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PROLI FERATI VE, AND | NFLAMVATORY DI SORDERS BACKGROUND OF THE | NVENTI ON The
present iwoenddosgo3pr ovi des rapamnmyci n anal ogues and t hei Pcuas2008/043%81
treatment of neurological, proliferative, and inflamuatory disorders.

| schem ¢ stroke, which accounts for 83% of all stroke cases (the renaining
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no mar ket ed neur opr ot ect ants agents for i schemt stroke. Parkinson's
di sease (0PD)whishaqneey odegehiel atrokeecdiséaseondat Ischemic strokes occur as a

result of an obstruction within a blood vessel supplying blood to the brain. The
underlying condition for this type of obstruction is the development of fatty deposits
lining the vessel walls, called atherosclerosis. These fatty deposits can cause two
types of obstruction: 1) cerebral thrombosis, which refers to a thrombus (blood clot)

15  that develops at the clogged part of the vessel and 2) cerebral embolism, which refers
generally to a blood clot that forms at another location in the circulatory system,
usually the heart and large arteries of the upper chest and neck. A portion of the blood
clot breaks loose, enters the bloodstream and travels through the brain's blood vessels
until it reaches vessels too small to let it pass. Current therapies to treat ischemic

20  stroke are limited. To date, the only approved drug for ischemic stroke is
recombinant tissue plasminogen activator (rt-PA). rt-PA, which acts as a
thrombolytic, has a limited therapeutic window of opportunity (3 hours), therefore
allowing only 1-2% of all stroke patients to receive treatment. There are no marketed
neuroprotectants agents for ischemic stroke.

25 Parkinson’s disease (PD) is a neurodegenerative disease that is
neuropathologically characterized by the selective degeneration of dopaminergic
(DAergic) neurons of the substantia nigra. PD is a progressive disease with a mean
age at onset of 55, although 15% of patients are diagnosed before the age of 50. Itis
estimated that 1.5 million Americans have PD. Some of the classical signs of PD are

30  resting tremor on one side of the body, generalized slowness of movement

(bradykinesia), stiffness of limbs (rigidity), gait or balance problems (postural
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SUMMARY OF THE INVENTION
In one aspect, the present invention provides novel compounds useful in
15  treating, and in the preparation of medicaments useful in the treatment of,
neurological, proliferative, and inflammatory disorders.

In another aspect, the present invention provides novel neuroprotective, anti-
proliferative, and anti-inflammatory agents.

In a further aspect, the present invention provides novel compounds useful in

20  treating, and in the preparation of medicaments useful in the treatment of, benign or
malignant neoplastic disease, carcinomas, and adenocarcinomas.

In another aspect, the present invention provides novel compounds useful in
treating, and in the preparation of medicaments useful in the treatment of,
inflammatory disorders, including without limitation, autoimmune disorders (e.g.,

25  lupus), skin inflammatory disorders, intestinal inflammatory disorders, asthma and
atopic disorders, and transplant/graft rejection.

In yet a further aspect, the present invention provides rapamycin analogues,
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof.

In another aspect, the present invention provides methods of preparing

30 rapamycin analogues.
In a further aspect, the present invention provides methods of treating

neurological, proliferative, cardiovascular, and inflammatory disorders.



mal i gnant neopl asti c di sease, carci nomas, and adenocarci nomas. | n another
aspect, the present invention provides novel conpounds useful in treating,
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BRI EF DESCRI ®hichiiagbecnpated@uRBEsegnated with a compound of the invention.

Other aspects and advantages of the present invention are described further in

the following detailed description of the preferred embodiments thereof.

BRIEF DESCRIPTION OF THE FIGURES
15 Fig. 1 provides the nuclear magnetic resonance (NMR) spectra for the
compound of Example 1. The NMR spectra were obtained in ds-acetonitrile using a
400 MHz spectrometer.
Fig. 2 provides the NMR spectra for the compound of Example 2. The NMR
spectra were obtained in ds-acetonitrile using a 400 MHz spectrometer.
20 Fig. 3 provides the NMR spectra for the compound of Example 3. The NMR
spectra were obtained in ds-acetonitrile using a 400 MHz spectrometer.
Fig. 4 provides the NMR spectra for the compound of Example 4. The NMR
spectra were obtained in ds-acetonitrile using a 400 MHz spectrometer.
Fig. 5 provides the NMR spectra for the compound of Example 5. The NMR
25  spectra were obtained in ds-acetonitrile using a 400 MHz spectrometer.
Fig. 6 provides the NMR spectra for the compound of Example 6. The NMR

spectra were obtained in ds-acetonitrile using a 400 MHz spectrometer.

DETAILED DESCRIPTION OF THE INVENTION
30 The present invention provides novel rapamycin analogues which are useful as
neuroprotective, anti-proliferative, and/or anti-inflammatory agents. The novel

rapamycin analogues have heteroatom substituents at the 1 and 4 positions of the



Fig. 1 provides the nuclear magnetic resonance (NVR) spectra for the
conpound of Exanple 1. The NWVR spectra were obtained in d3-acetonitrile
usi ng a 490 2bbdespectroneter. Fig. 2 provides the NVR spettusacsossshe
conpound of Exanple 2. The NWVR spectra were obtained in d3-acetonitrile
using a 400 MHz spectroneter. Fig. 3 provides the NVR spectra for the
conpound of Exanple 3. The NWVR spectra were obtained in d3-acetonitrile
using a 400 MHz spectroneter. Fig. 4 provides the NVR spectra for the
conpound of Exanple 4. The NWR spectra were obtained in d3-acetonitrile
using a 400 $E18 GhElTat €Tn arbti@r embplidvdndabe presenNiieaties prosidesr t he
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i nvention provi des’ rapanyci n anal ogues having a cycélic structure at the 1,
2, 3 and/ or drgsulsbf & gasetiofdisohder pegsamtyet birtth aclkdovdes detiepas disingtheclbieprannds of

the invention, are useful as, neuroprotecti ents .in conpositions for use
in treating ‘i’lfea&’rIBTth‘f“@EIe'&iiS§8§?{@P&0r%l??ereﬁ‘éﬁ?%&lcslaﬁaum%Sﬂdzlf? *PREFUdi ng,

e.g., a neurﬁaﬂﬁg’e&qﬁﬁ}};tbethgf,emémrﬁg%uggystaﬁgenerati ve condition, can be a
result of a genetic di'sorder present at birth, a disorder devel oped during

the |ifespan of afhisdicoingould ofgheinvestioroiay banstfdrinemeliowdins theof physi cal

traum, e.g. éyrrtlp%gr%s ot R ippea-'clexisting neurological disorder, preventing further neuro- and/or
neuromuscular degeneration. In some embodiments, the neuroprotective agents of the
invention can be used to delay the onset of symptoms associated with a neurological
disorder.

15 The novel compounds of the present invention are also useful as anti-
proliferative and anti-inflammatory agents and are thus useful in the treatment of
inflammatory disorders, including autoimmune disorders, arthritic disorders, skin
inflammatory disorders, intestinal inflammatory disorders, asthma and atopic
disorders, and transplant/graft rejection.

20 It has surprisingly been found that at least two compounds of the invention,
e.g., 9,27-dihydroxy-3-{2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-
dimethoxy-6,8,12,14,20,26-hexamethyl-37-phenyl
4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-

25  1,5,11,28,29(6H,31H)-pentone and 37-(4-chloro-3-methylphenyl)-9,27-dihydroxy-3-
{-2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-
nonadecahydro-3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-
c][1,4]oxazacyclohentriacontine-1,5,11,28,29(6H,31H)-pentone;, have anti-

30 proliferative and immunosuppressive activity.



injury, or injury to the peripheral nervous system Thus, a conpound of the
i nvention may be useful in aneliorating the synptons of a pre-existing
neur ol ogiwel2oab/seader, preventing further neuro- and/ or PORWSENSHEISEAr
degeneration hi some enbodi nents, the neuroprotective agents of the
i nvention can be used to delay the onset of synptons associated with a
neur ol ogi cal di sorder. The novel conpounds of the present invention are
al so useful as anti proliferative and anti-inflammatory agents and are thus
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, 27- epoxy- 18,1 5- (epoxylnlno)pyrldo[
[1 4] oxazacycl ohentri acontine- 1,5, H, 31H) - pent one and
37-(4-chl oro- 3- net hyl phenyl ) -9, i - 2- [ 4- hydr oxy- 3
- met hoxycycl ohexyl] -1-nethyl et i me
6, 8, 12, 14, 20, 26- hexanet hyl -, 9,1
34, 34anonadecahydro- 3H 23, 27-epo
cl[1, 4] oxazacycl ohentri aconti ngs4
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5 R, and R; in the above-noted formula are different, independent groups and
are selected from among OR;3 and N(R3:)(R3) or Ry and R; are different, are
connected through a single bond, and are selected from O and NRs. Rs, Rs:, and R3»
are independently selected from among H, C; to Cs alkyl, C; to Cs substituted alkyl,
C; to Cg cycloalkyl, substituted Cs to Cs cycloalkyl, aryl, substituted aryl, heteroaryl,

10  and substituted heteroaryl. R4 and Ry are (a) independently selected from among H,
OH, O(C; to Cg alkyl), O(substituted C; to Cg alkyl), O(acyl), O(aryl), O(substituted
aryl), and halogen; or (b) taken together to form a double bond to O. Rs, Rg, and Ry
are independently selected from among H, OH, and OCH3. Rg and Ry are connected
through a (i) single bond and are CH; or (ii) double bond and are CH. Rjs is selected

15  from among C=0, CHOH, and CH; and n is 1 or 2; or pharmaceutically acceptable,
salts, prodrugs, or metabolites thereof.

In further embodiments, R; and R, are connected through a single bond and
are selected from O and NRj3. In still a further embodiment, R; is O and R; is NR3.
In one embodiment, R3: or Rj» is an aryl or substituted aryl group, or a
20  substituted benzene ring. In another embodiment, substituted benzene groups at Ra- or

R3» include rings of the following structure:



R1 and R2 in the above-noted formula are different, independent groups and
are selected fromanong OR3 and N(R30(R 3" ) or RL and R2 are different,
are connewbeadog/dsssrgh a single bond, and are sel ected fromuS2@sd43sRE. R3,
R3 , and R3 are independently selected fromanong HL Cl to C6 alkyl, Cl to
C6 substituted alkyl, C3 to C cycloal kyl, substituted C3 to C8 cycl oal kyl,
aryl, substituted aryl, heteroaryl, and substituted heteroaryl. R4 and R4’
are (a) independently selected fromanong HL OH, O(C 1 to C6 al kyl),
Q(substituted C1 to C6 alkyl), Qacyl), (Qaryl), Q(substituted aryl), and
hal ogen; or (b) taken together to form a|double bond to O R5, R6, and R7
are independently sel ected from anormRy, (H,Rand OCH3. R8 and RO are
connected through a (i) single bond and @ CH or (ii) double bond and are
CH Rl is selected fromanong C=0 G2 2 and nis 1 or 2; or
pharmaceutical ly acceptable, salts, prodgugs, or nmetabolites thereof. In
further embodinents, Rl and R2 are connecfed through a single bond and are
sel ected from O aRg, NR3R 2 Ristnd Rysearé independentip sxdeateshfiomRinong ) Girid (B i s
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subst i t utsed a:iyl); O(acpl) ANKy, NHéalkyl), I\&iﬂs@lsilm’i@(bdka})yNH(aﬁﬂﬂ,éﬂHéﬁu]?Ftlm@dbst i tuted

het er oaryl , OH, al kyl), Q(substituted al kyl), Qlaryl),
Q(subst it ut e%fy r@ﬁ%{%fﬁ%yn NH2, NH(al kyl), NH(substituted al kyl),

NH(aryl ), NH(substy ﬂlﬂhﬁdenﬂfddhﬂlent@fl{'g NFoaRy! gre phényl uptidrally eotsidite® by $ or R3,
R3 or R3" are phenyl optionally substituted b 1 or 2. substltuents sel ected
from Cl to Chsultskipientsselepigf digahCi i Cotlkylland hatage Frhgf gnbagimends, o
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10  substituents, e.g. phenyl and 3-methyl, 4-chlorophenyl.

In one embodiment, R4 or Ry are OH or O(acyl), e.g., where the acyl is
-C(O)- optionally substituted alkyl, in particular where alkyl can be straight or
branched and optionally substituted e.g. by heterocyclic such as aromatic heterocyclic

such as pyridyl. An example is:

®
15 Z .
In other embodiments, rapamycin analogues of formula I include those where
Rs, R and R; are OCHj, those where the nitrogen containing ring at positions 17-22
of the rapamycin backbone is a piperidine ring, or where Rys is a carbonyl.
In one embodiment, the invention provides compounds of the following

20 formula Ila:



substituents, e.g. phenyl and 3-nethyl, 4-chlorophenyl. In one enbodi nent,
R4 or RA are OH or Qlacyl), e.g., where the acyl is -C(O- optionally
subst it utwo 2addweke32i n particul ar where al kyl can be str acghis2es/olssanched
and optionally substituted e.g. by heterocyclic such as aromatic

het erocyclic such as pyridyl. An exanple is: hi other enbodinents,

rapanyci n anal ogues of forrmula I include those where R5, R6 and R7 are
OCH3, those where the nitrogen containing ring at positions 17-22 of the
rapamyci n backbone is a piperidine ring, or where R15 is a carbonyl. In one
embodi nent, the invention provides conpounds AHthe following fornula la:la

where R, R, R8, and R9 are defined as d above. I n another enbodi nent,
the invention provi des conpounds of the owphg formula Ib: Ib In fornula
Ib, Ris independently selected from Cl to C6 al kyl, substituted
Cl to C6 alkyl, aryl, substituted ary , Substituted heteroaryl,
hal ogen, acyl, OH, Q(al kyl), i Q aryl), Q(substituted
aryl), Qacyl), NH2, NH(al kyl), (NH( subsig t utged al kyl )oy NH(aryl),
NH(substituted aryl), and NH(acyl'N"an i ~Speci fic conpounds of

Xy- 6,8,12,14,20,26-hexaneth
4,9,10, 12,13, 14, 15, 18, 21, 22,
, 27- epoxy-1 8, 15- (epoxyi m no)pyrido[ 2, ’oxa acyclohentrlacontlne-

Ia

where Ry, Ry, Rg, and Ro are defined as noted above.
In another embodiment, the invention provides compounds of the following

5  formula Ib:
OH

In formula Ib, R is independently selected from among H, C; to Cs alkyl,
substituted C; to Cs alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
10 halogen, acyl, OH, O(alkyl), O(substituted alkyl), O(aryl), O(substituted aryl),
O(acyl), NH,, NH(alkyl), NH(substituted alkyl), NH(aryl), NH(substituted aryl), and
NH(acyl) and mis 1 to 5.



met hoxycycl ohexyl] -1-nethylethyl} -10,21-di nethoxy-6, 8,12,1

4, 20, 26- hexanet hyl -

37- phenylw@,28061088982, 13, 14, 15, 16, 17, 18, 21, 22, 23, 24, 25, 26 p2T/U32003845341 34aheni
cosahydro- 3H 23, 27-epoxy- 18,1 5-(epoxyi m no)pyrido[2, 1-

c][!, 4] oxazacycl ohentri acontine-1,5,1 |, 28, 29(6H, 31H) - pent one;

37-(4-chl oro- 3-

met hyl phenyl ) -9, 27- di hydr oxy- 3-{- 2- [ 4- hydr oxy- 3- net hoxycycl ohexyl ] -1 net hyl e
thyl} -10,2 1-di methoxy-6,8, 12, 14, 20, 26- hexanet hyl -

4,9, 10, 12, 13, 14, 1$peti2onidunds &4he mv26ti@y a8 A1B8a6d hedean anhodkdaRydr o- 3H 23

20 PR et S oYl Bey oo AL ARSI BRg ne

37-(2,6-dic r =3-{2-[4-

hydr oxy- 3- met’ %ggg?@ﬁ%ﬁé@ﬁ%ﬂs’{gﬁﬁ eth yl'} -10, 21-di met hoxy- 6, 8,

12, 14, 20, 26-4,9,10,12,13,14,15,18,21,22,23,24,25,26, 27 32,33,34 34a—nonadecahydro 3H-23 ,27-
hexarret hyl - 4, 9 10 12 3 14, 15,1 2,23.24, 25 27,32, 33,34, 34 d h
ydro- 3H-23, PPREPSy-(e m@wm@w@@fm@% M@)‘B% a‘aicﬁg eRtriagpntine- aronatets
[1, 4] oxazacygh Q'ﬂ%f@t@}?@@ﬁ};} Pentode; 592’@1@%2@11%% @323%1@@9@%0%

9, 27 di hydr oXy*- 3- dr oxy- 3- met hoxyc -1- et hy Ieth¥l}
-10,2 1-di rrexhbﬂmyycﬁ],c&eﬁﬂ]-lAn@bylg‘ﬁxyﬂek@%idnmth@w @ﬁelﬂyl]4,20 26-hexamethy

31018 Sy 8 20 0 i e damsahor 31 2

[1,4] Oxazacyli?én%§m>fd!r&991023 @ﬁepokyﬁglls (e%&x%%ﬁdjpﬁidd)[zpentone ester with
-2, 2-di met hyl - 3- (pyri di n- 2- - EIOI’]IC acid

37- (2, 6- ¢ chelbh, 4)]pmzwglolgermaq9nhw Sxy1-28.29(6H 3 Hypgpiowg: H-(4-chloro-3-
met hoxycycl Oh ﬁ%},ﬁﬁg} %h&ﬁl%rg)yy-}} {- }?4 %}Idl%k{l"% IH%XX?C}’%lohexyl -1-

12, 14, 20, 26-1€

423 10, 12, 131;{%&111%@'&?21&16,12,12(21&3102%251264 ,20,28heRin&dUyl34a- nonadecahydr o- 3H 23
epoxy- epoxyi m no
|1 2] oxaracybhaRdRciA HoDhIY AD2SES SH251158T, oo, Merponsdnrbpndo- 352327

et et oy RS A UGS s (fereol. The

15 1,5,11,28,29(6H,31H)-pentone; 37-(2,6-dichlorophenyl)-9,27-dihydroxy-3-{2-[4-
hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-
hexamethyl-4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-
nonadecahydro-3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-
c][1,4]oxazacyclohentriacontine-1,5,11,28,29(6H,3 1H)-pentone; 9,27-dihydroxy-3-{-

20  2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-37-phenyl-
49,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone ester with -2,2-dimethyl-3-(pyridin-2-yl)-propionic

25  acid; 37-(2,6-dichlorophenyl)-9,27-dihydroxy-3- {-2-[4-hydroxy-3-
methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
49,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone; or pharmaceutically acceptable, salts, prodrugs, or

30 metabolites thereof. The invention is not limited to these illustrative compounds.

