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, central nervous system har utically rel evant dosages.
Additionally, while systemc innuné§§8ﬂ” ggﬁ%h WO 96/ 31514 PCT/ EP96/ 01492
-2 may be desirable for sone conditions, graft rejection, it is

general ly undesirable for the treatnent of I ocal inflammat ory conditions,
e.g., asthma or Thisrimentipn selates to novel ascomycins having pharmaceutical, e.g,

antiinflammatory, activity. The invention also provides processes for making these

novel compounds and pharmaceutical compositions comprising the same.

Ascomycins, of which FK-506 and Ascomycin itself are the best known,
comprise a class of lactam macrolides, many of which have potent immunosuppressive
or antiinflammatory activity. FK506 is a macrolide immunosuppressant produceable by
Streptomyces tsukubaensis No 9993. The structure of FK506 is given in the appendix
to the Merck Index, 11th ed. (1989) as item AS. Ascomycin is described, e.g., in US
patent 3,244,592, A large number of related compounds which retain the basic
structure of FK506 and Ascomycin are also known. These compounds are described in
various publications, for example EP 184162, EP 315973, EP 323042, EP 423714, EP
427680, EP 465426, EP 474126, WO 91/02736, WO 91/13899, WO 91/19495, EP
484936, EP 532088, EP 532089, WO 93/5059 and the like. Ascomycin, FK-506 and
their structurally similar analogues and derivatives are termed collectively "ascomycins”

in this specification.

As a class, ascomycins are potent immunosuppressive and anti-inflammatory
compounds, but their pharmaceutical utility is limited by their toxicity. FK-506, for
example, may be toxic to the kidneys, liver, and central nervous system at

pharmaceutically relevant dosages. Additionally, while systemic immunosuppression



It has now surprisingly been discovered that certain asconycins bearing one
or nore physiologically hydrol yzabl e and accept abl e oxycarbonyl noieties
are highly effective locally active anti-inflanmtory agents, e.g., on the
skin and airways, but are "soft" drugs, that is they are rapidly
transfor ngd JeR1stls Vo to asconycins bearing unprotected caRARERI6HIBPS,

whi ch conpounds are not systemcally active. It is further surprisingly

di scovered that the correspondi ng asconyci ns bearing unprotected carboxy
groups, although nmuch less intrinsically active than the physiol ogically
hydr ol yzabl e oxycarbonyl noieties, neverthel ess are highly potent
topically, especially dermally. Both the acid and ester forns of the
asconyci ns described herein are well tolerated and, wunlike currently

avai | abl e ?&g(ﬂy&ki%le {7 8¥me Qomtiitions! Ol @eafspefection, Gt isrgeneraky ppdesizablofor or
significant Systemc side effects at pharmacol ogically active dosages. An
ascomyci n tfe tréatmént\oé pcabinflammatary Caﬁ‘fﬁﬁ%oﬁ'ﬁci“ EE pﬁ‘@“%‘ﬂé or nore
physi ol ogi cal | y hydrol yzabl e and accept abl e oxycarbonyl noieties or one or
nore carboxy noieties, which is useful in the manufacture of a

systenical |y nirtiasmowosigpisingiysbees dijcovertd thapeqriaineassamy einhBeATINE AN 0Fp; cal

application, e.g., ta skin or air Rfonfyor mul a 1|,
la, or |b,; Mfe Bg’é’éql?%‘é%@g'ﬁ'gmg&zgtﬁrﬁjl " iag‘gj&y%leﬁ gx\k;?al?ﬂ@]pﬁys?glqgegi galyf)y

hydr ol yzableffe@ied 1a@amzrat:ﬁw entioxslaramatny hgents, € s, woxthe skin @ang ainypynwbletiees are
suitably linked to the asconycin . through a non-netabal i cal | abil e spacer
of from 1 t'epftgirags: theh isthey g}éirﬁplpé'n@“ﬁgmﬁ?%f’b?”ggﬁgl a%:_ogxygng boar{m nits, and
optionally uﬁgﬁ@;{eaic%o%% G¥fubb Gwiieh BomPouAER afeCrot Bystdmiilbhative. duis fumieerand/ or
one or nore eteroatons, e.g., nitrogen, oxygen or sulfur. FW§f§£ably, t he
spacer conpnipsisinglyrdiscarered tat thsi eorpspoadigg aseompycig heamng WATESeS FHPPasuri ng
the length of the.space i P T = He iblddicaliy'8ydr8REidle | S t he

| engt h of I%ﬂﬁ’é’s‘ﬁthgg s@éﬁ@@g%wgfdﬁs%faaé‘t%i n%? ﬁei&gnoia.e)t.'y),] ng’tg c%unti ng
si de chai noxgearbdig] hroietigs npeertielzss are highly ipotent topisalli. especipiyslemallip 96/ 31514

E g;l]-/s Fgg?ég:ﬁg}% Hg(,agicgirf)cggfg% kg%{rsb%qgé/ lascsog\?/gi%g dedcBbe S HAR ofe Wi ¥1EraRA and,
unlike currently available ascomycins, they do not produce systemic immunosuppression

or significant systemic side effects at pharmacologically active dosages.

An ascomycin of the invention is thus an ascomycin bearing one or more
physiologically hydrolyzable and acceptable oxycarbonyl moieties or one or more
carboxy moieties, which is useful in the manufacture of a systemically
nonimmunosuppressive, locally active medicament for topical application, e.g., to the
skin or airways, e.g., a compound of formula I, Ia, or Ib, as described and exemplified

below.

The physiologically hydrolyzable and acceptable oxycarbonyl or carboxy moiety
or moieties are suitably linked to the ascomycin through a non-metabolically labile
spacer of from | to 18 carbon units in length, preferably 6-8 carbon units, and
optionally comprising a cyclic (e.g. aromatic) or branched structure and/or one or more
heteroatoms, e.g., nitrogen, oxygen or sulfur. Preferably, the spacer comprises an
arylene moiety, e.g., a phenylene moiety. In measuring the length of the spacer moiety,
it is understood that the length is the length of longest consecutive chain of atoms in

the moiety, not counting side chains or the bridge portion of cyclic structures. Thus, a



_.carbon units-_four for the p-phenylene, one for the nitrogen and onefor—
the carbonyl. This spacer is suitably attached to the asconycin via the
hydroxy at the 4-position on the cyclohexyl ring of the ascomycin (i.e.,
position 28, using the standard nunbering for FK-506), ethﬁ&Q an

0- car baneW@9@3#158t t hi ocar bamat e coupl i ng. For exanpl e, thé %f‘l on

I ncl udes a 28-0-carbanoyl - or 28-0Othiocarbanoyl - asconycin, wherein the
car banoyl or thiocarbanmoyl noiety is ngQt netabolically |abile but bears or
is linked to one or nore (e.g., up to°4) carboxy or physiologically
hydrol yzabl e noieties, preferably via a carbon chain of up to 16,
preferably 4-6 carbon units in length, preferably conprising a phenylene
noi ety. By "system cally noni mmunosuppressive, |ocall active" is nmeant a

conpound wpriphenylegrhgmoybépacer; for pxamplecvpyld bsrronsiderrd bt vsi slershif® than on
I nt r avenoug, Admfiss | I ' [ I xanmpl e at
| east | Ox nore adgttsi ?/({aug\t{?]rgﬂe 8{1)\?8?1%%4 '? E%a??rr%ﬁéalne rogr'gd/eoﬁgﬁ tlﬁ)eyéﬁ%@i . V.
route in tThis spaesistsuitehly Bitacked Mo thecascamycimuidahe Hydroxy pedie depasitiongin

physi ol ogi gal | dral vzahl e and accept ghl. y VAN . | et

of formula é@pé,l"y&ﬂf‘g H?F}E" %f%ﬂ%%ﬁﬁ@%%&?n%ﬁy@%? g‘%i Jéa“c?%r?%gc?ﬁ‘gg i yi ol d
(i 2:] ?.n. ) al FriBoe), (R Hy Hﬂgbfdirﬂa&atd)bﬁoabib&rﬁimdthgoxqﬂi&ggd?br Eﬁarﬁﬂe,&dﬁ} ni stered,
and (ii) an ascomycin bearing one or e .carboxy groups.. Sujta

oxycar bo nyl""ﬁ'iﬂ(@t‘f‘@ﬁdqsFi’u%s'oi'cﬁ‘g?%]'e‘?rgzg?éé‘P’RWW%‘%%'oW?',Ry@?'g‘."i‘crf‘@:,‘g%)

al koxycar b&ﬂﬁ%moy‘fl‘%ﬁ tHb o4k AERAY is nqidi&IoRBAIY 1aPBd BEDOLGRT d1Q8 Yihked to

et hoxycar bonyl, “t-but oxycarbonyl,” or benzyl oxycarbonyl. The asconycins of
t he i nvent pamoramerer(r &f. a4y cahexy onplisirdegicaily fydralyzable: meigticyg preferably
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comprising a phenylene moiety. By "systemically nonimmunosuppressive, locally
active” is meant a compound which is at least 10 more active on local administration
than on intravenous administration in a suitable inflammatory model, for example at
least 10x more active when given by the inhaled route than by the i.v. route in the

sensitized Brown-Norway rat model described below.

By physiologically hydrolyzable and acceptable oxycarbonyl is meant a moiety
of formula RO-CO-, which is cleavable under physiologic conditions to yield (i) an
alcohol (ROH) which is tolerable at the dosages to be administered, and (ii) an
ascomycin bearing one or more carboxy groups. Suitable oxycarbonyl moieties thus
include e.g., alkoxycarbonyl, e.g., (C,,) alkoxycarbonyl, and aryloxycarbonyl; preferably
methoxycarbonyl, ethoxycarbonyl, r-butoxycarbonyl, or benzyloxycarbonyl.

The ascomycins of the invention are preferably the compounds of Formula I:



CH3 I O , CHz)~R OR23 NOORSCH3 RCH3 0 CH3 OCH3 OCH3 Formula I
wherein Y is ahydrocarbon from 1-16 carbon units in length (having a

| i near, branched, and/or cyclic (e.g. aromatic) structure and optionally
conprising up to three heteroatons, e.g., nitrogen, oxygen or sulfur) and
beari ng f&ﬁ%/‘:lfﬁ? 4 carboxy or physiol ogically hydrol yzadnErasen4écept abl e
oxycarbonyl" noreties; Qis O or S; R is H, -alkyl or aryl; R2 is hydrogen
or hydroxy; R is nethyl, ethyl, propyl or allyl; R _is hydroxy or al koxy;
R is oxoor (H OH; R is oxo, (H ), or (H alk 3 2r and
t he bond depicted by parallel solid and dotted |ines ngelsﬁg{k?gsﬁgl,e or
doubl e bond; WO 96/ 31514 PCT/ EP96/ 01492 -5 :

1

Z—3D

i
—Cc—0

Formula I

wherein

Y is a hydrocarbon from 1-16 carbon units in length (having a linear, branched,
and/or cyclic (e.g. aromatic) structure and optionally comprising up to three
heteroatoms, e.g., nitrogen, oxygen or sulfur) and bearing from 1 to 4 carboxy or
physiologically hydrolyzable and acceptable oxycarbonyl moieties;

QisOorsS;

R! is H, alkyl or ary];

R? is hydrogen or hydroxy;

R? is methyl, ethyl, propyl or allyl;

R is hydroxy or alkoxy;

R?® is oxo or (H, OH);

