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20  adjuvant arthritis model, a model for rheumatoid arthrms, and effectively inhibited the
formation of IgE-like antibodies.

The immunosuppressive effects of rapamycin have been disclosed in FASEB 3,
3411 (1989). Cyclosporin A and FK-506, other macrocyclic molecules, also have
been shown to be effective as immunosuppressive agents, therefore useful in

25  preventing transplant rejection [FASEB 3, 3411 (1989); FASEB 3, 5256 (1989); R
Y. Calne et al., Lancet 1183 (1978); and U.S. Patent 5,100,899].

Rapamycin has aiso been shown to be useful in preventing or treating systemic
lupus erythematosus [U.S. Patent 5,078,999], pulmonary inflammation [U.S. Patent
5,080,899}, insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.

30 - 121 (Abstract), (1990)), smooth muscle cell proliferation and intimal thickening
following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2): 197 (1992)],
adult T-cell leukemia/lymphoma [European Patent Application 525,960 A1}, and ocular
inflammation [European Patent Application 532,862 Al]. :

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43

35 positions) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885)
and used to make water soluble aminoaéyl prodrugs of rapamycin (U.S. Patent




Mono- and di acyl ated derivatives of

35 posivid osserave been shown to be useful as antifungapcEysysioseosU. S.
Pat ent 4, 316, 885) and used to nmake water soluble anminoacyl prodrugs of
rapamycin (U. S. Patent -2- 4,650,803). Recently, the nunbering

convention for rapanycin has been changed; therefore according to Chem-cal

Abstracts nonencl ature,

42- positions.
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hydr ogen, al kyl of 1-6 carbon atons, al kenyl of 15 2-7 carbon

atons, al kyny pDEYCRPTIOR CITHRIRVENTION | uoromethyl, or -F; [err] and [err]
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rapanmycin (esterified at the 28 and 43
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TR Emf} di-, or tri-substituted wth 20
[err]; R7 is A rogen,étéf y Bg? 1-6 carbon atons, al kenyl of 2-7 carbon

at ons, al kynyl

each, independently, hydrogen, alkyl of 1-4
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of 2- 7 carbon atons, [err] -F, or [err]; R8 and RO are

al kynyl of 2-7 carbon atong, [Jfr] -F, or 25 [err],
be taken together to form} a cycloal kyl ring of
"OMe

(1)

wherein R! and R2 are each, . independently, hydrogen or
-CO(CR3R#4),(CRSR6)4CR7RERY ;

R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -trifluoromethyl, or -F;

RS and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR!0, -CF3, -F, or
-COsR1}, or RS and RS may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that-is optionally mono-, di-, or tri-substituted with
-(CR3R4)fOR1°; _

R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, -(CR3R4){ORI0, -CF3, -F, or -COsR11;

R8 and R? are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of

2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR!0, -CF3, -F, or
-CO2R!1, or R8 and R? may be taken together to form X or a cycloalkyl ring of

caidgn atons, al kenyl of 2-7

or

{



-3- 3-8 cammoes/sigsns that is optionally nono-, di-, or tri-mrimsssspoasped with
[err]; [err] is hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon
at ons, al kynyl of 2- 7 carbon atons, tri-(alkyl of 1-6 carbon atons)silyl,
tri-(al kyl of 1-6 carbon 5 atons)silylethyl, triphenyl nethyl,
benzyl, al koxymethyl of 2-7 carbon atoms, tB8i--(alkyl of 1-6 carbon

atom;)S| | yl et hoxynet hyI chl or oet hyl, or tetrahydropyranyl [err]

hydrogen, al kyl of 136 &afbesnatams ataqpﬁﬁymabfn@nv-,c@zr,behtat%hsmumdkyﬁw
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hydrogen and furt her tepabydropgaadyhat ei ther [err] or [err] contains at |east .
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group, or a phapm%éﬁpﬁg@ﬁl y a%giejp qﬁ%%ﬁ*’fq*‘%%’ﬂ&? ﬁﬁ%ﬁ@@%ﬁﬁw %Iy

accept abl e sal ts ar e? cHboRAQENS; Oéﬂiﬁvbﬁﬁyg%hlﬂﬁ@b@aﬁpwscatlons such as

f?d;f”kn | pgﬁn ?‘f, Z l Kgi? Sim %lg?gdoln Bﬁl-s%afboareagﬁﬁs) mwsmwst(za@m@malkyﬂbfs-sang
i y S

tri hydroxyal kyl ani n‘é?bﬂlf P‘Bs)i;r%g%ﬁ g‘fyémg g dlgdaﬁ?'ﬁ gnloﬁﬁalq’rﬂ’i‘da‘f’ﬁ’é»lfgﬂ

The terms al kyl of 1dioxamlbdb(R-spimfeyclaalkyd of B-8afartidn/ataras)hid (3]dibrany], 4(0R-di-

al kynyl of 2-7 carbogygah qgsl,_ c%ﬂq !R%S[Ii' 3?‘&‘5%’“2'{5.;‘”5’2?}{‘?8@%(\9241 of 3-8

branched carbon chai ns, aln nore
than one [err] group?“@@ammf)éfrlﬂldlpx #% [err] can be the sane or
different. £ m barg-§ when ot her generic substituent descriptions are
repeated in theds___atgg,&hructure, they can be the sanme or different.

f=0-6

with the proviso that R! and R are both not hydrogen and further provided that either

Rl or R2 contains at least one -(CR3R4)[OR10, X, or -(CR3R4){OR!C substituted

20  cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.

The pharmaceutically acceptable salts are those derived from such inorganic
cations such as sodium, potassium, and the like; and organic bases such as: mono-, di-,
and trialkyl amines of 1-6 carbon atoms, per alkyl group and mono-, di-, and
25  uihydroxyalkyl amines of 1-6 carbon atoms per alkyl group, and the like.

The terms alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, and alkynyl
of 2-7 carbon atoms, include both straight chain as well as branched carbon chains.
As the compounds of this invention can contain more than one -(CR3R#){OR10 group,
30 R3, R4, f, and R1C can be the same or different. Similarly, when other generic
substituent descriptions are repeated in the same structure, they can be the same or
different.
For a compound in which R! contains R8 and R? taken together to form X,
where X is 5-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]dioxanyl, the alkyl group of X
35 contains 1 carbon atom, and d =0, R! would have the following structure.



For a compound in which [err] contains [err] and [err] taken together to
form X, wioosas#ési s 5- (2, 2-di - (al kyl of 1-6 carbon atons) HCT/UEPSHI4ARNY| , t he
al kyl group of X 35 contains 1 carbon atom and d = 0, [err] would have .,
the follow ng structure. -4- [err] Simlarly, for a conmpound in which
[err] contains [err] and [err] taken together to form X, where X is -
4-(2-spiro(cycl oal kyl of 3-8 carbon atons3)[1, 3] di oxanyl, the cycl oal kyl
group of X contains 6 carbon atons, and d = 0, [err] would have the

followi ng structure. 5 [err] For conpounds ¢ @ini&QX, preferred
conmpounds include those in which th;kgl kyl Aroup 3 if present, is

nmet hyl and the cycl oal kyl groTJEQipR R")5 pesent /NS cycl ohexyl. 10 Wen
[err] is not hydrogen, alkyl, .alkenyl, or Zal , OHsi s intended that
[err] is a group that can serve as an al &hol protecting group. Thus, these

B ol bgi cal 1y SEIRS: i SRnBipplidie YHEh RUcolafid KGR iien peths o fpiin X5 "9
carbon at ons)whérg(X ist4-(2-gpira(gycledikyl-of 38 carbon a®ms hildiexanyl, ehengyicloalkyl
tri phenyl met Nygoup BERTBhaind 6« ArDONRISIM, afld d 20/ R1G¥ G Qﬁ@follb(vin@é%%.o‘c

1-6 carbon atons)silylethoxymethyl, chloroethyl, and tetrahydr
groups. Oher al cohol protecting groups are known by one skilled in the art
and are al so considered part of this inventignh: - O the conpounds

of this invention preferred rrecr§ _ ich R2 i s hydrogen;
those in which R2 i s hydrogen, argés,zﬁihd 0; ose in which R2 is
hydrogen, al kyl, or [err] or are taken to

hydrogen, b = 0, d =0, and [err] and [er De#a i ndependently :
&et her N m X 25 {
Conpounds of this invention having the es group [err] at the 42-
or 31,42-positions can be prepared by acyl ation ®e+apanycin using
protected hydﬁ@%ﬂﬂﬁﬁn@@é&ﬂ?ﬁiﬂfnﬁ% ﬁ&eﬂéd c&hﬁ&iﬁ\ﬂs #clude those in which the alkyl
group of X, if present, is methyl and the cycloalkyl group of X, if present, is

cyclohexyl.

When R10 is not hydrogen, alkyl, alkenyl, or alkynyl, it is intended that R10 is

a group that can serve as an alcohol protecting group. Thus, these groups are

intermediates of free hydroxylated compounds, as well as being biologically active in
their own right. R10 covers tri-(alkyl of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon -

15  atoms)silylethyl, tﬁphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms, tri-(alkyl

of 1-6 carbon atoms)silylethoxymethyl, chloroethyi_,' and tetrahydropyranyl groups.

Other alcohol pi'otecting groups are known by one skilled in the art and are also
considered part of this invention. '

20 Of the compounds of this invention preferred members are those in which R2 is
hydrogen; those in which R is hydrogen, b = 0, and d = 0; those in which R2 is
hydrogen, b = 0, d = 0, and RS and R? are each, independently hydrogen, alkyl, or
-(CR3R%){OR19, or are taken together to form X.

25 Compounds of this invention having the ester group
-CO(CR3R4)p(CR5R6)4CR7R8R? at the 42- or 31,42-positions can be prepared by
acylation of rapamycin using protected hydroxy and polyhydroxy acids, alkoxy or
polyalkoxy carboxylic acids that have been activated, followed by removal of the
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pol yal koxy wesdmsxosl i ¢ aci ds t hat have been activated, foll CRERIUSH304608DVal

of the -5- alcohol protecting groups, if so desired. Several procedures
f.or carboxylate activation are known in the art, but the preferred nethods
utilize carbodiimdes, m xed anhydrides, or acid chlorides. For exanple, an
appropriately substituted carboxylic acid e@r be activated as a m xed ’
anhydride, with an acylating group such as 2,4,6- 5 trichl orobenzoyl

chloride. Treat aisaholgioteetinggrouns, wiso desired. Seyesal proeesdures for oarhexylate activation
basi c conditionapy wbdﬁsmt the ﬁeswted;igﬁfewdﬁmnﬂdk aftlivei ddebodiirhides, mixed
ShEF

acylation reactio be ac.
1- ( 3- di net hyl ani §,|C)f agxdg% ?ﬂ‘%lé 0, ARPERITALSY Substitpied carboxylic
di met hyl am nopy macidicas.beMctivated as afmik2d aninairide, with aptagylativggrdup sichas 214e6t by

chromat ogr aphy. 166l P&anddé hﬁfgm?]e%%f% b’ St WtiPifle dhixed ya?ﬁé%n&&f

preparing the raparrycm c s I nventi on, Ingmru this
i nventi on provi lilybasie ignapropidg WWW@% ternayvely, $hecylation
i ncl udi ng t hose rédctib® ewbaaéc@spméd wd Bbpmmeaiymhme yl)se&hyu:&boaﬁnude
SOV a1 09 cgin Wsapofd Bl S ahmReiimi Risbedl] %@gﬁﬁ%?mﬁ
derivative or asepargekby ¢heomatogmply: two acyl ating agents; sai d

acyl atiung ggent(s) bei ng sel ected fromacids of fornula [err] (rn)
or a reactive derivative thereof, wherei and are as defined
above providi ng t hat AcFerd F‘E‘F)&?"?jﬁ“&ﬁﬁ&’&@%& Or PepgfiRg the gapamycin
protecting the ¢3mposndsi dfnthm‘ invemioty C im panictlan chis dm\ajntxderprmaﬁwe pmdebs for
appropriate pr Og Sphdif] hgc{rgggeﬁ&g oﬂ-@g{ny Snéindin ?ﬁ&&'o? @W&Mf@

protecting groups- pr e reac ion nay be carrie
t he presence of chﬂ?mmﬁﬁf reagent, such as a suitably substituted

car bodi i ni dgscoypl i Ngcy1RdEEE fipamybia AP AehcHBRdl d2AiQakieOsMAISHe thereof with an
acylating agent;
or
b) sequentially acylating rapamycin or a functional derivative or analogue thereof
with two acylating agents;
20  said acylatiung agent(s) being selected from acids of formula

HO-CO(CR3R4),(CR5R6)4CR7RERY (1)

or a reactive derivative thereof wherein R3-R9, b and d are as defined above providing

that free hydroxy groups are protected, if desired protecting the 42-position of

rapamycin or functional derivative with an appropriate protecting group and after the
25 reaction removing any protecting groups present as required.