In another embodiment, the specific compounds include the following:



I n anot her enbodi nent, the specific conpounds include the follow ng: The
present invention also provides a conpound where Rl and R2 are connected

t hrough aweinglmsdzend; RL is O R2 is NR3; R is phenyl; RETIIS200804335t R-7 are
OCH3; and R8 and R are HC=CH, a conpound where RlL is OR;R2 is N(R3Q(R3-);
R3isH R3 isH R3is phenyl; R4 is OH4 R5-R7 are OCH3; and R8 and R9
are H2GC-CH2; a conpound where RL and R2 are connected through a single
bond; RLis O R2is NR3;, R3is phenyl; R4 is OH R5-R7 are OCH3; and R8
and R9 are H2CCH 2; a conpound where Rl and R2 are connected through a

single bond; RlLis O R ¢RR3; R4 is R5-R7 are " R8 and RO are
HC=CH, and R3 is a comQ g ds Wnere R1 and are con eéd through a single
bond; RLis O R2is 3y OH; Re: e,OCHS[)% R9 are HC=CH;
and R3 is a compound ond R2. r si ngl e bond;

are HC=CH; and

2 8 connect ed 4t
RLis O R2is NR3; yl ; RGYRY o SR8
R4 isand a conpound eérerRl/and R2 are 't ed ‘ single bond; Rl

is O R is NR3: RA is OH REIR7 are OCH3: and RO arem@‘t CH2: and R3 is
The conpounds of the invention can contain one or nore asymetric carbon
atons and sone of the conpgupds can contain ne or nore as tric (chiral)
centers and can thus give.rl.se to opti cal @/sf)rrers and di a reomers. Wiile
shown without respect te- texeochemi st n the conpdulgds can contain

chiral centers
tical isoners
onerically
t er eoi soners,

one or nore chiral cen
is of S-stereocheni st
and di astereomers; as ! ]
pure stereoisoners; as well =$ ‘ot her m xt
and pharmaceutical ly acceptabl€, salts, hydrét S, netabollte ‘ and prodrugs
thereof. The term"alkyl" is used herein to refer to both st¥ai ght- and
branched-chai n saturated aliphatic hydrocarbon groups having 1 to 10 carbon
atons, and desirably

The present invention also provides a compound where R; and R; are

connected through a single bond; R; is O; Ry is NR3; Rj is phenyl; Ry is OH; Rs-R7
5 are OCHs; and Rg and Ry are HC=CH; a compound where R; is OR3; R; is
N(R3)(R3~); Rz is H; Ry is H; Ry~ is phenyl; Ry is OH; Rs-Ry are OCH; and Rg and

erably
{ he i nige

Ry are H,C-CH,; a compound where R; and R; are connected through a single bond;
R; is O; R, is NR3; R; is phenyl; R4 is OH; Rs-R7 are OCHs; and Rg and Ry are H,C-
CH_; a compound where R; and R, are conmected through a single bond; R; is O; R,

10 is NRs; R, is OH; Rs-R; are OCHj; Rg and Rg are HC=CH; and R3 is
cl

a compound where R; and R, are connected through a single bond; Ry is O; Ry is

NR3; Ry is OH; Rs-Ry are OCHj3; Rg and Ry are HC=CH; and R3 is

c
15 acompound where R; and R; are connected through a single bond; R; is O; Ry is

NR3; Rs is phenyl; Rs-R7 are OCHj; Rg and Rg are HC=CH; and Ry is



about 1 to 8 carbon atons. The term"al kenyl" is used herein to refer to
bot h strai ghtand branched-chain al kyl groups having one or nore

car bon- cavbanosesdske bonds and cont ai ni ng about 2 to 10pcansessatsss, h
one enbodi ment, the term al kenyl refers to an al kyl group having 1 or 2
car bon-carbon doubl e bonds and having 2 to about 6 carbon atons. The term
"al kynyl" group is used herein to refer to both straight- and
branched- chai n al kyl groups having one or nore carbon-carbon triple bond
and having 2 to 8 carbon atoms. In another enbodi ment, the term al kynyl

L efers t2 0 ammdl akdﬂmb uad wheﬁvfgrlhrwldmpxre 2omamtied mhmagﬂoa Siniztd tpind; Roisd3; Ruid

avi ng to carbon _at ons e term cIoaI ed herein to refer
to an aIkyI?ﬁRmJbiégﬁbﬂ§ﬂ¥Uﬁ§F%Hﬂe§éﬁp%éﬂ F%bc?ﬁfﬁtmln structure and
has about 4 to 10 carbon atons, or about 5 to 8 carbon atonsf The terns
"substituted al kyl ", "substituted al kenyl ", and "substituted,al kynyl " refer
to al kyl, al kenyl, and al kynyl groups, respectively, haviéj.\5 e or nore
substituents including, without limtation, halogen, CN, OH NKQ, am no,
aryl, heterocyclic, alkoxy, aryloxy, alkylcarbonyl, alkylcarboxy, and
aryl thio, which ﬁ’é%b?nﬁ‘cﬁﬁd?@f tﬁ@‘iﬂ\%ﬂ{%ﬂ YanSdeRedin bhk Qldmﬁregisyﬂﬂﬁleﬂnd &rbon
substituents including hal ogen, CN, OH NO2, am no, alkyl, cycloal kyl,
al kenyl , sal kz;tmytls andtbdm«yfthapympﬁmdsa:hkwlﬁ%;l onglok ylase pnBrYetric Shalcar boxy,

' Ik |,
o noaliol | S Bl L e FUERS: ORI oSARREBHREE WL Ryl o2 0

constitutes \@nﬁ&ﬁ%s%eé’th@B@efe@khéfﬁﬂsﬁgywhéﬁhﬁe b@hpoUrRIshii c@Raitdad ohalogd n refers
to an aromatic system e 0 carbon atons, which can_include a

singl e ri ng @virahpentérp) rée&rabtmtu least prgyal th@t@@ﬁdlé‘ﬁnqetsﬂﬁéﬁststfﬁ@ch@?llsé@ g. two
or three) Wlf%%ﬁ‘e 65‘2%319%?% “ﬁ%g ﬁchot{ptlc!ﬁ%ctrﬁ&g%&) dlas Péé)%r% 0031178 rﬂggs the

conj ugated a groups can ut "are not

| Ihm t edhiooi Rb&an! andliéé@mehyénanﬁbmhﬁwly puﬁéﬁt&feﬁisonﬂeﬁﬁ; natvyll noothphiintizes
enant hryl ,
P Y of the R and S stereoisomers, and pharmaceutically acceptable salts, hydrates,

metabolites, and prodrugs thereof.

The term “alkyl” is used herein to refer to both straight- and branched-chain

saturated aliphatic hydrocarbon groups having 1 to 10 carbon atoms, and desirably

15  about 1 to 8 carbon atoms. The term “alkenyl” is used herein to refer to both straight-
and branched-chain alkyl groups having one or more carbon—carbon double bonds and
containing about 2 to 10 carbon atoms. In one embodiment, the term alkenyl refers to
an alkyl group having 1 or 2 carbon-carbon double bonds and having 2 to about 6
carbon atoms. The term “alkynyl” group is used herein to refer to both straight- and

20  branched-chain alkyl groups having one or more carbon-carbon triple bond and
having 2 to 8 carbon atoms. In another embodiment, the term alkynyl refers to an
alkyl group having 1 or 2 carbon-carbon triple bonds and having 2 to 6 carbon atoms.

The term “cycloalkyl” is used herein to refer to an alkyl group as previously
described that is cyclic in structure and has about 4 to 10 carbon atoms, or about 5 to

25 8 carbon atoms.

The terms “substituted alkyl”, “substituted alkenyl”, and “substituted alkynyl”
refer to alkyl, alkenyl, and alkynyl groups, respectively, having one or more
substituents including, without limitation, halogen, CN, OH, NO,, amino, aryl,
heterocyclic, alkoxy, aryloxy, alkylcarbonyl, alkylcarboxy, and arylthio, which groups

30  can be optionally substituted e.g. by 1 to 4 substituents including halogen, CN, OH,

10



I ndene, benzonapht hyl, fluorenyl, and carbazolyl. The term "substituted
aryl" refers to an aryl group which is substituted wwth one or nore

subst i t uenb00enskasdi ng hal ogen, CN, OH, N2, amino, al kycr/syalsoasky! ,

al kenyl, al kynyl, al koxy, aryl oxy, alkyloxy, alkylcarbonyl, alkyl carboxy,
am noal kyl, and arylthi o, which groups can be optionally substituted. In
one enbodi nent, a substituted aryl group is substituted with 1 to 4
substituents including hal ogen, CN, OH NO2, am no, al kyl, cycloal kyl,

al kenyl, al kynyl, al koxy, aryloxy, alkyloxy, alkylcarbonyl, alkylcarboxy,
ani noal kyl , MO agfind, talkéyd, cyElvalkyg raikehple tikyngly elkiory, aagoxs etkyhenryei n refers to
a stable 4- to 7-nenbered npnocyclic_o het er lic.ring which

| ti ' .
i s sat ur at ectlkylearbomili ajkylerrhexy g{né@,allqyﬁ, &H@%{%nig‘?sﬁ [sglgsé@.?e%f%cgp&g i ng
aromatic such, ed%rahﬂgﬁa? %ggn Q&ﬁrleﬁﬂiﬁﬁlﬁ,' &iCalk g PR RéViB&that @8s and one

or nore heteroatons i ni trogen,” oxygen,” and sul fur atoms. In one
enbodi nent , dtfachheiteonstijutes o stableghbagallmp®tyl het eroat ons in t he backbone of

the ring. Wen the heterocyclic rjing contains nitrogen or sulf tons in

t he backBone of ;E@t@mgw{r?éw@%%eﬁe%rs @Lﬁwaﬁ?mﬁ?‘g%te&ﬁ'gﬁeoﬁi%@i zed. The

term "heter W%&rﬁélvﬁﬁcﬁ @afnleibéluhé’a Biﬂhfeir]?ig:éﬂ AukipROFometiGringsusédl :0 20 ring
I's

nmenbers in eterocyclic ring used to an aryl rln?. The
het er ocycl i dinkieddgogetirer beg.divoa age)whard et 1gasglong paig of the dusg of inkedriaght om or

carbon atom _proyided. the. resultant h lic ri -
T i ey R A B L L SO
and i ncl Ude1liﬁ‘ﬁt&h&9f)héniymnfaﬁlgt'll}?1? biph¥iaeitien tiétdhlyd@naplits, phenanthryl,

nitrogen-containing ri ngfs, ur-containing rings, mxed
het er oat ®m ciodensi, henrgnaphtid, fldarewd, andcerbeaelon cont ai ni ng rings, and

conbi nati ons thereof. Oxygen-cont akni ri [ . g imted
to, furyl, tetrahy eotFH? a%‘%sam&f{rjagﬁg/ Ir?fg%yt(r) gﬁ%l?},'l %ﬁ&d@u\giﬁl’g& ?éjn{/‘ﬂbgtlrit:a%eggyltﬂ
Ni t r ogen- cong driniére hisidituenfiGheldeing baloen tCNj @Y WO, caminpyalkyll gyclogikylazol yl

i m dazolyl, triazolyl, p}/ridyl, .

alkenyl, alkynyl, alkoxy, aryloxy, alkyloxy, alkylcarbonyl, alkylcarboxy, aminoalkyl,
and arylthio, which groups can be optionally substituted. In one embodiment, a

15  substituted aryl group is substituted with 1 to 4 substituents including halogen, CN,
OH, NO,, amino, alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, aryloxy, alkyloxy,
alkylcarbonyl, alkylcarboxy, aminoalkyl, and arylthio.

The term “heterocyclic” as used herein refers to a stable 4- to 7-membered

monocyclic or multicyclic heterocyclic ring which is saturated, partially unsaturated,

20  or wholly unsaturated, including aromatic such as pyridyl.. The heterocyclic ring has
carbon atoms and one or more heteroatoms including nitrogen, oxygen, and sulfur
atoms. In one embodiment, the heterocyclic ring has 1 to 4 heteroatoms in the
backbone of the ring. When the heterocyclic ring contains nitrogen or sulfur atoms in
the backbone of the ring, the nitrogen or sulfur atoms can be oxidized. The term

25  “heterocyclic” also refers to multicyclic rings, e.g., of 9 to 20 ring members in which
a heterocyclic ring is fused to an aryl ring. The heterocyclic ring can be attached to
the aryl ring through a heteroatom or carbon atom, provided the resultant heterocyclic
ring structure is chemically stable.

A variety of heterocyclic groups are known in the art and include, without

30  limitation, oxygen-containing rings, nitrogen-containing rings, sulfur-containing

rings, mixed heteroatom-containing rings, fused heteroatom containing rings, and

combinations thereof. Oxygen-containing rings include, but are not limited to, furyl,

11



pi peridinyl, 2-oxopiperidinyl, pyridazinyl, pyrimdinyl, pyrazinyl,

pi perazi nyl, azepinyl, triazinyl, pyrrolidinyl, and azepinyl rings.

Sul f ur - compabewmsgesei ngs include, w thout limtation, thipemysz@sa4sst hiolyl

rings. Mxed heteroatom containing rings include, but are not linmted to,

oxat hi ol yl, oxazolyl, thiazolyl, oxadiazolyl, oxatriazolyl, dioxazolyl,

oxat hi azol yl, oxathiolyl, oxazinyl, oxathiazinyl, norpholinyl,

t hi anor phol i nyl, thianorpholinyl sulfoxide, oxepinyl, thiepinyl, and

di azepi nyl rings. Fused heteroatomcontaining rings include, but are not

limted to, lﬂélﬁﬂli}flﬁ“éﬂlﬁdéhyl, ,plyfa}iiymp@tginbﬁlaﬁd dioxgiol yings. b tepea-@bytainipgringsdi nyl |

pyranopyrrolyl, isoindazolyl, indoxazinyl, benzoxazolyl, anthranilyl,

benzopyr anyl l,nchldﬁsﬁ@lthorwilml%/age’éﬂﬂYFF@]r}il’rR?/Ir?Z%n%é%ﬁgén%a,ZOIﬁfg;?Pﬁ‘ﬂgrlk ridinyl,

benzot hi enyl . 1 dopyri di L PENZOXAZ] it A 1 a%hdraiiav! . and

purinyl ri ng%lpg%ﬁeﬂt g%é%b&?g%élglylfﬁ ed rﬂ’%wgﬁ%%{%ﬁgs’gﬁdﬁ ﬁerlg}ln’n refers to

zci]_l het er ocycl a&pﬁﬂy}}ﬁ@azﬁmlj paralitnybrandazepisyloitgst Selftiscontahingirmgs inclusigen, CN,
, NO2, ami ng, alkyl,. cycloalkyl, alkenyl, alk | , al koxy,. aryl oxy,

al kyl oxy,5 al Wiiheuidigeiksjion, lqul %%@J&}% l?ﬁlﬁsn W@ %_%?ﬁ%%??}?t%“ﬂ}‘@“%ﬁi ch

groups can bﬁlcRﬁE'Hﬁ?@:}elﬂot?i%%'t&,%ﬁ@ﬁol?l‘ioQ%l MeGLRE MxadidzSypst i t ut ed

heterocyclic group is substituted with to substituents. The term "acyl"
refers to a exi@zolydy diopazollj ehathiazolyistatiiolyb dxatinylhexathiesionl, mospholimie acyl

group can be_substjtuted,or a termn cyl_ group,such, a n._HCG - group.
The subst i t ubHAneorp ‘hhr}y_ éhﬁﬁ?rgﬁ@nﬁfb@ﬂ(ﬁﬁe% mr}'g‘tqgl&plg%\?gd oF ‘%a% ﬁiﬂngg'r ougs,
Viz. one or R hetdRshdrhiehtahihdEhstdhOlbde, Wut BRUot limited &, ibefzofti@h@gen, CN,
OH, N2, am no, aryl, heterocyclic, alkoxy, aryloxy, alkylcarbonyl,

g( kyl f:ar bpxy‘lghi?adthanglimdiilyg, bewhizadelydr puinsisdpysencpytrpyhdsqipdazabds i t ut ed.
a es inc < - - . OF- -t O -al kvl
al k;/r}) can bé“é??%“{%ﬁ%%ﬁé%’éﬁ?ﬁﬁgﬁﬂw’% cg)rr}%ﬂ%yt(fum%ﬁm}'ﬂsgqu&mm{yl’ where

benzodiazonyl, naphthylridinyl, benzothienyl, pyridopyridinyl, benzoxazinyl,

xanthenyl, acridinyl, and purinyl rings.
The term “substituted heterocyclic” as used herein refers to a heterocyclic

15 group having one or more substituents including halogen, CN, OH, NO,, amino,
alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, aryloxy, alkyloxy, alkylcarbonyl,
alkylcarboxy, aminoalkyl, and arylthio, which groups can be optionally substituted.
In one embodiment, a substituted heterocyclic group is substituted with 1 to 4
substituents.

