬁ fyCItQElESQthhese Petpbuaks. qaépéxearrpreaelrameyfolug,lnyrgwgém emeloo;mnr yl, kvl i cal
e Cycl cl ohex n a radl ca
o e CoRBEBRNaH PR & YR SRT e oS s s e osp oo 2 Y T
i - butly| )sreateh deeytd the papp sainpility of irjpestigey(Morrani@ol; Yopenmt afl, 199DAI kenyl " refers to a

nonoval %da%zaﬁ’dn\b@hcﬁ%% aMALBR §sWise S prBle@iiR AR L YosgtRRAHMRSAL ¥r at ed, radi 20 cal
contarnrn carbon and hydrogen, 3 whi ch may be cyclic, branched or a

st rai ght® OB n. " Lower al kenyl " refers to such a radical having one to four
car bon at oltrs thepfote desipgble boi prhevidel enmpupesipprastivegpmpobndphaying cenpam@lelydow " as

descri bq&&?axﬂluﬂ roJe@tv@tExssoilﬂht?- QQJWQU&%Qﬁﬁﬂgw&Dd rhrar, RArfnbibressive
16- h\y;grox t;rrpth or tfrr g bét \ém g?ollde&) which is
deri vat i ¥e¢ Bt ef’ﬁ”éteisé’ upls | °é‘Bo‘3€9”°8P up ‘6‘?" t° BREVE PHY"of t he parent

conmpound#v2S For the purposes of the current disclosure, the follow ng
nunbering schene is used for triptolide and triptolide analogs: ' 30 35 17

Summary of the Invention
In one aspect, the invention provides compounds which are useful as prodrugs for

25  immunosuppressive and anti-inflammatory therapy. The compounds are derivatives of triptolide *-
having hydrophilic substituents, represented by structures I-III, as shown and described below.
The compounds possess greater water solubility than the non-derivatized parent compound,
triptolide, and are effective to hydrolytically convert to the parent compound in vivo.
These and other objects and features of the invention will become more fully apparent when
30 the following detailed description of the invention is read in conjunction with the accompanying

drawings.

Brief Description of the Drawings
Fig. 1 shows the preparation of triptolide derivatized at the lactone ring, in accordance with

35  structure I;



26 FEB 2003 WO 001 12483 4 PCTNS99720150 I1. Tnptofide Anal ogs T‘{H’.E Sﬁﬁﬁ on
descri bes the preparation of conmpounds as represented by strud ? -

and described further below T he present compounds, which are derivatives
of triptolide having hydrophilic subsatuents, possess greater water

sol ubtluy than the non-derivatized starting conmpound, and arc effective to
hydr ol yze and convert in vivo to the parent conpound. The conpounds are
useful as prodrugs for irnmunosuppresswe and anti-inflanmatory
applications. Although each of structures I-111 shows a conpound nodified
at one | oeatob/omaszon the triptolide nucl eus, conpoundsPbavéngosore than one
such nodi fication are also contenplated. (0 I~ RIO 20 S2 25 uén 30 0 3~

26 FEB 2003 WO 00/ 12483 PCTNS99/ 20150 5 10 The conpounds of the invention

may be pr epmigedmtzrcogm embnwdfqﬁ&ma@nb@mmmdm&n@mthe root xyl em of the
Chi nese nedi mg\i g ant Tr.i f rl%/ tum w | gV\f @ rom t her known
sources. Thé'®r %BTV e pm%mf‘ ?1(3 "t °?’ﬂfdi ‘fjmﬁ Pogde- %c% €r sout hern

provi nces volf st@mm I; TW pl ant material can generally be obtained in China or

t hrough CO%%A&'C sﬁwE)&ﬁﬁlesrgfEﬁaﬁm%(ﬂﬂengtoﬂtﬁéureI}fbt hods for preparing
t npt ohde and some of its derivatives (e.g. tripdiohde and

16- hydrbxyt At oFolBYe BFRITAKPRAAD ER?"’t‘Pf@%‘?“fd deF Rt of trepialides NASEPFI3PSr  exanpl e,
i n Kupchawitetruethre 11(; ad®72, 1977); Lipsky et al. (1994), Pu et at. (1990);

and Ma et afg S In the conpounds of
structure 1|, g&'\g}\ IS A ﬁizﬂggs{g;%gﬂﬁ °“%{%""§'r“%§ﬁ£‘{du&§“g%oup, e.g. a carboxylic
ester, an |norgan| cC ester, a nono-, - or trisaccharide linked to the
parent coPpailed desgtinsionof thedavepionc oxygen. The carboxylic or inorganic ester
has a pent ahknighom sel ected from carbon, sul fur, phosphorus, and boron) and
attached to.the c east one n atom and at |east one
group of théﬁ’?ﬁ %Q @‘V?%e?oﬁ%‘f'ﬂq%’eaa’f’ﬁstfﬂles“r“d’icﬁ%lgc’gfaﬁs a branched or

unbr anched O'UkﬂBfoEFS tad fuljyl samratediicivadin ylonogfieri radicabaoukaiing @ppregdiydodey.dr ogen) or,

pref erabl yy \ﬁxcl;)gxla)a{e b%&wors%mt & f mm,l&%% ﬁkyl a,l,g@mq,@m IC@ryquyl ate,
car boxyl | ester

1 z) %dro % Eﬁ\p’ thiol, % am no,
al kyl ani n JRA e ey A4 {F“Eﬁlmg'iﬁi’)? at el {r’%f'fr?e‘“ bé’“ﬁﬁﬁi“é}cl% °%P"§°“ to
7- menmbky echdhe'cm:ammy cdrog and hydyogehoghich manig: faxtherrvebsdnnel withlatigll dotariplesind t he gr oup
conS! St 1 oycRligh Bobet. oftlobioR Ay QUGREANGA), LepenbllGhAkibRnbl 10, 21 0TS

include 3 to0 carbon terocycl es inc ., for example, 20
pyri di ne) Y BER Hé"er f:H‘yﬂ)erFﬁérif%é ﬂkﬁﬁﬂ"ﬁﬂ Fuf?lsixr‘ié‘b"“??m&@éﬁﬁf“é'éﬁe‘ﬂ)f such
i nor gani c besétet, sty ebutydlé-beyil fhutyk SodmyDn-BényOpadiidpsntys ul fi nai es (- O S(=0 -R),

sul fates (- ®A§én p}&ergg)amoﬁwateﬂ @@31%n&un9’m§(eﬁ®referﬁ)l;) m% H@Jte%sradx-
(-0- P(— O (OR), )y phosphonates (-0 O R(OR))., and borates (-O B(OR)J.

