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~ _
usi ng the nunbering scheme of fornmula A) Rapamycin is a potent

I mmunosuppr essant and has al so been shown to have antitunor and
ants fungal activity. Its utility as a phar maceuti cal, however, is
restricted by its very low and variabl e bioavailability. Mor eover ,

rapanycin is i %M{ and Iacks stability, making it di fflcu}é‘?&ﬁ%&”}’“
al)

formul ate |l e galeﬁic conposi tions. el

PCT/ EP96/ 02441" 2 Numrer ous
derivatives of rapanycin are known. Certain 40-0-substituted rapanycins are
described in, e.g., in US 5 258 389 and WD 94/ 09010 (0-al kyl rapanycins);
WO 92/ 05179 (carboxylic acid esters), US 5 118 677 (am de esters), US 5 118
678 (carbamates), US 5 100 883 (fluorinated esters), US 5 151 413
(acetal's), and US 5 120 842 (silyl ethers). It has now surprisingly been
di scovered that certain novel derivatives of rapamycin have an inproved
phar magol ogic profile over rapanycin, and exhibit greater stability.
According to the invention, there i SRapsidycisDedivarvgpound of Fornul a |

[err]

The present invention relates to rapamycin derivatives, a process for their production,
their use as a pharmaceutical and pharmaceutical compositions containing them.

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

(A

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 conf;nsion, when specific

rapamycin derivatives are named herein, the names are given with reference to rapamycin

using the numbering scheme of formula A.) Rapamycin is a potent immunosuppressant

and has also been shown to have antitumor and antifungal activity. Its utility as a

. pharmaceutical, however, is restricted by its very low and variable bioavailability.
Moreover, rapamycin is insoluble and lacks stability, making it difficult to formulate
stable galenic compositions.
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wherein R er] is alkyl, alkenyl, alkynyl, hydroxyal kyl, hydroxyal kenyl ,

hydr oxyal kynyl , benzyl al koxybenzyl or chl orobenzyl, Rerr] is
selected fromformula Il or fornula II1: : [err]
WO 96/ 41807

PCT/ EP96/ 02441 3 wherein

Rlerr] is sel eCYetM®%m H, alkyl, alkenyl, alkynyl, aryl, thPCHERS§N2441
aryl al kyl , “hydr oxyaryl al kyl , hydroxyaryl, h¥droxyalkyl, di hydr oxyal kyl ,
hydroxyalkoxyalkyl hydroxyalkylaylalkyl dfhydr oxyal kyl axyl al kyl ,

al koxyal kyl , aNW H&MﬁsMImhycmrﬂmwwmaﬁinm&hﬁmhé’d’ia amycins are

o Koearbony! SEARH £i4s, % BN EBRESRY wel Bl & S?aipfy%‘%m oy

al kyl'silyl; R o4051795ckboxyhié Bit eﬁl”crs§ WE5 48 677 lathide &terd), US'STHI 7?”]

al kyl ene; R[errJ IS R[er CH£ V\/nereln err] 1s sel ected rom H,
al kyl, al kenyl ¢ §1185,433 (fgcetals), and US 5 120
het eroaryl car b(gnyks, n yaI kyI car bonyl , am' noal kyl car bonyl , fornyl,

t hi oal kyl , arylalky? hydr oxyaryl al kyl , hydroxyaryl hydr oxyal kyl ,

dlhydroxyalkyl hydr oxyal koxyal kyl , hydroxyalkylarylalkyl,

di hydr oxyal kyl y“{l’“@%‘gﬁy‘?‘@"‘ al kyl , .am noal kyl
al kyl am noal kyi’i{ﬁ‘%‘;ﬁi{}’J ar am noa‘iegédl W’FH‘%{\JPB% agﬁfsnogﬁwym“ﬁ"é
aryl sul f onani d@alimptov phayhacolbgiwmﬁkmbk\ypawm andlexhibit gremenstabilityand
car bal koxyal kyl; Rlerr]CO, wherein Rerr] is selected fromH, .al kyl,
hydr oxy, al koxy, aryl oxy, am'-‘no, al kyl am no, a residue of an am no aci d, or-
N, N- di subst i t utAxtonlirigrto thu-invention,! thére 3¢/ provided! & Gérh of Fem#fld ct ed from

al kyl, aryl or arylalkyl or (b) forma heterocyclic structure; R err] NCH,
wherein R err] is alkyl, aryl, amno, alkylam no. arylam no, hydroxy,

al koxy or arylsul fonyl am no; -O CH Or;, or substituted dioxymethylyne; Y is
selected fromO0O, (H OH, and (H, err]) whekein Rerr] is selected from
Cferr]al kyl, alkylcarbonyl, ryl carbonyl,

hydr oxyal kyl car bonyI am nodl kyl clar bonyi , my Jor aryl; and Xis OHor H
wherein "al k" or "al kyI r ef ' alubsti t uent
optionally interrupted by an o}y |i ; var" "aryl" refers to a
nonocyclic, optionally hebgro ooOptionally subgtituted, (err] I
aromatic subst | tuent, provi when Xis O is al kyl and
Rlerr] is a residue of therkR[err] |s|

wherein
R, is alkyl, alkenyl, alkynyl, hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, benzyl,
alkoxybenzyl or chlorobenzyl,
R, is selected from formula II or formula I
R,
/
° R
R,
AN

Formula il Formula Il
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ot her than H. Any "al k" noiety or "alkyl" nentioned above may be
branchéd, linear or cyclic; preferably it is a (JQerr] aliphatic substituent
opti onally interrupted by an oxy |inkage, nore preferably uninterrupted by
oxy. WO 96/ 41807

PCT/ EP96/ 02441 wolgakp €s of "ar" nmoiety or "aryl" mentioned ﬁg%ﬁ,mf{
optionally substltuted may include e.g. phenyl, benzyl, tolyl, pyridyl and

the |ike. When R err] is chlorobenzyl or a koxybenzyl the substituent is
preferably in ortho. When Rerr]CO is NI\I—dlsubstltuted-carbarmyl, it
may be e.g. N-rihensin- N-(2 pyridin-2-yl- ethyl)-carbanoyl,

Rerr] 1s ELEE[‘?‘%%?@M b HORR, e TBERRP . gy, S oy,
met hyl yne, i . e hydayayh hywmmmmm hydeonyaikpryafkyb) Bfroanalkgayiabol, |
Gl thors ﬁSPS?df’ﬁmﬂﬁvalnwm? ot} B RpSRO R, TRt Sl
and R err] is Glioxy¢abinylaminoalkyl lalkylcktbprylaminehilkylnatyisulforainidoalklyl; allyl,
AR N A A LTI SR

( err]al k-2-enyg, xs@lemﬂﬁllbfigwaﬂm Rg fotms G alkylend; k- 2- ynyl,

g[[ g: H glyg)r/?)xg;alé{é er Q‘(ﬂ !I‘<eox C C[ err ]éﬁlélt(yl ?r ef er agﬂiyl et
preferably net *mkylcarbonyl, arylcarbonyl, heteroarylcarbonyl. hydroxyalkylcarbonyl,
aminoalkylcarbonyl, formyl, thioalkyl, arylalkyl, hydroxyarylalkyl, hydroxyaryl,
hydroxyalkyl, dihydroxyalkyl, hydroxyalkoxyalkyl, hydroxyalkylarylalkyl,
dihydroxyalkylarylalkyl, alkoxyatkyl, alkylcarbonyloxyalkyl, aminoalkyl,
alkylaminoalkyl, alkoxycarbonylaminoalkyl, alkylcarbonylaminoalkyl,
arylsulfonamidoalkyl, allyl, dihydroxyalkylallyl, dioxolanylallyl and carbalkoxyalkyl;
R,CO-, wherein R; is selected from H, alkyl, hydroxy, alkoxy, aryloxy, amino,
alkylamino, a residue of an amino acid, or N,N-disubstituted-amino wherein the
substituents (a) are selected from alkyl, aryl or arylalkyl or (b) form a heterocyclic
structure; R;NCH-, wherein R; is alkyl, aryl, amino, alkylamino, arylamino, hydroxy,
alkoxy or arylsuifonylamino; -O-CH-O-; or substituted dioxymethylyne;

Y is selected from O, (H, OH), and (H, OR,) wherein R, is selected from C,_alkyl,
alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, hydroxyalkylcarbonyl,
aminoalkylcarbonyl, formyl or aryl; and

X isOHorH;

wherein “alk" or "alkyl" refers to a C,,, aliphatic substituent obtionally interrupted by an
oxy linkage; and "ar” or "aryl" refers to a monocyclic, optionally he;terocyclic. optionally
substituted, C,,, aromatic substituent,

provided that, when X is OH, R, is alkyl and R, is a residue of formula II, then R, is
other than H.

.Any “alk” moiety or "alkyl" mentioned above may be branched, linear or cyclic;
preferably it is a C, 4 aliphatic substituent optionally interrupted by an oxy linkage, more
preferably uninterrupted by oxy.
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3. (Jerr]alkynyl as Rerr] is 2-propynyl or pent-2-ynyl, preferably
pent -2-ynyl ; 4. Yis 0, (H OH or (H derr]al koxy), preferably Q.

5. Rerr] is a residue of fornmula I1I; 6. In the residue of formula I,
Rlerr] is H ({err]hydroxyal kyl, hydroxy-( err]al koxy-C[ err]al kyl,

(Cerr]al kyl)-gar. -amno -Cferr]alkyl. (err]al koxy-( er %gaﬁ.or
am no-C err] a|\§§|’?’%¥ preferably H, hydroxyethyl, hydro>g)$:]5ropy : 1

hydr oxyet hoxyet hyl , net hoxyet hyl or ?cet yl am noet hyl ; especially H
when X is Hor when Xis OH and Rerr] is alkynyl; 7. In the residue

of formul a || Exsiples]of '&" mpicty br "aryl" mentioné®abiive4iid Optionally substituted may
PCT/ EP96/ 02441,

: S . 58 HRerr] is a
resi due of forfEiPde ¢ Phapyl, beppylolyl, pyridyl sgdthe ks y o 1 wherein Rierr] is
sel ected fromH, Clerr]al kyl, Cferr]alk-2-enyl, (err]al k-2-ynyl, aryl,
d err]al kyl -cagrbonyl , | car bonyl hydr x%herr cal kyl .

Clerr] al koxy-a@ﬂ‘ ﬁrﬁ%@%&@&%ﬁw&‘ ¥u “é?“hw%m&@l?’f‘hﬁ[ err] is
sel ected fromH, hydroxy, Cerr]al koxy, am no, (err]al kylam no, a
resi due of an am no acid or N, N-di substi tuted am ng wherein the

substituents (WhenReCQrisdbNudisupstintedcarbamayly iy may be e.g. NrpethylN-Q-pyridia2ril-a

het erocyclic s jg%ﬂ{, . rn;eth:?-_ [ 'ﬂcﬂ) 'rﬁor?ﬁéﬁﬁ“ m no,

al kyl am no, arg'ltf‘ m no;ﬁp?@[ﬁoxy, f oxy (F;-? ar yFﬂs’)liJILH)ny am noyﬁ?%%lnfc}; or

substituted di oxynet hyl yne. Preferred conpounds are conpounds of formula

la When R; is substituted dioxymethylyne, it may be e.g. 0,0-(alkylene)-dioxy- methylyne,
i.e. wherein the 2 oxygens are linked by an alkylene group.

In the compounds of formula I, the following significances are preferred either
individually or in any combination or sub-combination:

1. X is OH and R, is C; ,salkynyl or C, chydroxyalkynyl, preferably C, ,salk-2-ynyl or
G, ghydroxyalk-2-ynyl, more preferably C, alk-2-ynyl;

2. X is H and R, is C; jgalkyl, C, ,2lk-2-enyl, C; Jhydroxyalk-2-enyl, C, ,qalk-2-ynyl,
C, ghydroxyalk-2-ynyl or C, ,,alkoxyC, alkyl, preferably C, calkyl or C, calk-2-ynyl,
more preferably C, ,alkyl, most preferably methyl;

3. C,alkynyl as R, is 2-propynyl or pent-2-ynyl, preferably pent-2-ynyl;

4. Y is O, (H, OH) or (H, C, alkoxy), preferably O;

5. R; is a residue of formula II;

6. In the residue of formula'II, R, is H, C, hydroxyalkyl, hydroxy-C, alkoxy-C, calkyl,
(C,.calkyl)-carbonyl-amino-C, salkyl, C, calkoxy-C, alkoxy or amino-C, galkyl,
preferably H, hydroxyethyl, hydroxypropyl, hydroxyethoxyethyl, methoxyethyl or
acetylaminoethyl; especially H when X is H or when X is OH and R, is alkynyl;

7. In the residue of formula 11, R, is methyl.



[err] wherein R err], Rerr] and Y are as defined above, preferably
have any of the preferred significances given under 1. and 3. to 8. above;

anct of formula Ib [err] WD 96/ 41807 .

PCT/ EP96/ 02441 6 wherein Rlerr]
Rlerr] and Y ar gygssgiphi ned above, preferably have any of t hep@f
significances given under 2. to 8. above. Especially preferrd conpounds

i n¢l ude (i) 32-deoxo-rapanycin; (| |) 16- 0- gent - 2- ynyl - 32- deoxo- r apanyci n;
(iii) 16-0-pent-2-ynyl-32-deoxo-40- hydrox et hyl ) - rapanyci |v)

16- 0- pent - 2- yny8- sé(nspmdvyafmmwmn slsk OCH,- wherein Ry is selmeg

C,4alkyl, C, zalk-2-enyl, C,_,alk-z-ynyl, aryl, C, calkyl-carbonyl, arylcarbonyl,
hydroxyC, calkyl, C, calkoxy-C, calkyl or aminoC, calkyl; R,CO- wherein R, is selected
from H, hydroxy, C, calkoxy, amino, C, salkylamino, a residue of an amino acid or
N,N-disubstituted amino wherein the substituents (a) are selected from C, salkyl or
aryl or (b) form a heterocyclic structure; R;NCH- wherein R; is alkyl, aryl, amino,
alkylamino, arylamino, hydroxy, alkoxy or arylsulfonylamino; -O-CH-O-; or
substituted ciioxymethylyne.