20 The term “acyl” refers to a -C(O)- group, which is substituted at the carbon
atom. The acyl group can be substituted or a terminal acyl group such as an HC(O)-
group. The substituents can include any substituents noted above for alkyl groups,
viz. one or more substituents including, without limitation, halogen, CN, OH, NO,,
amino, aryl, heterocyclic, alkoxy, aryloxy, alkylcarbonyl, alkylcarboxy, and arylthio,

25 which groups can be optionally substituted. Examples include —~C(O)-alkoxy (e.g. -
OMe or —OEt) or —C(O)-alkyl where alkyl can be straight or branched and optionally
substituted e.g., by heterocyclic (such as pyridyl).

The term “alkoxy” as used herein refers to the O(alkyl) group, where the point
of attachment is through the oxygen-atom and the alkyl group is optionally

30  substituted.

The term “aryloxy” as used herein refers to the O(aryl) group, where the point

of attachment is through the oxygen-atom and the aryl group is optionally substituted.

12



substituted e.g., by heterocyclic (such as pyridyl). The term "al koxy" as
used herein refers to the Q(al kyl) group, where the point of attachnent is
t hr ough twe 2000ge932at om and the al kyl group i s optional lpgTausb@siotassed. The
term "aryloxy" as used herein refers to the Q(aryl) group, where the point
of attachment is through the oxygen-atom and the aryl group is optionally
substituted. The term "al kyl oxy" as used herein refers to the al kyl OH group,
where the point of attachnment is through the al kyl group. The term
"arylthio" as used herein refers to the S(aryl) group, where the point of
attachment is thrpuglerhalksioxttias adedresinl raftrs tathyelaligl Olpgroap, Weroilici onal | y
substituted. The term "al kyl carbonyl" as used herein refers to the

C(O (al kyi) peiBigf atgplpentihkreyghike gkybgt0Whnent is through the carbon-atom

of the carbonyl ; ' ' ' 2t Th
bond LI AL gERRLSOTR! St} it o T

term "al kyl car boxy reinre roup, where
t he point of ofdttaclahemris tHirsughthe mgfurtdtiem @ad ierargt grovpéant beeotonblixy noi et y
and the al kyl group is optionally substituted. The term "am noal kyl " as
used heref n” $WFEREEd o pot h secondary and tertiary am nes where the point of

attachment is threyohhhenidfRasr Ates RédintBRrsatb i CODHIRS]) @fcipppt i onal |y
substituted. The a%gy.l gr(mHg’E)s cag be the sarrrler or diffegg)rgt.ﬂ'%g _tperm
"hal ogen" aswheredhdgoini of ateflanentinth@yughBhe cabomatom off the gatbonyl myelyeds of

Preparing th ounds of.the Invention The rapanycin anal ogues of fornula
| of the pre@@%‘%ﬁ?&ﬁtlﬁw‘ﬁ}agyﬁ%@g}tg@ froma rapanycin starting naterial.

Preferably, the repapyei-AISAGAIIIXNY afBicdHendin ket il C@)O4lk]) iopf at i on,
rapanycin, norrapanycin, deoxorapanycin, ,
10  where the point of attachment is through the carbon-atom of the carboxy moiety and
the alkyl group is optionally substituted.
The term “aminoalkyl” as used herein refers to both secondary and tertiary
amines where the point of attachment is through the nitrogen-atom and the alkyl
groups are optionally substituted. The alkyl groups can be the same or different.

15 The term “halogen” as used herein refers to Cl, Br, F, or I groups.

I Methods of Preparing the Compounds of the Invention
The rapamycin analogues of formula I of the present invention are prepared
from a rapamycin starting material. Preferably, the rapamycin starting material

20  includes, without limitation, rapamycin, norrapamycin, deoxorapamycin,
desmethylrapamycins, or desmethoxyrapamycin, or pharmaceutically acceptable salts,
prodrugs, or metabolites thereof. However, one of skill in the art would readily be
able to select a suitable rapamycin starting material that can be utilized to prepare the
novel rapamycin analogues of the present invention.

25 The term “desmethylrapamycin” refers to the class of rapamycin compounds
which lack one or more methyl groups. Examples of desmethylrapamycins that can
be used according to the present invention include 3-desmethylrapamycin (US Patent
No. 6,358,969), 7-O-desmethyl-rapamycin (US Patent No. 6,399,626), 17-
desmethylrapamycin (US Patent No. 6,670,168), and 32-O-desmethylrapamycin,

30  among others.
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desnet hyl rapanyci ns, or desnet hoxyrapanycin, or pharmaceutically acceptable
salts, prodrugs, or netabolites thereof. However, one of skill in the art
woul d r eawlDl2godesasbl e t o sel ect a suitabl e rapanyci n st actrivsgossmissi al t hat
can be utilized to prepare the novel rapanycin anal ogues of the present

I nvention. The term "desnet hyl rapanycin” refers to the class of rapanycin
conpounds which | ack one or nore nethyl groups. Exanples of

desnet hyl rapanyci ns that can be used according to the present invention

i ncl ude 3-desnet hyl rapanycin (US Patent No. 6,358, 969),

7- O- desmet hyl - r apBligy/ietn “dédmeRatxgripahiycinG raes, tﬁﬁfﬁ)qlasﬁbffmmmd?CI n
(US Pat ent No. 6 670, 168), and _32- Odesmeé ngla n t hers. The

t er m " desnet Woigh %M@FH’OT‘?@FQ’}%}’@H"H’%‘“ P’é egfwnl}/ -a O%ggf)ounds whi ch
| ack one or IRLE m&%ﬁy&ﬁoups and includes, wt hout I [ rri tation, 32-

desnet hoxyrapanycin e’ rapanyci n anal ogues of formula | of the present

i nvention are thefkd mpampmnpaalegudswfé’mmbﬂml ofifhe prespatripeéntios aeerthergépramt er i al
and a dienophile. The t "di eno

refers e t _reacts
N h a1 0. dEREed By sy areppagsestins pEsHeL Rk IR er IhR e
di enophi | e U‘tdléﬂogﬁﬂeﬂ RO apl'h@l%%ﬁfe that\ed¥id With h 3 ﬁﬂheﬁ@td %mah [4423ubsti t ut ed
ni trosobenzen variety of nitrosobenzenes can be utiTized in the pr esent

i nventi on angycloadtiitive pmdupbsRIb&mdénéhe diegophilemtidizedhin the Psent izyeation iy
| -chl oro-2-neth

woul o r oadi 15 SRon Lot ERERTRESRhendiiey iy PhitS] Moo RE e S e lBRe BT

effective i nipRhepREéMIntRGor aRBIlRIdE ndtRAbbEREse, 2f6- dlhElomrﬁtS@bbenmnerahdon
Preferably, an excess of the nitrosobenzene is utili ze nor e

d
pr ef er abkg i h-chloge-2- m%thYM-@lﬁfoﬁ‘iﬂ?%é%éﬁl?é&éthF@ QAsaHpKl hmég ait Wt‘?&ldrmt erial.
However, evep %@é? biEtd 8 1%'& - dm L?ltt bgnﬁ%s&ﬂehi@%?ﬁﬁwbé OrrdcERamYCi n can

be utilized A& Ir e oHe o
preparing the rapamycin analogues of the present invention. Preferably, an excess of

the nitrosobenzene is utilized, and more preferably in a 5:1 ratio of nitrosobenzene to
rapamycin starting material. However, even a 1:1, 2:1, or 3:1 ratio of nitrosobenzene

15  to rapamycin can be utilized as determined by one of skill in the art.

The nitrosobenzene and rapamycin starting material is combined in a solvent.
The solvent preferably dissolves the nitrosobenzene and/or rapamycin on contact, or
dissolves the nitrosobenzene and rapamycin as the reaction proceeds. Solvents that
can be utilized in the present invention include, without limitation,

20 dimethylformamide, dioxane such as p-dioxane, chloroform, alcohols such as
methanol and ethanol, ethyl acetate, water, acetonitrile, tetrahydrofuran,
dichloromethane, and toluene, or combinations thereof. However, one of skill in the
art would readily be able to select a suitable solvent based upon the solubility of the
rapamycin starting material and nitrosobenzene, as well as the reactivity of the solvent

25  with the same. The amount of solvent utilized depends upon the scale of the reaction
and specifically the amount of rapamycin starting material and nitrosobenzene present
in the reaction mixture. One of skill in the art would readily be able to determine the
amount of solvent required.

Typically, the solution containing the nitrosobenzene, rapamycin starting

30 material, and solvent is maintained at elevated temperatures, and preferably a

temperature that does not promote decomposition of the rapamycin and

nitrosobenzene. In one embodiment, the solution is maintained a temperature of
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The ni trosobenzene and rapamycin starting material is conbined in a

sol vent. The solvent preferably dissolves the nitrosobenzene and/ or
rapamnmyci nwonroearesset , or di ssol ves the nitrosobenzene ardTnapesyssssl as t he
reacti on proceeds. Solvents that can be utilized in the present invention
I nclude, without limtation, dinethylformm de, di oxane such as p-di oxane,
chl orof orm al cohols such as nethanol and ethanol, ethyl acetate, water,
acetonitrile, tetrahydrofuran, dichloronethane, and tol uene, or

conbi nati ons thereof. However, one of skill in the art would readily be
abl e to sel efpousdGisdbat 7 ¥)laué prefbrablydboytai® Yh eltsodonipionenty arsf heated f)ér a
rapanycin starting materj and ni.trosobenzene as ,the reactivity

. | : | l.
of the sol vaftiog ﬁmteﬁéffﬁff?é.to RFEULEFRSHAR ge&q}gﬁatp\aﬁ]typlpiaggd depends upon

the scal'e of ;tBew i iARE el dredidg/idoh REMAles Woul RAGNY b ablear tin
mat eri al andnﬁp§$g§%%%nggﬁgﬁgggsenf;in t he reactionqﬁ?x{ﬁ%e. Chg o? skill ’

in the art wouwhshitoeddiprygrbss aftherdactiatedueingiheatinghandtirotghy determisefant
requi red. Typi call

. the solution coptaini.n he nitroseb : rapanyci
starti ng Smat&Rut 9}(2%48@&“'\?@2? perio {%‘ﬁtr%ﬁclh‘gg iﬂOréq%3{5?8%6%@%%%&‘[’1}%3@%3
pref erably 8r§£> AP&H ahd higrobdtinzERee BOhbREQWRhe - diog arnadinidinmired at be
rapanycin and nitrosobenzene. hi one enbodi nent, the solution is naintained

a t enper at urtemptmboedf 8®ut 50 8Bout 70 0C, and preferably about 50 OC. The

conponents are heat for,a [i.0 t |l . m Segh
bet ween the_rapaﬁG8ﬁﬂméﬁﬁlWFﬁﬁ@§8§8§§§ﬁéﬂﬁaﬁgl%#&%ﬁgﬁ?&?% t&e éﬁ{ usﬂkgn
known t echni jgups aMand ﬁﬁcfuﬁ@-dhio}(nﬁ@%’aﬂlgﬂnblﬁdﬂigmvithdsuttlhﬁtaoibng:{rfelss of the

reaction during heating and thereby determne the amuﬂhé(s){x time required

to perforim tiserysedlizetiom highpesfamgnes iquidehremsing arbai(HF AARFFETEC and
T SO Hs RO S Mt AR MRt | eToer 2t ure
wel | within one obn&dthb kapamycin analogue is obtained, it can be reduced to form a more
saturated rapamycin analogue. One of skill in the art would readily be able to select a
suitable reducing agent for use in the present invention. Preferably, reduction of the
15  rapamycin analogue can be effected using a hydrogenation agent. One of skill in the
art would readily be able to select a suitable hydrogenation agent for use in the
present invention. Typically, transition metal catalysts or transition metals on a
support, preferably a carbon support, among others, in the presence hydrogen gas, are
utilized to carry out the reduction. In a preferred embodiment, the reduction is
20  performed using palladium metal on carbon in the presence of hydrogen gas.
Reduction of the rapamycin analogue is typically carried out in a solvent. A
variety of solvents can be utilized in the reduction and include, without limitation,
alcohols such as methanol. However, one of skill in the art would readily be able to
select a suitable solvent for use in the present invention and depending on the
25  hydrogenation catalyst and rapamycin analogue being reduced. The amount of
solvent depends on the scale of the reaction, and specifically the amount of rapamycin
analogue being reduced.
The amount of hydrogenation agent utilized in the present invention can
readily be determined by one of skill in the art. However, one of skill in the art would
30 be able to determine and adjust the amount of hydrogenation agent necessary to
perform the reduction and to form the more saturated rapamycin analogues of the

present invention. Further, a variety of apparatuses can be utilized to perform the

15



in the art and include chromatography including, wthout Iimtation, and
recrystallization, high performance |iquid chromatography (HPLC) such as
reverse pweeoddskd32 and nornal phase HPLC, and si ze- exclpasiusnoos/045551

chr omat ogr aphy. Once the rapanycin anal ogue is obtained, it can be reduced
to forma nore saturated rapamycin anal ogue. One of skill in the art would
readily be able to select a suitable reducing agent for use in the present
i nvention. Preferably, reduction of the rapamycin anal ogue can be effected
usi ng a hydrogenation agent. One of skill in the art would readily be able
to select a '&@bh@ﬁwﬁhegﬁasattiimnagmamd fnotude Parr apparamses, egeng othevent i on.
Typically, transition netal C@ﬁﬁg ysts or t{laﬂétlon metalél a support,
preferably a léeaﬂf‘éﬁo%e bihsmerticilas AppaatHe R the Ryqragengion sk Wi} gas,
are Utl|lzed]5ﬂ]f out the reduction. In a preferred enbodlnent t he
reduction is perforned using palladiumnetal on carbon in the presence of
hydrogen gas. RedAgtéferedetitve of ppapesing theanpdnoguie anadoguep o tieipyessat ri ed out
in a solvent., A varlety of, sdol V@B i%n be utilized in the reduction and

i ncl ude, Swi t IEERLODifFYEmMAEAC 1By €0 as nethanol . However, one of
skill in the art would readily be able to select a suitable solvent for use
in the present invention and dependi n% on the hydr ogenati on catal yst and
rapamyci n anal ogue bei ng reduced. Theshgmednt of  sol vent depends on the
scal e of the reaction, and specifically the amount of rapanyC|n anal ogue
bei ng reduced. The anm --.fof hydr ogenati on agent utili zed ™\ the pr esent

invention can readily bg geternmned by one of skill in R‘g However ,

one of skill i bul d be abl e to deternine and adjusy the amount of
hydr ogenati on 3 - gry to performthe redug 3 oNformthe nore
saturated rapamytiln & es _of thed &,ﬁ,gnt mvenﬁ‘_ﬁqr z asvariety
of apparatuses can fpe utilized to hehydrog natli on of the gresent

i nvention anq*oiRn’itouae Parer?at useslvenam)ng oth ) R

R—R;

hydrogenation agent
solvent

where R;, Ra, R4, Ra, Rs, R7, Rys5, and n are defined above.
The rapamycin analogues of the present invention can be utilized in the form
10  of pharmaceutically acceptable salts, prodrugs, or metabolites thereof derived from
pharmaceutically or physiologically acceptable acids or bases. These salts include,
but are not limited to, the following salts with mineral or inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and organic acids such as
acetic acid, oxalic acid, succinic acid, and maleic acid. Other salts include salts with

15  alkali metals or alkaline earth metals, such as sodium, potassium, calcium or -
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The sel ection of the particul ar apparatus for the hydrogenation is well
within one of skill in the art. A preferred nethod of preparing the
rapamyci rwenadsngsszs of the present invention is sunmari ped/uspocSohsse 1

bel ow. Schenme 1 hydrogenati on agent solvent where Rl, R2, R4, R4 , R6, R7,
Rl , and n are defined above. The rapamycin anal ogues of the present