¢al containing carbon and hydrogen, and wh1c may be cyclic, branched or a straight chain.

"Lower alkenyl" refers to such a radical having one to four carbon atoms.

A "triptolide derivative” or "triptolide analog,” as described herein, refers to a compound
based on triptolide, 16-hydroxytriptolide or tripdiolide (2-hydroxytriptolide) which is derivatized
at the 12,13-epoxy group or at the lactone ring of the parent compound.

25 For the purposes of the current disclosure, the following numbering scheme is used for

triptolide and triptolide analogs:

35




Wiere Z is an anionic species such as a carboxylate, the pombbﬁ% Bagrged
counterion is preferably an inorganic nmetal) such as Nat, 3 or a
protonated organic amne, e.g. tronmetham ne

(tris(hydroxymet hyl)am nonet hane). Wiere Z is a basic am ne, the conpound
may take the formof a protonated salt, with a negatively charged
counterion such as chloride) brom de, iodide, acetate, oxal ate, nuleate,
fumarate, nesylate or tosylate. Preferably, R~ is selected from30 ~~ i>~
~~~and RRe OR2 ,O0 ~ X( OO m3~ 26 FEB 2003 WO 00l 12483

PCT/ US9912@da68e3where R=is lower alkyl, R is Hor —cgusohilso Where Ris
| ower alkyl, R Is Hor |ower alkyl, n* 0-4, m=1-2, and X = CH, O or
NR - The substituent OR is OHor O(COR, where Ris |ower alkyl The
hydr ophi | i & heRilideAsglorehe subsnt uents increases the aqueous sol ubility of

t he conpoundsgis ci@ndesbands Gk y&bﬁmaf\ oGB.Spc(uedsgs Icﬁ\'eééiuh’d)l)y sl':ﬂ@lﬁ‘&ﬂflﬂfaﬁﬁ the

unsat ur at ecescngCtO crtglPoL\!‘;[ ol }cge%gcoOf L;[ngsl Q'L harc eri :iU? (% ? S of structure
| may be prepareJ y reac iRl S edatééig %h fa%ollde) W th
base, to dedeptlicsubshmens pmcaﬁt geeatefr yhteosnkablligy yhamihk ydneder ivatizediseningigpm-

el ect r ophidoli, SIQELQ:EJ%C@URI‘E)«@%I)’K m&conmﬁ'ﬁ ezvg(to'uﬁ pﬁcﬂ'c@rﬁ&o@ﬁdabih@ I eavi ng group,
or an activated acyl reagent, such as an acid | ori de, anhydride, or

car bonyl iAPRRI%I2E Ysefes FB?WS fag, imgunosuppeessvg F‘%ﬂéf‘“’é‘lﬂ‘"&‘l“atw agphigafions f or

exanpl e, Filgough cachbestectiRel-Muhe@nal doslipourd hedifdt & onPloefiai ethdyipoi@iact i on Wi th
sodi um hyAgidle ool nhbfe mbd o8 SALETrt BN L ANDYOT  de, Lo give the
carboxylic aci Br m nat e%j ester derivative > That acyl ation may al so
occur at carbon to give a keto side product. In such cases, the products
may beigeparated by conventional net hodso e.|g. colum chrorrat ography on
silica gel. 15 Reacting the termninal =& Kb tromet ham ne gives the salt
shown in Fig. 2B. Other representg
Figs. 2A and 2C. Inorganic esteg Ogrivatijves are prepared by sinmlar
base-catal yzed reacti on of ith the appropriate activated

i norgani c acid derivative an anhydride (e.g. SO-). For
preparation of glycosides, “halite or other activated

gl ycosy? 20 deri vaékde 3
activated gl ycosid iy 5y Be prepared by reaction of a suitably
protected glycosyl halide w/fh H secondary am de in the presence of Ag, O
and base (see e.g. Ferri©r;"in Kennedy, p. 352).1In preparing this class of
conmpounds, as well as those in accordance gtgh sfructures Il and II1,
below, it is generally desirable to Pmgt ; droxyl group at the 14
position. Therefore) OR in these s is 25 hydroxyl or, preferably)
-O(C:O}QQ) where R is | ower alkyl pr eparation, a sinple ester
such as acetyl is typically enployey: GV OPHRS of Structure Il In

anot her enbodi nent, the tript oe of the structure Il) as
shown above. The 30 groyp_OR wdef i ped above, afd-is preferably | ower
acyl, e.g. acetyl. The growp CRS |5H8re erably of the form-0OY-Z or
-O(C—O) Y-Z, where Y is br anched unbranched C, -C6 al kyl or al kenyl
chain,,and Z is hydrogen Bera pol & gsoup sel ected from ket o, al dehyde,

car boxyl ate, carboxylic ester, am ng al kylam no) hydroxy, al koxy,

pol yether, thiol, alkylthto, cyano, nltroR éﬁgn'c ester, or a 5- to

7- menber heterocycl ic ring whose ring atonslar el ected 35 fromthe group
consi sting of carbon) nitrogen, oxygenQOaQ 4t Where the ring atons

| ncl ude 3 26 FEB 2003 WO 001 12483 P 50 7 to 6 carbon atons. R
may al so be a nono-, di- or trisac I gd to C 14 at an anoneric
centersg




Again, where Z is an anionic species such as a carboxyl ate) t2§ kgbgel y
charged counterion is preferably an inorganic netal) such as FW‘?

My' =, or a protonated organic amne, e.g. 5 tronmetham ne. Were Zis a
basi c ami ne, the conpound nmay take the formof a protonated salt) with a
negatively charged counterion such as chloride, brom de, iodide, acetate,
oxal ate,” mal eate, fumarate) nesylate or tosylate. Preferably, RS is of the
form10 ~d O-Ra OR2 O~X OO~ ~I ml~ where R=is lower alkyl) R is
-(CGCOR where Ris lower alkyl, Ris Hor |ower alkyl,

p=0- 6, M1wd,ovrks3d>andX=CHz, O, or NR2. These conpounds aceupoepared by
transesterification of the lactone rifig of triptolide with a

