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| nvention 10 The i mune. systemfunctlons as the body's major defense

agai nst di seases, cause b¥ . Invading organi sns. This corrpl ‘ex system'-
fights di seas%@#ﬂ%——’?‘ﬁ%"&@lers such as - bact eri a, . viruses,
parasites a0 cancmeoinsmmelsystem{mm::k aamen@dy'hendmcnefmenmmldmm by '
unhar med. "The . tem abilit r mal
' tissues. or se \fadmgroogn or e| gnc%x?peét S gjn ﬁéhlts%lsgaéur lelf“g lnvahggsgﬂ(y b§ct&% .- |
_ - viruses, parasnes or cancerous cells while leaving the body s normal tissues unharmed. The
immune system’s ability to drstmgmsh the body’s normal tissues, or self, from foreign or cancer- '_

- ous tissue, or non-self is an essential feature of normal immune system function. A second essen- '
15 tial feature is memory, the ability to remember a pamcular fore:gn invader and to mount an
| enhanced defensive response when the previously encountered invader returns. - The loss of
recognition of a pamcular tissue as self and the subsequem immune response directed agamst that
tissue produce serious iliness. |
An autormmune disease results from the immune system attackmg the body's own organs or
20 tissues, producmg a clinical condition associated with the dcstruq:tron of that tissue. An.
 autoimmune artack directed against the joim_.lining tissue results in rheumatoid arthritis; an attack
against the conducting fibers of the nervous system results in multipie sclerosis. The autoimmune
diseases most likely share a common pathogenssis and the need for safe and effective therapy.
. Rheumatoid arthritis is one of the most common of the autoimmune drseases Current
25 - treatments utilize three general classes of drugs (Schumachcr 1988) antiinflammatory agents )
(asprnn. non-steroidal antnnﬂammatory drugs and low dose comcosterords), disease-modifying.
antitheumatic drugs, known as "DMARDs" (annmalanals, gold salts, penicillamine, and sulfa-
salazine) and immunosuppressive agents (azathioprine, chlorambucil, lrigh dose crmicosteroids,
- cyclophosphamide, methotrexate, nitrogen mustard . 6-mercaptopurine, vincristine, hydroxyurea,
30 and cyclosporin A). None of the avanlable drugs are completely effective, and ‘most are limited
by severe toxicity.
In addition to their use in treating autoimmune conditions, ummmosuppressxve agents have .

also been used in treating or preventing transplantanon rejection. Organ transplantation involving
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t he probl em of rejection
for effective treatment of transplant rejection may increase the patient’s suscepttblhty to infection

by a variety of opportunistic invaders, and in part because of direct toxicity and other side e_ffects
- For example, cyclosporin A, cux_'renﬂy the most cominoni_y used agent, is significantly toxic to the
‘kidney.  This nephrotoxicity limits the quanu:y of drug that can be safely gi\}en. |
‘Recently, a number of compbu_nds from the Chinese medicinal plant Tripterygitim Wilfordii
25 (TW) have been idcnﬁﬁed as having immunosuppressive activity. Representative compounds
- which have been isolated from TW include triptolide, lG—hydroxymptohde. tnptophenohde
' tnpdlohde and celastrol as descubed for cxample in Lipsky et al. (1994) and Zheng et al. (1991;
. i 1994). However, the adnnmstranon and therapeutic effectiveness of these compounds have been E
" limited by their low water solubility. ' -
30 One approach to improving the effemvenm of these compounds is to formulaté them in
. mixtures of ethanol and polyethoxylated castor oil (e.g., "CREMOPHOR EL"), allowing subse-
quent dilution in saline for i intravenous administration. However, such formulations have sﬁﬁered
from high toxicity, due to the high concentration of solubilizing agent required to dissolve these
 compounds. For example, the ratio of solubilizing agent (ethano! plus "CREMOPHOR EL") to
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activity. Representative conpounds . _ _
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tripdiolide, and celastrol,. d8seribe @.in Lipsky et al. :
(1994) and Zheng.et al. (1991 ,“the admi ni stration and
t herapeutic effectiveness of thes been limted by
their | ow water solubility. 30s oach to |nprovrng t he -
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t he hlgh concentration of sol ubi |'i zi ng ageﬁt required to dissolve these
conpounds For exanple, the ratio of solubilizing agent (ethanol plus-

CREI\/ODHO? EL"v)hmteR'l X! is OH or OR!, and X? and- X? are independently OH, OR! or H, with the proviso that
" ~ at least one of X!, X? and X* is OR', and at least one of X* and X? is H; and -
15 - . R'is -C(O)-Y-Z, wherein .
' -Y is a branched or unbranched C,-C; alky! or alkenyl cham and _
: .. Zis COOR?, NR’R”, or *NR‘R*R*’, where R* is a cation; R? and RY are mdependently H
- or branched or unbranched C,-C, alkyl, hydroxyalkyl, or : alkoxyalkyl, or R® and R® taken together o

form a 5- to 7-member heterocyclic ring whose ring"atoms are selected from the group consisting

2O of carbon, nitrogen, oxygen and sulfur, wherei.n" the ring atoms include 2 to 6 carbon atorms, one’
or more nitrogen atoms, and opt_ionally one or more oxygen or sulfur atoms, and wherein the ring

is unsubstituted or is substituted with one or more groups selected from R’, OR®, NR'R®, SR,

- NO,, CN, C(O)R’, C(O)NR’R®, OC(O)R’, OC(O)NR°R®, and halogen (fluoro, chloro. bromo, or
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triptolide in w;a,,;lﬁrlrrul ations is typl cal | y on the order of PéQR,Q,-,ng{z

‘greater, due to the poor solu- bility of - trlptollde(l\/brrls 1991;

Morris et at., 1991). Standardization of dosgge anpunts is also nore
probl.emati c vmth a suspension than with a solution. - It would

t her ef or e be- desibdd)pwiseré R mﬂm?laﬁbeindepmdmslhmmmsiow& atiirpolswvelsalkenylt agl RY, R*,

d5 wvat | bl | ow t t o
o robl o for s S preeRly kg Snienla ¢ % 306 biiBonbn o MbmRG- o
t heir water sol ubl elnfoncgwncxatentbndxbnmcmamnomm 1eaﬂmvatwcpﬁmmmh®.mp¢resx, isOHor
sive form by ”Eéﬁﬁ%'dgﬁxﬁ&%@?%ﬁé}é&d\&’vape 'n '1,,“,. .1.1 al Qﬁﬁodﬁ'ﬁepp%' o gén@dﬁso

- provi de conpounds vi ng 1 nproved walfl SO are u
as antifertil Bt yadegeativeof 16-hydroxyl Siptetide w*@relrmeanq! Kvenpﬁm ORp. and X, is Hrhip a third

~inventionincl Udﬁﬁeral'eﬂxb%fretﬁsﬂgﬁrfmopo@nﬁg TRetAve @ iREbIbY ©-fifthibtbfide), wherein
represented by For mu
andX;areOHorOR., and X* is H.
' ln one preferred embodiment, Z is COOH or COOR?, where R is a metal ion, pret‘erably
o ‘Na* or K*. ln an altematwe embodlment R? is a positively charged amine, preferably lysine,
__ 10 -tnethylamme, or tns(hydroxymethyl)axmnomethane Preferably, R? is Na* tns(hydroxymethyl)—
- -azmnometham or lysine, and Y is a C,-C, alkyl chain. _
' In another preferred embodiment, Z is NR’R3 where R* and R are independently H or

branched or unbranched C,-C; alkyl, or together form a 5- to 7-member heterocyclic ring

- containing 2 to 6 carbon atoms, one or more nitrogen atoms, and optionally one or more oxygen .

15 or sulfur atoms. Prefetably, Zis dnncﬁ:ylammo, dncthylammo, or N-morpholmo and Y isaC-
 C,alkyl chain. . |
Where Z is a quatemary or protonated temary amino group, the compound also includes an
anionic counterion. The anionic counterion is preferably a halide or a carboxylate-, sulfonate-,
or sulfate-containing ion. More preferably, the counterion is chloride, bromide, acetate, oxalate,
20 malate fumarate, metha.nesulfonate or toluenesulfonate. |
In another aspect the mvennon includes a method of effectmg immunosuppression in a
subject, wherein a composition as described above is administered to 2 subject in need of such
' treatment. ‘The method i is useful for inhibiting allograft rejection, xenograft rejection, and graft-
_ vetsus-host dlsmse, and in treating autoimmune diseases such as rheumatoxd arthritis.
25 . The compositions and method of the invention are also useful for the treatment of asthma, :
both intrinsic and extrinsic manifestations. For treatment of asthma, the composition is preferably
" administered via inhalation. The composition and method may also be used for treatment of other -
- inflammatory condmons, such as traumatic inflammation, including traumatic mﬂanmanon
- accompanying head or neck i mjury ' . |
30 The invention also provxdes a method of reducmg male fertility in a male mammal,
pamaularly humans, by admmxstcrmg to the mammal a compound in accordance with Formula |
1 above, in an amount effecuve to inhibit the mammal’s fertility.
_ In other aspects, the mvennon includes pharmaceunca] compositions and med:caments for
immunosuppressive treatment, annm_ﬂammator_y. treatmcn_t, and for reducing male fertl_hty. Such
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Fig. 6 shows a plot of allograft transplant survival time for untreated ammals (closed

tripdiolide (2 hy:ﬁtr ¥ Yo akeﬂem@ﬁ,}pumﬁwm.mmta(h&waimammﬁuylrﬁmagj or

squares), and for animals treated with triptolide (T10, open squares), triptolide succinate tris-
' (hydroxymeﬂyl)annnomethane salt (YM-273 closed cu'cles), and tnptohde succinate sodium salt '

(YM-274, closed triangles); | .

25- Fig. 7 shows the effect of trcanng male mice with varying doses of tnptohde succinate (YM-
272) on testis weight (xmddle and nght—hand column), compared with untreated mice (left-hand
column), showing the mean (shaded regions) and standard error ot' the mean (SE, hollow regxons)
for groups .of 5—6 nuce, and - _ ' _

Fig. 8 shows the effect of uutmg male mice with varymg doses of trlptollde succinate X M—
- 30 _272) on the time elapsed from onset of cohabttanon to first bmh of offspring, compared wnh'-'_

untreated mice, showmg the mean and standard error of the mean (SE) for groups of 5 mice..
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N-m)rphollno and Yis'aderr]- C4 al kyl chain. - Wiere Z is
a quaternary or <£580t onated tertiary amno group, the conpound al so i ncl udes. -
an anioni &

or ‘a carboxyl ate-, sul fonate, - or sulfate-containing ion. Mre
preferably, the counterl on is chloride, bronfde, acetate, oxalate, 20 |
‘mal eate, fumara L r toluenesulfonate. ; - In
anot her aspect ﬁa"mabg@pEE%HOI&Q?“c%g a nethod of effecting

I mmunpsuppr essi dn i Refmitions ‘subj ect, wherein a conposition as descri bed |
‘above is adm ni ster ﬂ:ﬂf 4 nt. The

nmet hod is useful fo.trjh(‘1 érﬁ“ gﬂ?‘ym‘g%ﬁ égp?‘“aﬁf rej ng%%fﬁﬁ%% md%(%“r:lo&ﬁég?@re ection,
and graft- - ver?@@mh%ﬂermmser 'almhﬂm aeaiqsat Fqﬁ?js amtdmwwm@fdnafeh@eslﬁ-
'such as rheunpt Q&ﬂoﬁ‘iﬁﬂi&lidﬁ:'aﬁd tr?p%xolxde (2-hylidx ﬁﬁ@@é'&ﬂx&nﬁe Q@x‘i’vaﬁf‘eﬁ@@n@for ke
i nvention are-al So usef ul etreatmeng' .~ both intrinsic
and extrinsic @MW%SQPPWWW app¥eat ment of ast hrra t he conposition is

@¥rion. The-ani.onic counterion is prefer 55?@’5%?’%&% de L .

preferably admiay$t pEesliovd fuly RitalaRl infitovalheoCaVaNS kidiclcoRingRlalted a®y )

al so be used for treatnent, of other I nf | amat or 1 ti on such
traumatic infla $‘5na“d|“‘il?tff‘ gay PFg"YF'f“aEﬁﬁ"t"F‘?:”laﬁf' TaB‘g‘ aé’@ﬁ’ﬂ'ﬁéﬁ@l‘ﬂﬁ
hegd or neck i njgedugs arfethyl, ethyl, Ehmmmmmyn GsopRip§i02-piethylptbpsl, éyclaipfobﬂdcﬁfopropyl-
reduci ng mal g, fer | e articularly humans, by
adni ni steri n§° E‘WL %’é‘ﬁh’?ﬂ‘(n‘ cﬁ%&?ﬁ%ﬂ”%&' Hﬁlghe\ﬂlt h Formula = 1
above, in an anount"LeWwérdkill efdroto anhalkyil tradidak ofhenerte fdus cirbqnt atbmg, \as exemplified by
In other aspectsg, oif Lhvention _inel lma@pm conposi tions and
medi canents for he&%ﬁ’%’p "Pl'oggll \ggﬁ lrggm h}?l i nflammat ory -
treatment, and for TAdkhoRl’ mgemralamwmqrﬂyalexsmmmed preferably mon®@s@anrd, radi-

PCT/ US97/ 03202 cal oontalmng carbon uai hydrogen, and which may be cyclic, branched or a stralgﬁt chain.
conp05|t|ons i nclude a caonpound .i'n accor dance with Fornula 1 above, in a

phar maceut i ci | yLower alkspileisfesyip suchar fadiral having g9 & onT @EPOB AN ment s, t he

vehi cl e is an aqueoa ss5-GaT-mefber heuerocychc ring whbie &g aﬁﬁda@w&tedmmﬁdﬁo@mdnsmmg
f eat ures of the invention wl| ‘"8%@ nore full

fol | owing det ai 1% OB BBy B VRERET 8‘ﬁ¥‘f'§9‘5ar egﬁt“ﬁvgggnﬁ ﬁﬁ%f'ﬁ?ﬂ“\ﬂ‘?h B -:

t he acconpany |__ng>ne or more nitrogen atoms” refers to a heterocyclic ring whose ring atoms include one or more
o | g nittogen atoms and, optionaily, one or more oxygen or sulfur atoms. Examples are piperidine, |
20 piperazine, morpholine, pyrrolidine, thiomorpholine, and tmxdazole
' "Alkoxyalkyl" refers to an alkyl group as defined above, additionally containing an alkoxy
substituent. Pret'erably, the alky! portion of the alkyloxy substituent is a lower alkyl group.
The term mammal" is intended to have its ordmary meaning, and includes humans, dogs, "
cats COWwsS, sheep. mice, rats, and the like.
25 ~ For the purposes of the current dnsclosute the following m:mbermg scheme is used for
- triptolide and triptolide analogs: '




5 dravmngs Bri ef Descrlptlon of the Draw ngs Flg
shows a schene for preparing a carboxylated triptolide conpound in

accordance lehjg t he invention; Lo Fig. 2 shows a schema for
preparing  am 9"(5séf’?’vat|ves of triptolide in accordance witHFT{UsE7B@02

i nvention; - Fi.g. 3 shows a schene for preparing nmono- and o
di - am noester derivatives of 16- hydroxyt rig toli de; . ' Fig. 4

shows a schemelfor QTN ol?de]Anal m noester derivative of '

16- hydr oxytri p{ ol M protection and deprotection of the
16- hydroxyl gr oupThis Section describf the sybthesihaf wampoupdisgin agsprdarick wifh thbmres«namsmnamt
survival tinme ge?&,;lo | §
treated with t%/\so d’“? He?%h‘tﬁgalanagtﬁ??o ﬁ@ﬂ) [ d!gsgﬁggfﬁg%‘gu f’e??g:?ﬁ«b@o

net hyl ) ani nomedinifser hydrqxywiptelids) wheseia ﬂreamhqsiieas@absew ipglyde one or more amm"
Fig. SB shows & girhyiae ﬁ&dpegrﬂ{et oohﬁ;é\nap ?@ﬁéss sg#axet \mker tsbmmfyommm& itahdrd

animal s (cl osed squar es), ani ma treated two different

anmounts of tri garyptizeh stagring; W@“’dep‘brﬁes&?@l(‘ﬂwr%gs 5"74‘5’“‘("5?3‘8??‘%&3 c¥sed .
triangles); - inflammatory, 4ridGnalCanGifeRtitity @plidafiénsOf al | ograft transpl ant survival -

time for untreate an| mal s (cl qsed ated
with triptolide ( cﬁ‘EfalP"ég‘?“WPﬁc}B‘rﬂr‘%Z)@U d'HI&t °f$15“‘yd?°"y‘
(hydr oxynet hél bﬁpmhmmnhd&emmrgot Kylérh afife Cmﬂe@&mﬂhdnarmiwﬁmew Withriigtwyle
'succi nate |u i.an

Shov ' he. 0Pt cBhi s apy iy dok1 8L 1 o0 Bl e ol
succi nate (YM promcesaﬂcl)nmmlﬂatnmﬂamgi*gen(rmycb&lomalghbrtlmmhwmhuma)
conpared with ty I e ﬂgapﬂ