Preferred compounds are compounds of formula Ia

wherein R, R, and Y are as defined above, preferably have any of the preferred
significances given under 1. and 3. to 8. above;

and of foxmﬁla Ib




Ve
(v) 16-0-pent-2-ynyl-32(S)-di hydro-40-0-(2-hydroxyethyl)-rapamycin; (vi)
32( S) ; di hydr-40-0- (2- et hoxy) et hyl -rapanycin; (vii)
32('S) - di hydr o- 40- 0- ( 2- hydr oxyet hyl ) - r apanyci n. Compounds of fornula | may

exhi bit isonmerismand accordingly further isoneric forms will exist. It

wil |l be understood that the present invention enbraces conpounds of formula
|, the indivi N@PMIEErers of fornula | [err] 1
Rlerr], Rerr], Yand X are as defined above, as well as isonmeric m xtures
t her eof . The i ndividual isonmers may be %epar ated by anal ogy to nethods
known in the &jyerein R, R, and YO8 @ 4dfRHed above, preferably have any of the preferred

PCT/ EP96/ 02441 7 The present

i nvention al sdigsifisencergiven ppdse 2stp §.4boYene producti on of the conpounds of
formula | which process conprises a) to produce a conmpound of formula |

wherein X is H, reductively elimnating the carbonyl in position 32 of
a conpound of Espeaially prdfersed compounds include

(i) 32-deoxo-rapamycin;

(i) 16-O-pent-2-ynyl-32-deoxo-rapamycin;

(iif) 16-O-pent-2-ynyl-32-deoxo-40-O-(2-hydroxy- ethyl)-rapamycin
(iv) 16-O-pent-2-ynyl-32(S)-dihydro-rapamycin;

(v) 16-O-pent-2-ynyl-32(S)-dihydro-40-O-(2-hydroxyethyl)-rapamycin;
(vi) 32(S)-dihydro-40-O-(2-methoxy)ethyl-rapamycin;

(vii) 32(S)-dihydro-40-O-(2-hydroxyethyl)-rapamycin.

Compounds of formula I may exhibit isomerism and accordingly further isomeric forms
will exist. It will be understood that the present invention embraces compounds of
formula I, the individual isomers of formula I'

wherein R,, R;, Y and X are as defined above, as well as isomeric mixtures thereof.

The individual isomers may be separated by analogy to methods known in the art. '



[err] wherein R err], Rerr] and Y are as defined above, in
protected or unprotected form and, where required, renoving the
protecting groups present; or b) to produce a conpound of fornula I
wherein X is OH, stereoselectively reducing the carbonyl in position
32" of a conpoun mul a | Va as defined above; or C) co rkpoe gu?,
conpound of for?uolcgg"{ﬁMerei n Rerr] is alkyl to provide a C(r)]trgl:)und 0
formula | wherein Rlerr] is other than alkyly In process step a), the
conpound of forrmula IVa is preferably in protected form ie. it may

conpri se pr ot ecThepresgnicinysntion also peavidss al prepess fios the/progiction efghe pompouadspefi ¢ i n
the reaction, e | It nd optionally in position 40 when R2
s a residue ofmﬁg?lﬁlvjﬁwél%}nosffi on 39 when R2 is a residue of
formula 11, WO 96/ 41807

PCT/ EP96/ 02441 a) to produce a compound of formula I wherein X is H, reductively eliminating the
carbonyl in position 32 of a compound of formula IVa

Va

wherein R,, R, and Y are as defined above, in protected or unprotected form,
and, where required, removing the protecting groups present; or

b) to produce a compound of formula I wherein X is OH, stereoselectively reducing the
carbonyl in position 32 of a compound of formula IVa as defined above; or

¢) converting a compound of formula I wherein R, is alkyl to ptt;vide. a compound of
formula I wherein R, is other than alkyl. '

In process step a), the compound of formula IVa is preferably in protected form, i.c. it

. may comprise protecting groups on functional groups which do not participate in the
reaction, e.g. OH in position 28 and optionally in position 40 when R, is a residue of
formula II or in position 39 when R, is a residue of formula III.



8 The reduction a) to the 32-deoxo conmpound of fornula | may conveniently

be performed in two steps: 1) by reacting a conpound of fornula.lVa —
preferably in protected formw th a hydri de, e.g. diisobutyl alum nium
hydride or preferably lithiumtri-tert-butoxyal um ni um hydride, to

produce a correspondi ng 32-di hydro conmpound. O her nethods and
reagents as knWRA6#M0% he art for reducing ketones may be us&®FTESPOB#duci ng

t he 32-di hydro conmpound fromthe correspondi ng ketone. They include

e: g. hydrogenation, reduction by net al%, metal hydride reduction, as
described in - The redddfil §16 9 | 424408 8Binpoubld OF KR ey SonvEhintiy B y ¥/ gesme O
Publ i shers I nc. New Yor k, 1989, pp. 527-535, sections 7. -7.1.4 and
asymetric recincmmps met hods for ket ones, e.g. as discl osed in

Conpr ehensi ve Organi ¢ Transformations, R C. Larock, VCH Publishers
Inc., New York, 1989, pp. 540-547, section 7.1.15. The reduction step

i) is then foIi)ovxbﬂmcﬁligia)cmuppund)nf/iwmuhgvahufewlﬂimmdcﬁmpbwmahmﬁdct he

correspondi ng 32-hal ¥

32-iodo-derivati vgﬁ W ﬁ'R"b'r\ﬁ'en R Cegpﬂfuﬁﬁbﬁmm%tﬁﬁ L@é\ﬁ:ﬂ] o the

desired 32-deoxo ﬂpdridemlplmmdmendrmm&hyﬂrdempomm |0tyertrhahodsand
resul ting corrpound Furt her reagents.su ed for e ! all

. be used - and "% l‘fiﬁg‘“é’w& M%ﬂ'éﬁ{] 'é (rpa ﬁ'ﬁ#ﬁ?tﬁ#

lr)mgnﬁsijumdand zi lmsz-dmydm compouiri]ﬂagﬁhdtlwdafm( ding [kesdhéli mjmhelnd@ie. o
orohydri des, silanes, co rj des see rehensi ye .Organi c

Tr ansf or mat i ons, & &ng_ @8@“9%94 pioetal hydrde “"%?“n&“’ fidoscrhed in 1959,

pp. 18-20, secti oRgomprohersi aﬂac&r&s?ormanons. RE Nmbubhshalsme
reducti on can be achleved b use_of_ hyd rogen or hydr oge sour ce
(i.e. fornmic acidNsw 1989 pey 22J1335; sections ﬁr’e@-éﬂc’@dmm‘%ﬁi‘wnrret al
catal yst (i :ﬁmﬁe?&m:{éw a@ﬁis&laadd Cgéhe&{ver@dghﬁémmbﬁes
conpl exes of rhodi um or _rutheni um rehensive Oganic
Transformations, RE: LE‘Q%)MCH P“bhs‘lel?/élw ﬂ.mz 5400347, sestion 7.1.889,
pp. 20-24, sectionpl ‘E#?])tlg% knovvn met hods as used for
transform ng an al coho |nt e correspondl ng deoxy conpound, may

al so be enpl oyed. These methods include e.g. direct reduction or
s on of ' "hPCHRgAL BePRANES BiSuS TR B8 RO Sepp e |
Conpr ehensi ve O gaag.c32-bromo- or (preferalily) I2xiododerivafiveC whichrie ten rediced el bysher s
lnc., New York, 19824 Rito fhie detired 32-deoxo dinvaive and \here required deprotecting the
resulting compound. Further reagents such as used for reducing halides may be used
and include e.g. low valent metals (i.e. lithium, sodium, magnesium and zinc) and
metal hydrides (aluminium hydrides, borohydrides, silanes, copper hydrides) (see
Comprehensive Organic Transformations, R.C. Larock, VCH Publishers Inc.,
New York, 1989, PP 18-20, sections 1.5.1. and 1.5.2.). :
Alternatively, halide reduction can be achieved by use of hydrogen or a hydrogen
source (i.e. formic acid or a salt thereof) in the presence of a suitable metal catalyst
(i.e. Raney-nickel, palladium metal or palladium compléxes, complexes of rthodium
or ruthenium) (see Comprehensive Organic Transformations, R.C. Larock,
VCH Publishers Inc., New York, 1989, pp. 20-24, section 1.5.3.). Furthermore,
known methods as used for transforming an alcohol into-the corresponding deoxy
compound, may also be employed. These methods include e.g. direct reduction or
reduction of an intermediate phosphoronus compound, sulfonate, thiocarbonate,
thiocarbamate or xanthate and are described e.g. in Comprehensive Organic
Transformations, R.C. Larock, VCH Publishers Inc., New York, 1989, pp. 27-31,



9 sections 1.9.1.-1.9.4. Sui t abl e hydroxy protecting groups and
nmet hods for their formation and renoval are known in the art, e.g. see
Protective Groups in Organic Synthesis, second ed. T.W Geene and P.G M
Wits, John Wley & Sons, New York, 1991, Chapter 2 and references therein.

Pr-eferred COH p;@tﬁ}ﬁiwg groups are e.g. triorganosilyl groupsciE®éetal
tri(Cderr])alkyl'siTyl” (eg. trinmethylsilyl, triethylsilyl), triiso- .'
propylsilyl, isopropyldinethylsilyl, t-butygdinethylsilyl, triarylsilyl (e
g.  triphenylsilyl) or triaralklsilyl (e.g. tribenzylsilyl). Deprotection
may be carried ousectionsck.9.bi-1. 88y aci dic conditions. The reduction step i)
may conveniently be effected at a |low tenperature e.g. from-10 to
-80[err]C In step ii) the 32-di hydro conpound optionally in protected
form Tref er atSujtablahydidijRprakécting groups andrmethods<for their Senmation aadoremeval e |

preferably a sul phanate._ e.g. I syl . I flate,
fol | oned by d?‘@‘ﬂ?’&dﬁ@é‘hﬁ"‘-\ﬁrﬂgﬁ”ﬁW&Mﬁa‘*i%@“@%ﬂé’%?’ﬁq%‘fii de or
brom de, tetr abhW.Oreéienind IRGM.ONutcJohn Wileyni Seps, New ¥orkh 1991, Ghapter Hhanskence
of a base, e.g._an amne, e. 32( R)-di ast ereoi soner D m
the mxture acelre %’%%@%W%&W|%ﬁ§%%%ﬁgﬁé%gsgﬁ%%
Sui tabl e hydri g, JalkylsiBY (. imediyisiha) wiethplsilyl) ndiso-npropylsilyt,. g. radi cal

hydri des such as tributyltin h dr#lje or ,tgi sé&}ri thyl silyl l—silane.
Reducti on nay mﬂ@nﬁéwéﬂvré‘ utyldimpathylsiiyl, 45 sﬂﬂ%ﬁeéﬂ’i}@& )& ¢ adi cal
initiator, e. ‘m%ll%" Y. HibeaEiHA)0 Depfdtéction rRfcarrivdl ont mideemillly, acidic
conveniently g!t" a (lasr'r‘glé??t Ellrle fr%ml)o% 80[er?‘]mg. An oxi dant sglgh as
cupric acet at econditiop®s conveni ently added after the reduction step of i) or
ii), if required, to re-oxidize selectively into carbonyl an undesired side
reduction which may occur e.g. in position 9. Alternatively, the .
32-di hydro der Theateductionssteplip may convehipnttyobe effacted at atlow temperatere, a8, fram nlfe
known in the arsb, e g. using triphenyl phosphine in conbination with

N- bronmo- or N-T 0%’-succi ni m de, carbontetrabrom de or tetraiodide,

1. 2-di bronot et rachl or oet hane,

In step ii) the 32-dihydro compound optionally in protected form, preferably the
32(R)-diastereoisomer, is converted into an ester, preferably a sulphonate, e.g. mesylate,
tosylate, nosylate or triflate, followed by displacement with a suitable halide, e.g. sodium
iodide or bromide, tetrabutyl ammonium iodide or bromide, preferably in the presence of
a base, e.g. an amine. The 32(R)-diastereoisomer may be separated from the mixture
according to known separation techniques e.g. chromatography.

Suitable hydrides to reduce the 32-halo compound include e.g. radical hydrides such as
tributyltin hydride or tris-(trimethylsilyl)-silane. Reduction may also be performed in the
absence or presence of a radical initiator, e.g; 2,2'-ambisisobutyroniu_ile or preferably
Et,B, conveniently at a temperature from 0° to 80°C.

An oxidant such as cupric acetate may be conveniently added after the reduction step of
i) or ii), if required, to re-oxidize selectively into carbonyl an undesired side reduction
, which may occur e.g. in position 9.

Alternatively, the 32-dihydro derivative may be directly converted into a halide by
methods known in the art, e.g. using triphenylphosphine in combination with N-bromo- or
N-iodo-succinimide, carbontetrabromide or tetraiodide, 1,2-dibromotetrachloroethane,
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2,4,5-tribronmp- or -triiodoimdazole, iodine, 1,2-diodoethane, or using
t A onyl brom de or nethyl tri phenoxy phosphoni um i odi de. The reduction of

t he carbonyl I on into the 32-deoxo derivative ma

per f or med thrgaﬁﬁﬁﬁh% fornatlon of a tosyl hydrazone fo||ome§°@?ﬁ$?§§ ment
with a borane, eg. catechol borane, or thrgggh the formation of a dithiane
foll owed by suitable reduction, eg. with Raney Ni ckel or a hydride, e.g.
tributyltin hy2j45-¢ibrorab-har -trdkiodoimidaedlé) detiine ©,2-dioduetane, wr ngjing thionybbromidet ar t he
correspondi ng al cane. may be used; su nmet hods i nclude e.g. direct

reduct i on (seémﬂﬁﬁ§¥@ﬂ5%¥msgﬂéwﬂ F@g ansformations, R C. Larock, VCH
Publishers Inc., New York, 1989, pp. 35-37, section 1.12.1.) or reduction

Vi a hydrazones ( rehe ve Orggni c Tr sforma ons, R C. ,Larock, VCH
Publ i shers | nc'n"‘R&%“ 3%  into.the 32 ﬁln°3"°_L ayve may ‘{i‘Pab%ul fur
and sel eni um d ﬂiﬁﬁl ﬁ@mmhm&ﬂ m%mmmmﬂac

Larock, VCH Pu Ilshers Inc New York, 198 pp. 34-35, sectlons 1.10. and

1.11.).  The Pusnsce-scmatechalborye,op throtighhe igrmation of aodithiang doliqwed by suitabls o |
IS perforrred U Rfdti ?Lﬁ%@%wnﬁyﬁ%grﬁ%&lﬁ &gzlmeﬂgﬁ,% whi ch

significantly favours

triethyl bor ohymmm@mmgm&emmmmmm@memwwem suchr r i ed

out at 2 Vo " EBGehble . frec Ui Conf il opac VRl Vo
separation of mmbmm&mmmum,rmxmssm seotiom1.82.bj ot he

art, e cor uRRRofs FRSRAES CoitFuieiipiit TiniplRhg s cosalr 11 1 1e
desired, the hmmlgmmc J Rew Yatk, 1089, aﬁaams.emionnamz»mmmm 40
may be protected Qr to e reducti and. depr ot ect terwards, e.g.
as discl osed afigmum deystives %‘T nsiye, g'ﬁ"?f%‘ﬂ“b‘)“‘ﬁ CS med wi t hout
OH- prot ection. VCH Pih&hﬁ@ﬁﬁflit@ﬂoﬁ,ﬂpsmbpmﬁmf 140, édtl, HQcording to
nmet hods known in the art. For exanpl e, a conpound of fornmula I wherein

Rlerr] is alkyl, preferably nmethyl, may be reacted with a conpound
R err] CH wher ei Thebdktidn mfa}wﬁvlszw)dmy&a gb‘hwlfoﬁmm R\petiomaedama@ound
rr

of formula | wherein The reacti on may

I.s al kynyl hydr oxyal ky
conveni ently be%e 'EQP?’T"&P‘EMPW ferably "dﬁ‘i“l&"t“ﬁ@g%lwp( mgrgg@ntln favaurs the eduction
tol uene, acet onjt¥|8)Ce.p sodithm e borohydride, is used. The reduction may conveniently be

carried out at a low temperature, e.g. from -50 to -80°C, in an inert solvent, e.g. THF
diethylether, glyme, diglyme or methyl t.-butyl ether. The separation of the 32(S)-dihydro
compound from the low amounts of the 32(R)-dihydro compound produced may be
performed by methods known in the art, e.g. column chromatography, reverse phase
chromatography.