hydr oxyl - cont ai ni ng conpound. A hydrophilic alcohol (e.g., a saccharide) or
a subst it ut 8t Repdvadsaaf g yventiommaydi @raparddriromtriptoligd. aj ehuapedfrem Bbrapt used for the

transest egyidn &Qﬂe'@nﬂwset&dlhﬂﬁ mas'%p:wﬁumy&rm aoh Hmrénx &ycr Riowh B&urdegsul ting

conpound. T generated on rin ni ng e is reacted

with) for Tl?é’h&{rﬁ'f“?é 13 fgﬁvﬁ‘d LT irES eV e an%%‘g% ﬁ‘g‘\'ﬂﬁm Pf°€$’"fjf‘ ?/fe hé{’ah?g rpgl“yzabl e

group, sucherabcaagerestiebe, obtainedimChind efhrédge carneahbiounnayn beUniedsnes. at ed

hydr ol wt i BreXd i er A / ol B in which
% &@tud){ fd elr\c(]Ql lpf%‘hcﬁ&' Bt% &)ﬁlﬁ oﬁ:& 4] pv?'ﬁ)ﬁss(f g&choq )é\pqhh 16- Ey‘edgalxytﬁ

triptolide Is reac r oxyet %he presence
of a cat alPiide &e Wﬁr‘ﬁ‘h?ﬁ“%ﬂ/ﬂm"sﬂ?@d ﬁ?é@”ﬁ?d‘ﬁ&k@fﬁpa"qfﬁdbm\?\hl%ﬁ i s generat ed,
as wel | abipddher d.ree4)] fa byd OBy and 86 d2.exz)acyl ated to give the final

conpound. Further exanples are shown in Figs. 4A-4C. Wien such a conpound

is adm ni st gr gom oun?so tcr)utélggcg the ester groups are hydrolytically cleaved
in viva, an | cohol at the 3 and 4 positions react to
r egenelloat e inke dompauodseo! Ptrunrgreéfoﬁ s Qg dsblyzdble, h3@ondilic @unm eynalsrbokylist ruct ure 111

In a furthey, aﬁm‘gg'lncr@!a; ,oerxlﬂ@noI ldi- B ﬂ&abéﬂﬁxd@n@e@g%eg‘i’r}ﬁﬁ c@nh}?trl]rﬁltvfabhﬁt ure 111 )t as
ro e tg}roup consi sting

shown above, where qu‘ is a | eavi ng%g g{%se ecte

of al kyl UOPFIRANEE) PhedEPHRIqRy o § ceqiFa) flom sAleEth IR oy o1 osul f onat e,
nitrate, slfkybhogphasy hateronadnk yttachsd roaliegenihalratead, kryidastrmaaxygematoanahd 3+

di al kyl sulef;0nk Bifhp é?ruﬁff%r 8d. teﬂx\{h@% n%r H'ogﬁeséa{s“a‘ blaBdWd ﬁ%ﬂmn%ﬁ ¥l-8f )

fl uorosul fonat e) FEB 2003 WO 00 3 PCTI US99f 20150

t nf | uoro n%é‘f”hﬁfl alkgpn Hﬁ&t wd ZfpRresepisdydrggray °aIW?“bbh 68?5ﬁ§f°é%5°8?‘°%%%nat es,

r epr esent led, Hyehyd@P{aBokyDIR), carbapit estdB(y@itky, alkudyepolyethér, this!, Rijndthiogemnr | ower

al kyl . Thﬁky%%pcy%‘amgé sulge Lurﬂg ph thQ_OQL-SRO 7%&5&&%&&%@':@%% al kyl . These

conpounds are_preépare é base-catal yzed ring openi ng of the_12, 13 epoxy
group of %POSTingRGM; #e seleg df‘PT%??&R@Eﬁ‘Sf% of FAonSitrogen. Py Fiffy et al ., the
12, 13 epowietteheaing afompinahdedao & sarbor aems t Sach iv@tdeyeiehincioter fodlexample,r eact s nor e

r eadi Iy tRARLS el aSRAXLHES The epoxide is regenerated in vivo
by di spl agc}'emg,n?ﬁrozuhﬁ?'ugﬂJ n ea\c/!h%%&f roup, restoring the triptoiide
§

structure. Fwwféwmeéwsessﬁ “H‘ﬁFF §O-S6-Ox TR FHESLPSEZP B4 is first
pr ot ect edbubiges &0k ARYIORS shien)tes(iTi-3(  O),R) | patspifates CODY-EQ)(ARY,) Ipatplagaesat i on. The
nucleophll I on) attacks at the 10 | ess hindered
12-carbon (?1?( E % Ln‘égtﬂ:@#ﬁ%bg@%l“ n 12- hydr ox roup of the 1, 2-diol
is then conVé?‘f %d‘ %n*?rhespf%'awhgs GAEU ‘Rﬁ‘h" 1?°H‘“t°h{| gareggfémamtndsw ate. O her
exanpl2ss méferadngnantighfic afecals buchi astNAF €K1, bl Mgt er 3 bowRatddrorgatiganitede §C. | f desired,
t he 13- hy, 4. I 0 able gr oup)
so t hat tﬂ%ﬂgeé%nl‘mc((ﬁﬂgly&ofym‘gﬁﬁ ﬁbélr")eedsm%b eerge§neb§'{l o“?“é’%e‘hgﬁ% ln?é;stl |1
convert (‘é‘iebf@lf?““r?éﬁéfOQ’WSi}) withy2 nagative]iachargeaGoBeriph sugh VG“‘B@E‘ause t he

13- hydr oxptdmibes ickiaé. Tal:e@dicyoﬁﬁd tnhua& fulnerdle  REs IR osyit8.e of an unhi nder ed,
reactive acyfﬁrtagl Gy lsgselec[ acetyl chloride, is preferred. I11.

Ther apeuti c I tirons IEror nul ations containing the triptolide anal ogs of
the idfention tak& t he form of soI id, 20 sem - soI id, lyophilized
powder, or N\ﬁ ge forssg, c abl et s) es,oQoyders,

sust ai ned-rel gase fornul ations t| o] "“%‘hspenm ons® Jferrul 81 ons )

oi ntnments, | ®Rions? or aerosols, pre( Iy in uni® dosage forms suitable
for sinple adm nistration of precise dasages. The conpositions typically

i ncl ude a conventional pharnaceutical carrier or excipient and may

addi ti,onal Iy include other nedicinal agents, carriers) or adjuvants.
Prefer’ably the conposition 25 wll be about 0.5 %to 75 % by wei ght of a
conmpound or conpounds of the invention, with the renai nder consisting of
sui t abl e pharmaceutical excipients. For oral adm nistration, such

exci pients include pharmaceutical grades of mannitol, |actose, starch,
magnesi um st earate, sodi um saccharine, talcum cellul ose, glucose, gelatin,
sucrose, magnhesi um carbonate, and the like. If desired, the conposition my
al so contain mnor amounts of non-toxic auxiliary substances such 30 as
wettl ng agents errul S|fy| ng agents or buffers. The corrp05|t| on may be

o, v o o I T I e



preparation, the conposition may be prepared as a solution, S)EpEES2GIB

"enmul sion, or syrup, being supplied either inliquid formor a dried form

suitable for hydration in water or nornmal saline. 35 For parenteral

adm ni stration) an injectable conposition for parenteral adm nistration

wil | 26 FEB 2003 WD 001 12483 PCT/ US99/ 20150 9 typically contain the