(shaded reqi oné{ﬁcl % Re;ju%%cf T frr‘%er 0 repar g%@l thg*@}g\%v%&aﬁ% P
for groups of B’h@emwwnanﬂlemandmdﬁmwgforgﬂgﬁbvwxﬂvféﬂeqfﬂ(e&@ f Kepchame ng
male mce with l npgasgg f I (f0 30 272) on the
tinme el apsed f?l\(;r?gz?se ?:10?1334 %'E)l&(?rll (to :Aﬁd;%ﬁ@liflt E% offs

rin
conpar ed - wi ¥h Sygibptie scheraes fog RE@"‘%WPW dated deriyatixes ottrigtolidep apg ’H”’@'?Y’B‘\" the,f
the nmean (SE). fn%ntlgﬁ %Rﬁovﬂf mi’lfﬂ ICEWith reference to the upper reaction path shown in the figure,

‘triptolide (1) is reacted with an excess of a- dlmrboxyhc acid of the form HO,C(CH,),,CO.H,
 where mis 1 to 4, in the presence of a coupling agent such as _d,lcyclohexylcarbodmmde (DCO)
and a catalytic amourt of an acylatib_n catalyst such as 4'-(dimethylaminb)py'ridine (DMAP). '_l'he'
20 reaction conditions are effective to activete one or both carboxylate groilps in the dicarboxylic acid
towards reaction with the 14-hydroxyl grbnp of (1), such that ester product (2) is formed. Any
residual DCC attached to the free carboxyl in (2) may be released by addition of water, preferably |
under basic conditions. '
A second method for prepanng carboxylated denvatwes of (1)is shown in the lower reaction:
25 path in Fig. 1. In this approach, (1) is reacted with a selected dicarboxylic acxd anhydride, under o
- conditions effective for the 14-hydroxyl group of(1) to attack one of the anhydride carbonyl groups . .
| to produce product (2). Exemplary condmons for this approach can be found in Example 1.
More generally, the methods illustrated in Fig. 1 can be used to prepare triptolide derivatives
_ in accordance with Formula 1 above, wherein X, a.nd_ X, are H and X, is -C(0)-Y-Z (i.e., R, in
o 30 Formula 1), wherein Y i# a bfanc_hed_ or _unbrénched C,-Cs alkyl or alkenyl chain, and Z is
COOR?, where R is a cation.’ . _ o
Fig. 2 xllustrates a method for preparmg aminoester derivatives of tnptohde Tnptohde (l) o
.is reacted with an almne-sqbsnmted carquyhc acid, RyCO;H, in the presence of 2 coupling agent '
{e.g. DCC) and an acylation catalyst (e.g. DMAP). ‘These reaction conditions may be used to pre-
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PCT/ US97/ 03202 Det ai | ed Descrl pt I'on of the I nvention . 1.

- Definitions The terns bel ow have the fol | owi ng meanl ngs unI ess’
i ndi cat ed ot hem%?@”z "Triptolide derivatives" or "®FF '

anal ogs" refers to derivatives of triptolide. 16- 5 hydroxytrlptollde and
tripdiolide (2-hydroxytriptolide) which are %erlvatlzed at one or nore '

hyd | f :
ydroxyl groups gﬁﬁ ﬁ?lﬁxgxgerr 8?%%11 etnva%vas daendm&notn the dinakid s%.g Erg% 8;18 %or examgle :

sat ur at ed nonov alrning car
hydrogen, and wieastionsfyiyethdly.2tdimethyiglysinstrétdrds ester producti G4t as(shewo inrFidh &dgnd de-

chai n. Bxanpl es el Bample 5. SRS Bfiod B (1Y b e,mmem#g.u@x },mp;am@%%viu
i sopropyl, 2-nethylp ro pyl, cyc opr

cycl obut yl cycll’dﬁél %PB“‘YR",‘SRSWO?I mmumgnmtmmceyéwéwa (3b), (3‘-‘) or (3d), respec-

"Lover- al kyl "sr vaﬁflsastdetaﬂ&l 8! By |£s&iibcaluu£€ saﬁf‘?n dcBorliidé wﬁﬁma%eaﬁoa% reidily
exenplified by nmet hy hyllJ propyl, n-butyl, 1-

and.t-butyl . prepared by 'mm"%w%*seleetﬂgﬁf Pb‘“zﬁxmeéeﬂfé’ﬁﬂsw ancﬁmmp@msa t form

unsat urated, pr Qiapanmnm%umﬁwwhmkmﬁ@mmds cal containing carbon
and hydrogen and | (

ch Y. be ¢ br ed. or stra ht chain
"Lovier al'kenyl" ref "t‘glhs}ﬁc’ﬁ a °ﬁ3\/€‘ﬁ 6’% f?LngPE‘ﬁraB’B}?‘d&PYﬁﬂ‘ﬁ“ '
A "5- to 7-nmenbdu adumﬂmow;tmhmmfel(mgnmosey nsxmheip@ﬁipnaé Sartiftg @atkrnk, whéréinti)e
group consisggn gen and, su fur, wherei
ring atons |?\%I u h"ZfOngYg%ra on | %r%&gﬁdop&(’ v%'“lgn%'srﬁ?(aé'cq‘ff’ﬂ‘gﬂ’éaﬁaﬁ%ghs'
refers to a het &salkylor alkeny) WMBM’RT org NR'RARS, iR aid RfearoindependentiyHeor branched
nitrogen atons I r f

g %pqm saiche édofg‘% 3] pe QJﬂﬁP of a%)\égﬁ(ﬂ é%; él%&. quggrn(%orm as-to7-

Exanpl es are piperi azine, ‘pyrro
t hi onor phol i ne, MemEeT hﬁmdwms containing 2 to i mmwskwe or mpbeernitragen atoma,| &nd|

group as defi ne@pﬁﬁﬂﬂl&emead'%&e Qﬂi‘éeﬁ Yr Gﬂfiﬁ' %ioﬁisnﬁndaﬂhe?exk(ﬁi&yrmg is unﬁﬂgﬁﬁtﬁ lH;Eﬂt :
I S a | ower a

o oup, 1Y+ 1 sl B3 en . Bt srom st R S DR SR Aoty COOR
meani ng, and i n@(u)m%k‘hocremn omug)msw andhﬁlajei,(ﬂm/ihloﬁah&eﬂo mdae), whétk 87 anand
1E QFI l):/vlkﬁg ﬁlSmber i NG sc erre“?ﬂy(ﬁoses‘f’ Jky&rc#{y%'e Y% @ éﬁaﬂ‘r r‘P‘bFolﬁ"'d’é‘d‘p‘“"
anal ogs: - dently branched or unbranched C,-C; alkyl, hydroxyalkyl or alkoxyalkyl. In the case where Z is
[ er r] - NRR* where R® and R* together form a hetexocychc ring, preferred ring moicties mclude mor-
' 20 pholine, plpendme pyrrohdme, and piperazine.
o Moreover, wh:le Figs. 1 and 2 illustrate reaction schemes using triptolide as the starting
: material, it wnll be appxecxated that similar synthetic reacnon schemes can be used to prepare
corrupondmg ester derivatives of ]6-hydmxytnptohde and tnpdlohde
Fig. 3 illustrates synthetic approaches for preparing mono- and diester derivatives of 16-
25 hydroxytriptolide (4), a compound which contains two free hjid‘roxyl groups. As can be seen from
_  the figure, compouhd (4) contains a hydroxyl group at the 14-position which is linked to a
~ secondary carbon atom, and a second hydroxyl group at the 16-position which is linked to a ;irima—
- 1y carbon atom. Since the h}'dquyl group .at the 16-position is more reactive than the 14-hjrdroxyl
- group for steric reasons, mono- and diester derivatives can be selectively made using appropriate
30 reaction conditions. '

- As shown in the upper reacnon path of Fig. 3 reaction of (4) wnth a stou:hlomemc amoum o S

of a selected carboxyllc acid yields monoester (5) derivatized at the 16-position, with the 14- - _ |

* hydroxyl group remaining free. Conversely, as shown in the lower reaction path, reaction of (4)
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8 - I, Synt hesi s of - Triptolide Anal ogs : Thi.s section.

- descri bes. theye Eﬁf' s .of - conpounds in accordance with the g_;@sent | L
i nvention W ined by Formula 1 above. In general, th ?ﬂ?ﬁ’t’ﬁ?ﬁds are.

ester derivatlves of trlptollde trip- 1 di ol ide or
16- hydroxytri ptolide, wherein the attached 8ster substltuents ‘i ncl ude one

Oor. nore anm.no  with afd excesd df We)dadby1ie a8 BSetfeddi@ 16 QSRR BShRYEDRH Srdibs Albding
wat er sol ubili t%t h% do the non-. derivatized starting conpounds and

are useful as B s for inmmunosuppressive, anti- - i nfl ammatory, and
mal ebant iferti LII E)Mdiﬁé&dr@&ﬁx{aﬁ%ﬁ of m.hydmxylmpmﬁhe (4)ermau idn, r iR AR 162N
may be prepared from t toli tripdioli or, LOXY- : _
triptolide obtBfsHER ‘i“? “g’BH’F F’g glsﬁ% i g'e _ﬂ%’tﬁaﬂ’éﬂ%?‘yﬁ‘t‘%e
Tripterygi ud V\bfmogxehter(raaﬁvn&(bfme ld-hymoxyt gmrp tkmmrbleeaopmaswhcwg the\ibgtyaokyli S
found in the F nd, ot her .sout he rQV of ina;
TWpl ant materra b%ggﬁgvaﬁ m?cﬁeg qha(%%%ﬁ%" r?gSh(?r nt‘?l#’ﬁ&é‘i @Ft‘?al
sources in theThmprbweCthmpemd(Rbsﬁmdmmwmgpdmeﬁgarbwmdd REO;H) 10 esterify

tripdiolid t.

eseri bod tor B bl Yk tdbining compduth 'S B orS RN drblp! el en B4 182
(1977); Lips kydmotahon.(tq gasu)the degired t14-srionoegte @) Suitablel hydeoxyt pratecting xwp_s) for 86
Synt heti c s@eaﬁ?ostpaf e RGBT dp k2o LefdiindBig | ¥ atd m&noindt drk mtsehseqe fdr

accor dance wt I nventi on are shown In FI reference

the upper reacErBRiepbY Kodienskiki999). (Qns profested grotecting 3’P‘FH 'ﬁ?@?ﬂzﬂé’“{e&)“"ﬁ‘@ Wd’ét ed
wi th an excess reafoved i éhﬁil)bﬁ&{drbg‘mﬂﬁh @K étientk|€19DHPN46). Alternatively, a t-butyldimethyl =

- coupl i ng. age )BT ey Ee el i rmp R TGU . (Bt vin i i

catal ytic anour_luormi: (PBABCY| ation catal yst such as 4-(dinethylam no) pyri di ne '.
DVAP) . Th 0 f.f bot h

gar boz<yl atgl gr oups [ ni ?ngl :a%rg'rago P° 6} '°hggai’yd?°t %‘\%Bt%‘éésé Fvseac ?Jgﬁwgm%fcﬁ“ﬁe

14-hydroxyl gr ofhe smil{rryactigies of tbhmo se@n@ry hydeaaplet A¢cpidinigly, the 2rand 14-mopoesters

resi dual DCC ahﬁﬁ%@%ﬁpsx@d g%e € eRtE ?gm redcfing ?r}pdiaﬂae with § ebRAReR Jassuonf

addi ti on of water prefer basi ¢ condi ti ons.

second net hod xplicasid (edg 1(5%1? B‘B‘k‘gﬂ‘&@éﬂ Abriptrepciing tripgiolide)withexeepiapborylict he

| ower reaction aa&fonaaéd"quicmylﬁy gdditibn of &céskl hlthBRl? IgQ @hlnol)td duehch teRRstdrbokylia a

sel ected di foar boé ykr{ gnhgrcéage, arr]thgrl;elog mniono- am? diester forms can be obtained Whlch may then be

separated by standard chromatographlc methods such as HPLC. _
Metal salts and amine salts of the amino and carboxyl ester compounds of the invention are -

readily prepared by reaction or -ex;:hange with an appropriate counterion, as described in Exampleé

24 and 6. In the case 6f carbéx‘yl ester compounds such as (2), suitable coumerions'include

25 sodium and potassium ions, as well as orgamc amines such as mono, di, tri, or tetraalkyl amines

. wherein the alkyl groups are Iower alky! or alkoxy groups.

I. Stability of Triptolide Derivatives S
Sodium triptolide succxnaté. dwlgnatéd YM-274, ‘was dissolved in D0, a.nd the aquedus
solution was stored at room temperature. Proton NMR spectra were taken at intervals, as -
30 . described in Example 10A, and showed the compound to be unchanged aﬁer three months in
 solution. After five months, some decomposmon was observed, |
‘The stability of triptolide succinate in blood serum was dctenmncd as detatled in Example.
o lOB In this study, a solution of tnptohde succinate (YM-262, free acld) in DMSO was mixed



‘condi‘tions. effectrve for the 14- hydroxyl group of(l) to attack one of the
-anhydri de carbonyl groups ' “to produce product (2). Exenplary

condi tions for {h roach can be_found in Exanple 1.

‘general ly, the Gryg'ltﬁh% S illustrated in Firg. 1 can be used to p’f’%?’@mzme B
triptolide derivatives - - "in accordance wrsh Forrrula 1 above, wherein ..
X[err] and Xerr] are- H and X[err] is -C(O)- Yz (i.e., Rerr] in 30 :
Formula 1), wher Qhﬁl_rXt éeﬁm@aﬁ REdbRES aP§7°@anﬁﬁﬁﬁle %Hslyeﬂp%da;cal? &Sylhupfayer :

~al Kenyl chain, COOR] e where Rerr] 1s a

Fig. 2 illustrat é&mamﬁ%remﬁ EQyto Eﬂ"epa*rer hydrolysis AL iripfolide.yupciaate ayerdings: Within the
triptolide.  Tri pifidtBees filies, most ofttfe tigalide @6kcinhit FerRed (R, 220, 85;b$.tf:thseﬁtnu:es the

(ol ooty ana PSR atSpebed 9 a5 B erehlat o R B Rems

nmay be used t a5 proes0). Finally, after 45 mifatéd /thetkipiblide spot had also disappeared, and only low Ry matenal
PCT/ US97/ 03202

pare a number of l?ﬁdrff)m'&ecf’w&'f%gg decompasitinn prodyets) rpmained; HB“&EW‘SMH%M -
material . For exanigdlide ester is hydrobzed inaaumito @aease/&ahnpdbhddrmmginymme

affords ester product (3a), as shown in Filg. 2 and de- ~scribed in
Exarrple 5. Simlarly, reaction of (1) with 3-(N, N di et hyl ami no)propr oni c
acid, 4- - py¥y &zﬂmmbhmr ¢ acid, or 5-norpholinopentanoic acid

~affords pr OdUCt (3D)A nfdbek : of Yiccindfd) sate 'deiviR &FT m@cco}dai{@el Yith @R ﬂ&‘:ﬁ'r %%x&nnwere

Exanples 7-9. Amine salts in accordance w the |nvent|on are rea
prepared by t1%a mﬁmrtmm@e&“@dﬂaewsmwmﬂ biolagieg) assags. Eaecerypou sitestedn

amoni um sal t f orvme carbaxylddéd BEeesréd :@SLﬁder %r&)akeﬁ ty\BcciritaRbd Bﬂuﬁ&;ﬁ@e foﬂéwédfby salt
Exanpl es 7 and 8 seen that .the approach_in

Fig. 2 may be usd™piponpsdsiafied ’Q#f‘ﬂﬂ’lﬁe]r?\faf"m&‘ following Wg’&E@BT desmaci MR62:
structure (:3) i n tlE(lydroRyrieshyl)amingmeiliage @rif)rsalr YM{283;Ssodituinisalg, YM2e4;i and £.(+)-lysine -

y]re;e;nergnggedhor ‘un %gﬁr@g§l%=&%c|9§§ ﬁré%:%ér 5?5' 9%23}1” o?oa'ff{e S/?ﬁgﬁ‘é){’ﬁ el281ns

NR[err] Rl err] 1dr NFQerlu!].lM_E[l_ﬂm R3 and R err] are independently H or.
br anched or unbr r. :
al'’koxyal kyl, or, takenal'?lgglﬁﬁlm%&‘IE or m&r&é&nd@k&%ﬁpres@ﬁﬂ ﬁﬁ%ﬂm‘ﬁ %?‘859‘61“ g

ring containing 2"’["60@% %’hwaq gamined prodesqribed incExample d ge Mausaotymocyietin culmﬁ-. Ny
optional |y one oOfwerS3fimul X GEITLAB irfthié ;frbb@noaqu&mha:ﬁgglm @HA) hrld Bnckeadifl doficentra-

unsubstituted. or |s tit ne or nore s sel ected fro
Rlerr]. OR[err] %f’ﬁ‘%ﬁ%&f“}t “ﬁ ETPF‘]tlJJ‘ ey T ?;F%["Bf‘f’]f“ 72 hours, and
CCONRerr]Rar ]dpnm(lQaR[ Briojigs, mEiibaledfith r:ﬁc}ia[denyn]udmandmrakpgﬂis {vis dsgeeed by
chloro, : br oro, eksﬂﬂ&’g) rncWB& onRtIf raélllabepeg thymidine. The results expressed in terms of IC,,,_ _

(concentration effective to ;:ause 50% suppression of proliferation) are shown in Table [.