R® is oxo, (H, OH), or (H, alkoxy);

nis 1 or 2; and

the bond depicted by parallel solid and dotted lines is either a single or double

bond,



_provided that when R is al kyl-or—aryl, then Y is—earbexynethyl or —
(physi ol ogi cal Il y hydrol yzabl e and accept abl e oxycarbonyl ) nmethyl or is aryl
or (alkyl-, alkoxy-, alkylam no-, or dialkyl-amno)-aryl bearing from1l to
4 carboxy or physiologically hydrolyzable and acceptableréyﬁ?%@hp@pyl
nmoi et i es; WOr#6BEd¢ or pharnmaceutically acceptable salt form
substltuents for formula | are, independently, preferably as follows: Y is
preferably (i) alkyl, aryl, alkaryl, alkoxyaryl, aralkyl, alk- or dialk-
am noal kyl, or ‘al k- or dial k-am noaryl “earing from1 to 4 physiologically
hydrol yzabl e and acceptabl e oxycarbonyl noieties, or (ii) alkyl, aryl,
al karyl, al koxyaryl, aralkyl, alk- or dialk- am noal kyl, or alk- or

di al k- am noaryl bearin from car box ieti referably, Y
i s car boxynet hfoQYFdeér}gg}szt‘}Fdng&&lkﬂ/°h§réﬂ d?‘/?‘zngﬂf é“gﬂ’éyr%‘é}byz&’gbl e Y
oxycar bonyl ) met Q}H}?ﬂ[o Gl mgbmgfzatilé"ak&’hcocp@biecaxycm&{yk))ﬂeﬁml 0@ is aryDér

di al kyl - am no) - ear from.l 4 carboxy or physiol ogic

hydr ol yzabl e andalindeapkaxit, alkyiayiners o Aialkyhramino)-asy] bearing f;’j‘?‘Efle't‘)abe%fg@‘Y R is

f bly H alk f bl
%;el grgr e?‘/erabfl)s> ﬁbﬁl’%(’%}gﬂ@yhydm% Feirjgbalg?éplg%bhy? |1Yl xﬁ&%ﬁﬁgr Iesera v

pref er abl y i ¥@e @ pharfRacéSicallyeiceemibly salx formR6 i s preferabl y (H nmethoxy). n
is preferably 2. The bond depicted by parallel solid and dotted lines is
preferably a single bond. Especially preferred conpounds of fornmula I are

the conpounds ofput QLBdinRnlseror RANBRY 13ke lifdéplerddntly Sprefefddly as folloWs: a N-C- 0

Y is preferably (i) alkyl, aryl, alkaryl, alkoxyaryl, aralkyl, alk- or dialk-
aminoalkyl, or alk- or dialk-aminoaryl bearing from | to 4 physiologically hydrolyzable
and acceptable oxycarbonyl moieties, or (ii) alkyl, aryl, alkaryl, alkoxyaryl, aralkyl, alk-
or dialk-aminoalkyl, or alk- or dialk-aminoary! bearing from 1 to 4 carboxy moieties.
Most preferably, Y is carboxymethyl or (physiologically hydrolyzable and acceptable
oxycarbonyl)methyl or is aryl or (alkyl-, alkoxy-, alkylamino-, or dialkyl-amino)-ary]l
bearing from 1 to 4 carboxy or physiologically hydrolyzable and acceptable
oxycarbonyl moieties.

Q is preferably O.

R! is preferably H, alkyl or benzyl, e.g., H, methyl. benzyl, most preferably H.

R? is preferably hydroxy.

R?® is preferably ethy! or allyl.

R* is preferably hydroxy.

R® is preferably oxo.

R® is preferably (H, methoxy).

n is preferably 2.

The bond depicted by parallel solid and dotted lines is preferably a single bond.

Especially preferred compounds of formula I are the compounds of formula Ia:



Z-WRe CH3 CH3 O CCH2)11 RR RB NOORSCH3 R4 CH3 0 CH3 (OCH3 QOCH3
Formula la wherein Q R through R6, n, and the dotted |ine are as defined
above, Wis nethylene or phenylene, and Z is selected from carboxy and
physi ol ogi cal | y hydrol yzabl e and acceptabl e oxycarbonyl, and when Wis
phenyl eneg.d ss35Q0 sel ected fromal kyl, al koxy, al kyl am nBCT/ERas®1492

di al kyl -am no group bearing one to four carboxy or physiologically

hydrol yzabl e and accept abl e oxycarbonyl noieties, in free or
pharmaceutical ly acceptable salt fornLé-Preferany, Wis p-phenyl ene. WO
96/ 31514 PC r/EP96/ 01492 -7 Where Wis phenylene, e.g., p-phenylene, Zis
preferably selected from benzyl oxycarbonyl al kyl, al koxycar bonyl ,

(al koxycar bonyl), ., al kyl, (al koxycarbonyl al kyl) 1. 2am no, and

al koxycar bonyl al koxy, for exanphe nethoxycarbonyl met hyl,

et hoxycar bonyl nmet hyl , benzyljoxygar bonyl net hyl , 2- (et hoxycar bonyl) et hyl,
3- (nethoxycarbonyl)propyl &&Lh xygarbonyl, 2

z_
Re
(o]
R
CH,
CH,
OCH, OCH,
Formula Ia

wherein Q, R! through R®, n, and the dotted line are as defined above,

W is methylene or phenylene, and

Z is selected from carboxy and physiologically hydrolyzable and acceptable
oxycarbonyl, and when W is phenylene, is also selected from alkyl, alkoxy, alkylamino,
and dialkyl-amino group bearing one to four carboxy or physiologically hydrolyzable
and acceptable oxycarbonyl moieties,

in free or pharmaceutically acceptable salt form.

Preferably, W is p-phenylene.



__(met hoxycarbonyl)ethenyl  net hoxycarbonyl-methoxy——
di (et hoxycar bonyl ) -nethyl, di (t- butoxycarbonyl)-nethyl,
2-di (et hoxycar bonyl)-ethyl, 1-(dinethoxycarbonyl-nethyl)-2-
di (net hoxycar bonyl)-ethyl, or di (methoxycarbonyl net hyl )arg&%ggg,{, 455 om
car boxy awmdesmEuboxyal kyl, e.g., carboxynethyl. Where Wi's t y\ ene, Zis
preferably carboxy or al koxycarbonyl, e.g., nethoxycarbonyl or
et hoxycarbonyl. A particularly preferred class of conpounds are thus the
conpounds of Fornula Ib: RLQ I Il - C-CH ~I1 zO CH3 CH3 0O OH
0 OOCH3 OOCH3 CH3 OCH3 OCH3 Fornula Ib wherein Q R, R3, and Z are as
defi ned above, in free or pharmaceutically acceptable salt form WO
96/ 31514 PCTI EP96101492 -8 Most especially preferred are conpounds of
formul a | bWhieser Wi is pllehders, e, p-ohepyleneaZiis p@?@,@qu é?lc%{f"f??f“ and Z is

car boxymet Qé/rlzyl%&yc%or@f%&?rﬂ?&%%éﬂyl (alkoxycarbonyl), 4alkyl,
(alkoxycarbonylalkyl), ;amino, and alkoxycarbonylalkoxy, for example
methoxycarbonylmethyl, ethoxycarbonylmethyl, benzyloxycarbonylmethyl, 2-
(methoxycarbonyl)ethyl, 3-(methoxycarbonyl)propyl, methoxycarbonyl, 2-
(methoxycarbonyl)ethenyl, methoxycarbonylmethoxy, di(methoxycarbonyl)-methyl, di(t-
butoxycarbonyl)-methyl, 2-di(methoxycarbonyl)-ethyl, 1-(dimethoxycarbonyl-methyl)-2-
di(methoxycarbonyl)-ethyl, or di(methoxycarbonylmethyl)amino, or from carboxy and
carboxyalkyl, e.g., carboxymethyl. Where W is methylene, Z is preferably carboxy or
alkoxycarbonyl, e.g., methoxycarbonyl or ethoxycarbonyl.

A particularly preferred class of compounds are thus the compounds of Formula

Formula Ib

wherein Q, R', R3, and Z are as defined above, in free or pharmaceutically acceptable

salt form.



It is understood that the conpounds of fornmula I, la, and Ib may exist in
free formor may in Sone cases formsalts, e.g., acid or base addition
salts at the am no or carboxy groups respectively. Al such
pharmaceutically acceptable salt forns are considered to be conprised

W thin thesaRasof this invention. As used herein, the tBCTEPISAl4" oOr
"al kyl" preferably refer to an aliphatic noiety of containing up to six
carbon atons (which may be branched, linear, or cyclic, optionally
unsaturated, optionally interrupted by-8one or nore ether (-0-) |inkages
and/or optionally substituted, e.g., with one or nore hal ogen nol ecul es),
especially saturated branched or linear Cl.4alkyl; and "ar-" or "aryl"
preferably refer to a single or double ring aromatic hydrocarbon group,

e.g., phenyl, bpzydspeditlyypreferadaitydompdndshef foirlidla (hihefein Qeiy QYR 'apH,onal |y
substituted th one or nore hal ogen nDIecuIes) icﬁpemally phenyl

or benzyl . RPtis F‘ngJWd%!b’évt?é‘é@ tsmqumewhﬁfomﬁtégxwfmams 1, la or I'b may

exist in the form of one or nore isoners, Sstereoisoners, or tautoners,
e.g., optical or geonetric isonmers due to the presence of asymetric
carbon at ons anH islonderssodsiothatsthe spmpounds of fermuleel, iy and db|maygxishn &ee ot her

equi I bri o1 rearr@f‘e&%‘ﬁ&t s‘”@gﬁgglﬂs; €2 a3f 6r'1§%ké‘9&’&i¥é{}1 Lalls " IRSmigg @pe of

this inven rhatl on 1s as asconyci n or FK-506,
e.g., as deab@;tye@lnups rfcspcmmbeay.l a1l Bobmpbarmaseutitaliyoacceptablé salt formmdrd b ar e

preferably made reactin 28-0- activated. asconycin (e.g., a compound
of For mul ac?“WEdéPrPet%H‘pBg‘iﬂggﬁhlﬁtthet FFé’PﬁP?BB%I"tVF'&W“Of the cyclohexyl ring

bears an activating group rather than a car bom)yl or t hi ocar banoyl noiety)
with a conpound of fornmula Y-N(R)H wherein Y and are as_ defined above

(optional ly in Asaupeskiergipothe sereyg F’(Br ngr ‘aliyl”, P'ﬁfﬁ"éarb&’ efed928 RS nore
b i
conmountt of ik BEFAlipk 1R BERCU oGNS (LRAK TG e AREE IR bERAE, o

salt form oiﬁmxanﬁuﬁsaauamwaapadnalycmmpwd iby apgior a!mry ether Par knkapgs anditting a
par ent asco”?{é:n'aﬁy sbsttuted’ e 3" With’ o & m&%rlm’gg‘gn nd eac\lllegﬂ etﬁégiraﬁi%aturated

branched or linear C,_ alkyl; and "ar-" or "aryl" preferably refer to a single or double
ring aromatic hydrocarbon group, e.g., phenyl, benzyl, tolyl, napthyl, or the like (which
may be optionally substituted, e.g., with one or more halogen molecules), especiaily

phenyl or benzyl.

It is understood that the compounds of Formula I, Ia or Ib may exist in the form
of one or more isomers, stereoisomers, or tautomers, e.g., optical or geometric isomers
due to the presence of asymmetric carbon atoms and double bonds, or tautomers due to
enolization or other equilibrium rearrangements, which are also included within the
scope of this invention. Preferably, the conformation is as for ascomycin or FK-506,

e.g., as depicted in formula Ib.