t npt ohde anal og m a suitable intravenous solution, such as sterile

physi ol ogi cal salt solution. Liquid conpositions can be prepared by

di ssolving or dispersing the triptolide anal og (about 0.5%to about 20%

and opti orngd ooph@ds maceuti cal ad~uvants in a career, susdrtnasynoi®r exanple, 5

aqueous saline, aqueous dextrose, glycerol, or ethanol) to forma solution

or suspension. The high water solubility of the conpounds of the invention

make t hemhpart is esdilyy RASRGH-EGEDRSVEGR iadnirnikglt RT 15 Hgr iomeratkyieous sol uti on,

e.9. by Inb4aperiiqneal &) 8cking. Al LBOKAR ORAUBRYSOSOL UK Oft% sar ©

preferred, 03| ‘tions In accordance wth the invention may al so be

f or mul atéﬁ"%f’é 'suspension in a lipid (e.g. ) atriglyceride, a

phos phol | PiThe hﬁi&op&hp@hyee&meHsmead eRstOkhe AQicbusSolGHlinAsH tﬂe&om&EIRENDDHO?

ELT"" "}, [ u The conpound

may al % o & cp hy%xa r%519 %%%HI% e%ﬁ %B‘?P %ne(f) tefk Ihguns!lt@rat@c{]lﬁc%ql?gouteéoh?enyrl b SOF particl es,

ei t her sol |H’ee?mplowﬁmfd‘mcf)’t‘@ffwébprypa@ﬂ by eeaquprr flieansgusaisd laE’;B‘E?h particles are

suffi cihen%)dzemonmsmdh bhs, :@g@sra&hfeem toh&veffﬁjﬂlﬂla@&dwxlh&ﬁl‘l@éfrob&ﬁ!@n : nhal ati on and

into the bronc nd al ve artlc 1€S ranging

fr om abodt*®T" f“hh f% % c!rleéen)g 5 adosglacaae leavmﬁ%bou%fo “gaﬁwa‘e? %' Yoout 5

i crons iamandidshignde, ahysiride gptarbab emdapaipifed %@npt%latld @ﬂser?t(ﬂl )i¥thal at i on

conprige fsman@ﬁet Figer, 3888 the Gﬁ:&ﬁﬂfe%&ﬁhté Pcﬁ&d@ﬂ%@@%wi@ﬁ%&ﬁrﬁﬁydn&}i?hdas st 3” ltﬁ
er esire e

pyrogen f e solu i an

conposi t |C{’Phﬁ?£ “6’(2“?%“53‘5’(? St ﬁ’g’édr@? (5°p§'éY°I ﬂé{’p‘% b?"gﬁaaéf‘g TEPHE 8F ayi ng t he
CONpPOoSi tlctgnvaa\md Nogthai asglatpn mae rlesetur ailverbinoel give Dretopide praducindn slch dosage f or s
are known,Qf, menplohuemna@@p@[ﬁmd ty QordvBiRial Bdfilokd, €4 aommh bﬁo@&og%ﬁy,onf or exanpl e,
see Rem n-ton Phar maceuti cal “Sci ences (19t h WIllianms & WI ki ns,
1995) . THE%&#hposition to be administered will cont ain a quantity of t he
sel ectléd cokRgpoupde ienige! phbvitaceehingad divs bf fakgowy @ FgreBinOthéror  ef f ect i ng

| I NMUNOS URRLERSilRalb o@su%&l@de?%ksholv}/m FlRefahgeei ¢ Uses 25 The conpositions
of the present invention are useful in applications for which triptolide

has proven BFFEEETHTTIERYE 6 BICRFISyY pifilar ﬁab"éy&i?df’aé‘é@l obthe P‘H“é‘f’%ﬁf‘)y as in
treat i ng with i@ub@omiae AeivatdSeage aqid evieantvd, ngh tsragalgie beantagtydods (¢.2) ecti on, or

treating $4,) %?MS‘;HH]&% glgféf‘ngﬁesvl@';@sl"asg'lﬁﬁihaf#de%ﬁé’t&?ac(uWéd@ycos Iri ptoiide and the
preser}I analos are also useful for tréa %h i nt| anmat ory
o]

condi t4°on¥nvalife (Pra&ck PRUGHETAIE Pffaf‘ ArEm ﬂ;ﬁ"t 1°8Vﬁ)°d sfﬁcﬂs’ T PENIRI Mg mal e
fertilityprepd@d Gomarim che sukinprorectadistyeds dglidwhitichseenénequpdeopthe at e f or

i mrunot hepanye bGlAHR v LB, FaLRe A& kesy, ﬁsdssy TyIQ?regarﬂ @akelgst nultiple
sclerosis, psoriasi stemc r heumat oi d

S | u
arthriti s°°m8??adsv%ir“ie’6&5§h%? fraregTd °&1“hmt"r“é&°‘tq *}‘?ﬁnhﬁd%{’ﬁt Of #IHE condition, the
pat i ent i desigbiv erprdideethclonPed igtoupa then4 gosjtier. iTooléfere ERS ingthesestigeryreslis 2 t i mes per
week, -t ' |~ fieC QOve patient
conf orzt%. %glq%g%%ﬁ%%mgbg?ﬁ V%R()l(‘)l%}z%%Jﬁég%ag%gy%%%%argﬁ'fhe ose that is
admi ni st efSEEUeheas et is PRIGIY ePploXefe range of 1-25 ny/ kg patient body wei ght
per day) with lower amounts being preferred for parenteral admnistration,
and hi gher gnpy Wﬁndpggsnrgu Lgferred for oral admnistration. Optinum dosages
can be determ routl ne experinentation according to nethods known in
the art. | n?ﬁﬁﬁ?ﬁ%eﬂﬁmtroé@éwh%ﬁé‘?'io\ﬂcﬂﬁl%sf e i SIS Imagshger ®aYs- Jae eval uat ed by
thedus:m oﬁm@smahlak Eb‘elﬁedd alacﬂ/le Jaad xsrﬁ?]gkalbrg I dWRONMI, eglat:m Bt grouPORNisassays may bg
used to ey tiyeness i,MYUNO ve conpounds
and to estrh u?a})égf (s cr)rg1 I’BIY:.% o(ga qu{ er|e Saobmncm%oreunsrlm\%cd?‘rs ?ét ment. These
assays i n@kmereilkerfymhalexﬂazﬂr@ll%hydrazgqmrFp@ﬂﬂamalt&elemdzf@dl ketat aldehdel system for
al | ogr af t gsbod@ss uﬂbﬁﬂmbéferqimncamymxﬁwaayoxﬁ Ja&@,@) aouemerwmoc faxkamtor anspl ant ed

heart ~s attached to the 10 g reat. vessels o n

Fecl pi ent it HET- PGS 75 07 S PSRN P Eppaea e e ! ©

35 from the group consisting of carbon, nitrogen, oxygen and sulfur, where the ring atoms mclude 3

,1




heart is gauged by the heart's ability to beat in the recinpi e%ﬁé@ A
xenograft nodel, in which the recipient aninmals are of a diff ggl es

is described by Wang (1991) and Miurase (1993). A nodel for eval uating
effecti veness agai nst GVHD i nvol ves injection of normal F, mice with
parental spleen cells; the mce develop a GVHD syndrone characterized by
spl enonegal y and 15 i mmunosuppressi on (Korngold) 1978; d ei chmann, 1984).
Single cell suspensions are prepared fromindividual spleens, and m crowell
