rapRE BB vaT veS "Thi's invention conprises novel denethoxy
ggri vatives of rapanycin, such derivatives having pharnmaceutical utility,

pecial |y as i nmunosuppressants. Rapanycin is a known macrolide
anti biotic produced by Streptonyces hygroscopl cus, having the structure
depicted in Formula A [err] -1 '

RAPAMYCIN DERIVATIVES

This invention comprises novel demethoxy derivatives of rapamycin, such

derivatives having pharmaceutical utility, especially as immunosuppressants.

Rapamycin is a known macrolide antibiotic produced by Streptomyces
hygroscopicus, having the structure depicted in Formula A:

41
Ho h,'.‘o

(A)

24

See, e.g., McAlpine, J.B., et al,, J. Antibiotics (1991) 44: 688; Schreiber, S.L., et al., J.
Am. Chem. Soc. (1991) 113: 7433; US Patent No. 3 929 992. (There have been various

numbering schemes proposed for rapamycin. “To avoid confusion, when specific
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See, g.eg., McAl pine, J.B., et al., J. Antibiotics (1991) 44: 688;

Schreiber, SL., et al., J. Am Chem Soc. (1991) 113: 7433; US Patent No. 3
g29 992. (There have been various nunbering schemes proposed for rapanycin.
To avoi d confusion, when specific

- 2- rapanycin derivatives are namettherein, the nanes are given with
reference to rapanycin using the nunbering schene of fornula A) Rapanycin
is an extrenmely ' potent immunosuppressant and has al so been shown to have
ant i t unorrapandycintdefivatiygs areanamed herein] the namesiare given avifhhreferemeeutoi cal |

wel T o’ i By sBie the Ambkine Sthéme W iy 45 Eshayfiny B PredRmsbt) ek ng
it difficpdebnetiinhiioshppiéssarittanl!is ARbYRES SEWP &5 haveOihtiturhbl B dOAtRifungal

derivatives of rapanycin are known. Certain 16-0O substituted rapanmycins are
di scl osedactivity Wdisonility age phameaceuticabrhoweyer, whrestictadeby ite yepydomt ad herei n by

reference, 40-Q-. subst.ituted,rap | ps.are scribed.in .e.q..,,n US5
258 389 all w@?ﬁ%%wwewﬁﬁ@%%@m%Wsrpmm isHigiY 5/ 05170
( car boxy! ingol@bled maRin@'i diffiskk fo folhulate/staile Faléhi osition$!S Nardetsust 78

(carbamates), US 5 100 883 (fluorinated esters), US 5 151 413 (acetals),

and US 5 dertyatives gfsrapgmycin igee knowny| Cerain §i§r-Q1substituted sapapuycips e Biselosed by

reference < ' I ' ed_r i | .bed, ., in US
5256 70 e EHO LI e Chnsply Bt hbtenCite SRR e B7 SabhefGS aB

sur pri si ngibstifatdrapamgsinearedesdrieddry é.0. Ninr0§ S| 258389 K PCTAP 9370260245 of
rapanmyci n (the Novel Conpounds) have an inproved pharpacol ogi cal BrOfl | e
over rapafran and Qralkyl rapamyeigs); W QY3179 {earbexydis.agid esters), 1S 5 A1B&AL7f or
greater e | ' | i , ;.

rmanosup gt BRss U s Pbar el LS 5 100,863 B GIR kSRR RS 151,
met hoxy g418.(acethlsptanddss 5i 120 842 @ilyl ethers) alltofovhidld aref incorparniyed Ireréia byel et ed
and 1 epl aced e 5220 o on sSbaituted Honmycin an daccribed, e.g., in US 5 256 790,

incorporated herein by reference.

It has now surprisingly been discovered that certain novel demethoxy derivatives
of rapamycin (the Novel Compounds) have an improved pharmacological profile over
rapamycin, exhibit greater stability and bioavailability, allow for greater ease in
producing galenic formulations, and are more potent immunosuppressants. The Novel
Compounds comprise rapamycins wherein the methoxy group(s) at position 16 and/or
position 39 of rapamycin is deleted and replaced with a selected substituent. Without
intending to be bound to any particular theory, we have hypothesized that these particular
methoxy groups on rapamycin are targets for metabolic attack and can be replaced with
particular selected substituents, optionally in combination with certain further
modifications to the molecule, so that activity is retained, or even in some cases,

enhanced, and at the same time, susceptibility to metabolic attack is reduced.

The Novel Compounds panicularly include rapamycins (i) wherein the methoxy
group at the 16 position is replaced with another substituent, preferably (optionally
hydroxy-substituted) alkynyloxy, and/or (ii) wherein the methoxy gioup at the 39
position is deleted together with the 39 carbon so that the cyclohexyl ring of rapamycin
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I nt eﬁaﬁenbOQ'%l%e bound to any particular theory, we have hypothesized t hat

t hese particul ar nethoxy groups on rapanycin are targets for netabolic
attack and can be replaced with particul ar sel ected substituents,
optionally in conbination with certain further nodifications to the

mol ecul e, so that activity is retained or even in sone cases, enhanced,
and at the sanme tine, susceptibility to nmetabolic attack is reduced.

The Novel Conpounds particularly include rapanmycins (i) wherein the nethoxy
group at bbcomd PeRidpentyl ringaskinetr 39 pdsitivronb@bxys ghsupi (.eent, preferably
(optionally hydroxy-substituted) al kynyl oxy, and/or (ii) wherein the

net hoxy gaéxﬂpn&ﬂloméos@swsﬁQ-Fthnt%eMee@@pmg@mépmmmq.s referrgdb i beBin so

that the ¢ycl ' . . .

132 e SIS S XY ciobte Spach AR A, emainder ofthe mteculs, is a5 SaPagpsin
(i.e., 39oflaseinfimmpsuppredsioe dyrivilives bad aidldfidd %.£0bs GeseABYL altiksve. SONet i MES
referred to herein sinply as @%/cl opentyl raparrgci ns). The remai nder of the
nol ecul e [Optigal}yy the ﬁ‘ﬁ”&ﬁ? i 1f, fgther moditied, s S6h dhatithe hypdrexy at theedD-and

anal ogues . i | @;".h t. cule is further
nodi fi ed, pgs“g‘.g',' og@ﬁg?ﬁ%tlk?ﬁglﬁ%@gfgﬁé ?%e %gqylngI [ o‘ﬁ of rapamycin is

al kyl ated, and/or the 32-carbonyl is reduced. Preferably, the

hose_havi the structure of Fornula I|: err
Ey, e ovelegm [ ]

Novel Conpoundsprg{e?a

b pounds are those having the structure of Formula I:

R,

Formula I

wherein

R, is selected from alkyl, alkenyl, alkynyl; hydroxyalkenyl, hydroxyalkyl,
hydroxyalkynyl, aryl, thioalkyl, arylalkyl, hydroxyarylalkyl, hydroxyaryl, dihydroxyalkyl,
hydroxyalkoxyalkyl, hydroxyalkylarylalkyl, dihydroxyalkylarylalkyl, alkoxyalkyl,
alkoxyarylalkyl, haloalkyl, haloaryl, haloarylalkyl, acyloxyalkyl, aminoalkyl,
alkylaminoalkyl, alkoxycarbonylamidoalkyl, acylamidoalkyl, arylsulfonamidoalkyl, allyl,
dihydroxyalkylallyl, dioxolanylallyl, cérbalkoxyalkyl, and alkylsilyl; preferably an

unsaturated substituent; more preferably an aromatic or alkynyl substituent; more
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Forﬁﬂ‘F"’al?O'my' wherein R is selected fromal kyl, al kenyl, al kynyl,

hydr oxyal kenyl , hydroxyal kyl, hydroxyal kynyl, aryl, thioalkyl, arylalkyl,
hydr oxyaryl al kyl , hydroxyaryl, dihydroxyal kyl, hydroxyal koxyal kyl ,

hydr oxyal kyl aryl al kyl , dlhydroxyalkylarylalkyl al koxyal kyl ,

al koxyaryl al kyl , hanaIkyI haloaryh4-haloarylalkyl acyloxyalkyl,

am noal kyl , alkylan1noalkyl alkoxycarbonylanldoalkyl, acyl am doal kyl ,
arylsulfonan1doalkyl al l'yl, di hydroxyal kyl al | yl, di oxol anyl allyl,

car bal ko taply, alny"@l,ahm:wallwhyl mﬁye,r abb&ymermathmbmybmmm ubet ;

nore preferably an aromatic or al kynyl substituent;

prefer ab|syb%1twyﬁwn%wamavb§yﬁm B’@FFZBFF erahl kéWBﬂrﬁ’ﬂyd’%yaBWP% obenzyl
(wherein l% hlg gﬂp@&lf{ &anltf@y& t’oﬁmﬂﬁt -substituted); nost preferably
or* fy ynyls

al kynyl roxya I's selected fromfornula Il or fornula I11:
[err]

R
O/ 3
R,
R‘\ D\,
0]
Formula II Formula m

wherein

R, is selected from H, alkyl, alkenyl, alkynyl, aryl, thioalkyl, arylalkyl,
hydroxyarylalkyl, hydroxyaryl, hydroxyalkyl, dihydroxyalkyl, hydroxyalkoxyalkyl,
hydroxyalkylarylalkyl, dihydroxyalkylarylalkyl, alkoxyalkyl, acyloxyalkyl, aminoalkyl,
alkylaminoalkyl, alkoxycarbonylamidoalkyl, acylamidoalkyl, arylsulfonamidoalkyl, allyl,
dihydroxyalkylallyl, dioxolanylallyl, carbalkoxyalkyl, and alkylsilyl; preferably
hydroxyalkyl, hydroxyalkoxyalkyl, acylaminoalkyl, alkoxyalkyl, and aminoalkyl;
especially hydroxyethyl, hydroxypropyl, hydroxyethoxyethyl, methoxyethyl and
acetylaminoethyl;

R, is H, methy] or together with R, forms C,; alkylene;

R; is substituted or unsubstituted acyl (e.g., formyl, carboxy, amide or ester), oxymethyl,
iminomethyl, or dioxymethylyne (e.g., -O-CH-0O-); preferably (i) oxymethyl, for example,
hydroxymethyl, e.g., generally R,O-CH,-, wherein Ry is selected from H, alkyl, alkenyl,
alkynyl, aryl, amino, acyl (e.g., alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl,
hydroxyalkylcarbonyl, aminoalkylcarbonyl, or formyl), thioalkyl, arylalkyl,
hydroxyarylalkyl, hydroxyaryl, hydroxyalkyl, dnhydroxyalkyl hydroxyalkoxyalkyl,

————
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Formﬂaéewﬂ'8134 Formula 111 wherein R err] is selected fromH,

al kyl, al kenyl, alkynyl, aryl, thioalkyl, arylalkyl, hydroxyaryl al kyl,

hydr oxyaryl, hydroxyal kyl, dihydroxyal kyl, hydroxyal koxyal kyl ,

hydr oxyal kyl aryl al kyl, di hydroxyal kyl aryl al kyl, al koxyal kyl, acyl oxyal kyl ,
am noal kyl, al kyl am noal kyl, al koxycabbonyl am doal kyl, acyl am doal kyl ,

aryl sul f onam doal kyl, allyl, dihydroxyal kylallyl, dioxolanylallyl,

car bal koxyal kyl, and al kyl silyl; preferably hydroxyal kyl , _

hydr oxyal R@&m Kncylmﬁsmyammedﬁyulkymylmwalﬂoxyalkwdcﬁoimqukxalmmaﬂmpl ally

hydr oxyeth ydroxypropyl, hydroxyet hoxyethyl, nethoxyethyl and
acet yl ani rﬂi‘@tﬁmno érall‘]oxY%ﬂP"}’MIW# kyls a@)dgem&kywamswqymdqa&yﬁssalwer r

Car hovy. | ARGEShAISITHE LI R, SRRy, S IE Brae DI (o g

-0 CH |O| ); eé[mnpfee (ahiemyam)pemzmmyﬂwéarbdrgg r(mom;hdém-4 9?$?rgﬁbgw'gemy@N-
enera er el n

a kenyl , ya(PwﬁQm-Z-gr % YﬁeﬁafWOYL F% I]Y% B"Hh% is %ﬁliﬂt%da%‘?@nﬂi N

h |

o ooy ARy, A ?’yFﬁ‘% %ﬁ'y%’“gi*‘sa?ﬁ bf @ A6 acidor NI/

di hydr oxyaim;bbt,ltuteﬂekmﬂyaat'hewyahd(wbstlments (a) are srl;ttydlrfmnyalkkylawlyhalldllyyl,or

di hyd | k | | al_ kyl | k Ky

ey Ssfept o Moo s hsioRalie St (e B ppaheln bl piperasino); (i)

aryl sul f Orlﬂmcﬂﬂéth%y for e&hh?sle, P;’/lbi%!ﬁésﬁlﬁfﬁilﬁ?’drﬁidnbhmttﬁ'l Q-.XQ' génerally KINCH-,

car bal koxyal kyl , and al k (1) acy for exanple
(4- met hyl \phqwna&al is- alkyl, )ar)d,aammnyhlkyl(amwmﬂlammo, pt prydsutfooylamina ror (1v)

ahr oi . REpPuPRted el icomEORgE, Sy S PIAREIEEIRY O o,

al kam do, @hgrgﬁltgéugvgbxﬁéngwgn@glw a,pg] hb gpﬁl@ b‘ﬁlﬁl tut ed-am do wherein
the substituents (a) are selected from ad}?/ ary | al kyl or al kyl aryl

or (b) for¥nand Neawriodspendentlyt seLe@tedrfeor(l O.¢H, OH; ghd I(Hn x wheneisr By isno) ;