The reaction may be carried out in the presence of a coupling reagent, such as a
suitably substituted carbodiimide coupling reagent. The above-mentioned compounds
of this invention can also be prepared by acylation using reactive derivatives of the acid
of formula II such as an anhydride, a mixed anhydride, or a acid halide such as the

30 chloride. '

The 31-ester-42-hydroxy compounds of this invention can be prepared by
protecting the 42-alcohol of rapamycin with a protecting group, such as with a tert-
butyl dimethylsilyl group, followed by esterification of the 31-position by the



of this invention can al so be prepared by acyl ation using reactive
derivati vwo9sf2s4ohe acid of fornula Il such as an anhydri decTrisyssa0s
anhydride, or a acid halide such as the 30 chloride. The
31-ester-42-hydroxy conpounds of this invention can be prepared by
protecting the 42-al cohol of rapamycin with a protecting group, such as.
with a tert- butyl dinmethylsilyl group, f<4owed by esterification of the
31-position by the - -6- procedures described.above. The preparation of
rapanyci n 42- STpsedurss H%b%ah%@c The Brepamation of ramm 42}511!5 e;_lmq lsdg$cnbhd ch

i's hereby incdnpnsaPaéentB1 5@2@8&1%@%% ¥ ifdorpdifted
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esterified using a mwﬁligtlmnsl-pogntmn leagnﬁgdaahdttﬁmn-\p%&nbﬁfué eotéd, thé Q- 31-
al cohol, to g| W& r 2-, '
positions. ter natl ve hﬁﬂgggﬁ‘&{;@% a@%m iﬁ’%ﬁ‘ﬁ&bﬁ‘ e3d-
descri bed abov’é‘: hriorgive 68@9@% haying diffemrteqsteraeyum 3hgankyé2+ positignsovi de
corrpo;mds mavum&nﬁhufvé@r merzaakﬁﬁed éﬂmﬁdﬂﬁds?% ﬁ@daﬂ&ﬁs@ﬁ&'dh (dbBUS can' B 15

i nvention als anal oqous ro ers of . other a Cl NS suc

as, but not i %@55 A ?ﬂgﬁﬁg’% ’é’é V‘R"“‘Id@hg"mﬁg’c “‘E tersatthg 31- 30
denet hoxyrapara;ldﬁﬂ-pmmens C A norrencl ature]; rapanycin derivatives in whi ch(
t he doubl e bonds in the 1-, 3-, and/or 5-positions have been reduced [U. S

Pat ent 5, 023, 262] ; a%\s‘}:sdesrrsth Iraparrym n [U.S. Patent 5,093, 339,
32- desnet hyl r apany mNenioncalse coyersanalogoushypro sxab;esmmmcmpadyci n

[U.S. Patdft asD®dt 338 lirdfled td, 29-déartiRixyra c msurpi%mQ 8~7s 464, 32-
R R e im0
ref erence. | méoHbleupondssisi the het&-wﬂ!‘!/@bﬁ-noepmsdtwatbem reduned AHS. Phtenhi s
i nvention was 5,023,262]; 29-desmethylrapamycin [U.S. Patent 5,093,339, 32—desmethylrapamycm
under C.A. nomenclature]; 7 29-b1sdesmethylrapamycm [U.S. Patent 5,093,338,
20  7,32-desmethylrapamycin under C.A. nomenclature); and 15-hydroxyrapamycin [U.S.
Patent 5,102,876]. The disclosures in the above cited U.S. Patents are hereby
incorporated by reference.

Immunosuppressive activity for representative compounds of this invention was
25 evaluated in an jn vitro standard pharmacological test procedure to measure the
inhibition of lymphocyte proliferation (LAF) and in two in vivo standard
pharmacological test procedures. The pinch skin graft test procedure measures the
immunosuppressive activity of the compound tested as well as the ability of the
compound tested to inhibit or treat transplant rejection. The adjuvant arthritis standard
30  pharmacological test procedure, which measures the ability of the compound tested to
inhibit immune mediated inflammation. The adjuvant arthritis test procedure is a
standard pharmacological test procedure for rheumatoid arthritis. The procedures for

these standard phaxﬁiacological test procedures are provided below.

35 The comitogen-induced t‘hymbcyte prolifcration procedure (LAF) was used as
an in vitro measure of the immunosuppressive effects of representative compounds.



25  eval ugigadnidbean i n vitro standard pharnacol ogi cal testcrruseseuioxr t o
measure the inhibition of |ynphocyte proliferation (LAF) and in two in vivo
standard pharnacol ogi cal test procedures. The pinch skin graft test
procedure neasures the i munosuppressive activity of the conmpound tested as
well as the ability of the conpound tested-%Te inhibit or treat transplant
rejection. The adjuvant arthritis standard 30 phar maco] ogi cal__t est

procedure, whi cBrinfinseefromtbe thymustof normal BALR/ e tre cultured fory 2 hoyrgwith

i mune nedi at edphyaf dnanret mm{ isdaawiafirifiafatthphiditiel during tieslastizibolesir Cellssare
S

t andard ph I t d f N t DL oA
or oceaur cb 1 or  PHBEE w1tk apd MK ARRI SR UORL G eyt sV lobieln A e

bel ow. 35 comfdund c Geils arg barvesteil anddncomarated radiopetivityfisdeserminedy dehibition o
(L) oo 4250 BiyRbnbfotieridorl R A8k RaDS pkitent RS pei MR frBe onof
representative co undas - [ -
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Inhibition 5  this inyerglonprapainyein had amICsy ranging frem Of-1obaMe rﬁemhg ebtaiped

counts per {{ NU4R ﬂréﬁ%d”'%rkn IdY%s4/8nd 4B Pékce MdHibition of Diceld proliferatigroatr{il uMA
arison., An

eval uat ed, rapagycin s.als val uated for. the purpose.af.co
[err] was obt ai ﬁméﬁl resyjts QBE‘I‘P% ?}E‘OFFBEﬁfﬁ’b‘a%‘ &%’f‘&“&@s Pgl’hlf invenpon werg plso
eval uated as a egpresvedt as af ratic lcomperede witht spamycionpdupehitivd ratip gndicates

| nventi on, T apagtlRodithead & yegg?&g{]kg gr&alddP a1 indicaeHat thE fest Eotapdund

obtained 10 are pr as an_|er, as the percent 1nhipitian o{
T-cel | prolif er inhitited shynmocytepreliferadion tos3 greaterfytent WYF‘HeCPL:@H orAtthe; ve
conpounds ofst hiSioi9 ViR Belower € al so expressed as a ratio conpared with
rapamycin. A positive ratio indicates inmunosuppressive activity. Aratio
of greater than 1 indicates that the K3gbf Rapagpnyuind i nhi bited thynocyte

proliferation to a greater extent—th T Tt ation of the 15
ratio is shown below. [err] 20 ﬁthPTéQEOHlpoﬁf?d

20

Representative compounds of this invention were also evaluated in an in vivo
test procedure designed to determine the survival time of pinch skin graft from male
BALB/c donors transplanted to male C3H(H-2K) recipients. The method is adapted
from Billingham R.E. and Medawar P.B., J. Exp. Biol. 28:385-402, (1951). Briefly,

25 a pinch skin graft from the donor-was grafted on the dorsum of the recipient as a
allograft, and an isograft was used as control in the same region. The recipients were
treated with either varying concentrations of test compounds intraperitoneally or orally.
Rapamycin was used as a test control. Untreated recipients serve as rejection control.
The graft was monitored daily and observations were recorded until the graft became

30 dry and formed a blackened scab. This was considered as the rejection day. The mean
giaft survival time (number of days + S.D.) of the drug treatment group was compared
with the control group. The following table shows the results that were obtained.
Results are expressed as the mean survival time in days. Untreated (control) pinch skin
“grafts are usually réjected within 6-7 days. Compounds were tested using a dose of 4

35 mgksg.
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the percent change.ﬂhg rgshu?ts o%taxkeedc geg standard pharmacological test procedures are

20 provided following the procedure for making the specific compounds that were tested.

The results of these standard pharmacological test procedures demonstrate
immunosuppressive activity both jn vitro and in vivo for the compounds of this
invention. The results obtained in the LAF test procedure indicates suppression of

25  T-cell proliferation, thereby demonstratmg the 1mmunosuppress1ve activity of the
compounds of this invention. Further demonstra_txo_n of the utility of the compounds of
this invention as immunosuppressive agents was shown by the results obtained in the
skin graft and adjuvant arthritis standard pharmacological test procedures.
Additionally, the results obtained in the skin graft test procedure further demonstrates

30 * the ability of the compounds of this invention to treat or inhibit transplantation rejection.
The results obtained in the adjuvant arthritis standard pharmacological test procedure
further demonstrate the ability of the compounds of this invention to treat or inhibit
rheumatoid arthritis. _

Based on the results of these standard pharmacological test procedures, the

35 compounds are useful in the treatment or inhibition of transplantation rejection such as
kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea, small bowel,
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20 It is contemplated that when the compounds of this invention are used as an
immunosuppressive or antiinflammatory agent, they can be administered in conjunction
with one or more other immunoregulatory agents. Such other immunoregulatory
agents include, but are not limited to azathioprine, corticosteroids, such as prednisone
and methylprednisolone, cyclophosphamide, rapamycin, cyclosporin A, FK-506,
OKT-3, and ATG. By combining the compounds of this invention with such other
drugs or agents for inducing immunosuppression or treating inflammatory conditions,
the lesser amounts of each of the agents are required to achieve the desired effect. The
basis for such combination therapy was established by Stepkowski whose results
showed that the use of a combination of rapamycin and cyclosporin A at subtherapeutic '
doses significantly prolonged heart allograft survival time. [Transplantation Proc. 23:

507 (1991)).

25

30

The compounds of this invention can be formulated neat or with a
pharmaceutical carrier to a mammal in need thereof. The pharmaceutical carrier may be

35  solid or liquid. When formulated orally, it has been found that 0.01% Tween 80 in
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buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickening

20  agents, colors, viscosity regulators, stabilizers or ‘osmo-regulators. Suitable examples
of liquid carriers for oral and parenteral administration mclude water (partially
contammg additives as above, e.g. cellulose derivatives, preferably sodium
carboxymethyl cellulose solunon), alcohols (mcludmg monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated

25  coconut oil and arachis oil). For parenteral administration, the carrier can also be an
oily ester such as ethyl oleate and_isopropyl myristate. Sterile liquid carriers are useful
in sterile liquid form compositions for parenteral administration. The liquid carrier for

- pressurized compositions can be halogenated hydrocarbon or other pharmaceutically
acceptable propellant.

30 Liquid pharmaceutical compositions whxch are sterile solutions or suspenslons
can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous
injection. Sterile solutions can also be administered intravenously. The compound can
also be administered orally either in liquid or solid composition form.

The compounds of this invention may be administered rectally in the form of a

35  conventional suppository. For administration by intranasal or intrabronchial inhalation
or insufflation, the compounds of this invention may be formulated into an aqueous or
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mg/kg. Treatment will generally be initiated with small dosages less than the optimum
dose of the compound. Thereafter the dosage is increased until the optimum effect
25  under the circumstances is reached; precise dosages for oral, parenteral, nasal, or
intrabronchial administration will be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical
composition is in unit dosage form, e.g. as tablets or capsules. In such form, the
composition is sub-divided in unit dose containing appropriate quantities of the active
30  ingredient; the unit dosage forms can be packaged compositions, for example, packeted
powders, vials, ampoules, prefilled syringes or sachets containing liquids. The unit
dosage form can be, for éxample, a capsule or tablet itself, or it can be the appropriate
number of any such compositions in package form.