cultures are established in the presence and absence of concanavalin Ato
assess theveesoitmst of mitogenic responsiveness. For tRET&A[IP/2P150
transplantation rejection, the nmethod is intended particularly for the
treatment of rejection of heart, kidney, liver, cellular, and bone narrow
transpl and Searbdi slorRIR® dap DsdWR a B, B or krRactaBdelinRALEE M 2t f arfeMEfe.  The
treatnment is typically initiated perioperatively, either soon before or
soon aft &% he surgical transplantation procedure, and is continued on a
dai | y dosi ngainegierenis arf apionia sgaeesisad apd caghoxyllaga it pssawely ellargaedusierionor t r eat ment

of acute it pr i) aﬂ%?gtahlplﬂez&eiu@%s'm“ K DO of DEobhRALRRE 2R 1eQd, the
patlen% may be 'tested_periodically for imunosup {%ﬁﬁssmn | evel”, e.g., by a

m xed Bhagping: Wé&’étzl’%ﬁtbaf'ﬁWP‘i/i”ﬁ(j°'%ﬂ°1"H§@hi"E° s/ gmrg}gnategfakby taki ng a
bi opsy oimth neeg@fvely crarpsploamntrdd sich ssdileridel bromaidd iiddidencetithi@xaaspaght,i on may be
admi ni st C to prevent graft refection, or in treating acute
epi sodes%{)n?gfcaitage&g%gﬁtoéy%t& ection. As above, the dose adm nistered is
preferably 1-25 ng/kg patient body wei ght per day, with | ower anmounts bei ng
preferred fresfersdg! RN &l forddm ni strati on, and hi gher anounts for oral

adm njstration. The dose may be increased or 30 decreased appropriately,
depending on the response of the patient, and over the period of treatnent)

the abilitwof” ep;ﬂ‘i ent tO reggst ection. r ati@g rheunatoid
arthritis, t myositi on ma m nijst aded by fntr enou§|nj ection or
i nj@gcti

by direct into the fect L& nt. The patieno may be treated at
repeated intervals of at |east 24 houfsps over a several week period
follow ng the onset of synptons of the 3 5 disease in the patient. 26 FEB

2003 D 00/ 12483 PCTI US99/ 20150 11 The conpounds are al so useful as
potentiators when adm pj r rrently w,th_another |mTunosuppreSS|ve
drug for¥ m%‘gﬁﬁﬁﬁ‘@sgl‘?/égt‘sgat‘”ﬁﬁﬁ#és ‘&“&fﬂf"yéc‘héss%af B A convent i onal

I mrunosupT @&smnAtl-Zln ugl-<4.sutk =a€HL PcbrotRpori n A) FK506) azat hi opri ne)

rapanycin, T%@&&B&ﬂ@lalrecpr&%c&jby ﬁmeaeatcyepwetucmm Fepediidioide adnini stered
in an anpunt substantia %of t he standard dose)

t han whef¥¥g CE’:'BWLFH’BPT‘%‘Y at‘dﬁ’idfﬁpé’t’%ag@m éftgor‘?éa“’ﬂi“f"el"ﬁéf‘i VS, the triptolide
anal 0y ahwkrocpaiems sowp b1 65 i3y i poiferayly atred farthatrarsstesfiation, m ismasetbswamch that the
resul tantoubmtbme tttt@ttngéétp%w %Qﬁ;@ﬁ:&ﬁ enttlae@onvmtogmgloﬁmbﬁm&tm@ct ed or

obtai ned fromthe sum of fects obtai ned w drug and triptolide
anal og UEBTFISB R examRls E‘h“}cldfm‘t“t?easlst’ﬁ’fﬂ B §UpharsEiRk fﬁ?‘i!?gs“é’hﬁ ®Bot ent i at or
are adni mtesif@merhichthe nlegil ay be nigersaat sydowedeallpintvive peri od of at | east 2

weeks. 10 ﬁ%ﬁtﬁkﬁ&e;rbﬁs}to% M egm%emlpeﬁdeamacteam@%Jdg,xwyust rate but

not in he 1 nvention. Wi I nvention has been descri bed
with ‘rsef E‘P"@?Pé‘%e ‘t‘ 8’° E’ﬁ?&‘ieﬁfi‘:“ﬁﬁf‘ﬁﬂﬁ%’m&?ﬁm‘éﬁb&ﬁ fFrE HYLoxy] 8rogg Whichile appr eci at ed
t hat var geotrstedyadvelliacae fr&ns-hmyxybercmadecymed foglvt thel dipa rcérmpogndt rRonder he

inventio I h tolide

Al ot Bca 31@ Exs W i ;Ee%a%& ng%'er?s of a Jof% dJlE %stt%:wd.&’l%téémg @PI ndry THE i s
added dr eb’wges arg Ryfleqly sty iclseved matvwgwe?sef angd 6‘“@0%&‘ thePapd SersiYeMsi on of a
slight ewxa®®Segoierdiait hoonélFiyg of iprotiie. - 78C After approx. 0.5 hr, glutaric
anhydyy de (1 eq. or slight excess) is added dropw se, and the stirred

m xture is alé owed tg conrlrenltzo room 20 tenperature over approx. 1 hr. The
(nxturelsc en up in ether, washed with water and brine,
dried over Inaamwerdnws@e teinelide EAloes e Al SHuCIUTHE., psesbpvehadoveswWisr i f i ed by

chromat ogr @-pfaMmQ @ro_ﬁiﬁ Jelc@t@d fg%l the élx_-@upabox%ts!ufgroﬁﬂkysﬁlfbﬂa!eoﬁuogal | sB%bnat®f t he
anollc sol ution of

glutaryl est

tronethaﬂ?ﬁ@ﬁmﬁ%gmgﬁPUFF%ﬂ“Fg %ﬂ%@@ﬂ%yﬁfgﬁ%mgﬁd”§ﬁﬁ TTmt% recovered and
dr i edSundigkylsElonipme Bepfiarrediezmnglgeoups aBytntylaesesylasd. flueretutferateRi ng OEened
Triptolide Analog | Fi~ A solution of triptolide, excess

(2- hydr oxyet hyl ) nor phohne and a catal yti c anmount of DVAP 30

(di met hyl am nopyridine) is stirred wwth mld heating in a polar aprotic

sol vent such as THF. The reaction is nonitored by TLC. Upon conpletion, the
reaction mxture is cooled) and acetic anhydride is added to acetylate the
14- and 19-hydroxyl groups. The solvent is renmoved under reduced pressure,
and the re5|due IS taken up |n ether meshed several tlnes mnth mater and

o o, o R A £~/ A T 1



Exam~,l e 3 Synthesis of 12-tosyloxv-13-hvdroxv triptolide (F'?ﬁ )EhTQ@O;;
"14- hydroxyl group is first protected by conversion to a benz et

avoi d reaction of the acidic hydrogens of the conjugated Iactone wi th basic