Compounds of formula I, Ia and Ib are preferably made by reacting a 28-O-
activated ascomycin (e.g., a compound of Formula I wherein the oxygen at the 4-
position of the cyclohexyl ring bears an activating group rather than a carbomoy! or
thiocarbamoy! moiety) with a compound of formula Y-N(R')H wherein Y and R' are as
defined above (optionally in carboxy protected form, e.g., where Y bears one or more

carboxy), deprotecting the product where required, and recovering the compound of



at the 4-position on the cyclohexyl--ring, -e—g——Asconmyein or FK-506, with

an 0- activati ng reagent, e.g. triphosgene for the carbanmate conpounds or
t hi ophosgene for the thiocarbamate conmpounds, under suitable reaction

condi tions preferably at low tenperature (e.g. 2,%1. %}

preferabl“}oﬁﬁ?’gw 60C) in the presence of an organic ba ﬂ%& |onaIIy, t he
parent ascomycin may be hydroxy-protected to prevent activation other than
at the desired location, and the reactjion product deprotected either before
or after introduction of the am no siUbstituent, but this is not generally

necessary, particularly if the activation is carried out at |ow
tenperatures, as the hydroxy group on the cyclohexyl ring of the asconycin

S generally significantly nor cc e.and reactive than e ot her
Pyl oy 8RR Briaickds Wb bt B 2t 5y S @ AEPRHASOTYON I8 HHUBBE ol oo
Su' tably e o, éﬁctfn%u Paent aééo}nyfcm el ep@drﬁ;tduaa opfforampaonnmsgdhﬁ{mipr mul a

, la and aring one or nore phyS|o ogical ly % rol yzabl e_and
accept abl et they4-peieryon thei eyelobexyl angce-g-f Yisergnycieor EKr308sWsha@nfdr asconycin

beari ng on L |, e.g.,
nydr oxyal BT VeugE HhGEeE 82 pBRIch! keFnd ekl <GABLARERE HiRphosyr 1T €0
benzyl al ahérdligcatfamatel gonipunds; epder atitabhe mractwmm}mmnd ecd., preferablyaat lowl a and
| b bearing one or C X t ng the £orres ondin
asconyci an‘BB"r'PWB’ Gorﬁeetlf'll ‘Yrép(g' FY'%{Q%EY tbeg%‘@'l g%g:? ?/h@sprgsﬁﬂ%f ?e@o?fé?'?ng t hg
conpound Qfasd, OOPHbAILY, the PareRf adcbmyanfnﬁ@eoeomy@@lytpmem tJ prvemcRtyations of
the invention have potent |ocal i mmunosuppressive and anti- inflammtory

activity. atherghan atche desiredoratiofiapd fhfaﬁﬁﬂqtg’érpf?%hé%ﬂ!micﬁﬂ' 5’rﬁli‘ﬁitb6F‘Ve el |
infiltrat 'a?tgf rrItr%du&fi)?rg?!tﬁe ﬂlﬂé@ﬁb&h&éﬁ?ﬂt His ?Skr'ld? gf?(o% ?{10)I Mcassagt i vity is

appar ent OW Nng m nistrdtion, ng t opi cal
admi ni st r gtart@nldrky if ke mmmw\ss varsied bhéatduanmrytumutsethgmyémM BFBPrelt i on to
the invention are

the skin. Th
Subst ant | APF SYtRLaRe o B et Raneral Hgn peupanbE el Bl gy 1, P e e
PCT/ EP96/ Gé4ive thahChe other hydroxy groups on the molecule.

Compounds of formula I, Ia and Ib also suitably prepared as follows:

(i) for preparation of a compound of formula ], Ia and Ib bearing one or more
physiologically hydrolyzable and acceptable oxycarbonyl moieties, esterifying the
corresponding ascomycin bearing one or more carboxy moieties with the corresponding
alcohol, e.g., hydroxyalkyl, or hydroxyaryl for example methanol, ethanol, t-butanol, or
benzyl alcohol; or

(i) for preparation of a compound of formula I, Ia and Ib bearing one or more
carboxy moieties, hydrolysing the corresponding ascomycin bearing one or more
oxycarbonyl moieties,

and recovering the compound of formula I, Ia, or Ib in free or salt form.

The ascomycins of the invention have potent local immunosuppressive and anti-
inflammatory activity. In particular they inhibit antigen-induced inflammatory cell
infiltration, for example in the airways or skin. _In vivo this activity is apparent
following topical administration, e.g. following topical administration to the airways via
the pulmonary route or administration to the skin. The ascomycins of the invention are

in contrast found to possess substantially reduced, or to be substantially devoid of,



activity, e.g. anti-inflammatory or inmmunosuppressive activity, in vivo
when adm nistered systemcally, for exanple following oral or i.v.

adm ni stration. The i nmmunosuppressive and anti-inflammatory properties of
asconycins of the invention nmay be denonstrated in standard test nodels in
vitro andwigoesh#i? €.9. as follows: 1. In vitro i nmunosuppiERSSOB2  Muiri ne
m xed | ynphocyte reaction Ca. 0.5 x 106 | ynphocytes fromthe spleen femal e
(8-10 weeks) Balb/c mce are incubated for 5 days in 0.2 m cell growth
mediumwith ca. 0.5 x 106 | ynphocytes -10-om the spleen of female (8-10
weeks) CBA m ce. Test substance is added to the nediumat various
concentrations. Activity is assessed by ability to suppress proliferation
associ ated DNA synthesis as determ ned by incorporation of radiolabelled

thym di ne. ac\G&§o E)éch:ﬂﬁmhﬂmﬁﬁ&ﬁy danﬁmmsnbpxthmmemmmamdnon havi ng a
physi ol ogi cal |y %dr ol yzapbl gq{oxyca boBg e(% i nhi bi t ng di ne

i ncor por at aemirgtered systasmically, frexgmplefglowing aral gr 1y gIIFISHAYECY- o 0. 025 g/ .
Compounds of exanples 1, 2, 7, and 8 exhibit activity in this assay

roughly equipotent to or only slightly |less than FK-506 itself, with a
relative | Csp offhé immunesup@essivecand ang:inflarematenydprparties off asepmY@nT BB UNds,

however, are sj.gn of
exanples 1 %ﬁahgy g%ﬁ%%%ﬁeéggfe%llﬁ%#é%dttgﬁ %égméeWQ%%M| ch has
a rel ative féiflowsof about 150 in this assay. 2. Asthma nodel: Allergen
-induced pul nonary eosi nophilia Exposure of Brown Norway rats to inhal ed
antigen (oval bum n, OA) evokes pul nonary eosinophilia that is maxi mal 48
hours | aten, |niaestré Auvhoswpresspahi | nunbers, the activation status of

t hese cells can be assessed by nmeans of enzymatic activity of the

eosi nophi | MRS ' Bd¥xalhi | peroxi dase (EPO. In the present WO

96/ 31514 PCT/ EP%/ 8. %47(9?06 lyﬂlﬁhocytes from the spleen female (8-10 weeks) Balb/c mice are

incubated for 5 days in 0.2 ml cell growth medium with ca. 0.5 x 10® lymphocytes from

the spleen of female (8-10 weeks) CBA mice. Test substance is added to the medium at
various concentrations. Activity is assessed by ability to suppress proliferation

associated DNA synthesis as determined by incorporation of radiolabelled thymidine.

Ascomycins in accordance with the present invention having a physiologically
hydrolyzable oxycarbonyl moiety inhibit thymidine incorporation at concentrations of
the order of from 0.005 to 0.025 ug/ml. Compounds of examples 1, 2, 7, and 8
exhibit activity in this assay roughly equipotent to or only slightly less than FK-506
itself, with a relative IC,, of from ca. 3 to ca. 15. The acid forms of these compounds,
however, are significantly less active. For example, the compounds of examples 1 and
7 both convert in vivo to the acid of example 19, which has a relative IC,, of about 150

in this assay.

2. Asthma model:
-i ul
Exposure of Brown Norway rats to inhaled antigen (ovalbumin, OA) evokes
pulmonary eosinophilia that is maximal 48 hours later. In addition to eosinophil
numbers, the activation status of these cells can be assessed by means of enzymatic

activity of the eosinophil gfanule enzyme eosinophil peroxidase (EPO). In the present



_experinments, inhibition of pulmonary eosinophil—accumulation by the
asconycins of the invention is assessed. Ovalbumn (10g/m) is mxed (1
hour on ice) in a blender with alum num hydroxide (10 ng/m ) and inj ected
S.c. coincidentally with a B. pertussis vaccine (0.25 rri into
mal e Br oWOR6PWA4Y rats (ca. 200g). Injection of QA toget her v‘x?%g adj uvant
is repeated 15 and 21 days later. On day 28, sensitized animls are
restrained in plastic tubes and exposgij for one hour to an aerosol of OA
(3.2 mg/mM) using a nose only exposure system Animals are killed 48 hours
| ater with phenobarbital (250 mg/kg i.p.). The lungs are | avaged using 3
aliquots (4 m) of Hank's solution (HBSS x 10, 100 m; EDTA 100 mM 100
m; HEPES | M_ 10 m; I liter water), overed cel ool.ed nmear ed
air dried %anﬂeﬁsn@(ﬂ’b('@’b?ﬁ‘?‘%?‘@m&?@“ I“FVB%@“@&‘ gm?"ﬂ%sn?ﬁ ﬁileed and
count ed undern@id isiadE8dedi on (x1, 000). A mi nimum of 500 cells per snear are
counted and the total population of each cell type is calculated. The
relative efficacy via various routes of adm nistration is assessed to
T e e BB ol gty B RRA ) YobOloc Pin PYRRGE With Hlfnied

adni ni stration, tes ance 1s amnls ered p.o. suspended In
tragacinth hp&ogﬂv qiemgimhend injesteds. hcnmnmdeptallp rwnttoa Bn @emsmo&ac@naf(llﬁ
antigen exposure. For ti.on i ssol ved
in a mxt uF‘@’rB‘f‘Pe)tW%B‘F‘Ie(W‘Z’%N"EfEE"F% %J(Sg{jhdn%qogro °Fe ‘ﬁhacheal
adm ni st r atyaRant 1§EH§EQ&H‘@5 afd 2dihyiSlafr. ed)nac&yGESP@Wﬂ&fze@ dipfandeed rwtt'aﬁlaﬂl ne
containing DMBO (2.5% . For inhalation studies, test_ substance is

m croni sed i# @W@el“b%ﬂd exposedSer onmhops|te ap @gsaliof QA (32 mE{mb) viing,2 pass; |
nose-only i E)]B'azlty@&tﬁl@s ﬁgﬁmmil afd llllé%\tﬁ r@qjaﬁérr\bﬂ 'bﬁédogﬁ'rbl@l @hbarned 1 or

6 hours pri and urs a ter en e. Inuntreated ani mal's CA
chal | enge iipduckhs lumgsraeealmagﬂd usirig Izellxquotw(pesl)mﬁ Haak's splutipel (MBSHxulE after

resent Ui n/eBiRoRDNR MR o R ESUNE B DREF HaPRD e ik e, 15 o
ng/ kg redypeRrd, e@&a&@% dmcsaowatstmﬁde»eLd:ffaeﬁmd@san eypaendenm arsiduneifiediand

conpared with untreated controls. Cell counts ’fg otdljg | eukocyt es d
( MRCr 0phag €9unteh BRdeR S MEJErsiPTs Ol Q) R PR 91y S0 SEHIE RS PGB R® counte

and the total population of each cell type is calculated.

The relative efficacy via various routes of administration is assessed to
determine whether activity is primarily local or systemic. For oral administration, test
substance is administered p.o. suspended in tragacinth by gavage either 1 or 6 hours
prior to and 24 hours after antigen exposure. For i.v. or i.p. administration, compound
is dissolved in a mixture of ethanol (0.2%), PEG (66.7%) and water. For intratracheal
administration , compound is adminstered as a powder suspended in saline containing
DMSO (2.5%). For inhalation studies, test substance is micronised for delivery to test
animals restrained within a flow-past, nose-only inhalation chamber. In all cases

administration is effected 1 or 6 hours prior to and 24 hours after OA challenge.

In untreated animals OA challenge induces increase of all cell types in BAL
fluid 24 hours after challenge. Prior administration of ascomycins in accordance with
the present invention by inhalation at dosages of the order of from 0.1 to 15.0 mg/kg
reduces eosinophil count in BAL in a dose dependent manner as compared with

untreated controls. Cell counts for other leukocytes (macrophages, neutrophils) are also



-12 reduced. For exanple, conpounds of exanples 1, 2 and 7 below, follow ng
intratracheal administration at a dose of ¢a. 1 ng/kg or inhalation at a
dose of ca. 0.4 ng/kg , are shown to inhibit eosinophil accurulation by
nore than 50% In contrast wth FK-506, which is very potent in this nodel
whet her gu,(yg l'k){)‘travenousl y, intratracheal ly, saubcutanepasEpssd4dzy

I nhal ati on, e asconycins of the invention, e.g., of exanples 1, 2, and
7, are not neasurably active or are at least | Ox | ess active when given

i ntravenously, orally, or subcutaneougby, denonstrating that the activity
Is local rather than systemc. 3. Dermal nodels: 1 Allergic contact
dermatitis in the nouse Anti inflammatory activity of topically applied
conpounds is tested in a nurine nodel of allergic contact dermatitis.