' Table I; IL-1 Assay

o IC, Toxicity
25 - | Triptolide 19 | 00053 | >1250
| YM-262 | 181 0.393 > 12500
YM213 | 4e2 0.8 12000
ymais [ 11 | 03 | s1s00 |
YM-276 144 0238 | >1500 |




Rerr] are mdependently hydrogen | ower a'l kyl. or | ower alkenyl; and
Rlerr], Rerr], and Rlerr]: are’indepen- - _dently branched or -
.unbranched %Hq{%‘err] al kyl , hydroxyal kyl or al koxyal kyl.. ILn the case

where-Z is err]Rlerr] where Rlerr] and Rlerr] togé’Fﬁ@ﬁs %ha
“heterocyclic ring, preferred ring-noieties include nor- 20 phol|ne o

pi peridine, pyrrolidine,. and pi perazine. o Nbreover while Figs: 1
and 2 illustrate W?tﬁ%feﬁﬂcestfl USi o .
material, it wll reC|8at tshgltﬂglerrllt I“%aiqu ?’é ?L B% asgﬁo 005

can be used to“%"é}&a\“@cafmg that thefrecc(updorivitirrg) eosmpeunddea went inhibitorodf IL-18 actlon
16- hydr oxyt ri pyal ﬁééeacﬁ%d Ishit RAROLS fie- tnptohde l4-succmylF és?er élgbr“ie{i/ gé,? bhiadsSfar ere

synt heti c approaches f prepari ng nono- and dieSte

hydroxytri pt OHPB@"'PHS"Y‘E‘ Bighgs thap “Bb?ftf&q"ﬁ@“{l%mf*’éé" Yigyelassayy | Alypfdhes . |
AS can be Sgerlesicf Qéfivatives showed o efiBtoxiciRTPIAMIBAI, (cAhumGCs)! & ﬁ&s@m&mf NPEY las oup o
at the 14- p05| |on chis linked to a. ~ secondary carbon atom an '
second h.ydrox WB")'at ‘the 16-position which is linked to a prinma-

ry carbon atom S]ancm_ﬁ@MWt the 16-position is nore

~.reactive than the 14: hydrox for _steric reasons no- | '
di ester derivatives Bﬁ% HoR °g§?"e@ﬂ“§7%f“§f‘ the speh gomang b‘?dgﬁfai’éfs an ﬂ?ee‘a'éfq on-

conditions. - lymphocyte read!ian mnmsmxeyhmsmmﬂeur £980Y. | Splbeqnedllklfroli: fehale CHIBLI6

reaction: of,( i.chionmetric a S cted carboxylic

aci d yi el dfs10 rmdﬂr'\'oést{l ‘ms acr 2 'ﬂ’m?gﬁ&o cfg"mdoglg?e?oc'fﬁ'ﬂh% PR the ‘iaiylxg

hydr oxyl gr ouppon@maammqf !ﬁer'e% comm;r wish jrradiated sﬂmﬂsmfmasd |fromefemale BalbiCn

ggfl_ /h USB??S%IZSE}“ES thé ¥ stimulator™ cells. PdOiftadidiion of the stimulator cells rendered them unilgc to
with an excessPrefiferalte A smpls:of the gesgendar ¢ells was alsorifradiated forjuseiay & conyie! . b Bheryon-

hydroxyl gr oupigradiséd REgdhd28 cells {Jrohfé{-aiﬁhﬁfe p‘é&me of the allogenic sﬁﬁﬁlﬂﬁﬁ&ﬁf Aftera78-
he 14-position, rather than the

derlvatlvei of. 16hdroxtr| e
16- 3 thoghin @ gsﬁm Ispiyes: prddpcomeratin efte 4.
Thi s appr oach lhmlees:uaelrmﬂﬁmgBNASwascxﬁeahuhai & @viindex of @Il prolifetayiorD§ Thé) eesults are :
16- hydr oxyl ara [oyx[%{gls el ectrophi |l es, whereby the 16-hydroxyl can
be  sel ectlvely prote Wlth a protecting group (PRT), as shown i.n the
first stepof Fig. 4. Table II: MLR Assay -
. ICs
- (ng/ml)  (omol/mb
20 Tnptohde | - 0.0025
| YM262 | 86 0.187
. YM-273 180 - 0.31
yM274 | %0 0.187
; yM276 | e | o104
25 ”As can be seen, the data in this in vitro assay'were qualitatively similar to those obtaihed

with the IL-1 assay in Table I above, in that the free acid and salt forms of the tripiolide 14-suc-
“cinyl ester showed IC,,, values that were apprciimate'ly 40- to 125-fold higher than that of free
‘triptolide. As shown in Table IL; all of the ester derivatives showed low cytotoxicity, and rmuch _
l_ocvcr toxicity than free triptolide' as mcasuied by MTT assay (Example 13). -
30 . C. Cardiac Allograft Survival o |
' Treatment of transplamatxon rejection, in accordance with the invention, is 1llustrated for re-

jection of an allograﬁ by the in vivo heart transplantauon model used in Example 14 The method

ves of 16- 25, -



The protected conpound (7) is then reacted with a sel ected carboxylic acid
(RCO err]H) to esterify “the 14-hydroxyl group, form ng conpound (8).
The prot ecti ngyis §i494yS then renoved in a - deprotection, pbpubsshzt he
desired 14-nonoester (9) Sui'tabl e hydroxyl protecting groups for the 10.
pur poses -of the prot ection/ deprot ection schegge i'n Fig. 4 are known, and are
descri bed, for - exanpl é, by Koci ensKi 94 One preferred protecting

group i's a benzyinvetvdiarwellwhirsteritadyratifodel systcxh Qom/ad Lhmsegzambm which a transplanted
hydrogenatlon ( OC|ensk| 1994

46 Al ter but vI di,net
o1yl “et her et i ahoins Bty el et pLereesl i St S b
tetrabutyl amm notune transplaxitdddﬁm d@an(gIcBIﬁFﬂ:e hédaht’s ability to bSalitht reeipicni aniphad.
derivatization . .of t | d X [ t
because of theIiS| msﬁ'kdrv glg(aa%ifmg |°e§&"3#"9t%’%& Ib?%)mé %%"y lhyd?'g{? . dzy
Accor di ngly, tShepl@cedlagado 14, days rfolinsingr heart transnlmgltlm epheepmu sclwtion (A% xethanel, 10

ei ther by (1) ?.ﬁk%n&p%haeo(ﬁ% Rhieklas b)) 3:5@3{1) tof?ia-zn and YM-274,

carboxylic acid eqU|vaIents riefly reacting

tripdiolide w t hTkexzwers threerapionis|in each group, ameat ﬂboﬂwmn@alaqmdkwyl%ﬁvwmqw
of excess-al coho{,seﬁe-rg”es‘ﬁ&mrgﬁuv)n l},q;,ggu%g,tagdﬂe excess carboxylic 20 acid.

In either case, a nixture of nono- di ester forns can be obtai ned. which
may then be se M can kaseen from Ewaé@d\’mﬁ #ht Beprssdrekof Aot Mefks (epenpircles) gave
HPLC. 10 aMednddurvival firke @f"!diaﬁnhﬂﬂar&altﬁe&eﬁfts 6bh@=ammmemopgrbﬁtpmdwever

ester conpounds of t he ared by reactio
exchange with an? o‘fg Pr4ﬂgﬁ%§[}ﬁﬁ%e‘?‘f"&ﬂ s“‘é@&e‘&%ﬁ“@’éd‘%‘ﬁ%ﬂﬁf‘ ¢ control, 2’3“21 .
and 6. In the casmnfsundvzbﬁnqbfﬁaiayy conpounds such as (2), suitable
counterions include n ium i on a |

am nes such as rmnowzgl mse? %nF% g%‘??&?ﬁ lg%mheésataéos&%v\%lgl?%O;HB?ﬁ gﬁt{; 12‘37’1‘“
groups are Iovver tram{w sm:aabdn@mngrtmwmm days, wherejs|a|dosag Qﬂﬂmlmg%sdﬂosed triangles)

Trintolide an survival °°f§§ { i de succinate, designated
'YM 274, was d| ssol ve IST ujn e aq u&g sol ution was stored

at room tenperature F‘HDPG?‘BWWNR '%W%’%Y%%REW higher H?%’r‘*f IM273p0d W'TM |
described in. Exaaaa&ra:e&%ve,am; eatiiomﬂ déshe(oaqrmwbdsxd) Qf RiptoUBC(TaI0YE As 3 1 seen,

L1120 TONENS 11 e B e Ul oy TR S SBERRA 0 T
was det er mi ned asaltaiwtaaohewhat betténhan|thaeseen with unkifvatized tripoilide, ibdiaiss, sutatanudlly beten
of triptoli O'ezos Ugsd! D3 lys) ihEESe of'shifrafd Beanibd YIHP (MBEm By S |
The above results indicate that the water soluble ester compounds of the invention have:
significant immunosuppressive activity in-vivo. " As described in Section III, above, triptolide
succinate was hydrolyzed in blood serum to triptolide within about 15 minutes. It is likely that
the compounds of the invention act as prodrugs, in that the ester groups are cleaved in vivo to
25 produce the more active, underivatized triptolide compound. '
. . D. Inhibition of Male Fertility
Thc oompounds of the invention are also effecuve in reducmg or mhlbmng male femhty,
wherein administration of a compound of the invention to a male mammal js effective to reduce
the potency of the male’s semen, thereby reducing or blocking fertilizatioﬁ Triptolide succinate
30 (YM-262) was tested for mhlbmon of fertility in male BDFl mice, according to protocols .
described in Example 15. The compound was administered mtrapemormlly (IP) in a saline
solution, using a cycle of daxly administration for 5 days followed by a two day cessation of
treatment. Dose levels were 0.04 or 0.13 mg/kglday The cycle was repeated for 5 weeks before |
_evaluation of physiological effects (testis woight) and reproductive performance. |
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with rat ser ncubated at 37[err]C 'The mixture was assa

per i-odi cally%g{}:ﬂl N layer ~ - chromatography (TLC) to f%qTezﬁ"f’??ém
hydrol ysis of the triptolide succinate ove{] time. Wthin the first 3
to 5 mnutes, nost of the triptolide succi bt e remai ned (Rlerr] = 0. 45)

After 15 minutes, akB&wnin F:g ?rd&mn&[r o7 838| thym g_. ngE,Ckhéli,

spot correspondl ng to tri appear e

aft er 45 mi nut ¥hedulepprodue rm:'ef@ inteesis “ﬁw @msomﬁw%ﬁwmpﬁm @nwamw
"Rlerr] materi ajeated contfoPi@@sl serum conponents and deconposi tion products)
remai ned. These results indicate that the : trlﬁtol i de_ester is

hydrol yzed in ser Bhs #ffrct of thescomppynd on fertiliy gyas drstef! vitbeseunt bfivearale aine. treated

| V. Biol ogi gal achsiitiny idthe same schedule. Each nii @ hobed #ills o Terhles S@lting 6/ 8y\3a1 dfikeS
i n accordance w th the(/%dyz gnt i nvention were 10 exam ned for: '

[ mmnosuppressﬁ‘V@“aé‘B’t’P everal bi ol ogi.cal assays. The conpounds
t est ed were The ax fiomt teginning &ff @habitationi tp tbixthi cfah@llmqmrseﬂodnym Fig. 8. The’

succinylation of tr | d follo e detailed in |
Beanpl o5 1 o Hing e fnniiil P erdle R bnes ater 4 PRT 20y FpBhon 1"
t ri s(hydr oxynethinythg amected‘reﬁshmme(-nbd (abt)ut 206days) hﬂ\ﬁoﬁﬂthor shedalinnceniol growp/t THet, -
and L-(+)-=1

YM 262§ \)Nas%:t: £s}“gmtﬁérs ee {‘lﬁ Wrtl |ty e#/?%/da?%&fgﬂﬁ (4 H%eg\l%? Hdl%am% on
of 1L-1 Acti onan approximately four-day Period 9 nipreductive mating.aFor/be eowprseniting Y262 at
suppress the cghi mpfgldhy, Qﬁ@&ﬁevsonﬁr&tm&u&i‘mlwﬁam days, an 4% fifRrchse ifF@éstation

1990) was exam ned as described in Exanple 11. Mouse thyrmcyt es in culture |
wer e st i nmul at eBmGpampared to e poptrph@ouBr esence of phyt ohemaggl utinin (PHA) and

11 ncr eat5| ng concentrhlale resuits mdld:a&ﬁﬁatQ’fM-Dﬂ ﬂaﬁﬁdnﬂﬂ 0O( 130g/kgtdy cverch ﬁmb?ir;]z dhys N
erivatives S were tured for our.s u e last
18 hour s, ﬁ?cuﬁ‘g‘l B‘gﬂiﬁn f“?‘?"ﬂ’l l’@b ‘gFFy yan o gmhgﬂ’rr\fyhés‘fags w&g'%% TeT&sBY by
[reasurl pgl ICFCOWIW emcoﬁasrmdrmﬂlabmbmmnfddmmxsm of g drugswas Yelloase byl :cn :
erns o er ﬁ%ﬂﬁ? i [ G 8 0% '1’88-[ o
proliferati on) are sh%'é I'n I{)Phl %ﬁa&t&ﬁﬁa d k;n(gerc o lﬁ%ﬁ)ﬂc _
Table |: 1L-1 mm by contmued adminstration of triptolide compounds in accordancepetheth ]pruent

Toxicity invention. The compounds may be admnistered with other anufgnﬂuy agents for improved effects.

| 20 V. Therapeutic Commg itions
' Formulations containing the mptohde analogs of the invention may take the form of sohd

semi-solid, lyophilized powder or liquid dosage forms, such as, for example,. tablets pills,

capsules, powders, sustained-release fonnulanons, solutions, suspensions, emulsions, suppositories,

retention enemas, creams, .ointment's, lotions, aerosols or the like, preferably in unit dosage forms
25- suitable for simple administration of precise dosag'es.' - .

The compositions typically include a conventional phaﬁnaée_uticai carrier or excipient and
may additionally include other medicinal agents, cafri_ers, adjuvants, and the like. Preferably, the
composition will be about 0.5% to 75% by weighit of a compound or compounds of the invention,

" with the remainder consisting of suitable pharmaceutical excipients. For oral administration, such

30 excipients include pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
' saccharine, talcum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the like. If

desired, the composition may also contain minor amounts of non-toxic auxiliary substances such

as wetting agexits,‘_ emulsifying agents, or buffers.