Cener ol |y LBl m B BRIy cos HROBCRSHT A B bRl ety o %

aryl am no, he@rody ichebohy1 RydroRy d1RylcbortylVaminoalkylcarbonyl, or formyl), or aryl ;

1

wherein "alk" or "alkyl" refers to a C, ; (preferably C, ) aliphatic substituent (branched,
linear, or cyclic), optionaily interrupted by an oxy (-O-) linkage; and "ar" or "aryl" refers
to a monocyclic, optionally heterocyclic, optionally substituted, C,,, aromatic substituent
(e.g., tolyl, phenyl, benzyl, pyridyl, and the like);

provided that when R, is of formula II, then R, is other than methyl and (i) R, is
selected from hydroxyalkyl, alkoxyalkyl, hydroxyalkoxyalkyl, acylaminoalkyl, and
aminoalkyl; and/or (ii) X is other than O; and/or (iii) R, is (optionally hydroxy-
substituted) alkynyl , preferably (optionally hydroxy-substituted) alk-2-ynyl e.g. prop-2-
ynyl, but-2-ynyl, pent-2-ynyl, or 4-hydroxy-but-2-ynyl;

and further provided that when R, is methyl, R, is of Fom_mla III

Demethoxy rapamycins of Formufa I also include

(a) the 16-O substituted rapamycins wherein R, is selected from (i) benzyl,
ortho-alkoxybenzyl, and chlorobenzyl (especially benzyl or ortho-methoxybenzyl), or (ii)
(optionally hydroxy-substituted) alkynyl , preferably (optionally hydroxy-substituted) alk-
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di o@%sﬁdgpﬁléfed di oxynet hyl yne conpounds, e.g.,

O O (al kyl ene) -di oxynet hyl yne (i.e., wherein the two oxygens are |inked by

an al kyl ene group); and X and Y are independently selected fromQO, (H OH),

and (H, OR[err]) wherein Rerr] is selected fromal kyl (preferably Cerr]

al kyl'), acyl (e.g., alkylcarbonyl, ar6l carbonyl, het er oar yl car bonyl ,

hydroxyal kyI car bonyl am noal kyl car bonyl, or for nyl), or aryl; V\/nerei n
"al k" or "al kyl" refers to a derr] (preferabl y Clerr]) ali phatic

substit Uegg glb'égﬂéﬁﬂﬁg o) ﬂr&ﬁ«@rynyprbuwcydyp)penwlywnahh m-hya&@rynbmtzeﬁnyhykan oxy

(-O) lin eerstoarmnocycllc tlonallé
het er ocycismf fonmladhaR,I i selﬂusd |ft0m ed, hxqr@:ya}k}&rdhma&yémwa&wyiﬂ Ylg. |

| yl h d | i k ded. th f
For i a1 FortanoRmiReand Sincptiyt &7 ek o K ol &4 nepsleati{SPeeieq o 7
hydr oxyal f,g}n Oagllf@w)ahllﬁyt @&qlk@*ypl koxyal kyl, acyl am noal kyl, and
am noal ky and (ii) Xis other than O and/or (i) ﬁserr] S

(opti onal and mpdtrmgeralz!mbbc 1640 sebystituted, rapamycips eflwsm&( ig atkynydrgl |y

ng{ O)z(yyf@? tlt rp{ &sgg%ﬁ%y{%ébﬁv%ydm ﬁ?‘l’% P’bw c'igﬁxﬂ hﬁ l%\:ﬁen R err]

i's nethyl fod?.w Il R },$s @llected fibtha H, lhlydroxyalkyl, alkoxjak¥lt hpdewxyAkexyulkiyl R Ok
Formula | al so include (a) the 16-0 substituted rapamyci ns wherein
Rl err] ismstybcanddXiandrX are)Openzyl , ort ho al koxybenzyl and chl or obenzyl

(especially be e 8¢ Ig

hydr oxy- substi t@llh&q6 Igbﬁ%tﬁ@ﬁ ?&&}4@@% t ! olha%lféltgﬁtﬁ ?‘g%&él%k ¥]l'1t ed)
al k- alkynyl, aryl, thioalkyl, arylalkyl, hydroxya:ylalkyl hydroxyaryl hycﬁ'oxyaIley nyl,

especi al |y, (|§

4- hydr oxyd Mflmz%lﬂg\ hs'%![")é/)’é‘!‘g’géléﬂ y‘f%‘ﬂﬁf?ﬁ‘y %%agﬁp' g r‘#"}y‘ﬂ%"yégiym el om H,

ani noal ky XA ATl AR ptaninby B ATRIOG hicolRYL

(H OH), au@\:ﬁdﬁdoﬂn(gr rahakdlfmym;dcmﬂql Jrnllyl mhwwkallw Mommldululst i tut ed

r apanyci ns rein Rlers ny) . or a , cia

|(th %nal F%‘bh‘gﬁﬁﬂvlsﬂﬂsilk laﬂﬁdyg/ve%/e}lv ]a“%Y%K[)Qwé “y'n#!f" 'PF% Cofo %@F?ﬂﬂ a
err r ,

) S g e 8o oty Ot oo (0 g

16- 0- substnd atyd deferspara/monecyclie ammmnﬁz[sabst]tuem, provided ¢hnt fwhene R} ﬁaympthyl,
al kyenyl

' the compound is 16-epi-rapamycin; R, is of formula II; R; is H; R, is methyl; and X and

Y are O; and
(c) the cyclopenty] rapamycins wherein R, is of Formula III, and R,, R, X, and

Y are as defined above; e.g., where R, is methyl, X and Y are O, and R, is substituted or
unsubstituted acyl (e.g., formyl, carboxy, amide or ester), oxymethyl, iminomethyl, or
dioxymethylyne (e.g., -O-CH-0-); e.g., (i) oxymethyl, e.g., R(O-CH,-, wherein R, is
selected from H, alkyl, alkyenyl, alkynyl, aryl, thioalkyl, arylalkyl, hydroxyarylalkyl,
hydroxyaryl, hydroxyalkyl, dihydroxyalkyl, hydroxyalkoxyalkyl, hydroxyalkylarylalkyl,
dihydroxyalkylarylalkyl, alkoxyalkyl, acyloxyalkyl, aminoalkyl, alkylaminoalkyl,
alkoxycarbonylamidoalkyl, acylamidoalkyl, arylsulfonamidoalkyl, allyl,
dihydroxyalkylallyl, dioxolanylallyl, carbalkoxyalkyl, and alkylsily}; (ii) acyl, e.g., R,CO-
, wherein R, is selected from H, alkyl, hydroxy, alkoxy, aryloxy, amido, alkamido, a
residue of an amino acid, or N,N-substituted-amido wherein the substituent forms a
heterocyclic structure (e.g., morpholino or piperazino); (iii) iminomethyl, e.g.,

alkyliminomethyl, aryliminomethyl, or hydrazonomethyl; or (iv) dioxysubstituted
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al kfiy® 1048834 1 hi oal kyl, arylalkyl, hydroxyarylalkyl, hydroxyaryl,

hydr oxyal kyl , di hydroxyal kyl, hydroxyal koxyal kyl, hydroxyal kyl aryl al kyl ,

di hydr oxyal kyl aryl al kyl, al koxyal kyl, acyl oxyal kyl, am noal kyl ,

al Kyl am noal kyl , alkoxycarbonylan1doalkyl acylan1doa|ky|

aryl sul f onam doal kyl, allyl, dlhydroﬂ&alkylallyl dloxolanyIaIIyIL

car bal koxyal kyl , and aIkyIsinI (especially alkynyl), wherein "al k" refers
to CJerr] aliphatic substituent (branched, linear, or cyclic), optionally

interr upt(ﬁdx)buetﬁylyﬂe(yorhp@n)isJ ¢.0.K QY0 (aﬂtyténa)r &bxyméthylgne @ a, wbemnythbnwo
aromatic substltuent rovi ded that where errj, e conmpound is

16dep| - 1 9%Y8sRs #re linked py apalig °WHHP)&“1“F"°“R[ gkt refegs fga ﬁ[leraf‘f 3t gravRy |
X j R2
o For mui Uedt Brali cf%RP eyqfi) pretéeibly G Wﬁhﬁﬂzﬁi%g&@% i B ally ™

where R[ emtgl-mpfedmyt atrybtherX( onlinkage card arphrtfds €0 af aramatichgroup, irefdrably a
unsubstituted acyl (e.g., fornyl, carboxy, am de or ester), oxynethyl,
i mi nonmet HRPROGYELIGAOMAEENRne (e.g., -OCHO): e.g., (i) oxymethyl, e.g.,
Rlerr]OCH err]-, wherein Rerr] is selected fromH, alkyl, alkyenyl,
al kynyl , aryl, thioalkyl, aryl al kyl , hydroxyaryl al kyl, hydroxyaryl,
hydr oxyal kyl , Esﬁeb;aﬂycprqfaﬁk&bompmdﬁsw‘ﬂomm;dl inglude hydr oxyal kyl aryl al kyl ,
di hydr oxyal ky a | koxyal , acyl oxyal kyl , am noal kyl ,
al kyl ami nbal k}/g abs F&&i&ééi&%? 6&1 ﬂﬁ" H{yl ami doal kyl ,
aryl sul f opam ?'?ﬁHﬁ)ﬂho f‘llgxbut-ﬂ%'wwﬂﬂﬁé il | yl, dioxol anylallyl,
y

car bal koxyal Kk and a acy e.g., Rerr]CO , wherein
Rlerr] is3sel é@ﬁeﬂe&pnynlﬂ(P@bhﬁgb’l)Ommpewpmal koxy, alyloxy, anido,

| kani d d f i i NN- subst it ut ed-am do wh th
gubgtml tﬁeﬁt fi&lﬂgugmﬁg 356%%3%&%’?8&?‘64)8"% gaual%ylcwgrgho?lmnooor erein ©
pi perazing) ; 6shbmethakmwehwloxﬁmo-(zaby«bxy&mmbmycmar yl i m nonet hyl, or

hydr azononet hyl ; (1v) dioXysubstituted
-7- . di o&yrreﬂﬁ-y!pmn&om%ﬁrhqnmloxseragamymo(al kyl ene) - di oxynet hyl yne (i.e.,

wh t t I wh | k-
re?tra(ralsnto : C\[‘\grdFT’xg'Pf%ﬂ f!"’l;‘?‘%ﬁg"yqﬁ%f‘%gﬁ’%@ﬂghg{jougz cycFirgl) r]prgferabl y
Cerr], ig Wh'1Siﬂeﬁlhﬁnoﬁ?-ﬂb@-(z-hiﬂtﬁbxmybﬂG%Emtcmyh&l)bxy%pdmm ed by an et her

(-O) Ilnkage and ar efers to an aromatic group, preferably a
nonocycl i ® ar a%alpmtbgww&desoxy-39-f°r@ybé%1nar-rapawemer red conpounds of

Egr (Tejlngt lho 'y- égﬂggéghoﬁynwg%&g m}rﬂ&%l’-& X&ﬂa}:%}'wﬁapawc' n 2.
11. 39-demethoxy-40-desoxy-39-carboxy-42-nor-rapamycin
12. 39-demethoxy-40-desoxy-39-(4-methyl-piperazin-1-yl)carbonyl-42-nor-rapamycin
13. 39-demethoxy-40-désoxy-39-( morpholin-4-yl)carbonyl-42-nor-rapamycin
"14.  39-demethoxy-40-desoxy-39-[N-methyl, N-(2-pyridin-2-yl-ethyl)]carbamoyl-
42-nor-rapamycin

15.  39-demethoxy-40-desoxy-39-(p-toluenesulfonylhydrazonomethyl)-42-nor-rapamycin

The compound# are produced from rapamycin or a rapamycin derivative generally
as follows: '

1. When the compound desired is of Formula I wherein R, is other than methyl,
the modification at the 16-O can be produced either (i) by reaction of rapamycin or a
rapamycin derivative with SeOz. and a compound R,-OH under suitable reaction
conditions, e.g., at elevated temperatures, wherein R, is as defined above; or preferably

(ii) by reaction of rapamycin or a rapamycin derivative with an acid, e.g., p-
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3. f t"dlenrpleﬂmxy 16- (propar gyl ) oxy-rapamyci n 4.

16- denet hoxy- 16- ( 4- hydr oxy- but - 2- ynyl ) oxy-rapanyci n 5. 16- denet hoxy-
16- benzyl oxy- 40- O ( 2- hydr oxyet hyl ) -rapamyci n 6.

16- denet hoxy- 16- benzyl oxy-rapamnmycin 7. 16-denet hoxy-

16- or t ho- met hoxybenzyl -rapanycin 8. -846-denet hoxy- 40- O ( 2- net hoxyet hyl ) -
16- (pent - 2-ynyl ) oxy-rapanycin 9.

39- denet hoxy- 40- desoxy- 39-f or nyl - 42- nor - r apamyci n 10.

39- denet heoluenbSulphonix ueidO aind/ d naigoptiiley & g42RqKDH rat yoom aemperture, in a suitable

39- denet hoxy- 40- desoxy- 39- car boxy42- nor-ra 12.