G oups of ' LmAENE 1 ke below, Eflicwiagineousl y

appl i ed Z&E%icg&zrg gﬁ%ﬁéwgﬁgﬁgﬁagggw tlﬁ oxazol one on the ri%ht ear. After
30 mi nut edntritfachda sdmiiitrtiomatea dossnf s | B)E/ke0n iphalatian ate dospOf £ D4 est
conmpound test groups) M th. . ' . 3l The
ot ears kR A% MORR Al boNiidafl SEnpl Gioh BRolciam 3o heuRt,
hours af t ewitl FHIS06NgRichyis velgtmexeant irathisomoddl whetheagiveriigfravenauslya neasur e of
edema in test and control aninmals, .Acti]. S WA RLLAiRR T £ASE 1N
pi nnal weilgkjtrac ya?(?gﬁ%’\eﬂ%s%?r P%é“#ﬁbéﬁt‘ﬁ%%gﬁ‘gg‘ﬁ P 85 a°5|“§°“{"rq§'s§£beari ng
one or NDr§ dxaAhpPrRXY, 2 HndUR Sare 50 Mehsapibbphctive tor et at least 10w Eessractiok vdent he
sanme order as or sonewhat higher than FK-506. The asconycins of tpe
i nvent i on given ingavaaeusdy. Arthe OF &ths8iepeqrsly e fermanstrahing @‘é‘p@’ iaﬁll"flé' 18 docalt
topi cal ly. tions of fromO0.004 - 0.01% the conpound of

exanpl e Zofaé%{)&ggggr?r%ﬁ%} shows from47%to 69% i nhibition, conpared to 57%
I nhibition for FK-506 at concentrations of 0.01 % Asconycins of the

I nventi ony{uavi r}g one ofJ7ore physi ol ogi cal | y hydrol yzabl e and accept abl e
oxycar bonyl* noi srmed meQelsii so  acti ve, e.g., inhibiting pinnal swelling by
appr oxi mat gl y AlR¥sie g Germhatiis jprse moéus®. 01% in the case of the conpound

of exanpl eAr%t'iinﬂammatory activity of topically applied compounds is tested in a murine model

r
i1 18

of allergic contact dermatitis. Groups of 8 female NMRI mice (ca. 30g) sensitized by
epicutaneously applied 2% oxazolone are challenged with oxazolone on the right ear.
After 30 minutes, the test sites are treated topically with 10 p! of the test compound
(test groups) or with the vehicle alone (control groups). The left ears remain
unchallenged and untreated. Activity is determined 24 hours after challenge by
determination of pinnal weights as a measure of edema in test and control animals.

Active compounds inhibit increase in pinnal weight.

The ascomycins of the invention, particularly those bearing one or more carboxy
groups, show topical activity in this model on the same order as or somewhat higher
than FK-506. The ascomycins of the invention having one or more carboxy moieties
are especially potent topically. At concentrations of from 0.004 - 0.01%, the compound
of example 20, for example, shows from 47% to 69% inhibition, compared to 57%
inhibition for FK-506 at concentrations of 0.01%. Ascomycins of the invention having
one or more physiologically hydrolyzable and acceptable oxycarbonyl moieties are also
active, e.g., inhibiting pinnal swelling by approximately 35% at concentrations of 0.01%

in the case of the compound of example 2.



WD 96/31514 PCT/EPA6/01492 -13 3.2a Al lergic-contact dermatitis in

donestic Rigs Antiinflammtory activity of topically applied conpounds is
tested in the swine nodel of allergic contact dermatitis, e.g., as
described in J. Invest. Dermatol. (1992) 98: 851- 855. Y+1 gg}gﬁg i c pigs
sensiti zeWOMBKS12 4-di nitrof | uorobenzene (DNFB) are chal ‘gﬂﬁ h 1%
DNFB on 24 test sites on both dorsol ateral sides of the back. The test
sites are treated topically with the diisol ved test conpounds or the
vehicle alone, 0.5 and 6 hours after "Cfial | enge. One day after chall enge
gross changes of conpound- and vehicle-treated sites were

sem quantitatively evaluated. Active conpounds inhibit erythema and
infiltration. The asconym ns of the i nventl on show topical activity in this
model on t @i sABYBicqontae! durmalilisiONSUORIZE i ns of the invention bearing one
or nore cap K Minémodel
concentrati gﬁw ?@eﬁ?w?r exa@p%wqgﬁphg@ cSmBng%rﬁﬁgs Bé@g?(ﬂﬁie 0 shows 49%
i nhi bi ti onof aligygicedntact deshatitise e gr, @adestribed ins]. Inyast. Qma@bgg%(%o“bxanpl e

2 at the s ncentrati on sho b 5 ns of the
I nvention ggi i% g?lﬂgﬁt&? R %Na ?8%&2%{?@%@%@{0{% @ggﬁer’é

condi t i ons chARAEESWIR 1 ODNIFB! GiN24 tesNgjtes @i bod daﬁcblateramﬁidamﬁﬂwrbﬁck The

I mmunosuppressive or related th rtg‘g el\qg for toﬁ‘f dmnls ation for
the treat miast sitss agg irpated topically, Wi distalysdhisy compepRds H?J&?}F "’{)oé' $sages,
buccal caviplsyyndog hGits Afler HaflerRR! (OrfeUdadldftér Bllalleh: grold éhaﬁgesthQ:oﬁipbws or
lung. I'n particular asconycins of the invention permt topica

ant i - i nf | arndwelrigle-ticated sbesupere semiquantisptively eabuptadn ebeipip qmrtpﬁll@qfemhlb"
conconi t ant S%OI d%%ﬂ%gﬁﬁp%ﬁd““ i on of undesirable system c side-effects,

for exanpl & em c i mmunosuppressi on. Asconycins of the
I nvention are in parti cuI ar useful for the treatnent by inhalation of

di seases and conditi ons of e ai [ways, or icu tory
or obstructive 3?‘?\%3??"81%8212\3 '“\“H’éﬂ? asp‘éwé%pd‘é %Wﬁ?p h ocfeglpn{b# ARE
treat ment Qfgeflia$ FKSSGG R£coﬁgaﬁlb o €HeSin®éntioh Deding/eyeSorahore Waboay suniétizsed with

or characterized by inflanmt or&
are somewhat more potent, so that at a concentration of 0.13%, for example, the

compound of example 20 shows 49% inhibition compared to vehicle treated sites, and

the compound of example 2 at the same concentration shows about 25% inhibition.

Ascomycins of the invention are accordingly useful for the treatment of diseases
or conditions responsive to or requiring topical anti-inflammatory, immunosuppressive
or related therapy, e.g. for topical administration for the treatment of such diseases or
conditions of the eye, nasal passages, buccal cavity, or colon, and particularly of the
skin or the airways or lung. In particular ascomycins of the invention permit topical
anti-inflammatory, immunosuppressive or related therapy with the concomitant
avoidance or reduction of undesirable systemic side-effects, for example general

systemic immunosuppression.

Ascomycins of the invention are in particular useful for the treatment by
inhalation of diseases and conditions of the airways or lung, in particular inflammatory
or obstructive airways disease. They are especially useful for the treatment of diseases
or conditions of the airways or lung associated with or characterized by inflammatory

cell infiltration or other inflammatory event accompanied by inflammatory cell, e.g.



cell infiltration or other inflammtory event acconpani ed by inflanmmatory
cell, e.g. WD 96/ 31514 PCTI EP96/ 01492 “-14 eosi nophiT and/or neutrophil,
accurrul ati on. They are nost especially useful for the treatnment of asthna.
Asconycins of the invention are useful in the treatnment of asthnma of

what ever w16y genesis including both intrinsic and, cRERERSNI42
extrinsic asthma. They are wuseful for the treatnent of atopic or

non- at opi ¢ ast hma, exercise i nduced asthma, bronchitic asthma, including
all ergic asthma, bronchitic asthma exenei se i nduced asthma, occupati onal
ast hma, asthma induced follow ng bacterial infection and other non-allergic
asthma. Treatnent of asthma is also to be understood as enbracing treatnent
of "wheezy-infant syndrone", that is treatnent of subjects, e.g. of |ess
that 4 or S.¥gRésH &fd/ordearophhideuinulgonTRRy i ang moyngspenially usefubdor theul ar  at
ni ght, and di agnosed or di agnosable as "wheezy infants", an established
patient cattsgonept 6f asPdr nmedi cal concern and now nore correctly
identified as incipient or early-phase asthmatics. Asconmycins of the
invention are in particular useful for the treatnment of asthnma in subjects
whose ast hnat | AAssomyaias ofsthe inveationsareusefy! ineipe tgamentef asthipa Plhiwhalsye ant .

Ascomycins of, § e L OVERIIAR P sk HREEHlecial. diheld BRITENheplunbr ONChI i s

or for oni c or acute ‘alrways ot.)st.ructl on associ at ed
t her ewi t h. Refpforché) Geatménttdiatopio/ enbomeatopiapsthmauewtifecindeded astheat ment  of

bronchitis or whatever type,or enesis, Jncludin f a e
br onchi ti s,brafchitig athmay lﬂ@l‘ﬂgt ﬂ?,gglﬁgf'ﬁ?ql‘“h "Chgtfco?'nsghnl’ ?)ge,r Sgéeh{;g!ﬁ?eg A
bronchi ti S’mgﬁﬁieﬂﬂsasﬂﬂﬁﬁpﬁﬂrﬂi fducdat following Baterislhinfecornadl stherf mmtdilergic
Asconycins o e invention are in addition useful for the treatnent of

pneumpconi ossthena Zreakment Afaethe s alee Hhbm Pydesteqsas smiiaging HFAmEReStor ¢ he
lungs,  freqyent) ¥ede gﬂ@l’cﬂﬁ@"?@xap}é J?éafm f QLY Glgl. AN leswhil BaS Scyvagnefc or
y

acute, and 'occdsione repeated I nhal ation of dusts) of whatever type or
genesi s, i napepekhilgting ewheezngasypipmymsalini partioglassat raght handcdiagnosedaandiagnosable
Bg %l: Llu|ozlr sasb'c 2. %gngz{gtss’ eth ésta%ﬁ!shséd p%-ligrﬁrcgébgry of%ij&rcxﬂéaiéal coRRAF I/ fownd, in
more correctly identified as incipient or early-phase asthmatics. Ascomycins of the
invention are in particular useful for the treatment of asthma in subjects whose

asthmatic status is either steroid dependent or steroid resistant.

Ascomycins of the invention are also useful for the treatment of bronchitis or for
the treatment of chronic or acute airways obstruction associated therewith. Ascomycins
of the invention may be used for the treatment of bronchitis or whatever type or
genesis, including, for example, acute bronchitis, arachidic bronchitis, catarrhal

bronchitis, chronic bronchitis, croupous bronchitis, phthinoid bronchitis and so forth.

Ascomycins of the invention are in addition useful for the treatment of
pneumoconiosis (an inflammatory, commonly occupational, disease of the lungs,
frequently accompanied by airways obstruction, whether chronic or acute, and
occasioned by repeated inhalation of dusts) of whatever type or genesis, including, for
example, aluminosis, anthracosis, asbestosis, berylliosis, chalicosis, ptilosis, siderosis,

silicosis, tabacosis and, in particular, byssinosis.