I nvention can be utilized in the formof pharnaceutically acceptable salts,
prodrugs, or metabolites thereof derived from pharmaceutically or
physi ol ogi cal | y acceptabl e acids or bases. These salts include, but are not
|hl (rjn teﬂl to, m@e(ﬁjiaiﬂ i(ﬁ}lb?élg)rﬁﬂéﬂestew, térbamaies ahd othei convgainnel fubdbuguch as
ydrochloric acid, sulfuric acid, nitric.acid, phosphorj.c acid and organic
aci ds such aforas&rhieh, ydien, adgynisiereddp sgch fQHEC‘F‘WiVE“ g‘b&’ﬂ,acéﬁ%%%i}éf"cméoci g

O her salts include salts with alkali nmetals or alkaline earth netals, such
as sodium potassium calciumormagnesiumin the formof esters, carbamates
and ot her colllyentVetradds'@ff dsidg g Coonpreindstofdhe Rigsentdavientiait ered i n such

form convert to the active ety i.n vivo.. LI, t hod f Usi th
Conmpounds’ of t he PIe@BHTYIRE Pg‘_(‘)% of{t'] ??%ﬁ%iaﬂd %ﬁ%ﬁt}gﬁﬁgegelgfm‘lfeglg%l ge l,
la, and 1b Oﬂlflhﬁﬁégﬁé?ﬁl%ﬂé and W& ol Phted tpaiyEinaloBResRcq1safid il fsicaiingr at ed

rapamyci n anal ogue are useful in applications relating to neurol ogical
di sorders (imbitingtngeurelogmalidisendars (ckidingaresyoravrguiendigpisigesd édd ar  di sor der s,

aong et < T SRR UL O LN il SRSt e
anal ogues, agf e predend ivRABIR, Sncluidied thegort lagd fys §annatddaapafiycial ci um (Ca
2+) ion channel s, such as ryanodine receptor (RyR , R2, and r.3)
channel opiat himapgues, are useful in disorders involving the dysfunction of calcium (Ca™") ion
channels, such as ryanodine receptor (RyR1, RyR2, and Ryr3) channelopathies
including, among others, malignant hyperthermia, central core disease,
cathecolaminergic polymorphic ventricular tachycardia, and arrhythmogenic right
ventricular dysplasia type 2 (ARVD-2). The rapamycin analogues of formulae [, Ia,

15  and Ib of the present invention, including the more and less saturated rapamycin
analogues, are also useful in dihydropyridine receptor channelopathies, including
those resultant from ryanodine receptor activity due to the activity of dihydropyridine-
sensitive calcium ion (Ca®") channels. As used herein, the term "channelopathy”
refers to a disease or disorder involving dysfunction of an ion channel.

20 The diseases and disorders referred to herein are grouped herein under
conventional headings, e.g., neurological disorders and inflammatory disorders. One
of skill in the art will recognize that the diseases or disorders referred to herein may
be appropriately grouped under different headings or under multiple headings. The
grouping of diseases and/or disorders referred to herein is not a limitation of the

25  present invention.

The compounds of the present invention are useful in treating neurological
disorders including Alzheimer's disease; epilepsy; Huntington’s Disease; Parkinson’s
Disease; stroke; spinal cord injury; traumatic brain injury; Lewy body dementia;
Pick's disease; Niewmann-Pick disease; amyloid angiopathy; cerebral amyloid

30  angiopathy; systemic amyloidosis; hereditary cerebral hemorrhage with amyloidosis
of the Dutch type; inclusion body myositis; mild cognitive impairment; Down’s

syndrome; and neuromuscular disorders including amyotrophic lateral sclerosis
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I ncl udi ng, anong others, malignant hypertherm a, central core disease,
cat hecol am nergi ¢ pol ynorphi c ventricul ar tachycardi a, and arrhyt hnogenic
ri ght verwoizees/msosdyspl asia type 2 (ARVD-2). The rapanyecn/®sd@sogsss of
formulae I, la, and Ib of the present invention, including the nore and
| ess saturated rapanycin anal ogues, are al so useful in dihydropyridine
recept or channel opat hi es, including those resultant fromryanodi ne receptor
activity due to the activity of dihydropyridinesensitive calciumion (Ca2+)
channel s. As used herein, the term "channel opathy" refers to a di sease or
gi sor ger i n\(gmﬁb,nguldipse;] deheeddiganduacularady strbphesincluting Ducheasedystiophy,

I sorders referred to_herein are grou her ei n under .conventi onal
hﬁafj: ngs, e Bckerjaucylasgyeraphy; Qfé‘?“gﬁ ‘ﬁf@&?@%ﬂ%ﬁ?@g Palé?@?f One of
ski in th ] F=TNoTelat] VYEAIED): ' fgrred to
herei n may ?ﬁ%&y |cl‘:])llr1(|1 %@Eﬁ@%‘%@ﬁ%@&ﬂgﬁﬁ [ fE fer e)n’?l]h ﬁgggﬁ\%}gﬁ%?ﬂoﬁnﬁ;r

mul ti pl e heagkdigsnenthitherpfon fhampaimydinswalogaesanelilep uskfsbindesating ef erred to

herein is not a_ limtation of the present invent.ion., The co of the
present inveRPpdfatgns qyedy srokenhead g%%’ﬁﬂaifné'éﬁycglf OHFET u%{e%?g&{iﬂﬁcl udi ng

Alzhei mer S ylhiaeasHncRRhbGBaY coltil hbAGLOM Solbaaasar Satels, BRON te i sease;
stroke; spinal cord injury; traumatic brain injury; Lewy body denenti a;
Pi ck' s di segsepardticevefenedifingdntthesizre; amyl oi d angi opat hy; cerebral anyloid

R S D R e e

anyl oi dosi s of t 0 S gnitive

i npai rment ; Lowyein aNAIHRERT tRMeRBUMOMIALHAS alsh Boustiilasindtioutengative
anyotrophic |l ateral sclerosis(ALS), nultiple sclerosis, and nuscul ar

dyst r ophites dgrutsuict./gstDriag eemenaiyelogisphind/ Bagkomusgdlatpuethen Ansigshy,
e oo, UM TR DRSS r a0l o 1
The rapanyci n anafigespaunds of the ptesedtihveniion aeatsefud in treating cardiovascular

disorders including, but not limited to: congestive heart failure; arrhythmogenic

syndromes, including paroxysomal tachycardia, delayed afterdepolarizations,

15  ventricular tachycardia, sudden tachycardia, exercise-induced arrhythmias, long QT
syndromes, and bidirectional tachycardia; thromboembolic disorders, including
arterial cardiovascular thromboembolic disorders, venous cardiovascular
thromboembolic disorders, and thromboembolic disorders in the chambers of the
heart; atherosclerosis; restenosis; peripheral arterial disease; coronary bypass grafting

20  surgery; carotid artery disease; arteritis; myocarditis; cardiovascular inflammation;
vascular inflammation; coronary heart disease (CHD); unstable angina (UA); unstable
refractory angina; stable angina (SA); chronic stable angina; acute coronary syndrome
(ACS); first or recurrent myocardial infarction; acute myocardial infarction (AMI);
myocardial infarction; non-Q Wave myocardial infarction; non-STE myocardial

25  infarction; coronary artery disease; ischemic heart disease; cardiac ischemia;
ischemia; ischemic sudden death; transient ischemic attack; stroke; peripheral
occlusive arterial disease; venous thrombosis; deep vein thrombosis;
thrombophlebitis; arterial embolism; coronary arterial thrombosis; cerebral arterial
thrombosis; cerebral embolism; kidney embolism; pulmonary embolism; thrombosis

30  resulting from (a) prosthetic valves or other implants, (b) indwelling catheters, (c)
stents, (d) cardiopulmonary bypass, (¢) hemodialysis, or (f) other procedures in which

blood is exposed to an artificial surface that promotes thrombosis; thrombosis
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conplications due to stroke, head trauma, or spinal injury, or other
injuries to the brain, peripheral nervous, central nervous, or

neur omuscwbanosapsdzem and in the preparation of nedi canegtrastiwsnesssr. The
novel rapamnycin anal ogues are al so useful as neuroprotective agents. The
rapanyci n anal ogues of the present invention nmay al so be useful as

neur or egener ative agents, i.e., restoring sone neurological and/or

neur omuscul ar or other function follow ng onset of one of the above
conditions and/or injury, stroke, or other trauma. The compounds of the

present i nvephil@h: A6R diisebdtlerddis, sugety muﬁmadhcomphcaﬁcms obaogetkr s
I ncluding, but not limted to: congestive heart

syndr ones, ummlwopa%mb@%mat%w&ml O’Ei'@];’ g’r%w%: fr]}h%%?sg?ﬂe‘g% ?ons
vent ricul ar JeeDNGRIHL B haHIEn shAEAURLALAS offiElfnee: LaRALC Attt him as,

I ong QI syndrones, and ect ycar t'hr'onboenbol’i ¢ dlsorders
i ncl udi ng’ arihelndiak sﬂpﬂademmaﬂmdlﬂmhrhras,mmdrmhyuhmmh stial Suger, esiabus

car di ovascul ar thronb olic disarders, .and t dISO ders in

t he chanter itsfllating; ¢f ‘?—I lsea%f’tsﬂ’éFfiﬁls‘E%@aﬁé?ﬁeas? é%ffsgﬁgf?%o%%& FPRE, E\r arterial
di sease; CconQBaLheLY REBENISE! 6&%&&[ 9@01’ ,Eu‘gé‘ﬁ@Bfa@nWaIcE Dbu?]a§ RaZi
arteritis; myocarditis; cardiovascular nfl ammati on; vascu Iannatlon

coronary he drdterdubbsasmou(gtasl@ Zipess alacbinethapqparatl(mmf medisemgnis éhor @P? actory

angi na; stable angin hr o apbl e a acy Yy syndrone
(ALS) it or rBcuprem ohpeard: e Rpardie ftadBLhaosringay
infarction (c%%aaQ( RYQ¢ dis6lise ( CHDY AeSibhsdRis; Mh@a%@z\(ﬁ-lﬂmmaeredc(ﬁbnarpf arction;
non- STE myocardi al infarction; coronary artery disease; .ischem c heart

di Sﬁase 10c artgipass grgﬁimgrswegery, @@W@d\aatery enegriaEier gl daypcarditii caidioyasqudat
i schenmic atta

k h |
t b ombosi o AGEBTULPR VP ORBCrSnet AP i pls B € S ne ek O
coronary artgipimil sﬁabre%‘gmal(sm :GRf @I ahblamhgini;alkcute coronary syndrome (ACS);

myocardial infarction; or acute myocardial infarction (AMI), including first or

recurrent myocardial infarction, non-Q wave myocardial infarction, non-ST-segment
15  elevation myocardial infarction and ST-segment elevation myocardial infarction.

In still a further embodiment, the cardiovascular disease is: atherosclerosis;
coronary heart disease (CHD); unstable angina (UA); unstable refractory angina;
stable angina (SA); chronic stable angina; acute coronary syndrome (ACS);
myocardial infarction; or acute myocardial infarction (AMI), including first or

20 recurrent myocardial infarction, non-Q wave myocardial infarction, non-ST-segment
elevation myocardial infarction and ST-segment elevation myocardial infarction.

The rapamycin analogues of formulae I, Ia, and Ib of the present invention
have also been shown to have immunosuppressive activity, and thus are useful as anti-
inflammatory agents for treating inflammatory disorders, including without limitation,

25  autoimmune disorders (e.g., lupus), skin inflammatory disorders, intestinal
inflammatory disorders, asthma and atopic disorders, and transplant/graft rejection.
The rapamycin analogues are therefore useful in the treatment of inflammatory
disorders, and in the preparation of medicaments therefor, including without
limitation, autoimmune disorders, e.g., systemic lupus erythematosis (SLE), arthritic

30  disorders (e.g., theumatoid arthritis, psoriatic arthritis, osteoarthritis, ankylosing
spondylatis), diabetes mellitus (type I), multiple sclerosis, myasthenia gravis,

vasculitis; skin inflammatory disorders (e.g., psoriasis, dermatitis and sclerodermay);
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t hrombosi s; cerebral enbolism kidney enbolism pul nonary enbolism
thronbosis resulting from(a) prosthetic valves or other inplants, (b)

i ndwel | i gocaddnssses, (c) stents, (d) cardi opul nbnary bypaas20068)5551
henodi al ysis, or (f) other procedures in which blood is exposed to an
artificial surface that pronotes thronbosis; thronbosisresulting from
at heroscl erosi s, surgery or surgical conplications, prolonged

i mobi lization, arterial fibrillation, congenital thronbophilia, cancer,
di abetes, effects of medications or hornones, and conplications of

pregnancy; Gafestimg irsflantiydtoiyedisdraedts (elg. nglﬂanmaw@rﬁcm& disaatseé]EBIhy Cnolires
atrial arrhythmas, atrial flutter, atrial fibrillation; | seases

listed in Heliseasoansageaative CPélilﬁbéé"J@m@fan@é?oﬂf sudeisde gwgﬁ?rgy én 2 Vol ume
Set, 6th Edl&&ggmnﬁégﬂrﬂg#ﬁﬁgﬁdgg OWﬁkﬂmS pglas P. Zipes, Peter Libby,

Dougl as D i aration rredl canents therefor. In a
further enbodi mernThesé bﬁnpcamds oY formulleer], i a&hﬁaenrealsoaxtsetfe}msuﬂa‘en@gr S;
coronary heart disease ) reste%{ﬁom alsg eri pheral artgrl al di sease;

coronary 5by§§§%¢“&ﬂ&ﬁ’?‘i‘lﬁ’@°§ﬁ‘@5@%ﬁt ngoplgsie TP ar teriti s;
myocar di ti S,ad%ﬁ&&&ch&ﬁgéihﬁd il RE b?éi’)"é{PaTanBfm\é&ﬁﬁﬁhleﬁ‘trs thépéfoANTRS by, unstabl e

angi na (UA) unsta e refractory angina; stable angina (SA); chronic stable
angi na; acutcmnmmundw@/%-giﬂxj'dmmZ{AZE@}-hydw&Eérlmféprqw&héwl - or acute

nyocardi al i nf ncI [ r ocar di al

i nfarction, Y]C@hwg}\/éé Wtﬁ%ﬁ?‘[ %d%%hg)ﬁ%%%@?é@% el evati on
nyocar di al '4‘§QDQQ'19”1431'3d1852T1-232393@3195QBQV@QI%erclﬁfrﬂdaiahydﬁ)mﬂBaﬂl- In
still a furtRer enbodiment, the cardi ovascul ar di sease is: at her oscl erosi s;

cor onar ylohe aapoxs18dasepimjno)pyrisodbl ] [Adderzagygighenisiasenitiee r ef r act ory

angi na; stab ni ar d
(AL myocaar e Rrba iREERE - Spdhet 3l Bthiha 37 ERRESAZLY) Synerome
i ncluding f |1E1§ﬂ1y%ihelﬁ}q519 Izvfmlﬁydw;@ﬁar{dlﬂ-hymbﬁyatmeﬂhoxmn}oﬁbwi}#E- nyocar di al

i nfarction, non- ment el evati on ardi al inf alr ction and ST-segnent
el evation mywetyklsil} AR ndimethaxy-6,8,12, 4,26,26-hexamethy

4.9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-

15 epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone. Carcinomas and adenocarcinomas that can be treated
according to the present invention include, without limitation, carcinomas or
adenocarcinomas of the endometrium, ovary, breast, colon, renal, prostate, pituitary,
meningioma or other hormone-dependent tumors.

20 The dosage requirements of the rapamycin analogues of the present invention
can vary depending on the condition, severity of the symptoms presented and the
particular subject being treated. One of skill in the art would readily be able to
determine the amount of the rapamycin analogue required. In one embodiment, about
0.5 to 200 mg is administered. In a further embodiment, about 0.5 to 100 mg is

25  administered. In another embodiment, about 0.5 to about 75 mg is administered. In
yet a further embodiment, about 1 to about 25 mg is administered. In another
embodiment, about 0.5 to about 10 mg is administered, particularly when used in
combination with another agent. In yet a further embodiment, about 2 to about 5 mg
is administered. In yet another embodiment, about 5 to about 15 mg is administered.