39- denet h@RIPHEFOHERL £18-,3d [‘HR‘KWF ?ﬁeﬁ%“& %

-yl ) carbonyl - I 1 dR.i
35- Gomet hoxy- £0- Jaen HP R ?%%Pé%1f$%ls4°fyﬁ°%§?gowﬁm Ry is of formula I and By s

39- denet h@ﬂ;er%ﬂﬁsﬁx;exﬁﬂp[cl\mdkylyhon ht the -QApr hydiroxy?is\dcearnplyshed bgrrsanion| -
42- -
30- demet WYY S OraTIRiSY. 1336he) PehleeVINE NPl A OHATT P S 43 ORIRIS apanyc

in radiffl &@Eﬁﬁéﬂ“%@ré’gp%ﬁmdﬂfﬂ OoF HeﬁBﬁrBiSl'e , Which sARSHUE hdthe

derivative generally as fol onpound desired iIs of
Formul a | QvsahstituenRaad 2 isithe deabing groum ot G¢13C(NHQO ros TH,5Ogx unsler suitabkee 16- 0

b duced t f
Gor vat | vaeaiion casdifiShs, b 18 taé BRRise ms Akt RRyEihntmeutebaEee Aeidet i on
condi t i oNgamBhérsulféHic aélavlaitadeﬂeeﬂnﬁﬁ@waeﬁ,mah&rsﬁédﬁvawﬁahmﬁ o@%uwﬁime&d

above; or preferabl reaction of rapanycin or "a rapamycin
deri vati V@yw;im]rularsa]{mwben €.i§ CCIgC(NH)O or in the presence of a base like pyridine, a

Cermper at uPBoP e BEhe S arsBRdiabifc BF Pebiapeicfperidhe bhen £ SO
acetoni trigr Qnal@%ou-EItho the methads déberibeidhia US BIEF8BEOIGSPCRAER S3/060406FU0-D | -

where R2 is of tformula Il and Rlerr] is other than H for exanple,
O al kyl at iabkylationtof gapamyaifdr oxy i s acconpl i shed by reaction with an organic

adi cal as dery nirends Ao edey otrormfi g RG 40 Ko B9Vl o 1

desired agohveesith of btheicyclohéxyl md of formiladl tocthe icydlofémylring ofiformula III is
Ca [err] C(NH) O or CF[err}S Jerr]) under suitable reaction condi t| ons e.g.,

in the praseamelished by reactign M prahp aes AR RRIAe P AR 449 gdehyde
canphor sulcofiphind(e.£'; where®, 18 1631).Ohs Ripbufll thidUntaifPRGS thefdy ! di N1 um

or substitu
oxidized from the aldehyde to the carboxylic acid (e.g., where R, is carboxy), or reduced

from the aldehyde to the alcohol (e.g., where R, is hydroxymethyl). Further O-
substitution or modification to make the other compounds of the invention is performed
according to processes known to those skilled in the art, e.g., the following general
processes: (i) for oxymethyl derivatives, the alcohol compound is reacted analogously as
described above for 40-O-substitution; (ii) for acyl derivatives, the carboxylic acid
compound is reacted with the desired amine or alcohol in the presence of an activating
or coupling reagent, e.g., oxalylchloride or dicyclohexylcarbodiimide, to give the desired
amide or ester compounds respectively; and (iii) for iminomethyl or dioxymethylyne
compounds, the aldehyde compound is condensed with the desired amine or alkylenediol,
respectively, under acidic conditions. |

4. When the compound desired is of formula I where X is other than O, the 32-O-
dihydro compound (where X is (H,OH) ) is prepared by O-protecting the hydroxy
groups, e.g., at positions 28 and 40 of rapamycin, e.g., using triethylsilyl ether protecting

—_—
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pyri%?sﬁilaﬂiséafts when Zis CO[err]C(NHO or in the presence of a base like
pyridine, a substituted pyridine, diisopropylethylamne or

pent anet hyl pi peridine when Z is CFerr]SJerr], or analogously to the

met hods described in US 5 258 389 or PCT/EP 93/02604 for 40-0 al kyl ati on of

rapanycin. 3. Wen the conpounéd-desired is of formula | where R2 is
of fornmula I1l, conversion of the cyclohexyl ring of formula Il to the
cyclopentyl ring of fornmula Il is acconplished by reaction with

nor phol i n@%tips; educing the Protected dormpduid) ejgh aisiglossidatrideranduwptiopallyy. , wher e
Rlerr] is fornyl). This conpound thus ghbtained may then be oxidized from

t he al dehgepsoteesingy e-8o amgesipildly acidig cpaditjons, gpalpgous)yetor the method described By
duced f t . 1]
vt oxyrl Ryl 355 290 1 Biéiarkon G POCHRro clpaycit BECraRbicin, Whe (o,

conpoundssybktitution ianther82 kydrosy Redekinédahe 28,4040jORgotected rcompoand iskalkytatetdp
those skilled in the art the foll owi ng general,K processes: (i) for

oxymet hyl ¢-8emf dasribed fOft‘}QeS'aﬁq@_’ﬂﬂéﬂ“_ oyporayiateds OF othervise QT&‘EQ?QB@’ ¥-fars
descri be_ola @é@sl&% tﬁé)g‘g’-cg&m&t aésgﬂw lgS is) 2dePfocacy! derivatives, the
a Wt

carboxylic onpou I'S reacte thé desired amine or al cohol in
the presence of an activating or coupling reagent, e.g., oxalylchloride or
di cycl ohexyl carbodiim de, to give the desired anide o t er conpounds
respect i vel y; THR@P@YS Prpcesses may e camieg oupn éﬂ%?&?ﬁbtﬂﬁ?ﬁ?ﬁg’ LN APAEY 10 he

al dehyde qm;lg- | Wi gﬁﬁ}r ' 3k kyyenedi ol ,
respective gg un gdre%zti%ﬁ @ﬁg‘%ﬁéi ti orﬁih&e ’ ﬁés%‘éﬁq?ﬂén?oﬁpgund desired

i s of forimermeliadsanay be peotextdiefe.g. h@spradectedas déschibedlimpnbeesset)rheforad (wher e

Xis (H, . IS epared by. O protecti t he hydr px I oOups .q., at
hos: t§ onscaE/ing: Butihe GPove,isaiand s Hen deheputtied f0 obiain B b fod
pr ot ect i Ngroduct. groups, reducing the protected conpound, e.g., using

L-selectride, and optionally deprotecting, e.g., under mldly acidic
condi tions, analogously to the method described in US 5 256 790 for

repar ati on of, 32: O dihydr o-rapanyci n._f.r.om amyci \\her e bstitution at
Phe’ 32" hydr ox ™ JvaTet CPiirolids e Phsicant YA RRTHE FowiBe RndlioR 1t oo,
e.g., as desch)j beTrehpient @ndpavkiticil 6f0drgad OF Hssud tanspiatt rejebtidi, Ry, \FoS e

O substituted, e g , . anal gggusly to the procedures described in US 5 256

790. treatmpptofts6ipienty efce& sheartajungpheombined bearlungi Hvernkidgeyiapancreatic,

Pr ef 1 80! it o 43y B als? ch e Il Cart A e B0 bt Fojecth " ©
treatment and prevention of hyperacute rejection, e.g., as associated with xenograft
rejection; and treatment and prevention of chronic rejection, e.g., as associated with
graft-vessel disease. The Novel Compounds are also indicated for the treatment and
prevention of graft-versus-host disease, such as following bone marrow transplantation.

b) Treatment and prevention of autoimmune disease and of inflammatory

conditions, in particular inflammatory conditions with an etiology including an
autoimmune component such as arthritis (for example rheumatoid arthritis, arthritis
chronica progrediente and arthritis deformans) and rheumatic diseases. Specific auto-
immune diseases for which the compounds of the invention may be employed include,
autoimmune hematological disorders (including e.g. hemolytic anaemia, aplastic anaemia,
pure red cell anaemia and idiopathic thrombocytopenia), systemic lupus erythematosus,
polychondritis, sclerodoma, Wegener granulamatosis, dermatomyositis, chronic active
hepatitis, myasthenia gravis, psoriasis, Steven-Johnson syndrome, idiopathic sprue,

autoimmune inflammatory bowel disease (including e.g. ulcerative colitis and Crohn's
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i'nt eq:??ﬁdiogfsé?rray be protected (e.g., O protected as described in process
4) before carrying.out the above reaction(s) and then deprotected to obtain

tthe desired final product. The Novel Conpounds are particularly

useful for the follow ng conditions: a) Treatnment and prevention of
organ or tissue transplant rejectionlOe.g. for the treatment of recipients
of e.g. heart, lung, conbined heart-lung, liver, kidney, pancreatic, skin

or corneal transplants; including treatnment and prevention of acute

r ej ect i ongiséds@péridobrineroshthdifiopathy OBraves Higeme aqandoidasty, aniliigle sclerdgis, as
associated with xenograft rejection, and treatment and prevention of
chroni c rpiimany kjHiane Cigrhosigsjuyenilecdiahetes (giabstes mgllitng ), ByeiisH@ateriphe Novel

Corrpoundsarﬁf 8%%5181-?)9) !@gk&ﬂhﬁqcﬁﬁfi% éiia?% ﬁ@%ﬂm erﬁa&r@ﬁtﬁﬁeﬂ{si} %es ) tial lurﬁ on.

graft-versust di sease,” sucC oW ng bone rrow anta

b) - Tr eat nfibfosi3)psopiatiy eﬁhﬁﬁm gﬁmﬁul@bphmne(“gmsaﬂsmitw r?ef)hr'oﬁé stlmmme,r 8.g.
conditions, in particular inflammatory conditions with an eti o] ogy .

i ncl udi nginghy n Sindrame fr munigial Ghange Nephrgpathy):afd WVERleunat oi d
arthriti Sde atdlhvdsits, chroni ca progrediente and arthritis deformns) and
rheumati ¢ di seases. Specific auto- inmmune di seases for which the conpounds
of the invent cpn Theambnt axdpprevention of lasthma. aut oi nmune henmat ol ogi cal

di sorders (incluging e.qg.. henolytic,anaeni aplastjc aem a,, pure red

cel | anaenia deqli"iﬂ B ¢fi ‘E“‘ﬁ*é%%%s&mgm) i@%N@P’ﬁ@e‘l’?}m&“‘lS_s“PP’ess

eryt hemat P?l’fqogﬂﬁéiﬁ& I Which aré fHeShéfiBriRe d\e%%ﬂ%oﬁéaeyhﬁaah@awﬁm
1't1S, chron nyas

der mat onyo C active hepatitis, thenia gravis, psoriasis,
St even- JoMBRN MDRdis agjculadiy grablematic iy cancempatishtsrandeAIDS patiemts whe willwe!

di i ncl udi .g. ul Lit] Qarohn.s .
T10°7°C ot bl esond g Gofentlof Mamofhsfany Rrcief M Befieudiuis pumped quy gl the
nul tiple gQlsesyopir:. ThE NSRENCEpburds aré theteTO®! seful foreshhbficifly eHecdfAgadydifabet es

mellitus type’l), uveitis (anterior and posteri oréq,’ keratoconj unctivitis
si cca andother chematherapeytio agents in the; treatmenttand controlef multignig tesistant |

soriatic arghritis | oy ul onephritis (W .and wi.t hqu hrotic
gyndr ome, ‘@ .’°'15n‘8F'h6$H6’“i“ffF%3%ﬁ‘3‘?“é cﬁ%%&ﬁf’f“@" ﬁd?%%“qo}?“%?ﬁi mal change
nephropat hy) eand Treutmehd & Flolifebdtive)disordérs, e.g. tumorss hyperprvlifeiitiveadkin

prevention of asthma. d) Treatnment of nulti-drug resistance (MDR).
The Novel diserdenartithedikepr ess P- gl ycoproteins (Pgp), which are the nenbrane

transport nol ﬁu%@ﬁ@g&p@bg@dp@:g\%w MDR is particularly problematic in

cancer patien o wll
g) Treatment and prevention of inflammation, especially in potentiating the action

of steroids.
h) Treatment and prevention of infection, especially infection by pathogens

having Mip or Mip-like factors.

The invention thus provides the Novel Compounds described herein, for use as
novel intermediates or as pharmaceuticals, methods of treating or preventing the above-
described disorders by administering an effective amount of a Novel Compound to a
patient in need thereof, use of a Novel Compound in the manufacture of a medicament
for treatment or prevention of the above-described disorders, and pharmaceutical
compositions comprising a Novel Compound in combination or association with a

pharmaceutically acceptable diluent or carrier.
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not F@?b%%kpk%g conventi onal chenot herapy because the nmedication is punped
out of the cells by Pgp. The Novel Conpounds are therefore useful for
enhancing the efficacy of other chenotherapeutic agents in the treatnent
and control of multidrug resistant conditions such as nultidrug resistant
cancer or nultidrug resistant AIDS. -11- e) Treatnent of proliferative
di sorders, e.g. tunors, hyperproliferative skin disorder and the |ike.

f) Treatnent of fungal infections. g) Treatnent and prevention of

i nfl ammat i on, The MsveRCoshpoiindioire utiligdd by adiiisirtion of af phafRicRutically h)
Treatment and prevention of infection, especially infection by pathogens
havi ng M pffestivindese incpharmaeestisally acceptablefpem it acsubicshin: ipgd of tipatmapns. t he

Novel Co . fle ' L, Db, [ r '

phar mceur PPt EBRAT hE NS, ChiBboltil A Jttse el WeBbiting bn B,

-di sor der scéndivietinionbe tredted (fo Bxathple clie diseasawypet orothe malipy of resistanoednchet 0 a
patient in_need thereof, use of a Novel Conpound in the manufacture of a
medi canentffeqdesired andothe modepfadBupIsEAN.  he above- descri bed di sorders,
and pharmaceutical conpositions conprising a Novel Conmpound in conbination
or association with a. pharmaceutically acceptable diluent or carrier.