If desired, the hydroxy groups in position 28 and optionally in position 40 may be
protected prior to the reduction and deprotected afterwards, ¢.g. as disclosed above.
Preferably the reduction step b) is performed without OH-protection.

The conversion step ¢) may be carried out according to methods known in the art. For

example, a compound of formula I wherein R, is alkyl, preferably methyl, may be reacted
with a compound R,-OH wherein R, is alkynyl or hydroxyalkynyl to provide a compound
of formula I wherein R, is alkynyl or hydroxyalkynyl. The reaction may conveniently be
carried out in an aprotic solvent, e.g. dichloromethane, toluene, acetonitrile or THF under
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copdi tions. Preferably the reduction in position 32, particularly the
reduction step b) is carried out on a conpound of fornula |Va wherein
Rl.err] has al rwyﬁl‘hg@, desired significance, e.g. Rerr] is akxpydnzadinus
avoiding a | ater conversion after reduction. A conpound of fornula IvVa -
wherein R err] is alkynyl or hydroxyal kynyl ,flused as starting material, may
be prepared using a conpound R err]-0OH as di scl osed above. Compounds used
as starting natacidicadonditings. be prepared anal ogously to nmet hods known and
practiced in the art, e.g. as disclosed in USP 5 258 389, WD 94/09010, WO
95/ 16691, USP 5 120 842 etc. WO 96/ 41807

PCT/ EP96/ 02441 Preferably the reduction in position 32, particularly the reduction step hYis catried out on

[ G The 1ot | GvieRpoURbFtRaNe THe Wi i SR o€ sl i GRS s ©
T Ir i a;] hyl si :Q%/I Mgmﬁaoig}ng&aaaemwmbﬁ;ﬁaa redidBon. 4] compOhiidoof formaladVa] =
erein Rerr] = H an err] = err],; . . -
X, Y20y To o oterin B, aloredof bydsponkymylised o sarins sl uay Do EEepemehiog
28, 40- bi s- O TE%coFﬁiﬁﬁﬂa’&i.-ﬁﬂ i d&foséd apve. THF is added 503 m (503 mmol ) of
|

a | Msolution of thium tri-t -butoxyal um numhydride in THF. The
resulting mxture is allowed to warmto -15[err]

Compounds used as starting materials may be prepared analogously to methods known
and practiced in the art, e.g. as disclosed in USP 5 258 389, WO 94/09010,
WO 95/16691, USP 5 120 842 etc.



over 2 hours. Then the cooling bath is replaced by an ice bath, bringing
the tenperature to O[err] and stirring is continued for 1 hour at this

tenperature. The reaction mxture is poured into a separating funnel
containing 750 m of et hyI acetate and 400 m of ice-cold 2N aqueous citric
acid and brief Ia/ shak The aqueous |l ayer is separated and_extracted tw ce
with cold eth te The conbi ned organic solution is ’
i ce-cold 2N aqueous citric acid, water, sajaurated aqueous sodi um

bi carbonate and twice with saturated brine, then dried over anhydrous
sodi um car bonghefollows ple§) Gre GIRGAIVE! GFithel investivh. rAIDIemPeratres 8¢ inc°C. TiTRe
resi due, consisting of a mxture of 32(R)-di hydro-28, 40-bi s- O TES-
rapanyci n andfollowing abbreyiajons ¢ M§pdy o- 28, 40- bi s- O TES-rapanycin, is

di ssol ved wit papt = WUI‘I fication in 260 mM of nethanol. This
solution is cooledt err] and treated with 6.85 g (34.31 nmol ) of
cupri c acet at #ESAft BilWli ng for 1 hour, the resulting suspension S
diluted with nmethyl-t.-butyl ether and washed twice with water and tw ce
wi th saturated bri ne. The aqueous |ayers are backextracted with

met hyl -t - but y EXAMPLE IEh 82-Peokorapanhycin dRg anCH,; R |=uHliwhereis R iEbandbRe= CH;;
anhydrous sodiumsul fate, filtered andXecoHg¥ne Ot ed under reduced
pressure. The Toasstired, covled.(-18) sobitiby ofs 26.1 @(2085 narholp of:284-bigOyTES-G0: 40

Bt R al T o rnaiysin in 260 o TR0 el S0 S (5.3l of 3 14 solstion, of it

(CDCl[err]) 4:th-trbutbraRmibun hydiite s THEITHE fesblting) idiktoreiiallowed 16 hasm o FES°er

e, 1kt Wt B e b b S ot i B it

2.46 (1H , m t5'08land stirrihg i§ Sorftihhed b hBhrH‘tﬂﬁ)teml?erﬁﬂxe Tlfekhhcﬁﬁinhkﬁ&)xs 3.13

(3H, s, C16 OCH[err] 3 26 (3H, [lerr] errl) H 40)
3.43 (3H, s, ROYw %fep}!}unsafuev cantpinipg 75%2# 7%00('9#’? '&=-°°ld
H27), 4.10 (1 m@@dmﬁﬁ&ﬂ?%%ﬁm&l%ﬁ%%ﬂ"&xﬂm
H 34), 5.27 (1H H 30) 36 (1 / 41807

PCT/ EP96/ 0244 1twice with cold ethyl acemtc The combined organic solution is washed pwjth jeepld ZN 69

(3 8, 22k 58] B e o e St

LiJ[err]) (rel bnnmﬂmMOm(}phydrm sadivmi carboniate cliltgresiand-coagen! tl’atﬂllwl'ut i on

(7)f 5§0m69( 54( %greli %u@r | et E&*ﬂ{l‘r&)ﬁ éﬁbﬂﬁnftmesof %@W?l ?% 'S
added 2.10 m ¢apamPcinanmd(32R) 9, thMM&ﬁmmycﬁbs dissolved avithout
StLCEe0 {0 20 b ineble S il S o €t Bl b
aqueous | ayer |6$5€g<(aﬂaltmnhot)hfeﬁprlclmvxd\ftér stiting for ¢ dibert, the rdsaitingyubpensidn
organic phase i Sdl“\a tecp w%h%lpyl-% %u%lyrl aﬁﬁ an%qwasgec? twice with water and twice with saturated
brine. The aqueous layers are backextracted with methyl-t-butyl ether. The combined
organic solution is dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue is purified by silica gel chromatography (60:40
hexane/methyl-t-butyl ether) to afford pure 32(R)-dihydro-28,40-bis-O-TES-rapamycin as
a white solid. .
'H NMR (CDCl,) 4:1 mixture of rotamers, chemical shifts in parentheses refer to the
minor rotamer § 0.72 (1H, dd, H-38ax), 1.63 (1.60) (3H, s, C17-CH,), 1.66 (1.69) (3H, s,
C29-CH,), 1.77 and 1.81 (H-33), 246 (1H, m, H-31), 2.82 (2.91) (1H, m, H-25), 2.91
(1H, m, B-39), 3.13 (3H, s, C16-OCHy), 3.26 (3H, s, C27-OCH,), 3.41 (1H, m, H-40),
3.43 (3H, s, C39-OCH,), 3.62 (1H, m, H-32), 3.75 (3.57) (1H, d, H-27), 4.10 (1H, 4, BH-
28), 4.81 (1H, broad s, C10-OH), 5.05 (1H, d, H-34), 5.27 (1H, d, H-30), 5.36 (1H, d,



sodi um bi carbonate and brine, dried over anhydrous sodiumsulfate, filtered
and concentrated under reduced pressure. The residue may be purified by
colum chromat ography on silica gel (80:20 hexane/ethyl acetate) affording
pure 32(R)-di hydro- 32-0-nesyl -28, 40- bi s-0- TES-rapanycin as a white solid,
but routinely calgese product is used in the 'subsequent st pgrbdelogyds
further purification. [err]H NVR (CDCl[err]) [err] 0.77 (1H, dd, H 38ax),
1.67 (3H, s, Cl7-CHerr]), 1.72 (3H, s, C2993CHerr]), 2.77 (1H M H 25),
2.92 (1H, m H39), 3.03 (3H, s, Cl6-COCH erlr_l]qgg, 3. 17]#{3H, S,

C27- OCH| err]) , B2), 3169 (4H, dd, H22B 603586} (1H, dgHAL8), 6.19 (1H. dd. HAl), 633@H, 4y <

CH err] SO err]dmnd: H 464 27), 4.10 (1H, d, H28), 4.72 (1H m
H32), 4.94 (1& g6%éfgﬁd!ﬁ‘chébg2 (1H m H-34), 5.25 (1H d, H30), 5.43
(1H, d, H2), MSYBABIEI matrix)} 220150 €M 3 Lil')H(reki intensitg)100)6. 18 (1H, dd, H 21),
6.37 (1H dd, H20), 6.44 (1H, dd, H19) M5 (FAB, Lil matrix) mz 1228 ([M
+ Li]+) (rel. intensity 68), 1132 ([(M- CHerr]SJerr]H + Li]+) (rel.

i ntensity 100)To a Atirfédx bosled ¢15°% Soliongof(2069330(18:10| thmol) of 32(R)-dihydro-28,40-bis-

of ol um § o TS ApYSiL id 535 3 (ot igh SR AAEftninG fa 20 L of deyienlT0! )
of THF is heat gfforide i§ &idedd’2. 001 @7102ufRol) bimethktesalfénytvekiotide. Thomitture imom

tenperature. The resulting mxture is diluted with ethyl acetate and
treated with 3gimddfergiminutesothen,dilged with !W%@M@“@'ﬁ P8d. The
5¢

organi c phase {; afHiBdC The 1a¥ErS afd debardted hiicPing Bq@tue fiyer i @Rtrdeted three

bi carbonate and once wth saturafed brine, then dried over anhydrous sodium
sul fate, filt etimes withietbyhesetate: The qombined organic phage i washed with-spurajed agusous | s

purified by co RO G, B i it Gl FHefe8 oy
acetate) to af%gure -deo %ﬂ% o-%, §10- |s-.0hg}§s-raparryci n.
WO 96/ 41807 concentrated under reduced pressure. The residue may be purified by column

PCT/ EP96/ 02441

o , - NVR

(CDCl[err]) 1. g'ﬂmﬂf’??myemo?m?aoge ér(%oé%qshfmﬁeg' rﬁl gg«ftatg%iaf{otrgmg R‘“B;s? %m’g‘?

E: i‘]‘? e E:H E ot ]he n'gm-glzme@l-mbis@ﬂﬁs&aﬁh’hy@ihm aciwhiter$olid it routingly tbelcr@@)prpgm s,
- err] an : err (2 H H 25 91 (2H, H 32

H39), 3.15 (3ﬁ,“‘§‘!9'“8%§'é§}?%@$?‘72 w&&%ﬁ@%‘i‘j’}ﬂ%&ff“‘s, (c27- gCH[ err] ?n 3. 43

c(j 3. AI:|-1)28§ 3H,4 ; ) 'm@@blH €1,) 5)0.773(1 H{ dd,3-384x),(1167 (3H, sHCPFCH,) 172 (3H, K629 1H,

s, CI0- 45 (5 ( H 6 9) (1H,
dd, H22), 6.0SH)2d2(1HM, 96,35»5%?"&@@@; % 8#&&#?%"???‘2" gé‘ég’*{[ +
Li]l+) (rel. inicensidn, 35 (3H, s, C39:0CH,), 342 (1H, m, H-40), 3.45 (3H, 5, CH,S0,), 3.91
(1H, d, H-27), 4.10 (1H, d, H-28), 4.72 (1H, m, H-32), 494 (1H, 5, C10-OH), 5.12 (1H,
m, H-34), 5.25 (1H, d, H-30), 5.43 (1H, d, H-2), 5.88 (1H, dd, H-22), 6.03 (1H, d, H-18),
6.18 (1H, dd, H-21), 6.37 (1H, dd, H-20), 6.44 (1H, dd, H-19)
MS (FAB, Lil matrix) m/z 1228 (IM + LiJ*) (rel. intensity 68), 1132 ({(M - CH,SO;H) +
LiJ*) (rel. intensity 100)

A mixture of 22.35 g (18.30 mmol) of -32(R)-dihydro-32—0-mesyl-2§,40-bis-0—TES-
rapamycin, 27.50 g (183.33 mmol) of sodium iodide and 6.3 ml (36.68 mmol) of
diisopropylethylamine in 400 ml of THF is heated to reflux for 6 hours, then is allowed
to cool to room temperature. The resulting mixture is diluted with ethyl acetate and
treated with 38.4% aqueous sodium bisulfite. The layers are separated. The organic phase
is washed three times with saturated aqueous sodium bicarbonate and once with saturated
brine, then dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue is purified by column chromatography on silica gel (83:17
hexane/ethyl acetate) to afford pure 32(S)-deoxo-32-iodo-28,40-bis-O-TES-rapamycin.