30  Treatment can be initiated with dosages of the rapamycin analogue smaller than those
required to produce a desired effect and generally less than the optimum dose of the

rapamycin analogue. Thereafter, the dosage can be increased until the optimum effect
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The rapanycin anal ogues of fornulae I, la, and Ib of the present invention
have al so been shown to have i nmunosuppressive activity, and thus are
usef ul aswenbies/degdskammat ory agents for treating infl ametonseissessder s,
including without limtation, autoinmune disorders (e.g., lupus), skin
inflanmatory di sorders, intestinal inflanmmatory di sorders, asthma and
atopi c disorders, and transplant/graft rejection. The rapanyci n anal ogues
are therefore useful in the treatnment of inflamuatory disorders, and in the
preparation of medi caments therefor, including without [imtation,
gut Oi (rjmune( dirfiler tll%ﬁ;&culﬁstgn(aes $y/&hehwdc Prasisesiosages va bk dsiesmin®d By thar t hri ti c

I sorders (e.g.,.rheumatoid arthritis, . psoriatjc.arthritis, osteoarthritis,
anky! osi ng S%S&HWF%BQWS%%BQCQSOH%P?W‘BE W("?Vb%mr%)“,” Yl FYRIpTtdeng téeta%)egi s,
nyast heni a ?magég%a%ﬂl?es&% otsitﬁns DS ihPhdRARE Blo¥t MY 8AMirdifRe@d at a
psori asis, der ITi's ana scleroderma);intestinal inflammatory disorders
(el. g., |) nf | &Eﬁrilﬁélﬁl‘ajliobdm witligemasléy 4fEBDE{fe@ivehesetsdvishmat eausing any dermful ve
colitis); ast and atopic disorders (e.g., aller ; and transplant/graft
rej ection aﬂﬂ“%ﬁﬁ@@“@?“%é@écﬁisease. These conpoungg)of fornulaepl, Ia? and
Ib are also useful in treating or preventing benign or malignant neoplastic
di sease or carci nomas and adenocarci nomas, and in the preparation of

nedi canent s vher eMethodsef Rieparing fsoninistriesle Compositions Containing the

9, 27-di hydr oxy- 3-{2-] 4- hydr oxy- 3- met hoxycycl ohexyl ] -1 net hyl et hyl} -10, 2

1- di net hoxy- 6, 8, %ﬁ!’%@}’%ﬁé@ﬁ@ﬁ%ﬂet hyl - 37- phenyi - yhetivl)

4,9, 10, 12, 13, 14, 1f, ¢kB.a8dsck dhe prodént ZverforlihcBilleS theltbds éfprepmadecahydr o- 3H- 23
, 27- epoxy- 18,1 5-(epoxyim no)pyrido[2, 1-c] .

[ 1, 4] oxattacyehasheerutical compopition £omaining opg oy MR rapemychanalagacs 9iBe her such
conpound is 37-(4-ch

net hyl phenyl 1))1‘_e ) %vg%lt%ng;goé&s_eg_h{egeéq, [rif-ehe)rll ar (t)oxglqlggor%j[ n(%)%?/rg?/ig ?n "gxr ?ﬁ) ﬁm CrirI%et hyl e

thyl} -10, 21agismibhexyhrapamdlinlhaldQue? @f tieximventiun are intended to encompass

4,9,10, 12, 13, 14,15, 18, 21, 22, 23, 24, 25, 26, 27, 32, 3 ,34,34ﬁ-n0nad%$ dr o- 3H 23

, 27- compositions containing one or more rapamycin analogues of the mnvention. €
composition can be administered to a mammalian subject by several different routes

15  and is desirably administered orally in solid or liquid form.

Solid forms, including tablets, capsules, and caplets, containing the rapamycin
analogue can be formed by blending the rapamycin analogue with one or more of the
components described above. In one embodiment, the components of the
composition are dry or wet blended. In another embodiment, the components are dry

20  granulated. In a further embodiment, the components are suspended or dissolved in a
liquid and added to a form suitable for administration to a mammalian subject.

Liquid forms containing the rapamycin analogue can be formed by dissolving
or suspending the rapamycin analogue in a liquid suitable for administration to a
mammalian subject.

25 Compositions containing the rapamycin analogue of the present invention can
be prepared according to the present invention by combining the rapamycin analogue
and a pharmaceutically acceptable carrier.

The compositions described herein containing the rapamycin analogue can be
formulated in any form suitable for the desired route of delivery using a

30 pharmaceutically effective amount of the rapamycin analogue. For example, the

compositions of the invention can be delivered by a route such as oral, dermal,

transdermal, intrabronchial, intranasal, intravenous, intramuscular, subcutaneous,
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epoxy- 18,1 5-(epoxyi m no)pyrido[2, 1-c] [1,4]oxazacycl ohentriaconti ne-
1,5,11,28,29(6H, 31H) - pentone. Carci nomas and adenocarci nomas that can be
treat ed awoaoeb/gegoto t he present invention include, wi tlpowtuskeosiotsssi on,
carci nomas or adenocarci nomas of the endonetrium ovary, breast, colon,
renal, prostate, pituitary, meningioma or other hornone-dependent tunors.
The dosage requirenments of the rapanycin anal ogues of the present invention
can vary depending on the condition, severity of the synptons presented and
the particular subject being treated. One of skill in the art would readily

be able to %Ir@ﬁéfhlnmtiaben@ﬁeamhtraiashlbeagquarmtaﬂ rsuhlnguabunmacwnﬂlr ed. In one
enbodi nent, about 0.5 t i s.adm |st Ee furt her . enbodi nent ,
about 0.5 t(ﬁplmaln’@tﬁaga%ﬁi ﬁF ?Y gystagned, rﬁ ?I%fé lﬁgﬁtl %%2hout 0.5 to

about 75 g Is adfﬂencgﬁlt cfdéggentatﬁt é’d?ﬁeprﬁ WY $ABTS iSRG BRMIso BORUH td maRe about

25 ng is adm ni ste I ment, about 0.5 to about 10 ng is
admi ni st er edhralpdusiigectablatsl opnwinﬂng dlemmwe\s m:ﬁihbrapamymm amalogueinelhdingdyént . | n
yet a further enmbodi nent, ut 2 to

d
anot her énbdﬁﬁﬁﬁﬁ?dt%ﬁﬁﬁ¥58 @BﬁPl ﬁﬁm¥§ng %h%§ nISthfggkkgngezan

be I ni {1 at ecyhich breaR3GES tﬂéseto%ma{% n anal ogue smal ler than those
required to produce desired effect and generally |less than the optinum

dose of the rapangphammsabticily o{ffttecaiquat of theaptoysieansloguséan My eased

until the optinumeffectunder the cifrgunst.an Pr dosages
will be det efHF agBg,%aehsgegﬁwﬂwg%ﬁ(ﬁgmgﬁggf@%gﬁ %ag‘%gﬁ’ggf%‘ﬁ °§‘?ﬂh§§%e Wit h
the indivi duglins H@dt&ptan@ah?gthtef@ﬁw@ﬁqgrédiemsa@erdah,thdmmﬁms thhe(dnsngf this
i nvention are nost desirab adm ni stered at a concentration that WI [ 1

general | 10 af lfegmbnemn@mhﬁeadwmt@ §rqmdqqtbepptz@abﬁhﬁ@p@w RSRREE | Seral

del ff
L

single dose can be delivered. The dose can however be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. In one
embodiment, the delivery is on a daily, weekly, or monthly basis. In another

15 embodiment, the delivery is on a daily delivery. However, daily dosages can be
lowered or raised based on the periodic delivery.

The rapamycin analogues of the present invention can be combined with one
or more pharmaceutically acceptable carriers or excipients including, without
limitation, solid and liquid carriers which are compatible with the compositions of the

20  present invention. Such carriers include adjuvants, syrups, elixirs, diluents, binders,
lubricants, surfactants, granulating agents, disintegrating agents, emollients, metal
chelators, pH adjustors, surfactants, fillers, disintegrants, and combinations thereof,
among others. In one embodiment, the rapamycin analogue is combined with metal
chelators, pH adjustors, surfactants, fillers, disintegrants, lubricants, and binders.

25 Adjuvants can include, without limitation, flavoring agents, coloring agents,
preservatives, and supplemental antioxidants, which can include vitamin E, ascorbic
acid, butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA).

Binders can include, without limitation, cellulose, methylcellulose,
hydroxymethylcellulose, carboxymethylcellulose calcium, carboxymethylcellulose

30  sodium, hydroxypropylcellulose, hydroxypropylmethylcellulose phthalate,
microcrystalline cellulose, noncrystalline cellulose, polypropylpyrrolidone,

polyvinylpyrrolidone (povidone, PVP), gelatin, gum arabic and acacia, polyethylene
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In one aspect, the present invention includes nethods of preparing a

phar maceuti cal conposition containing one or nore rapanycin anal ogues of

t he presewd 2oooegds2on. As used herein, reference to composiusc@s®4sent ai ni ng
"a rapamyci n anal ogue” or "the rapamycin anal ogue” of the invention are

I nt ended to enconpass conpositions containing one or nore rapanycin

anal ogues of the invention. The conposition can be admnistered to a
manmal i an subj ect by several different routes and is desirably adm nistered
orally in solid or liquid form Solid forms, including tablets, capsules,
and capl et s, glgly, siardh) gugdiesuch pasycose, kavding derrose rand dadtasenehbldsierdl endi ng

th i | i t h _ -
lb|neOrgZzgwnbg'd?%éawn%,tﬁtgswéueri\ém@tﬁlﬁ' o%Féﬁone%o r%ﬁ\en%{a E@?‘E‘H‘r@t Egﬁ%gﬁ%gggts%agﬁlesygﬁf‘x\?@ above.
ended. In ' t i
o lo%mta%?flolfegéelsag%s?&@&vax, RS RERRREN gleygé@l Ak ?Ao&%i@t@,%lﬁée?ﬂ hi a

O.
further onents are ‘suspen or dissolved in a liquid
and added t omendstearats wlyabyl @ahutostedrats ipstyoayetbylenoalkyhethers) i an subj ect .

Liquid fornms containjng the r. ' I be .f . | | vi
oS S SRR, RO SRS R R SRR e Vi no
admi ni strati B %&tiﬁ’ sabnebinaR. sHbhEshbodiRIeRO Heltinis iCgsvi@dde] ng t he

rapamycin an: ue of the present invention can be prepared according to
the present hydvetypiapylgthyloaibilodengarboxymethelagibilescapigaddjie Tamgother

pharmaceutical | y,.acceptabl e carrier. The conpositions described herein

cont ai ni ng ;%@“%@ﬁﬂﬂy@?%"‘ﬁﬁﬁéﬁﬁgﬁ@ﬁh be formulated in any form suitable
for the desired rowrRafifs cagldcUrienasicsigmasteaias, Mpdeniliydedusysiledd &id, itale, amount
of the rapamycin anal ogue. For exanple, the conpgsitions of the invention

can be ddl i veleasig aoid, sodiouleurgl ewfaies avd sedivmeicasl furpmaics a@pRgpthers. In one
B
subl i ngual , fufdniAl€.r Bndr@lther embodiment, the lubricant is magnesium stearate.

Granulating agents can include, without limitation, silicon dioxide,
microcrystalline cellulose, starch, calcium carbonate, pectin, crospovidone, and

15  polyplasdone, among others.

Disintegrating agents or disintegrants can include croscarmellose sodium,
starch, carboxymethylcellulose, substituted hydroxypropylcellulose, sodium
bicarbonate, calcium phosphate, calcium citrate, sodium starch glycolate,
pregelatinized starch or crospovidone, among others. In one embodiment, the

20  disintegrant is croscarmellose sodium.

Emollients can include, without limitation, stearyl alcohol, mink oil, cetyl
alcohol, oleyl alcohol, isopropyl laurate, polyethylene glycol, olive oil, petroleum
jelly, palmitic acid, oleic acid, and myristyl myristate.

Surfactants can include polysorbates, sorbitan esters, poloxamer, or sodium

25  lauryl sulfate. In one embodiment, the surfactant is sodium lauryl sulfate.

Metal chelators can include physiologically acceptable chelating agents
including edetic acid, malic acid, or fumaric acid. In one embodiment, the metal
chelator is edetic acid.

pH adjusters can also be utilized to adjust the pH of a solution containing the

30 rapamycin analogue to about 4 to about 6. In one embodiment, the pH of a solution
containing the rapamycin analogue is adjusted to a pH of about 4.6. pH adjustors can

include physiologically acceptable agents including citric acid, ascorbic acid, fumaric
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epidural, intratracheal, or by sustained release. Preferably, delivery is
oral. The oral dosage tablet conposition of this invention can al so be used
to make oweloahomege tabl ets containing derivatives of tlreTEp@sKEIsH1

anal ogue, including, but not limted to, esters, carbamates, sulfates,
ethers, oximes, carbonates, and the |ike which are known to those of skil
in the art. A pharnaceutically effective anobunt of the rapamnycin anal ogue
can vary depending on the specific conmpound(s), node of delivery, severity
of the condition being treated, and any other active ingredients used in
the conposi tabidNor Mbkc Beig,ang salegihorof.cronel esbodment] ths pEadjustopivsitée t he
opti mal therapeutic response. Several divided doses can be delivered daily,
e.g., in di #Wided doses 2 to 4 tines a day, or a single dose can be

del ivered. The d Vided RECRARB Y tHe@Radehyinkatitnadciode dbydrased as
I ndi cat ed by thqug?gg%éﬁggﬁa etﬁécthegapegg?c sf?uation.clﬁaone

enb ?ﬂi e n';ﬂ,) 1%meaflﬁdr?ﬁwamila¢ oellilostairapnitaleeskdiym nhosphste, pragelotinized | n
anot her enbodi ment, e delivery i.s op.a il el,ivery., dai |
dosages éan SHEC :8\'9\/%‘%“685303“ g ?@ﬁo%‘ﬁ’%‘gt ! eﬁégl dr |Séé(cé%%é‘?\\9§¥§&helrhgl Y

rapanycin a%ﬂib%&ﬁﬂ@t%ehheri@hﬁé@&ys'tmﬁueiuams@.an be combined with one or
nore pharnmaceutically acceptable carriers or excipients includi n% W t hout

limitation, solidnandefnbodiigntgpmpesidontiatrining RepRTYHN BnalpEYF ATl
Comost U0 oS EASSERh AR WO, FHELYFAbSLE hckshits, adhavp =
agents, di SigalsReF, atidile, 88:9Bhsion, SFRIp, bkt 3nd BBosd]. EslrableywhenpH adj ust ors,
surfactants, fillers, disintegrants, and conbinatjons. therepf, amo
others. 1on cospesitions eentaining ftee Y@B@W@iaﬁﬂ%‘éﬂ H§ Géth‘é“eQ: ngb’rfgg"v%ytlﬁ B9ret al
o oy SR I Al L7 5 e s, o cant
col ori ng agents, In another embodiment, the compositions containing the rapamycin analogue
can be delivered intravenously, intramuscularly, subcutaneously, parenterally and
intraperitoneally in the form of sterile injectable solutions, suspensions, dispersions,
15  and powders which are fluid to the extent that easy syringe ability exits. Such
injectable compositions are sterile and stable under conditions of manufacture and
storage, and free of the contaminating action of microorganisms such as bacteria and
fungi. ‘
In a further embodiment, compositions containing the rapamycin analogue can
20  be delivered rectally in the form of a conventional suppository.
In another embodiment, compositions containing the rapamycin analogue can
be delivered vaginally in the form of a conventional suppository, cream, gel, ring, or
coated intrauterine device (IUD).
In another embodiment, compositions containing the rapamycin analogue can
25  be delivered via coating or impregnating of a supporting structure, i.e., a framework
capable of containing of supporting pharmaceutically acceptable carrier or excipient
containing a compound of the invention, e.g., vascular stents or shunts, coronary
stents, peripheral stents, catheters, arterio-venous grafts, by-pass grafts, and drug
delivery balloons for use in the vasculature. In one embodiment, coatings suitable for
30 useinclude, but are not limited to, polymeric coatings composed of any polymeric
material in which the compound of the invention is substantially soluble. Supporting

structures and coating or impregnating methods, e.g., those described in United States
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preservatives, and supplenmental antioxidants, which can include vitamn E,
ascorbic acid, butylated hydroxytol uene (BHT) and butylated hydroxyanisole
(BHA). Biwodenss/sses2i ncl ude, without limtation, cell ul oper/usedosplssel | ul ose,
hydr oxynet hyl cel | ul ose, carboxynet hyl cel | ul ose cal ci um

car boxymet hyl cel | ul ose sodi um hydroxypropyl cel | ul ose,

hydr oxypropyl net hyl cel | ul ose phthal ate, mcrocrystalline cellulose,
noncrystal line cellulose, polypropylpyrrolidone, polyvinylpyrrolidone

(povi done, PVP), gelatin, gum arabic and acacia, polyethyleneglycols

starch, sug®asensNehs,8s0 mmlmowml those odfe}anﬂlrmﬂ@ arhendl drgq opos Bmilghen eft er ol ,
tragacanth, stearic acid, gelatin, casein, lecithin (phosphatides),

clet oste?ryl ﬂéﬁlléréﬁﬁﬂtm"é%ti%ﬂ al cohol cetyl esters wax, dextrates, dextrin,

gl yceryl nonool e t h 8R4,

pol yoxyet hyl ene gb&yﬁ&w}%g%%bopo yg@e?aé;ﬁg%%o?gﬁi%g }%?F%Sr&?vat [ v%?

pol yoxyet hylcemeeﬂémf-@itmﬁanqsallywmyﬂabmhduhlbymthnﬁorgmf@tnmrosahong others. In

one enbodi nent, e binder is.povidon X

car boxymét hyl cel I eqgpamygin @‘@I&L‘ieﬁ”elaﬁhﬁ?% glrc}@i%g Wériggrll{]y} ?’Eljak’%ﬂ&ger i's
povi done. gﬁh"r ?&B&r GREUBAEIHEEEs IRERE ShEdTtAtieRNAtlade stirghtlagokyydr ous
silicic aci c, stearic acid, sodiumlauryl sulfate, and sodl‘gm st earyl

f ur amat e, armnuycmmrphpsphatmmwecwﬁhﬂmemélmlos% mecrpseandkankin, vehileliiid i um

stearate, stearic. di
Che | ubr | careiees iafe sl EREh LRI el B Sonid uREhicha el rent
Wi thout |1 mdipth@as cdbd, ipeiut dh@X¥ésdhe ol s miralbﬁame» thehhmtmiéthe attisrech,

cal ci um carbonat e, pectin, crospovi done and, pol ypl asd ot.hers.