- 11- Tihhgendraldioweyepsatisthctony eesuits larezahtaingd aol mdmimnstrationcoraldy at

Clinj oct 1 HoTgBton fie et FERD GshiR, B F 4Pdo J0mglielost, S, Snnpe Bt Sh ot s
wi 1 of coures ¢hay to 9:59m§§<%{flﬂ?%ﬂﬂni9@rédr€nc6%,dfntdi9ﬂe& Aok 2 goeé’i ?& d‘g or

exanpl e the di sease type he nature of resistance), the effec I red
and t he noren administrationtpasnterally, e.g. intravehousdy for exaniplewbydrv. deipics finfusiony

. iyt . . p f
FFom 0 05sC 458 S fhe ot B ol o s 3. wRbcelBRE RS o s el Bl o1
up to 7. 50m8/ & fay 18470 Righlg?dad SiifaBledaily! dbsggeélfdﬁpatféﬂ&eﬁemsomﬂmeper, day,

or on admnistration parenterally, e.g. intravenously, for exanple by i.v.
drip or i nrdesiobA00 mg pos 2 onche order of from §ito {108 mP p®1, arcomths angertaf fiom

ot a1 o 84 ORI B B Yyt bl e 24 30w .91 KO/

Alternatively and even preferably, dosaging is arranged in patient specific manner
to provide pre-determined trough blood levels, e.g. as determined by RIA technique.
Thus patient dosaging may be adjusted so as to achieve regular on-going trough blood
levels as measured by RIA on the order of from 50 or 150 up to 500 or 1000ng/ml, i.e.
analogously to methods of dosaging currently employed for Ciclosporin

immunosuppressive therapy.

The Novel Compounds may be administered as the sole active ingredient or
together with other drugs. For example, in immunosuppressive applications such as
prevention and treatment of graft vs. host disease, transplant rejection, or autoimmune
disease, the Novel Compounds may be used in combination with cyclosporins or
ascomycins, or their immunosuppressive analogs, e.g., cyclosporin A, cyclosporin G, FK-
506, etc.; corticosteroids; cyclophosphanﬁde; azathioprene; methotrexate; brequinar;
leflunomide; mizoribine; immunosuppressive monoclonal antibodies, e.g., monoclonal
antibodies to leukocyte receptors, e.g., MHC, CD2, CD3, CD4, CD7, CD25, CD28,
CTLA4, B7, CD45, or CDS8 or their ligands; or other immunomodulatory compounds.
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ordepmﬁﬂqgﬁg3ﬁg p.o., e.g. on the order of from5 to 100 ng p.o., or on the
order of fromO0.5 to 125 up to 250 ng i.v., e.g. on the order of from2.5
tso 50 ng i.v.. Al ternatively and even preferably, dosaging is
arranged in patient specific manner to provi de predeterm ned trough bl ood

| evel s, e.g. as determined by RI A ted@ni que. Thus patient dosagi ng may be
adj usted so as to achi eve regul ar on-going trough blood | evels as neasured

by RIA on the order of from50 or 150 up to 500 or 1000ng/m, i.e.
anal ogousFyr irfemindsh ss@»ie sppliegtiong, Er treBiment embmyenhd:mf @gmh 08 pissuen
| mmunosuppr essi ve t e Novel Conpounds may be adm ni stered

as the sofransplant methgr Em copmbirgtion Jg aask prefirebly ovitteFL-8 tragscription lemangqs? in
v hoat SR HE ARbERBIANRe 29 i0erhs RE 2" SibibHAR ) HERCBRNbn e RL7 )

Conpounds FKe506)e Bereshti- mﬂaamtmtappncaﬁohh thy NovepOoinpourils caf Gisv)i md or
their i munosuppr.essive _anal ogs, e.g., cyclosporin A cycl OSpOI’I n G FK-

506, et c. Logether withanti-igflammatory I"Sﬁﬁﬁsﬁ#]am‘ﬁﬁps@{?’éﬁ hiFgp ABlrATeEtYenot 1 exat e:
b
requi nar apﬂlféfa 1bﬁ}>omedﬁo %{ﬁiﬂ&h{iﬁoﬂi‘ be! %Egs‘iﬁ Eﬁcyt Sraribf Wi GheL Biftl- mfectlve

anti bodi es;" e.g., MONoG] ant e receptors, e. VHC,
CcD2, CD3, aﬁ&hﬂs e@)7antioipd drigss an€biofids. B7, CD45, or CD58 or thelr Ilgands

or ot her i nmmunonodul atory conpounds.

-12- For i mmunosuppressive applications, e.g., treatment and prevention
of organ or tithgWovel Eofipoafds arrsJaaﬁﬁm&aedtH}%g%vaﬁidnaﬂrdu&, f?i?@hm@ﬁﬁf erably
wth IL-2 transcription inhibitors such as“thé I nmunosuppressi ve

cycl ospri estefallyge.g. my'lﬂy,obp exampla)in almijnmomfmphltms fer. drinkikg(-talé&s or For

boether  GHBHeEAY PR, i B o O E3E: S G REpieins
anti - i nf eghitise anie |db§égb'f9ﬁﬁs for oRal Nl histeRTEI0cOMISisE 28 g PRoMSEtb 50 nfg8P4 Nat i on

with other anti-infectlive agents, e.g., anti-viral drugs or antibiotics.
The Novel campeindrofcthe inveation.risualisr &do B0 ms;bemmuoahmmpmm in

particul ar er rall for exa r m of oI utions for
dri nki ng, ?@Bﬂ%‘ﬂ?g rn%vgbgﬂpg%ungpﬁﬂr %en’l"gp ﬂnalP%?usB'X amace ﬁ*g f or m of
i nj ect abl eompositidrRBniPrisiigSmpaifydie.g., as described in EPA 0 041 795, which would

be evident to one skilled in the art.

The pharmacological activities of the Novel Compounds are demonstrated in, e.g.,

the following tests:

1. Mixed lymphocyte reaction (MLR)

The Mixed Lymphocyte Reaction was originally developed in connection with
allografts, to assess the tissue compatibility between potential organ donors and
recipients, and is one of the best established models of immune reaction in vitro. A
murine model MLR, e.g., as described by T.Meo in "Immunological Methods", L.
Lefkovits and B. Peris, Eds., Academic Press, N.Y. pp. 227-239 (1979), is used to
demonstrate the immunosuppressive effect_ of the Novel Compounds. Spleen cells (0.5 x
10%) from Balb/c mice (female, 8-10 weeks) are co-incubated for 5 days with 0.5 x 10°
irradiated (2000 rads) or mitomycin C treated spleen cells from CBA mice (female, 8-10
weeks). The irradiated allogeneic cells induce a proliferative response in the Balb/c

spleen cells which can be measured by labeled precursor incorporation into the DNA.
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Sui tgﬁeelogfﬁlt34dosage forns for oral adm nistration conprise, e.g. from1l to
50 ng of a conpound of the invention, usually 1 to 10 ng. Pharmaceuti cal
conpositions conprising the novel conpounds may be prepared anal ogously to
pharmaceuti cal conpositions conprising rapanycin, e.g., as described in EPA

0 041 795, which would be evident tol8ne skilled in the art. The
phar macol ogi cal activities of the Novel Conpounds are denonstrated in,
e.g., the followi ng tests: 1. Mxed | ynphocyte reaction (MR) The

M xed Lynpfige vheestadator eals\@s iRadisted 361 MitoRYEINID Yated) ey WOCHdt espohd Ko
allografts, to assess the tissue conpatibility between potential organ

donors antl\erBﬁlb/plcsHi withzpraliferationdbud dotretainotheir @QEGMIIYsh prsinsoliferative rmune
reactlon | ne

"I mrunol o@&%‘%l& I%et ﬁ8 OTpo%gg%\}% galgﬁcd&‘é!s lgz'F %ap%}'% d@g%@s Hhess,
N.Y. pp. #elcoacéhtriatin %su]tin(g i1 509 lrthisicion o télp ﬁ:lifétend»m;i s¢pglewiady All
ef fect of the Novel ounds. Spleen cells 5 x 10 err fromBal b/ c
m ce (fenef the mmlxﬁe@g@yela@@np@mdﬁ@cm&t@e ip dhis 3ssayy hml nyl desivatype of |

ML e R

prol i f er aidlatbrerto Sapunpin of 036 @8] 1¥.Ccup e:emoieh&:ts»evmmc Papamyche measur ed by
| abel ed precursor 1ncorporation into the DNA
- 13- Since the stimulator cells are irradiated (or mtonycin C treated)

they do ngt @W%/c cells with proliferation but do retain
their ant | ge liferative effect of the Novel Conpounds on
t he Bal b/ c celThe capacity af uheNos¢l Qampauns do intenfera witthgrowile factorcassdciatéed on
resulting jn 0%|nh| bition of cell proliferatign (1C50) is cal at ed. AII
of "the. oy SEBAIRE FaTRAVL S o e af anspieqiss (1 shocpeabent moien By by
derivativ lﬁfn e %ﬁsﬁgﬁ &hfedﬂﬂr%l-@éﬂ Aliérotiide phidds. 'smmr&ﬂmneééant S,
with an | err int say relative to rapamycin of O. i.e., up
t 0 3x nor eultivated én sérum-firecomegivim(as deseribed by Mnid Sehreier pn(b IR f'beatn on
Immunological Methods, 1. Lefkovits and B. Pernis, eds., Academic Press 1981, Vol. II,

pp- 263-275); supplemented with 1 ng recombinant IL-6/ml. Following a 66 hour

incubation in the absence or presence of a test sample, cells are pulsed with 1 uCi
(3-H)-thymidine/well for another 6 hours, harvested and counted by liquid scintillation.
(3-H)-thymidine incorporation into DNA correlates with the increase in cell number and
is thus a measure of cell proliferation. A dilution series of the test sample allows the
calculation of the concentration resulting in 50% inhibition of cell proliferation (ICs,).
All of the exemplified Novel Compounds are active in this assay. The alkynyl
derivatives of the examples are particularly potent immunosuppressants, with an IC,, in
this assay relative to rapamycin of from 0.2 to 0.9, i.e., up to 5x more active than

rapamycin.

3. Macrophilin binding assay

Rapamycin and the structurally related immunosuppressan_t, FK-506, are both
known to bind in vivo to macrophilin—llz (also known as FK-506 binding protein or
FKBP-12), and this binding is thought to be related to the immunosﬁppressive activity of
these compounds. The Novel Compounds also bind strongly to macrophilin-12, as is
demonstrated in a competitive binding assay.  In this assay, FK-_506 coupled to BSA is
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The G%Fﬁa'@pt%”ﬁf t he Novel Conpounds to interfere with growth factor

associ ated signalling pathways is assessed using an interl eukin-6

.l L-6) - dependent nouse hybridoma cell line. The assay is performed in
96-well mcrotiter plates. 5000 cells/well are cultivated in serumfree

medi um (as described by M H Schreidd-and R Tees in | nmunol ogi cal

Met hods, |. Lefkovits and B. Pernis, eds., Academ c Press 1981, Vol. 11,

pp. 263-275), supplenented with 1 ng reconbinant IL-6/m. Follow ng a 66
hour i ncufali 1BRoht midASHEPHEIE € BRitink I8 RESmBinast fufttdn MAdpKilinal | s are
pulsed with | [err]CG (3-H-thymdine/well for another 6 hours, harvested
and count @dotaM AR)dsiadlowed tot bind an ithenpregedcepr absencelpha téshsamplotatheon i nt o DNA

| i i ' | b d | " N
SO0l 1 f or imERbIAI RIS, AR 1 tio HeOR potEshrsically Bofhd TRZCREIRY ori on
of the copg bigi-MAP iLadbsséd By intubfién With i sirgptavifiinCakdling 'phobptatasé i on

(Iqerr]). Al of the exenplified Novel Conpounds are active in this assay.
The al kyngonjugaté, fallowed by washing ard spbsequent addition iof praitrpphepyt pliasphate as a

| Mmunosuppr.essant wi th an [] dd) t hips S ' T cin of
fromO0.2 ‘bbs%?'g‘, ﬁ'l.ee'tef’&'ﬂﬂt 'P&i’%ﬁnﬁt]r%d%&’i gg'ﬁ'?%ﬁy? ﬁgwg .t(t’ %‘%ﬂﬂy |
Macr ophi | kddultd Rilh Qecrédseay the amourfHf Dt NMAPeBsintt6 the FHCS06 &id thus & at ed

i mmunosuppr essant, FK-506, are both known to bind in vivo to macrophilin-12

(al so knodecrease i B0ODY0HdiAn dilwian serigs of thetest-sample alipws daterminationf the
t hought t | at . | J P ' (AR thesa. ounds.
The. Novel SeuaplsiS8yiBe i SoreTRBREN)H 52 BokRRR tikdihy 5t iiRGhick
denonst r aFRAS06(1€,,).0 The lekémplifidd Novel Camnpainds all exhibitsgood taiding-to FRBPCiaupl ed
to BSA is . _ -14- used to
coat ni cr 84$ a¥AYwel | s. Biotinyl ated reconbi nant hunan nacrophilin- 12
(biot-MAP) is allowed to bind in the presence or absence of a test sanple
to the inmobilized FK-506. After washing (to renove non-specifically bound
macr ophi | 4n) Lotalized GrafotVekdtie-Host 6G8H actiow | ncubation with a

e TR Vet b §
streptavi di n-al kal i hosphat ase. gonj u e, follqoqwed by, washi a '
subsequent addP tvan&gpfcg_ ?fiotf‘F é&’f&h&f’“{ﬁﬂgﬁiﬁéﬂ’@v&g 1 asslﬁ‘ﬂgl?]F &Pg‘.‘aqg'ﬂ‘é‘i]e?’eaéd- out
is the OD : | Bl frrealy Aﬁ?ﬂ’h ' I '
decr ease F?lfc{l e&éry%hﬁltﬁg?r%iagt - I_\/Ang%un to@t%;mgggz)gggnﬁ?ﬁh?lil%maﬁ
ot er m nation of “?;@'f"cﬂﬁiﬁmé‘lv??’“'“l’ﬁ‘ﬁ’ o Bo% ‘?"E’!“?“‘%"“”?‘.’? it
bi ot - MAP D IR ﬁg l¢ 6g{qqlépqvhﬂf)fﬂnﬁlez g\'-‘odrﬁ X E, rats weighing about b(?g. Rmm ]

are treated for 4 consecutive days and the popliteal lymph nodes are removed and

weighed on day 7. The difference in weight between the two lymph nodes is taken as

the parameter for evaluating the reaction.