( ng/m) (nnol /m) (ng/m) 25 o | Triptolide

_ 0. 0053 - > 12500 ST - YM 262 o
181 0 3%Wenmen > 12500 VM
462 . .12000 -~ . - _
181 - - - 0. 376 ' > 12500 o _ YM 276
144 - 0. 238 ' > 12500 VO . 57/ 31921 '
PCT/ US97/ 03202 Liquid compositions can be prepared by dissolving or dxspersmg the tnptohde ana‘l&g (about

bl.
of About 0005 &% RS 25 niiptichal phpiracB e ARy MG i o R,
']tc:orrpoun]g It?] at potq:;gmxs salihe, aieous &itrdsd:,-glﬁerantor ethanol, to forri heolﬁmoa@rg?p?mmd salt
orns 0 e tri
appr oxi mat.ely 45p lrhel"gﬁ’%?mfgﬁﬁ?'g% “:% '%%?eg'for%é&&% "’Y@k peﬁat"?' 'm‘%

invitro assay. W mtrmnmhesubcﬁmeem, mtrammmdt ¢mutmmhemjdcm dinwseox ol tiguid

(B Tall?/ll ielﬂl Lyﬁng@‘p@ﬁeacte{Wwwa%@ §§3aysolutlox1 u&%ﬂt | Onull’:?ﬂ ‘or f)irup, bemg

proliferation bysupplied sither incliquisiogse anal dried-form sujtable forihydratios ipiwater| or normal| spline. -
phocyte reacti OnF&MrEaxuﬁaﬂﬁﬂisﬁﬂmn.]a%ﬁtger ? e?@ﬂé&:t:o&@%tcﬁ’iﬁﬁﬂstﬁ%ﬂ will ypiRdity

femal e C57BL/6 10 mice respo , were gare
co-cul tured al on@rg@in thwrlpmadepqn@semmblvamvcngm sohmone aniterile physislogicalisple

test conpounde, shiukibn.i w},a[d m@t GAhpBALGHIE R EMplbyed Pincilia I16ith fof QBN P@irﬁmﬁ@'f&/ bral

mce, the "stinulataor" s. Prior irradiation of the stinulator c
‘rendered them un s“ia8°“’ the  Prepamgtions pay; e tablets, gragnles, powgers, capsulss, of the %k’el fnsa
was al so irradi atablet formulatier teompasiioh isotypicallp dormolated with addxtwbadjgahledcmpxem such

respon der - cel LIS 7%&%11&&?@@5?&![@03& B(%paﬁgt%%e% gde%uc}t Dsesta%h pngeeS'r' n?eth%& ce% saet 2 ﬁller, _

cells. After
o 2 dtsmtegrator and other additives typncally usually used in the manufacture of medical prepara-

15 tions. : .
The high water solubility of the corhpmmds “of the invention make them particularly
- advantageous for administering in aqueous'soluﬁdn, e.g.'by' intraperitoneal injection. Dissolution
_ studies conducted in support of the present invention have shown that the compounds of the.
present invention readiiy dissolve in aqueeus solution when the compounds are prepared in
. 20 powdered form. Thus, the compounds are particularly suitable for tablet or capsule formulations.
| Composition or medlcaments in accordance with the invention may also be formulated as a
suspension in a lipid (e 8., a triglyceride or a polyethoxylated castor oil such as "CREMOPHOR
EL™) or phosphollp:d ina liposomal suspension, or in an aqueous emulsion.
The compound may also be administered by inhalation, in the form of aerosol particles,
25 either solid or liquid, preferably of mpxrable size. Such particles are sufﬁcxently small to pass
.~ through the mouth and larynx upon mhalanon and into the bronchi and alveoli of the lungs. In
| general parucls ranging from about 1 to 10 microns in size, and preferably less than about 5
microns in size, are respirable. :
| ' Compositions containing respirable dry pamcles of mxcromzed active agent may. be prepared
30 by gnndxng dry acuve agent and passmg the micronized composition through a 400 mesh screen |
* to break up or separate out large agglomerates The solid partlculate form of the active agent may
co_ntzu_n a dispersant to facll_ttate the formatlon of an aerosol. A suitable dispersant is lactose,-
which may be blended with the active agent in 'auy suitable ratio (e.g., a 1:1 ratio by weight).



15 . hour incubation, tridated thym d| ne was added to the mixed ceII

cul tures, and incorporation of the - | abel ed nucl eotide into DNA was -
measured as %b.);g% of cel | proli fe’r‘a-tqon ‘The results ar wn in
Table I'l. _ . 'Table Ilepcrm_s??'%ssay_
ICerr] TOXICIty - 1 - Corrpound-- S
Conpound (ng/m_) ~ (nmolin) (ng/nt) %o |

-\EM gggl ide. - OAfy solid partxc@lal@qge%g%ment aerosoi-gen%rZ:uZor may be used to administer the solid
YM 273 paxtiej_ngo Such generators such as the DeVilbiss nebuiger (DeVilbiss Co., Somerset, Pa. ), |
. im g;g - prodxﬁ@ pamcles which ar® r&&?able, as explamed 39(9/8 and generate a volume of aerosol

' b
seen, - the data °Pﬁmf'ﬁla§ radefegpineq ani?é dosepEs @%ffﬁ\‘ﬁ“tab‘f T’ffé‘f'ﬂ'fb?lf?ﬁ '*"3?“ ’%6“’1‘4?‘63 e
obtained -5 ﬁunt m@hbzoinbosﬁxomeﬁ;thalaﬁoﬂ' colitipeise thedameagent disfiersad intah gquEdue earfiet d

d salt f t
ot uoe t hat vePEh R RS S e oe el BN BT MO PR, LR
triptolide. Astm;tmme iixed avish eprbpqﬂmaltd assxétmtpeaymttbrcouipasuwahndfemunymmdsol ow
totoxicity, d M0
measured by MT aXooy (fgmﬁl%sﬁ%%* *Jﬁ%@wﬂéﬁﬁx te bl B Foiean
Treat ment of ttheatpion exampleosee Refington’s (Pharimaceticab8cikncesd 1960) hmmwmtwbn
i's illustrapedaghfifiseéeis will containe:P&\hQﬁ!rQ;f mefz&ap ..@Banéom 4 .t]ﬁnfmeeuv.wag /eh&%cé

transpl antation nodel used In 14. The met 31921
PCT/ US97/ 0320 2amount for effecting i unmunosuppresslon or reduction of femhty, in a subject. - 13

i nvol ves a wel | -characterized rat nodel syst _e_m (Ono and Lindsey, 1969) in

whi ch atransp{la%ed' Method

_ “The compositions of l'.he presenl: invention may be employed in 1mmunosuppressxon ‘therapy,
in pamcular. therapy in treating an autoimmune disease, graft-versus-host disease (GVHD), or |
15 transplamanon rejection, pamcu!arly allograft rejection or xenograft rejection. The compositions
are also useful for inhibiting male fertility, for treatment of both intrinsic and extrinsic forms of
' asthma, and for treatment of other inflammatory conditions, ‘such as traumatic inflammation.

Table III below gives a list of autoimmune diseases which are appropriate for jmmuno- -

therapy

20 -7 Table

-  Addison’s disease . - | o | adrenal
Allergies . ' .| inflammatory cells
25 Asthma _ - | bronchi
| Atherosclerosis A | vessel walls
Crohn's disease - - | intestine.
1| Diabetes (TypeD) | pancreas
Graves’ disease . S - { thyroid
30 | Guillain-Barré Syndrome o | nerve cefls
"lnﬂammatory bowel disease . intestine



“heart.is attached to the abdomi.nal great ves’se'l_'s of an all o'gen'e'i c recipient .
aninmal, and the viability - of -the transplanted heart i s gauged by the

heart's abilit t in the reC|p|ent ani mal . i _
“the aninmals m%vd&gqnfiﬁl st er.ed by intraperitoneal injections, gﬁ@%?’iﬂégday _

5 preceding to 14 days foll ovm ng heart tranﬁpl ant ation, elther control
sol ution (5% ethanol, 10 n1/kg) triptotide (desi gnat ed as T10) or
with two concentrati r—:m—‘———-—:v«:——-w S AL s Eem =ar ee -
animal s in each. groug,
were - used. The 1 ‘
be seen from Fig. 5A, - al__a —ovel qf Q1 oo/ Ka (0
gave 10 a mean surVifv frﬂh gg% Iar _ n,u{,,h lts obta
with the contral gr OLM\B ésﬁgngc of+6—4 Eﬁf’ffj\c' osed
circles) -showed a s’uEstnpleadlewsmproverrent over thenmneﬂnl with - a
mean survival time off 24 days. .. Wth-ref =;le%nce L an%o M 274 ..
adni nistered at a do 3k g—-opeh 2k '9' ﬂc\ gave a
mean survival tine off Péri@ays, wher eas a dosage of skin 33 ng/ kg (cI oseﬂl
triangles) 15_ gave 1 MEan syrvival LT TE or appr oK L‘WHIEIy 50 days. _
Fig. 6 conparés the ijimECPiiaty cledosis offect of t hHvaRi gher doses of M 273
and YM 274, deszﬂrm{g@g,@@%mwth equi vaI ent ﬂ,qﬁq;ﬁmﬁon a-mol ar fpasis)
of triptolide (T 10) jAs—Tambe—seem—— ttre—megm—survrvat—t+me—obyf ai ned
fol | ow ng admi ni strat]i¥¥eitisf succinate derivatives (tris _galt)
was sonmewhat better .than that seen wth underivatized triptolrde, and was
substantial ly better 20 (50 7 days) in the case of succinate derivative
YM 274 (sodi um sal t immure ¥ondRaY l; |c5|?é°§-~ : r.
sol ubl e ester corrpo?Jnntd%tmgfmtauﬁ% 1 nv%ﬁt l-on ﬁaéﬁéﬂl}ﬁw‘nm “’weﬁaﬁcﬂ&ﬁ!\%@

| Mmunosuppr essi VEZ-a 312 times per Weekay a dosage Igeel suffitiend to mdsre@mm Md impERye @atient
triptolide 10 &bfigi.nate was hydrol yzed in. bl ood serumto triptolide

wi thin about 15 minytes. It is likely that =~ - the conpounds of the _
i nvention act as pr5¥rGQEne fisumpatold. apthritise thefomppsiiiggamay; be admisisterad by, ‘%‘fa\‘iﬁml’so

j 25 produce the injeetion@e by \direct jédaon m&tthambcteabqiﬁt0|'l‘HéQaaﬁmTﬁﬂyJBdtreated at repeated .

D BT L o B o 832y, oy s R PR B B ghifo i e

—

ned

admi ni stration odiseasedwtho@atiedt. of the invention-to a male mamual is. effectlve" o

to reduce the PG 8RACYeaRtent RE W?e'nﬁ rﬁ&mﬁ% ' QJEag'P '

bl ocki ng fertl lizat Pon Tr?ap en{ de succlsiu e %e(%% eaguﬁlb@g'st Fb

i nhi bition of fefMPPSIHOR M3y beadminigered birjora or parentsral pdrginisrtion.ougfca inravenous (IV)
descri bed in. Exaaaﬁ&;ﬂ.ﬁom The corrpound was adm ni stered intraperitoneally L
(I'P) \in a saline n, .Us a cycl e of dally admnlstratlonfor'S.:.-
days followed by a- §‘“€ %‘g‘&‘f‘f‘ﬁi‘fi jgipreterably in the rapge i to 2pymefks pavet body wejght
0.04 or 0.13 ng/ ﬂegﬂl}ayltthiwkrﬁmminB bsmg prefipra f@pafenterabadiirtisttatibie; fad Righer amounts
evalvatl ggeofzo P el BrotBheii for ki Cnidedaficn! | Ophiafl"okagdl Gar 6P '42EEled "5y routine

experimentation accordmg 1o methods known in the art. _ . :

‘For therapy in tr;nsplmtanon reJectlon, such as allograft or xenograft rejection, the method
is intended particularly for the'treatment of rejection of heart, kidney, liver, cellular, and bone |
marrow transplants. The method may also be used 1 in the treatment of graft-versus-host d1suse
- 25 (GVHD), in which transplanted immune cells attack the allogeneic host. Initial treatment is

admlmstered penoperatxvely ‘In addmon, the composmon may be admmlstered chronically to -
- prevent graﬁ rejecnon orin treatmg acute epnsodes of late graft rejection. As above, the dose

-

admnns_tered is preferably l‘to 25 mg/kg patlent body weight per day, with lower amou_nts being
' preferred for pare_.ntéral administration, and higher amounts for oral administration. The dose may
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14 As shown in Fig. 7, adm ni stration of 0.13 ng/kg/day of
YM 262, accor\db@ggfgglthe above ' schedul e, produced a repé.i%

testis weight of approximately 13%in conparison to the sall ne- és%%zb{‘
treated control group. . . The effectgof the conpound on fertility’

was tested with groups of five mal'e mice treated 5 according to the same:
schedul e. Eachbermtreasedor dm&edjapﬂtfphatémbd&)ﬁﬂﬁig% tigel raspbihsE Of BE palMNe, B ovaif iher

term nation of YM?2 t ne_from begi nning of
cohabi tati on t B I?dl’)? ﬁ'e%'f‘en?ﬁgeﬁbflﬂ o the ?aé'e'gﬁ%Wﬁ‘sﬁ'ﬁtl“f!P& 8. The |
sal i ne-treated (cdht tmitnenriotypicglyoilitiard pedivpefativetyt, eithek tseon Wfdre br sooRREr mé 24

d f d h t bau
oy, U o i S RS S o B T B o
recei vi ng Y® 2825t saverdl Wetksyfr rgdtnieny of/mtcﬁinsdlagtatlo@aejdcﬁ% dxirimg the tnemiemzptmoﬂg

t
Focor vi g i o5 paftad bt B bty PRSI L L o s il iphBidERe
birth was 45 despesion inyolygeallegenic ymphicyies s by taking 2 biopsy ofitheeirapspigpied digkue.o t he

control group. Bor'
0.13 ny/ kg/ day. ové? alg)%eéralgagg of @%%%&QQJI@ el aénggist %ﬁ%&f%w&m

fertility, aft@pludesamethad of puprressing aligeyaft ssiection, afaiysraﬁ FRiectiere mraé! versyg host
antifertilifoy- m&éa@qaau&ssubﬁwmﬁlaeo uﬁ@&meepséa{: ki is AEHRIRerRY EchichrRn Pt
the drug was fol | owed - success nancies. It wll be -

appreci ated t h¥tth ér“i\;‘ﬂé"?"?%@ss&? drg en‘eﬁ\"é‘g?q inlpdes @Adpinistering to the, subjegt, apy by
~continued adm insiunadupgressait divgisith@b bRRsgooiil RRYSS, hmlﬁupﬁﬁdf GpaggcinMintyophbilic
present | DVERL L

antifertili ty agén% %&ﬁw“’ﬁ%gg'ggg%?@é@?ym su%saﬂ% té‘?“qbeu‘ise ?‘%%r{ﬁ&‘gﬂ“tvfons. |

For mul ati ons  ceffectivensuppressive df rallpgraft irgjectiam awlgsthe fcorhjrend sy sdntinisteredralont. ale
the form ofyss0 ] -
L form 0155 Obdbaor, comt il aille B fdohd 1, 20U it Al flOFRGE

capsu
sust ai ned- r el e#BNF effeptiNe 4 FupPress aljograft teisption, sqagmfhmm OrdFYHIR jimthe host, when

SUppOSi t or i es, administered i BdntAAricH #iiR the iRkiAdkEpp réasxvé Edmpotnd. | By ﬁna?nonﬁtedhﬁﬁkﬂ s
or the like, pr fera& uni t dosage forms sui tabl e tfa(hro mﬁr;rpmmn or
adni ni strati on® ugftatﬁlp ?égs X gpeed% to achieve ¢ ecnvc suppression o g 3] (
xenograft rejectmn or rejection due to GVHD) when the compound is administered alone” is
20 meant an amount of immunosuppressant drug which is below 50%, and preferably less than 33%,
' of the amount that would otherwise be administered if used without a triptolide anélog of the
~ invention. - Allograft or xenograft rejection is "effectively suppressed” or "suppressed” in a host
~if the survival time of the transplant or graft in the host is extended by a statistically meaningful _
| period over the.su'rvival time in the host in the absence of immunosuppression therapy. Typically, . '
- 25  an effective suppression of graft rejection is a period of at least or more weeks, and may be up -
.. to several months or more. A!temauvely, thc triptolide compound ("potentmor") and |
immunosuppresive drug are admmlstered in amounts such that the resultant mnnunosuppress:on |
-is greater than what would be expected or obtained from the sum of the effects obtained with the
immunosuppressive drug and triptolide compound used alone. ' _
30  Thei unmunosuppresswe drug and potentiator may both administered at regular : mtervals over
 atime period of at least 2 weeks, and may be administered either orally or parenterally. lThe -



. The conpositions typically include a convehtfdnal phar maceuti cal carrier or'
exci pi ent and - may additionally include other nedicinal agents,

~carriers, adj nd the like. Preferably, the conp | be
about 0.5%to §§£}tﬂéy \f/t/el ght of a conpound or conpounds of thg&’ﬁ%@?%%

wi th the remai nder consisting of suitable pharmaceutical excipients. For
oral administration, such 30 " excipients include phar maceut i cal grades - of

manni tol, Iact oaﬁouns&ﬁﬁ@hnosﬁﬁeeﬁﬁldmaaﬁ.ﬂm@édes tygiGillly béfween about 3G% GAUI0D B F the .
“tal cum cel I ul ose, qn? elatin, sucrose gagne& um carbonate, and the =
ARYTF i e 8%

like.. If FFéd‘%d?Tﬂ{BB‘ie’E‘ TEJRCoR IR contain mnor anpunts .of

non-toxi ¢ auxili ar ylnmh:ﬁieﬁmﬁﬂﬁmﬁmppressant thegapgaiiettiod @f egdmtm;onemﬂpmhﬁg/m@g

' g%_elz_/n EJZQ??E)ngfo of Eormula 1 above mawge ac tere% with an immunosuppressant drug together in melsgme

Liquid conposi t ifermalatiany obgepsritelp & eglarkty fatinaladdny.i Nglemrsempﬁamum@ns fre used, the - |
~triptolide anal ' Qura 2 baut . 200 ﬁﬂ@l :
phar maceut i cal Q‘%‘%@%%&g Ml c'graPIl! g’f ,%R'guc &g'sé,sa?t%p&e%gn% tered by dlff“?)nljs'
saline, aqueousresstrose, glycerol, or ethanol, to forma solution or
suspension. . .- mlyﬁfés 1@139& 'ng%xdiﬁQ acﬂﬁruﬁgm Qitlﬂh@ Eriptb1ii® ardiog W hreretably
orally, transder mal or nt era I ntravenous,

subcut aneous, i 98¢ ef ﬂﬂl%ﬂ%l or int rarruscul ar [ nJ ection. For use in oral

l'iquid i epar gk @Riospolif Acerzgeg bl (“E?diosptﬁmpf 8 RBd-polarFi ofigdpdbtide.