35 The following examples illustrate the preparation and biological activities of
representative compounds of this invention.
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20 Example 2
in 42- ith hydroxyacetic aci
p-Toluenesulfonic acid '(10 mg) was added to a solution of the product of .
Example 1 (306 mg, 0.29 mmo}) in 10 mL CH30H at 0 °C. The solution was stirred 2
h at room temperature, then quenched with saturated NaHCO3 solution. The aqueous
25 phase was extracted 3X with EtOAc and the combined organic phases were washed
with brine, dried over MgSOa, filtered and concentrated to a white solid. Purification
by flash chromatography (2X with EtOAc) afforded the title compound (145 mg, 51%)
as a white solid.

30 () FAB-MS m/z 971.3 (M), 590 (southern fragment), 379.1 (northern fragment).
1H NMR (400 MHz, d-6 DMSO) & 4.60 (m, 1 H, C(42)H), 3.98 (s, 2 H).
13C NMR (100.6 MHz, d-6 DMSO) § 172.1, 59.7. |
Results obtained in standard pharmacological test procedures:
LAF ICs0: 1.80 nM
35 LAF ratio: 0.83 _
Percent change in adjuvant arthritis versus control: -88%
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Exanpl e 2 Rapanycin 42-ester with hydr oxyacetic acid
(-)FAB-MS m/z 1097.7 (M-), 590.4 (southern fragment), 505.3 (northern fragment).

IH NMR (400 MHz, d-6 DMSO) 8 4.55 (m, 1 H, C(42)H), 4.55 (m, 1 H), 3.69 (m, 1
H), 3.60 (m, 2 H), 3.42 (m, 1 H), 1.13 (s, 3 H), 1.11 (5, 3 H).

20 13C NMR (100.6 MHz, d-6 DMSO) & 175.0, 98.0, 73.8, 60.7, 42.6, 30.0, 24.9,
22.0, 21.6, 18.7.

Results obtained in standard pharmacological test procedures:
LAFICsp: 7.10nM
25 LAFratio: 0.34

Example 4

p-Toluenesulfonic acid (10 mg) was added to a solution of the product of
30 Example 3 (250 mg, 0.23 mmol).in 10 mL CH30H at 0 °C. The solution was stirred 2
hours at room temperature, then quenched with saturated NaHCO3 solution. The
agueous phase was extracted 3X with EtOAc and the combined organic phases were
washed with brine, dried over MgSO4, filtered and concentrated to a white solid.
Purification by flash chromatography (2X with 75% EtOAc-hexane) afforded the title

35 compound (103 mg, 45%) as a white solid.



p- Tol uenesul fonic acid (10 ng) was added to a solution of the product of
Exanpl € Wiob3Q§es0, 0.29 mmol) in 10 nl [err] at [err]. Therambsiédsesn was
stirred 2 h at roomtenperature, then quenched with saturated [err]

sol ution. The aqueous 25 phase was extracted 3X with Et OAc and the

conbi ned organi c phases were washed with brine, dried over MpSO™4, filtered
and concentrated to a white solid. Purifijgation by flash chromatography (2X
with Et OAc) afforded the title conpound (145 ng, 51% as a white solid. 30

]g-) FABE ;VS Tt-; Fafm(vrs Mmas.gém-i s90.tz§lwuﬂuefn]i Aagmet), 423.1%&&&?@5&5@5&). 08 (
ragment) . v Q3 . : S,
2 H). 13C N ?%BQWG“ DB%E@%’(‘&#?@%@@”@?@R&WJ- R A
st andard phaM)acol ogi cal test procedures: LAF [err]: 1.80 nM 35 LAF
ratio: 0.83 F%‘NMR(R?E&‘W—IHB-&@MS@EB 12515h68.0) 44.v,€0150s control : -88% -
13- Exanpl e 3 Rapanycin 42-ester wt ,

2. 2-di rret5f1yl -3- (tetrahydropyran-2-yloxy)propionic acid To a solution of the
2, 2- di met hy| Resulty dbmitiesd irpsamilatd-phanmatoldgRabetiprodefurdéd g, 5 1.58 mml) and
triethylam HEXHEZZ % 58 mml) in 5 nL dry THF at [err] under nitrogen
was added 2, 4 &3¢ ‘RP obenzoyl chloride (0.25 nL, 1.58 mol) dropw se
vi a syringe. LAKgatig:x1.8%e was stirred 4.5 h at.roomtenperature. The white
precipitate %%ﬁmﬂapﬁ'mgmfjdatygation and the filtrate was
concentrated with a stream of nitrogen and a warm water bath. The residue
~was disstfved in 5 mL benzene, then 10 rapanycin (1.31 g, 1.43 mmol) and

roomtenperature, diluted with Et OAc, washed with IN HO (aq), saturated {
NaHCO3 (aq), phéd a3l i 2814k Salal Itk Bdacid BRC gfICeNt r at ed
-to a yellow OITY § C '

wi th 55% Et ORepdif

white solid.

' 2,4,6-Trichlorobenzoyl chloﬁde (0.56 mL, 3.61 mmol) was added via syringé

15 to a solution of the 2,3-dihydroxypropionic acid isopi‘opylidenc ketal (0.527 g, 3.61

mmol) and triethylamine (0.50 mL, 3.61 mmol) in 10 mL THF at 0 °C under nitrogen.

The mixture was stirred 4 h at room temperature. The white precipitate was removed

by vacuum filtration and the filtrate was concentrated with a stream of nitrogen and

- warm water bath. The residue was dissolved in 15 mL benzene and rapamycin (3.00

20 g, 3.28 mmol), then DMAP (0.441 g, 3.61 mmol) were added and the mixture was

stirred overnight at room temperature. The mixture was diluted with EtOAc, washed

with cold 1N HCI (aq), saturated NaHCOj3 (aq) and brine, dried over MgSQj, filtered

and concentrated to a yellow foam. Flash chromatography on silica gel (gradient

elution: 50-60-75-100% EtOAc-hexane, 4X with 65% EtOAc-hexane) afforded the title

25 compounds. The less polar 31,42-diester (0.415 g) eluted first and the more polar 42-
monoester (0.601 g, 16%) eluted second, and were isolated as ,whitc_so'lids.

~ Example 5 |
(-)FAB-MS m/z 1041 4 (M"), 590.3 (southern fragment), 449.2 (northern fragment).
30 !H NMR (400 MHz, d-6 DMSO) & 4.6 (m, 1 H, C(42)H), 4.6 (m, 1 H), 4.20 (dd, 1
H), 3.96 (m, 1 H), 1.36 (s, 3 H), 1.30 (s, 3 H). _
13C NMR (100.6 MHz, d-6 DMSO) 8 170.5, 110.2, 73.4, 66.6, 25.7, 25.4.



(-) FAB- VB {Zoskaé 7 (M), 590.4 (southern fragnent), 505. dmusosieon
fragnment). 1H NWVR (400 WHz, d-6 DVBO) [err] 4.55 (m 1 H C(42)U), 4.55 (m
1H, 3369(m 1 H, 3.60(m 2H, 3.42 (m 1H), 1.13 (s, 3 H, 1.11 (s,
3 H. 20 [err] NWR (100.6 MHz, d-6 DMSO [err] 175.0, 98.0, 73.8, 60.7,
42.6, 30.0, 24.9, 22.0, 21.6, 18.7. Resuli+B¥-obtained in standard )
phar macol ogi cal test procedures: LAF [err]: 7.10 nM 25 LAF ratio: 0.34
Exanpl e 4 RapaEpanple82-ester with 3-hydroxy-2.2-di net hyl propi oni c acid

p- Tol uenesul fop_prgq@@,,(/;Ql?‘g;g(m‘s added to a solution of the product of 30

Exanmpl e 3 (250 ) r] . '

stirred 2 hour éﬁgiM%oé%)ﬁﬁﬁe‘?’ﬁwgoﬁl‘i&ﬁtﬂul{aﬁéﬁ‘t%{)%)'t‘hggrgt ﬁ%ﬁa‘%%
sol uti on. hThe anl2 s %gelm;;égba (1a¢tI§)d 3N (mj 2 H)ENLGbc(sad ), He3% Gai3i Had
organic p a§esl%r§h§\?@ £ \_egt rine, dried over [err], filtered and
concentrated tQ; a Whi ’s’o§|d. irificatj |.ash ght togr

with 75% Et OAc??@ME)(IQQ-ﬁMﬁé&ﬁwﬂhi?ﬂ%gy@f&?pégﬂﬁ’ éf‘gg f?g‘,"a&‘%a&g a
white solid. 258 24.7; 264) 26AB-M5 mfz 1013.3 [err], 590.2 (southern
fragnent), 421.1 (northern fragnment). [err] NWVR (400 MHz, d-6 DVSO [err]
4.48 (m 1H, C(42)H), 3.39 (d, 2 H, 1.06 (s, 6 H. 13C NWR (100.6 M1z, d-6
DVSO) [err] 17ReSilts®Btaithedin stargiardphamiRetngicaktessiprodederes:i n st andard

phar macol oghca &ﬁggsprocedures: LAF [err]: 0.80 nM LAFratio: 1.25 Skin
graft survival _tine: 10,7 {vlerr] 0.5 days 10 Exanples 5 and 6

B
LAFICsg: 1.20n

LAF ratio: 0.74
Example 6
15 LAFICsp: 1.30nM
LAF ratio: 0.5
Example 7
in 42- wi -dih i
20 A solution of the product of Example 5 (351 mg, 0.34 mmol) in 10 mL THF

and 10 mL 1N HC] was stirred at room temperature for 6 h. The mixture was diluted

with EtOAc, washed with saturated NaHCOj3 solution and brine, dried over MgSO4,

filtered and concentrated to an oil. Flash chromatography (1X with EtOAc, 1X with

10% MeOH-CH1Cl3, 1X with 5% MeOH-EtOAc) afforded the title compound (78 mg,
25  23%) as a white solid.

(-)FAB-MS m/z 1001.2 (M), 590.2 (southern fragment), 409.1 (northern fragment).
IH NMR (400 MHz, d-6 DMSO) 8 4.5 (m, 1 H, C(42)H), 3.60 (m, 1 H), 3.45 (m,
~ 2H).
30
Results obtained in standard phai‘macological test procedures:
LAFICsp: 1.4 nM
LAF ratio: 0.40



Rapanycin 42-ester with 2. 2-di methyl] 1, 3] di oxal ane-4-carboxylic acid (Ex.
5) Rapam/WD95384062- di ester with 2.2-di net hyl [ 1. 3] di oxal an@Crusas/se3/| i c
acid (Ex. 6) 2,4,6-Trichlorobenzoyl chloride (0.56 nL, 3.61 nmol) was added
via syringe 15 to a solution of the 2, 3-di hydroxypropionic acid

i sopropylidene ketal (0.527 g, 3.61 nnDI) and triethylarnine (0.50 nL, 3.61
mml) in 10 nL THF at [err] under n|trogeh “The m xture was stirred 4 h at

roomtenperature. The white preci pltat

noved by vacuumfiltration

and the filtrate was concentrated W|th F’egm of nltrogen and warm wat er

bath.” The res
g, 3.28 mmmol),

,\Q x

g cin (3.00 20

was stirred ove'; n?rzh cﬁ%go#g%%cﬁoﬁ&e@'@#@“ﬁ@tﬁ&gﬁ%&wgggﬁw{]e
Et OAc, washed tW‘tsﬁ “E‘BT' ﬂ'ﬁ 3-hydroxymethyl):-3rhydronypeapionis acidisoprepylidenaketalir i ed

over MgSH4s f

i(1.060 gd6 24 ¢hiti6l) ﬁﬁlﬁ'feﬂiyeahlixe (@99 eill, ®46 @idl) ifr209HL THF at 0 °C

4X wi th 65oh e okEE) e piphbaf bufrd for b o ook omipstin ani aCRRER o,

31, 42-di est er

previpimte formed.uiThel \hflntpspremmm Wes mwedtbyammﬁn filtrativasand the

(0.601 g, 16%fi1RieWaY cofeRitited Wih &'\ Rfc8m

(-)FAB-MS ni z
fragnent). 30

b SThe$ERRd © O
quggﬁﬂol‘{qﬁw]@g ()‘Bﬁ(laﬂ%“("ﬂo thern X?l (%%%:!hg{l?;ﬂf me{ noreﬁﬁern

(m 1 H), 10. 2q0.762 g, .24 mnsblpeveferndded-ind the Ifixfure asHtirred Geright Bt td)om

L) Nl DR el ol e ™

[er.r] 5.3 (m
H, 4.13 (t,

3 H), 1.28 (s,

110. 2, 73.4,
standard phar

20

oyerMg80ailiered andopemniratedito Lydlom polids amhr@nwmnhwsva 1
Etﬂ)\c-h&x&d Bfforded the uﬂe%ﬁrﬂn_‘géund:’@ﬂ')l 43% Pad Swhike $id, 1.30 (s,
3 H. 13C NWR (100.6 d-6 O 8 170.5, 169 2, 110. 3,

66.6, 66.5, 25.8, 25.7, 25. 4, 25.1. Resul ts obtained in
OEABeMiSoniz 1055.8 (M) 59015 (sonthern fragment), 463.4 (northern fragment).
TH NMR (400 MHz, d-6 DMSO) § 4.55 (m, 1 H, C(42)H), 3.95 (m, 4 H), 1.30 (s,
6 H). o

13C NMR (100.6 MHz, d-6 DMSO) 3 170.1, 97.4, 59.5, 24.8, 22.5.