5. Kidney Allograft Reaction in Rat

" One kidney from a female fisher 344 rat is transplanted onto the renal vessel of a
unilaterally (left side) nephrectomized WF recipient rat using an end-to-end anastomosis.
Ureteric anastomosis is also end-to-end. Treatment commences on the day of
transplantation and is continued for 14 days. A contralateral nephrectomy is done seven
days after transplantation, leaving the recipient relying on the performance of the donor

kidney. Survival of the graft recipient is taken as the parameter for a functional graft.
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k- s 1831 ) The exenplified Novel Conpounds all exhibit good binding
to FKBP in this assay. 4. Localized Graft-Versus-Host (GvH) Reaction

I'n vivo efficacy of the Novel Conpounds is proved in a suitable aninal
nodel , as described, e.g., in Ford et al, TRANSPLANTATION 10 (1970) 258.
Spleen cells (1 x 10[err]) from 6 wedR-old fenale Wstar/Furth (W) rats
are 'injected subcutaneously on day 0 into the left hind-paw of female (F344
x WF) F, rats wei ghing about 100g. Aninmals are treated for 4 consecutive
days and the pmxiabywlthd Moyl (tmdmmdsmEAﬁmeﬂeanmwy\egglbgdhe)prmta@ure. The

For  cval uderibed eLrane & Bk, AVERG SR AZ SR a1t iR s pat
One ki dneyyy Wat L@”@P‘M)f Pit%ré“‘t}zmspr_ma&set VRAMENGL 188 T ehA,

vessel of a eft side ephrectom zed W reci pi ent rat usi ng
an end- toEAIEchsanwmelmmepted ooslebfor anultipiet sclepssis  MnleaWistaerats- sro-igjected in

Gye A cOI N RENS B0 A AR of ovine oL SeeCand Chratlets ety aflAL o o 1 o,
| eavi ng t§§mPﬁ>ﬁt fe:pt digehsé! (?Qra%tst&ethp%f a4 Gitd 1eeBeu étaﬂpaetfewemmn

Sur vi val reciprent” 1's taken as e parafreter for a functional
graft. 66 dExqoeThemumhtﬂ of disedsarkeahimialsasgvell E\thenhm ofipmsel of the(disg@ye are Rat s
- 15- fficacy of the Novel Conpounds in EAE is neasured, e.g., by
the procelffPEeescribed in Levine & Wenk, AVER J PATH 47 (1965) 61;
McFarlin et al, J IMMUNCL 113 (1974) 712; Borel, TRANSPLANT. & CLIN.

I MMUNOL 13 (1981) 3. EAEis a wdely accepted m)del for multiple sclerosis.
Mal e W st &r Freund's Adjuvant Arthritis n the hind paws with a m xture of bovine

spinal cord and.conpl ete Freund's va ns._of . t d| sease
(Paral ysi s of ETiy Rerinss SXogRemaNg PdieBl hrnl R Bofn isirg BopreiS e oy
The nunbegesgﬁbeh , A ShdWameN®l Nuss ARITHRHIS (& RHEUMATISINS €1966) 3t9he di sease
are recorde

Billingham & Davies, HANDBOOK OF EXPERIMENTAL PHARMACOL (Vane &

Ferreira Eds, Springer-Verlag, Berlin) SO/II (1979) 108-144. OFA and Wistar rats (male

or female, 150g body weight) are injected i.c. at the base of the tail or in the hind paw

with 0.1 ml of mineral oil containing 0.6 mg of lyophilized heat-killed Mycobacterium
smegmatis. In the developing arthritis model, treatment is started immediately after the
injection of the adjuvant (days 1 - 18); in the established arthritis model treatment is
started on day 14, when the secondary inflammation is well developed (days 14-20). At
the end of the experiment, the swelling of the joints is measured by means of a micro-
caliper. ED, is the oral dose in mg/kg which reduces the swelling (primary or
secondary) to half of that of the controls.

8. Antitumor and MDR activity
The antitumor activity of the Novel _Compounds and their ability to enhance the

performance of antitumor agents by alleviating multidrug resistance is demonstrated, e.g.,
by administration of an anticaticer agent, e.g., colctlicine or etoposide, to multidrug
resistant cells and drug sensitive cells in vitro or to animals having multidrug resistant or
drug sensitive tumors or infections, with and without co-administration of the Novel
Compounds to be tested, and by administration of the Novel Compound alone. Such in
vitro testing is performed employing any appropriate drug resistant cell line and control
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7. @"éﬁﬂgo'gl%lj uvant Arthritis Ef fi cacy agai nst experinentally

I nduced arthritis is shown using the procedure described, e.g., in Wnter &
Muss, ARTHRITI S & RHEUMATI SM 9 (1966) 394; Billingham & Davies, HANDBOOK OF
EXPERI MENTAL PHARMACOL (Vane & Ferreira Eds, Springer-Verlag, Berlin) 50/1I1
(1979) 108-144. OFA and Wstar rats -lémle or female, 150g body weight) are
injected i.c. at the base of the tail or in the hind pawwth 0.1 m of
mneral oil containing 0.6 ng of |yophilized heat-killed M/cobacterium

smegmat i Sﬁpa}eﬂtal)k&nohme? lgeiried, o8, &.isi describeddsl Lingreeat.n:rCell. Physial. 83103-116

irmediateigafter the injection of the adjuvant - ). in the

d 1 - 18

est abl i sh@¥74aand Bech-dapsencet als b ek Fhysial. $8423-38 ((@%Isidianiw,lar\&l@ws chasen
d i nfl ion . | : , f th
oxpor movare oo BUTE AR biSiabiieg, KIS AR Jink TR Youtblonk 3648 g (1e

cal i per. @bdrental,deasifivéling AUEX B1 (sibckaneVABLS1 e d lie eivot dnti-tawmr landg (pri mary

or secondary) to half of that of the controls, 8.. Anti t unor nqd MDR
activity anti-MDRacti¥ity shevnaee: it mjcomiectrd m@ulm%aﬂﬁgmﬂg_ ThEi r
ability to on0angeel BePELREREs g&c%}ﬂat (‘%@rsu Gtk Fesi¥arittd ML | N9
mul tidrug resistance I's denonstrated, e.g., by admnistration of an

ant i cancegubsgadcd DRe VT, AMO EThH ITE oreCGrare tieyedopedchy sequential irdnsfer ofcEA selint

cells and drug sensitive cel Lo .vitro or .to anjmal s hayin tidru
Fesi ot ant lopubgauERoEErPTR Ot BB hpst e s ResbRiants ithifn Hhtidrsut © O
co-admi ni &ésﬁﬂﬁécﬂ?y gﬁtér%g aj\b]".@lingqmégﬂ'@,s 1191 PO8LE Hepivaléhlt fesiMs may be

of” the und alon

adm ni stration vel "Conpo e. Such in vitro testing is
per f or medotstained gmplpyingy tha fovep Contpeunidsutgstrraedels aficompdrable idesigangig.ciont r ol

31 el 1| "PHoporheiSgine ey iy 1ofvlod it et A Arop e
Physi ol . &8ine? Antiiolid B/8) peniciilin} fesistint ah® S&sithRBueRrial fraikkS aftilntycofle UJ
resistant (e.Q. colchicine resistant) |ine CHR (subclone C5S3.2) and the

par ent al , resistagt and/senisitive fgal Brraifs a$ wiellras deegl registant protozaal strains,ie-8.unor and
anti-MDR gctivity is shown, e.qg... in mce.dnjected w mul t.i drug resistant
and drug @‘éﬁ'&?‘?'ﬁl\fﬂ%g re:@mp}é’pdt&ﬁﬂyiogﬁuxgggispg-gt?%lg]s (?f %!)aﬁﬁm(i% sub- i nes
resi stant faﬂ&pﬂﬁﬂ%xﬁiﬂiﬁﬁ%ﬂ&ﬁi@ch&ﬁothéﬁbeﬁi& aft=nfiflarfal dadgCredistanteped by

sequential transfer of cells to subsequent generations of BALB/c host
m ce in accordance with the nethods

9. Steroid potentiation

The macrophilin binding activity of the Novel Compounds also makes them useful
in enhancing or potentiating the action of corticosteroids. Combined treatment with the
compounds of the invention and a corticosteroid, such as dexamethasone, results in
greatly enhanced steroidal activity. This can be shown, e.g., in the murine mammary
tumor virus-chloramphenicol acetyltransferase (MMTV-CAT) reporter gene assay, e.g.,
as described.in Ning, et al., J. Biol. Chem. (1993) 268: 6073. This synergistic effect
allows reduced doses of corticosteroids, thereby reducing the risk of side effects in some

cases.

10. Mi { Mip-like f inhibiti
Additionally, the Novel Compounds bind to and block a variety of Mip

(macrophage infectivity potentiator) and Mip-like factors, which are structurally similar

to macrophilin. Mip and Mip-like factors are virulence factors produced by a wide
variety of pathogens, including those of the genera Chlamidia, e.g., Chlamidia
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desccl:ﬁsﬁégc'[?f‘él ater et al., J. din. Invest, 70, 1131 (1982). Equi val ent
results may be obtai ned errpl oyi ng the Novel Conpounds test nbdel s of
conpar abl e design, e.g. in vitro, or enploying test animals infected with
drug-resi stant and drug sensitive viral strains, antibiotic (e.qg.
penicillin) resistant and sensitive -bacterial strains, anti-nycotic

resi stant and sensitive fungal strains as well as drug resistant protozoal
strains, e.g. Plasnodial strains, for exanple naturally occurring

sub- str ai igcheinafit; mméamws m@mwh@m@@apeut ic,

anti-malarial drug resistance. . Steroid potentlatlon

nacr ophi |m_m9nb:haga%@lw bvyh@pbhmlwmxtledmmw awesqxdwakssetf%ﬁs usef ul
i n enhan r ed
{1 eat nont Tty ot v 4 BHhO8 o Tp 26 LaMiRhmER ot RS Sl BIOMIE. | o
dexamet hagffioscy dfethel lN(ﬁrel Compowids)in eeduzimpettie dhfectivitedf pathiagens whichpradesn be
shown, n the nuri ne manmary tunor virus-chl oranphenico

aﬁ%ﬂ@f

acetyl tr Mig-likenfpsjorscan heesbewéw cpamparing dnfpctivityyof thg pathogens esslls n

Ni ng, et r

allows re ucéedﬂrdtc})ls@ ep% se?gc%irq ?t{g%rgct%?}fc}ﬁg?acﬁﬁlé? sélig] éﬁ%ﬁﬁgﬂ%ﬁg&ﬁiﬁﬁﬁg si de
ef fects iim ardemosses al., M&l. Mitnpbtohd(1893)-7:i RE7.f act or i nhi bition
Additionally, the Novel Conpounds bind to and block a variety of Mp
(macrophage infectivity potentiator) and M p- Iike factors, which are
structurally ghiNaYel SomPBRdRN bisd usdfuP 18 deteP et Smphrieu! ence
factors produceﬂbe a gmm vari ety gf pa!t e)M I nC 3| ng tﬁose o¥ the
gener a Chd)l%macj'ophlhn@mdmgl tempalinds, e.g., in competmve assays for dxagnostlc or

-17- t h t t
Legi onel |Sr£?%"§'réaplif§%ﬁ°6nﬁl‘% n ﬁﬁ@ﬁ?ﬁgﬁ‘mﬁ%@%‘s‘g“ a‘é‘lr‘gg’?}iqr!ﬁ/gll"f’h C%B?rl '%jﬁt%lt?e
par asi ti CNBRSnipdtndd B€a %E:‘é@ﬁmE'té‘&i%tdéte%ﬁ)‘é the E%&?cef@%ﬁiéptmlﬁﬁuﬂmg

critical role inthe establishment of intracellul ar infection.
ef fi cacy edfmpduadi\oyaitesCsolptiomdsg.i blopd,chloodseruime or teisebrotly ta be ecfreqmﬂhogens

whi ch M -1i ke fact be shown
" ect L vi Fptedpolys RNGe s apbute 5 diibliced e GRaRAfR el ahd dhet e fosence
of the megipdlia @ﬁ:spreﬁbn% %mtl'ib&ﬁcé 6Ea &t badBon &5 bk aPmaéBphitindeon@kep-et al .

Mol . Mcrobiol. (1993)
12). Altematwely, the FKBP-12 immobilized in microtiter wells and allowed to bind in

the presence and absence of a test solution to a Novel Compound which has been
labelled, e.g., fluoro-, enzymatically- or radio-labelled, e.g., a Novel Compound of
Formula I wherein R, comprises a labelling group. The plates are washed and the
amount of bound labelled compound is measured. The amount of macrophilin-binding
substance in the test solution is roughly inversely proportional to the amount of bound
labelled compound. For quantitative analysis, a standard binding curve is made using

known concentrations of macrophilin binding compound.

The following examples are intended to illustrate rather than limit the invention.

Characteristic spectrascopic data is provided to aid in identification of the compounds.