reagents) such as netal hydrides, the 5 conpound ( 1 eq) is reacted wth
BzBr (2.5 eq) mthe presence of Ag=0O (2 eq) tn DVF under an Inert

at nosphere at 0C (see, for exanple, Mori et al.) The mxture is allowed to
come to roomtenperature with stirring and stirred for about 24 h. The

m xture is diluted with ether, washed with water and brine, dried over
anhydr ous Wp8€i:24@and concentrated. The residue is puri frcedssréisdesi red, by
chromat ography on silica gel. 10 The §esulting 14- O benzyl triptolide is
then heated with NaOH i n aqueous THF to convert the 12,13 epoxide to the

di ol . Them§orantethgiuliogats ongerdnd alkd dhoareles dn borprass, depessdnak BrOBIE)OR)Lt her  and

wor ked upan@%%@@‘yewhc}q‘@' 15“1)@ ogén 01' loevgl)a] (y$ ﬁx'e%x%m (y}@qs 'Opl og—ﬂ)_@l%) Rand a sol ution

of TsCl triethylam ne in the sane solvent is
added. Af’t”EF“%’ﬁép Fedttion is conplete by TLC the m xture is washed with 15
wat er and biThessepmpundschreoy eared bilyash- @IS zeNBiSE ype nugiud the O Capdxy atoeglof The r esi due

~S puridi ;

et her - 5r o? 8%@%%&8 g?rgﬂ:?gshd&ssof YQQP&[ ckj\g_hfllsl—elg&wétot)g%d‘?%@?appr ox. 25"
ng/ meq of <GP hindr ’s‘é’)ani‘ EaAhTRE readibi chap the ﬁla’%‘t%lrl EPqxileyy (fbgyepgxitiit h H-~

( at nosphefepsaerpedis Siis 8) digRdenshi of me - ﬁivml’g QREp, E@Wtﬁﬁtﬂﬁtﬁlduﬁﬁdhtﬁre deprot ection

is conplete h en, fi 20 and

concentr at e_H’ t%y tS’zsilsh%w? Hm% ;][ Eyd?o% ] aé%]qf—sélﬁgﬁﬁggeqfs nfyf' gtﬁeé CLAIMED: 1. A
conpound W&&H inlgret gmovse Pn@tdmg@aqlon ﬁ&@“F’@Pme‘memydM‘d%@F aercksdt he om 15 20 25
30 (i)10a ranberalbGab&t &fhe efscardbomxatresumﬁgr121119&6;@9,;%@ ofht ef-dionaMénng a centr al

at om sel ect carbon —sul fur, ph 0 boron, and
havi ng Iln%%g o%gllfaﬁ N r% ni 's(f%%eﬁf Shiécas [Heéﬁ’gmﬁles oqgom(?fmn? shce} form-Y-Z or

-0 Y-2Z, V\ﬁ@Ff@CW%fSShaWbrnaﬁ*\@h%fi%r unbranched C, -C6 al kyI or al kenyl chain,

ande IIS Phydraagw u@n3@yd@@dyﬁ<andgmmy@ox§@h@¢$e&dnvwe@m mmyza&le%hw&
car boxyl a

0X ester | )
kot bi o PRt Be SatEoue SRR i e R B BRI L 5. 1o
7renbeliedibhesodtos yl(w eBdamsd thyg L Flivdgxidisomensed tiet s 1 reash weeflbon, ni trogen,

oxygen, apingddddl #éﬁonv@al&?la&rlgrag‘é%n %%&e&&! &@Ex@@ﬂp?e'fe&% atoms, and , (ii) a nmono-,
di- or trisaccharide Iinked to 14 at an anoneric center; and OR3 is OH or

O (CGOR re Ris lower alkyl. 2. A conmpound in accordance with claiml,
wher ei n ORS JFREREICCOMRESINONS, 1y group (i). 3. A conpound in accordance with
cl ai m 2, whé&erewuRions epngming the euptdlidoamlpgs R the-invention Map takgzthdform of solid,

20 semi-solid, tyophilized powder, or liquid dosage forms, such as tablets, capsules, powders,
sustained-release formulations, solutions, suspensions, emulsions, ointments, lotions, or aerosols,
preferably in unit dosage forms suitable for simple administration of precise dosages. The
compositions typically include a conventional pharmaceutical carrier or excipient and may
additionally include other medicinal agents, carriers, or adjuvants. Preferably, the composition

25  will be about 0.5% to 75% by weight of 2 compound or compounds of the invention, with the
remainder consisting of suitable pharmaceutical excipients. For oral administration, such
excipients include pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharine, talcum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the like. 1f
desired, the composition may also contain minor amounts of non-toxic auxiliary substances such

30 as wening agents, emulsifying agents, or buffers.

The composition may be administered to a subject orally, transdermally or parenterally, e.g.,
by intravenous, subcutaneous, intraperitoneal, or intramuscular injection. For use in oral liquid
preparation, the composition may be prepared as a solution, suspension, emulsion, or syrup, being
supplied either 1n liquid form or a dried form suitable for hydration in water or normal saline.

35  For parenteral administration, an injectable composition for parenteral administration will



where 35 RZ is lower alkyl, R is Hor lower alkyl, n X

CCHZ, O or NR2. NmOQ-R~and 0 0 26 FEB 2003 5 4. A con?&fn%Br??oRHa’

the ttruchire 11 10 15 20 where ORS is selected fromV H' (i) -OY-Z or

-0 (CO-Y-Z, where Y is a branched or unbranched C, -C6 al kyl or al kenyl

chain, and Z is hydrogen or a polar group selected from keto, al dehyde,

carboxyl ate, carboxylic ester, am no, alkylam no) hydroxy, alkoxy,

pol yether) thiol, alkylthio, cyano, nitro, inorganic ester) or a 5- to

7- menber heterocyclic ring whose ring atons are selected fromthe group

consi sti ngoodna4zar bon, nitrogen, oxygen and sul fur, wkeEmesviseseri ng at ons

i nclude 3 to 6 carbon atons) and (i®) a nono-, di- or trisaccharide |inked

to Cl4 at an anoneric center; and OR is -O(COR, where Ris |ower alkyl.