Results obtained in standard pharmacological test procedures:

. LAFICsp: 0.76 1M

25

30

35

LAF ratio: 0.45

Example 9

Rapamycin 42- ith 3-h -2- 1

A solution of the product of Example 8 (3.30 g, 3.12 mmol) in 50 mL THF and
25 mL 1IN HCI was stirred 2 h at room temperature. The solution was diluted with
saturated NaHCO3 solution and extracted with EtOAc (3X). The combined organic
phases were washed with saturated NaCl (aq), dried over MgSQy, filtered and
concentrated to a yellow foam. Purification by flash chromatography (1X with EtOAc;
2X with 5% EtOH-EtOAc) afforded the title compound (1.68 g, 53 %) as a white solid.

(-)FAB-MS m/z 1015.5 (M-), 590.3 (southern fragment), 423.3 (northern fragment).
1H NMR (400 MHz, d-6 DMSO) & 4.6 (br s, 2 H), 4.55 (m, 1 H, C(42)H), 3.55 (m,
4 H), 2.57-2.53 (m, 1 H).

13C NMR (100.6 MHz, d-6 DMSO) § 172.2, 59.3, 51.5.



Exanp [err]: 1.20 nM LAF ratio: 0.74 Exanpl e Gchaysoshfos[€rr]:
1 30 nM LA%%{#@F 0.5 Exanpl e 7 Rapanycin 42-ester with ¥

2. 3-di hydr oxypropi onic acid 20 A sol ution of the product of Exanple
5 (351 ng, 0.34 mmol) in 10 nmL THF and 20 nL 1N HC was stirred at room
tenperature for 6 h. The mxture was dilutgg.wth Et OAc, washed with
saturated NaHCO3 solution and brine, dried over [err], filtered and
concentrat ed to an oil. Flash chromat ography (1X with EtOAc, 1X with 10%

[err] 1vaith f.f t d (78 ny, 25 23%
as a white soli f%%%%%#hgg@%t hern fragnent),
409. 1 (northernLAF Gs0:r.§4 nMH NVR (400 MHz, d-6 DVBO) [err] 4.5 (m 1 H,
C(42)H), 3.60 (AF}add. 08745 (m 2 H. 30 Results obtained in standard
phar macol ogi cal test procedures: LAF [err]: 1.4 nMLAF ratio: 0.40 - 16-

Exanpl e 8 anycin 42-ester with 2.2-di nethyl[1, 3] di oxane-5-carboxylic
acid 2,4,6-Trichl orobenzoyl chl ori de (OEﬂﬂnplc 10 27 mmol ) was added via

syrlngetoas% 2o ( (X DAY LREPNI ¢ aci d
i sopropylidene 008 m ne 0 90
6.46 nmmol) in 20 ni Topselntenofthe aﬂom(hmrpmg@hﬂ)mowmmm @?ﬂ%‘ﬁegﬁ
for 4 h at roo Wltmpg%rﬂwﬁﬁolﬁ@ﬁepardﬂcb&dﬂfgaﬁlth& procedure bfBeuicel e Anh iChem.

precipitate dNa SScr>ce %ng’?&b %9%’%3” tix);lg,t%}ﬂeo(a 8%%%1 68 mmol) in 20 mL anhydrous
THF at 0 °C under nitrogen was added 2, 4, 6-trichlorobenzoyl chloride (0.93 mL,
5.98 mmol) and the resultant white suspension was stirred S h at room temperature.
The precipitate was removed by vacuum filtration, rinsing the flask and filter cake with
an additional 10 mL dry THF. The filtrate was concentrated by rotary evaporation to a
15  white solid. The residue was dissolved in 20 mL dry benzene, then rapamycin (5.47 g,
5.98 mmol) and DMAP (0.731 g, 5.98 mmol) were added. After stirring overnight at
room temperature, the mixture was diluted with EtOAc, washed with H2O and
saturated NaCl (aq), dried over MgSO4, filtered and evaporated to a yellow oil. Flash
chromatography (5X with 60% EtOAc-hexane) afforded the title compound (2.2 g, 34

20 %) as a white solid.

(-YFAB-MS m/z 1069.5 (M), 590.3 (southern fragment), 477.2 (northem fragment).
1H NMR (400 MHz, d-6 DMSO) 8 4.57 (m, 1 H, C(42)H), 4.02 (d, 2 H), 3.60 (d,
2 H), 1.34 (s, 3 H), 1.24 (s, 3 H), 1.06 (s, 3 H).

13C NMR (100.6 MHz, d-6 DMSO) 8 173.2, 99.0, 65.0, 22.2, 18.1.

25  Results obtained in standard pharmacological test procedures:
LAF ICsp: 4.90 nM :
LAF ratio: 0.41
Skin graft survival time: 11.0 £ 1.3 days

30 Example 11
R in 42- i -bis-(hydroxymeth joni
A solution of the product of Example 10 (2.8 g, 2.65 mmol) in 50 mL THF and
25 mL 1N HC! was stirred at room temperature for 4 h, The mixture was diluted with
water and extracted three times with EtOAc. The combined organic phases were
35 washed with saturated NaHCO3 solution, saturated NaCl solution, dried over MgSOg4,



filtrate was concentrated with a streamof nitrogen and war mwater bath.
The resi smoe9snssoedi ssol ved in 20 nL benzene, then rapanycircK6sssfdas 6. 24
nmol ) and DVAP 10 (0.762 g, 6.24 mmol) were added and the m xture was
stirred overnight at roomtenperature. The m xture was diluted wth EtOAc,
washed with [err] and brine, dried over MpSH, filtered and concentrated to
a yellow solid. Flash chromatography (75 £t OAC hexane) af f or ded the title
conmpound (4.5%?6r/%asamhlte solid. 15 - FAB-M5 nmfz 1055.8 (M),

590. 5- ( sout h&lt rﬂé'é Aporated 4 a yellow il splid ¢ Pa’g by flash chropratography\ iy
d-6 DVBO) [ e3X withFrOA®) afforded fhe4itle dbmpdurdi(1(6g, 59 %) . 1.30 (s, 6 H). 13C
"NVR (100.6 MHz, d-6 DVMBO) [err] 170.1, 97.4, 59.5, 24.8, 22.5. 20 Results -
obt ai ned i n $)EABeMS mya 10226 Moy SR (southernpfragmaeht), 437.3 (vdrtteen fragmeénty.6 nM
LAF ratio: OIfPNMR@EMHZ-BDMEG) § 45208 ST €, 3.45 (s, 4 H), ,

3- hvdroxy 2- 33& oxym hyl propi oni ¢ aci d A(ngol uf |%io thg (Sroélt)ctlog (s

Exanpl e 8> (3 g, 3.12 mol) in 50 nL THF and 25 nL 1IN HCO was stirred 2 h
at room tenpé?@NMR(lOlhé MHE, d-6dPMSEY 3d1 A2, 63.7068.16, 42PutG8.ed NaHCO3
solution and extracted with Et OAc (3X). The conbi ned organi c phases were -
washed with Resuhsobwinetiarstaidayd phagmacological testyyr@@dures: | t er ed and 30
concentrated epl urification by flash chromat ography (1X.

wi th Et OAc; I.B‘H’fttsﬁ b&?‘éﬂ{lﬁqfﬁ@ Clgc) afforded the title conpound (1.68 g, 53
% as a whit o‘laF‘B )“P8+ mz 1015.5 (M), 590.3 (southern fragment),
423.3 (nmthsmﬁmm\aalu{mnumwmwmda DMSO 8 4.6 (br s, 2 H),

. 4.55 (m Hgé);‘ ‘m@% 5 53 (m 1 H). 13C NMR
(100.6 M—Iz %geﬁﬁ@ eﬁsr's_%om%l gﬁ% Results obtained in (
standard phar macol ogi cal test pr ocedur es: LAF [err]: 0.84 nM LAF ratio:
0.57 Example 12

15  dioxane-5-carboxylicacid

2,4,6-Trichlorobenzoy! chloride (0.14 mL, 0.86 mmol) was added via syringe
to a solution of the 2,2-bis(hydroxymethyl)-2-(2-trimethylsilylethoxy)propionic acid
isopropylidene ketal (0.250 g, 0.86 mmol) and triethylamine (0.12 mL, 0.86 mmol) in
2 mL THF at 0 °C under nitrogen. The mixture was stirred for 4 h at room
20  temperature, and a white precipitate formed. The white precipitate was removed by
' vacuum filtration and the filtrate was concentrated with a stream of nitrogen and warm
water bath. The residue was dissolved in 2 mL benzene, then rapamycin (0.786 g,
0.86 mmol) and DMAP (0.105 g, 0.86 mmol) were added and the mixture was stirred
overnight at room temperature. The mixture was diluted with EtOAc, washed with
25 H>0 and brine, dried over MgSOy, filtered and concentrated to a yellow solid. Flash
chromatography (gradient elution: 40-60-80-100% EtOAc-hexane) afforded the title

compound (0.559 g, 54%) as a white solid. |

(-)FAB-MS m/z 1185.2 (M), 590.1 (southern fragment), 593 (northern fragment).
" 1H NMR (400 MHz, d-6 DMSO) 8 4.55 (m, 1 H, C(42)HD, 3.73 (m, 4 H), 3.57 (s,
30 2H),3.43(t, 2 H), 1.29 (s, 6 H), 0.79 (t, 2 H), -0.04 (s, 9 H).
13C NMR (100.6 MHz, d-6 DMSO) 8 171.1, 97.7, 70.2, 68.1, 61.3, 46.0, 24.6,
22.1, 14.6, -1.3. o

Results obtained in standard pharmacological test procedures:
LAF ICsg: 7.20nM
35 LAFratio: 0.05



5 Exanpl e %}%@ym n 42-ester with PCT/US95/04603
2.2.5-trimet 3] di oxane-5-carboxylic acid To a solution of the

2, 2- bi s(hydroxymet hyl ) propi oni ¢ acid i sopropylidene ketal (1.041 g, 5.98
mol ) (prepared according to the procedure of Bruice, J. Am Chem 10
Soc. 89: 3568 (1967)) and triethylam ne (0483 nL, 5.98 mmol) in 20 nL
anhydrous THF at [err] under nitrogen was added 2, 4, 6-trichl orobenzoyl
chloride. (0.93 nL, 5.98 mmvl) and t Exampies 13nindMét e suspensi on was
stirred 5 h at roomterrperature The preci pltate was rem)ved by vacuum
filtration, i gthylt lad-d SDIvY decarnel 3+carg , dry
THF. The f"”% concentrated by rotary evaporatlon to a 15 Wmte

solid. The resi ; ) . Ir 1€, tgen rﬁgagcil.n (5.47
g, 5.98 muol) &xERAD G£XRQ3E WD BICIAXE DA A-SPH Ul g
overni ght as rWrature the m xture was dlluted wi th Et OAc, washed
with [err] and satur 0

evaporated to a yel |2§‘§N§ "c" y‘ﬁfraéﬁa ngf/(,e&,% ?%{m\)’\l} agg%{quﬁcl%glﬁexane).
afforded the t.asoéummmbmamlwdgoxypmww a%d%c&wwme@eé@ﬁld 44 g A8 VB
mz 1069.-5 [EFE}Jm %%gd%xe(tﬁﬂhkhﬂﬁr(o 1ﬁ&xﬂgmﬁ1}no$27zs?mhemchhwm n, 1H

(0, H). 1. 34 e misigh v sicied 4 R sty ioprsmire. THb e B YAYETEY R

d-6 DVBO) [1€r r |bylvhgduidm ffrafion &ifd the fi@ate was Sodcenddted withsaibtreamppf nittogen and
standard phar Mg 0hkErbath  The R s issolvel id mﬂ berfheitardabdiiy it (0.057

0.41 Skin graft surviva err

Exanpl e 11 Rapainfs? mm@e@FérDWh( 6. B %5 (’Wﬁlr)d%ifﬁ@@ﬁ% and s BIKErE WY A
sol ution of therpeddvern ftaﬁ’b@ﬂptbﬂlpéﬁtdra PhmidueSwasrdilujed wittbBtOAc, Wishedd

25 nL 1IN HC was, sti.rr. Qr

diluted with vva‘t”é’? %tﬂ(] Qafégl“fﬁ%ﬁ“ﬁf%za%%%&t‘bﬁw R(Mgrgrgf'vﬁ red

organi ¢ phdses and_r@ﬂﬁfntrat«hmhedel}ww foara: Jflashechromaiogmphp ont Sﬂ@W gl 59 d

NaCl sol ution, glHactheufid) akfofdeli the title compounds. The 31,42-diester (0.168 g, 26%) eluted
first and the more polar 42-monoester (0.301 g, 52%) eluted second, and the products

were isolated as white solids.