To a stirred, cooled (O[err]) solution of 16.79 g (13.19 mmol) of
32(S)- deoxo- 32-i odo- 28, 40- bis-O TES-rapanycin in 190 m of toluene is

added 7 m (26.38mml) of tributyltin hydride followed by 1.3 m (1.30
mmol ) of a 1M sol utlon of triethylborane in hexane. This m xture is stirred

for 30 m nutes yenched with saturated aqueous amoni unﬁw The
| ayers are sepvé{él 8’7and the aqueous layer is extracted tw !h
acetate. The conbined organic |ayers are waghed with water, saturated
aqueous sodi um bi carbonate, water and three tinmes with saturat ed brine,

t hgn d(rjl ed oveH m%(dfwl; 19531 intixfure (ﬁ'lﬁtﬁlﬁgﬁ, ,chésnicabsiifts innpdrenthieses néferabahe under
i1 ca gol - ( 7ommer mamen BAEL O 36 Koy Fas e (6K Capdeh e SRR,

32- deoxo- 28, 4Ctéh.ﬁ.ﬂ2§l§€zw Imsa&n@mdsb.taeisseﬂﬂ.d cm-be:u,i. 5.3bI¢331) (3H,

(CDCl[err]) 2 mi xture of. rotaner s m cal shi

h f
Lothe: i nors, CHTDIGHI A3 0405 1. Fo- D530 GB1) b BP0 G255 it ©
C17- CH 30, 5K

e ) s (gl ciote sl 0SB i,
s, C27- OCH[errf92(S§SA£lli-3d-4§-)18)(3H s, C39-OCH err]), 3.70 (3.67) (1H d,

H27), 4.11 Ea% C10- 4.87 (4.67
(1H ?d ,H34),f/§-qé§(g%ﬂx)ﬁl , d,(mi%i#mS% sto)d H-Oz_g 5. 60 ES. 66§
(1H, dd, H22), 6.01 (5.92) (1H, d, H18), 6.17 (1H, dd, H21), 6.30 (1H,
dd, H 20 6.4 =

Li [err]))(rel ql %élsgl‘r%cggml%@ soluti@éflﬁ'%? gﬁéég%égﬁ’ 5%(.3»)1%%:2” § SO Ut I on
Oftﬁo 7|3 g (9d53-mﬁs-}apaﬁ|y8iﬁ -inl 4 6@ anl D8 told@dnb issadded 7 Inl QGB&pmuDgfmhmyl?ﬁ mthof
met hanol is added. dr.apwi e agci er e
addition is coﬁ‘ﬁ%éqﬁ’[“@ ﬁiﬁéhgﬁf%ﬂf‘guﬁ @H\ﬁﬁﬁlﬁgﬂ éﬁl@“g? Srred
fO(r]I 1b5 hogr Thtshﬁﬁtuﬁh_l_iﬁlthlﬁ'ddmrtmtﬁhb&* a:&lcqifetﬁéhedd &gﬁth sfahml furi at ed
sodi um bi car bonat e e |layers ar rate n e agueoys

extract ed wi t h Shigfgs: The laye ‘@f‘ﬁ)ﬂ‘g%" “‘H’FE“@%T‘G‘H ?%?‘éﬂm c

h h
FF; C;i_/s E Plgg / \ggzﬁq‘m& %etobmewoigmﬁaay&sa&e d/aﬂﬁd wm water, sammﬁé@a?&bﬂsls%@ﬂxm

bi car bonat e aM@MWM@nﬂtm tignes !’&hémwﬁmar@%mm@%&@dmm
filtered and C%ﬁﬁﬁtﬂlﬂeﬁ%ﬂw sﬂhﬁerﬁﬁﬂ&%gh&&i'tﬁsm ved

i n diethyl ether er eupon th esire 2 deoxo rapanmycin cryStalliZes

(col orl ess cr ymmmmhﬂm (iMBﬂsﬁbemmltﬂ’“WbP@%F%ﬁ%emecal
) 114 SRR R -alsOTES el igRoR L0 D, (1T A4
Cl7-CH err]). 1'HBMRL(CI¥L,)(25:]1 mixtugpef roramers; ¢hemicad shifts jn parenthesesyefento the 31) |
535 (54 x, ool ytefet 5 0.7 Kt i SBuol 82457y O, & Oy -G 1 1 (1) RiiEa
C39-OCH err]), ezmnmw: €291 K m, H-2%), 291 (1H, m, H-39), 3.15 (3H, s, C16-0CH,), 3.27
(3.25) (3H, s, C27-OCH,), 3.43 (3.45) (3H, 5, C39-OCH,), 3.70 (3.67) (1H, d, H-27), 4.11
4.07) (14, d, H-28), 4.57 (1H, broad s, C10-OH), 4.87 (4.67) (1H, d, H-34), 5.19 (5.08)
(1H, d, H-30), 5.32 (1H, d, H-2), 5.60 (5.66) (1H, dd, H-22), 6.01 (5.92) (1H, d, H-18),
6.17 (1H, dd, H-21), 6.30 (1H, dd, H-20), 640 (1H, dd, H-19)
MS (FAB, Lil matrix) m/z 1134 (IM + Lil*) (rel. intensity 100)

To a stirred, cooled (-15°) solution of 10.73 g (9.52 mmol) of 32-deoxo-28,40-bis-O-TES-
rapamycin in 85 ml of methanol is added dropwise 9.5 ml of 2N aqueous sulfuric acid.
After the addition is complete, the reaction mixture is warmed to 0° and stirved for

1.5 hour, then diluted with ethyl acetate and quenched with saturated sodium bicarbonate.
The layers are separated and the aqueous layer is extracted with three portions of ethyl
acetate. The combined organic phase is washed three times with saturated sodium



(1H, d, H28), 4.80 (4.71) (1H, d, H34), 522 (1H,d , H30), 531 (1H d,

H2), 5.56 (1H, dd, H22), 5.95 (5.87) (1H, d, H18), 6.16 (1H, dd, H 21),
6.36 (1H, dd, H20), 6.41 (1H, dd, H19) I\/IS(FAB Lil matrix) mz 906 ([M
+ Lif[err] ) (re]. intensity 100) EXAMPLE 2 :

16- pent - 2- ynyl oxpogfge? - di hydro rapanycin (Rlerr] = pent 2- Y pdvepbiBid1]l =
|1 V\/nerel n R3

= H and
Rlerr]=CH err]; X=CH, Y=0O To a stirred, cool edéﬂm ) soI ution of 970 ngy
(1.06 mol) of mmymmmrbapa@mdnedmemm , filtered and

(2)f pfp;[]}llnml)rglacie I'C acl dm‘lfﬂrahﬁq xfpS%éﬁPls s!tllgsr%}deea at Q%Mrwl%ours and
quencheddvmatng ?MdusmdenWamma@bﬂaas@ym | ayers are ety
rcotate. The colVAR{ERKTA A Blaied of irkilh. leloh \plnl 8 paiinsiefopo o "
dr Id egegve: éggnryﬁhmﬂﬁ OWOS(GHE dd,cH-38ax); ki4shdan3R ﬂb-glﬁ)jrltjﬁa(zlreiﬁ)uhgﬁa(rl 62?1 o
11 oa gol - ( 2085 wETREbEAR 078 Brr s CACH BT aliom Bt R R o
0315, TLrETE RAMUL s Lin ol o o s omeS
par ent heses reml“is'@:f%é Jf'%?)@?éﬁg% i ﬁ]%@ﬁéﬁa g’éﬁ({ﬁ{%?gp)“
(1.05) (3H t, WVH.MSH&%O él%iﬁ&h@), SRA{H( ahi- 51.371 gt[ail’-ﬂ% 556@

(3H, s, 29- CH[err err errb

H 39), 3.33 (33M)H(23N5%5(5;87)(11H[deﬁ-] ),63 dd3Ey21) siy’m&*tl]()m

3.78 (1H dt, CHd'e dl],SZI—l[err]CCCI—IHO) 4.0 (1H, dt CH[err]CH[err]CCCHHO)

5.52 (5.71) (1H, g H22), 5.98 (5.83) (1H, d, H18), 6.15 (1H m,6 H21),

6.30 (1H, dd, MSQFABAilmarix) m/d KM 3 LifB(rél-imnsity 74 ([M+ Li[err]
896 LiFs(r¢Iringnsity 100)

WD 96/ 41807

PCT/ EP96/ 02441 16 EXAMPLE 3:

16- pent - 2- yny| GXAMPLE)2:dil6-pente2-yrybaxyy32(S)-dibydtocrapayoie (R Re pent)2-yyh Ryy=cln i s
reacted with 2-pentyn-1-ol in a procedure anal ogous towheein Rf=Hkamdple 2 to
yi el d 16-pent-2-ynyl oxy-rapanycin. To a stirred, cool eR,éeCH,; X s©OHitY erOpf
17.5 g (18.1 nyu 3 stitfed,léoolbdr(@Y)3okuyiond 6f mmfng 21.06/ akod)xof ms)edwyumpamytmnm

Cri Zﬁﬁyf‘éﬁrﬁﬂﬁﬁiﬁ'@w (1580yzmon of Bpent ot To 2k B iefiong e fihaced 050

quenched and ne(arsoaima)adfm&oaceﬁa%ﬁlmdmmckamewmmluduﬁrhudﬁheuched -
reaction mxture is thep allowed, to cope to_roomtenperature and nost of

the THF is remd¥ilusagyated aqnopus sodipm biguponals The Y s sestrpwatcd pad theagpqops g
solution is extjaysieékubdbd Kithithie Borfishs Gy asbtaté. The ToRibitied organic solution is

washed with saturated brine, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The crude mixture is purified by column
chromatography on silica gel (20:80 hexane-ethyl acetate), then by reverse phase HPLC
(RP18, 81:19 methanol-water) to afford the title 'compound as a white amorphous solid.
'H NMR (CDCl,) 2.5:1 mixture of rotamers, chemical shifts in pa':e.ntheses refer to the
minor rotamer § 0.71 (1H, dd, H-38 ax), 1.13 (1.05) (3H, t, CH,CH,CCCH,0), 1.67 (3H,
s, 17-CH,), 1.69 (3H, s, 29-CH,), 2.21 (2H, qt, CH,CH,CCCH,0), 2.96 (1H, m, H-39),
3.33 (3.37) (31, s, 27-0CH,), 3.41 (3.39) (3H, s, 39-OCH,), 3.78 (1H, dt,
CH,CH,CCCHHO), 4.0 (1H, dt, CH,CH,CCCHHO), 5.52 (5.71) (1H, dd, H-22), 5.98
(5.83) (1H, d, H-18), 6.15 (1H, m, H-21), 6.30 (1H, dd, H-20), 6.40 (1H, dd, H-19)
MS (FAB) m/z 974 (M + Lil")



phases are conbined and dried over sodiumsulfate. Alter evaporation of the
sol vent the crude reaction product is chromatographed over silica gel

el uting with hexane/acetone 7/3. The final purification is achieved by
preparative HPLC (RP-18, 76:24 nethanol :water) to afford the title conpound
as a white amyrphous solid. The spectral data are identical to the ones
of the productW o\ ifYe by the other route. EXAMPLE 4: PCT/EP96/02441
32(S) - di hydro-40-0O ( 2- mathoxy)ethyl-raparrngn (R[err] = CHerr]; Rerr] =l
wherein R[err] = 2-met hoxy et hyI and

Rl err] CH egRAMBLER M ?ﬁr&?ﬂﬁbﬁd(.{&&n&@k%ﬁﬁﬁ of 2 17
g (2.00 mml) of 40-0 (2- methoxi)ethyl 28 Sg{aa!ﬁggg%m%P

THF is added dtappmyciR ismeacted,yith 2-pentydri o}

L- Sel ectri de[ qp ield 16-pet- R W},ﬁ,@,ﬂg yeIIowsqutlonls stlrredfor

t hree hours at err]wE J’W xcess hydri de rea ent I s quenched by the

addition of 2 Ta aMmledTWé? GPIS*F%?H" g(bﬁlmml y-16-peRicds|
ether and sat %%feogf' %n'?@é?:ﬁ'okméé‘kdde&%‘?t:gpﬂm%ﬁGS%fjalMBiﬁtfon

m xture is all rmto roomterrperature and st Irring 1s conti nue

for 15  ni nutssdiummiiethytbpembydridecin JFFa Afer t haatt 771 dhe regetionds qesnchedand; s .
hed with g@?@
WlwatS hebrYMne '(I:'ﬁJ'e géygg%m?agﬁlﬁggé g‘ggg&degﬁcﬁ?“gx race'tj'ggéliI tqlhm %&lﬁ'eﬂ'}ﬂ

et her. The contoicoms mmmﬂmmﬁmstd:fmes remoamyﬂeuperam:uhr

L sl s A I ] il

32-di hydr o- 40- phasés-die tdmbingdartl/dricdbver sodinmsulfar) Afpcévaporation offilie solvesiethe

product obtained,above is dissolved.in 20 m of acetqnjtril e and, cool eg. to
Dl err].  To i FuOF Baion Fgst I RFampoRssBeLBYe it kSIS NIt MAREIACETRS 25
Stirring is corhe il Putification is achievéDoP prefidrdive HPLC (RP-18, ‘7624memanolwater)to

PCT/ EP96/ 02441 17 1 hour and
1N sodi um bi carffeddhetitle compound a5 a white amorphoysssalids r acted three times with
nmetyl-t-butyl ether. The conbined organic solution is washed with 1N sodi um
bi carbonate and saturated brine, dried over anhydrous sodi um sul fate,
filtered and cdihespectrak daa md@nttmdm@e@nﬁmfs}bap@dmmbwneé&w thenother router i ed
out by reverse phase HPLC (RP 18, 5[err]m. 50:50 - 100: 0 acetonitril e-water
over 60 m nutes) affording 32(S)-di hydro-40-0O (2-net hoxy)ethyl - rapanmycin
and 32(R) - di hy EXAMPLE 42 - 3%S)dihydre-40-0-2rragthonydéthyl-sapatnycipr(Bda €y R, = 1T
wherein R, = 2-methoxy-ethyl and
R,=CH;; X=0H; Y =0)
To a stirred, cooled (0°) solution of 2.17 g (2.00 mmol) of 40-O-(2-methoxy)ethyl-28-O-

TES-rapamycin in 20 ml of THF is added dropwise 4.4 ml (4.4 mmol) of a 1M solution
of L-Selectride® in THF. The resulting yellow solution is stirred for three hours at 0° and
the excess hydride reagent is quenched by the addition of 2 ml of MeOH. The solution is
diluted with methyl-t-butyl ether and saturated aqueous Rochelle's salt solution is added.
This mixture is allowed to warm to room temperature and stirring is continued for 15
minutes. The layers are separated and the organic solution is washed with cold 1N HCI,
saturated brine, 1N sodium bicarbonate and again with brine. The aqueous washings are
back-extracted with methyl-t-butyl ether. The combined organic layers are dned over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford a
crude mixture of the 325 and 32R isomers of 32-dihydro-40-O-(2-methoxy)ethyl-28-O-

TES-rapamycin.