X : 16-demet -16- -2- - ci
To a solution of 0.6 ml 2-pentyn-1-ol in 5 ml CH,Cl, are added 456 mg rapamycin
followed by 5 mg p-toluenesulfonic acid. The mixture is stirred for 2 h at room

temperature. Then the reaction is quenched with 7 ml of a saturated aqueous solution of
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The I\%@%Ilo%g}r%unds are also useful in assays to detect the presence or
anmount of macrophilin-binding conpounds, e.g., in conpetitive assays for
dt agnostic or screening purposes. Thus, in another enbodi nent, the

i nvention provides for use of the Novel Compounds as a screening tool to
determi ne the presence of macrophili Rl&i nding conpounds in a test
solution, e.g., blood, blood serum or test broth to be screened.
Preferably, a Novel Conpound is inmobilized in mcrotiter wells and then

al | oned t (NaHCO The dqheo@flﬂﬁw&esepﬂdteatﬁé R&Racéd 2x Wi 1657l l&m 'acétﬁte the! | ed
macrophilin-12 (FKBP- 12). Alternatively, the FKBP-12 i mobi’lized in
mcroti terOl'gﬂ!W nha;;nsjawqombwd; dried averi swdxmmeulﬁatem&m soinent bvapocatedh The t est

sol ution t b be I

cnzymat i a8 rorBRaMG W%‘éﬁlgagw SR B Bprane e
wher ei n R[oeude] proam li$ finallypurifisd by peparatve HPLC(RP-18,6250116 rﬂ}ﬁsbﬁ@}ﬁﬂéd he
anount of bound | abel | ed conpound is nmeasured. The amount of

macr ophi | i80/29, ﬁdﬂ‘ﬁ““ substance in the test solution is roughly inversely

proporti orﬁg (FRBZ Qf bound | abell ed conpound. For quantitative
anal ysi s, stan é bindi ng” curve is made using known concentrations of

macr ophi | |I-11-NMRC(OID£IB)Qmaﬂmrisbmer) d: 0.67 (Il‘l;%q)‘ dl130(3H, 9); DEMBIES); 374 B3R, apded
to |IIustr%e@£ts$0{ (}gﬂ;l imt the invention. Characteristic spectrascopic
data is pr 49 BHS); 3dAAH; da3 Dh(18} dme 43 (1 Budam; 416k Hngd)e 1. 1
6- denet hoayséfiﬂgynt 2-ynyl ) oxy-rapanmvcin To a solution of 0.6 nl
2-pentyn-1 In"5 mM CHerr]C[err] are added 456 ng rapanycin foll owed
by 5 ng p-toluenesulfonic acid. The mxture is stirred for 2 h at room

t enper at ure. hed with 7 mM of a saturated aqueous
sol ution o€ QYJEPHYRYEIB | s separ at ed and

extracted 2x Wg  sdiBtioh oﬁbm’]‘nl Qﬁﬁiﬁﬁf-\?le ?];{19 en\ﬁ/];%fggt'!alg g%r‘?@ﬁé 234 (?n% P@‘a}r@s%

dried over sodium sul fate and the “so e’resi
chr omat ogifeligvesd by 4mg P+tbblantgulf9nle lagidi The miktureishstirred fot Athedthresmne 3/ 2. The

o o dffbeshiice. BN b R & Gulend SR 7ir'6} o Sanirateaqueous <10 ™

solution of NaHCO3. The aqueous phase is separated and extracted 2x with 10 ml

ethyl acetate. The organic phases are combined, dried over sodium sulfate and

the solvent evaporated. The residue is chromatographed over silica gel, eluting

with ethyl acetate/hexane 3/2. The crude product is finally purified by

preparative HPLC (RP-18, 250x10 mm, MeOH/H20 80/20, 3 ml/min).

MS (FAB) m/z 958 (M+Li)

H-NMR (CDClS)(major isomer) d: 0.67 (1H, q); 1.67 (3H,s); 1.74 (3H, s); 1.83 (lH bs);

3.33 (3H, s); 3.40 (3H, s); 3.72 (1H, d); 3.75 (1H, dm); 4.01 (1H, dm); 4.16 (1H, d);
4.73 (1H, s). '

a : 16- -16- = i
To a solution of 0.3 ml propargyl alcohol in 3 ml CH,Cl, are added 251 mg
rapamycin followed by 4 mg p-toluenesulfonic acid. The mixture is stirred for 2 h at
room temperature. Then the reaction is quenched with 7 ml of a saturated aqueous
solution of NaHCO3. The aqueous phase is separated and extracted 2x with 10 ml ethyl
acetate. The organic phases are combined, dried over sodium sulfate and the solvent

evaporated. The residue is chromatographed over silica gel, eluting with ethyl

\\.\
————
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NG JO:B134970 (MeLi) HNVR (CDO [err])(mejor isomer) d: 0.67 (1H, q):
1.13 (3H, t); 1.67 (3H,s); 1.74 (3H, s); 3.33 (3H, s); 3.40 (3H, s); 3.73
¢1H, d); 3.77 (1H, dm; 4.01 (1H, dnm; 4.16 (1H, d); 4.66 (1H, s).

Exanple 2: 1 6-demethoxy-1 6-(but-2-ynyl)oxy-rapanycin To a solution
of 0.4 M 2-butyn-1-ol in 3 M CHertdC[err] are added 251 ng rapanycin
followed by 4 ng p-toluenesulfonic acid. The mxture is stirred for 2 h at
roomtenperature. Then the reaction is quenched with 7 ml of a saturated

aqueous %@étuﬁeneﬂamfa/ﬁbfmmda pRodudtRAitallp Pusified Dy RepmaraivecHRDO RPLISCt ed 2X

with 10 et hyl acetate. The organi c phases are conbi ned, dried over
sodi um sdﬁﬂ&l(bmdwcﬂﬂfgzm\ﬂgﬂo Svmbwimt ed. The residue i s chronatographed

over sili h et hyl acetate/hexane 3/2. The crude product
is final |"§§p§ﬁ§b?|"§%l§t6"‘qg‘ 2‘4‘6 rative HPLC (RP-1 8, 250x10 nm MeOH H20 80/ 20,
3) m /1 m6 Q)H 3N!@RH ((@N@B)Iﬁﬂw%ﬁmﬁdwm 0. GBHI\HPqX Qa8 GH,sypil @ (BH?@E?,@%( l(Pg |3@)7 § I'H,
q s S
3. 72 (1H33$(3I%; 87,53ﬂﬁ§Hdsf))362 (bH., @zﬁsmﬂ dm)l&QGN(NH d); 4.73 (1H, s).
Exanpl e ropar gyl ) oxy-rapanycin To a solution
of 0.3 md“E?rSgg?@ﬁIEtdg 4]ﬁ1?[ gPS m CHerr]COJ[err] are added 251 ng
rapanycin followed by 4 ng p-toluenesulfonic acid. The mxture is stirred
for 2 h at roomterrperature Then the reactlon |s quenched with 7 m of a
sat ur at ed=2dERcg -1 - RN ue- SR X J ARG | s separated and
extracted 2x ﬁ‘ée%fp%”;'ﬂ ned,
dried over s |EE1U%&P§L?§?2%% Etbﬁi ven?%eeggggggggéﬁﬁgar esl
chr omat ogapgniyein followedibyi S:mgpkoluﬂiesmlfmgc acitthThe¢ myikture is stirred for 2 h at

-19- acet at et hexane 2.. The ¢rude fin urified by
pr epar at iTORMHPPPCTARE:- lﬁ’e“é%?fﬁ QRS %@eﬁﬁ %Sp afJSa gﬁ“ﬁ) eﬂ)aquﬁﬂ’s( FAB) n z

?gﬁ ( g*“ﬂd%hl?éf #z@ﬁ) 3T BigBEouls YHIRY i sdparfted Gnd Libradidd 24 ifh (G $ihy11- 74
acetate. The organic phases are combined, dried over sodium sulfate and the solvent

evaporated. The residue is chromatographed over silica gel, eluting with ethyl
acetate/hexane 4/1. The crude product is finally purified by preparative HPLC (RP-18,
250x25 mm, MeOH/H20 75/25, 7 ml/min).

MS (FAB) m/z 974 (M+Li)

H-NMR (CDCI3)(major isomer) d: 0.67 (1H, g); 1.67 (3H.,s); 1.75 (3H, s); 3.33 (3H, s);
341 (3H, s); 3.73 (1H, d); 3.81 (1H, dm); 4.08 (1H, dm);

4.17 (1H, d); 4.28 (2H, bs); 4.67 (1H, s).

-1 -40-0-(2- X -1

To a solution of 0.6 m] benzyl alcohol in 3 ml CH,Cl, are added 264 mg
40-O-(2-hydroxyethyl)-rapamycin (prepared as described in WO 94/09010) followed by 5
mg p-toluenesulfonic acid. The mixture is stirred for 1 h at room temperature. Then the
reaction is quenched with 7 ml of a saturated agueous solution of NaHCO,. The aqueous
phase is separated and extracted 2x with 10 ml diethyl ether. The organic phases are
combined, dried over sodium sulfate and the solvent evaporated. The residue is
chromatographed over silica gel, eluting with ethyl hexane/acetone 4/1 followed by
hexane/acetone 1/1. The crude product is finally purified by preparative HPLC (RP-18,
250x25 mm, CH3CN/H20 75/25, 8 ml/min).
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3 34 ?sgl_]OO-S)IEAS 41 (3H, s); 3.67 (1H, d); 3.83 (1H, dm; 4.08 (1H, dm;
4.16 (1H, d); 4.84 (1H, s). Exanpl e 4: '

16- denet hoxy- 16- ( 4- hydr oxy- but - 2- ynyl ) oxy-rapanyci n To a suspensi on
of 940 nmg 2-butyn-1,4-diol in 6 Ml CHerr]COJ[err] are added 502 ng
rapanmycin followed by 5 ng p-tol uenesgitfonic acid. The m xture is stirred
for 2 h at roomtenperature. Then the reaction is quenched with 10 m of a
sat urated agueous solution of NaHCJ err]. The aqueous phase is separated
and ext r aMS(FAB) miz h04OMELDt hyl acetate. The organic phases are conbi ned,

chr §?ra?ééhd§§&%%é“?%fs'>§§$jpw9%s$>“deasﬂ (56 i LASS6AoF oz (Hesnagdiaim. The
. . I . ot

Ve 100 ToTGE: By WIS UK BIAT4 P, USSR R SO RE T B T e o

i somer) d: 0.67 (lH q) 1. 67 (3H s); 1.75 (3H, s); 3.33 (3H, s); 3.41 (3H,

s); 3.73 (1H d). H, o 4 . 4.17 (1H, d); 4.28 (2H,

bs); 4. 67=RAHREI ‘

T o ol R R e b ©

40- O (2- hyehzgkyleolmu 0.1 apnmlwfl mto@tmneqldplmmcamldimmddeﬂemd memmn §)2 1T
t ol uenesul f oni The xture is,sti d for h at

f ol | owed i
| oom t oot tee, FrEe OO Empetalite Sor 710 nobic e e ikt S Heoliwedt o
aqueous sg dlsataracd soNRIdACSE: sodiien BitdfAHEte P MHeorznié YRl Al RParafed, 8xéd aedred 2X

with 10 m diethyl ether. The organi c phases are conbi ned, dri ed over
sodi um subddiem Sﬁlﬂhaﬁhemtme\ﬁ@memammdedmﬂ' prade @adugteisi then: putified byyr aphed

over sili tin et h hex acetpne 4/1 foll owed by
hexane/ ac &g’g S‘Ie H‘ﬁ%&%‘ﬁé"’ﬂﬂ?ﬁ%fm F?’%‘er%“f‘% ‘purified by preparative
HPLC (RP-18, 250x25 mm CH3CN H20 75/25, 8 m/mn).

- 20- VS (FAB rﬂz 1040 ( ML H-NI\/R(CDCIS)(naJor |sorrer) d: 0.72 (1H,
q); 1.73 Essmple-7:d06xemethox : th ) ‘ EENYCH) ; 4. 15 (1H, d);

4.18 (1H ) 1 Horhddd of 86 otBaﬂiolHey-bZn%l (ibhoi™ha mL CH,C, are

added 250 mg of rapamycin followed by 5 mg of p-toluenesulfonic acid. The mixture is

stirred for 8 h at room temperature and the reaction is quenched with 5 mL of a
saturated aqueous solution of NaHCO,. The layers are separated and the aqueous layer is
extracted 2x with 10 mL ether. The combined organic solution is dried over sodium
sulfate, filtered and concentrated under reduced pressure. The residue is chromatographed
over silica gel, using hexane/acetone (4/1 to 3/2) as the eluent. The resulting product is
further purified by preparative HPLC (RP-18, 250x25 mm, CH,CN/H,0O 75/25, 8
mL/min).