Example 13

20 (-)FAB-MS m/z 1109.5 (M-), 590.3 (southern fragment), 517.3 (northern fragment).
1H NMR (400 MHz, d-6 DMSO) 8 4.55 (m, 1 H, C(42)H), 3.61 (t, 4 H), 1.04 (s,
3 H).
13C NMR (100.6 MHz, d-6 DMSO) & 173.3, 97.2, 64.2.

Example 14
25 (-)FAB-MS m/z 1305.6 (M).
1H NMR (400 MHz, d-6 DMSO) & 5.25 (m, 1 H, C31)H), 4.55 (m, 1 H, C(42)H),
3.64-3.54 (m, 8 H), 1.05 (s, 3 H), 0.97 (s, 3 H).
13C NMR (100.6 MHz, d-6 DMSO) § 173.2, 172.1, 97.3, 97.2, 64.3, 64.2, 63.9.

Results obtained in standard pharmacological test procedures:
30 Example 13

LAF ICsg: 0.6 nM

LAF ratio: 2.00

Example 14
LAF: inhibited T-cell proliferation by 43% at 0.1 uyM



-18- filtered and evaporated to a yellow oily solid. Purification by flash
chr omat oowePkisdeX Wi th Et OAc) afforded the title conpoungcriusesgaso® 9 -
(-)FAB-M5 mz 1029.6 (M), 590.4 (southern fragnent), 437.3 (northern
fragnent). [err] NWR (400 MHz, d-6 DMSO [err] 4.5 (m 1 H C(42)H), 3.45
(s, 4 H, 1.04 (s, 5 3 H. 13C NWR (100.6 Miz, d-6 DVMSO [err] 174.2,.
63.7, 63.6, 49.9, 16.8. Results obtained3g standard pharmacol ogi cal test
procedures: LAF [err]: 0.80 and 1.80 nM LAF ratio: 1.00 and 0.44 10 Skin
graft survival tinme: 11.4 [err] 1.5 andCllAIMS[err] 1.1 days Percent change
I n adjuvant arthritis versus control: -88% Exanple 12 Rapanycin 42-ester
with 2. 2-di mrelVhptisslammedis; net hyl si | anyl et hoxynet hyl )[1, 3] - 15

di oxane- 5- car poxyl jc_aci d 4 6-Trichl orobenzoyl chloride (0.14 nL, O0.86
mol) was added vi “GPPPYEOEthe SIUCWIG ¢ i on of the
2,2-bis(hydroxynethyl)-2-(2-trinethylsiIerthoxy;propionic acid

| sopropyl i dene ketal (0.250 g, 0.86 nmol LOR' et hyl amine (0.12 nL, 0.86
mmol) in 2 nL THF at [err] under nitrogq e mxture was stirred for 4 h
at room 20 tenperature, and a white pregi pitate fornmed. The white -
precipitate was renoved by vacuumfil[r\?tion AMehe filtrate was

S

concentrated with a stream of nij ofgeR_an ‘wat er bath. The residue was
dissolved in 2 nL benzene, therf rappmycin ( 0.86 nmmmol ) and DVAP
(0.105 g, 0.86 nmml) were added andlt hegm xt S séﬁzred over ni ght at
roomtenperature. The m xture waNdi ed w th-et , Wwashed with 2) H20
and brine, dried over MgSO4, redfand concentfdted to a yel | ow sol i d.

Fl ash chr omat ogr aphy (gradi eg q')oﬂ: 40- 60- ot QAc- hexane) ( '
afforded the title conpoundQQJ559 g, 54% as a white solid. (-)FAB-M5 m z
1185.2 [err], 590.1 (south FIMENHMe 593 (nort fragnent). [err] NWR
(400 MHz, d-6 DMSO [err] 4.%5 ( 1 H C42)H), 3.73 (n-4 H, 3.57 (s, 30
2 H, 3.43 (t, 2 H, 1.29 (s, » AN 4 (s, 9 H. 13C NWR
(100.6 MHz, d-6 DVMSO 5 171.1, 97.7 61. 3% 46.0, 24.6, :

. 70]2, 68.1,

-

5 wherein R! and R2 are each, independently, hydrogen or
-CO(CR3R4),(CR5R6)4CR7R8RY ; o
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms,. trifluoromethyl, or -F;
RS and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms, aikenyl of
10 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR!0, -CF3, -F, or
-CO2R11, or RS and RS may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with
-(CR3R4)OR10, -
R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
15 7 carbon atoms, -(CR3R4){OR!9, -CF3, -F, or -COR11;
R8 and R? are each, independen_tiy, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR!0, -CF;, -F, or
-CO2R11, or R8 and RY may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with
20 -(CR3R4){ORIY,
R10is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkyny! of 2-
7 carbon atoms, tri-(alky! of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon
atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,

*C o EL M S
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22.1, 14.6 Resul ts obtained in standard pharnacol ogi
procedureswq_%ﬁmfoérr] 7.20 nM 35 LAF ratio: 0.05 - 19- @?%?215013 and
14 Rapanycin 42-esterwith 3-nethyl-1.5-di oxa-spiro[5.5]undecane 3-carboxyic
acid (Ex. 13) Rapanmycin 31,42-diester with

3-met hyl - 1. 5-di oxa-spi ro[ 5. 5] undecane 3-caggpoxylic 5 acid (Ex. 14)
2,4,6-Trichl orobenzoyl chloride (0.16 nm., 1.0 nmol) was added via syringe

to a solution of th&xitaﬁcyqil by d1-&x \artsgn catomsistiylethgcymbthyy, icidoreethydalor
(0214g,10mm|) @letrpﬂamne(omm 1.0 mol) in 2.5 nL THF at
[err] under nltroge PPlUre was stirred 4 h at roomtenperature, The

white precipi t&lélaMmgmllad of 0-6 dagbancaserasnalkenylraf 2 Heareniatoms, gliynyl ok % was

concentrated with aq bﬁ&ﬂrﬁﬂc Bfl 7P chrvvah@mspat h. The resi due was
dissolved in 3 pnL b

(0.061 g, 095 RISy %5@ a&%@%ﬁa' #%?ﬁﬁd\%@yﬁ-%&&%ﬁﬁﬁawt

room t enper at ur e. Tbﬁ-bunmme))waaﬂdmxhnuzleé-@f.z-dl @lighof 1vastachpnratomsPdl.al-1N

and cantentrated  odsipah K17 RRIGCHAIR of 3 Glod ‘?Smﬁgﬁ%‘&""? il
(45-50% Et OAc- hexanéqlkﬂf‘? ot-GearhoncatemeNd . Jdioy G‘&ﬁﬂsm '58‘I° chﬁPlggg%tlr:’ 8

(0.168 g, 26% eI ut @gkbbh bmsHIY3dioRalaRyIS poI ar 42-nonoester (0.301 g, 52%
el uted sec d t he products were isolated as white solids. Exanple 13

20 (-) FAB- 09 5 (M), 590.3 (southern fragnent), 517.3 (northern
fragnent). [errd]—OJIﬂRn(dZLOO MHz, d-6 DMBO) [err] 4.55 (m 1 H C(42)H), 3.61
(t, 4 H), 1.04f§0_3|—|) 13CN|\/R(1006|\/Hz d-6 DMBO [err] 173.3,

7.2, 64.2. Ex an\}l)xlhethc proviso that R1 and R2 are both not hydrogen and further provided that either

R1 or R2 contains at least one -(CR3R4)fOR10, X, or -(CR3R4);OR10 substituted
15  cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R2 is hydrogen or a pharmaceutically
acceptable salt thereof.

20 3. The compound of claim 2, wherein b = 0 and d = 0 or a pharmaceutically
acceptable salt thereof.

4. The compound of claim 3, wherein R8 and R? are each, independently
hydrogen, alkyl, or -(CR3R4){OR10, or are taken together to form X or a
25  pharmaceutically acceptable salt thereof.

S. The compound of claim 1 which is rapamycin 42-ester with (tetrahydropyran-2-
yloxy)acetic acid or a pharmaceutically acceptable salt thereof.

30 6. The compound of claim 1 which is rapamycin 42-ester with hydroxyacetic acid
or a pharmaceutically acceptable salt thereof.

7. The compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-3-
(tetrahydropyran-2-yloxy)propionic acid or a pharmaceutically acceptable salt thereof.
35
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25 (-)FAB-M5 mlz 1305.6 (M). [err] NWR (400 MHz, d-6 DVBO) [err] 5.25 (m
1 H C(3wWoPsnsdessS5 (m 1 H C(42)H), 3.64-3.54 (m 8 H), dcHosssmisod H) ,
0.97 (s, 3 H. 13C NWR (100.6 MHz, d-6 DVBO 8 173.2, 172.1, 97.3, 97.2,
64.3, 64.2, 63.9. Results obtained in standard pharnacol ogi cal test
procedures: 30 = Exanple 13 LAF [err]: 0.6 nMLAF ratio: 2.00 Exanple 14

LAF: inhibited T-cell proliferation by 48sat 0.1 M - 20 - CLAMB Vhat is
clainmed is: % A conpound of the structure [err] 5 wherein [err] and
[err]  are SeachThecamppendiehelaim 1 which isgapamyein Reaster wigh 3adrRAy4:2 each,

i ndependent | dimdihydprogienic agidlor la phirmucéutieallyRbepidblydalt tirégEny! of 2-7 carbon
atons, al kynyl of 2-7 carbon atons, trifluoronmethyl, or -F, R5 and R6 are
each, independently, hydrogen, alkyl of 1-6 carbon atons, alkenyl of 10
2-7 carbon aPens, Tﬁﬂ kgempowrd Df7claimbbnwhichnis mpamycinF42eestdremiih, 2q2- ES
and R6 me§ bginetin hRL4-EabdRiactd Phﬁ*,gé& ar bon
at ons tha!ty iglopti[(}ﬁgglﬁlggﬂnono-., d,?‘-h or‘ait;iri -su stlﬁ%%&eag&ﬁh etrr 7 is
hydrogen, al kyl of 1-6 carbon atons, al kenyl of 2-7 carbon atons, alkynyl
of 2- 15 10.  The xontpouad cofsclajmr ¥ whi¢h ioraganiycin 34 2adidstep witle 2gnch,

I nde endentlgim- Jﬂ?iﬂ‘ ' / - 0. : 5 Al kenyl . of . 2-7 carbon _
atomps), al kynyl o gggﬁgéﬁ(%?g&n@ °?%‘§§TPWE‘%?G]WM " may be
taken together to form X or a cycloal kyl ring of

10 11. The compound of claim 1 which is rapamycin 42-ester with 2,3-
dihydroxypropionic acid or a pharmaceutically acceptable salt thereof.

12.  The compound of claim 1 which is rapamycin 42-ester with 2,2-

dimethyl[1,3]dioxane-5-carboxylic acid or a pharmaceutically acceptable salt thereof,
13.  The compound of claim 1 which is rapamycin 42-ester with 3-hydroxy-2-
hydroxyme_thylpropionic' acid or a pharmaceutically acceptable salt thereof.