The crude product obtained above is dissolved in 20 ml of acetonitrile and cooled to 0°.
To the resulting solution is added 2 ml of HF.pyridine oomplei. Stirring is continued for



32(S) - di hydr o-40- O ( 2- met hoxy) et hyl -rapamycin: 'H NVR (CDCl[err]) 2:1

m xturse of rotaners, chem cal shifts in parentheses refer to the m nor
rotamer [err] 0.77 (1H, dd, H 38 ax), 1.67 (6H s, Cl7-CHerr] and

C29-CH err]), 2.50 (1H m H31), 3.01 (1H m H25), 3.12 (2H m H 39 and

H-40), 3.14 (S&Q‘%@H s, OCHerr]), 3.28 (1H m H32), 3. permposiesa 3H,

s, CCHerr]), 3. 38) (3H, s, OCHerr]), 3.48 (3.46) (3H, s, OCHerr]),
3.55 and 3.75 (4H, 2m OCH[err]CH[err]O) 3.4 (1H m H-14) 4.12 (4.16)
(IH, d, H28), 4.73 (1H s, Cl0- 5.03 (1H m H-34) M5 (FAB) nfz 988.(['\/'
+ Li[err]) Emnmmsm(sg@mu ig Fhis paixtyse,is extragted thigs times

(Rlerr] = CH er ’Cﬁ rJ]dE'r_‘ ti hed with 1N sodium bicarbonate
wher ei n R[err]ml'ty ugil [err nedgrgamcsolu on is washed wi

Rlerr]' = CH er rzin;i s¥turated-briné, dried)over Shydrons sadivmy selfate, filtered and eonsentrated pder 4,

but th t
DUt U100 L1 SpRL Pk ST TS B by B TR, 0 050
(Cod[err]) 1. 7a0b: OTidetantﬂ]eavfrater over Mmms;aﬁmammae@rddtm&-aﬂmm
[a1), 5. 10°( TPyl o 2208 Fales ad By rpnoy ebipqme Bty (T T
(1H m H40), 3.28 (1H, m H32), 3.36 (3.38) (3H s, C7-CCHerr]), 3.45
o G e S Lt g b e
H34), 5.60 (1 ?Sg%ﬁ %h ﬁé'e‘hth&es ﬁf&&bthe mmorﬁtalﬂer@d'wm-l dd;Klas
6.33 (1H, dd, 1H dd H mat ri x 23966

([M+ Li]+) (rem, 161 éﬁﬂd% 17684, and C29'(-)Haw3 Mllﬂig@ﬁ-3l), 301 (1H, m, H-25),

PCT/ EP96/ 02441 g 53(@’5’4)'-:(351
16- pent - 2-ynyl Og(ZH.& %g%%dymg SIﬁ(r?l(sBzP E:j OCHF% 3'280((1:2' 3% 3. = |l
wherein Rerr] s OCH;;),CBH -39 (&H;I-S[, QQ!-],), 348-(346) (3H, s, ,) 3.55 and 3 S (4H, 2m,

2ppt opr i at e ot sPEPRGEAR 30411 e A Gl (A%, 890, g7 bl YIRS B,

(CDCl [err]) [ercilH,an341H, dd, H—38ax) 123(3H t,

G err] CH er ] Qo) ik 986 (M +1G1%

EXAMPLE S: (328)-dihydro-40-O-(2-hydroxy)ethyl-rapamycin (R, = CHy; R, =1I
wherein R, = -CH,CH,0H and
R,=CH;; X=0H; Y =0)

By following the procedure of Example 4, but using the appropriate starting material, the .

title compound is obtained.

(328)-dihydro-40-O-(2-hydroxy)ethyl-rapamycin: ‘H NMR (CDCl,) 1.7:1 mixture of
rotamers, chemical shifts in parentheses refer to the minor rotamer § 0.76 (1H, dd, H-
38ax), 2.50 (1H, m, H-31), 3.10 (1H, m, H-39), 3.13 (3.14) (3H, s, C16-OCH,), 3.20
(1H, m, H-40), 3.28 (1H, m, H-32), 3.36 (3.38) (3H, s, C27-OCH,), 3.45 (3.43) 3.41)
(3H, 5, C39-OCH,), 3.50 (1H, d, H-27), 3.58 and 3.70 (4H, m, OCH,CH,OH), 4.12
(4.16) (1H, d, H-28), 5.06 (1H, m, H-34), 5.60 (1H, dd, H-22), 5.99 (1H, 4, H-18),
6.17 (1H, dd, H-21), 6.33 (1H, dd, H-20), 6.42 (1H, dd, H-19)

MS (FAB, Lil matrix) m/z 966 ([M + Li]*) (rel. intensity 100)



ddg, CH err]CHerr]CCCH err]O, 2.78 (1H m H25), 2.94 (1H m H39), 331
(3H, s, C7- CCH err]), 3.42 (3H, s, C39-CCH err]) 3.62 (1H, d_H27). 3. 78

(1H, ddd, CHerr]CHerr]CCCH err]O, 4.02 (1H, ddd, :
CI—I[err]CI—I[err]CCCH[err]O), 4.12 (1H,d, H28), 4.79 (1H m H34), 5.20 (1 H

d; H 30), %% groad d, H2), 550 (1H dd, H22), 5. QM%H 18),
614(1H dd ’0 6.30 (1H, dd, H20), 6.38 (1H, dd, H B, Lil
matrix) mz 958 ([M+ Li]+) (rel. intensitygl00) The Corrpounds of formul a
| ~exhi bit pharmaceutical activity and are, therefore, useful as

phar maceut i calEXAMPLE 65 arl6ipent-2xynyldxy-32aizpxo rapamydin m,rapbm-z-ydya\na 1
i nmunosuppressive and antiproliferative activi whemin Ry catdR], = GH{;I% = H;
following in vitro and vivo test nethods: Y =@)xed | ynphocyte

reaction ( M.RBy following & ﬁn’owadretefrmhﬁﬁué € aftb 2 ©F B butvisingahe gppropribty stheriy) oped
I n connection with aI g ; 10 assess the tissue conpatibility
bet ween potentW‘Evﬁ‘S tained. | o pients, and is one of the best

establ i shed WMWW @EH%fdd.OH-ss&) 1.3 @HAF]CH,CHQOBGHM. 2mael, MR,

e.g., as descrlbed o in "I'munol odi Lef kovi t s

and B. Perni s, dd8d6H;CHREGEER0) 238HE, “NHY )1C3£94 Qﬁm-a‘éﬁ?héﬁé)(ﬁ%qﬂed to

d trate t

deronstrate igen '”%Sﬁ’@“%%f E3HOCHLR, 3 0N, 1120y SRR, EREIICPERO.

are co-i ncubat4@@ GH, ddd, CHGHECOCH,Q), 412 41B.sd, HHR8)% 472yt Hium; H-3).5.20 (AH, d—r r ]
di ated (20 t I

Im'r(r:z1 I(?eﬁal ((a- gosfil%\?\z/e?éqﬁ; bm#ue i3 dlg% g%dg'lllﬁb ﬁ‘)?jlcﬁﬂ a’eﬁ'ﬁglql‘]? (lﬁﬁ‘dg%e a

proliferative 2Bs@8M¢kH,idd, H@D),Biﬂ&(lﬂ.dﬂ,l B48) ceI | s which can be neasured

are oo PR R, hRRR) Bl O GRS L3 TeLens OB, 101 T copond to the

Bal b/c cells with proliferation but do retain their antigenicity.

The antiprolif ive effe of the ounds of formula | t he
Bal b/ c cells .5‘%@3@&?@&5 %Nﬂéuﬁ‘hmpaf!m%:l%ﬁ and are, therefgse.guspiR) 8% ;

19 concent phdringéui@ds)| ting in 50%inhibition of ceI | proliferation
(Iferr]) is calcul ated. The inhibitory capacity of the test sanple may
be conpared to rapanycin and expressed as a relative ICerr] (i.e

IClerr] test sapphgitdifdthé bompotindd ¥fforhula T RiveGREMMABreslive and antiproliferati;re

activity as indicated in the following in vitro and vivo test methods:

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. Pemis, Eds., Academic Press, N.Y. pp. 227-239 (1979), is used to
demonstrate the immunosuppressive effect of the Compounds of formula I. Spleen
cells (2 x 10%well) from Balb/c mice (female, 8-10 weeks) are co-incubated on
microtiter plates 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. Since the stimulator cells are
irradiated (or mitomycin C treated) they do not respond to the Balb/c cells with
proliferation but do retain their antigenicity. The antiproliferative effect of the
Compounds of formula I on the Balb/c cells is measured at various dilutions and the



Examples | and 2 have been found to have in this test a relative I(Jerr] of
0.3 and 0. 08, respectively. 2. IL-6 nediated proliferation (IL-6
PROL) The capacity of the Conmpounds of fornmula | to interfere with
growt h factor associ ated signalling pathways is assessed using an

i nterl eukin-6 E")\,@ 5 dependent mouse hybridoma cell |ingrdPRos@say is .
performed in 9 mcrotiter plates. 5000 cells/well are cultivated
in serumfree medi um (as descri bed by M Schrei er. and R Tees in

| munol ogi cal Methods, |. Lefkovits and B. Benl s, Eds., Academ c Press
1981, Vol. |1, proncfSatihpsultingip5eecinhibitionicfiecll proiferation s an caleylated/ i

Col 8 ® 0,1t AT e bt B b SRR B 0 ©

hours,” harvest ed exp ﬂssaﬂlaﬁlhedatwe ICR(.6.i1Qy teistsainple/ICy, aapansycin, Mcqmmwdn ole
i ncor poration nto DNA corr C I In rNd
is thgs a neashrmpl’élll B?%tlm#gﬁ‘%ﬂ"hhl %ﬁée'ﬁat%ﬁ‘e J’%Qgt eofogﬁt

sanmpl e allows th tlon of the concentration resulting in 50%

i nhibition of cell “proli feration (I err]). The inhibitory capacity of the
test sanple may be conpared to rapanycin and expressed as a rel ative
[Clerr] (i. 4e Haliatad iofdifférition (L-6"FROGIY Ci n) . The conpounds of Exanples

1 and 2 have bee ave Inh this test arelative ICL_err] of 0.2

and 0.09, respectThexapacity Qithel\ﬁmmm‘i'frfmﬂa %9y interfezs, with

Rapanycin and the,stEucs ’kﬁg&ég ﬂﬁ;g@_@e déntbot h
known to bi ng o Vi V%‘ﬁ! n)ér%ﬁ‘m%ﬁg 'rn-1 QI§HPSO known as FK-506 bi ndi ng

protein or FiBiRe hybridomeicelliling. Thedssay is perfommed;in S6rwellmicratiten plafes.o t he
| munosuppr essi v vi t e g&cmggpml
formula | al so b.-?%’“sﬂ’@?@‘* %m‘%m& &n%g?'ggﬁg "1 n- ( as 1s rmng.%'(rggt ecfrl n

a cgrrpet itive bi ruiidng. "Fees iy Immunological Metlmdal dshefkovits-abd B. B@mples,tAc@mlq S
used to coat mc Bi at e c

macr ophi | i n-12 ( ﬁ-‘\#’)\,\ePtiaP? J&é&% pg%nﬁdt*@ ngs hee or A T v
absence of a testpammhgeasehbmnummlhlmedbmq;msﬁceefammmge.(@nsm
renove non- speC| f | cal lﬂﬁj?@?ﬂw elc Iﬂl’rn oth Oé‘ﬂgmg'h%eéﬁfmf a%&%ssed

by i ncubation wi tPplsed

PCT/ EP96/ 02441  uy Jiquid scintillation. (3-H)-thymidine incorporation into DNA coffélates wi!h the
strept avi di n-al kall né phosphat ase con !ugate foll Wid by washin

subsequent adiscrepssringell pomber agd $ a WrIsyn gt e %g’c' “°‘Tﬁ3'1°5
read-out is the Obf @b 149 iiple allows the calculation of the concentration resulting in 50%

inhibition of cell proliferation (ICy;). The inhibitory capacity of the test sample may
be compared to rapamycin and expressed as a relative ICq, (i.c. test sample/IC,,
rapamycin). The compounds of Examples 1 and 2 have been found to have in this
test a relative IC, of 0.2 and 0.09, respectively.

3. Macrophilin binding assay (MBA)
Rapamycin and the structurally related immunosuppressant, FK-506, are both known
to bind in vivo to macrophilin-12 (also known as FK-506 binding protein or
FKBP-12), and this binding is thought to be related to the immunosuppressive
activity of these compounds. The Compounds of formula I also bind strongly to
macrophilin-12, as is demonstrated in a competitive binding assay.
In this assay, FK-506 coupled to BSA is used to coat microtiter wells. Biotinylated
recombinant human macrophilin-12 (biot-MAP) is allowed to bind in the presence or
absence of a test sample to the immobilized FK-506. After washing (to remove
non-specifically bound macrophilin), bound biot-MAP is assessed by incubation with



Bi nding of a test sanple to biot-MAP results in a decrease in the amunt of
bi ot - MAP bound to the FK-506 and thus in a decrease in the OD405. A

di | ution series of the test sanple allows determnation of the
concentration resulting in 50% i nhi bition of the biot-MAP binding to
the i mobilized FK-506 (ICerr]). The inhibitory capacity of a test
sample is conpXP&MABY the I Jerr] of free FK506 as a standa 1
expressed as a relative ICerr] (ie., Iqe%test sanple / 1CJerr]-free
FK506). In this assay, t he conpounds of anples 1, 2 and 5 have been -
found to have ar 'sﬁ‘éﬂt' MAd B,mhlmsg jugaté wed By waSilpesid siBseduent 4.
Local i zed Graft- \?:rsus Fﬁg:tql?rgjld Fgaact |%°rl1u mlng \%?\5;0 effi cac of thne
Conpounds of f or raddision of p-nitrephery! iphosphate, as & sybstratei Fhe roadwont is the OD 33 405nm.

(1 100er 1) °f OBl o Sl K WOGUAFRHIE D A dptyasd B e albonafie"C0, OC11 ©

subcut aneously  biot-MAPokopnd to theFK-506 dndithustin acdeoreasedin tha-QBARS. (A dilntion
WF)Flerr] rats
consecuti ve days Ja'%gé ?ﬁm@popF‘“‘@l’eaﬂcfwsdeﬁ:ﬂ‘el é%@gfr e M&?%grr'g’é@ha%gl wel ghed

on day 7. The di fmmwuw-wmmwmmmmmmac”)nmmmm
taken as the parane or. eval uatin e r | 9R. e ogr.af t
Reaction in Rat pamedfe ?ﬁ i ? %ﬁ?%f@w?i?“o&#%&%‘%&?
(RT1[err]) donor é:qi-essezlasamlatﬁé@jﬁbaﬂ%&wﬁmpléhmﬁmmwsﬁlﬂﬂimay
unilaterally (left side ect d rr]).. L I e

rat using an end- i§ @Mﬁm%%&@gw&vem{@@ é‘ rélpg 1y &,
end-to-end. Treat gBNind2BFespedtivelyd the day of transplantation and is
continued for 14 days. A contral ateral nephrectony is done seven days
after transplantation, _ | eavi ng the reci. p| ent relying on the

performance of g hg gk e graft recipient is

taken as the par anme Experi ment al | y
| nduced Al l ergic thmsﬁﬂvﬂqmwam%wmedmasMIMﬂ

doseri bed 1n Lovi i dgscibet Sty th Kol pl TRANSH ANPATION 18 (196255° Splcen csts

| MMUNOL 113  ( 1974) x71P) fremréeweekTubi fepmieWiktarFugh | (WF) iram/arednjected subewgneously

\IQKC)T/Q E{DS%?SZ 441 on day O into the left hind-paw of female (F344 x WEF)F, rats wafhmg about 100g.
Animals 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. Kidnev Allograft Reaction in R

One kidney from a DA(RT1*) or Brown-Norway (BN) (RT1") donor rat is
transplanted onto the renal vessel of a unilaterally (left side) nephrectomized (Lewis

'RT1%) recipient rat using an end-to-end anastomosis. Ureteric anastomosis is also
end-to-end. Treatrnent commences on the day of transplantatio;l 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. '