WD 96/ 31514 PCr /[ EP96/01492 - 15-Asconyci ns—of theinvention may al-so-be—
used for the treatnent of eosinophil- related disorders of the airways
(e.g. involving norbid eosinophilic infiltration of pulnonary tissues)

i ncl udi ng hypereosinophilia as it effects the airways an\c/iéa %g 49, @s wel |

as, for ewew9pBEs14 eosi nophil-rel ated disorders of the air ‘5’2‘3 'ﬁsequentlal

or concomtant to LOfler's syndrone, eosinophilic pneunonia, parasitic

(in particular netazoan) infestation (including tropical eosinophilia),

bronchopul nonary aspergillosis, pol yaT1t5eri tis nodosa (i ncluding

Chur g- Strauss syndrone), eosinophilic granuloma and eosinophil-related

di sorders affecting the airways occasioned by drug reaction. The word
"treatnent” as used above in relation to the treatnpent of disease t he

ai rways and | ung@comMClpapf the inyentige mayrlso; by ysgd fr the HentEeabef %Pé’“@ﬁjb‘?am ng
both ~synpt Ry d:squ&qs B{ %g%t%mﬁn trmlgld'e%sxhgﬂuhmmﬂrﬁfoﬁ der eat ment,

e.qg. of acJF mat1 c reat nment) as wel as advance
treat ment tgulposae lmssuca)nnblumngmgpmosnmhﬂmas i effvgtSttbe mryy}'ﬁpm | langs as

(prophylactic treatment). The £ esent

speci fi cat i Bell AhdOCPEMRE: L5179 ﬁfrFr?B tdrb 5({?510 gi gonsgq&nggrbrrnterpret ed
accordi ngl ycd%éomi'i':ﬁh‘t'&'LBﬁlePQEihdsMﬁ@tc@ﬁﬁbptﬁh@ﬂituﬂfoﬂﬂhvmm antp’aaiidulmnt €. 0.
in the case of asthma, synptonmtic treatnent to aneliorate acut

i nf | ammat ormetmhtnfﬁmopK@ﬁWI%&qwﬂi eesiapBiia), tb(5°'}°€§?‘fl1”8f‘m?5r?55’6¥‘”§s's
i nf | anmat or g‘hiﬁ%}'“? Hggbgsgqclua{;g ?g’i.bﬁadsk”s%a%rhé)o@M@hllﬁxﬁﬁn&ﬂh lafd

associ at ed rew e invention may al so be used to treat
any di seaseemmophh«hlated)dxsom&rStafﬁf@ctalgr“ha)agweys pagagioneddftyi drug geaction.

| mmunosuppr essive therapy, e.g. for the treatnment of autoi nmune di seases
of, or as they affect, the lungs (for exanple, for the treatnent of

sarcoi dosi s, al vpgl wbﬂds“ueﬁtnﬁ:ht" lemsedlytﬁtﬁzé%lt‘datidn\/mttye paammﬁdlsgasq;roff or the

mai nt enance of allogenic | ung tran | ant,, g. un r, heart
t ranspl ant athe giTways anst Wpgo il PW‘F‘HG‘i By is f°o‘?° 't"?ﬁ%’sé??gl\/aé "‘S‘EH’ ‘g%goth
asconycins %’m;gg'lﬁathcné/n%mrlr)]@ﬁdac% 'nkod'é? tﬁ&ifﬁ meﬁhﬁﬁe‘a@hté Q@dtﬁ@htl ¥.gWof Rduke t he

ai rways, route/ by inhal ation. al so‘prew ously
not ed, vvh| | mflamwiatign p&ymm@fcﬂmaegmmewclheﬁﬁwag%wem to preven

ameliorate or restrict long term symptomology (prophylactic treatment). The term
"treatment" as used in the present specification and claims in relation to such diseases is
to be interpreted accordingly as including both symptomatic and prophylactic treatment,
e.g. in the case of asthma, symptomatic treatment 10 ameliorate acute inflammatory
event and prophylactic treatment to restrict on-going inflammatory status and to

ameliorate future bronchial exacerbation associated therewith.

Ascomycins of the invention may also be used to treat any disease or condition
of the airways or lung requiring immunosuppressive therapy, e.g. for the treatment of
autoimmune diseases of, or as they affect, the lungs (for example, for the treatment of
sarcoidosis, alveolitis or chronic hypersensitivity pneumonitis) or for the maintenance of

allogenic lung transplant, e.g. following lung or heart transplantation.

As previously indicated, for the above purposes, ascomycins of the invention
will be administered topically within the airways, e.g. by the pulmonary route/by
inhalation. As also previously noted, while having potent efficacy when administered

topically, ascomycins of the invention are devoid of, or exhibit relatively reduced,



topically, asconycins of the invention are devoid of, or exhibit relatively
reduced, WD 96/ 31514 PCT/ EP96/ 01492 -16 system c activity, e.g. follow ng
oral adm nistration. Asconycins of the invention thus provide a neans for
the treatment of diseases and conditions of the airways or lung, e.g. as
her ei naboyg si@lisfsorth, with the avoi dance of unwanted sysPETERI6SI4R ef f ect,
e.g. consequent to inadvertent swall owi ng of drug substance during

i nhal ation therapy. (It is estimated that during the course of nanoeuvres
required to effect adm nistration by ijghalation, up to 90% or nore of
total drug substance adm nistered will normally be swallowed rather than

i nhal ed). By the provision of asconycins which are topically active, e.g.
effective when inhaled, but systemcally inactive, the present invention
makes ?‘SCO’Bg&Eﬂicti&ﬁwﬁﬂye.g.%mwiﬂploﬁltaamﬁﬂh}aaeﬁ.smfcemywlnom shecinvéntion alms i ght
ot herwi se bé excluded, e.g. due to_ the risk of _systemc, in particular

i Munosupprieevis @ meghsifor by teatmentof dissases apd copdins(qf the gipuays;os jung, €.g.
(particular} s i d i reffebiSbgr ed

or i 1y, 2 erABByEFR il RCRE JOHaPR o Wikantpd Gysiinip sRETRLEEGT T

cut aneous dioasqses torkidatredt byallawingef dmeisubstanes duringjinhalstion thempy, Ibisnt act
dermatitis, atopic romatitis, al i % Mol Wae: W

dor mat {1 5 CSHEARAEY GPRE el P oh i uch s iPhfima o KOS G o ™
angiitis, UpkdlRhi 8p td90%wimorp @l Ehilgingl subistapces admintsteserhwids sarmaiebphi sus,
epi dernmol ysi s bullosa acquisita, and other inflanmmtory or allergic

condi ti ons w¥allpyed S%E‘i‘erﬁ.th”éb‘f‘l‘ﬂﬁﬁl |y, the asconycins of the invention are
co-adm ni stered together with anti-inflammtory, imunosuppressive, or

ot her pharmacol ogi cally active agents, e.g., corticosteroids, .

ant i hi st am nes, Bmthelproxisios of a@ﬁﬂ\yﬁlﬂﬁg@!@,a“éf‘&’.'caﬂx@S‘t’r‘ﬁFcFﬁsefg?C“f’ﬁé"hFﬁventi on
are al so usghily bl oJntARARAERL, QL ptkliRfinnBERRERes Bbok@iAliarhs, N
particul ar qr8eases or condi t1ons havi ng an aut oi mune or~ inflanmatory
conponent asvdilibi¢ tarkuibidatst fopwhain suble thepapy rmpighteotheraise; keegkcluded. et alipite

treatment Ot];xe (xj'ils€ %??}?s%en?ig,dincp%ptgclu}alr Cn’r?l?nu%sutpgr%ss?%? sia¥Gheds CONjunctivitis,

The ascomycins of the invention (particularly those bearing a carboxy moiety)
are also administered dermally, i.e. topically to the skin, for example for the treatment
of cutaneous diseases mediated by immune mechanisms, e.g., psoriasis, contact
dermatitis, atopic dermatitis, alopecia areata, erythema multiforma, dermatitis
herpetiformis, scleroderma, vitiligo, hypersensitivity angiitis, urticaria, bullous
pemphigoid, lupus erythematosus, pemphisus, epidermolysis bullosa acquisita, and other
inflammatory or allergic conditions of the skin. Optionally, the ascomycins of the
invention are co-administered together with anti-inflammatory, immunosuppressive, or
other pharmacologically active agents, €.g., corticosteroids, antihistamines, antibiotics,

antifungals, etc.

Ascomycins of the invention are also useful for the treatment of other diseases
or conditions, in particular diseases or conditions having an autoimmune or
inflammatory component and for which topical therapy my be practiced, for example,
treatment of diseases and conditions of the eye such as conjunctivitis,

keratoconjunctivitis sicca, and vernal conjunctivitis and maintenance of corneal



—keratoconjunctivitis sicca, -apd-vernal conjunectiviti-s—and mai nt enance-of
coneal WD 96/ 31514 PCTI EP96/ 01492 -17 transpl ant, diseases affecting the
nose including allergic rhinitis, as well as diseases of the colon, for
exanpl e Crohn's di sease and ul cerative collitis. For thel,%q. c/PdbPoses,
asconyci r0863Bke i nvention may be enployed in any dosage tor mappropriate
for topical admnistration to the desired site. Thus for the treatnent of
di seases of the airways or |lungs asco ins of the invention nay be
adm ni stered via the pul nonary route/ by i nhal ation froman appropriate
di spenser device. For this purpose asconycins of the invention may be
enpl oyed in any suitable finely dispersed or finely dispersible for,

capable of admnistration into the alr ysS,. or , for ﬁ Ieipfinely
di vi ded dr tansalant. diseases atfecsing,thyy nqsg iggl %&é’i‘%’&‘c in lﬂﬁﬂ”&%# ng s0

appropri at ﬁ‘,e(égm% R WxARPR hrbiin'QBRERE 34 BlbAlive 8liligd or liquid carrier

medi um For mnistration in dry particulate form asconycins of the
i nvention may, for exanple, be enpl oyed as such, i.e. in mcronised form

ol Sy B RO RSB, abddnfllndor 0t thdriicl ThES bBROBRE Al { DE1Y

divided inert 3178%CaH r or e.g. ucos oSe, mannitol,

sorbitol, d¢sags formnappropsiatedior top)plabscm)xmstraum@ttbd dpsmthsoml ate formor in any
ot her appropriate formas known in the art for the pul nonary
adm ni stration of finely divided solids. Pulnonary adm nistration may be

ef fected using gR% @PﬂfeQEHatrﬁér@ oB URERER aﬁme&ﬂ%@s bﬂluh@ﬁas%binyémﬁ oflgei veri ng
drug substance in drg quid form by inhal ation, . .an atom zer,

nebul i zer , inyeRtiquomele pe P‘ilm&lllséqfc%l'laItthUIMPWéOUWfIB?%%}% fodher ed del i very
devi ce, | ?pégﬁ?a@{i@p fserda%L' cxeﬁgp%éﬁglﬁbgsedﬁE&ﬁfgiﬁe& ARt Rﬁ?%@”yc' n at

each act ua evices are known In the art

Sui tabl e tempmbd froasnyssuitohsle ﬂnelytdlmtsmknt ﬁoélycﬁlmadaéesfan capabldiof i ons of the
skin wll 0 a o) ast

cat apl asrrsa‘!hB’I“ét‘é'taE?%‘““f Fhérf%'gpéy ST ﬁ’“ﬁ%ﬁ%@g"}ﬁé{j‘ #\%etlﬁWédsed oF ﬁuaﬁ?gwons f or

der mal appkdrrAdr iAMisPetsioncdHRoRIBbh 3 @hy apeodriitd)(i3. peiltioRamig n@imiwittrable)enhancer

e.g. as known in the art, for exanple azone.
solid or liquid carrier medium. For administration in dry particulate form, ascomycins

of the invention may, for example, be employed as such, i.e. in micronised form
without any additive materials, in dilution with other appropriate finely divided inert
solid carrier or diluent (e.g. glucose, lactose, mannitol, sorbitol, ribose, mannose or
xylose), in coated particulate form or in any other appropriate form as known in the art

for the pulmonary administration of finely divided solids.

Pulmonary administration may be effected using any appropriate system as
known in the art for delivering drug substance in dry or liquid form by inhalation, e.g.
an atomizer, nebulizer, dry-powder inhaler or like device. Preferably a metered delivery
device, i.e. capable of delivering a pre-determined amount of ascomycin at each

actuation, will be employed. Such devices are known in the art.

Suitable topical forms for the treatment of diseases or conditions of the skin will
include, for example, creams, gels, ointments, pastes, cataplasms, plasters, transdermal
patches and the like. Formulations for dermal application will appropriately contain a

skin penetration enhancer, e.g. as known in the art, for example azone.