14. The compound of claim 1 which is rapamycin 42-ester with 2,2,5-
20  wimethyl[1,3]dioxane-5-carboxylic acid or a pharmaceutically acceptable salt thereof.

15. The compound of claim 1 which is rapamycin 42-ester with 2,2-bis-
(hydroxymethyl)propionic acid or a pharmaceutically acceptable salt thereof.

25 16. The compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-5-(2-
trimethylsilanylethoxymethy1)[1,3]-dioxane-5-carboxylic acid or a pharmaceutically
acceptable salt thereof.

17.  The compound of claim 1 which is rapamycin 42-ester with 3-methyl-1,5-
30  dioxa-spiro[5.5Jundecane 3-carboxylic acid or a pharmaceutically acceptable salt
~ thereof.

18. Thé compound of claim 1 which is rapamycin 31,42-diester with 3-methyl-1,5-
dioxa-spiro[5.5]undecane 3-carboxylic acid or a pharmaceutically acceptable salt
35 thereof.
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3-8 carbonwaygapgagdghat is optionally nono-, di-, or tri-subsdIrsso4ess t h 20
[err]; [er] is hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon
atons, al kynyl of 2- 7 carbon atons, tri-(alkyl of 1-6 carbon atons)silyl,
tri-(alkyl of 1-6 carbon atons)silylethyl, triphenylnethyl, benzyl,

al koxynmet hyl of 2-7 carbon atons, -21 -23+i-(alkyl of 1-6 carbon
atons) si | yl et hoxymet hyl, chl oroethyl, or tetrahydropyranyl; [err] is

hydr ogen, ~al kyl9of A Bethed infrireatingiransnlansation sjection of grafh ws. hoshaisease iy Ay |
of 2- 7 car bonnﬁhﬂﬁﬁ il hedt enerbat, khicRfco Qe§&6fiﬁkﬂsﬁhﬁ to Said nfarmfhal an

5-(2,2-di-(alk of :L 6 arbon ato 2-spiro(cycl oal kyl
of 3-8 carbon g‘f rﬁ)ﬁf)ob? gg‘?@%%@of 1-6 carbon
atons))[ 1, 3]- di oxanyl 4 (2 spi ro(cycl oal kyl obR’i-8 car bon
atons))|[ 1, 3] di oxanyl, 4- (2,2-di- (alkyl @”Ccar bon
atons))[ 1, 3] di oxal anyl, or 4-(2-spiro(cyc yl of 3-8 carbon
atons))|[ 1, 3] di oxal anyl ; 10 b=0-6; d =-0-8.~angje =0-6 Wi th the proviso
that [err] and [err] are both not hydri%ig and ur? her provided that either,
[
or

[err] or [err] contains at |east err] substituted 15
cycl oal kyl of 3-8 carbon atons gfoup,
t hereof. 2. The conpound of c rogen or

3t| The conpound of(£2a|n1
|l e salt thereof.
each, |ndependently
m X or a 25

nd of claim1l

maQeut i cal |

2, wherein b =0 and d = 0 or &ac
erefh R8 and [ ar

4. The conpound of claim

hydr ogen, al kyl, or [err], taken together to f

pharmaceutical ly acceptable s Oer e@Me 5. The

which is rapamycin 42-ester wifth (getr hydropy}an- 2-
NG F

5 wherein R! and R2 are each, independently, hydrogen or
-CO(CR3R4)p(CR5R6)4CR7RERY ;
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
R3 and R6 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
10 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){fOR10, -CFs3, -F, or
-COsR11, or R5 and RS may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with

-(CR3R4)(OR1°;
R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
15 7 carbon atoms, -(CR3R4){OR10, -CF3, -F, or -COzR1};

R8 and R? are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R#){OR19, -CF3, -F, or
-COoR11, or R8 and R9 may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with
20 -(CR3R4){OR!0;
R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, tri-(alkyl of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon
atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,

A



yl oxy)acetic acid or a pharmaceutically acceptable salt thereof. 30 . 6.
The conpeypek/afigec! ai m 1 which is rapanycin 42-ester w th byrhusespagndti c aci d
or a pharmaceutically acceptable salt thereof. 7. The conpound of claim
1 which is rapamycin 42-ester with 2, 2-di net hyl - 3-

(tetrahydropyran-2-yl oxy)propionic acid or a pharnmaceutically acceptabl.e
salt thereof 35 -22 - 8. The conpegad of claim 1l which is rapamycin
42-ester with 3-hydroxy-2,2- dinmethyl propionic acid or a pharnaceutically
acceptabl e salt tHeradkyl ®f 1-6 Ttarbonpoms)sidylethaxymethylheblorosgthyhpanyci n
42-ester with 2, Zwéah I[l 3] di oxal ane- 4-carboxylic acid or a

phar maceuti c er eof . C ound of claim1l
which is rapj*ry ds ﬁyd%g a y)egftaleé lhatgplét ajlkenyl og_ 51-9 caﬁ:rgg atoms, nyl of I?
di met hyl [ 1, 3] di ox&l cansoh-atams; conphenylakylcdf 7k 10caphomratems;ut i cal | y accept abl e

salt thergof. C
42-ester vmth ?%(Zéliw%}kﬁ@lrggﬁgﬁ?gmg% )gi ﬁrdfﬂxaﬂ% r#aggﬁ?ﬂcgapmaccept abI e
A FO A N AL A R, & ewrhey tomsLiclt
W th t2 ﬁ[ di rrﬂ h{'dldxaﬁ}'ﬂﬂﬁ(& ﬁo@yslamhpkwa-s cmbd fam)[pbmi@mva(ww
acceptabl e sa ou C m
rapamycin 42-este&%? §]6§ 6?& ﬁﬁcgﬁm Jr‘@p !\Qﬁtﬂlﬂlcﬂf 38
phar naceutical |y aoarlmptam@)[ké]dlomlmyhof 14. The corrpound of claim 1
whi ch isy 916142ester with 2,2,5- 20
trlnethyl 1 3 di_oxane-5-carboxylic acid or a pharmaceutical |y acceptable
salt thereof %8-6; andrp o conpound of claim 1 which is rapamycin 42-ester
with 2, 2-bi s-f=(0g6droxymet hyl ) propi oni c acid or a pharnmaceuticall y {
accept abI es
apamyein 42% %Vrﬁ%o zggga arﬂ@ﬁ@?ﬂ?fﬁ%&gn a fekBL Brovidld s Lither
trinmethylsil PERA ERDBINSHAS| 9{51089 - 2 (95 substitut

alh‘y RH l @R%Fah@% s % 195 (CRIRYOR 1 substituted

phar maceyssi ¢ alytpalgIrei3-8 barBorbatbins be&fa phirimaceytcafly 6REPELIE dalPtheftoR| M 1

which is rapamcin 42-ester with -1, 5- 30
di oxa-spiro[ 5. 5] undecane 3- carboxyllc aC|d or a pharmaceutically acceptable
sal t 20. A method of treating a fungal infection in a mammal in need thereof, which
comprises administering to said mammal an antifungal effective amount of a compound
of the structure

OR!

(I

20 -
wherein R! and R2 are each, independently, hydrogen or

-CO(CR3R4)b(CR5R6)dCR7R8R9
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, mfluoromethyl, or-F;
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t her eof . The conpound of claim 1 which is rapanycin 3jefrgsdiiodsnzer
wth 3-net ﬁVﬁw ”g& di oxa-spi ro[ 5. 5] undecane 3-carboxylic acid or a

- phar naceutlcal |y acceptable salt 35 thereof. -23 - 19. A nmethod of
treating transplantation rejection or graft vs. host disease in a mammal in
need thereof, which conprises adm nisteringsgto said mammal an antirejection
ef fective am)unt of a conpound of the structure [ERR] 5 wher ei n [err]

and [err] are ge ai' % h%tly%é QAE AikyPBF |- ¥/ dakbdBdatams, ddeny! 8f

each, inde endent , o en 6 car bon at
carbon at olrons al ky% -1 )Gl?fbg gtoms, %“33@8 carbany 41orms.o n&%@pﬁiﬂyﬁoé%d

?8 are each,2 mdepgnd)ﬁ)&klly orW@dgémy?clqkenMgemeﬁmdhommanadlkmglyf of
7 car
[err], or [err] and rr:ilg& ?clorﬁé”ﬁytig %‘goétﬂg ﬁ?%b?tg?ﬁ %Irsglggsg)t/llc:f%gﬁ(h

ring of 3-85carbon af % s optionally mono-, di-, or tri-substituted

with [err]; R7 Rﬁlsfhxrdfdgeﬁ rukylbkyis &iboh@oxﬁsarmahy%m cm%bkﬁt%)ﬁs, fllcyriyl 6f 2-

carbon atons, al kyny ar to rr] or [err]; R8
and R9 are each ?&’Rﬂe 6@%16 1Fa? %‘%S’r bon at ons,

al kenyl of 2-7 R%m 1abR? ateosach, mdégengtntlyf hﬁdr@gaamh«yhoﬁlwbqneatmpsrﬂkenol of
[err], or R8 and R9 ﬁlﬁm‘%ﬁntaﬁ:'ﬁ?snf ﬂﬁfo?QWéa?b&PitS?nQ( o(cwenayfdmalm IF, 88 _of

3-8 carbon atomsthat 'S ptl or tri- bstlt with, 20
[err] [err]10is hydr oGSBR? WYEL&r“B‘S’H 108 ‘°€9F’R§¢:9W“@F’ °2ﬁ9'18358f)n

atons, al kynyl of 2-3-§ mb&oratcnhpmt isr optionaly | moro- 1 -db-, car trbsubsticured swikly | |
tri-(alkyl of 1-6 cag% )5| |yl ethyl, triphenyl nethyl, benzyl,

al koxynmet hyl of 2-7

R10 js hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, tri-(alkyl of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon

15 atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,
tri-(alkyl of 1-6 carbon atoms)silylethoxymethyl, chloroethyl, or
tetrahydropyranyl;

R!1 is hydrogen, alkyl of 1-6 carbon atoms, alkeny! of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, or phenylalkyl of 7-10 carbon atoms;

20 X is 5-(2,2-di-(alkyl of 1-6 carbon atoms)){1,3]dioxanyl, 5-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxanyl, 4-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]-
dioxanyl, 4-(2-spiro(cycloalkyl of 3-8 carbon atoms))[1,3}dioxanyl, 4-(2,2-di-
(alky! of 1-6 carbon atoms)){1,3]dioxalanyl, or 4-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxalanyl;

25 b=0-6;

d =0-6; and

f=0-6

with the proviso that R1 and R2 are both not hydrogen and further provided that either
~ R! or R2 contains at least one -(CR3R4){OR19, X, or -(CR3R4){OR10 substituted

30 cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.
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24 -t

tetrahydmopys/2sagd ; [err] is hydrogen, alkyl of 1-6 carbonPaTAsss/o4elskenyl|

ri-(al

kyl of 1-6 carbon atons)silylethoxynethyl, chloroethyl, or

2-7 carbon atons, al kynyl of 2- 7 carbon atons, or phenylal kyl of 7-10
carbon atonms; 5 X is 5-(2,2-di-(alkyl of 1-6 carbon atons))[1, 3}di oxanyl,
5-(2-spiro(cycl oal kyl of 3-8 carbon atons))[ 1, 3]di oxanyl, 4-(2,2-di-(al-kyl

of 1-6 carbon atoms))[l 3] - dioxanyl, 4-(@®-spiro(cycloal kyl of 3-8 carbon

at ons))
at ons))

[1, 3]
[1,3]

i:?%m h%fwzz (aerB{%Of oy ﬁlat{agggmhmwowbtm

[1, 3] ]di oxgl medom;iﬁses ddnfinisteringo0said nfeiimbl &n @nfianthritis effectireOxinbont! SB4
err] an er
[err] or [err

cycl oal

t her eof .
t her eof ,

and R2

I ndependent |y, hydrogen, alkyl

at ons,

al kenyl

kyl of
20.