Efficacy of the Compounds of formula I in EAE is measured, e.g., by the procedure
described in Levine & Wenk, AMER J PATH 47 (1965) 61; McFarlin et al, J
IMMUNOL 113 (1974) 712; Borel, TRANSPLANT. & CLIN. IMMUNOL 13 (1981)



3. EAE is a widely accepted nodel for nultiple sclerosis. Male Wstar rats
are = injected in the hind paws with a m xture of bovine spinal cord and
conpl ete Freund's adj uvant. Synptons of the disease (paralysis of the
tail and both hind | egs) usually devel op within 16 days. The nunber of
di seased ani ma 5! | as the time of onset of the di S PEPRPRIOPI41
recor ded. 7. Freund's Adjuvant "Arthritis Ef fi cacy agai nst
experinmentally induced arthritis is shown ugf ng the procedure descri bed .
e..g., in Wnter & Nuss, ARTHRITIS & RHEUVATI SM 9 1966) 394
Bi I | i ngham & Davi asEABANDB@ly@c eptes mupdel-for mult; W‘&n@“&‘mm
rerreira Bis. SOU i Helsifs oY bl k ifolc of bbHAS kpihfiookdth dnthig Pl o
erral e dy wei ght

rats (rrale or are Injected 1.e. at the base

of the' tail or |nad_|imant. Syniptulis pathe\maeasectpa:ﬂws eﬁthmmbm both hind degshnsyally,

0.6 ng of Iyophlllze

devel opi ng arthri @'L ﬁﬂé’?m’"&eﬂ“%ﬁf@f@%ﬂ* I mredi at e?sy a?'tdg:wt he

i njection of the awammwmeom in the established arthritis
nodel treatnment is started on day 14, when the secondary inflammuation is
wel | devel oped (days 14- 20) At the end of the experinent, the swelling of
the joints 71 S ABq.1 A - Fheikis of a micro-caliper. EDerr] is the oral

dose in ng/ kg whic A "o'!‘” swel | i (i, or ,segondar to half
of that of the coﬁfﬁ%ﬂm“@mﬁw %Hg"é’%ﬁ’é ‘%ﬂ’/‘? g the P'ﬁ‘ﬁé‘}“
antitumor activit Cmﬂ&n&ssimmﬂth@Mnmlgmm)Bm

enhance the or maﬁce of anti tum)r agent s alleviating nmulti drug

resistance is derrﬂnlbnmleﬂmwes, qgmm%m

agent, e g., col C?@#&éﬁl@e‘ﬁﬁ {nﬁ’&énhmn yﬂ(i@'i%'ldé-‘m QFASMWm&?HuS and
o or

drug sensitive cefl's In Vi drug resistant
or drug sensiti ve (maleor fenale, 1602 bodyoweight)anetinjeated it tahtmtbase ofthe tail or in the

co-adm ni stration,pof, the .go
e nistrat on b Wy EOOD 0 il G Rbfnihg 08 SE of ftpfified e llea
vitro testing i s Mycbbucteritmesmeigmatin glnothe dumhpnmarﬁnasmodg.ﬂmntahm I

Ling et al . 3. cipmeansty'sie helipflion or i oRbTh 165 50 R edlRRA ©C, ©Y

al. J. cell. Phys'aﬁhnns&ﬁodeiﬁzﬂ&eﬁﬂﬁﬁﬁ}ted on' day 4 when thecsecaridarycisflathmation is.r e
the multi-drug res

96/ 41807 el dovatoped (Jaysi2.90), At W% &3 Sor M Dblrisnbrt the swelling of e joints
PCT/ EP96/ 02441 is measured by means of a micro-caliper. EDj, is the oral dose in mg/kg which:
reduces the swelling (primary or secondary) to half of that of the controls.

8. Anti 1 MDR_activi
The antitumor activity of the compounds of formula I and their ability to enbance the

performance of antitumor agents by alleviating multidrug resistance is demonstrated,
¢.2., by administration of an anticancer agent, e.g., colchicine or etoposide, to
multidrug resistant cells and drug sensitive cells in vitro or to arlimals having
multidrug resistant or drug sensitive tumors or infections, with and without
co-administration of the compounds of formula I to be tested, and by adnnmstrauon
of the compound of formula I alone. )

Such in vitro testing is performed employing any appropriate drug resistant cell line
and control (parental) cell line, generated, e.g. as described by Ling et al., J. Cell.
Physiol. §3, 103-116 (1974) and Bech-Hansen et al. J. Cell. Physiol. 88, 23-32 (1976).
Particular clones chosen are the multi-drug resistant (e.g. colchicine resistant) line



22 CHR (subcl one C5S3.2) and the parental, sensitive line AUX Bl

(subclone ABI S11). In vivo anti-tunor and anti-NMDR activity is
shown, e.g., in mce injected with mul tidrug resistant and drug
sensitive cancer cells. Ehrlich ascites carcinoma (EA) sub-Ii nes
resistant to drug substance DR VC, AM ET, TE or CC are devel oped b
sequenti al tr YR Wt EA cells to subsequent generations o?"'éﬂf’e’}’%“ ost
mce in accordance with the nmethods desggri bed by Slater et al., J.
Ctin. Invest, 70 1131 (1982). Eqdf-val ent results may be obtai ned

enpl oyi ng t he COOHR! (silbclBhe £58312) snd thel parentid,! sensitive MitcAUX H] (subbipne ABI S11).
design, eg. in vitro, or enploying test animals infected with
drug-resistant and drug sensitive viral strains, antibiotic (e.g

penicillin) resi g 3o stictumor and aﬂmmml@aﬁtsﬂamlegs.t.hauue&m,eaaamnwcot ic
resi stant and sensitive fungal strains, as drug resi stant

prot ozoal strai ngw BQ‘“BPF%%GP‘&WS%WN%W%aW‘@hM'G? gargigoma (EA

occurring sub- st rgpESedfesilamSioA m»ﬁ{cemrv@mm 'mrwowvumfb

chenot her apeuti c; ant | -mal ari al resi stance. and M p- I |
factor inhibiti orseqnenﬂﬂmaﬂetpﬁﬁalcﬂlgs mm@mmwoﬂmﬁwam fb\icﬁéﬂto

and bl ock a vari e th Vv p t and
M p-1like factors,% are S rugo@&{mq’gsl&%f%#ﬁ%&%ojgﬁﬁp

and M p-1like fact@®82)are virul ence factors produced by a wi de vari ety
of pat hogens, including those of the genera Chlamdia e.g., Chlamdia
trachomatis; Neisseria. e.g., Neisseria neningitidis; and Legionella, e.g.,

Le?ri) onel | ]a ] g@ﬁwan{:ﬁduitﬁmay &adbﬁined)einylﬁyhs t?t)ém yof foraia I inctest
menbers of the order ettsi JThese
role in the estabModFfe ﬁ bﬁ?&‘é@*&l‘ﬁ“ﬁf’éﬁ"ﬁ’ %‘fg X’ﬂa‘&r&?‘f‘h’%y of
me ﬁ ormognds ﬁ/{ ﬁﬁhl‘fuilﬁalft aLam dﬁfgfkéﬁdf ithe \*irhﬁsgtﬁlfseﬁliﬂbw&)(e 8f pememmgesafamt and
ich produce Mp or, - actors can, be shown aring jnfectjvity
of the pat hageme%aaea?pg%mmcmwm@eé%@ gﬁﬁ%‘b@@ﬂé@&‘ht he
nmacrol i des, e.g. a#'&h?@hsxstant m&@gmﬂb@m forleniiffionmeraligt al .
Mol . M crobiol. (199 7. 77 10. Chronic Allograft Rej ecti on

The kidney of a meF@iipg fmpfflaﬁ‘&?d‘ﬁ‘@ fcipasem shib !"F‘&‘N"Mpl anted into

a male Lew s chemétherdpeaifit, ]| ahtilrRfiarl gﬂ?“sggimkg.t al 24 aninmals are
transplanted All ani mals are treated w

9. Mi 1 Mip-like factor inhibiti
Additionally, the compounds of formula I 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
trachomatis; Neisseria. e.g., Neisseria meningitidis; and Legionella, e.g., Legionella
pneumophilia; and also By the obligately parasitic members of the order Rickettsiales.
These factors play a critical role in the establishment of intracellular infection. The
efficacy of the compounds of formula I in reducing the infectivity of pathogens
- which produce Mip or Mip-like factors can be shown by comparing infectivity of the
pathogens in cells culture in the presence and absence of the macrolides, e.g., using
the methods described in Lundemose, et al., Mol. Microbiol. (1993) 7: 777.

10. Chronic Allograft Rejection
The kidney of a male DA (RT1*) rat is orthotopically transplanted into 2 male Lewis
(RT1") recipient. In total 24 animals are transplanted. All animals are treated with
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cyclosporine A at 7.5 ng/ kg /day per os for 14 days starting on the day of
transpl antation, to prevent acute cellular rejection. Contral ateral
nephrectony is ;ﬁmamperforrred. Each experinmental group tregceggpydrizigac

di stinct dose of a conmpound of formula | or placebo conprises six
ani mal s. Starting at day 53-64 after traggplantation, t he recipient:
animals are treated per os for anot her 69-72 days with a conpqund of

formula | or rececyclospbrmecat 7.5tmg/ke/day\per os forr 4cdays starting og theday ¥ ani nal s
are subjected to graf Q}é”gggm%i 'ef}tﬁﬁo héPhftictorny i¥fot
wi th perfusion mﬁﬁ?@ﬁ@?ﬁ?ﬁé‘“k. neys vl\ﬁ't cb%ﬁ?g‘gﬁlof t he )(
grafted kidney angefdrmed\Eactnenperinentalrgadupktieatedysyith adistinat dosecq a-ompound ebyy s
53-64. after tr?ns lﬁaﬂt atl[%cgg and at the. of the experinment. The
animal s are then °““§ YRIAEFO0 FRPRIEES % heters such as MRl score,
relative perfusi oBaktiigeatGlay 5864 aftegrasplamiation theyrecipient uinina¢ argitreated pereosofior
the kidney allograft fo ellular rejectio nd vessel chang r
det er ni ned and st&!‘?@?‘i@aﬁ?yéﬁ’ ;Pz"dﬂ".l"’ f@?‘f'ﬁ!?ﬁﬁ%‘”&ﬁﬁ%m&ﬁﬁ of
formula | e.g. then&armeplasiatitn dnimdPhe sibjédted’to grift assessmenty rfiagneticoresonaiicd

mg/ kg in this rat kidney allograft nodel vyields reductiqn in all ahove
mentioned rej ecti énaging éﬁBDéY 1 perfugipn “Rﬁﬁi%“éé’fa’e k‘g“%{"?" “_‘Pa“s"“&‘ge

cat heteri zation i qu?‘pg?m OntrSSANkidAsy)Y This i€ fspeded aapy 53-64

Powel | et al. (19 sof | uorane anaesthesia, a Fogarty 2F catheter
is i nt r oduced aftert transplantatisi: and b therend of thei experiment. The animals 2, thed 5|

carotid and inflated . i | = : i |
balloon is wt hdrm%‘\f%nggjf%}éﬁlr]%lr?g{l o{nglf h’gw%’en‘r%ah% r ot ‘loogr?%\roggﬁd
times, the |atter gtaftedtkidneg and hiswlogiosicersiaf ghegkidodyyallografiiforeeliular rejectiomandr m

de- endot hel i ali zati o The cat het her .i . Al : ced
around the exter ngﬁsglamﬁ Wod‘gmﬁeﬂtﬁ%%‘gg%cme ani rra: {sl&laﬂ %wed to

recover. 2 gomppendodf forndRo Be.g. diescofmpotndyof Exmmplex] on2ait  dose ofe®f 40 0l d)
are used for the study:. .one control oup ;and. o lL.Yi ng the
conpound to be te?tseﬁ'.g}kFHé this rat YM lﬁéﬂﬁoﬁ%%ﬁ?ﬁggg I

handl i ng, experi Mydnfibnéd refeelbl FFamddéts.anal ysi s. The conpound to be
tested is adm ni stered p.o. (gavage) starting 3 days before bal | oon

injury (day -3) until the end of the study, 14 days after balloon injury
(day +14). Ratsuaw n indi vidual cages and allowed food and water ad

1 brdum Balloon catheterization is performed on day 0, essentially as described by
Powell et al. (1989). Under Isofluorane anaesthesia, a Fogarty 2F catheter is
introduced into the left common carotid artery via the external carotid and inflated
(distension = 10 pl H,0). The inflated balloon is withdrawn along the length of the
common carotid three times, the latter two times whilst twisting gently to obtain a
uniform de-endothelialization. The cathether is then removed, a _ligature placed
around the external carotid to prevent bleeding and the animals allowed to recover.

2 groups of 12 RoRo rats (400 g, approximately 24 weeks old) are used for the
study: one control group and one group receiving the compound to be tested. "The
rats are fully randomized during all handling, experimental procedures and analysis.