MS (FAB) m/z 1026 (M+Li)

H-NMR (CDCl,) (major isomer) &: 0.67 (1H, q); 1.73 and 1.74 (6H, 2s); 3.33 (3H, s);
3.41 (3H, s); 3.72 (1H, d); 3.81 (3H, s); 4.18 (1H, broad d); 4.26 (1H, d); 4.45 (1H, d);
4.72 (1H, broad s); 6.83 (1H, d); 6.92 (1H, m); 7.23 (1H, m); 7.32 (1H, m). |

le 8: 16- -(2- -16- -2- -rapam
To a solution of 0.7 ml 2-pentyn-1-ol in 5 ml CH,Cl, are added 486 mg of
40-0-(2-methoxyethyl)-rapamycin followed by 5 mg p-toluenesulfonic acid. The

mixture is stirred for 2 h at room temperature. Then the reaction is quenched

- This Sheei Has Been Replaced

A




Exaﬁ:ﬁfeel@‘s}ﬂﬁ‘-derret hoxy- 16- benzyl oxy-rapamyci n: 1 mmol rapanycin is

di ssolved in 50 m nethylene chloride containing 3 m of benzyl al cohol.
0.1 mmol of p-toluenesul phonic acid is added, and the reaction m xture is
then stirred at roomtenperature for 2-10 hours. The reaction mixture is
then poured in a saturated sol uti on-24 sodi um bi carbonate. The organic

| ayer is separated, dried over sodium sul phate, and the sol vent evapor at ed.
The crude product is then purified by HPLC to give the pure title conpound
as a Whi LaPPYRledf-a sauﬁ.yiﬁﬁmﬁﬁe&s soluuon of NaHCO,. The aqueous phase is

16- denethoxy 16-(ortho oxybenzyl ) oxy- rapanyC|n To a sol ution of
0.76 g ofsepmatbd)arléehmcyedabnwm kﬂmbhthb'l acetae. rﬂ]!ecuganc]pm{eerarq are added 250

ng of rapa foI owed 0 toI enesul f o cid.,The m xture is
SPi rred” pambmer ded g sodim it inding SRt ettppR TBE itk W th & m
of a sat hainefogaptaved Silich iger emfzmglaﬁm%ﬂ&mkawaﬁe are Theparated and the

aqueous layer 1S extracted 2X wt The conbi ned organic

sol ut i on crudedprodutt as Enallyopurifiadshy preparative HPLCoRPxb8) 250422 mmat ed under
reduced ue i s chromat ographed over silica gel, using
hexane/ a@@?@ﬁé&&ﬁyﬁ 73 fﬁ”ﬁ’s the eluent. The resulting product is further
purified NS (PABY /211086 (MBRILY (RP-18, 250x25 mm CHerr]CNHerr]O 75/25, 8

nmL/ m n) FAB) mlz 1026 (MtLi) H- NVR (CDC 1) (major isoner) [err]:
o 67 (1HH-Q})P$1 13)(eajor ispmegHd: 042 ; (IH,QBI(@H%)& 12ﬁ74@1'(8)H17§) 3.72 (1H,

3.81 ( d ( d; 4.72 (1H,
broad S); (Sé %’)3‘3%6“;%’ dbé%gﬁ’ % 3'97% ;(36’. §3 '(7}:111'12%’)’ #gg“fl‘ﬁ])’m Exanpl e
8: 16- denmlhgmdq&-,mlm(-lmumonmt(qﬂ,k),l&(pent-2-yny| ) OXy-rapamnycin
To a solution of 0.7 m 2-pentyn-1-ol in 5 mM CHerr]CJ[err] are added 486
ng of 40-0-(2- met hoxyet hyI)-raparryC| n fol I owed by 5 ng p-tol uenesul fonic
acid. Theg,aj xh 16 : > Ro.3 peratire. Then the reaction
i s quenched -21- with 7 m
of a satur at €fb agolutios of 4185t g ofi raphmiyeinGa) 46 m] acetoritrile| ae A0sC pira addeds365

separated and extracted 2x wi.th 10 nl ethy| acet The _organi ¢ ases are
P morphc))(ﬁnosulpﬁur tn)%luonde e react%n 1xture?s ﬁept 1h at -38 éf 1h at 0D E and

then quenched with a saturated aqueous bicarbonate solution. The aqueous phase is

extracted 3x with 30 ml ethyl acetate, and the organic phases are combined and dried
over sodium sulfate. After evaporation of the solvent, the crude product is purified by
column chromatography over silica gel, eluting with hexane/acetone 4/1.

MS (FAB, Lil matrix) : 888 (M+ Li)

H-NMR (CDCI3): 3.13 (s, 3H); 3.34 (s, 3H); 9.62 (d, 1H); no other smgulet between 3.0
and 3.6 ppm. No signal between 0.6 and 0.85 ppm

a : 39- - -39- -NOr-rapai

A solution of 44 mg 39-demethoxy-40-desoxy-39-formyl-42-nor-rapamycin in 1.2
ml of THF/water 5/1 is treated with 1.5 mg of t-butylamine/borane complex for 2h at 0
C. the reaction mixture is then poured on 2 ml HC] 0.1N and extracted with 3x 5 ml
ethyl acetate. The organic phases are combined, washed with 2 ml of a saturated sodium
bicarbonate solution and dried over sodium sulfate. The solvent is evaporated. in vacuo,

and the crude product is purified by column chromatography over silica gel eluting with

hexane/ethyl acetate 1/1.
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coanf‘ﬁSdl,mégliséd over sodium sulfate and the sol vent evaporated. The residue
i s chromat ographed over silica gel, eluting with ethyl acetate/hexane 1/1.
FThe crude product is finally purified by preparative HPLC (RP-18, 250x25
mm MeOH/ H20 83/17, 7 mi/mn). M5 (FAB) mlz 1030 (M+Li) H NVR (CDd 3) (maj or
isonmer) d: 0.72 (1H, q); 1.14 (3H, t¥2-1.67 (3H,s); 1.74 (3H, s); 3.33 (3H,
"s); 3.38 (3H, s); 3.45 (3H, s); 3.73 (1H, d); 3.77 (1H, dm; 4.01 (1H dm;
4.17 (1H, d); 4.65 (1H, s). Exampl e 9:

39- denet hw(ﬂ%dgﬁmnﬁﬁsbor(wk-mg nor - r apamyci n To a sol ution of
1.85 g of gﬁ]nycm in 40 acetonitrile at -30 C are added 365 [err

mor phol i anH (DA Bdér(s,oﬁ-ﬁ) B sed3BdibB mx2H)-No glgn@lpbetwweatoi c 1h
at 0 C an qu ed aqueous bi carbonate solution. The
aqueous pﬁz§§ P% 8@?@@?‘%%@&%@%@% et hyl acetate, and the organic

phases are conbined and dried over sodiumsulfate. After evaporation of the

sol vent, the crude croduct S -urlfled by colunn chronatography over silica
ge| el ut Exa hoxi-0-desoxy-Ingarboxy2-norirapamyql 888 (NH_ Ll)

¢ X) :
H NWVR (CDC 3 | et
bet WEEI(’I 3.0 ;r%lg%‘a%m(gf 85})% 1%’?8%?“& §m¢§1NgH§?oat‘ng %h@%vat&%%@ ZAWBPE io
39- denet hMuu&Doﬂelsbmg 39-deyﬁthmy%@b:@23mm)¢-ﬂamoﬂripamycm amd 6Qlml i on of

44 nmg 39- demathoxg 40- desoxy- 39-f ornyl - 42- nar - r apa ninl2m of

THF/ wat er 2#nethyle2-pyteng 4 it trputanel. rajheomtmsuﬁ 911%4 ﬁ%mm empersipifes2hor 2h
at 0 C A&k ek racted
wth 3x 5&?1? 'é@l y g%c@g%géﬁﬁgd%%ghrﬁggﬁases ardgévxé%‘%l nedléltr&gqﬁ‘ﬁ%&wth 2
m of a sThe logaad: pmdcsuarc leombirnedndtied ewdr anhydroasisbdilurn sdlfate and shelsolvent

oulfot e T Sy s evggwalww@m%g&f@aﬁ.#@xmz;;a;; iy
acet ate lhdetonitrile/water 60/40, 3 ml/mn).
MS (FAB, Lil matrix): 904 (M+Li) _
H-NMR(CDCI3): 1.65(s, 3H); 1.78(s, 3H); 3.13(s, 3H); 3.33(s, 3H); 3.75(d, 1H); 4.18 (d,
1H). No signal below 0.85 ppm. No additional singulet in the region 3.0-3.6 ppm.

To a stirred solution of 180 mg 39-carboxy-39-demethoxy-40-desoxy-
42-nor-rapamycin in 4 ml THF at - 75 C are added 0.08 ml pyridine followed by 0.04

ml oxalyl chloride. The reaction mixture is kept at - 75 C for 30 minutes after which

0.09 ml N-methyl-piperazine are added. The reaction is stirred for an additional hour and
then quenched with 5 ml of saturated aqueous sodium bicarbonate and 5 ml ethyl acetate.
The water phase is separated and extracted with 2x 5 ml ethyl acetate. The organic |
phases are combined, dried over sodium sulfate and the solvent evaporated. The crude
product is purified by preparative HPLC (RP-18, 250x10 mm, MeOH/H20 85/15, 3
ml/mn).

MS (FAB) m/z 986 (M+Li)

H-NMR (CDCI3) d= 1.65 (3H, s); 1.78 (3H, s); 2.31 (3H, s); 2.4 (4H, m); 3.13 (3H, s);

3.34 (3H, s); 3.79 (1H, d); 4.21 (1H, d); 4.68 (1H, bs). T —
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Vs (281008134 at rix): 890 (M + Li) HNMR (CDA 3): 3.13 (s, 3H): 3.33 (s,
3H); 4.18 (m 2H). No signal betwwen 0.5 and 0.85 ppm; no al dehyde proton
at 9.62 ppm Exanpl e 11:

39- denet hoxy- 40- desoxy- 39- car boxy-42- nor-rapanyci n A solution of 85 ng
NaCCl and 113 ng NaH2PO4 in 2 ml wat@8-is added to a solution of 111 ng

39- denet hoxy- 40- desoxy- 39-fornyl -42-nor-rapanycin and 0.2 m -
2-met hyl -2-butene in 4 m t- butanol The mxture is stirred at room

t enper at ugRarhsle ; t . y AD B r S Sihiid e
extracted wt acet ate ani c ases are conbi ned,
dried over anﬂ‘ytsrqmmpoyodmmbtsmbdéoupvang tlnthme dvof ixampleo bl using milit‘lzhobnc)duct
S purlfled % Pli{:/%a kve HPLC (RP-18, 250x10 nmm acetonitril e/ water

60/ 40, 3 MFEANPT Y {‘H‘B‘P"{‘Ff ®matrix): 904 (MLi) H NVR(CDC 3): 1.65(s,
3H; 1. 78&5(}8@)&9%@4-;@ ; 3.33(s, 3H); 3.75(d, 1H); 4.18 (d lH) No
signal bel ow 0. 85 B? addi tional singulet in the region 3. ppm
Exanpl e 1H-NMR (CDCI3) d— 165 (3H, s); 1.77 (3H, s); 3.13 (3H, s); 3.33 (3H, s); 36(4H m);

39- denet hgx perazi n-1-yl ) car bonyl - 42- nor - r apamnyci
n Togaﬁsfﬁ%’?‘@d ‘?sigl(gﬁ; gﬁ dc'?é % % 39- car boxy- 39- denet hoxy- 40- desoxy-
42-nor-rapanycin in 4 m THF at - 75 C are added 0.08 m pyridine fol |l owed
by 0.04 n oxaIyI chI orlde The react |o mxture S kept at - 75 C for 30

stirred fonaI hour and thenquenchedwlth 5 m of saturat ed
aqueous s onate and 5 m ethyl acetate. The water phase is
separ at ed and Thist comggoned \is bllstaﬁmd%llﬂwmghbd methodaif Exanlple I gsipgc phases are

conbi ned, drie %eﬁ (idl umsulfate tﬂiﬂ o] vent evaporated. The crude
product i &-BYRqIRY AROE, 18S ?,f%’Fin' ¥l-piperazing. nm MeOH H20 85/ 15,
3 m/m). Li) HNW (CDd 3) d= 1.65 (3H, s); 1.78 (3H,
s); 2.31 fvg@([( ;! Zﬂé%zgﬁﬁ'*" 3.13 (3H, s); 3.34 (3H, s); 3.79 (1H, d);
4.21 (I H HINMR(GBC{3)H= b6 (3H s); 1.78 (3H, s); 2.93 (3H, s); 3.13 (3H, s); 3.33 (3H, s);

"23 4.23 (1H, m); 4.67 (1H, s); 7.1 (2H, m); 7.6 (1H, m); 8.51 (1H, d).

Example 15:

39-d hoxy-4 -39-(p- 0 1)-42-notr-rapamycin
To a mixture of 523 mg 39-demethoxy-40-desoxy-39-formyl-42-nor-rapamycin in

10 ml acetonitrile are added 156 mg p-toluenesulfonylhydrazide. The reaction mixture is

stirred for 30 minutes at room temperature and then the solvent is evaporated. The

residue is chromatographed over silica gel, eluting with hexane/acetone 5/1, to give the

title compound.

MS (FAB) m/z 1056 (M+Li)

H-NMR (CDCI3) d= 1.65 (3H, s); 1.76 (3H, s); 2.43 (3H, s); 3.13 (3H, s); 3.34 (3H, s);

3.79 (1H, d); 4.18 (1H, d); 4.69 (1H, bs); 7.13 (1H, d); 7.32 (2H, d); 7.56 (1H, s); 7.80

(2H, d).