WO 96/ 31514 PCT/ EP96101492 -18 For nasal adm nistration, asconycins of the
invention wll suitably be admnistered inTiquid formfroma nasal
applicator. Forms suitable for ophthalmc use wll include |otions,
tinctures, gels, ointnents and ophthalmc inserts, again as known in the
art. For w#@l dmnistration. i.e. for topical therapy pfrtwsocodkon,
asconycins o ? e invention may be adm nistered in suppository or enena
form in particular in solution, e.g. in vegetable oil or like oily system
for use as a retention enema. The presggt invention accordingly further
provides: A A nethod of treating a disease or condition requiring
anti-inflammatory, immunosuppressive or related therapy in a subject in
need thereof, which nethod conprises topically admnistering an effective

amount of an as%wsgaﬂa&&nxst}%émmiﬂyems of & meédnoasnﬁ suf¥dbippeonycin of the
invention for use as a pharmaceutical, for exanple for use in treating a

di sease or adovmisteredrin ligeidifotmm froma nasah aprlieatar. Giopms puitshledfos aplyhalats v or
related t hmpﬁgag Hglf\s i{n&E e&l@o ﬁl@ﬂgaﬁ@o&ﬁﬁilﬂfcgmmeﬁ £h aPRYGwn Fhe

met hod as I'es 1n part r tot e treatnent of
di seases anhe aonot reotad amfnnhslmmmxyee fop sepical evapty, of b celbn.casedmycinsoef col on

or " cont 11 ae HyeRnPn, B¢ Kirniste rotupRohiln o ok B TR BBl o0 1 5775

bearl ng a rshm%bﬁl@glxﬁab%etawdn@lrmabng s@diéin focwsent aleentotyamaaony| noi ety
or noieties are particularly well suited for treatment of diseases or
conditions of the airways or lungs requiring anti -infl ammatory or related

therapy, incl Ud'ﬂg r@sl‘:ﬁcﬁﬂlé?ﬂof?facédrmggls'rf@x@ﬁa?'p%uldesand especi al |y any disease
or condition of e alrways or lungS characterized by inflanmatory cell

|nf|Itrat|on g for the treatrrent of asthma. The ascomycins of the

i nvention bgaring %th%%rok?(??é)(n gg%s or cg@&%m&amﬁihg afis REfindhdynyvel | sui ted

for treat 't of Jics€ases or I ons requiri ng
anti-i nfl anfiumoduppressied ai mdatéchtheapy in e sgbjectfimmed¢dnibereo athienmetdpd psori asi s,
ggﬂé?f |t Oﬁgrcg?r}plntsésstopncalgp zlxd%ugl%trerrrlﬁg Ia%'e?fect?vrédang)otugte of elmna];slcgr%r&}l %k ¥lu=:01rr1vcanltllo%r gic
as well as
B. An ascomycin of the invention for use as a pharmaceutical, for example for use
in treating a disease or condition requiring anti-inflammatory, immuno-suppressive or

related therapy, e.g. for use in a method as defined under A above.

The method as defined under A above applies in particular to the treatment of
diseases and conditions of the eye, nose, throat, buccal cavity, or colon or, especially
the airways, lungs or skin. It is applicable to any disease or condition as hereinbefore
set forth. The ascomycins of the invention bearing a physiologically hydrolyzable and
acceptable oxycarbonyl moiety or moieties are particularly well suited for treatment of
diseases or conditions of the airways or lungs requiring anti-inflammatory or related
therapy, including rejection of lung transplant, and especially any disease or condition
of the airways or lungs characterized by inflammatory cell infiltration, e.g. for the
treatment of asthma. The ascomycins of the invention bearing a carboxy moiety or
moieties are especially well suited for treatment of diseases or conditions of the skin
requiring anti-inflammatory or related therapy, e.g., for the treatment of psoriasis,
contact dermatitis, atopic dermatitis, and other inflammatory or allergic conditions of

the skin.



_the skin. WD 96/31514 PCT/ EP96/01492 _ - 19 The present invention-further—
provides: C. A pharnmaceutical conposition for topical admnistration, i.e.
in topically admnistrable form conprising an ascomycin of the invention

together with pharnmaceutically acceptable diluent or cargi n
asconyci nWePeBWd4 i nvention in a formor in a neans or de@qﬁ@”g\ﬁg‘g?i ng or

facilitating topical adm nistration. Pharnaceutically acceptable diluents
or carriers under C above are diluents or <carriers acceptable for topical
application at the intended side of th'é?'apy, e.g. diluents or carriers
acceptabl e for topical adm nistration pulnonarily, dernmally, nasally,
ocularly or rectally. Forns in topically adm nistrable form e.g. enabling
or facilitating topical admnistration, include, e.g. dry powder

prepar ati ons of Thp@resentiipenting fusthepatovides'e. of the invention) in
substantially pure form for exanple as enployed in the art for delivery
fromdry powder inhal ation device. Means or devices enabling or

facilitati gy top plermacedtivalicompaditiemfar nepical @dministyation, iceulimtqpidatial at i on
devi ces as \A\el |, agl g‘ont ainers.and the i kg fr.g‘r,n \ﬁ?’i h Q_rhewa tive

i ngr edi ent SIMRISTARIEFLM SHMRTISITE 40 $5PMYER SE HienY 83?%“‘ o WPbl i cati on.
Preferred gNbeshcé®idhlly acceptable ieident v Rarrier, Wrlah aseoniycin 6fithe iAgengden ia & t opi cal
adm nistration within the airways or |ungs, .e. 9 by inhal ation, in the case
of asconmycife@n ob 2 FeansRreleyics snphling; o5 Jacilifating opisabadRimistiatehy | noi et es,
and (ii) such as to permit dermal adm nistration, e.g., in the formof an

ointment or cream in the case of asconycins of the invention bearing one
or nore car boxy PhaimetéuicallyDaccaptable aliluenss ongastiers upder G abovevaradilugntenpl oyed

i ticing. th t f .t ' | 0, W
tepand: ng SRRt forftristl IBRRCaBRal e HERIC ac'te ey O difipiS'oY
treated, tRkereavaceitbleforttbgicsladediinisteniontprimenakijy dermhallyh aadatlpadaathrly(e. g. i n

IR TN N R T S
‘;;’;rmilz eais traﬁirwr{gﬁﬁ}ahieﬂ. inBlhB& R YoWwderPosardtiohd YEthei ke ingtedRs B.c. bPthe
invention) in substantially pure form, for example as employed in the art for delivery
from dry powder inhalation device. Means or devices enabling or facilitating topical
administration include, in particular, inhalation devices as well as containers and the
like from which the active ingredients may be delivered in a form capable of topical
application. Preferred embodiments as defined under C will be (i) such as permit topical
administration within the airways or lungs, e.g. by inhalation, in the case of ascomycins
of the invention bearing one or more oxycarbonyl moieties, and (ii) such as to permit

dermal administration, e.g., in the form of an ointment or cream, in the case of

ascomycins of the invention bearing one or more carboxy moieties.

Dosages of ascomycins of the invention employed in practicing the method of
the present invention will of course vary depending on the site of treatment, the
particular condition to be treated, the severity of the condition, the subject to be treated

(e.g. in terms of body weight, age and so forth) as well as the effect desired.

In general, for treating diseases or conditions of the airways or lungs, e.g. for
use in treating inflammatory or obstructive airway disease, for example asthma,

ascomycins of the invention will suitably be administered topically to the airways or



asconycins of the invention will suitably be adm nistered topically to the
ai rways or WO 96/ 31514~ PCT/ EP96/ 01492 -20 lungs, e.g. by inhalation, at
dosages of the order of from0.01 to 50 ng/day, e.g. from O0.1-5 ny/day,
nost preferably fromO.4-1.6 ng/day, e.g. adm nistered froma netered

del i verynﬁ,x)sg%?fgi‘n a series of from1l to 5 puffs at each memmsstapati on,
wth ad I'stration perfornmed once to four tinmes daily, e.g., 200-800g
once or twice a day by inhalation. Dosages at each administration wll

t hus conveniently be of the order of _yom about 0.0025 to 10 ngy, nore
suitably fromO0.1 to 1.0 ng, e.g. admnistered wwth a netered delivery
device, e.g. capable of delivering, e.g. 0.02 to 1.0 ng asconycins, per
actuation. For the treatnent of diseases of the eye and nose, ascomnycins of

the inventighe upld ﬂﬂ@ﬁfi(ﬁ", Ly af\ag&ATIthE SideF 6Ctrbm 0.0%€td SU Mgffay g ApdrhOpr i at e
conposition, “€.qQ: gye rop, gel, collyriumor the |ike or nasal drop,

nasal spray.le§ mgidayi imost, preferably fomd.4-1 Srmgdayite.g. admirastersd fmoyp mpigred
especially fromabout .0.01.t0 .abou % [ et ght i noan
ocularly opeﬁ%ﬂ\?"%ﬂb?isﬁ%ﬁo&%ﬁ’l Eé%éopg?ﬁ%g%ﬁeiranpglfﬂgg%f itv(l:tgtion to the
surface of afilnéhi@ption Perforaied| dnge tofoan timen daily, efg..f 200r80Qb g Wincd o0Bvitoa dbput 0. 2

m conpositiagns, e.g._ from abqut, Q.05 to ahout 0.1 nl co My nce or
fromtwo t&Yyriphalation; Fosages;at ﬁ?C?‘F‘tﬂ"“P'ﬁEatlope‘ﬁ'ﬂn‘gm c%\‘veﬁ%&a@%g%‘% og%brr](?? tions
of the col gRm kb eMR2Sko 30nig2lthore Sliably frétaalgRs].0fmAeapAYmitisered withea
invention will be of the order of fram about O. referably

01l to out 5,
from about nietared gelinsaidevicey egyFangble of idehanng o618, (ﬁpé f‘é?‘gd“%lés‘:&mry@'t“é'rﬁeiron
enena adm %&%ﬁgned once or in divided doses 2x daily. Each adm nistered
dosage w | | us suitably conprise fromabout 0.1 to about 350. preferably
fromabout 1 to about 150, nore preferably fromabout 5 to about 70 ny

' f the i ti t th | t | 3l YA
Aol babl e i | ogt s oo oF Siree o e o AP AR BREALE: RPBRTNhion | o

for use in iucRné@NeBé h8RintRGER isihe fems ohareagfrofrinte cormigositioh, €. oreadropit

0.05 to about 2, preferably fromabout 0,1 to aggghﬁilﬁ)%ﬁ_gs/irgﬁ?%r dﬂ]mal

adnmi ni st r atgebsoyrurp 98 ther ket orenasal Gropy inasal seray of TRHOQY
0.005 to about 5%, especially from about 0.01 to about 1%, ascomycin by weight, in an

ocularly or nasally applicable diluent or carrier for application to the surface of the eye
or nasally in an amount of form about 0.05 to about 0.2 ml compositions, e.g. from

about 0.05 to about 0.1 m! composition, once or from two to three times daily.

For the treatment of diseases or conditions of the colon, in general suitable daily
dosages of ascomycins of the invention will be of the order of from about 0.01 to about
5, preferably from about 0.1 to about 1.0 mg/kg, suitably administered as a retention
enema administered once or in divided doses 2x daily. Each administered dosage will
thus suitably comprise from about 0.1 to about 350. preferably from about 1 to about
150, more preferably from about 5 to about 70 mg ascomycin of the invention together
with an appropriate rectally applicable diluent or carrier therefor. Suitable ascomycin
concentrations for use in such retention enema systems are of the order of from about

0.05 to about 2, preferably from about 0.1 to about 1.0 mg/ml.