Di si nth egoat |1ngeé1gemrd the pmlglﬂlﬁt admenisiration|dggiseds B‘é?r“r’i%‘F“rS ard¥di um
starc car bo met.hyl.cel | uI r sodi um
bi car bonat e,° ?%ﬁdd%{n&&%g a Cl %JCT?’IH% ch%ﬁ bsid Ig’lag%%vt%gl# % glycol ate,

included, such as ﬂavormg agents, coloring agents, preservmg agents, and
antioxidants, for example, vitamin E, ascorbic acid, BHT and BHA.
The preferred pharmaceutical compositions from the standpoint of ease of
15  preparation and administration are solid compositions, particularly tablets and hard-
filled or liquid-filled capsules. Oral administration of the compounds is preferred.
The rapamycin analogues are also administered parenterally or
intraperitoneally. Solutions or suspensions of these active compounds as a free base
or pharmacologically acceptable salt are prepared in water suitably mixed with a
20  surfactant such as hydroxypropylcellulose. Dispersions are also prepared in glycerol,
liquid, polyethylene glycols and mixtures thereof in oils. Under ordinary conditions
of storage and use, these preparations contain a preservative to prevent the growth of
microorganisms.
The pharmaceutical forms suitable for injectable use include sterile aqueous
25  solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. In all cases, the form is sterile and fluid to
the extent that easy syringe ability exits. It is stable under conditions of manufacture
and storage and is preserved against the contaminating action of microorganisms such
as bacterial and fungi. The carrier is a solvent or dispersion medium containing, for
30  example, water, ethanol (e.g., glycerol, propylene glycol and liquid polyethylene
glycol), suitable mixtures thereof, and vegetable oil.
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pregel ati nized starch or crospovi done, anong others. In one enbodi nent, the
disintegrant is croscarnellose sodium Enollients can include, wthout
limtati owp 2846am898k al cohol, mink oil, cetyl alcohol, olpeylusadosohsssi

i sopropyl laurate, polyethylene glycol, olive oil, petroleumjelly,
palmtic acid, oleic acid, and nyristyl nyristate. Surfactants can include
pol ysorbates, sorbitan esters, poloxaner, or sodium|lauryl sulfate. In one
enbodi ment, the surfactant is sodiumlauryl sulfate. Metal chelators can

i ncl ude physi ol ogically acceptabl e chelating agents including edetic acid,
mal i c acid, \r fuda dfcthedndention one enbodi ment, the metal chelator is

edetic aci d pH adj usters. can.al so be | gzed t ad' u t theHEIIﬂ of a
sol ution cont ai ni T RIEENE HNSRHAN Soa?fﬁ?’ t§%r% B one

enbodi ment, Qﬁ)ﬁ& Cﬁlb FofiRt Hfés&ﬂ HERAtGh Bérf‘ﬂlchﬂg tﬁfﬁwd%dlﬁ‘ afdlogRgifahd S

adj ust ed to & H adj ustors can inclu physi ol ogical ly
accept abl e qgem&nwaﬁiomchndgl ccan’mérrlsmtddc tbr adsdwistitionde adnanpmehian SlEgcHas or

mal i ¢ acid, S reof. In.one enbodi nent, the is citric
acid. Fildl er S‘iuﬁﬁaa}:’ B@%@éﬁ&%&éﬁ&%}lﬁ& &‘8 r?arggn%[r%%%ﬁ?%ﬁ%&% on incl ude
anhydrous | ag Bﬁﬁfbm Hﬁa%@&"slb? tR JrbdRat nebntiname, indTadv Y taphmycial &i optigphlig phat e,
pregel atini ze arch sucrose, hi one enbodinent, the filler is

anhydr ous | amﬂ)sintetedmtrmbclﬁ@ne @nﬁédbh’@m the filler is mcrocrystalline

cellulose. In on di men S n C|n

anal ogue of the ?FRFQ%? 5 Bh nglgmg@”ﬁ&g?e%t Srfrgﬁg&ttify%&gf)ﬁ{éﬂ% apret or
capsul e, m ciRtARSIARSIncliS RPMBESlaoRaysRY., granul e, suspension, syrup,
elixir, and aerosol. Desirably, when conpositions containing the gapanym n

anal oguelOar e del |171@r1€1t10mﬁ1r1119r Contdin V’é‘?fyc'fl%lsﬁ‘}r Resloraing the geagtiens of

liquid-fill Edrege% mven fon. Also provided in a kit can be other suitable chemicals, disposable
gloves, decontamination instructions, applicator sticks or containers, and sample

preparator cups.

15 The following examples are provided to illustrate the invention and do not
limit the scope thereof. One skilled in the art will appreciate that although specific
reagents and conditions are outlined in the following examples, modifications can be

made which are meant to be encompassed by the spirit and scope of the invention.
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hi anot her enbodi ment, the conpositions containing the rapanycin anal ogue
can be delivered intravenously, intramuscularly, subcutaneously,

par ent er avbyo@ndsdspt raperitoneally in the form of sterilPeTiusp@sioadsse

sol utions, suspensions, dispersions, and powders which are fluid to the
extent that easy syringe ability exits. Such injectable conpositions are
sterile and stable under conditions of manufacture and storage, and free of
t he contam nating action of m croorgani snms such as bacteria and fungi. In a
further enbodi ment, conpositions containing the rapanycin anal ogue can be
delivered reexAMPLE® the formof a conventional suppository. In another
enbodi nent, conpositions containing the rapanycin anal ogue can be delivered
vaginally in the formof a conventional suppository, cream gel, ring, or
coat ed intraﬁi g e device (1UD). hi another embodi ment, conpositions
containing t panyci n anal ogue can be dellvgged via coating or

i npregnating of a supporting structure, | framewor k capabl e of
cont ai ni ng of supporting pharnaceuticall -ceptable carrier or excipient
containing a conpound of the invention,. ywgdascul ar stents or shunts,

coronary stents, peripheral stents, cT;Qeters; arterio-venous grafts,

by-pass grafts, and drug deliver balbl onssfar~use in the vasculature. In
one enbodi nent, coatings suitable f i ~but are not limted to,
pol ymeric coatings conposed of | yoeri © OH n which the conpound

coating or inpregnating nethogs g. o those describedoin United

St at esPatent No. 6,890, 546, a to those @ skfTl in the art and are
not alimtation of the pre & t her enbodi nment,
conpositions containing the r elivered
intranasally or intrabronchially jn t e t/ osol .

5
Table 1 provides the mass spectral (MS) data and Figure 1 provides the
nuclear magnetic resonance (NMR) spectrum for the compound produced by the
following two alternative routes.
10 Table 1

Theoretical Neutral Mass: 1020.59226

Exact Mass High Resolution Results
Adduct Exptl. Exact mmu ppm RI %
IM+H]"™ 1021.59780 | 1021.59954 | -1.74 -1.70 100.0
[M+Na] ™" 1043.57740 | 1043.58148 | -4.08 -3.91 17.8
[M+NH,]™ 1038.62305 | 1038.62608 | -3.03 -2.92 1.2
[M+2H]" 511.30109 511.30341 -2.32 -4.53 1.8
[M+CH;OH+H]"™ | 1053.62596 | 1053.62575 | 0.21 0.20 1.5
A. Route 1

Rapamycin (2.5 g, 2.73 mmol) was dissolved in 200 mL p-dioxane.
15 To this solution was added, dropwise, a solution of nitrosobenzene (1.50 g, 5 eq) in
200 mL p-dioxane. The reaction mixture was stirred at 50 °C for 64 hours, and then

the products were chromatographed via reversed-phase high performance liquid
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The rapanyci n anal ogues are adm nistered orally as well as by intravenous,
i ntranuscul ar, or subcutaneous routes. Solid carriers include starch,
| act ose, wDeadeissoszphosphat e, m crocrystalline cell ul osecTasesssessand
kaolin, while liquid carriers include sterile water, polyethylene glycols,
non-ionic surfactants and edible oils such as corn, peanut and sesane oils,
as are appropriate to the nature of the active ingredient and the
particular form of adm nistration desired. Adjuvants customarily enpl oyed
in the preparation of pharmaceutical conpositions are advant ageousl

&Pt s, and

i ncl uded, s ughord@oflaphp (HIPIGC)p@ehs): 200 kdilimy WFEhODS-H1 mebilaphage:

antioxidants, for exanple, vitamn E, ali)gﬁl;/bi.ctaggd BHT. BHAé. tggg

preferred phiastherodWalEaTanysaSlo% BRIy HB 1§ 3 AN {2 B mERLS,

prepar at i on flyadit Rk B LPflRicha? 85 hilnAQTROFeld 003 ¢ aTRS prodbarl4rst abl et s
r -tille

and hardfill'ed or 1 qui capsules. Ofal "administration of th
conpounds i sjigldgker 12t mif malytipailLe canditiongueslumne ¥M6G QRfIrAN-3t1P

parenterally aor_intraperito ly. SO j or s ensi. se active
compounds a§n‘éb1¥erlg'@5%§%a€w&?::@§%%?’ﬁt§5§ é‘é%@ﬁ?@“ﬁ%@@%ﬁ?@@gI(fbgr&g%pr epar ed
in water suigahly H)yedohir & Gidas) Bel a5 $%Tons niiides e spydocel | ul ose.

Di spersions are al sg prepared in glycerol, liquid, polyethylene glycols and

m xt ures thenbhin).n oils. Under ordinary conditions of storage and use,
t hese preparations contain a preservative to prevent the growh of

m cr oorgani sns. The phar npceutical .f suitable for injectabl e use
i nclude sterile a%ueou@og% ﬁt‘ Mﬁg‘%?%{ﬁr@ﬁersi ons and sterile powders for
t he ext efgporaneous preRatAlcRT(00f ¢S89 ol ACtigdlwedsalSuhL lsenewith

dispersions. In all cases, the formis sterile and fluid to the extent that
easy syri ngegeale heatingsXia this sotution veasadfed, drapavise; 8salvtion 9§ niroseheRESNECt ur e

ﬁingr if)(r)gr]:gie s(?,pgld%b(s: i3 (taoque%%fa. 2 eaction %?)gﬁr%n{vivgsasttfrpe% £5b%8%:f6 hours,

and then the products were chromatographed via reversed-phase high performance
liquid chromatography (HPLC) (column: 250 x 20 mm YMC ODS-A with 50 x 20

15  guard, mobile phase: 80 to 85 % methanol:water in 40 minutes, flow =20 mL/min) to
yield 0.139 g of the product (42% yield, tr = 12.1 min, analytical HPLC conditions:
column = YMC ODS-A S-3 120 A, mobile phase/gradient: 95% water (+ 0.025%
formic acid)/acetonitrile (+ 0.025% formic acid) to 5% water in 6 minutes, hold at 5%
for 9 minutes, flow = 0.30 mL/min).

20
Example 2




as bacterial and fungi. The carrier is a solvent or dispersion nmedi um
contai ning, for exanple, water, ethanol (e.g., glycerol, propylene glycol
and | i quiwiopodeystdsyl ene gl ycol ), suitable mi xtures ther eofrjusandoveget abl e
oil.V. Kits of the Invention The present invention also provides kits or
packages containing the rapanmycin anal ogues. Kits of the present invention
can include the rapanycin anal ogue of the present invention and a carrier
suitable for admi nistration to a mammalian subject as discussed above. The
kits can also contain the reagents required to prepare the rapanycin

anal ogues of the present invention and include a rapanycin, an optionally
substituted nitrospRensRRfies ttnassspraRN{MS T bsta khd Figuasn?2 pntvidesahd y i ncl ude
other reagents to form other rapanycin anal ogues and ipcl yde dr ogenati on
agents. Th efnubteatmgnqﬁmtrtﬁ@nmwdg@% soesirim Aoy A §°m6Pu1ﬁ£PfP§%ﬂdR’é t{Iﬁe
reactions o he. prresent inventiQn. Al so provided in a kit can be ot her

sui tabl e chéphggF%fwaﬁggggggTgkggbves, degontanination i nstructions,
applicat@r sticks or containers, and sanple preparator cups. The foll ow ng

exanples are provided to illustrate the invention and do not limt the
scope thereof. ot skiRPeg 1 n the art will appreci ate that although

speci fic reagent %ﬁgﬁg%gg%%e?ﬁl%da&gorgﬁ I EQQ%]'?I@ f((@ng‘ gld_mrﬁﬁogwgpl es,

nodi fications can are neant to be enconpassed by the spirit
and scope ofdisdobvedrin @mil ortiEXAMRALARS SExmrtpdtdutic, Tad k epatulartipvdf PdsC cafalysas s

spectral (M) data and Figure 1. provides. the nuclear, magnetl ¢ .r nance
(NMR) spect r(ﬁ’f]fﬁhﬁﬂs W%édéﬁngﬂlﬁml’%?rﬁmgﬁdr%eﬁ P Pgwaﬂ%ar% f%rﬁt ernative
routes. pablginhtes at 2.0 atmosphere H,. The products were chromatographed via reversed-

phase HPLC (column: 250 x 20 mm YMC ODS-A with 50 x 20 guard, mobile phase:

D

80 % methanol:water for 15 minutes, then to 85% in 5 minutes, then held at 85% for
20 minutes, flow = 20 mL/min) to yield 0.089 g of the product (31% yield, tr = 12.6
min, analytical HPLC conditions: column = YMC ODS-A §-3 120 A, mobile

15  phase/gradient: 95% water (+ 0.025% formic acid) /acetonitrile (+ 0.025% formic

acid) to 5% water in 6 minutes, hold at 5% for 9 minutes, flow = 0.30 mL/min)

B. Route 2 - Alternate Route
The compound prepared according to Example 1 (9.85 g, 9.65 mmol) was
20  dissolved in 50 mL methanol, and 3 spatula tips of Pd/C catalyst (Aldrich) was added.
The mixture was hydrogenated on a Parr apparatus for 2.5 hours at 2.5 atmospheres
H,. The products were chromatographed via reversed-phase HPLC (column: 250 x
50 mm YMC ODS-A, mobile phase: 80 % methanol:water for 40 minutes, then to
85% in 5 minutes, then held at 85% for 35 minutes, flow = 35 mL/min) to yield 3.35 g
25  of the product (15% yield, tr = 12.2 min, analytical HPLC conditions: column = YMC
ODS-A S-3 120 A, mobile phase/gradient: 95% water (+ 0.025% formic acid)
/acetonitrile (+ 0.025% formic acid) to 5% water in 6 minutes, hold at 5% for 9

minutes, flow = 0.30 mL/min)
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Theoreti cal

m nutes, then hold at 35 nL/mn for an additi onal

g of the pr

Neutral Mass: 1020.59226 A. Route 1 Rapanycin (2.5 g, 2.73
nmol ) was di ssolved in 200 nL p-di oxane. To this solution was added,
dr opwi se,we 28@asgéizen of nitrosobenzene (1.50 g, 5 eq) i mrc2AB20us/0p558i oxane.
The reaction m xture was stirred at 50 C for 64 hours, and then the
products were chronmat ographed via reversed-phase hi gh perfornmance
| i qui dchr omat ography (HPLC) (columm: 200 x 50 mm YMC ODS- A, nobil e phase:
80% et hanol :water, ranped flowrate from10 nL/mn to 35 nL/mn in 10

65 mnutes) to yield 1.22

oduct (44%vyield, tR = 12. 1Tahle2 anal yti cal HPLC conditi ons:
colum = YMC ODS-A S-3 120 A, nohi l hase/ gr ad] o d5% water (+ 0.025%
formic acid)/acetonitrile (S,[‘hgow f\}eﬁ Wgscﬁg%ﬁ{%ygmmter in 6 mnutes,

hol d at 5%yf
Rapanycin (

for—9—mmnutes, | ct‘Mhésjﬁl%i}‘R%thtloﬁReM e 2 - Alternate

I SS in 5 nk toluene with gentl

Rout e
e

heating. Tg-t

(0.1 g, 3 ¢

I O
B Thﬂ 1‘ | on—4 X 'npir o A —\pprrli- 1

< =-h

o1 v"s adee up“m e—a—sotut
1]

],Rll bUIJe 1zene

C

for 16 hour

r
T

é.Mﬁh]éﬁhen AB2hohMRz T 1%@%% o2eB3ogr aphkd :,L; r:'l\QDrOSnd_

hase

hi gh perfor

el qui d | dPADAB945gr RS- SOFPE C) 230l unnl 2280 x 20.%m yvd

ODS-A with
m nut es, fl

50 x 20 guard, nobile phase: 80 to 85 % nethanol: water in
ow 20 m_/mn) to yield 0.139 g of the product (42%yield, t