suspensi on, enul si on or _'syrup i ng. sup i‘ed either in I Tquid form
or a dried form sui® ff‘b?‘“‘ ’B?‘&?lldBI‘F“F“H‘°M?'é£“IST normal saline. For
parent eral admi ni st(é)aﬁzatmapmﬁ,rbrl6r[(1egﬁan§b-l4&mﬁ9ﬂpﬁmmma-5$'mMonmphﬁher al

adm ni stration wll al . contain the triptolide analog in a
suitabl e intravenod? %%"3’[“‘6% such as sterile physiological salt 10

sol ution. V\hen the (e)crmi:m,i z)ﬂnng'al;mmmﬂdomuriosuppmadtnr m of solid
t t '
G andl os. potier s, o gntiepeals el | B 8% > oo AR AR, r%@r‘t%- -

granules pomders ornu
conposition is txvmwwlmmatwmw e@d@h tives, e.g. an excipient such

as a saccharide or IW@%erﬁ Mdsebmahssdieeﬁde&mmmeaste or
met hyl..cel | ul ose, @EI I'le di sinte ato : andﬁﬁt her additives

typically usually afqpﬂme%é’f%meww dpmyngsuppressant;drye) arc
The hi gh wat er 9edferitly i yhe Ghnge of 1mmaosmd$yaiemhe The\immhhosdppresdie tdapound is

part i cularl y%oong ﬁfe‘?’aq’\fa%t ou f@g@?ﬁ@ ni st er{“{g%s M% Qus § sup%}ess?\;ldoge

by intraperi Keiin
: For male fertility inhibition, the compound may be admxmstered by intraperitoneal (IP) or

~ intravenous injection, or, prefcrably, by oral administration, at a dosage and frequency effective
to reduce or block the fertility of the subject. The useful dose varies as a function of the
administration route. For human subjects, the dose will vary, for example, from 0.1 to 15 mg/kg
- '25  per day in an adult subject when administered otally .
In the treatment of asthma, intranasal administration (drops or spray), inhalation of anacrosol
B through the mouth, or conventional oral administration is generally prefetred The active agent
‘may also be applied to the nasal resplratory cpxthchum asa topxcally applied liquid medlcament



~studies ‘conducted in support of t he present invention have shovxp t hat ‘the
conpounds of the - present invention readily dissolve.in aqueous e

sol uti.on whe nmpounds. are prepared in 20 powdered f E’P?ﬁ-ﬁh the
.conpounds ar@%ﬂ@%ﬂ&gm arly suitable for tablet or capsule ?or_rru aglﬁ%ns-.
Conposi tion or nedicanents in accordance \é\ﬁ h the invention-may al so be
~formulated as a. . - suspension in a |ipi e.g., atriglyceride or a

pol yet hoxyl at Qg paefs Shable R4RIAS of SETMGREONYs otherwifelngicld, upelafeitls [ 1

a |iposonmal suspension, or In an aqueous enul sion., e conpound
may al so be adAftApSdmizigraton willibe patentersl. ininasple of tORIFAlof aer osol particl es,
25 e} ]E her SO: I dmclolhi'p&mdsi'of thé ﬁfv&ﬁﬁhhﬁy Qfs% béﬁcﬂﬁiﬁi&bﬂeﬁ @in(zjiﬁ_?ivi&m ftgranbet of €S -
are sufficient sma t o pass,. throu t outh a aryn n
~inhal ation and‘“%ﬁ‘?&’ ceghge Bﬁ‘&%‘?‘fﬁé\qy’ Bﬁ‘gﬂ’dﬁgﬂy b51’£? wgteﬁwa&yla thcaly 'é"ygéﬁé‘m ,
‘particles rfnghéBrofichosPasabbegins in inCasthfha Aita2k (0 Prevent ST mimjmiznits queurfeaceabl y | ess
t han about 5 mcrons in size, ‘are respirable. _ Conposi tions
containing respirable dry particles of mcronized active agent nmay be
prepared 30 by gr Tmdfongwitlg sxamples are irmegae to dlhustrysa g inotgin tukyewayi 1gnivihe nvention.
conposition through a 400 nesh screen Ex 'éaglbreak up or separate out
| arge aggl onerates. The solid particul a of the active agent nmay

contain a dispersant to facilitat driptelidd Succipate 6fM362)an aerosol . A suitable
~dispersant is lacﬁ‘ﬂ?glide(loo df%ﬁ@ﬂ@ﬁ,@ﬁnﬁ'ﬁ%&m&ﬂ&émm&m (BRARg) &k N
o(e.g., a 1 y wel

any suitable rati 1:1 ratio ht ) WO 97/ 31921 .

PCT/ US97/ 0390 2room temperature. - The reaction was camed out at 85°C for 30 hours under a nitrogepcatmos- -
Any solid partjineis dHeRadkqSH mb VRS hdde iU les B MiRbRIto PRadipitee r@ié protiuct, which -
adm ni ster the solid particles. Su t} gene t%{i‘ff such as_the . DeV | bi ss
nebul i zer (DeWisgpldsted by filteghian pndyashed yith hexane. &E"r c"é"déﬁ'r“faf SreosalliRrL oy o
respirabl e, asenémbahdRliad/ng (%) of gipelidé mceinao{YIMR62)fmapetdsdB°C. S
contai ning a pred 1 Q r . - [ gl ikgple
for human admi ni sﬁ(ghm E‘?ﬂoﬂgﬁgﬁﬁeg&. déglg?rgpgglll |'g'ngoa 'Olr‘Hnl hh}éﬁg{llﬁ n (%;g g?}lg)se
the active 1agefiH. di BECH) ab7i(2H.an 19:GHED Fs820GH; d.ekl;CH), 3.50 {ikb i, 4Z3-CH).c343 @H,
pyrogen free sl &g 30kibih O GpcHCLIckS, 2 @ACEn! IREmNRSToH I, ales] 2, L he
COMmposi - : ion ay be mxed wth a propellant to assist s‘o &]{}g t he
conposi ti on anti8$ §Hd mg 2:6H.a&@5B), 1.5 (1H, m, 1-CRgy 134L1EoP. dfég?yhr % ch
dosage forns asRckH0ORsBHW, 16-cB9, ORIBWILT, 11-CH)pmE MEK(dhbedisiM+1). the
art; for exanple, see Rem ngton's Phar mageu’t} (;Zal Sci ences (1980). The
conposition to be .- £ ' : _

20 " " Triptolide Succinate Tris Salt (YM-273)

Triptolide succinate (20 mg) was mixed with tris(hydroxymethyl)amhio methane (5.3 mg)
in 20 ml of water and stirfed for one hour. The solution was filtered and the filtrate was
lyophilized to yield 24 mg (96%) of white powder. | | -

IR(KBD): 3391, 2937.96, 1745.80, 1562.9, 1411.67, 1159, 1066.57, 1024.57 cm?. H'N

25 (DeDMSO, ppm): 5.00 (1H; s, 14-CH), 4.85 (2H, d, 19-CHy), 3.95 (1H, d, 11-CH), 3.70 (1H,
" 4, 12-CH), 3.55 (1H, 4, 7-CH), 3.30 (6H, s, 3CH,0), 2.65 (1H, m, 5H), 2.45 (2H, m, CH2),
2.20 (3H, m, CH,, 15-CH), 1.90 (4H, m, 6-CH2, 2-CH2), 1.34 (2H, br, 1-CH2), 0.95 (3H, s,
20-CH3), 0.88 (3H, d; 16-CH3), 0.75 (3H. d, 17-CHy).
30 - Triptolide Succinate Sodjum Salt (YM:274) | _
- -Triptdlide succinate (20 mg) was ‘mixed with sodium bicarbonate (3.65 mg) in 20 ml of wate:
aﬁd stirred for 30 min. The water solution was filtered and the filtrate was lyophilized to yield
20 mg (95%) white powder. '



10 "adninistered will contain a quantity of the selected conpound in a

pharmaceutical ly effective - = anount for effecting i nmunosuppression, or o
reduction of f 1]ity, in-a subject. . - V. Treatnment M .
The co'rrpositioﬁ‘; Him% e present invention may be enployed |nt"@m’$"”m‘202 |

i-mmunosuppression therapy, . - in particular, therapy in treating an
aut oi nmmune di sease, graft-versus-host di sea%le (GWHD), or 15

transpl antatj-on rej ﬁ&khﬂnua?%r aéﬁ%amg g’;" iﬁﬂ?ﬁfﬁlﬂd qfiéj 20 652, %%Qfgrﬁkm

rejection. The conpositlo inhibitin

fertility, for t Mﬁﬂt!’mﬂ 50 (AH; 1 4CHR, 485@H. 6%?&%-.3@95&&%%%@).370 (1H,
asthma, and for arﬁaéme@tssqiaoa *w&qj afs*sezm%osm Q34 H e.n&mﬁlm @f, m, CH2,

“traumatic inflanmati

| Ves a
aut oi nmune di seatESHAIRIHHE CE SRR b3 R oo 56 95 o 5205509, .88

Table 11 5 d 16-CH3), 0.75 (33 d, 17-CH3). - ~ Autoi mmune Di seases

D sease . - - . Tissue ,ﬁ f e(it gd : ‘Addi son' s

di sease ' - adr eng|=sample 2 Al lergies

i nfl anmatory cel I s 25 - ThigolldaBuccinate Lysine Salt (YM-276 .
br-onchi : f%?heroscl
wal |'s . . Tnelp rﬁu%c“'aﬁes(gdz;?é mixed wnth L-(+)-lysine (6.3 mg) in 20 ml watef Wi s??rl he .

Di-abet es (Type | Jor one hour. “The solution was filtered and thephitrate sas lyophilized to yield 25 mg (95%) -
Graves' diseage _ thyroid 30 -

d
Gui | | ai n- Bar?@ Syncfpow o . nerve cells :
| nfl ammat ory bowel &REBRse 34318, 29340, 1743.5, 156Q.6: 4399i%¢l147.6, 1018.6 cm'. HNMR

(D-DMSO, ppm): 5.00 (18, s, 14-CH), 4.85 (2H,d,19-CH,), 3.95 (1H,d4,11-CH), 3.78 (1H, d,
12-CH), 3.55 (1H, d, 7-CH), 3.50 (6H. br, 2NH;), 3.15 (1H, m, -CH), 2.70 (1H, m, 5H), 2.65
(1H,m, CH,), 2.4 (2H, m, éH,), 2. 20 (3H, m, CH,, 15-CH), 1.90 (4H, m, 6-CH,, 2-CH,), 1.40 -
15 (6H,m, CHZCH,CH,), 1.34 (2H, br, I-CH,) 0.95 (3H, s, 20-CH,), 0.88 (3H, d, 16-CHj), 0.75
. (3H, 4, 17-CH,) ppm. _
: . Example 5
Svuthesis of 14-N,N-Dimethylglyeinate Ester of Triptolide
Into a dry 100 mL round bottom flask is placed 1 eq. of tnptohde and 2 eq. each of N,N-
20 dimethyl glycine and DCC (dlcyclohexylcarbodunnde) The flask is placed under a nitrogen
atmosphere, and anhydrous C!*I,Cl2 (dried over P,0;) is added, followed by a catalytic amount of
DMAP (4-dimethylaminopyridine). The solution is stirred overnight at room femperature. The
reaction is worked up by ﬁliering off the dicyclohexylurea, removing the solvent by evaporation, |
and chromatographing the obtained solid on silica gel.
25 | ' Example 6
- Synthesis of Me fonic Acid Salt of 14-N.N-Dimethyiglycinate Ester of Triptotide
' - Into a dry round bottom flask is placed 1 eq. of the 14-N ,N-dimethylglycinate ester of triptol- . |
ide, as prepared in Example 5. The compound is dissolved in anhydrous CH,CI; (distilled from
P,0), and to the resulting solution is added 1 eq. of a stock solution of methanesulfonic acid in
30 diethyl ether. The solvent is immediately removed to yield a white solid. '
' _ '. | m e7
is of 14-(3-(N.N-Dimethylami e) Hydrochioric Salt Ester of T tolide
Intoa dry 100 mL round bottom flask is placed 1 eq. of mptohde and 2 eq. each of N,N-
dmlethylammo propionic acid and DCC (dxcyclohcxylcarbodumxde) The flask is placed under
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Aut oi mune Di §9§/§1§2l : " Di sease

Ti ssue Affect System ¢ . Lupus: eryt hemat 03|P§T(‘§EE932°2

mul tiple tissues . o Mil tiple sclerosis -

nerve cells ' Myast heni a Graves. : - _

gﬁlurnomgscul__ ar Lgﬁgéeﬁggnr?gphere ar1d anhydrogls Fr h0§< ed o%er PIO,) is added, fo“PY'?/de‘?‘y acatalync

Rheunmat oi d ar- t amaount of DMAP (4-dnncthylammopyndme) Thei setutibn i§ miirred overnight at room

Weitis a g

ot of une. SHRTIYES, Thegigioterytazajs fered off, s ¥Esolvers s emopea by o BSOS,
basi s, e. g’!ldGPIOGECﬁtIF F?E%C*pmtmeda@ %\hqa(sslage I evel sufficient to reduce

synptons ang i nprove patient 10 confort For treating rheumatoid

arthritis, the conposition may be adm nl%t_e'lr)%g by i ntravenous o

i nJ ection or by di ‘J‘J‘\ gLt - ol ‘1; OOV T3¢ lydroghl 01' G g Ester 328 may

be treated at repeié £ty round bbtﬂirﬁﬂa‘éﬂis%lﬁéd 1%g. &ﬁﬁﬁt&hdz‘h @Wﬁpyrﬁ»ﬁ&iﬁob%ty%@!&d al

k d foll h f
bat i ont, 15 diipe ot byesus SHLCh Ciiedron Ho Toesr e st ottt £)

as anot helr eéamab\ea nifrbn aunosphe:emiﬂa!em SIDCCNdR& 2@l it dhdedfDMAY istiddd. The
par ent er a mnpistra as_intraveno m.nistrati

e dose t Bt et Bt u o BTG the Forgop g paret P sl o e
pati ent body wdicyglvhexylurea, pmovidgthe solventby evaperatiomyand¢hsoriatographing afe obtminell folid
parenteral adr’rbml%rgg‘tlon and hi gher anounts 20 being preferred for oral
adm ni stration mum dosages can be det-erm ned by routine
experimentation according to nethods kndimampla9the art . For

therapy in transpl ant ajh@kid FIBRON mﬁm_z felVciise thggqgrlmlgggﬂ@mr aft . |
rejection, the nethod rs.rnten artl cu atnent of
rej ection o hear tThe fifefqmpound is sypthesized mhafm’ahaf ’oﬂh@f 16-hydroxytipiglige, 3 eq. of

transpl ants. TN‘iN-Hﬁiefh?lélmeé’ 33 & oPBOC sl 0.16 &q)of DM iiRikydfdus CH,Cly, followed -
graft-versus- hgs

rﬂmg up as descnbed in the previous example. -
The bis-N,N-dimethylglycinate ester at the 2- and 14-positions of triptolide is prepared ina
similar fashion from tripdiolide (2-hydroxytriptolide). |
20 : Example 10
' ' Stability of Triptolide Succinate (YM-262'
A. Stability in Water _ .
A solution of sodium triptolide succinate (YM-274) in D,0 was prepared at a
concentration of 3 mg/ml and stored at room temperature. The solution was analyzed by 'H NMR
‘25 at intervals of 1, 3, 5, 15, 45, 90, 180 minutes; 1, '7, 14 days;and 1, 2,3, and 5 months. There
- was no appreciable change in the NMR spectrum during the first three months. Some
decomposition wés apparent after 5 months. ' o
B. Stability in Blood Serum
A solution of triptolide. succinate (free acid; YM-262) in DMSO was made at a
30 concentration of 25 mg/ml, and 0.1 mi of this solution was mixed with 0.5 ml of rat serum. The '
mixture was incubated at 37°C. Aliquots of the mixture were taken at 1, 3, S, 15, 45 minutes and
18 hours and analyzed by thin layer chromatography (TLC). The TLC plates were developed in
1:5 CH,CL/Et,0. After 'dcvelopment, ‘the plates were treated with iodine vapor and examined



25 (GVHD), in whi ch t ranspl anted i mmune cel | s attack the allogeneic host.
Initial treatnent is admi ni'stered peri operatlvel y. In addition, the
conposi ti on ma i ni stered chronical | y to - prevent raft
rejection, W%’Pé%ﬁl ng acute episodes of late graft rej ec?FEWs”/@Z“&bove,'
t he dose administered-is preferably 1:to 25 ng/ kg patient body wei ght"
per day, wth l.ower amounts being pr ef e33red for parenteral

3\% m9 g} Z E r9 g& ion, 284 aW m{p ARRES and%xpt%d%l sudfiifle Vesd s is(}ﬁ’brcﬂg%org&%gdsr@