are

al kynyl of 2-7 carbon at]ons,
and R6 are each, ‘i ndependently,

of

10

15

‘R8 and R are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of

20

whi ch conprises admnistering t
ef fective anmount of a conpound of the st

,][Jmﬁ{,ﬁ%g &n@ ydrogen and further provided that ei t her

ghad east one [err] X, or [err] substituted 15

. of

3-8 carbon atons group, or a phab ceutically acceptable salt
A met hod of treatlngaf ection in a manmal in need
o s

d mammal an anti f ungal

[

” UFQN{ee'rr] 20 wherein [err]

al kenyl of 2-7 carbon

each, independently, MGQ%” gen or [err] R3 and R4 are each,
f

trifijl uor

£0

met pyl ,
;GRtar bon atoms“)

wherein R! and R2 are each, independently, hydrogen or
-CO(CR3R#),(CRSR6)4CR7R8RY ; '

R3 and R# are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;

RS and RS are each, independently, hydrogen, alky! of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR10, -CF3, -F, or
-COzR11, or RS and R6 may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with
-(CR3R4);ORI10;

R7 is hydrogen, alkyl of 1-6 carbon atoms, ‘alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, -(CR3R4){OR!0, -CF3, -F, or -COzR1;

2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR10, -CF3, -F, or
-COZR!1, or R8 and R? may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is opnonally mono-, di-, or tri-substituted with
-(CR3R4)10R10

R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
-7 carbon atoms, tri-(alkyl of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon
atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,

AL

or -F; -25 - [err]

—a



2-7 car bon wo ogmaeal kynyl of 2-7 carbon atons, [err] -F, orPCEP$ISHIER R5
and R6 may be taken together to form X or a cycloal kyl ring of 3-8 carbon
atoms that is optionally nmono-, di-, or tri-substituted with 5

[err] R7 is hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon
atoms, al kynyl of 2- 7 carbon atons, [err}27F, or [err]; R8 and R9 are

each, independently, hydrogen, .alkyl _ of 1-6 carho t ,al | of 2-7 -
carbon at oﬁs, al ky%y‘l’“é’flkﬂgPfc&r@og\a@?’énét,°“}5§?‘5§l°819?‘yg}rgllﬂ? ‘lﬁ‘elgy"etﬁ%lrrff or
R8 and R9 may be talqe@[@ag@yilaﬂyl;to form X or a cycloal kyl ring of 3-8
carbon atons t i tion |- | | \

R10 i s hydr oge:?hdlf Ev‘ﬁgﬁ‘?“’ E&gi %fa%g%b%? gljr.%‘sp,s’ %ﬁ'&%’/ﬁﬁzp@ {} u@?ﬁb%@%ﬁ%{]
al kynyl of 2- 7 car hearbanatems,t oripheaylalieyl of 7- Y1 qarboratamms: at ons) si |yl ,

benzy T, a1 Koyt R o 1 e B o . o

at ons) si | yl et hoxymetd#ypon EW%E*S%?’S“%,ﬁ'g’#'g&'gﬂkﬁpggi?ﬁ}ﬁrbf’% ‘imﬁ);[l’?’]'
hydrogen, al kyl of Idi6xangl,de@-spiro(cycloalkibofi3-8 cirban dtonw))hha]ldiaxanyl, 44RRydiy |
of 2- 7 carbon atons ! 7 irofdy j -

5. (2. 20di (alkyl of ! c‘:’g?gd;#’g{’%ﬁé’“ﬁ)? |’€§>€J§2§|rb,’a%9-(§-'spi f})()(aé*%?gglskyl
of 3-8 carbon at ons)oafongemsi{bAidioxalanyb’ o 4i - (al kyl of 1-6 carbon
atons))[ 1, 3o dbaxagyl, 4-(2-spiro(cycloal kyl of 3-8 carbon
atons))[1,3]dio grbyéi, -(2,2-di- (al kyl of 1-6 carbon

atons))[1, 3] di oiél a Q‘P or 4-(2-spiro(cycloal kyl of 3-8 carbon
atorns))[ 1, 3] difx@ianyl ; 25 b=0-6; d = 0-6; and f = 0-6 with the proviso
that [err] and hihie dbfis@HalRNGA RY et hgioptd MRl futher prévitied ihai it Ner
err] or [err] contai,ns at | east one err t e

E:ycl ]oal kyl[ of] R} o R sontain %ﬁ‘SHE),'E@iilg)é}&ﬁfw&{&fiﬁﬁ%?eﬁ’%g?‘g%aI t

t her eof . 15  cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.

22. A method of treating restenosis in a mammal in need thereof, which comprises
administering to said mammal an antiproliferative effective amount of a compound of

the structure
a7
J;( ““OMe

(I)

wherein R! and R2 are each, independently, hydrogen or
-CO(CR3R4)p(CRSRE)4CR7RER? ;

R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;

m



-26 - 21.

A method of treating rheumatoid arthritis in a mammal in need

t her eof , wbiogbesgonpri ses adm nistering to said mammal an petiu’sdidakdst | S

ef fective amount of a conpound of the structure [err] 5 wherein [err]

and R2 are
each, indepe

car bon at ons,

R6 are each,
10
[err], or R5

3-8 carbon atons t l‘g I ona
[err]; R7 is hydrd ok P apd imyammw@m@maml@ﬂwluagpbn
atons, al kynyl of 328 ciBbon atoms that Gig ' dpdionall 'ond-£'di-, orhwi-Qubstifitéd with and

R9 are eagh

each, independently, hydrogen or [err] R3 and R4 are

ndently, hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-
al kynyl of 2-7 carbon ator@8-trifluoronethyl, or -F, R5 and

v

i ndependent |y, hydrogen, alkyl of 1-6 carbon atons, al kenyl

2-R5 arak R areatachvsindepichgenyly, bydrdgeh, aleybofi 16t carbion dteins ] alkényl 6f

of

and emso.bsmhﬁkan +,%?Wéar&g.4£&.@ X{di b@@boggpky';““g of

i ndep 1ohydrogen; al kyl of 1-6 carbon atons, alkenyl

2-7 carbon ataqnms, f* 2-7 carbon atons, [err] -F, or [err] or

and R9 may béi"tlahmcig@myépf 1-6 carhomajoms, alkenybofi2a7 kgrbon atwomspilk@ny of 24 bon

atons that i
[err]; [err]
at ons, al kyn
tri-(alkyl o]
al koxynetgyl
atons)silyle
hydr ogen, al
of 2- 7 carb

15

20

25

30

s opt '%dﬂat&ﬁ@o cmhw fowot-bpg&qtb&ti cogratt Wi th 20

k .
A s s iy e 5. Erdeoqch, oL of L6 riomibmocalenn) S )1

f ]iL gzc'achbgn atoonsplkynyl Ioéﬂwarbddamhanydcmmklb | F, or
n
¢ hoxy rG ORI P OERS SR? may bk shdeliet B 5 X0 cv%toeﬁwfm of

kyl of3-§ %r'mf B&mraﬂmtrs‘s Qntw@ ally rmnaz. vh-eanrbmnsmsutmd aithyny|

on at 0(@3@9@1&1% al kyl of .7-10 carbon at ons;

R10 s hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, tri-(alkyl of 1-6 carbon atoms)silyl, tn-(alkyl of 1-6 carbon
atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,
tri-(alkyl of 1-6 carbon atoms)silylethoxymethyl, chloroethyl, or
. tetrahydropyranyl;

R11 s hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, or phenylalkyl of 7-10 carbon atoms;

X is 5-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]dioxanyl, 5-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxanyl, 4-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]-
dioxanyl, 4-(2-spiro(cyéloa1kyl of 3-8 carbon atoms))[1,3]dioxanyl, 4-(2,2-di-
(alkyl of 1-6 carbon atoms))[1,3]dioxalanyl, or 4-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1 3]dloxalanyl

b =0-6;

d = 0-6; and

f=0-6 - :

with the proviso that R! and R_2 are both not hydrogen and further provided that either

R! or R2 contains at least one -(CR3R4){OR10, X, or -(CR3R4){OR 10 substituted

cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.

e
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5 Xis %&gﬁw}%-(al kyl of 1-6 carbon atons))[ 1, 3] di oxangkrrusesio6os
5-(2-spiro(cycloal kyl of 3-8 carbon atons))[1, 3]di oxanyl, 4-(2,2-di-(al kyl
Qf 1-6 carbon atoms))[1,3]- dioxanyl, 4-(2-spiro(cycloalkyl of 3-8 carbon
atons))[ 1, 3] di oxanyl, 4-(2,2-di- (alkyl of 1-6 carbon

atoms))[ 1, 3] di oxal anyl, or 4-(2-spiro(cyclal kyl of 3-8 carbon -
atons))|[ 1, 3] di oxal anyl; 10 b=0-6; d = 0-6; and f =0-6 with the proviso
that [err] and2R2 aAandéthéd ofi@éatingPulgenar inflanmmation inar mamemtiint heed therebir

[err] or R2 co ' . L . r "“fEMQﬁrf' .Jéa‘f?

cycl oal kyl of gb%hgﬁg#sﬁk%agﬁ%gsggré%tm%h%ir'?rr%{:%nut I ca t| 9 a%ggpt a uéltsal t
thereof. 22. of¢pmpoynd of the sEuaNMg restenosis in a manmal in need thereof,
whi ch conprises administering to said mammal an_antiproliferative effective
anount of a conpound of the structure [er 0 %re_i n [err] and R2 are
each, independently, hydrogen or [err]nd R4 ‘are each,

I ndependent|y, hydrogen, al kyl of 1-6 carkQpn-at , al kenyl of 2-7 carbon
atons, al kynyl of 2-7 carbon atons, triffl uorone , or -F; -28 - R5 and
R6 are each, independently, hydrg &l kyl~of A6 carbon atons, al kenyl of
2-7 carbon atons, al kynyl of 2- -F, or [err] or R5 and
R6 nmay be taken together to for ri df 3-8 carbon atons
that is optionally nono-, di-, 5 [er]) R7
i s hydrogen, alkyl of 1-6 carppn onsn al kenyl of 2.7 ?r bon at ons,

al kynyl of 2- 7 carbon atons OFP or [errMeO8 RO are each,
I ndependent |y, hydrogen, al k@p f 1-6 carbon atons, alkenyl of

5 wherein R! and R2 are each, independently, hydrogen or
-CO(CR3R4),(CRSRS)4CR7RERY ;
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
RS and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
10 _ 2-7 carbon atoms, alkyny! of 2-7 carbon atoms, -(CR3R%){OR19, -CF3, -F, or
-CO2R11, or R and R6 may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with

-(CR3R4ORIC,
R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
15 7 carbon atoms, -(CR3R#){OR!0, -CFj, -F, or -CO2R11;

R8 and RY are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R4){OR!9, -CF3, -F, or
-CO;R!1, or R8 and R? may be taken together to form X or a cycloalkyl ring of
3-8 carbon atoms that is optionally mono-, di-, or tri-substituted with
- 20 -(CR3R4)f0R10;
R10js hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, tri-(alkyl of 1-6 carbon atoms)silyl, tri-(alkyl of 1-6 carbon
atoms)silylethyl, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,

L



2-7 carbon atons, al kynyl of 2-7 carbon atons, [err] -F, or 10

[err], okydSs/agesk RO may be taken together to form X or ambmw ring of
3-8 carbon atons that is optionally nono-, di-, or tri-substituted with

[err] ‘R1O is hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon
atons, al kynyl of 2- 7 carbon atons, tri-(alkyl of 1-6 carbon atons)silyl,
tri-(alkyl of 1-6 carbon 15 at ooggsil yl ethyl, triphenyl net hyl,
benzyl, al koxynethyl of 2-7 carbon atons, tri-(al kyl of 1-6 carbon

atons) sil yl et hoxyrtr:it-(}ajdtyl ofl dretdrbbn aroms)silylbshdxymethyly | chlbeoethyl, i or
hydr ogen, al kyI ofte atoms al kenyl of 2-7 carbon atoms aI kynyl

of 2- 7 carb org_q &n’yl al k of 7-10 carbon atons;

5-(2, 2-di - (aI |15'®f 8 1@ y?lrlsal'swkeﬁ%rvca@ou%ﬂ&rwgaa| kyl
of 3-8 carbon atomi)a}ﬁoha%:ﬂs mt@hyﬁylalkﬂ-dfz,marbohakdﬁ of 1-6 carbon

2 om) ) [ 159 & BAtEP G-y d lﬁirﬁéﬂtﬁingﬁh%d@wbi FiriEyciontiyl of 38
atoms))[1, 3] d| oxalcafbﬂﬂ atgmsml(éldmanm & Q,.di-kalkylosf B-68carbom@atoms))[1,3]-
atons) ) [ 1, 3] di oxalcﬁwh 1, 432-spito@y&loalé Fot%@ca:ﬁaﬁiaxfom @t@]dmxtah 1L h2pLdayi so
Lerr] or Terr] 2 i, 0L B d”’ﬁﬁe‘%ﬁ ralghyh, o o ra%%éﬁpaglqaﬂwﬁgﬁ'sé%}”
err] or [err] co r

cycl oal kyl of 3-8 carhobaromsh)fh8]dipxalapyl; or a phar maceutical |y acceptable salt
t hereof. 19 ‘b-29-6‘; 23. A nethod of treating pul nonary inflamation in a
manmal in need thereof, which conprises admnistering to said nmanmal an

antii nflammtdoT9'6éFﬂ43ctive anount of a conpound of the structure [err] 5
wherein [ efrd 0-6and R2 are each, independently, hydrogen or [err] (

with the proviso that R1 and R2 are both not hydrogen and further provided that either
R1 or R2 contains at least one -(CR3R4)[OR10, X, or -(CR3R4){OR10 substituted
15  cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof.