40
R =

12.1 mn, arf8plead HPLC conditions: colum = YMC ODS-A S-3 120 A, nobile
ent: 95% water (+ 0.025% form ¢ acpd)/acetonitrile (+ 0.025%

phase/ gr ad|

formc acid) to 5% water in 6 mnutes, holdyat 5% for 9 mnutes, flow =
0.30 nL/mn). Exanple 2Table 2 provi des mags spectral (MsS) data and
Figure 2 provides the

10

15

Rapamycin (0.25 g, 0.274 mmol) was dissolved in 5 mL toluene with gentle
heating. To this solution was added, dropwise, a solution of 2,6~
dichloronitrosobenzene (0.144 g, 3 eq) in 7 mL toluene. The reaction mixture was
stirred at 80 °C for 36 hours, and then the products were chromatographed via
reversed-phase HPLC (column: 250 x 20 mm YMC ODS-A with 50 x 20 guard,
mobile phase: 80 to 85 % methanol:water in 40 minutes, flow = 20 mI/min) to yield
0.046 g of the product (15% yield, tr = 13.0 minutes, analytical HPLC conditions:
column = YMC ODS-A S-3 120 A, mobile phase/gradient: 95% water (+ 0.025%
formic acid)/acetonitrile (+ 0.025% formic acid) to 5% water in 6 minutes, hold at 5%
for 9 minutes, flow = 0.30 mL/min). The MS data is provided in Table 3 and Figure 3
provides the NMR spectrum.
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nucl ear magnetic resonance (NVR) spectrumfor the conmpound produced by the
followng two alternative routes. A Route 1 The conpound prepared

accor di ngwoeodsx@spke 1 (0.29 g, 0.284 mmol) was di ssol vedTtius200snidsset hanol
in an 18 mmtest-tube, and a spatula tip of Pd/C catalyst (A drich) was
added. The m xture was hydrogenated on a Parr apparatus for 15 m nutes at
2.0 atnosphere H2. The products were chromatographed via reversedphase HPLC
(colum: 250 x 20 nm YMC ODS-A with 50 x 20 guard, nobile phase: 80 %

met hanol : water for 15 mnutes, then to 85%in 5 mnutes, then held at 85%
for 20 minutes, flow = 20 ni L/m'n) to ﬂjiﬂﬂba 0.089 g of the product (31%

yield, tR=12.6 mn, analytlcal ?ﬁftlo = YMC ODS-A S-3
120 A, nobile phase/ gradi entt: e@@% gpra 012@3%5?%# c acid)
[acetonitrile (+ 0.025%formc acid) to 5% water in 6 mnutes, hold at 5%

for 9 m nutess—Ft+ow—="06-36" nate Route The
conpound prlepared accordi ng iif%dcglyssﬁlgli(ﬂ&(ﬁggon Kégﬁlg{? nmol ) vvas di sso| ved
in 50 nL ngthanol, and spat-ul-a—t{ps—eof—PdlG cata.you AH-et--e) dp;as—a:ided.
The ni xt ur  Agdichydr oge Fxilon 4 bl X@Ctmnm TR o pPRMhL oI R

at mospher eg [MetHIThe pr odul$X89.52é2% ¢ ho L 159r pReéd vialr@dbrsed: hhse HPLC
(col um: 25qMk%4)'nm YMG 103$:5804410pil 1 EL. 50ESe: | -8@%%ret hahdB: wat &%1for 40
m nutes, tHenfeHA5% 1 N 511064443, | 1 beg)548313d a8 85% f ¢-3.35 mi nut.es, flpw =
35 rrL/m'n) o yrelfd 3.35 g of the product (I5%yireld, tR = 12.2 mn,

anal yti cg HPLC conditions: colum = YMC ODS-A S-3 120 A, nobile

phase/ gr adi t 95% water (+ 0.025% formc acid) /acetonitrile (+ 0.025%
form c aci d) Z?/vater in 6 mnutes, hold at 5% for 9 mnutes, flow =
0.30 nmL/ m n)TabIe 2

Cl

The synthesis of this example was performed as described in Example 3 and

employing 0.05 g of rapamycin and 0.042 g of 1-chloro-2-methyl-4-nitrosobenzene to
10  give 0.012 g of the product (20% yield, tg = 12.8 min). The MS data is provided in
Table 4 and Figure 4 provides the NMR spectrum.

Table 4
Experimental | Elemental Formula | Predicted A A Ton Assignment
Mass (proposed) Mass (mmu) | (ppm) (proposeg)
1091.55815 | CsgHgsCIN,O14Na'™ [1091.55815| 0.00 | 0.00 [M+Na]
936.54361 Cs;H,sNO;sNa™ | 936.54436 | -0.75 | -0.80 | [M+Na]' " -C;HsCINO
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Theoretical Neutral Mss: 1022. 6079 1 Exanple 3 Rapanycin (0.25 g, 0.274
nmol ) was dissolved in 5 rnL toluene with gentle heating. To this solution
was addedwodnepsssse, a sol ution of 2,6- dichloronitrosolpemasp@sodssind g, 3
eq) in 7 nmL toluene. The reaction m xture was stirred at 80 OC for 36
hours, and then the products were chromatographed via reversed-phase HPLC
(colum: 250 x 20 mMmm YMC ODS-A with 50 x 20 guard, nobile phase: 80 to 85 %
met hanol :water in 40 mnutes, flow = 20 nL/mn) to yield 0.046 g of the
product (15%yield, tR = 13.0 mnutes, analytical HPLC conditions: colum =
YMC CDS- A SEkahdifle s nobil e phase/ gradient: 95% water (+ 0.025% formc
acid)/acetonitrile (+ 0.025% formc acid) to gowater in 6 mnutes, hold at
5% for 9 mnutes, flow = 0.30 niL/mn). M8 data is provided in Table 3
and Figure 3 provides the NVMR spectrum @ 3 Theoretical Neutral Mass:
1088.5 143 1 Exanple 4 The synthesis @f ”'@(arrpl e was perforned as
described in Exanple 3 and enploying D.05 g of rapanycin and 0.042 g of

| - chl or o- 2- et hyl - 4- ni t rosobenz (ol TRY g of the product (20%
yield, tR = 12.8 nin). edjnTabIe4andFlgure4
provi des the NVR spectrum Tabl @8t from Exanple 3
(0.046 g, 0.0422 mmol) was dissol n 5 nm nethgnol in an 18 mm
test-tube, and a spatula tip C @Qat al yst L@i was added. The

m xture was hydrogenated on gy Harr Qpparatus fo 60 |m nutes at 3

at nospheres H2. The product chr Slmt ogr aphed rever sed- phase HPLC

/,//

The product from Example 3 (0.046 g, 0.0422 mmol) was dissolved in 5 mL
5 methanol in an 18 mm test-tube, and a spatula tip of Pd/C catalyst (Aldrich) was
added. The mixture was hydrogenated on a Parr apparatus for 60 minutes at 3
atmospheres H,. The products were chromatographed via reversed-phase HPLC
(column: 250 x 20 mm YMC ODS-A with 50 x 20 guard, mobile phase: 85 %
methanol:water to 90% in 15 minutes, then hold at 90% for 25 minutes, flow = 20
10  mL/min) to yield 0.005 g of the product (11% yield, tg = 10.0 minutes, analytical
HPLC conditions: column = YMC ODS-A S-3 120 A, mobile phase/gradient: 95%
water (+ 0.025% formic acid)/acetonitrile (+ 0.025% formic acid) to 5% water in 6
minutes, hold at 5% for 9 minutes, flow = 0.30 mL/min). The MS data is provided in
Table 5 and Figure 5 provides the NMR spectrum.
15 Table 5
Theoretical Neutral Mass: 1090.52996

Exact Mass High Resolution Results
Adduct Exptl. Exact mmu ppm RI %
[M+H]"™ 1091.53497 | 1091.53724 | -2.27 -2.08 4.3
[M+Na]™" 1113.52166 | 1113.51918 |2.48 2.23 4.8
[M+NH,]™ 1108.56627 | 1108.56378 |2.49 2.24 15.5




(colum: 250 x 20 nm YMC ODS-A with 50 x 20 guard, nobile phase: 85 %

met hanol : water to 90%in 15 mnutes, then hold at 90%for 25 m nutes, flow
= 20 L/ mvo)odemeyesel d 0. 005 g of the product (11% yi el dpcrtRSsz0050485m nut es,
anal ytical HPLC conditions: colum = YMC ODS-A S-3 120 A, mobile

phase/ gradient: 95% water (+ 0.025%formc acid)/acetonitrile (+ 0.025%
formc acid) to 5% water in 6 mnutes, hold at 5% for 9 mnutes, flow =
0.30 nL/mn). The Ms data is provided in Table 5 and Figure 5 provides the
NMR spectrum Table 5 Theoretical Neutral Mss: 1090.52996Exanpl e 6 The
synt hesi s oExahple &xanpl e was perforned as described in Exanple 3 and using
0.108 g (0.099 mml) rapamycin 42-ester with P

2, 2-di met hyl - 3- (pyridine-2-yl)- propionic aci r¢parjed according to the
met hod of US 5, 385,908) and 0.032 g nitrosob. 297 mmol, 3 eq.). The
reaction was stirred at 70 OC for 40 hours ang then the products were
chromat ogr aphed vi a rever sed- phase HPLC LAMM: 250 x 20 nm YMC ODS-A with
50 x 20 guard, nobile phase: 80 to 85 %@ﬂol water in 15 mnutes, then
to 90% nethanol in 10 m nutes, then hql "9@% f or 15 minutes, flow = 20
m./mn) to yield 0.007 g of the product (6% yteld, tR = 13.0 mnutes). The
M5 data is shown in Table 6 and Figure 6.provirdes the NVR spectrum Table 6
Theoretical Neutral Mass: 1181 | 676B2EX 7 [The conpound prepared
according to Exanple 1 (0.031 ¢ i s80Hved in 5 nlL net hanol
in an 18 nmtest-tube, and a spa
added. The m xture was hydroggnated od a Parr appaka
2.0 at nosphere H2. The prodw& wer@® chr omat ogr &phe

The synthesis of this example was performed as described in Example 3 and
using 0.108 g (0.099 mmol) rapamycin 42-ester with 2,2-dimethyl-3-(pyridine-2-yl)-
5 propionic acid (prepared according to the method of US 5,385,908) and 0.032 g

nitrosobenzene (0.297 mmol, 3 eq.). The reaction was stirred at 70 °C for 40 hours
and then the products were chromatographed via reversed-phase HPLC (column: 250
x 20 mm YMC ODS-A with 50 x 20 guard, mobile phase: 80 to 85 % methanol:water
in 15 minutes, then to 90% methanol in 10 minutes, then hold at 90% for 15 minutes,

10 flow = 20 mL/min) to yield 0.007 g of the product (6% yield, tg = 13.0 minutes). The
MS data is shown in Table 6 and Figure 6 provides the NMR spectrum.

Table 6
Theoretical Neutral Mass: 1181.67632

Exact Mass High Resolution Results
Adduct Exptl. Exact mmu ppm RI %
[M+H]" 1182.68360 | 1182.68747 | 3.87 3.28 23.2
[M+2H]*" 591.84544 591.84715 1.71 2.90 79.6
[M+H+Na]*" 602.83641 602.83743 1.02 1.70 34.1

15
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HPLC (colum: 250 x 20 nmm YMC ODS-A with 50 x 20 guard, nobile phase: 80 %
met hanol : water for 15 mnutes, then to 85%in 5 mnutes, then held at 85%
for 20 mwotessoekdsew 20 rnL/mn) to yield 0.016 g of thecprusduwsinss55%
yield, tR=9.95 mn, analytical HPLC conditions: colum = YMC ODS-A S-3
120 A, nobil e phase/gradient: 95% water (+ 0.025% form c acid)
[acetonitrile (+ 0.025% formc acid) to 5%water in 6 mnutes, hold at 5%
for 9 mnutes, flow = 0.30 nL/mn) The M5 data is provided in Table 7:
Exact Mass Hi gh Resol ution Results Adduct Exptl . Exact mmu ppm R [MH 1
+ 102 5 . 6BXathf@le7 102 5. 63084 - 1. 97 - 1. 92 3 8. OExanple 8
Mesencephal i ¢ dopam nergi c neuron cultures wegg prepared as described in
Pong et al., J. Neurochem 69: 986-994, 4992# which is incorporated herein
by reference inits entirety. Enbryoni ch_EI 5) rat fetuses were
col l ected and dissected in ice-cold phosphatdQuffered saline (PBS). The
ventral piece of tissue conprom sing [he nesefcephalic dopam nergic region
was di ssected out. Dissected pi NG re pool ed together and
transferred to an enzymatic dislsocijpti on ne |uniconta|n|ng 20 1U nL papain
in Earle's bal anced salt soluti ®i ng®o Wical, Freehold, NI,
USA) and incubated for 60 m nutesj at B7 OC. After enzymatl c dissoci ation,
the papain solution was aspir ically triturated
te nmedi um (equa

trient mxture

i nsulin) containing 2,000 IU : vonucoi d protease
i nhi bitor. For dopam ne uptake experl meft s, -cell suspensions in

conpl ete nedi a OH Nf

5 The compound prepared according to Example 1 (0.031 g, 0.03 mmol) was
dissolved in 5 mL methanol in an 18 mm test-tube, and a spatula tip of Pd/C catalyst
(Aldrich) was added. The mixture was hydrogenated on a Parr apparatus for 30
minutes at 2.0 atmosphere H,. The products were chromatographed via reversed-
phase HPLC (column: 250 x 20 mm YMC ODS-A with 50 x 20 guard, mobile phase:

10 80 % methanol:water for 15 minutes, then to 85% in 5 minutes, then held at 85% for
20 minutes, flow = 20 mL/min) to yield 0.016 g of the product (55% yield, tg =9.95
min, analytical HPLC conditions: column = YMC ODS-A S-3 120 A, mobile
phase/gradient: 95% water (+ 0.025% formic acid) /acetonitrile (+ 0.025% formic
acid) to 5% water in 6 minutes, hold at 5% for 9 minutes, flow = 0.30 mL/min) The

15  MS datais provided in Table 7:

20 Adduct Exptl. Exact mmu ppm RI %

[M+H] 1+ 1025.62887 1025.63084 -1.97 ~-1.92 38.0

25
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wer e seeded on poly-L-ornithine and |amnin coated 24-wel|l plates. The
cultures were maintained for seven days prior to experinentation. Cultures
wer e pretweabehesssth vari ous concentrations of the conpegmastaszsbshour s,
t hen exposed to 10 rri M MPP+ for 1 hour. Follow ng the 1 hour incubation,
medi a was exchanged three tinmes and fresh conpound was added for an
additional 48 hours. After 48 hours grow h of nesencephal i c dopam nergic
neuron cul tures foll ow ng MPP+ exposure, high-affinity 3H dopam ne uptake
was performed using a nodified nethod described by Prochiantz et al.,

Nat ure 293: B&EMPIEB 1981, which is incorporated herein by reference.
Cultures were washed with_ pre-warned PBS c I ni

ascorbic acid. CJYessneephale é%%ﬁer.g}fc%&ifbﬂﬁélg%s%% Hf‘??ﬁfeﬂ %leu%gﬁ%tg\nn? h15m(\)/I
nM 3H- dor amIQ) B4 G ﬁfégfgcheM@E(S NG, 194771 Whﬁﬁﬁ@ﬂmo%rat&ﬁﬁéremﬂ}’e cul tures

wer e washed t ce Wit and Tysed wi . . The lysate was
t ransf err ed referancs dn its entiratyi (ﬂmhryaﬂucdaylﬂél(Elﬁ”)gatijiﬂlﬁmW@’@ICQHQQi@%Wdl | ati on

cocktail and_radi gacti vi qu

counter. A t@?sﬁ%PF‘i?VéWﬁ'co ]%%P]%aq‘? %‘éﬁ?rgg %éﬂ? (ggs%atlﬁ &érfqm%@ Hnﬁ%uf fer,
i ncubated f Od’orrg)r&ﬁ}é'i% b rﬁé%@ﬁ@eg hﬂl&rg’ifc E@l@ﬁ/h@ﬁ'@&@teﬂmrmwecwd
scintillation cocktalrl (WallacScinti Iatlon Products, Gaithersburg, WMD,