PCT/ US97/ 03202 0.60 and 0.45, respectively). 18 |
be increased or deCAE&%eﬁlmﬂﬂpr&W&:gJoﬁ&é’sucﬁﬁ‘aQ@M Qbcfed b} "iicr SRR Smifllied. ¥
patient, and over the eriod treatnent, the ability of the patient

to resist infecttfippalide succinate *"P°t washgong (R R A%, jand ?y'ﬁ?"csa‘l’tl sprepsppRding; tectriptolide -

perioperativesy, apﬁdaiebgk r S QD). PRARS 6 @inued) W @if){oﬂde spheulso dlsappiﬁécg'aﬁﬁbnly low R,
transplantation rgﬁroce ure, and is continued on a dai Iés dosing reginen, for

a period of at terjal, (blopd sexurm Foppopeaisiand decompesition PRAIAES) srmained: o

transpl antation rejection. Duri ng the trepkafpptizperiod, t he patient
may be tested periodically for NOSYIPPL eSS1 0 l.evel ., by a m xed

| ynmphocyt e reaction i nvolﬁ%ﬁm&?ﬁ@ql&@ér by taking a =
bi opsy of the transcﬂﬂﬂ‘cndmtmeﬂﬂjnﬁcytes werepreparedaximhmﬁnnhemaﬁmat-wnﬁmA which

| munosuppr ©3§ . sfonhfafe Pl B8 m@q%ﬁﬂ%fvgag BBV ysind § 0 SeahdlYE RO s (0;Gars, 1980;

I ncl udes a ne uppressing-a rejec xenogra
or graft ver sus Mishnll, 1950). dl'hmgemmelaolhﬁéwwm&mWMWM Iabamnqyoﬁmby.(ﬁA)

the present inv n d g
| mmuhosuppr essl v ced A COp BT, 1R0REWEE Sitonks, sepuralftth B Sy
an- i mmunos uﬁweMmmze# ingHavli's ihalenced: sait|solgtins (HRSS, Gibuebwing acglasy mr@qsﬁmm,

rapanycin, rrycormeeéam ed at 200 3C§ for 10 miruted lat! PPE0 rﬁon&ahgian dddlitiéHal a&gmﬁawaﬂe _
ective

is-substantl ly, | ess an t ose_nee
Soporoeston 38 P&‘r?"?@f"é&‘gﬂd“ REME R0 medind sy SuuM arersagbeiege, 2mM.
al one. A 15 potmarmmmumlmgemw milito acidd 100 Winl beridillih,2100, uganl

descri bed above, n .|n an m)unt effective to suppress
al l ograft rej ectsegg &gemh(a)}bd?fg T’%%'ﬁ '(gf/liﬁ"f'n t he host, when

admi ni stered in con&lhmreo:nlmmdh rothﬂ-bnmmlﬁﬁwqbpnmmnmssucadpmmms. Byx 1@ reells

amount that is per welf 405 cﬁllbqu mmﬁ%%’%@@&%ﬂt #ﬁﬁfuﬁv Sgether

effective sug&resm on of al ogra Xenogr a g ect on,

rej ection
or rejection Bhamwﬁ weee addnditoihe eellp E’cY"h‘F‘lﬁr?éﬂ plperrpell
meant an anmount :eﬁchimmma&h@a‘iﬁﬁeto 08 MpImIMA 6 g/, P@bRMGR Sampd ere dissolved

referably |
preferably es S t B%O (?Q/Q mg/ml), then diluted in culture medium. Twenty five microliters of the test sample
was added to each well to achieve the final compound concentrations for each experiment. Cells

with PHA together with [L-1 served as controls. The total volume for each well was 150 ul.
25 Plates were incubated at 37°C in a 5% CO, incubator for 72 hours. Fifty microliters of
- culture medium containing 0.5 pCi (H)-thymidine (Amersham, 49 Ci/mmol) was added to each
well prior to the last 18 hours of incubation. Célls were then harvested and counted. The results
were reported as counts per minute (cpm) per 6 X 10° cells. _
The following formula was used to calculate the percent of suppression of IL-1 activity, and
30 IC,o (cancentration of sample yielding 50% suppression of prohferatlon) was used to mdlcate the

suppressive actmty of the sample

- % suppression of IL-l actwnty = _
(l-sample cpm/(IL-1 +PHA conirol cpm) X 100 _
~ The mults are shown in Table I above '



of the anount that would ot hefv_vi:é-e be adninistered if used without a

tri ptoI ide analog of the - i nvent iron. Allograft or xenograft reJ ection
"ef f ecti.velyy os4fRR €ssed” "suppressed" i-n a host euo?‘dfv' val . .
_t| me of the transplant or. graft in the host is extended by a SPACTET cal ly -~
neanlngful period over the surviVaI't'ge.ln the host in the absence of -
| mmunesuppr essi on t herapy. Typically, 25 an effective suppression of graft -
rejection i-s a period of at I east or m)rwk_, and may be up to :
several nonths or nore. Alter _ 2 ool | \de conmpound -
("potentiator") and - i MUNOStH 1 gtteri stered in amounts
such that the resdhtimﬂtudynﬂmnqmmpmlssk)overe spleen censgmaaemwmmm 00 thed

be expected or h t.s Wi t

i mTunosuppr essi ‘\%{h rrrt]cgﬁsa(n M SPB lﬁn&"ﬁ’oﬁﬁ%ﬁﬁ#@%@'ﬁe gF au}m?h ar
i mMmunosuppr éss Hawbod M@&n%mtmtw&mpmﬂ;y rbroovied Srcimmi the micemdcbmed ineg10l ralr of
‘intervals over 4 O8lshOf Tt

admi ni stered el t Hnsgr"ré'f‘l y o a‘?sehnt'g% P *‘waﬁ&‘%%ﬁmww%fw the
PCT/ US97/ 03202 frosted ends of 2 sterile mncroslndes The cell suspension was then filtered through steriteaylon
amount of i MUgRHIRPeRSRABYHDS) mm mhﬁwﬁaﬂpd@rapym&@hhm Db g @enﬁ'm%v&i

20% and 100% of the anount of ug_needed To Suppress rejection in the

host. at 200 % g for 1@ minyes mveﬁrchnﬁ%@?}weg@gmet(ﬁﬂﬁabwmt Fellowing aphe .
In;/ﬁntlon R t hddRioRli Wiih & AIBSS) the splieﬁfmlﬁoﬁéfthlk&ugpeﬁﬁ@\fﬁkmf 1%' ﬁddmxﬂt i&ivedyed
Wi an i nmunosuppr.es rug together_in.the sane orrrualon or
separately in §‘§’%§(P%ﬁ zgf@f%ﬂ‘% e M sgpap %el%ﬂm peyicillia, 210G, mgmly
t he tript ﬂkdpdﬂyanaiwm%)heasmmﬁwwhﬁr%vtnbeemmmnuosuppressant drug can
be admi ni stered byl.hgl rent

L t
drug which is admn SRR R at"%gar{ ?f?'fs)etrgﬁw'ﬁm SR 86" °e “‘W’f‘gﬁ gﬁ% eelizfl
one of the fol M\lmﬂyatedl_a 20 cGy with @ £esi@y diruliaar (Depament of Raliation Onéolog¢, Stanford

("cyclos porisn iver Q'.’AB% ﬁﬁlbﬁ;ﬁglff&mﬁhl 4ap %patdia%gicells wer?]washed $ld o {éﬁg\ﬁe any)

fungal macroli nosu res rine,

6- [ (1- met hyl - 41qmﬂ=t ﬁr@ @ﬂmﬂmdjﬁrmlmodsw resultiog [frqm érpadigtien.  The responde:( egls (R),
met hot r exat e, irradiated stimulator cells (Sx) and irradiated responder celi (Rx) were all diluted to 4 x 10

cells/ml. o _ i
- In the assay, 4 X 10° cells of R were cocultured with 4 X 10° cells of Sx in 200 ul of
20 medium in round bottom 96 well tissue culture plates. Fifty micro-liters of test samples at

various concentrations were added to the cells. The wells receiving no test samples would get the

maximum proliferation. Several controls were used in the assay. The irradiated responder cells

(Rx) were also added to the responder ceﬂs v)ith and without the test sanhples. Rx or Sx alone

were checked to make sure no prollferanon occurred after irradiation. The spontancous
25 proliferation of R was also measured.

- The culture plates were incubated at 37°Cin a 5% CO, incubator for four days The cells -
were labelled with 1 uCi of CH)-thymidine (Amersham 49 Ci/mmol) in 20 gl of medium for the
last 18 hours. Cells were then harva_t_ed and counted. The results were reported as counts per
minute (cpm) per well.” Percent of suppression and IC,, (concentration of sample producing 50%

30 suppression of proliferaﬁon) were used to indicate the suppressive activity of the sample. Sample
cpm was calculated as R + Sx +' sample)cpm - (R + Rx -+ sample)cpm; control cpm was
_ calculated as (R + Sx)cpm - (R + Rx)cpm. Percent suppression of MLR activity was calculated
as (1 - sample cpm/control cpm) X 100. IC,, was determined from percent suppression to indicate
the suppressive activity of the sample. “The results are shown in Table II above.



(e) rapanycin, a fungal macroli de irmu'nosuppressant; 15 (f)
nycophenolic acid, or -~ - i :
6-(1,3-Di hydro%;xyﬂ;ﬁxy 6- met hoxy 7- rrezhyl 3- oXxy- 5--- : PCTIU897IO3202
|soberzofuranyl)4 nmet hyl - 4- hexanoi ¢ aci d; and (g) an

i mmunosuppressant gl ucocorticoid, such as predni sone or dexanet hasone
The proportions of the two conponents (triptolide anal og and

i munosuppr essant .drug) are preferabgm__he range of 1:50 to 50:1 by
- wei ght. The i nmunosuppressive conpou S,. 20 fer ably cyclosporin A -
~adm nistered in an amount l'ess than ¥ pressive dose.

For male fertility Porlritial dy'tomx;cuy bfehe:tesrpmm was ysséseed by thie mieasument olbshcxr effect on

i ntraperitoneal - t
it et oo ot SUEAGURU £ Spnnei R Bl s,
the fertili ty50fcellhé4'ETJbedw-com coppdund, igiteduced by titoshongrial exzymes tp fumdle R“F‘Rlﬁ
adm ni stration f i’b@nf&ﬁ I iy
fromO0.1 to 15 %ﬁhrﬁg%%‘g’ﬁ a‘;l/&l n -an éa llﬂvitaﬁ]sg %J&gﬁw cgleu}?g%%a%?‘{s?@ed cfts
orally. as welligs g jsensitivecastaydortcytoroxisisy (Messmanht 198Masal adni ni stration
(drops or spray), ifhadyd MU\E,% adaeseean@%@hued humart PBMICGAd mdse MRiMobytesOr A stock
ra

conventional oral adm ni st i on i s general 3/ %@F‘{ﬁ‘gﬂ‘ The active a

may al so be appl obion gf MIT Sigwmay at Sagiml i phoy E & PHy7. f'o‘ﬁ’(?éfpfl%g
applied liquig Wﬁﬁﬁé’lhrk at 4°C. PBMOAQrW&Jwere cultured with various conccntranons of
PCT/ US97/ 03202

If the patient ist5ERigsdn ??5""%??’3\7\’] tiggpe qyjeame Plafss (SoeD e the Wﬁé?w?a’ as those
i mpai red, the prddseibedsbose; ditaiwistimulants (X-35xdrdL-af+ BHA) wérs teplated by apprdpriate medium.

par ent er al intr 6&@%@5 gcdﬁrm&gﬁéd&ﬁnl ne and vmho t (I}&g% Q%gesusgé a§ Eb?lrols After

I nvention may als ered 1o ann ter ons
asthma to reduceingubationtfon?d howrs.i25 gliofiMTT eqlutme@s 3dded @MWMA@E@M@IHOM] three

prophyl acti calsl Ypoukd 6t induBatioR Sthe Efperrimeﬂt Réas bérﬂﬂﬁ:h&spamohwa%mh& @f'"'l(ﬁﬁ EJlﬂﬁn

-attack, to prevent or mni mze IS _occurrence

exanpl es are int S9aeY sgifpe in Q% NaHEL b Follewips joernigty ‘\Rﬁ?“l"?‘rﬁ‘t” <F1é° Fﬂ%‘l‘ﬁeltaﬁ.

Exanpl e 1, formazane crystals, optical density was determined at 570-650 nm in microplate reader. The

following formula was used to calculate % of toxicity:
_ % of toxicity = (1- sample OD / control OD) X 100
20 Samples were defined as cytotoxic when toxicity was greater than 25% in the assay system
~ used. The results are shown in Tables I and II above.
n Example 14

j ent of Heart Transplant gjection
Heterotopnc whole heart transplantation was performed according to the standard method

25 (Ono and Lindsey, 1969). The donors (Brown Norway rats, 200-255g, Charles River,
Wilmington, MA) and recipients (Aduli male Lewis rats, 225-275g, Charles River) were anesthe-
tized with sodium pentobarbital (40 mg/kg). Following adequate donor anticoagulation using
heparin, the heart graft was removed and stored at 4°C in PhysioSol Irrigation Solution (Abbott
‘Laboratories, N. Chicago, IL). The a'scending. aorta and pulmonary artery were transected, and
30 the vena cava and pulmonary veins were ligated. The recipient abdominal aorta and inferior vena
cava were exposed through a median abdominal incision. The donor heart aorta and pulmonary
artery were anastomosed end-to-slde to reclpxent s infrarenal abdominal aorta and inferior vena
cava, respectively, with running 8-0 monoﬁlamem nylon suture (Ethilon, Inc., Somerville, NJ)

Because of the functional properties of the aortic valve, blood did not enter the left ventricle but



- Triptolide Succinate (YM262) = - Triptolide (100 ng) in 10 m of
pyridine was treated w th-succinic anhydride (150 ng) at 10 room ' -
tenperature. Wigowregti on was carried out at 85[err]C for- 3Q §7?0 der a
nitrogen atnos- - phere. Hexane (50 nl) was added to the resu Ciie

m xture to preci pltate a crude product, whigh was col | ected by
filtration and washed with hexane. The crude product was recrystal lized

from et herritheflawed thdugh the drdalry AHeried Whe ﬁﬁht htFilu} oo &9 hﬁlﬁh@recxplem
(YM262), mp. 111-11 1743. 8,

1375.5, 1159. 4 YHf3% zat'[hﬁﬁ?"% ?‘ﬂ"]‘“"‘"ﬁfé’??‘iﬂﬁ/ﬁ?"‘? f[sé'faﬂgf“'“@“g s ©raf heat-
14-CH), 4.67 (mtwssmdmemay abdGmiBa palpitiond ThelpericdHf furiBticnal graktlsurvikal %nﬁh&m

3.43 (1H, , 2CH2 5. 1H

215 (21 m 6 “‘% o Syt il e i, ol ”ﬂé%aﬁsﬁﬂétfddbv Lbadieal )
6- CH err] B) ,5 1 peigationResujts werCehnfinfed iy c(lth viswplizitiogH) laparotoy.( 3H, s,

20- CH3),  0.95 (3H,

20- (NL N (3H yéln sl REipkAr anoaflprbpiila & cestAbeltdbbVe <L)sé§9,ms ) %é)
Triptolide Sucdiepiet with (i) eonggl solugine (5% gthanol, 10 mi/kg), (H)TYMaﬂélat 240 mztkzl and 10es0( 20
mg) was nixed gy (Hg' SAi“)(ﬂf ?W'afb’bé@dﬁh%%'?ﬁé/ﬁﬂ@?g ?ﬁy and T10, (L@to%gc)m

of water "and stirred f our. The solufion was filtered

filtrate was 025 W’eaoﬁa ﬁke‘e a%ugm ta shpwing theresuls fanT185 Figy weeagcmcresuhs from

|1§(2 EBI’S)7 n{33ﬁi|-] 3‘%375%BJNE|4§M3 ah®8R4-974 #2040 fné. 0. iﬂ-ﬁt@ﬁkéo%e&?vely, inzh that their
C err err,

(2H, d, 19-CH g?rfchtmn%msg‘gre(eiwnglgrelﬂ_Je@_")('lO ?l%%g_qqu were Sdmnasterﬁm@p?t;?ogeag5

(1H, d, 7-CH), 1B. Breatpéritistased cd@Heay prict tdsurded-ind Rontinkihg dally il pesbperdlive@aly 14,

2 200! 3 TL ol b %&a%ﬁg%v“%@“‘egﬁs%&nw%@?é&ﬂ <K (aH o

17- CH3). Example 15 . Exarrpl e 3 30
Triptolide gicci nate Sodi urggRg! ,' . TJI 0l.i de succi nate
(20 mg) was m xed with sodi_um DI ponat e O m of water
and stirred for 30Tnmld=w$@!%€’féﬂ-2§?dlw ﬁva§=mlwmrehmm BDR mick.iwsing e
was | yophi | i ze@ydi®of\iaily sliministration’for S8ayt FMeAved' by 4 GrolaRY\EEBSation of treatment. TR cycle

gé{r?tgé% /03202 was repeated for 5 weeks, with dosing on days 0-4, 7-11, 14-18, 21-25 and 28-32 before '

evaluauon of physiological effects and reproductive performance.