For dermal administration for the treatment of diseases or conditions of the skin,
ascomycins of the invention will generally be administered in appropriate, i.e. dermally

applicable, form comprising a therapeutically effective concentration of the ascomycin



asconycins_of the invention will generally_be admnistered in appropriate,

i.e. dermally applicable, formconprising a therapeutically effective
concentration of the asconycin WO 96/ 31514 PCT/ EP96/ 01492 -21 of the
invention, e.g. fromca. 0.001 to 10% e.g. 0.004% 1 % by ’Eﬁq}e‘“@;
asconyci nWog6/3t¥1é i nventi on, together with a dermally acc%‘\éf i'luent or
carrier therefor. Formulations for dermal adm nistration may take the form
of creans, ointnments, gels, or transdernal delivery systens, e.g. patches
and, in addition to inert diluents or @drriers, may suitably contain skin
penetration enhanci ng agents, anal ogously to formulations as known in the
art. Such conpositions will suitably be applied to the site of treatnent in
an anount of fromca. 0.005 to ca. 0.05g/cn2, 1, 2, or 3x daily. EXAMPLES-
Tabl e 1 exefithd inventionoegofiomsacd.00binil%. ¢, 0.004%-d by weight pf as¢AmYES are as

R0 Ro e Epcef T Bl Ry ER B et Ty B 2

CH2=CHCH2 Fotmilafons¥of (€hia) 3dAinBGrGRGHmMaj tkeChiS Cim of reans? @intments, gels, or

109- 116 6 TeMETPUEILAT WSeh Sehdties 4 ih S hEF o FE
115-120 84 )cdfitain &%@d&eﬁ&ﬂﬁm&ﬂ@am, aRal63dasIyAE f6ineTiitionki a®

CH3CH2- 110-T116 10 Bz-O 2- H O CH3CH2- 100-108 . .
known in the art. Such compositions will suitably be applied to the site of treatment in

an amount of from ca. 0.005 to ca. 0.05g/cm?, 1, 2, or 3x daily.

EXAMPLES

Table 1 exemplifies compounds of formula Ib, wherein Z, Q, R' and R? are as

specified. Bz signifies benzyl.



11 CH3O COCH2CH2- H 0 CH3CH2- 104-111 12 CH3O- CQ(CH2)3- H 0 CH3CH2-
105-109 13 CH3OCO- H 0 CH3CH2- 115-121 14 CH3O COCH=CH H 0 CH3CH2-
115-123 15 CH30O COCH2O- H 0 CH3CH2- 110-115 16 CH2O COCH2- CH3- 0 CH3CH2-
100-105 17 CH3O-CO- H S CH3CH2- 116-123 18 (CH3O- CO 2CH H S CH3CH2-
112-120 MNvobkM®i14LH2- H 0 CH3CH2- 132-135 20 HOOC- CH2- HPCTERGQHZH?-
135-138 11 Table H provides additional exanples of conpounds of fornula |
wherein R2 and R are hydroxy, R5 is oxo, R is (H nethoxy), nis 2, and
t he bond represented by parallel doti®d and straight lines is a single
bond, and Y, Q R and R3 are as specified. The stereochem stry of all of
the conpounds is as for Forrmula I'b. WD 96/ 31514 PCTI EP96101492 -23 Ex Y Q
R R3 nmpC 21 CH3CH2O CO-CH2- 0 Bz CH3CH2- 94-100 22 CH3CH2O-CO-CH2- O H
CH3CH2- 86-96 23 CH3CH20O CO- CH2 p-% 0 H CH3CH2- 92-99 24

CH3O COCH2CH2 CHBOCOCH— 0 _H CH3CH2- 25 C6H3CHf CH3O- COCH S H

CH3CH2- 7 ' Crs CO T Exanple | is
pr epar ed 4ds ¥q QUs Tnj_ solutio ol ) and
4- di met hylfami np (oyo-dOyEH( 4. 62 g, | HB7. mmdly.lnioor omet hane is
RS S KR RN LR P ool d
2- (4- am ng-phehydch,jedou)crci d d ol is added.
The 4 (CH,0-CO),CHCH,- H 0 | cH,CH,- 105-114

5 ((CH,0-CO),CH),CH- H O | CH,CH, 109-116

6 (CH,0-COCH,),N- H O | CH,CH, 113-121

7 CH,0-COCH,- H O | CH,CH,- 115-120

8 (CH,0-CO),CH- H O | CH,=CHCH,- || 115-120

9 | CH,CH,0-COCH,- H O | CH,CH, 110-116

10 | Bz-O-COCH,- H O | CH,CH,- 100-108

11 | CH,0-COCH,CH,- H O | CH,CH,- 104-111

12 | CH,0-CO(CH,),- H O | CH,CH,- 105-109

13 | CH,0-CO- H O | CH,CH, 115-121

14 | CH,0-COCH=CH- H O | CH,CH, 115-123

15 | CH,0-COCH,0- H O | CH,CH,- 110-115

16 | CH,0-COCH,- CH, | O |CH,CH, 100-105

17 | CH,0-CO- H S | CH,CH,- 116-123

18 | (CH,0-CO),CH- H s | CH,CH, 112-120

19 | HOOC-CH,- H O | CH,CH,- 132-135

20 HOOC-CH,- H o] CH,=CHCH,- 135-138

Table I provides additional examples of compounds of formula I wherein R? and R* are
hydroxy, R® is oxo, R® is (H, methoxy), n is 2, and the bond represented by parallel
dotted and straight lines is a single bond, and Y, Q, R! and R? are as specified. The

stereochemistry of all of the compounds is as for Formula Ib.



cooling bath is renpved, and the-suspensi | d t owarm-to—anbtent

tenperature. The reaction mxture is stirred for another hour, and ethyl
acetate and a saturated aqueous solution of NaCl are added. The organic
phase is then washed twice (IN HCI) and evaporated to dr 6o ive a
foanmy resW@963WAM ch upon purification by flash chromato r‘g'g%? yi e?ds pur e
product, np 115-120C (ethanol -water), (MtLi)' = 1047. Exanple 2 is
prepared as follows: To a sol ution of EEIE;OG (10.0g, 12.4 mol) and

4-di net hyl am no pyridine (7.5g, 61.7 ©l) in 60 m dichloronethane is
added dropw se a solution of triphosgene (1.36g, 4.6 mmol) in

di chl oronet hane (40 ml) at -77C. After one hour, nethyl 4-am no-

phenyl acetic acid ester (3.1 mpl ) is.added The coolipg hath is
removed, a suspension is allowe
reaction mfXtufé is stirred for anoth

phar mgo anbi ent ergdture. The
_ and ethyl agetate gnd a
saturated gquepus solution of NaC ar
1 !\‘l Hg) Aand . ovianor o i ol

The organi c|phase ils then
—WE-S 534
i ¢&84160 gy fl ash

CATTU UVMP\JI Mleu
CHZH0-0e-CH,f oany resi fide
chr omat ogr ylvields pur 0—-105..10¢ S - - ,
(MeLi )" =10G13> | 36N ), selecteflo dpHa: 21CH,CH,- 298. 1B6-9872.[03,

153. 04, 137.03 15(:) /6 119 758 a6_90 511 94, Q41 20 0] Q.30 Exan'p| es

3-18 and 23-236| efifcRAcoanfloopiey- Vo NPHAS C AR OM,AS sta?gtziggg et eri al
when R3 is|lethyl and FK506 ‘as starting nmferial \mf:{ZRB islallyl land

substi tutifig,t hey §¥d@seAneHS coRt | @oUAat s of cakdu)es of | fgergul &
X-Y-N(R )H (vvhtergl’n X, Y af:(d R ajZdt;e hs_defined abové) forlthe

2- (4- am no- %e W ﬁhggé&?sgec?ﬁgﬁ di met 13(% PRt er |ofgexanpl e 1 16t he

4- am nophenlyT a¢eti ester bxanplle 2" thi ocal bam de

conpounds ([I,.€ ) I ' | '
i ace of - qriphsHnoaEchicRioPolgl S Lhoend. B o 10 2% dared as

follows: TO OT Ut T o or Ascomycrn (6.0 0, 1.0 -dr et hyl am no

pyridine (4.62 g, 37.8 mol) in 75 nl di chi oronet hane is added
Example 1 is prepared as follows:

To a solution of Ascomycin (6.0 g, 7.57 mmol) and 4-dimethylamino pyridine (4.62 g,
37.8 mmol) in 75 ml dichloromethane is added dropwise as solution of triphosgene
(0.84 g, 2.83 mmol) in dichloromethane (15 ml) at -77 degrees Celsius. After 1 hour
solid 2-(4-amino-phenyl)-malonic acid dimethyl ester (2.7 g, 12.1 mmol is added. The
cooling bath is removed, and the suspension is allowed to warm to ambient temperature.
The reaction mixture is stirred for another hour, and ethyl acetate and a saturated
aqueous solution of NaCl are added. The organic phase is then washed twice (1IN HCI)
and evaporated to dryness to give a foamy residue which upon purification by flash

chromatography'yields pure product, mp 115-120°C (ethanol-water), (M+Li)" = 1047.

Example 2 is prepared as follows:
To a solution of FK506 (10.0g, 12.4 mmol) and 4-dimethylamino pyridine (7.5g, 61.7
mmol) in 60 ml dichloromethane is added dropwise a solution of triphosgene (1.36g,

- 4.6 mmol) in dichloromethane (40 ml) at -77°C. After one hour, methyl 4-amino-
phenylacetic acid ester (3.1 g, 18.5 mmol) is added. The cooling bath is removed, and
the suspension is allowed to warm to ambient temperature. The reaction mixture is
stirred for another hour, and ethyl acetate and a saturated aqueous solution of NaCl are

added. The organic phase is then washed twice (IN HCI) and evaporated to dryness to



dropwi se as solution of triphosgene (0.84 g, 2.83 mml) in dichloronethane
(15 m) at -77C. After 1 hour, trinethylsilyl 4-am no-phenylacetic acid
ester (12.1 nmol)) is added. The cooling bath is removed, and the
suspension is allowed to warmto anbient tenperature. The reaction m xture

s sti rreQPfs,glaéq pot her hour, and ethyl acetate and a satPgAEPeE0IAeOUS
solution o are added. The organic phase is then washed twce (1N

HCl ) and evaporated to dryness to give a residue which is purified by flash
chromat ogr aphy.* The resul ting product -24 optionally further purified by
‘precipitation from ethanol-water. The pure conpound has a nelting point of
132-135C. Exanple 20 is prepared as for exanple 19 using FK-506 as starting
material in lieu of asconycin, to produce the pure conpound having a

mel ting poi We ¢¥oarh %m&mmp&{ pukicAti 6By ﬂRQﬁdtﬁdxA%gfaﬂEy nyldls$u8HEET HAS
BEEN REPL CED CL . conpound of For ? ﬁR&) { N;-CG-OY Re
| O3 CH3pedug. mp@OSdQQﬁC[{p vl ol b NTR by, stiecid

data: 212.79, 298.10, 172.03, 153.04, 137.03, 129.76, 119.75, 96.90, 51.94, 40.41,

39.57, 9.30.

Examples 3-18 and 21-26 are made analogously, using Ascomycin as starting material
when R® is ethyl and FK506 as starting material when R’ is allyl, and substituting the
corresponding molar amounts of amines of formula X-Y-N(R)H (wherein X, Y and R
are as defined above) for the 2-(4-amino-phenyl)-malonic acid dimethyl ester of
example 1 or the 4-aminophenylacetic acid methyl ester of example 2. Thiocarbamide
compounds (i.e., where Q is S) are made analogously using thiophosgene in place of

triphosgene as the activating reagent.

Example 19 is prepared as follows: To a solution of Ascomycin (6.0 g, 7.57 mmol)
and 4-dimethylamino pyridine (4.62 g, 37.8 mmol) in 75 ml dichloromethane is added
dropwise as solution of triphosgene (0.84 g, 2.83 mmol) in dichloromethane (15 ml) at
.77°C. After 1 hour, trimethylsilyl 4-amino-phenylacetic acid ester (12.1 mmol)) is
added. The cooling bath is removed, and the suspension is allowed to warm to ambient
temperature. The reaction mixture is stirred for another hour, and ethy! acetate and a
saturated aqueous solution of NaCl are added. The organic phase is then washed twice
(IN HCI) and evaporated to dryness to give a residue which is purified by flash
chromatography. The resulting product is optionally further purified by precipitation

from ethanol-water. The pure compound has a melting point of 132-135°C.