T
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Exatfse 1438134 |
39- denet hoxy- 40- desoxy- 39- ( nor phol n- 4-yl ) carbonyl - 42- nor - r apanycin

This compound is obtained follow ng the nmethod of Exanple 11, using
mor phol i ne instead of N-nethyl-piperazine. M5 (FAB) m z 973 i,l\/HrLl

(CDA 3) d= 1.65 (3H, s); 1.77 (3H s)4- 3.13 (3H ngmlﬁﬂl 1“ “llﬂ)lnm 6 (4H,

m; 3. 77 (1H d); 4.19 (1H d); 4.66 (1H bs).
39- denet hoxy- 40- desoxy- 39-[ N-net hyl . N- ( 2- pyri di n-2-yl - et hy )Icar bam)yl

42- nor - rapamycin Thi s conpound ;Hﬂy%l ned follow ng the nmethod of
Exanmpl e 11 using (2-pyridin-2-yl-ethyl)nmethyl am ne instead of

N- et hyl - pi perazine. M5 (FAB) nfz 1022 (MtLi) H NVR (CDO 3) d= 1.66 (3H,

s); 1.78 (3H, s); 2.93 (3H, s); 3.13 (3H, s); 3.33 (3H, s); 4.23 (1H, m;
4.67 (IH, s); 7.1 (2H, mM; 7.6 (1H, m; 8.51 (1H d). Exanple 15:

39- denet hoxy- A%ﬁ@g@wopﬁommql uenesul f onyl hydr azononet hyl ) - 42- nor - r apanyc
in To a m xture of 523 ny

39- denet hoxy- 40- desoxy- 39- forrryl -42-nor-rapanycin in 10 m acetonitrile are
added 156 ng p-tol uenesul fonyl hydrazi de. The reaction mxture is stirred
for 30 mnutes at roomtenperature and then the solvent is evaporated. The
resi due i s chronmat ographed OVER, silica gel, eluting with hexane/ acetone
5/1, to give the title conpoungl. VS (FAB): mz 1056 (MtLIi ) H-NWR (CDO 3) d=
1.65 (3H, s); 1.76 (3H ' .13 (3H s); 3.34 (3H, s); 3.79
(IH, d); 4.18 (1H, d); 7.32 (2H, d); 7.56 (1H,
s); 7.80 (2H d). 0ﬁ4

CLAI V5

Formula I

wherein

R, is selected from alkyl, alkenyl, alkynyl, hydroxyalkyl, hydroxyalkenyl,
hydroxyalkynyl, aryl, thioalkyl,. arylalkyl, hydroxyarylalkyl, hydroxyaryl, dihydroxyalkyl,
hydrokyalkoxyalkyl, hydroxyalkylarylalkyl, dihydroxyalkylarylalkyl, alkoxyalkyl,
alkoxyarylalkyl, haloalkyl, haloaryl. haloarylalkyl, acyloxyalkyl, aminoalkyl,
alkylaminoalkyl, alkoxycarbony]amidoaikyl, acylamidoalkyl, arylsulfonamidoalkyl, allyl,
dihydroxyalkylallyl, dioxolanylaliyl, carbalkoxyalkyl, and alkylsilyl;

R; is selected from formula II or formula HI:
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i. LuedBRdof Formula 1: [err] Fornula 1.

wherein Rierr] is alkynyl or hydroxyal kyny rom
Forma 111 eI e o
25-
s
o)
R, h
o)
Formula II Formula Il
wherein

R, is selected from H, alkyl, alkyenyl, alkynyl, aryl, thioalkyl, arylalkyl,
hydroxyarylalkyl, hydroxyaryl, hydroxyalkyl, dihydroxyalkyl, hydroxyalkoxyalkyl,
hydroxyalkylarylalkyl, dihydroxyalkylarylalkyl, alkoxyalkyl, acyloxyalkyl, aminoalkyl,
alkylaminoalkyl, alkoxycarbonylamidoalkyl, acylamidoalkyl, arylsulfonamidoalkyl, allyl,
dihydroxyalkylallyl, dioxolanylallyl, carbalkoxyalkyl, and alkylsilyl;

- R, is H, methyl or togethér with R, forms C, 4 alkylene;
R, is substituted or unsubstituted acyl, oxymethyl, iminomethyl, or dioxymethylyne;
wherein "alk" or "alkyl" refers to a C,, aliphatic substituent (branched, linear, or cyclic),
optionally interrupted by an oxy (-O-) linkage; and "ar" or "aiyl“ refers to a monocyclic,
optionally heterocyclic, optionally substituted, C,,, aromatic substituent;
provided that when R, is of formula II, then R, is other than methyl and (i) R, is
selected from hydroxyalkyl, alkoxyalkyl, hydroxyalkoxyalkyl, acylaminoalkyl, and
aminoalkyl; and/or (ii) X is other than O; and/or (iii) R, is (optionally hydroxy-
substituted) alkynyl;
and further provided that when R, is methyl, R, is of Formula 0L

2. A compound accordiné to claim 1 of Formula I wherein R, is selected from
benzyl, ortho-alkoxybenzyl, chlorobenzyl, and (optionally hydroxy-substituted) alkynyl;
R; is of formula II; R, is selected from H, hydroxyalkyl, alkoxyalkyl,
hydroxyalkoxyalkyl, acylaminoalkyl, and aminoalkyl; R, is methyl' and X and Y are

independently selected from O, (H,OH), and (H, C,jalkoxy); . —
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25 C\ﬁf’e}%'%l%[ err] is selected fromH, alkyl, al k,,n_)Ll/ al kynyl

t hi oal kyl, aryl al kyl, hydroxyaryl al kyl, hydroxyaryl “\ m“‘

di hydr oxyal kyl , hydroxyal koxyal kyl , hydroxyal kyl ary WR\‘{(

di hydr oxyal kyl aryl al kI, al koxyal kyl , acyl oxyal kyl , Galkyl

al kyl am noal kyt, al koxycarbonyl anti 26l kyl , acyl am doal kyl ,

aryl sul f onam doal kyl, allyl, dihydroxyal kyl allyl, dioxol anyl allallyl,
car bal koxyal kyl , and al kylsllyt. Rerr] is H nethyl or together with
Rlerr] farms Alkeih durid MHme% to 8% 2 of FormblaAll whérkia KHsqoplional¢isdedxy-

Rlerr] is selected from aryl, amrre

:|m kﬁ 1) ; iark bctsgrt_ute@r@iacﬂk-ﬁml Rmtdi rfgr:arlfqelg ﬁhrﬂai;;dggtk?mélgotfm;?@raﬂy:
hydr oxyagbﬁ : ﬂ&rﬁhx%ﬁ@%%%ﬁw%%‘t @%%?@%ﬁ@zym ar

hydr oxyal kyl aryl al kyl, di hydroxyal kyl aryl al kyl, alkoxyalkyl acyloxyalkyl,
am noal kyl , al kyl am noal kyl , al koxycarbonyl am doal kyl , | am doal kyl ,

aryl sul f dnaniAlcampgynd @ﬂcpgqlng 0 elgim df Hoxpula | yhere@, %zd?l erle“l%/m

car bal koxyal kyl, and alkylsilyl: (ii) Rerr]CO. wherein Rerr] is selected
fromH, alkyl, hydroxy, al koxy, aryloxy, am do, al kam do, a residue of an
am no acisd, QX cbinpouhdsadesidingtceclainml deleetedrfiom t he substituents (a) are
selected fromal kyl, aryl, arylal kyl or alkylaryl or (b) forma

het erocyclic structure (iii) Rerr]CH, wherein Rierr] is alkyl, aryl,

anm no, alkyl mf;g | am no; and X and Y are '
mdependentl?s ecte H%Z??ﬁ%ﬁ%ﬂﬁﬁ( H OR[err]) wherein Rerr] is
ﬁel ect edii romgﬁdmet&%:q;l@(hut-latyﬂlyl)onybmpa;dypmaryI ciarkbf)nyl ] o I
Ayl iy of 1-SemethoRsr |6 HrRRATEY KBy dRBATISIS, ) o) el | phat ] c subSt Lt ent

b h I db (@
(branchegy, u%e.fémetﬂaxycv&p ﬁ))der?ﬁ%ht‘i’?ﬂéﬁ%%ig gtrpymte y an oxy (-O)

| i nkage, and ary rs to optionally
het er ocyoii c, lGeﬁemethoxamanylow%ﬁ)t(ﬁmmxyethyl)ﬂpmmund according to

claiml of F Fd’(ﬁ I?L s of formula I'l; Rerr] is sel ected

fromH, M dr&%’%ﬁm"y sazxloxyre pq‘gj&l xyal koxyal kyl . acyl ani noal kyl, and

amoal kyly;. R[m.ddmetﬁox]nytéwhhomo&yeaﬁyifr@aﬁymdependent 'y selected from o
al

(HOH). and (H err
viii. 16-demethoxy-40-O-(2-methoxyethyl)-16-(pent-2-ynyl)oxy-rapamycin

ix.  39-demethoxy-40-desoxy-39-formyl-42-nor-rapamycin

X.  39-demethoxy-40-desoxy-39-hydroxymethyl-42-nor-rapamycin

xi.  39-demethoxy-40-desoxy-39-carboxy-42-nor-rapamycin

xii. 39-demethoxy-40-desoxy-39-(4-methyl-piperazine-1-carbonyl)-42-nor-rapamycin

xiii. 39-demethoxy-40-desoxy-39-(morpholin-4-yl)carbonyl-42-nor-rapamycin

xiv. 39-demethoxy-40-desoxy-39-[N-methyl, N-(2-pyridin-2-yl-ethyl)lcarbamoyl-
42-nor-rapamycin

XV. 39-demethoxy-40-desoxy-39—(p-toluenesulfonylhydrazonomethyl)-42-nor—rapamycin_

6. A compound according to any one of claims 1 through 5 for use as a

pharmaceutical.

7. A pharmaceutical composition comprising a compound according to any one of

claims 1 through 4 together with a pharmaceutically acceptable diluent or carrier.

—_—

—_—_—
—
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26 Cfse/k corrpound according to claim2 of Fornula I \AheLai_u_R[_ejr] is

(optionally hydroxy- substituted) Cerr] alk-2-ynyl of forrrul a
i1; Rerr] is selected fromH, hydroxyal kyl, al koxyal ﬁm "!L il!"

hydr oxyal koxyal kyl; Rerr] is nmethyl; and X and Y are

according to claiml of Fornula I whét-ei n Rlerr] is of Fornula I
-conpound according to claim1l selected from i. 16-denethoxy-
16- (pent - 2-ynyl ) oxy-rapanycin ii. 16-demnet hoxy-

16- (but - 3. ynylljseom'ya cempmnﬂu accoiding tbGanyeonet dfcolaims licthfqughph g thie) nanufacipreny ci n

Iv. 16- denethoxy dr oxy- but y 0

16- demet Hfamedi 9@‘?"2 fgﬁe e‘i"tﬁ’?‘}enﬁﬁgﬂ%ﬁ} “ﬁlﬁﬂﬁy@j@ “:&&ﬁ?!'ﬁym n 6. A
conmpound according to any one of clainms | through 5 for use as a

phar maceuti cal . 7. A pharnmaceutical conposition conprising a conpound

according to @ny ormtaifnnuinaidisease, t hrough 5 together wwth a pharmaceutically
acceptabl e diJ uent or carri.er e of a conﬁound according to any one

of clainms 1 t@#ougH<Hs e,'ﬁlef:ﬂ%ﬂ ﬂ%ﬂ‘iﬁﬁﬁ&fﬁlﬁ%’%‘rﬂ“ﬁ 8% canent for treating or
preventing ar*?n)of ttﬁ?elfa@ﬁ& WeLtor S GHghnt 8P Bissue transplédt) aut ol m nune

di sease, . cute rejection of organ or t | ssue transpl ant,
(iii) hyper@idut e chegnic réjestionfof mrgamomtissué transplantanspl ant ,

(iii) graft vs. host disease,

@iv) asthma,

) multidrug resistance,

(vi) tumors or hyperproliferative disorders, or

(vii) fungal infections,

(viii)  inflammation, or

(ix) infection by pathogens having Mip or Mip-like factors.

9. A process for making a compound of Formula I comprising one or more of the
following steps:

i. When the compound desired is for Formula I wherein R, is other than methyl,
reacting rapamycin or a derivative thereof with SeO, and a compound R;-OH under
suitable reaction conditions, wherein R, is as defined as for Formula I, or reacting
rapamycin or a derivative thereof with an acid and a compound R,-OH in a suitable
aprotic solvent;

ii. When the compound desired is of formula I where R, is.of formula II and R, is
other than H, reacting rapamycin or a derivative thereof with an organic radical attached
to a leaving group R,-Z where R, is an organic radical as defined in Formula I which is
desired as the O-substituent, and Z is the leaving group (preferably CCl,C(NH)O or
CF,S0,) in the presence of a suitable acid, e.g., when Z is CCLLC(NH)O, or in the
presence of a suitable base, e.g., when Z ié CF,S0,;

ili. When the compound desired is of formula I where R, is of formula I,
reacting rapamycin or a derivative thereof with morpholinosulphur trifloride to obtain the

aldehyde compound, then optionally oxidizing the aldehyde to the carboxylic acid or
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(i IC)ase l%?’cﬁﬁc rejection of organ or tissue transpl

o g

hyperproliferative disorders, or (vii) fungal infections, S (Cviii)
I nfl ammati on, or (1x) i nfecti e3-by pat hogens having Mp or Mp-Ilike
factors. 9. A conpound according to any one of clains 1 to 5 for use as

a pharmaceutical in conmbination with a cyclosponin or an ascomnmycin or an
| MUNOSs upgiuekfy the akishydroto! the coméspodiag raldohol tafd durther @ptibagilyo@pimani de,
azat hi oprene, nethotrexate, brequinar, |ef]unomde, mzoribine,

i munos uspbssitutingcthenglcobelothis obtainedows Bsstemil. Hn () seasting te Garbgryligacid

anti bi ot 'tffus obtained with an amine or alcohol in the presence of an activating or coupling

reagent to give the desired amide or ester compounds respectively, or (c) condensing the
aldehyde thus obtained with the desired amine or alkylenediol, respectively, under acidic
conditions to obtain the iminomethyl or dioxymethylyne compounds respectively;

iv. When the compound desired is of formula I where X is other than O, reducing
a rapamycin or derivative (in O-protected form) at the 32-keto to obtain the alcohol and
optionally further O-substituting as in step ii;

v. Optionally protecting and deprotecting as necessary;

and recovering the compound of Formula I thus obtained.
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