85

20 A dosing solution of YM-262 was prepared once a week from a stock solution in saline at
1.0 mg/ml and stored at 4°C. Mice were treated intraperitoneally (IP) with the saline vehicle or
with YM-262 at 0.04 or 0.13 mg/kg/day in saline, using a 1 mi sterile disposable plastic syringe
and a 25 or 26 gauge sterile hypodermic needle. The compound was administered in a volume

- corresponding to 0.1 mil per 10 g of mouse body weight.
25 A. Effect on Testis Weight | |
- On day 32, five to six mice from each dosing group were sacnf ced, and the testes were
- removed and stored in formalin for histological analysis and weight determination. The average
of both testes was calculated 'for each mouse, and the mean and standard error of the mean (S.E.)
were determined. These data are shown in Fig. 7. -
30 . In companson to the saline-treated comrol group, a modwt (approxunately 13%) decrease
in testis weight was observed with the mice receiving 0.1 mg/kg/day of YM-262.



21 . | RCKBr): 3431.8,. 2975. 56, 1743.87, 1577.97, 1419.79, 1163. 22,

1022.40 c [err]. Herr] NWR . (D6-DVBO.- ppm): 5.00 (1H, s, 14-CH), 4.85
(2H, d, 19-CH2 (1H, - d, 11- CH, 3.70 (1H, - d, 12- 1H, -
d, 7-CH), 2. 58*&7}’3%‘ 2.45 (2H, 'm CH2), 2.20 (3H, ach o

15-CH), 1.90 (4H,. m GCHZ 2-CH2), 1.34 (2H,, br, 1-CI-‘|2),-O.95(3H s,

 20-CH3), 0.88 (3H, 5 d, 16- CH3) 0.75 (3H 4, 17- CH3) .
Example 4 . g. Effect on Fenili Tri ptoI i de Succi nate Lysi ne Salt
(YM 276) —I"_t—?‘mfpe: succi nat e

. mxed with L-(+)-1ysine
(6:3 mg) in 20 m whertkity jes tested pith dive 3dd"‘%r‘ggﬁé“%dﬁﬁ“hml aﬁ?qpoxhéﬁaé"m
filtered and tNenoliel With o téfadlespuohdlé or &9@2 taRentitidh@ime Bo nﬁmér%%zsi@eaumtsmm
powder . | RCKBr) : _3431.8, 2934. 3.9, 1560.6 1399 9 11476,
1018. 6 crr[ err]. #err F\Iﬁﬁ' female "(Ef’éﬁgf'ﬁ?@ﬁfnéﬁﬁwasg"ﬁﬂm? i ¢ separatg fagewith he
4.85 (2H, d, 195CHgjer, ad fhe rémhabrlin(d, férhaidoblls, hodsed &ith tHe;matk, All male e Girdd lit@rsSith(Hott,

d, 7-CH), 350( br..2Nd3) ., 3.15.(1H - A 1H 5 2.65
(1H, m CH[ err])® .CR{"E’QH? f‘i‘#‘@z‘i’f}“’?‘%“"f g%“‘%éﬁf"e‘?’&]“?"i‘o‘!‘g‘%?wl“% (4H,
m 6- CH2, 2-CH err] The timelfdonil begirinfng, of Bohabitdfiar w]bi airhe] iDlefsewas leyaluated 3dd {s3hhwn
br, 1- CHZ) 0.95 (3H 20 ,

17-CH err]) ppm (Fgg 8. iga thg_@nam?st%a:g lﬁlbr&thejlgeag(?i’)agszévn B«(:s&lﬁﬁe eged
Synt hesi s of 14-(sbrixtolDigroup prptiugkd/tbe ficat listeEaftces mesh of 24 qays| The walue for the group temmnsa
dry 100 ni r n t I

of NN 20 Pned‘{ﬁ"%“&é{““. ke Bo28 B B ally, MRS, bPEmERCn SR RRE)
i s placed under W@ s for the graumiseqivies ¥M-267 at hﬁ‘?’&gfé% awf} % increase[campqred
(dried over P[er&,]lﬁ[&{n&]])gr dup. added, foll owed by a catal ytic anmount of

DVAP ( 4-di met hyl am nopyr| din The solution is sti rrﬁg over ni ght, at_room-
tenperature. The  Thesy gegplisii E&F‘FWM@@W t 5 G-} me(kgigay, pyer ajpgriod of 32 days
di cycl ohexyl ur eadelayeytheietigery BEfefilityafted tendiinativibgfalictipy Y121 days. Fubtiélmore, the control
E)r(];(r)rpn?teogr_ ap}lkngoft P %l/ Pﬁg‘sl pe%gt(s) l I d alr’ll% zelxﬁpe]gteél ! gnllt%?l onnat?@aﬁr?meflt would maintain -the
14-N. N- Di net hyl g@momndmkofdémﬁm ptolide . " Into a dry round - '
bottomflask is placed 1 eq. of the 14-N, N-di net hyl gl yci nate ester of"
triptol - i de, as preEared in Exanple 5. The conpound is dissolved in

anhydr ous CH err]ClP\@rlﬂhe F@mﬁh&é@nﬂmﬁwrmrﬁr@m?@% Hic prthodsragd erbadigpents,

resulting sol uti @mlusxaagﬁeslatéd 86 vi{oud mbliifiEdfioSOnbl b0 a0 withibd ARl B6th Ghe
acid in 30. diethyl tether The soI vent is i mredi ately renoved to yield a -

“white solid. inventio Exanpl e 7
Synt hesi s of 14-(3-N. N-Di net hyam no) pr opi onat e) Hydrochl oric Salt Ester of
Triptolide Into a dry 100 nL round bottom flask is placed 1 eq.

of. triptolide and 2 eq. each of N, N



di met hyl ami no propionic acid and DCC (dicycl ohexyl car bod| i mde). The fI ask' '-

is placed under . WD 97/31921 __
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a nitrogen atWOPAMRE and anhydr ous CH[ err]Cl[err] (dried avyusm:@za is
added, followed by a catalytic —~  anobunt of DVAP

(4-di net hyl am nopyr| di ne). . The solution i28sti rred overni ght at room

t enper at ur e. c%lﬁl{éﬁ}exyl urea is filtered off, and the solvent is
removed by evapor .. crude product IS then chr omat ographed on
silica gel. 51. A compound having the structure: —Exanpte—8
Synthesis of 14-(4'-N-pyrrolidino butyrate) . I or| de Salt Es '
Triptolide ~Into a dry round bott is pl at‘m“““ﬁﬂli& lﬁ“lm
triptolide, 2 eq. of 4-pyrrolidinobutyrj hydr o $»

anhydrous CH err]Cl[err] (distilled f® 20[err]). The resulting
soI ution is placed ~und®g.a pi re, and-_2' eqg. of DCC and a-

roomtenperature. The reaction
di cycl ohexyl urea, renoving_th
t he obtained solid on
Exanpl e 9 yNt hegi s of BlsNN-Dlrrethngchmate Ester of -
-16- Hydroxytriptolide 15 OThe title corrpound i's synthesized by the
reaction of 1 \!’EF““E)f 16- hydroxytriptolide, 3 eq. of

N, N- di met hysgl yci xejs cmarenl ammxamn&p&ﬁqe omfo@wﬁ with 248 pYcHs8 Wit at

oxapl . teast Sue g oy 30 RN e st Yand

14- posi tions of t R! t-ClO)BZ| whepeirpared in a simlar fashl on from

tripdiolide (2-hyq@¥%hnlidh 8 buitfahened &,-c, alkyl o a“‘i”‘ytI e 3 i btol i de Succi n.at e

filtering off the
vapor ati on, and -chr omat ogr aphi ng

Exanol e 10 .
(YM 262) : Z ipCOORALNR'RY.yori ‘NRIBIRAT, where : " A solution of - .
sodi um tripgpol i de sueisnAtafor YM 274) in D20 was prepared at a : '
R? and R* are independently H or branched or unbranched C,-C, alkyl, hydroxyaikyl,
or alkoxyalkyl, or R’ and R” taken together form a 5- to 7-member heterocyclic ring whose ring
atoms are selected from the group consisting of carbon, nitrogen, oxygen and sulfur, wherein said
ring atoms include 2 to 6 carbon atbms', one or more nitrogen atoms, and optionally one or more
15 oxygen or sulfur atoms, and said ring is unsubstituted or is substituted with one or.more groups |
selected from R?, OR®, NR'R®, SR®, NO,, CN, C(O)R®, C(O)NR’R¢, OC(O)R?, OC(O)NR'R®, and
halogen, where R® and RS are independently hydrogen, lower alkyl or lower alkenyl; and
_ R*, R, and R*" are independently branched or unbranched C,-C; alkyl, hydroxyaikyi,
or alkoxyatkyl. |

20 2. The compound of claim 1, wherein X* = X* = H.
3. The compdund- of claim 1, where ﬁ = H,
4. The compound of claim 1, where X* = H.

5. The compound of any of claims 14, wherein Z is COOH.



'concentratr on of 3 ng/m and stored at room tenperature. The soluti-on was

anal yzed. by [err]H NVR - 25 1.3, 5, 15, 45, 90, 180

m nut es; 7, W4 gﬂézs mml |[l"“l]muim“| mont hs. “There  was_no

appr eci abI e chand& Pt he MVRcspect fum during the first thr ee"%???@”z Sone.
deconposition was apparent after 5 nonths. ' B. Stability in Bl ood :

Serum A sol ution of .triptol r%?e succinate (free acid; |
YM 262) in DNBOG’VaSTMﬁxp&Inde ofagaﬁan mteeﬁrzrafco%ﬁvmrﬂ:asmdaxqmi M of
t.his solution was m xed with O. rat serum - mxture was. .

i ncubdted. at 37[err]C Aquuots of the m xture- were taken at 1, 3, 5, 15,45

m nutes and 7. 18ThOuompound df @4l 6y #aeteid)hd hérdl ibrely Ba* 6K OTAL ography (TLC).
The TLC plates were developed in - . 1.5 CHerr]Cl[err]/Et[err]O0. After

devel opnent, the plates were treated with iodine vapor and exani ned

WO 97/ 31921 8. The compound of anyof claims 1-4, wherein Z is COOR?, and R? is an organic amine.
- PCT/ US97/ 03202 23

under a W lanp. Triptolide and tri ptoI i de succinate were used as reference
corrpounds (Rl erry. =The compéwndOf ainl &) whérpinniesqygantci amdxie)i§ lysine, triethylamine, Af trisr 3

m nutes, onlygtr 5"”% was detected by TLC After 15 m nutes,

t he tri ptol<hgc{I ucc Y?t‘“’te spog was gone (R[err] = 0.45), and a new spot
corresponding to triptolide 5 appeared (Rr = 0.60).. After 45 mnutes, the
triptolide spot gl sendlomphiRgaf ff of dilfls 92 %h%rQWZFi)& RRIRY and R® a0 ird epklileRt}?

serum conponent s_and decorrposrtr on_produtts) r emaine )
Exanpl e 11 ~  H orbranched or'unbranched C,-C, alkyhhj hi t i on of IL | Action on Mirine

Thynocyt es C3H HeN nouse thym)cyt es were prepared and the acti on

of |L1together S |feration of th ,
was reasured usiH aﬂﬂ&@ﬂmﬁﬁﬁlgﬂ%‘s PI@%% l“Pm‘Om'ﬁﬂ@ﬁéP{leigg%‘)
.Three- to si x-mmﬂsadcb:@ﬂdhhﬂdmdnaniameeoﬁn&rmmson Laboratory, G lroy, CA
were sacrificed by CJerr] inhalation.” Thym were renoved, separated from
adherent non-thymc . ~ ‘tissue, honogenized in.Hank's bal anced salt
sol uti on (HB3S, 12 b¥hke)compound ofclaphddswheoeinm thernizuie counterion i chtoxdderrbrdmidped at
200 x g for 10 minutes at 15[ err]C. Foll-owi ng an additional wash in HBSS,
the : _
_ 13. The compound of claim 11, wherein the anionic counterion contains a carboxylate ion, sulfo-

nate ion, or sulfate ion.

14. The 'compound of clair_n 11, wherein the anionic counterion is acetate, oxalate, maleate,
fumarate, methanesulfonate, or :oluenesulfonatc..

15 15. The compound of any of claims 14, whétei_n Y is a C,-C, alkyl chain, artd Z is COOR2.
. 16. The compound of claim 15, wherein R? is Na*.
17. The compound of c_latim 16, whet'ein R? _is_tris(hydroxymethyl)ammoxﬁum methane or lysine.

18. The compound of any of claims 1-4, wherem Yisa C,-C,. alkyl cham and Z is d:methyl
amino. '

20 19. The corapound of any of claims 1-4; wherein Y is a C,-C, alkyl chain, and Z is N-morpho-

- lino,



15 thyrmcyt es. were r 640 medi um cont ai ni ng 50 uM x
2- mercapt oet hanol mM sodi um pyruvate, non-essenti al

“am no acids 100 Um p m @ r]g/m ; streptomycin, and 10%
heat - i nact i va?’é’d”f:"é’lzéle, , " ml ”['m CelI's were ®gEmSsmd2ai2n =~
round- bot t om 96 wel | mcrotrter tissue culture pI ates, 6 x 10[err] cells
per well, in.a volume of 100 [err]l. Recondtnant hurran IL-1B (R & D Systens
#201-LB) toget 2‘8 O‘%O vvlth Phyt ohena glutinin P (PHA, Pharnacia) were added
‘to the cells i % qsf‘f’“g’ér'"%°f“l’l"°ss“’° frERATE CapRrisingfa capound in
concentrati on afcopdafdd widy any o&ﬂdmi@-l@&fi]Jl@hﬁiccutx&ﬂt?ﬂ&ﬁfamble{ramclesanm es were

di ssol ved in DMSO (10 ng/m ), then diluted in culture nmedium Twenty
five mcroliters of the test sanple was added to each well to achieve
the final conp@lnda bamecsutial iconwsition ferariucingpmale Mertility, Ehiaﬂrismg a convpoluit RHA

t oget her th | (. each well was
158 [e'rr]\ém. 25’hm3%§&32§5\%§§§?2%3 %?%ﬁmgﬁ@}‘{e” ?‘r’re é:l%%CQerr]

i ncubator for 72 hours. Fifty mcroliters of . cul ture nmedi um cont ai ni ng
0.5 [err]C {[esr] l;ah)(%; L9 each
well prior to the |fzpapst ‘ﬁowrj?g& ?\Eﬁg}aflrﬁg‘nﬁ%gw @%Z‘h‘fﬂ&%ﬁnarﬂv‘é QR
and count ed. Tﬁ%;l’“F’esuIts _ wer e reported as counts per mnute (cpm per
6 X 10[err] ceIIs - The follow hg fornul a vvas used to calcul ate

t he percent of ppr es sron of 1L-1 activity, and 30 I[Clerr] (concentration
of sanple yield gB P sffpcting immynpyuppressions comptist rig R subjet incedefe

the ~  suppr mr wenmt ld/bdmpoﬁfd ﬁlhﬁc&aﬂﬁé @ith any of clalms 1-19, in a {; harmaceutically

% suppr essi on of vity = 1-sanpl e
cpnd (IL-1 +PHA’?;° b‘&‘m x 100 The results are shown in Table

| above. V\D 97/ 31921

PCT/ US97/ 03&;)224

Exanpl e 12 The method of claim 23, wherem sa:d xmxwllmsuapﬁfsslonﬁ%%r%se é‘é‘g H%W)
Assay . rejecton.hi s st udy, the_ responder. cells (R) were spleen cells
fromfemale C57BL/6 mce, and the stimulator cells (S) were spleen

cells fromferral e Balb/C mce 6 to 8 weeks of age (Jackson, Bar :
The method of claim 23 wherem said immunosuppression comprises inhibition of graft-

versus-host disease.