Example 20 is prepared as for example 19 using FK-506 as starting material in lieu of

ascomycin, to produce the pure compound having a melting point of 135-138°C.



0. CH3 OCH3 OCH3 FormHa | wherein Y is -a—hydreecarbon from 1-16 carbon

units in length (optionally conprising up to three heteroatons) and
bearing from1l to 4 carboxy or physiologically hydrolyzable and acceptable
oxycarbonyl noieties; Qis O or S; R is H alkyl or aryl; 6149y dr ogen
or hydrox%’,‘”ﬂ"lqlé methyl, ethyl, propyl or allyl; R4 is %y roxy or al koxy;
R is oxoor (H OH); R is oxo, (H OH), or (H alkoxy); W 96/31514

PCTI EP96/ 01492 -26- nis 1 or 2; and 5 e bond depi ctp ' llel solid
and dotted lines is either a single or“double bond; p‘f*ﬂSi&}tE@Ttmwg g R1
is alkyl or aryl, then Y is carboxynethyl or (physigl ogi ca}gpyAClg dro y%abl e’
and accept abl e oxycarbonyl)nethyl, or is aryl or (alKky

al kyl am no-, or dial kyl-am no)-aryl bear] from1l to 4 carboxy or

physi ol ogi cal |y hydrol yzabl e and acce(gﬁﬁmqg oxycar bonyl noieties; in free
or pharmaceutically acceptable salt form 2. A conpound according to claim

1 of Formula Ib: R a (I N-C-0
1. A compound of Formula I

Formula I

wherein

Y is a hydrocarbon from 1-16 carbon units in length (optionally comprising up
to three heteroatoms) and bearing from 1 to 4 carboxy or physiologically hydrolyzable
and acceptable oxycarbonyl moieties,

QisOorsS;

R' is H, alkyl or aryl;

R? is hydrogen or hydroxy;

R® is methyl, ethyl, propyl or allyl;

R* is hydroxy or alkoxy;

R? is oxo or (H, OH);

R® is oxo, (H, OH), or (H, alkoxy);



/ 1CH3 0l Z1 CH3 O CHs OOH CCR3 NOOOCH3 OHCH3 CH3 (OCH3 OCH3
Forrmula I b wherein Q

and Z is carboxy or

R, and R3 are as defined in claim1l for formula
physi ol ogi cal Iy hydrol yzabl e and accept abl e

oxycarbonyl, or is an alkyl, alkoxy, alkylan no,

or di al kyl

-am no group

beari ng or\g oo 3{s@yr carboxy or physiologically hydrol y z alPICBEER6/¥149200ny |
noi eti es, ree or pharmaceutically acceptable salt form WD 96/31514
PCT/ EP96101492 -27 3. A compound according to claim2 of fornmula Ib
wherein Qis 0, R is H R is ethyl o6allyl, and Z is carboxynet hyl or
met hoxycar bonyl net hyl . 4. A conpound accordi ng any of clainms 1-3 bearing
one to four carboxy noieties. 5. A conpound according to any of clains 1-3
beari ng one to four physiologically hydrolyzable and acceptabl e
oxycar bonyl noi e}ii@g.0or®; afd conpound according to claim3 wherein R3 is

allyl, and Z is nethoxycarbonyl met hyl c ound, accor.di.n laim3
Wne?/el n R3 is al thelbond pxgtepgayﬁ)&rq},lgkgmgtqﬁwdgtteg [Thes is cither a single Br 4Qutie
bond;

provided that when R! is alky! or aryl, then Y is carboxymethyl or
(physiologically hydrolyzable and acceptable oxycarbonyl)methyl, or is aryl or

(alkyl-, alkoxy-, alkylamino-, or dialkyl-amino)-aryl bearing from 1 to 4 carboxy

or physiologically hydrolyzable and acceptable oxycarbony! moieties;

in free or pharmaceutically acceptable salt form.

2. A compound according to claim 1 of Formula Ib:
1
N—C—o0,,

Z 0
CH,
(l( "'/R
CH,
" CH,
OCH, OCH,
Formula Ib

wherein Q, R!, and R’_are as defined in claim 1 for formula I and Z is carboxy or

physiologically hydrolyzable and acceptable oxycarbonyl, or is an alkyl, alkoxy,

alkylamino, or dialkyl-amino group bearing one to four carboxy or physiologically

hydrolyzable oxycarbonyl moieties, in free or pharmaceutically acceptable salt form.



8. A conpound according to any of clains 1 through-7 for use as a ———

pharnaceutlcal 9. Use of an asconyci n bearing one or nore phyS|oIog|caIIy
hydr ol yzabl e and acceptabl e oxycarbonyl noieties or one or nore carboxy
noieties in the manufacture of a systemically nonlnnunos%gﬂﬁgég

| ocal | y XOop¢d#Skedi canent for topical application lét'gézcor di ng

to claim9 when the asconycin is a conpound according to claim4 or 7 and
t he nedi canent is a nedicanent for the_ treatnment of an inflamatory or

aut oi mune di sease of the skin. 11. Th&-use accor di ng to claim9 when the
asconycin is a conpound according to claim5 or 6 and the nedicanent is a
medi cament for the treatnment of asthma. WD 96/ 31514 PCT/ EP96/ 01492 -28 12.
Phar maceuti cal conpositions conprisin a conpound according {0 an

claims | Bhroufirompopgst acsarding,to glaign rTB'n“’o‘f’ %ﬁ&ﬂ%@ ‘Wt

phar maceut Etﬁ I ‘L’ya“dﬁﬁ“%ﬁ% ggagllog*}fgmgf oro,;,ctﬁa,[ chx%nyli'n%myf‘ phar maceut i cal

conposi ti on accor onprisifng a conmpound according to claim
4 or 7 for the treatnent of an inflammatory or autoi nmune di sease of the

skin byt0|cal ion A phar maceuti cal osi ti.0n ing to
claim12 c npri él 8’ '&%%8{?#&5 mﬁ'c%fgﬁljﬂm 'fgea&"gl%eg uré:afboxy?ﬁogai (r;eat ment
of asthma by inhal ation. 15 A process for the production of a conmpound

according to any of clainms 1- conprising the steps of (i) a
28-0- act i vat ed éﬁmewa‘%ﬁpﬂhﬂ%‘%ﬂmmméfl %B?WS;?"?‘N(W)HL\ a‘é? ?Jg‘/ Y and

R are as ﬂgérbf‘ gsbid %&L&Eﬂﬁb]&o%y&%\ﬁ‘?l foRtiegnal Iy in carboxy-protected

form and otectlng t product where required; or (ii) for preparation
of a conpound accordi ng to cI aimb5, esterifying the corresponding conpound

according Lo clal crgm%o\l%c} Dechilf %rcﬁ%%PS’%‘e&% R GOURL o Z is

methoxycarbonylmethyl.
7. A compound according to claim 3 wherein R® is allyl, and Z is carboxymethyl.

8. A compound according to any of claims 1 through 7 for use as a

pharmaceutical.

9. Use of an ascomycin bearing one or more physiologically hydrolyzable and
acceptable oxycarbonyl moieties or one or more carboxy moieties in the manufacture of
a systemically nonimmunosuppressive, locally active medicament for topical

application.

10.  The use according to claim 9 when the ascomycin is a compound according to
claim 4 or 7 and the medicament is a medicament for the treatment of an inflammatory

or autoimmune disease of the skin.

11.  The use according to claim 9 when the ascomycin is a compound according to

claim 5 or 6 and the medicament is a medicament for the treatment of asthma.



(iii) for preparation of a conpound according to claim4, hydrolyzing the
-correspondi ng conpound—according to claimb5; and recovering the conpound
of formula |, la, or Ibin free or salt form REPLACEVMENT SHEET -4
REPLACEMENT SHEET R a 25 MAY 1998 /N---¢c-O, Z- YRS CH3 O Ch3 CH2)" O
R2 ~ Rs Nypobedtsly CHs p CH3 OCH3 OCH3 Formula |  wher ei RCWEPS/Q3#3ny| ene;
Z is selected fromcarboxy and physiol ogi cally hydrol yzabl e oxycar bonyl, or
froman al kyl, al koxy, alkylam no, or dialkyl-anmno group bearing one to
four carboxy or physiologically hydroljzabl e oxycarbonyl noieties; Qis 0
or S; R is H alkyl, or aryl; R is hy?rogen or hydroxy;

12.  Pharmaceutical compositions comprising a compound according to any of claims

1 through 7, optionally in combination or association with a pharmaceutically

acceptable diluent or carrier.

13. A pharmaceutical composition according to claim 12 comprising a compound

according to claim 4 or 7 for the treatment of an inflammatory or autoimmune disease

of the skin by topical application.

14, A pharmaceutical composition according to claim 12 comprising a compound

according to claim 5 or 6 for the treatment of asthma by inhalation.

15. A process for the production of a compound according to any of claims 1-7
comprising the steps of

(i) reacting a 28-O-activated ascomycin with a compound of formula Y-N(RYH wherein
Y and R! are as defined in claims 1-7 above (optionally in carboxy-protected form) and
deprotecting the product where required; or

(i) for preparation of a compound according to claim 5, esterifying the corresponding
compound according to claim 4 with the corresponding alcohol; or

(iii) for preparation of a compound according to claim 4, hydrolyzing the corresponding
comvound according to claim 5;

and recovering the compound of formula I, Ia, or Ib in free or salt form.



R3 ds methyl, ethyl, propyl or allyl;
“or (H, OH); R6 i-s oxo, (H, OH), or (H, alkoxy);

R4 is hydroxy or al koxy; R

'S 0XO0

: ; . nis | GEPLACEMENT SHEETbond
depicted by- parallel solid and dotted lines is either

a sinele or double
bond; REPLACEMENT SHEET 25 CLAI MS REBLACEMENT SHEET 1. A conmpound of

Formula 1: Eii HAY "199° R .1 | NGO ZY RCH3
RS 0CH3 R CH3 0 CH3 OCH3 OCH3 REPLACEMENT SHEet | R ©
| F’li‘ ﬁ 25 MAY 1998
AT | i
Z—Y
N~
Formula [
wherein
Y is phenylene; |
Z is selected from carboxy and physiologically hydrolyzable oxycarbonyl, or
from an alkyl, alkoxy, alkylamino, or dialkyl-amino group bearing one to four
carboxy or physiologically hydrolyzable oxycarbonyl moieties;
QisOors; | |
R! is H, alkyl, or aryl;
N R? is hydrogen or hydroxy:

R? is methyl, ethyl, propyl or allyl;
R* is hydroxy or alkexy;

R® is oxo or (H, OH);

R® is oxo, (H, OH), or (H, alkoxy);

nis1or2; and

the bond depicted by parallel solid and dotted lines is either a single
or double bond;




FornuFa | wherein Y I s phenylene; Zis selected fron1carboxy,

physi ol
al koxy,
physi ol

ogically hydrolyzable and acceptabl e oxycarbonyl
al kyl amiTTe—=—or—dialkyl-am no group bearing one to%%ﬁm

ogi cal ly hydrol yzabl e and accepSabl e. oxycarbonyl noieties; Qis 0

or S; R is H alkyl, or aryl; R2 is hydrogen or hydroxy; R is nethyl,

et hyl,
i S 0xo,

propyl or allyl; R is hydroxy or alkoxy; R5 is oxo or (H OH), R6
(H OH), or (H alkoxy); CLAIMS
REPLACEMENT SHEET

1. A compound of Formula I: | 25 MAY 998

‘OCH, OCH,

Formula 1

wherein
Y is phenylene; .
Z is selected from carboxy, physiologically hydrolyzable and acceptable
oxycarbonyl, or from an alkyl, alkoxy, alkylamino, or dialkyl-amino group
bearing one to four carboxy or physiologically hydrolyzable and acceptable .
oxycarbonyl moieties;
QisOors;
R! is H, alkyl, or aryl;
R? is hydrogen or hydroxy;
R’ is methyl, ethyl, propyl or allyl;
R* is hydroxy or alkoxy;
R'is oxo or (H, OH); _
R® is oxo, (H, OH), or (H, alkoxy);