24, A pharmaceutical composition which comprises a compound of the structure

I OR!
g ““OMe

(1)

wherein R! and R2 are each, independently, hydrogen or
20 - -CO(CR3R4),(CRSR6)4CR7RERY ;
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
R5 and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -(CR3R#){OR10, -CFj3, -F, or

A



R3 and R4 Wospasds, | ndependently, hydrogen, alkyl of 1-6 oaripgsdsedeons,
al kenyl of 2-7 carbon atons, al kynyl of 2-7 carbon atons, trifl uoronethyl,
er -F;, R5 and R6 are each, independently, hydrogen, al kyl of 1-6 carbon

atons, al kenyl of 10 2-7 carbon atons, al kynyl of 2-7 carbon atons,
[err] -F, or [err], or [err] and R6 may be3taken together to formX or a-
cycloal kyl ring of 3-8 carbon atons that is optionally nono-, di-, or

tlrik-sulbst}tgt sd Wi LhC()glkﬂl R?Shﬁlﬁ@’dﬁ?ﬁe&kem{dgﬁdheﬂbf&mﬁxaﬁra@aloan@mgof
"% of [err] RB and AN y@wﬁy{%éﬁgﬁeﬁgﬂ%‘f Rz, S tF PR wi '

carbon atons, al kenm 2OR&ar bon atons, al kynyl of 2-7 car bon at ons,

[err] -F, or [@mmd hﬁfroééhr AlkyPord Bemﬁaxyadaaxst ah@ﬂylt&qex &eborl ao&a@rm%ypéw

cycl oal kyl ting of 3-8 car bon at b S onagt% gpno-, di-,
tri-substitdted wit °§’6’°"a (@ﬁ?}! )ﬂéil Fg) 5 RY%Ikyl of 1- 6 car bon
atons, al kenyl R8fand RP areehain uatepcmienay Idwdydgeo;‘ alkyl of k=6 carbon atoms; alkenyl of

tri-(al kyl of 160r f 3 . .

at oms) si 1 yl et hyl tr %S‘P‘t’)ﬁb{le‘r’fz%% E%&“&et ﬁ?ﬁ gﬁ@? oSy oh o

at ons, 230- tri- akaw,gs WP tcmslpalkylnnsof
chl oroet hyl, or t et Baﬂwdmayitaﬂgl tha{ &4 loptiohdllyhyibnogedi-, ot ksilsubftithted @@hbon
atons, al k of 2@§§0£8§1@t0n3 al kynyl of 2- 7 carbon atons, or
phenyl al ky of 7-10 oms; 5 X is 5-(2,2-di-(alkyl of 1-6 carbon

at ons) ) [ 1, 3] di BlisHydragen.alicyiof é(&gacb@aams, alikengl o kbmbw atoms, alkynyl of 2-
atons)) [ 1, 3] di oxanyhk caﬂsoﬁ?m&nsil ? |oqu-6 darBort @loh3 uﬁ-@z Qm‘(mc&lleﬁi-s carbon

RN e CE RN e R eI
4-(2-spiro(cycl oal kyrh (atky3- 8f ch-tﬁba:laﬂm:o rmw)a[s]sﬂ&]lethoxyhaﬂlyll,, chloroethyl- Gar d =
0-6; and 44 tetrahydropyranyl;
RI1 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, or phenylalkyl of 7-10 carbon atoms;
X is 5-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]dioxanyl, 5-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3}dioxanyl, 4-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3}-
20 dioxanyl, 4-(2-spiro(cycloalkyl of 3-8 carbon atoms))[1,3]dioxanyl, 4-(2,2-di-
(alkyl of 1-6 carbon atoms))[1,3]dioxalanyl, or 4-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxalanyl;
b=0-6;
d =0-6; and
25 =06
with the proviso that R1 and R2 are both not hydrogen and further provided that either
R! or R2 contains at least one -(CR3R4){OR19, X, or -(CR3R4){OR 10 substituted
cycloalkyl of 3-8 carbon atoms group, or a pharmaceutically acceptable salt thereof, and
a pharmaceutical carrier.
30
25. A process for preparing hydroxy esters of rapamycin including those of formula
I as defined in Claim 1 which comprises:
a) acylating rapamycin or a functional derivative or analogue thereof with an
acylating agent;
35 or
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f =0-6 wwth the proviso that [err] and R2 are both not hydrogen and further

provi ded ¥yeaissglosher [err] or R2 contains at |east one [ergdruSostdsos € "]
substituted 15 cycloal kyl of 3-8 carbon atons group, or aﬂp(uasr mace%tl cally

acceptabl e salt thereof. 24. A pharmaceuti cal conposition which conprises
a conpound of the structure [err] wherein [err] and R2 are each,
i ndependently, hydrogen or 20 -32err] R3 and R4 are each,

i ndependent |y, hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon
atons, al kynyb) of &qﬁenmll@@byl&ﬁﬁglﬁpaﬁjmﬁ bt!® fimetoniY erivaitive bi adaidgul thereofRO

are each, indgag Qimg ge al kyl of 1-6 carbon -atons, al kenyl of -
2-7 carbon atom; P‘lt?hny Qé%["g 7 carbon atons, [err] -F, or -31 - [err],
or [err] and WWF@EEFMW f@ntmdwkfm cycl oal kyl ring of 3-8

carbon atons that is optionally nono-, di-, or tri-substituted with [err]
R7 is hydrogen, alkyl of mcmw)mﬁhmnnw of 2¢fycarbon atons,
al kynyl of 2 5 7 carbon atonms, [err] -F, or [érr] R8 and RO are

ggrcgoni 2? ons, %%nv@@ﬁg@éctgr@te%ﬂv %hé[ %?r %‘q:at% g&? i%%n%rm ind R9
may be taken P@g&gﬁéﬁhat f5ee hyrdoxy groups arg protectedy if desined protegting dxgr‘lieposaionrrs

that is opti opfapamycad Grﬁunéhonaldbhvh\} ﬁﬂ;e\#rﬁ ‘?’%_Sm

[err] is hydrg en aI k of 1-6 ca rt'ti)oenﬂg??n% al ke ylﬂc ! car on atom;

al kynyl of  2- EER anﬂ%mercf'“ﬁmwp'ﬁ genbasgequiredn at ons) si |yl
tri-(alkyl of 1-6 carbon atons)silylethyl, triphenylmethyl, benzyl,

al koxynet hyl of 2-7 carbon atons, tri-(al kyI of 1-6 carbon

at ons) si | yl et hoxynmet hyl, chl oroethyl, or 15 t et rahydr opyranyl ; [err](
i s hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7 carbon atons,

al kynyl of 2- : : '

T
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7 (of
of
ato
dio
4-(

arbon at ons, or phenyl al k of 7-10 carbon atoms: X is 5- QMM

1-6 carborPGITns))[l 3] W&m&%@m Kyl of
) bRt OR AL ArpribATiof et et inBEe i bk REATOPCT)

512 Inkrnatiqnall Fateht Csifitatlgn 6.1 bon at|ors | 1) ntehations Biibliatiin, N’uuber 0 9528406

4- (12- s pioyp 498/38,2661KY31/485 Becmpar bqmamt ons) ) [ 1, 3] di oxal an
0-6; anoR/Es; 311:00,-20380,221100) he pr o\i SO (47 Jntermationsl Pubficetion Da re %8??1“’%?{%95?26 1055)
hydrogen and further provided fhat either [err] or R2 cont ain Ie St o&e
[ er|r3D) JternationhlcApplication fgmber: Ut edFEYEPA16RY| B §
pha éﬁ?ﬁ?e%hm' B&erta Aﬁﬁlxsgstlbsxgg , an MN@ Z, mrm nw
25. process prep ng hydr oxy e tersSIQTTI ;vﬁ,llﬁcvlﬂl T
of for&ulaséu%s defpned in aim1 whic LUME'CI;I{;
r agd Z‘g" nc ?,g RN anal 3 @(5
aggn 3 /t| }ggpnﬂ) g \é% uent\ﬁg |y asxlus).i ng raparrym n g?
functlonal der| vatlve or ogue there f with two acylating agents sai d
acy|lE of formula [err]
(11)) 5 T‘ Vsé'a%‘l‘lq}'ﬂd 1“15%N1[ fiePe %gﬁﬁﬁap,gw&aﬁgmhbepand d are as
defli ned |n |m1 roviding that free hydroxy groups are protected, if
desli(T2prhvntotst haauﬁQs;t‘tl'bm Géurtr panycin or functional deri @ ive
wi tth an a? = ox% v after the reaction rergw(ng any
pratectigg Ty )_' 4
(74) Agents: ALICE, Ronald, W.; American Home Products Corpo- b‘ l
ration, Five Giralda Farms, Madison, NJ 07940-0874 (US) q
et al,

/‘
[7(/
RTmPe coM

(54) Title: )b/\PAMY CIN HYDROXYESTERS, PROCESS FOR THEIR PREPARATION AND PHARMACEUTICAL COMPOSITIONS

CONTAINING THEM

(57) Abstract

A compound of structure ORI
(I} wherein R! and R2? are each,
independently, hydrogen or :
-CO(CR3R %p(CR RS)¢CR7RERS; .
R3 and R? are each, independently, -’ *OMe
hydrogen, alkyl, alkenyle, alkynyl .
wrifluoromethyl, or -F; R3 and RS are e ¢

each, independently, hydrogen, alkyl,
alkenyl, aikynyl, -(CR3R‘)K)R'°
-CF;, -F, or -CORY, or RS
and RS may be taken together
to form X or a cycloalkyl ring
that is optionally mono-, di-, or
tri-substituted with -(CR®R4OR%;
R? is hydrogen, alkyl, alkenyl,
alkynyl, -(CRR9©ORY¥, -CF;, -F,
or -COsRY; R® and RY are each,
independently,  hydrogen,  alkyl,
alkenyl, alkynyl, -(CRR#ORY,
-CFs, -F, or -COR!, or RS
and R? may be taken together
to foom X or a cycloalkyl ring
that is optionalty mono-, di-, or
tri-substituted with -(CR3R4)fOR1° R0 js hydrogen, alkyl, alkenyls alkynyl tri-(alkyDsilyl, tri-(alkyDsilylethyl, triphenylmethyl, benzyl,
alkoxymethyl tri-(alkyl)silylethoxymethyl, chloroethyl, or tetrahydropyranyl, R!! is hydrogen, alkyl, alkenyl, alkynyl, or phenylalkyl;

is 5-(2,2-dialkyl){1,3]dioxanyl, 5-(2-spiro-cycloalkyl){1,3]dioxanyl, 4-(2,2-dialkyl)[1 ,3]dioxanyl, 4-(2-sp1ro—cycloalkyl)[1 3]dioxanyl,
4—(2 2-dialkyl)[1,3}-dioxalanyl, or 4-(2-spiro-cycloalkyl)[1,3]dioxalanyl; b = 0-6; d = 0-6; and f = 0-6 with the proviso that R! and R?
are both not hydrogen and further provided that either R! or R? contains at least one -(CR’R‘):OR“’ X, or -(CR®RYOR? substituted
cycloalkyl group, or a pharmacentically acceptable salt thereof which is useful as an immunosuppressive, antiinflammatory, antifungal,
antiproliferative, and antitumor agent.
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