26. The method of claim 23, wherein said i unmunosuppms:on comprises treatment of an auto-
15 immune dxscase

27. The method of cleim .2_6', wherein said autoiinmune disease is rheumatoid arthritis.
28 A method of reducing fertility in a male mammal, comprising administering to such a subject
- in need of such treatment, a compound in accordance with any of claims 1-19, in a pharmaceuti--
cally acceptable vehlcle
20 29. A method of mzing asthma, comprising administering 10  subject in need of such tfeat-
. ment, a ‘compound in accordance with any of claims 1-19, in a phannacmncally acceptable

vehlcle

30. The method of claim 29, wherein the compound is administered via inhalation.



5 - Harbor, Maine). The spleens were aseptical ly renoved fromthe nice and
placed into 10 m of cold HBSS in a sterile petri. dish. The spleen was -
cut- in half an({gg(égé Y pressed .bet ween the frosted ends of 2 sterile -
mcroslides. T ¥ L5u3|oen3| on was then fil tered t hr ough st%qli'"i’s@’W%n .
mesh (Nytex, Tetco #HD-3-85) into a 15 nl  conical pol ypropyl ene centri fuge ’
tube and centrifuged . - at 200.x g for 10 m.nutes in a Beckman GPR o
tabl etop centrifuge (G+3.7 Rotor) .. FoIIovvl ng an 10 additional wash in
HBSS, the spleen cells were resuspended PM 1640 nedi um (G bco)
contai'ning 50 uM 2-nercapt oet hanol, | utami ne. 100 U penicillin,
100 [err]g/m - streptonycin and 10% heat-l nacti vated fetal bovine
serum The stinulator cells (S).and part of the responder cells
(R were diluted at 10 x 10[err] cel®s/mM  and irradiated at 20 ¢Gy
with a CesiumIrradiator (Depart ment§of Radi ati on Oncol ogy, Stanford 15
University, CA) to inhibit prolifera® on: The irradiated cells were washed

once to renove any . toxic free radi cals and their products resulting
fromirradiation. The responder cel IE (R, irradiated stinmulator cells
(Sx) and irradi ated responder cell () were all diluted to 4 x 10[ err]
cells/m. In the assgy, 4 10[err] cells of R were cocultured

with 4 x 10[err]q cells of 20Qg[err]l of 20 nediumin round bottom
96 well tissue culture plates,, Kifty m cro- Hters of test sanples at .
various concentrations were -agdé e cefys. The vel I's recei vi ng no test
sanpl es woul d get the maxH eration. Several controls were
used in the assay. The irradi at¥ er cells (Rx) were al so added
to the responder cells with and W he tembr Sx al one
were checked to nake sure no prol®f moccurred after irrjadi ation. The
spontaneous 25 proliferation of R SO neasured. - The
culture plates were incubated at 37 a 5% CJerr] indubator for
four days. ‘The cells wer e | abel +es 1 [err]C of .
([err]H-thym di ne (Anrersham 49 C/mol) 20 [err]1 of megiumfor the
| ast 18 hours. Cells were then harvested ggnd counted. The reqults were’
reported as counts per m nute (cp per well. Percent of] suppression

i th

o)

and I err] (concentration of s‘an'g.e. produci ng 50% 30 supprgssion of
proliferation) were used to indicaie the suppressive agtivity ofed he
sanpl e. Sanpl e cpm was cal cu8at,ed ) (R + Sx + sanjle)gdm - (R + Rx +
sanpl e) cpm control cpm was g@lg %ed as (R + Sx) (R +¢ Rx) cpm
Per cent suppression of MR activi eab @al cul at ed o as - ypl e
cpm control cpn) x 100. IC[err] ﬂe eymi ned from per uppHasm on to
i ndi cate t he suppressive actbvl!’y CB t he sarrpl e. resul tﬁ-l are shown -
in Table Il above oy

=
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Exanpl e 13 . o3 R Eval uati on of
Oytotoxicity - 1521 Pot ent i aI cyt ot oxi Ci ty of the test sanfffEesopmRoz:
assessed by the rreasurerrent of their effect on . - the reduction of MT .

(3-[4,5-Di net hyl t hi azol e- 2-yl]-2, 5-di phenyl tetrazol i um bronide) by cultured :
5 cells. MIT, a yellowcol ored corrpound is reduced by m tochondri al :

enzymes to formthe purple:- crystal |l i gggeduction product fornmazane,
providing an index of cellular respiration on viable cells . as well as
a sensitive assay for cytotoxicity (Mssmann, 1983). ' ~The -
cytotoxicity was assessed in cultured human PBMC and nouse_t hynooytes. A
stock . = solution of MIT (Si gma) at, 5PRG/RMAR, phosphat. f\erb’e\ sal i ne,
pH 7.4, was prepared and 10 a ijn the—dark™at 4 t hyyrocytes .

wer e cultured wi th vari ous

flatbottom 96-wel | tissue Cost g . é ndi ti ons
as those descri bed e stinul ap DY | + PHA) were
repl aced by appropria nt r eat eg o medi uﬂ al pne and

W t hout the test sang as cont@g¥'s. K t3 i ncubati pn for

21 hours, 25 [err®&x/0f N Tzs Uti on was adde¥ tof edth wel(3)After a :
addi tional three 15\ hofir sBof ubatl on, th@ experinment was term npted by
addition of a sol uti®n of 10%5?)' dodegyl sulfate in 0.01 NN HCL. - -
Fol'l om ng overni ght incubation at 37[err ; 5ol ubi li ze the f prmazane -
crystals, optical density was determ ged
reader. The followi ng fornul a V&g

% of toxicity = (1- sanple OD / - ¢
defined as. cytotoxic when toxid
used. The results are shown in
Exanpl e 14 : o)
Rej ection " Heterotopic
according to the standard netRsd 25 (Ono and
(Brown Norway rats, 200-255g, Charles Riveg

recipients (Adult nale Lewis rats, 225- :
tized with sodi um pentobarbital’
anti coagul ation using hepar j#A
at 4[err]C in PhysioSol Irrigat
Chi cago, IL). The ascendi ng aor

_)

37050 nmin mcroplatg
to cal cul ?te % of toxic)ty:
H3) 2 Sanpl es were _
nt eF t an 25%in the assay system
1 a OVe(35) -
Tr-eat ment oP‘ Heart. Transpl ant -
& e heart transpl antati on was peyforned
i ndsey, 1969). The Honors
W m ngton, M) and
les River) were an
Fol | owi ng adequat e donor
AL gr s renoved and ored

tt NEt} aborat ori N.
ﬂary &tery were transecfted, and

(3b)

t he-




30 the vena cava and pul rmnary veins were Ilgat ed The recipient. abdoni nal
'aorta_and inferi or vena . - cava were exposed through a medi an abdoni nal

i-ncision. The dg lngart aorta and pul nmonary: - .. artery were anastonosed. -
end-t o-si de to recr p| ent's |nfrar enal abdom nal- aorta and i nfRETYEPTRMAG '
cava, respectively, with running 80 nonofil.anent -nylon suture (Ethilon;

Inc., -Somerville, NJ). Because of the fiunctional properties of the
aortic valve; bl ood d| d not ent er. the left ventricle but VWO .
97/ 31921 : - 3/8 -

PCT/ US97/ 03202 - ' . 26
rat her flowed through t he coronary arteries to the ri ght atrium pul monary

artery and the recipient . vena cava. The cold ischenmic tine of all the
cardiac grafts was | #s than 45 mnutes. Gaft heart- beat was =
noni tored by abdo'm' naI @ pation. The perigg of functional graft survival
was ‘neasur ed he nunber of .days duri |ch cardi ac graft

contractions could be det gct e

b!:'abdom nal /5 paI ti8n.' Results were

confirmed by direct visu3izaigon at |apar g Heart

transpl ant recipient agyah Hrepared as desshed above (3-5

ani mal s/ group) were % \gfqWi th (1) contr9l sg utlcm“(S%ethanoI 10
m/kg), (ii). YM273 at O and040 A SA), (iii)-

YM 274 at 0.084 and 0.33 g 5B), 10 (triptolide)
0.25 ng/kg (Fig. 6). In adVi shovmngth / or T10, Fi 6 -
repeats the results from 18 LaZN- 5B for: YM M 274 at 0. 40 and .
0.33 ng/ kg, respectively, su their . wer e '
equi nol ar relative to T10. Al pounds wer e adm nj int raperi toneal
ly. Treatnent started on the ¢ riorito surgery Qui ng dai ly-
until - postoperative day 14, m ? the end o t survival.

Results are shown in Fi gs gyl 6. _ (o] :
Exanpl e 15 15 . Ef fect of Trint®lide ¥luccin on
Fertility in Male Mce ' _ Trlptollde succrnate(ﬂ\/t262) stested
for fertility control in male BDF1 mice, using a - cycle of daily
adm nistration for 5 days followed by a two day cessation of tre nt. The .
cycle was repeated for eks, W th dosing on dayA 4, 7- 14- 18,
21-25 and 28-32 before a uut @n of ‘physi ol ogi cal e}‘a ects
reproductive performance. 20 Yo @dom ng sol ution of 262 pr epar ed
once a Week froma stock sol LEt; nU| rOsaI i ne at

m.

S

DCC/DMAP
RCO.H (exc




1...-_0 ng/ M and stored at -4[er f.] C. M'be we_re'treat'ed intraperitoneally (IP) . ..

with the saline vehicle or - with YM 262 at 0.04 or 0.13 ng/kg/day in
saline, using.a 1 nml sterile disposable plastic syringe - and a 25 or 26 .
gauge sterile HYPBUHi c needl e. The conpound was adni ni st-er REVESILOIZEA une -
corresponding to 0.1 nt per 10 g of nopuse body weight. 25 A Effect on

Testi s Wi ght - On day 32, - five to six mce fromeach dosing group
were sacrificed, and theEestes were . 4Y8noved and stored in formalin
for histol ogi cal analysi ;and wei ght determ nation. The average of.

both t-estes was cal cul ated for eacl® mouse, and the mean and standard error
of the mean (S.E.) ®re deter® ned. These data are shown in Fig..7. 30 -
I n conparison to the salind eat eE control group, a nodest (approximately .
13 % decrease in testis\wei gt was observed with the nice receivin
0.1 ny/ kg/ day of YM 262. Sy WDO7/ 3921 - _ :
PCT/ US97/ 03202 % - ~ . 27

B. Effect on Fertility s ity was t%sted with five additional
A ¥ were g housed with two fenal es
NE d '
i

mal e mice in each treatnent grYuQ | _
per male on day 32, after whichgt] further &M 262 treatnents were

~given. The first female i.n each caf g deliger gp [itter was renoved to a
separate cage with her 5 litter, §& h¥ e ni,31g femal e was housed with
the male. Al male mce sired litt¥y i t hibot of the cohabiting .
females. Ofspring were enunerated as hio t hdat e, sex and coat color.
The time from begi nni ng of cohabitation .
eval uated and is shown in Fig. 8. ®gain, the gean and Handard error
of the mean (S.E.) are shown.. The}sH]ine-treated © (gontr®dl) group
produced the first litteElafter al n@an of 24 days. al ugyfor the group
receiving 10 YM 262 at 0m03 ny/k /-an was 28 days, a - :
the time fromcohabitatioh to birth was 45 days l @ o

receiving YM 262 at 0.1 kg//day, an :88% i ncrease coiigared
control group. = = - T resBlts indicate that YN
0.1 ng/ kg/ day over a peri O%P..... 32 - :




del ayed the recovery of fert|I|ty after term nation of t herapy by 21 days
Furthermore, the control 15 of fertrlrty was reversible, and it is

expected t hat treat rrent woul d maintain the . . denpnstrated:
control of fertcalﬁglt.’}éﬂﬁij " Wile the invention has beeh“Ht¥UM g
with reference to specrfrc met hods and enmbodi nents, - it will be- '
appreci ated that .various nodi fications nmay be. made vmthout departi ng from
the - . invention. - ._'_-.__-V\097/31921 - _
PCT/ US97103202 T : 28
| T IS CLAl MVED: 1. A corrpound havi ng the structure S
wherein 5 Xerr] is OHor ORerr], and X[ferr] and X err] are
i ndependently OH, OR or H wth the grygiso that at - .least one of
Xerr], Xerr] and X3 is ORerr], and at |east one of X[err] and Xferr] is
H, and - Rerr] is -C(O) Y-Z, V\,herern ' _

=)

w

Ba)
e

0 YM-273 (0.1mg/kg)
® YM-273 (0.4 mg/kg)
35

= Control (n=>5)

5A

Fig.

25
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Y is a branched or ‘unbranched C[er'r] ‘Cerr] -al kyl or al kenyl chain; and
Zis COOR[err], N[err]R3[-er-r] NR[err]R[err]R[err] where 10 o
R is a cation; - R3 and Rerr] are. |ndependently H or
branched or unbW@#ZAKAL C, - Cs al kyl, hydroxyal kyl , ~or al kKBI/E$RPR202 o
Rlerr] and R err] taken together forma 5- to-7- rrenber heterocyclic ring.
whose ring . atons are selected fromthe group consisting of carbon, '
ni trogen, oxygen and sul fur, ‘wherein said’ " ring atoms include 2 to 6
carbon atons, one or nore nltrogen atoms, and optionally one or nore 15
oxygen or sul fur atonms, and said.ri 25 is unsubstituted or is substituted
wi'th one or nore grOUps sel e&t fromRerr], ORerr], NR[err]R[err]

SRlerr], NJerr], CN, C(ORerr], CCONRerr]Rerr], OC(O)?grr]
OC(ONR[err]Rerr], and - hal ogen, where Rlerr] and R e are
i ndependent |y hydrogen, |ower alkyl or |ower alKenyl; and :
Rlerr], Rerr], and Rerr]" are |ndependently nbr anched
Cerr]-Cerr] al kyl, -hydroxyal kyl , or alk xyal kyl. T 2. The
conmpound of claim1, wherein X[err] = Xerr] 3. The .
conmpound of claiml,' where X err] .:-H. 4. The coppound of claim
1, where X3 = H ... 5. The co of clainsf§, wherein Zis .
COOH. - WD 97/31921 . ' o PCT/ US97/ 03202
29 6. The conpound of any of laims 1-4. wherein Z s . COOR[err], and.
Rlerr] is a metal . |on : — i : .
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7. The conpound of claim 6, mhereln t he netal |on is Na[err] or K+. .

8. The conpound of any of clains 1-4, wherein Z is COOR[err], and -Rerr] is .
an organi c .amn 9. The conpound of claim8, wherei anlc .
‘amne is IyS|neamir|eﬁhylanlne or tris: 5 (hydroxynethyl)anFﬁ@ﬂ%PWgﬁg .
10. The conpound of any of clains 1-4, wherein-Z is NRlerr]Rerr] and

Rlerr] and Rlerr] are independently" H or branched or: unbranched
Clerr]-Cferr]- al kyl . 11. The conpound of any of clainms 1-4, wherein
Zis NRerr]Rerr] in protonated formor [err]NRAR[ err] R4 . and said
conpound incl udes an anionic counterion. - 10 12. The conpound of claim
11, wherein the anionic counterion is/£B oride or broride. 13. The

.conmpound of claim11, wherein the ani oni ¢ counterion contains a carboxyl ate

ion, sulfo- "~ nate ion, or sulfate ion. 14. The usnpound of
cIa|n111 wherein the anionic counterion is acetate, oxal at¢,“mal eate,
firmarate, nethanesul fonate, or toluenesulfonate 15 15. The conpound of

any of clains 1-4, wherein Yis a (Jerr],-Cerr]¥arkyr ¢ wand Z s
COOR[err]. : 16. The conpound of claim 15, [wherein R2[iw Na[err].
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17. The corrpound of cI aim 16 V\,herel n R[err] Is tri s(hydroxyrret hyl)ammnl um - |

met hane or- | ysine. . S 18.  The compound of any of claims 14, wherein Y -
is a (err]- C4a|k7y chain, and Z'is dlrrethyl - amino. - 20 19. The . -
conpound of any Ot M2 s 1-4. wherein Y is a Jerr]-Jerr] awcmswa%
and Z is N-norpho- -, I|no o V\097/31921
PCT/ US97/ 03202 o ' . 30
20. A pharmaceutical conposit i on for i rTTTLanSUppI’eSSI ve treat mant .
conprising a conmpound in - accor dancg)lgth any of claims 1-19 in a
phar maceuti cal | y acceptable vehl cle. 21. A pharnmaceuti cal
conposition for reduci ng mall®0fertili ' corrpri sing a conpound in
accordance with any of clains 19]in a gharmaceutically acceptable-
vehicle. 5 22. A phar%ace icgl conmdosition as in claim?20 or 21,
wherein the vehicle is an gq®dus cdrri e 23. A nethod of
effecting |mmnosuppreSS| oy ¢ npr iy dm niggg.ﬁ-.gg to a subject in need
of such treatnent, a E°% Lnd .,': or dargggzssilh any of clains 1-19,
.i_ n.a pharmaceutically - - g .
. ’ @ 85 : . ' 4,
T |
B | . B
L] ) .
g 80 - 1] ey
= TRy
g |-
k] -
= 75 |
'70 ;-wu (11 S
- SALINE.  yM-262  YM-262
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Drug Dose (mg/kg/day)
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20 2 | S22 : z
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‘accept-abl e vehi cl e,

cl ai m 23,

i mMmune di sease.

wher ei nP@'Ii

10 24. The nethod of claim 23, wherei n:gg
i mmunosuppr essi on-conpri ses inhibition of transplant - rej I on.
25.. The nmethod of clai m.23, wherein said inmunosSuppressi on CONprisee
i nhibition of graft- ver sus- host di sease. ALt
lmnosmﬁmmmwmmmmnent of G
27. The net hod BF€raPH#ie®6, wherein sai d autoi mune

26. The

di sease i s NEERRNATIONAIaAPRIICATION PUBLISHEDASNDER T RATENSE COQRFRATHAN TREATY (RGP

in a mal
- of such .
phar macc
‘ast hma,
ment, a
phar mece
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