5. A conpaiamctontsin &€ Gprotider@oghh b knitedieanmvehpusubiarne, sGRSs sisilessel ect ed from gr oup

(i). 6. accordance with cla’'~m5, where RS is selected from
ﬁﬁysﬁi%ggﬁmgzlb& ere RZis lower alkyl, R4 is Hor lower alkyl, 30 n =

1 4, m= 1Lxg47d COmppPsidons can b pre@rcdd}y djggiving grdispersing the triptolide analog (about

0.5% to about 20%) and optional pharmaceutical adjuvants in a carner, such as, for example,

5 aqueous saline, aqueous dextrose, glycerol, or ethanol, to form a solution or suspension. The
high water solubility of the compounds of the invention make them particularly advantageous for
administering in aqueous solution, e.g. by intraperitoneal injection. Although aqueous solutions
are preferred, compositions in accordance with the invention may also be formulated as a
suspension in a lipid (e.g., a triglyceride, a phospholipid, or a polyethoxylated castor oil such as

10 “"CREMOPHOR EL™"), in a liposomal suspension, or in an aqueous emulsion.

The compound may also be administered by inhalation, in the form of aerosol particles, either
solid or liquid, preferably of respirable size. Such particles are sufficiently small to pass through
the mouth and larynx upon inhalation and into the bronchi and alveoli of the lungs. In general,
particles ranging from about 1 to 10 microns in size, and preferably less than about 5 microns in

15  size, are respirable  Liquid compositions for inhalation comprise the active agent dispersed in an
aqueous carrier, such as sterile pyrogen free saline solution or sterile pyrogen free water. If
desired, the composition may be mixed with a propellant to assist in spraying the composition and
forming an aerosol.

Methods for preparing such dosage forms are known or will be apparent to those skilled in the

20  ar; for example, see Remington's Pharmaceutical Sciences (19th Ed., Williams & Wilkins,
1995). The composition to be administered will contain a quantity of the selected compound in a

pharmaceutically effective amount for effecting immunosuppression in a subject.

IV. Therapeutic Uses

25 The compositions of the present invention are useful in applications for which triptolide has
proven effective, particularly in immunosuppression therapy, as in treating an autoimmune
disease, preventing transplantation rejection, or treating or preventing graft-versus-host disease
(GVHD), Triptolide and the present analogs are also useful for treatment of other inflammatory
conditions, such as traumatic inflammation, and in reducing male fertility.

30 Common autoimmune diseases which are appropriate for immunotherapy include asthma,
atherosclerosis, Type I diabetes, multiple sclerosis, psoriasis, systemic lupus erythematosis (SLE),
rheumatoid arthritis, and various allergies. In treating an autoimmune condition, the patient is
given the composition on a periodic basis, e.g., 1-2 times per week, at a dosage level sufficient to

reduce symptoms and improve patient comfort.
35



OMR~ and O O 26 FEB 2003 7. A conpound having the structurgg kg 24¢3 R6 5
O 10 v where R6 is a leaving group selected fromthe group consisting of

al kyl sul fonate, fluoroal kyl sulfonate, aryl sulfonate, fluorosulfonate)
nitrate, alkyl phosphate, alkyl borate, trial kylamonium and 15

di al kyl sul fonium 8. A conpound in accordance with claim7, wherein R6 is
selected fromnitrate, tosylate, nesylate, fluorosulfonate,
trifluoronethylsul fonate, -OP(O (OR4)Z, and -OB(OR4)2, where R is hydrogen
or |ower alkyl. 20 9. A conpound prepared by reaction of the unsaturated

| act one ofwd soipssel i de with base, to generate an enol ateyudotdiswed by

al kylation with an electrophilic realfent R -X, where X is a displacable

| eaving group, and R is selected fromOw 25 \~~~ N~ N~and ROR2 O~~ O
O wher e RZ Tihg ddsowetris aliniysiered Rpréfgably io e range@) B mpkepagenRoddg wkighmper al kyl, R4
I's Hor 'd%)',‘%'im %ngryalmom{?s b:eino'pr%ferrgﬂ for Feg[eralaa'arqm?sgraﬁonqi“d\)l\%gcr agllbunw%ng 30
CAALCAY.AAATAALA AR AR AFCA A AT 5xw8X4s _
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< + 20 inthe treatment of GVHD. The treafment is typically initiatéd perioperatively, exther soon before
' or soon after the surgical transplantation procedure, and is continued on a daily dosing regimen,
for a period of at least several weeks, for treatment of acute transplantation rejection. During the
treatment period, the patient may be tested periodicaily for immunosuppression level, e.g., by a
mixed lymphocyte reaction involving allogenic lymphocytes, or by taking a biopsy of the
25  rtransplanted tissue.
In addition, the composition may be administered chronically to prevent graft rejection, or in
treating acute episodes of late graft rejection. As above, the dose administered is preferably 1-25
mg/kg patient body weight per day, with lower amounts being preferred for parenteral