The compound to be tested is administered p.o. (gavage) starting 3 days before
balloon injury (day -3) until the end of the study, 14 days after balloon injury
(day +14). Rats are kept in individual cages and allowed food and water ad libidum.
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are then anaesthetized with Isofluorane, a perfusion catheter inserted
t hr ough the left ventricle and secured in the aortic arch, and an
aspiration cannula inserted into the right ventricle. Aninals are

per fused underwﬂgﬁﬂﬂ?"ﬂusi on pressure of 150 mmHg. firstl yPFHF"’fWH. wth
0.1 M phosphate buffered saline solution (EE pH 7A) and then for 15
mn. with 2.5 % gl utaral dehyde in phosphat &buffer (pH 7A). The

perfusi on pressutke jafs abb theiiTingsttietizet Gvith ISofiibranb,ca pdfuRioh 2athber indertéd throwgio | N
t he carotid arterfg as determined in a prelim nargsa xper i rrent by
i ntroduci ng a cath&de Vwmﬂ?%mé“g“ﬂ@ﬁmqq%{h HE‘&"

external car Ot'dintoﬂi%rr&ht JertidlE" | !Aﬂﬁnﬂﬁe &i‘ﬁ'p%ﬁﬂsnorﬁﬁtﬁ@ﬁﬁt&d from
surroundi ng tissue and 1 nmersed in cacodyl ate "buffer (pH s)

containing 7 % s33¢mmig; dirsthyfor Amw@u%%phwyh Sufforpd sal Pe@“q‘ﬂ'e(PB

fol |l owi ng day iy & ﬂ{lgﬁ&

tenperature in P hﬁﬂ?’&qi’(é @ ?Th 52? acogé.':yatleric tlssue are

t hen dehydr at ed theaergmalemssurees ﬂ&m&mtltkst!p Qfﬂlcpmmﬂan(ﬁ 1007amblg ivthe 10
mnin 85 % 3 x . in 95 0 . .3, The
dehydr at ed car ot icégu% hgn%%gé%afﬁl'%w%ﬁﬁgéwwcﬁggor |ur11%g to

t he manuf act ur er sattached rora peeasure transdicer intdothel dxtarnal carotid)e Warotidi asteriesfate then

pol ymeri ze overnight in an I ccat or .under argon. Sing en, |

Pouna Lo+ nii bi 1 SRS PREBAITYR Guringg Ofoe 3o Sieried 0L MY PERe e tter, 1 1,

thick are cut frqpH!Z4) contling P 9% sdccliargé anbinbubdfedGvesitight a14°cC.h Thélfollowing

nmetal knife on a yotar r ot pne iinedq for 2mn with Glemse stain.
About 5 o1 (AU A Bt o HAKER 1070 45, PR I

cross-sectional a985% RMnO)Sn 0.1 M Rte. f"ﬂﬁ'ti%&deﬁ&:@tﬂéh 8dHydiatéd B a graded
nor phonetri cal |y eval uated by _neans an i ma anal ﬁSI S syst em MCI D,

Toronto, Canada) .ctiagol series; % 1) mip I‘l'bﬁ%ﬁdh%ﬂ“‘b*“ 85 %, 3%, t he

conpound of Exanpj § 10 in ik lmf%‘bﬂhﬁolméﬂéﬂyﬁﬁied%ﬁinui %%énoélnbeddednﬁ‘h
adm ni stered per os at a daily dose of fromO0.5 to 2. The

conpounds of fornmcanqwta?@%ﬂcgqxdrﬂséqﬂrmmmpmmdemnt'ﬁhe:pmbsétélnse or
amount of  nmacr ophiilin's el %D ht ifi -ald W%&M m&&i‘sm

di agnostic or screening purpose S, In anot
i nvention provi de&un@mm:wmm@memmm@m formula | as a screeni ng
tool to determ ne the presence of nacrophilin- bi ndi ng conpounds in a

test solution, e.g., blood, blood serum or test broth to be screened.
Preferably, a conSeeliods 2 jimthigk arelcut fromtheomiddiczsedtiomofidach carotidowitine lhard and

then al | oved t0 biydh el BF aR0ESHMESorHAL aR RERE1oP ohin Wil GRAART A
5 sections from each carotid are thus prepared and the cross-sectional areal of the
media, neointima and the lumen morphometrically evaluated by means of an image
analysis system (MCID, Toronto, Canada). In this assay, the compounds of
formula I, e.g. the compound of Example 1 or 2, inhibit myointimal proliferation
when administered per os at a daily dose of from 0.5 to 2.5 mgikg.

The compounds of formula I are also useful in assays to detect the presence or amount of
macrophilin-binding compounds, e.g., in competitive assays for diagnostic or screening
purposes. Thus, in another embodiment, the invention provides for use of the

compounds of formula I as a screening tool to detgnnine the presence of macrophilin-
binding compounds in a test solution, e.g., blood, blood serum, or test broth to be
screened. Preferably, a compound of formula I is immobilized in microtiter wells and
then allowed to bind in the presence and absence of a test solution to labelled
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macrophilin-12 (FKBP-12). Alternatively, the FKBP-12 i mobilized in
mcrotiter wells and allowed to bind in the presence and absence of a test
solution to a &Q of formula I which has been | abell ed, pgqgpogbhssdor o-,
enzymatical ly- or radio-labelled, eg., a conpound of Fornula | wherein
Rlerr] conprises a |abelling group. The pl agges are washed and the anmount of
bound | abel  ed conpound is nmeasured. The anount of macrophilin- bindin
subst ance in tinacrophilin-Eb(FIKBPoIR)i s Altemative]y, ithe BKBR-13 immobilized igrmaicrotiter we.

anount of bound | abel .C r Lt @t | ard

bi ndi ng curve ?"é“ﬁ@gg& ﬁ’g‘r‘ﬂ‘g@‘ﬁg% %@%@gggﬁgg{#&ﬁ?%ﬁ%@%%ﬁ?’ﬂp@?\ﬁgﬁng
conpound. ThforrialaTl whichchas bedndiabelled, ¢.g.aflaoro4) enzymaticallys ef radiorlpbelled, eg.a

or gan o t| oo SRR pf it Rprin R gmgies 3abel B8 efinet Hietoilps Sl o
of eg. heart, ipdnbie amontiofbsinddabelled vogpount imeasissedn The apwomtraf ahaceophiliss N or
corneal transplants. ngé are also_indicated for the preve

' f
gr af t - ver sus- hjading substance in the.test solytionig, poughly jayerse W?’P’th Fgﬂ‘f’gﬂti"gn.

b) Treat ment apghn@NsbeReH domipotiid. | ForGuahiative aalysis, AlitindardSbinding curve is made
at herosclerosis. ¢) Treatnent and prevention of snooth nuscle cell

proliferation wsiag kmoym-opesntrations iof, gnacypphilin binding compawnd, hi ckeni ng, bl ood
vessel obstruction, obstructive coronary atherosclerosis, restenosis. d)
Treat ment and prevention of autoi mune di sease and of inflammtory

condi tions, i nTheaCompainds of fofrlaTwaretherefore useful dm the fpllowing conditionsyy

i ncl udi ng an aut oi mmune conponent such as arthritis (for exanple rheumatoid
arthritis, arthritis chronica progrediente and arthritis deformans) and
rheumati ¢ di ses)seFreatbpacintiprevention ofacnte afichmaicasgancr tishiectansplant agjegsion e of

formula | may be enpl oyed [nclud ut Qi ne he oQi o)

(i ncluding e. g 'ﬁ%ﬁ%ﬂﬁ?"&"gﬁﬁ’é’ n ,°aﬂ'w%8ﬁ'§y %%ng#%%%éh%éﬁaem a
and i di opat hi cpiniereatid) aRinilop Rerieal transplarite NThey! aupalso indichied fort the prevention of

pol ychondritis, scl erogo . \Wegener granul amat osi s, derriat ositis,

chroni ¢ acti veBHByaNs- %‘?Hﬁ?é%-t P%?%'Pmé,%m‘ﬁé?gfp g}t&%h Johnson
syndrone, i di OBpt HfeGmfohf 4l prévVéh@or BL iéhsplift VasGERphiks, Ry Rkhertisclensis.
(including e.g. ulcerative colitis and Crohn's dise . endocrine

se .
opht hal mopat hy€) Gregtmentindprevention, ot smopth muscle epll; proliferation and, migratian, lpading,
billiary cirrhgsiesel ittihad tHickefing PEIbES véssd] FpsthRfor Bbstiukiive éarbifiry dtherdsthirdsiss

(anterior and posterior), keratoconjunctivitis sicca and vernal
ker at oconj unct Festenpsss. i nterstitial lung fibrosis, psoriatic arthritis,

igljf’ger ul anephr F# | @%&b@%\)@n&mﬁ all SRR dfse3¥ BAH B Rflafnditory Bédstitnkdn

pat hi ¢ nephtofic syndr or
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 autoimmune diseases for which the
compounds of formula I may be employed include, autoimmune hen!atologi:;al 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 disease) endocrine ophthalmopathy, Graves
disease, sarcoidosis, multiple sclerosis, primary billiary cirrhosis, juvenile diabetes
(diabetes mellitus type I), uveitis (anterior and posterior), keratoconjunctivitis sicca and
vernal keratoconjunctivitis, interstitial lung fibrosis, psoriatic arthritis, glomerulonephritis
(with and without nephrotic syndrome; e.g. including idiopathic nephrotic syndrome or
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change nephropat hy) and juvenile dermatonyositis. e) Treatnment and
prevention of asthma. f) Treatnent of nulti-drug resistance (MDR). The

conpounds of émf’;“ﬁ?} suppress P-glycoproteins (Pgp), whi cpﬁm
menbr ane trans?g | ecul es associated with MDR. MDR is pa

probl ematic in cancer patients and Al DS patjents who will not respond to.
conventi onal chenot herapy because the nedi cation is punped out of the cells

by Pgp. The caiipionaholfangé néphfopath) dndgivenilt démiatontyositief ul f or enhancing the
ef ficacy of ot chenot her apeyti c agents in the treatnent and control of
mul tidrug res&té?ﬁmﬁ‘ﬂ'h qe g‘hm&rmltldrug resi stant cancer or
nul tidrug resifst gidateiéndf mibhi-dri AsizRuRbe MDRY.OThd edniound of ifGraiulke] Suppfosg
tunors, hyperpl),rollferatlve skin disgrder and the like. h) Treatnent of

tEAmsRort molequiss assoctited with

fungal infecti oflycoproteinsr{Fgp). which am, :
especi al |y i n MBREVIDR! ik PartibilanyPproblemaié inSdaBée? iptifents ahd HIDB paREks VR will

prevention of infection, especia 1 l'y infection by pathogens "having Mp or

M p- | i ke 'f act 310 respondksp comventionsl ehemgtherapy jbesause meétgmqneapummgn\mﬂme of
course vary, n GERsk Qm‘a& ﬁﬁcﬁc

di sease type gcreﬂt Rgpﬁgtgp rIé%?osft ance§lg{éhme&gl?%eﬂgéﬁde5| re Q{nﬁgﬁé mﬁj
of admi ni st ratofmtherlchmg@mmmmen ﬁmmma;omdsoﬂmMs resistint ai ned
O Ko day - cnBhP et of y SR AOERwa, Gy B luchle it Jagls, P, 0, ©0 P T
admi ni st er ed ogiceTreatment of proliferativeciisboders, 3. tumots, mpexprdhfpmuw skin disorder and
adm ni stration gg*gnt erally, e.g. intravenously, for exanple by i.v. drip

or infusion, ‘ages on the order of fromO0.01 to 2.5 up to 5
ng/ kg/ day, eg. h))nTiehmentd’d’mlgﬂ ni'féoﬁmdl) 05 or 0.1 up to 1.0 ngy/ kg/ day.

Suitabl e daily, osages for patients_are thus on the order. of. 500,

‘eg. on the ordd ‘gPﬂP%B%'B‘P ipflapmation, l‘ﬂé"’W(ﬂ’m 5to
125 up to 250 g@roidsy-, €.9. on the order of from2 5to 50 ny |.v..

Al ternatively and even greferably dosa |ng|s r[a ed in atlent specific

manner to  prdvi méﬁ%meﬂ%ﬂ‘?fr@ %I%&‘ °“EU OFeng| %?F iBd

by Rl A techni qgeMiphue facediit | ent dosagi ng may be adJ usted so as to achieve
regul ar on-going trough blood | evels as measured by RI A on the order of
from50 or 150 up to 500 or 100ng/m, i.e. anal ogously

For the above indications the required dosage will of course vary, e.g. depending on the
condition to be treated (for example the disease type or the nature of resistance), the
effect desired and the mode of administration. In general however satisfactory results are
obtained on administration orally at dosages on the order of from 0.05 to 5 or up to
10mg/kg/day, e.g. on the order of from 0.1 to 2 or up to 7.5 mg/kg/day administered once
or, in divided doses 2 to 4x per day, or on administration parenterally, e.g. intravenously,
for example by i.v. drip or infusion, at dosages on the order of from 0.01 to 2.5 up to 5
mg/kg/day, e.g. on the order of from 0.05 or 0.1 up to 1.0 mg/kyda).(. Suitable daily
dosages for patients are thus on the order of 500 mg p.o., e.g. on the order of from 5 to
100 mg p.o., or on the order of from 0.5 to 125 up to 250 mg i.v., e.g. ontheorderof
from 2.5 to 50 mg i.v..

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
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dosagi ng currently enpl oyed for G closporin inmmunosuppressive therapy.

The conpounds of fornmula I may be admi nistered as the sole active

i ngredi ent or Weesidgr W th other drugs. For exanple, in imponseyspz4assi ve
applications such as prevention and treatnent of graft vs. host disease,

transplant rejection, or autoimmune diseasepzthe conpounds of formula I may
be used in conbination w th_cycl osporins or a c nycins, or their

| mTunosuppr ess to/metheds| of slosaging curreptly. erplayrd; far m'bg'ﬂﬁ'?'l“ﬁ“@“ﬁ? therapy.
etc.; corticosteroids; cyclophospham de; azat h| opri ne; nethotrexate;
breqU| nar, |eflunom de m zori bi ne; mycophenolic acid; a%co.phenol ate

mofetil: i mmundbepempounds.ef fopmila I seay| beadminisered as the o together

antibodies to |e e QEB‘"?” SpHgationtSuch @y prevédeion,
CD28, CTLA4, By‘ﬂé&%hﬁgg % t’Enel r ‘fl g or ot her | n%mné#ndul atory
conpounds. For andiréatsient lofigradit vs: hosh disedsefranspiant mmmommmum disepserien |

can be used together WI i nf.l | g
For anti-inf ecg??}@“é}ﬁsp @gw&gmyttﬁ%%i oun&g%‘%%'flmec%gllmapoﬁg%gin E )Ecgtgd i n
conbi nati on W ieirGidhfahoshppiessive aﬂldgya: ga,ggnlbsponn Ay cyclosporin\G, rEK-506; etgs or
anti biotics. The conpounds of for . are ad i S

conventi onal r GeRtigostergids; eyglp E’lﬂsm @?’é‘f‘?@}"n §H'1°{5]7"3F°|’§ P§¥r %ﬂé%'?'e in
the form of solpbiribitie; MEophendlic! deid; :ﬂya@mﬁawmmnsmmomppmmmmlmyl

for exanple in the form of injectable. solutions or suspens yi | e
unit dosage f oraptibodiss, eg-cmm antibadies,t9 leukopyte Zee °8+WE‘?1C’?§ *my of

a conpound of fegs4Tel? gnzsseabém@ Bbocrm d?fmsm&em&aﬁgindemfmﬁrtions
conpri si ng the conpouhds of for'mul be manufactured in conventds%?al

manner. e.g. anmg@mm compeynds.c or @&lrmewe'emm Heatiopsythe compgun
rapanyci n, grgﬂ:p £ %‘J&@&’ r;gmﬁ%ﬁm%ﬂﬂﬁﬁﬁ Ty Oreégbwme&&mds For

phar maceut i cal i ons corrpri se and a carrier
medi um whi ch nresii-infectiverapplications, the compénnds of formuls I can be peadrin icpmbipatiossviind a

surfactant. The°¥‘§6m8¥f g‘%ng?%aeg“%? m. ok v3a |3 aBbiBics® M croemul sion

preconcentrate Er{?CT oe il o on preconcentrat es are
disclosed e.g. in UK Patent Application 2 278 780 A. Preferably, the

P P ety of foriip (o afinkFt by By dfenkiBbal e, T loilar. 1

enterally, e.g. orally, for example in the form of solutions for drinking, tablets or capsules

or parenterally, for example in the form of injectable solutions or suspensions. Suitable-
unit dosage forms for oral administration comprise, e.g. from 1 to 50 mg of a compound
of formula I, usually 1 to 10 mg. Pharmaceutical compositions comprising the
compounds of formula I may be manufactured in conventional manner, e.g. analogously
to pharmaceutical compositions comprising rapamycin, e.g., as described in

EPA 0 041 795. '