administration, and higher amounts for oral administration. The dose may be increased or
30 decreased appropriately, depending on the response of the patient, and over the period of
treatment, the ability of the patient to resist infection.
For treating rheumatoid arthritis, the composition may be administered by intravenous
injection or by direct injection into the affected joint. The patient may be treated at repeated
intervals of at least 24 hours, over a several week period following the onset of symptoms of the

35 disease in the patient.
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atmosphere at 0°C (see, for example, Mori et al.) The mixture is allowed to come to room

temperature with stirring and stirred for about 24 h. The mixrure is diluted with ether, washed with
water and brine, dried over anhydrous MgSO, and concentrated. The residue is purified, if desired,
by chromatography on silica gel.

10 The resulting 14-O-benzy! triptolide is then heated with NaOH in aqueous THF to convert the
12,13 epoxide to the diol. The solution is concentrated and the residue taken up in ether and worked
up as above.

The diol (1 eq) is dissolved in CH,Cl,, and a solution of TsCI (1.5 eq) and triethylamine (1.5 eq)
in the same solvent is added. After the reaction is complete by TLC, the mixture is washed with

15  water and brine, dried over anhydrous MgSO,, and concentrated. The residue 15 purified by silica
ge! chromatography.

The resulting benzyl ether-protected tosylate is dissolved in dry THF, 5% Pd/C (approx. 25
' mg/meq of substrate) is added, and the mixture is purged with H, (atmospheric pressure) and stirred
at room temperature until deprotection is complete, approx. 2-3 hrs. The solution is then filtered

20  and concentrated to obtain the product.
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sulfur, phosphorus, nitrogen, and boron, and having linked to said central atom at least one group of

15  the form -Y-Z or -O-Y-Z, where Y is a branched or unbranched C,-C; alkyl or alkeny! chain, and Z

10%GG8! () sL"1096G& () - 831@0/@'
10GO10%:& () - S710%& () -] X8

is hydrogen or a polar group selected from keto, aldehyde, carboxylate, carboxylic ester, hydroxy,
alkoxy, polyether, thiol, alkylthio, amino, cyano, nitro, sulfate, nitrate, phosphate, or a 5- to 7-
membered heterocycle having ring atoms selected from cdrbon, nitrogen, oxygen, and sulfur, and
three to six carbon ring atoms, and

20 (ii) a mono-, di- or trisaccharide linked to C14 at an anomeric center;

and OR? is OH or O-(C=0)R, wherg R is lower alkyl.
2. A compound in accordance with claim 1, wherein OR' is selected from group (i).

25 3. A compound in accordance with claim 2, where R! is selected from

m
30
where
R? is lower alkyl,
R*is H or lower alkyl,
n=1-4,
35 m = 1-2, and

X = CH,, O, or NR?,
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where OR’ is selected from

(D) -O-Y-Z or -O-(C=0)-Y-Z, where Y is a branched or unbranched C,-C; alky! or alkenyl
chain, and Z is hydrogen or a polar group selected from keto, aldehyde, carboxylate, carboxylic
ester, amino, alkylamino, hydroxy, alkoxy, polyether, thiol, alkylthio, cyano, nitro, inorganic ester,

15 or a 5- to 7-member heterocyclic ring whose ring atoms are selected from the group consisting of

carbon, nitrogen, oxygen and sulfur, where the ring atoms include 3 to 6 carbon atoms, and

(ii) a mono-, di- or trisaccharide linked to C14 at an a'nomeric center;

and OR? is -O-(C=0)R, where R is lower alkyl.

20 5. A compound in accordance with claim 4, where OR® is selected from group (i).

6. A compound in accordance with claim 5, where R® is selected from

25 3 A2 o (\,,,x o

where
R? is lower alkyl,
R*is H or lower alkyl,
30
n = 14,
m = 1-2, and
X = CH,, O, or NR%.

35
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25

30

R® is a leaving group selected from the group consisting of alkyl sulfonate, fluoroalkyl sulfonate,
aryl sulfonate, fluorosulfonate, nitrate, alkyl phosphate, alkyl borate, trialkylammonium, and

dialkylsulfonium.

8. A compound in accordance with claim 7, wherein R is selected from nitrate, tosylate,
mesylate, fluorosulfonate, trifluoromethylsulfonate, ~-OP(O)(OR?),, and -OB(OR*),, where R* is
hydrogen or lower alkyl. '

9. A compound prepared by reaction of the unsaturated lactone of triptolide with base, to
generate an enolate, followed by alkylation with an electrophilic reagent R'-X, where X is a

displacable leaving group, and R' is selected from

R2 Q
Y)D\N/ Y}Nﬁ and W ~pg4

where R? is lower alkyl, R? is H or -(C=0)R, where R is lower alkyl, R* is H or lower alkyl, n =
0-4, m = 1-2, and X = CH,, O, or NR?.

" 100438 () - ! L*MB10% -

RomanAr i al Couri er New'h

I X' g109%& ()-!s' glO%GE

() -11109%G& () - 21096

&

eadi ng 83]c" "Heading 93]c"A