Preferably the pharmaceutical compositions comprise a compound of formula I and a
carrier medium which medium comprises a hydrophilic phase, a lipophilic phase and a
surfactant. ‘They may be in the form of an emulsion or a microemulsion preconcentrate.
Such emuisions or microemulsion preconcentrates are disclosed e.g. in UK Patent
Application 2 278 780 A. Preferably, the lipophilic phase comprises 10 to 85% by
weight of the carrier medium; the surfactant comprises 5 to 80% by weight of the carrier
medium; the hydrophilic phase comprises 10 to 50% by weight of the carrier medium.
The compound of formula I is preferably present in an amount of 2 to 15 % by weight.



medi um the hydrophilic phase conprises 10 to 50% by wei ght of the carrier

medi um The conpound of fornmula | is preferably present in an_anount of 2
to 15 % by wei ght. W06/ 41807

- PCT/ EP96/ 02441 28 A
particularly f pharmaceutical conposition conprises ) | sion
preconcentr at 2&@3?}?{92? medi um whi ch conpri ses 1) a reacti &Wof a
castor oil and ethylene oxide, ii) a transegterification product of a
végetabl e oil and gl ycerol . conprising predom nantly | inoleic-acid or

ol ei ¢ acid, nmparticularly peeférred phirmacentichi somposition @omprises b lnyitroémadision
vegetable oil, iiig&?\l 2- propyl ene gl.ycol , and iv) ethanol. I n accordance
with the fored®R Wﬁ%ﬁ%&&%%&% provides: A a conpound of
formula | for use as a pharmaceutical, for exanple in the prevention

or treatnent qf above indicated disorgders. B. ,a pharnaceuti cal

conposi tion c dhp @ Epctign : Gﬁﬁs‘?ﬁ‘"f?ﬂiﬁpwe ?’%‘Get her with a

phar maceut i cali)y sPedinsbiefifiction prodbtiof &f vegelable il dnl @lyeérel comprising pledhifity Of
preventing or treating disorders as indicated above in a subject in need
of such treat nentlinolgis aid areleis acid omera-«dis apd;trighicerides iop g pelyoxyalkytatedj ect an
effective ayggstidle oft, @ conpound of fornula I. D. a kit or package
for use in i munostppression, inflammation or infections as i ndi cat ed
above, incl udi¥iy hk2prapylene glyeolcand conposition conprising a conmpound of
formula | and gyPhRdggpceutical conposition conprising either an

| mmunosuppr essaht or i munonodul atory drug or_ an anti-inflanmmtory
agent or an anti-infective agent.

In accordance with the foregoing the present invention also provides:

A. acompound of formula I for use as a pharmaceutical, for example in the prevention
or treatment of above indicated disorders.

B. a pharmaceutical composition comprising a compound of formula I together with a
pharmaceutically acceptable diluent or carrier therefor.

C. a method of preventing or treating disorders as indicated above in-a subject in need
of such treatment, which method comprises administering to said subject an effective
amount of a compound of formula I

D. a kit or package for use in immunosuppression, inflammation or infections as
indicated above, including a pharmaceutical composition comprising a compound of
formula I and a pharmaceutical composition comprising either an immunosuppressant
or immunomodulatory drug or an anti-inflammatory agent or an anti-infective agent.

It bas also surprisingly been found that the compounds of formula I wherein X is OH ie.
32(S)-dihydro compounds have an improved activity, e.g. in the above disclosed assays,
and are more stable than the corresponding enantiomers, i.e. the 32(R)-dihydro
compounds, e.g. when submitted to the following test:



It has also surprisingly been found that the conmpounds of fornula | wherein
Xis CHi.e. 32(S)-di hydro conpounds have an inproved activity, e.g. in

t he- above di scl osed assays, and are nore stable than the correspondi ng
enantionmers, i.e. the 32(R)-di hydro conpounds, eg. when submitted to the
fol-l owi ng test: wo9641807 WO 96/ 41807 ' PCT/EP96/02441
PCT/ EP96/ 02441 29 The

conmpounds to be tested are incubated in rat sgerum and their binding
affinity for FKBP12 is asured in the MBA assay after, dif.ferent jngcubation
times. As the PPH‘P@P”H@&E%E@@PW _ o= Q%Wimgﬂygsﬁg&%%w se in
affinity is ge/rKBPIDYs mbisitdduh @k MBA assdyodfiet differcat iriclibation taRs.NAk the affinity

serum WO 96/ 41807
PCT/ EP96/ 02441 decreases the nominal JCS0 increases. A decrease in affinjfy is generally attributed to

CLAIMS 1. A gauapfityef @k coipbaticinlrat serum, [err]



wherein R err] is alkyl, alkenyl, alkynyl, hydroxyal kyl, hydroxyal kenyl
hydr oxyal kynyl, benzyl, al koxybenzyl or chl orobenzyl, Rerr] is

selected fromformula Il or formula Il1: [err] wherein Rl err]
is selected fromH, alkyl,-alkenyl, alkynyl, aryl, thioal kyl, arylalkyl,
hydr oxyaryl al kyl ., - _hydroxyaryl, hydroxyal kyl, di hydroxyal ky,

hydr oxyal koxya%'w;‘“ﬁidroxyal kyl aryl al kyl , di hydr oxyal kyl zflr?wl

al koxyal kyl , al kyl car bonyl oxyal kyl , am noaﬁ yl, al kyl am noal kyl ,

al koxycar bonyl am noal kyl , al kyl car bonyl am Noal kyl , aryl sul f onam doal kyl ,
allyl, di hydroxyal kyl al | yl , di oxol anyICLAIMS car-balkexyatkyt—ad

al kyl silyl; Rlerr] is H nethyl or together wth err r]
al kyl ene; WO 96/ 41807 o ﬁ]mmmmﬂmﬂm&/
31 Rlerr] is K erA ¢dmpolhof formltagrein Rlerr] is sel eg 's alskyl

al kenyl , al kynyl, aryl, alkyl carbonyl, arylcarbonyl, heteroaryl carbonyl,
hydr oxyal kyl car bonyl ,

wherein _ :

R, is alkyl, alkenyl, alkynyl, hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, benzyl,
alkoxybenzyl or chlorobenzyl,

R, is selected from formula II or formula HI:

R, .
/
(») R, .
- o )
Formula it Formula III-

wherein

R, is selected from H, alkyl, alkenyl, alkynyl, aryl, thioalkyl, arylalkyl, hydroxyarylalkyl,
hydroxyaryl, hydroxyalkyl, dihydroxyalkyl, hydroxyalkoxyalkyl, hydroxyalkylarylalkyl,
dihydroxyalkylarylalkyl, alkoxyalkyl, alkylcartbonyloxyalkyl, aminoalkyl, alkylaminoalkyl,
alkoxycarbonylaminoalkyl, alkylcarbonylaminoalkyl, aryisulfonamidoalkyl, allyl.
dihydroxyalkylallyl, dioxolanylallyl, carbalkoxyalkyl and alkylsilyl;

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



am noal kyl carbonyl, fornyl, thioalkyl, arylalkyl, hydroxyarylal kyl,
hydr oxyaryl, hydroxyal kyl, di hydroxyal kyl. hydroxyal koxyal kyl .

hydr oxyal kyl aryl al kyl , di hydroxyal k m I mu yal kyl ,

al kyl car bonyl oxyal kyl , am noal kyl , ﬂ' Mﬂ" "ﬂ” "X )

al koxycar bonyl anyoogdisesl . al kyl car borlyl &mi hodl kyfl , *aryl sul f ongirapaddsyds.

al lyl, dihydroxyal kyl allyl, dioxolanylallyl and carbal koxyal kyl; R err] CO,

wherein R err] is selected fromH, alkyl, hystoxy, alkoxy, aryloxy, am no,
al kyl am no, a residue of an amno,acid, or N _N-di-substituted-am no wherein

t he substituent%sF%ﬁ%‘ﬁ@%‘!&ﬁ%lmyrm*"Sﬁny&r’}mkwlor (b) form
a heterocycii C_ Sigitkbdte aryiikoaiyl] hleboar Wiyl diyitkylbapdiiyty | . ary!
am no, al kyl am no, arylam™no, hydroxy, ~al koxy or aryl'sul fonyl am no;

-O-CHO; or susminpalkyleabonylo formyl, Hhicalky; arylalkyl, dwrieayandatkylohydyoxyepyl, OH), and
byl carpony! , - MERAE et RSl TSURRy MRS Bt |0 o ony
fornyl or aryl ;dibydioxyalkylagialkyl, atkoxyalksyk ialkylcatbrrylenyatkyll lamitoaliaflers to a
T b eyt PippRblte ikers Bt febodt . MBS HREABNEEY O0T ool Ty
substituted, Caylsiifonamidoatkyl, allyhsdihydsexyalkylallpl didxolanyiedly] andhearbalkoxyaliyl;
{?Lg:]r L is gl ky"‘#&%@%h‘aﬁ?ﬂ? F ﬁfﬁ du&h%{’%,%l a’ aikloky,tarnly%gx l?[armrillo,l s ot her
32 [ er rdlkylamino, a residue of an amino acid, or N,N-disubstituted-amino wherein the
substituents (a) are selected from alkyl, aryl or arylalkyl or (b) form a heterocyclic
structure; R,NCH-, wherein R, is alkyl, aryl, amino, alkylamino, arylamino, hydroxy,
alkoxy or arylsulfonylamino; -O-CH-O-; or substituted dioxymethylyne;
Y is selected from O, (H, OH), and (H, OR,) wherein R, is selected from C,_alkyl,
alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, hydroxyalkylcarbonyl,
aminoalkylcarbonyl, formyl or aryl; and
X is OH or H; '
wherein "alk" or "alkyl" refers to a C, , aliphatic substituent optionally interrupted by an
oxy linkage; and "ar" or "aryl" refers to a monocyclic, optionally heterocyclic, optionally
substituted, C, ,, aromatic substituent, . ' ‘
provided that, when X is OH, R, is alkyl and R, is a residue of formula 11, then R, is
other than H.

2. A compound of formula Ia



wherein R err] is (err]alk-2- ynyI—eHG[—eFH—hyd-Fe*y&Lk 2-ynyl R2 is a

S

resi due of forrrulallorlllasdefimi laim1l., and Y is O.

conpound of formula I'b "lu“lm lllwk |,
eny

| b wherein Rerr] is (er
ClLerr] hydroxy (err]alk-2-ynyl, Cferr]hydroxyal k- 2 r
d err]al koxy err éﬁ% Rlerr] is a residue of formula ”Ml/l:mfl?ualo
defined in claim1, aninsO. 4. A conpound which is

16- pent - 2- ynyl oxy- 32( S) - di hydr o-r apanyci n

16- pent - 2- ynyl oxy- 32( S) - di hydr o- 4® O- ( 2- hydr—oxyet hyl ) - rapanyci n. 5. A
conpound which is 32-deoxo-Lapamnygin or

(L)

96/ 41807

wherein _
R, is C;,calk-2-ynyl or C, ,shydroxyalk-2-ynyl
R, is a residue of formula II or II as defined in claim 1, and Y is O.

3. A compound of formula Ib

b
wherein
R, is Cpyealkyl, C; palkenyl, C;ghydroxyalkenyl, C, palk-2-ynyl, C, ghydroxyalk-2-ynyl
or C,alkoxy C, calkyl,

R, is a residue of formula II or III as defined in claim 1, and Y is O.

4. A compound which is 16-pent-2-ynyloxy-32(S)-dihydro-rapamycin or
16-pent-2-ynyloxy-32(S)-dihydro-40-O-(2-hydroxyethyl)-rapamycin.

5. A compound which is 32-deoxo-rapamycin or 16-pent-2-ynyloxy-32-deoxo-rapamycin.



33 6. A process for the preparation of a conpound of fornula | according to

claim-, which process conprises a“m' Hﬂﬂ)mﬂmﬂ“mound of fornula I
yl in position 32 of a
: tert] s

wherein X is H, reductively elimnati I

conpound of fornmula IVa ¢ ert] s wherein
Rlerr] and Y aggépngpf i ned above, in protected or unprotect per/epésiizes and,
where required, renoving the protecting groups present; or b) to produce
a conpound of forrmula I wherein X is OH, stggeoselectively reducing the
carbonyl in position 32 of a conpound of fornula |IVa as defined above; or

c) converting @ Acprpcass fordhe proparation of agompennd ¢f formyla I acoprding torcdaimy byi de a
conpound of ;0 ﬁ@-ggei n Rerr] is other than al kyl. 7. A
conmpound accorv(lll?“'%hgi %o ar?{)/m ne of clainms 1 to 5, for use as a
phar na¢eut i cal . 8. A pharmaceutical composition conprising a conpound
according to %r)]ytoogrsdlsge a compound of formula I wherein X is H, reductively eliminating the

* carbonyl in position 32 of a compound of formula IVa '

Va

wherein R, and Y are as defined above, in protected or unprotected form,; -
and, where required, removing the protecting groups preseht; or

b) to produce a compound of formula I wherein X is OH, stereoselectively reducing the
q'arbonyl in position 32 of a compound of formula IVa as defined above; or

c) converting a compound of formula I wherein R, is alkyl to provide a compound of
formula I wherein R, is other than alkyl.

. 7. A compound according to any one of claims 1 to 5, for use as a pharmacentical.

" 8. A pharmaceutical composition comprising a compound according to any one of
claims 1 to 5, together with a pharmaceutically acceptable diluent or carrier therefor.



clains 1 to 5, together with a pharmr)r’a_ge,ut,i,cal—l—y——attemable di l uent or
carrier therefor. WO 96/ 41807

55&55261/‘ 8r24ﬁ:sLe i n i Mmunosuppr essi On\\“\m\““u‘“‘mm\\!‘ I nf ect ?gng ;A\nié: Ldﬂlg

a.pharmaceut i C%WSI tion conprising a corrpound accordi NOpcikpddiosadine of
a

clainms I to 5 an phar maceuti cal conposi tion conpri sing ‘an
| mmunosuppr essant or i nmuno- nodul atory dr or an ant i -inflammat ory agent
or an anti-infective agent.  10. A nethod™Tor preventing or treating acute-

or chroni c or §anAdit aripsckage foraise jiii fmrhunosyppressian mﬂatm;ohmunfuanwﬁmhumg es,
snoot h nuscl e _cegl | I, f Lon adl se ntl

t hi ckeni ng, oﬁmgcﬂn&g%ﬁﬁﬁm‘f@'ﬁ@% i ﬁ'ﬁ? ggt hod
conpri ses admmsmmphgntmmlcbompb;nﬁatcmpneihgantimonppmsaﬁtformm@ound
according to amnt}/dug{]o?y SIu Cclraalnrara;ﬁtn-]i fia.mmatory agent or an anti-infective agent.

10. A method for preventing or treating acute or chronic organ or tissue transplant
rejection, transplant vasculopathies, smooth muscle cell proliferation and migration leading
to vessel intimal thickening, or tumors, in a subject in need of such treatment, which
method comprises administering to said subject an effective amount of a conpound
according to any one of claims 1 to 5.-