USA), and r grewmaof tlmwwmagqlp@tpgﬂﬁmhmul trangtirgd de alhmmtwcﬂﬁsse%mfér
B ssoc e Sopihcab BB EAL U5 EERIET SRS e g ol b
and di ssect egiotRerhiest; PRIHoIRBS, @Aﬁﬂﬁilﬁdumdtfoﬁe@mm{t% pq e Afget her and
transferred to an enzyrratl c dissociation medium cont I n fter
m nut es, 1¢ heemVQQUQdmlmhﬁmPémleﬂlFlPl@ tiag pEdratgdian éﬁl‘? b B%%@I’F@@ygl as s
PRt U P P SRSk BUEREEP R eI Tis Ry eigspeeded on
cul tures V\erﬁalﬁme@@ﬁﬁlmnhl eseénu@anmom(MEmhnd)Esl 2afutrient mlxture
(GibcoBRL) supplemented with 0.1 mg/mL apotransferrin and 2.5 pg/mL insulin)
containing 2,000 IU/mL DNase and 10 mg/mL ovomucoid protease inhibitor.
15 For dopamine uptake experiments, single-cell suspensions in complete media
were seeded on poly-L-ornithine and laminin coated 24-well plates. The cultures
were maintained for seven days prior to experimentation. Cultures were pretreated
with various concentrations of the compound for 24 hours, then exposed to 10 mM
MPP+ for 1 hour. Following the 1 hour incubation, media was exchanged three times
20 and fresh compound was added for an additional 48 hours.
After 48 hours growth of mesencephalic dopaminergic neuron cultures
following MPP+ exposure, high-affinity 3H-dopamine uptake was performed using a
modified method described by Prochiantz et al., Nature 293: 570-572, 1981, which is
incorporated herein by reference. Cultures were washed with pre-warmed PBS
25  containing 5.6 mM glucose and 1 mM ascorbic acid. Cultures were then incubated
for 15 minutes at 37°C with 50 nM 3H-dopamine (31 Ci/mmol, DuPont-NEN,
Wilmington, DE, USA). The cultures were washed twice with buffer and lysed with
0.5 N NaOH. The lysate was transferred to a scintillation vial containing Ultima Gold
scintillation cocktail and radioactivity was determined with a liquid scintillation
30 counter. Alternatively, culture lysates can be washed twice with buffer, incubated for

2 hours at room temperature with Optiphase Supermix scintillation cocktail (Wallac

35



conmpound for 72 hours. The cultures were then fixed and stained with an
anti-tubulin primary antibody (TUJ-1) and a fluorescent-tagged secondary
ant i body.wbeusd/dsgozout gr owt h was det erm ned by usi ng thepPEThmpasd4dssurite
Qutgromh (ENO algorithmw th the Cellom cs ArrayScan and expressed as
average neurite length or total neurite length per cell. Spinal cord neuron
cultures were prepared fromenbryonic day 15 (El 5) rat enbryos
(Sprague- Dawl ey, Charles River Laboratories, WImngton, MA). The enbryos
were collected and their spinal cords were renmoved in ice-cold

phosphat ebufdepitRmitis@ProtRclsPBSthanbuty MDHSA) sand ridjdactiviDyssestred vitheces of
spinal cord tissue were pooled together and transferred to an enzymatic
di ssoci at i odiquidiscantBBHPACAWHE - 20 1 U/ nL papain in Earle's bal anced salt

sol uti on_ (Vr i g0 B GG Gk EiRGAPIAre Mlarafts hragiunal edsdidea 30

m nutes at 370C. ter enzymatic dissociation, e papain solution was
aspirated an@ohdet 4] 36019, Beifiynemtaiybyictday 6 rattfetises wére gol¢ateshmid shed

Past eur pipette in, conplet L a ur obasal Medi .t h_Br l.ement
(G beo, _@raerSSF%tP%HHIFeﬂ%Q@gggﬂw#iﬁe%%ﬂ?eéiwf? no%@@%”# ] %%%?%pr?@élgn "33
g/ - aphi di Gl dnyeyBicoaiScahish R eh c6Rainal a2 AR S06himbicBNAG eisand
10- ng/ L ovonuco protease inhibitor. Single-cell suspensigns in conplete
(médl ? WerDI e E&mmeb}mmcplﬂsetmom@dvmﬁ fira-pelishied BlasePasiew RINSIo6SWEIS-c5) at es

ect on- Di cki nson

. Bedf or MA),.at a depnsit 1. Q.. . .
Spi nal cord TERAGWES We‘?oémﬂﬁ‘ieﬁ’f‘ hed st e?f "\r/Pcﬁ{?(Ie‘ ﬁorgl)g?éxgégﬁd tfa gﬁl#/%{ﬁe%{eg or
various ConCelERLILRS Ater @aHIAHELIfuEs Wekehredird withpeions somfentrxtionplofs 1- 3
n

were all active in cortical neuron assays with an EC 0 | ess than 1 The
c_orrﬁoundm Cg](‘) COLEBWEpﬁ &ar 72 hniess. 6T hygequdtuees Wege thepdixed aH%ﬁéWﬁé‘f‘é‘i %0 b tﬁk‘gﬂ\‘/’gssays
with an E ess than

active in spi"Haf"Yél %&Tﬁfﬁlgﬁg@g;@ %ymé%? ﬂgiﬁ%@%@n fibdafedier e al |

outgrowth was determined by using the Enhanced Neurite Outgrowth (ENO)
algorithm with the Cellomics ArrayScan and expressed as average neurite length or
total neurite length per cell.

15 Spinal cord neuron cultures were prepared from embryonic day 15 (E15) rat
embryos (Sprague-Dawley, Charles River Laboratories, Wilmington, MA). The
embryos were collected and their spinal cords were removed in ice-cold phosphate-
buffered saline (PBS) without Ca?" and Mg”". Dissected pieces of spinal cord tissue
were pooled together and transferred to an enzymatic dissociation media containing

20 20 IU/mL papain in Earle’s balanced salt solution (Worthington Biochemical,
Freehold, NJ) and incubated for 30 minutes at 37°C. After enzymatic dissociation, the
papain solution was aspirated and the tissue mechanically triturated with a fire-
polished Pasteur pipette in complete media [Neurobasal Medium with B-27
supplement (Gibco, Grand Island, NY), 100 IU/mL penicillin, 100 pg/mL

25  streptomycin, 3.3 ug/mL aphidicolin, 0.5 mM glutamate] containing 2,000 IU/mL
DNase and 10-mg/mL ovomucoid protease inhibitor. Single-cell suspensions in
complete media were plated on pre-coated poly-L-ornithine/laminin 96-well plates
(Becton-Dickinson, Bedford, MA) at a density of 1.0 x 10* cells/well. Spinal cord
neurons were maintained for 24 h then exposed to vehicle or various concentrations of

30  compound for 72 h.
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than 1 mMIn conparison, CCl-779 and rapanycin were considered inactive in
cortical neuron assays and dopam nergi ¢ uptake assays wth EC50 val ues of
greater twenods/asdds2zRapanycin phenyltriazolinedi one was ®Crivseonsn4iste
dopam nergi ¢ uptake assay with an EC50 value of less than 1 nM Exanple 9 -
Per manent COcclusion of Mddle Cerebral Artery (pMCAO . Adult male Wstar
rats (Charles River, WIlmngton, M\ 270-300g were anesthetized with 3%
i soflurane in 70% nitrous oxi de and 30% oxygen through a nose cone.
Tenperature was mai ntai ned at 370C t hroughout the surgery using a heating
![ﬁnpa_ P;ar Imament _ mlc]?mipgmdgfofmﬁBpMSl-?» weltechdbiye & extica) neagn @psayaiidn of
e distal portion of the MCA (via a cranioto W a 90,.m.n |l.igation of
Egth car ot i @n&EGsetesethapd UMt gpigﬁﬁ@pﬁg}dlrsg{t] E?‘%fpg%%ll@&hgt‘?’%ﬁa](l&%‘ﬁe 1§.?_ Hsu CY,
gan EL, rj.cq: ' f lco o stroke in
the rat: rg%?g%ﬁ%%@%ghﬁg%%%gféﬁhﬁ%?§?§§ﬁ£¥2§§¥é?%%ng%gf?g'§ﬁ§g3€38-743)_
Conpound waExahplesiIs3 end6l whngl kdivie i spitialBordsn@ropassaysyitptiEE sur s post
ischema. Rats vveﬂ/jg kept for 2 1 day for long-termfunctional recovery
eval uati én. thatreéMenavi or al tests, nodified fromearlier tests reported by

Bederson et al ., 1{Bgaes3QR, ¢BI-77b bhé rdphinydiauidre bbndNierbd imactveltrcofteal s RL,
Bart kowski H (1986) Rat m ddl e cerebral artery occlusion; evaluyation of the

moge|De Qdkdemmtorlmsms aod depamsinengicomtekeeaseay® math B vatuesrbereatenthan 479My 76)
an c al . . M,.van R t . .
ainoke’ & ( Foodyrmoy il g ARl i Y UOBERARH it RGN B

pl aci ng reaghi vhlieohRsé Man 1B/MI n Res 573:44-60), were used to assess

sensorinmotor and reflex function. Briefly, for the postural test, rats were
suspendeld fromthe tail approximately 30 cm above the bench top. Rats

extending bat, fored | BRAERAYR dcbiliSion of Middle Cerebral Artery (PMCAO).
Adult male Wistar rats (Charles River, Wilmington, MA) 270-300g were

anesthetized with 3% isoflurane in 70% nitrous oxide and 30% oxygen through a nose

cone. Temperature was maintained at 370C throughout the surgery using a heating
15  lamp. Permanent occlusion of MCAO was induced by electro cauterization of the
distal portion of the MCA (via a craniotomy) with a 90 min ligation of both carotid
arteries to interrupt collateral circulation (Chen ST, Hsu CY, Hogan EL, Maricq H
Balentine JD (1986) A model of focal ischemic stroke in the rat: reproducible
extensive cortical infarction. Stroke 17:738-743). Compound was administered
20  10mg/kg i.v. 1.5, 5.5, 24, 48, and 72 hours post ischemia. Rats were kept for 21 day
for long-term functional recovery evaluation. Three behavioral tests, modified from
earlier tests reported by Bederson et al., (Bederson JB, Pitts LH, Tsuji M, Nishimura
MC, Davis RL, Bartkowski H (1986) Rat middle cerebral artery occlusion: evaluation
of the model and development of a neurologic examination. Stroke 17(3): 472-476)
25 and DeRyck et al. (DeRyck M, van Reempts J, Duytschaever H, van Deuren B,
Clincke G (1992) Neocortical localization of tactile/proprioceptive limb placing
reactions in the rat. Brain Res 573:44-60), were used to assess sensorimotor and reflex
function. Briefly, for the postural test, rats were suspended from the tail
approximately 30 cm above the bench top. Rats extending both forelimbs toward the
30 table were scored as 0, flexing contralateral limb toward the body and /or rotating the
contralateral shoulder and limb medially were scored as 1, and rolling up the body

toward the contralateral side and attempting to grasp the tail were scored as 2. The
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table were scored as 0, flexing contralateral linb toward the body and /or
rotating the contral ateral shoulder and linb nedially were scored as 1, and
rolling wotbe/desady t oward the contral ateral side and artemsteosm4iser grasp
the tail were scored as 2. Theforelinb placenent test is conprised of two
subtests, visual and tactile placing test. For visual placing test, rats
were held with forelinbs hanging free and were brought close either from
front or sideway to a tabletop. For tactile placing test, the rats were
held so that it cannot see the tabletop. The dorsal and l|lateral surface of
the forepaw foligttesladengmit kast tls)cmhmsedtdfempsubtéeus wiaedl anddactile @&acmggteetas 0

I f the pl di at h |
el ayed (o2 ToRcEwELpAgRe debastonae hog! b Ry Btndanee et gaotse Bt g
limb pl acerreﬁrll(;sﬁ e‘f‘tﬁgr fr@ti%n%'i% 4&@'&9 t@ tat‘tﬁ'&oﬁ’ o tRdtilé bl%cﬂﬂgrt@sﬂ theRatgRetré he

contral atera t he 'edge and rel eased. Rats
retracting Hehdsd thablttaamkotcsae himwtabletqpp Thendatsal tand Jlaterat suréasgraf dhe Eorgpaw

del >2 d bl
wer e’ scuse dsseedtaly St BRE ar g FROATHE 15D RS BB AL Dar e
in Exanpl e Z,showediat aid ﬁéﬂn&%ﬁ' i ¥ t8é ﬂ@élﬁg %@Helra?&ﬂ(}@ sféébr@fs) bﬁ&t&moﬂialpmf i cit

scoring in rats after LV. adm nistration fol |l ow ng %)
Exanpl e 10 -if TheBewhs As sespensen Romémfd)lumbmaqgtna@tstaglsratm‘ﬁ%ﬁle@ﬂn he e@éP o€ were

purified by negative sel.ection f.rom

Roset t eSep atge %S?C}htﬁﬁﬁpgctﬁﬁ Fenialatgial t%dt ﬁ%}ﬁg‘% S@L lﬁ%g(ft* Mﬂg)é%y ggl g% géa?nc
Vancouver, Bgith ir&{hc@grumal 18hb bAck HibendBD3H kiR BiA¢lymdratiored and, didzlafélng
re-stinulation Assa osyl -activated magnetic m crospgeres ( na& ffat
Neck, NY) wed scc;mde)dwwetsnor@dtaﬁ-lcw wsble to reteagt hand by Fféﬁ[r)ééﬁ ARG

ant | - CO28AD (0,5 05 )
Fimunol . 366015 e dbhech DA 08, SO Pl PAe Rl e
capacity of ﬁﬁﬁtiﬂiﬁif Qipifyaes retindtivh pf dlehavior defigit 1&6ring in rats after LV.

administration (10 mg/kg) following pMCAO.

15  Example 10 - T-Cell Assays
In the following assays, human CD4+ T cells were purified by negative
selection from peripheral blood lymphocytes using RosetteSep as per manufacture’s

instructions (StemCell Technologies, Inc. Vancouver, British Columbia).

20 A. Anti-CD3/-CD28 stimulation and IL-2 re-stimulation Assay
Tosyl-activated magnetic microspheres (Dynal, Great Neck, NY) were
coated with anti-CD3 Ab (1 pug/10” microspheres), and anti-CD28Ab (0.5 pg/ 10’
microspheres) as described in Blair et al. J. Immunol., 160:12, 1998. Murine IgG was
used to saturate the binding capacity of the microspheres (total protein =5 ug/ 10’

25  microspheres). Protein-coated microspheres were added to purified CD4+ T cells (2
x10° cells/mL, ratio 1 bead: 1 cell) and activated for 72 hours in RPMI, 10% fetal calf
serum, 2 mM glutamine media. Cells were harvested, washed, and cultured overnight
in fresh media and re-stimulated with IL-2 as described in Bennett et al., J. Immunol.
170:711, 2003. Briefly, overnight rested cells were recounted, plated (10° cells/well)

30 in flat-bottomed 96 well microtiter plates and stimulated with 1 ng/mL human IL-2

(R&D Systems, Minneapolis, MN) in the presence of increasing concentrations of
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m crospheres). Protein-coated m crospheres were added to purified CD4+ T
cells (2 xI O6 cells/n., ratio 1 bead: 1 cell) and activated for 72 hours in
RPM , 10%beb@lossmbf serum 2 mM gl utam ne nedia. Cel | s poes2ivanysst ed,
washed, and cultured overnight in fresh nedia and re-stinmulated with IL-2
as described in Bennett et al., J . Immunol. 170:711, 2003. Briefly,
overnight rested cells were recounted, plated (105 cells/well) in
flat-bottoned 96 well microtiter plates and stinulated with 1 ng/nL human
IL-2 (R&D Systens, Mnneapolis, M) in the presence of increasing

concentr at i cna;mpoﬁmhrﬂeoemgl thémarstaftet owltuine ve-stiratlatéon, platesuwerepalsed wathi lat i on,

pl ates were pul sed wt Ar t di ne. and i ncubated for
6-16 hour pe#Gigeell trigate gdﬁﬁ’i’ﬂlﬁﬁ% ‘Eb(’ﬁ{?gl I;Saénﬁﬁ?gu%peirh bited IL-2 :
production with I G50 |-B3S.dniindPOExatng1®d 1 ﬁﬂaﬂﬁ@amlwpﬂoeﬁamtnham about

200 nM The IL-2 production of the conpounds of Exanples and 3 were
comensur at elCj leks thiveabdwt 2 yMoahdatréforab 168%@&&?@“&25&61\@@1167&9 B. Phor bol

{he LonpoundoERoner e orue 04 g rle i P e bR RISV G ©

cell s/well ) g&ug}lggvp&% %cfdﬁﬁdmmwmd 96 wel | mcrotiter plates in RPM,
10% fetal calf serum glutam ne nedia and stinulated with PVA (10

ng/ niL) and i on](c)rrym n (200 ng/nL) in the presence of increasing
concentration o T i mL of
culture nedia wa coI Qig@(???g%ﬁs@ de g?ér%ﬁ%ﬁ@ﬁ)@\dﬁgggrﬁb é'?{éﬁg"loo mL
fresh nmedia was added pAgss@dach well and cultures labeled with tritiated

thym dine (1 nCi/well) for 6 hours. Cultures were haryested and tritiated
t hyni di n® i ncor por at i oProliéaian gfdhe sampRURds poRfletguriged BHNE IR SSAY Tr i | ux

(Perkin El negD4_§q.eqeh§) Pax 167 kel s/x!ve@ "?éﬂi%}é d 19'}]a‘f"9§ttd?§éde§6’ﬂ7v@ﬁ%1b'1%h% phifesELI SA

as per manufacture I nstruc I on tens, M nneapolis,
in RPMI, 10% fetal calf serum, 2 mM glutamme media and stimulated with PMA (10

ng/mL) and ionomycin (200 ng/mL) in the presence of increasing concentration of
compound. Seventy-two hours after activation, 100 yL of culture media was collected

15  for IL-2 determination, an additional 100 uL fresh media was added to each well and
cultures labeled with tritiated thymidine (1 uCi/well) for 6 hours. Cultures were
harvested and tritiated thymidine incorporation (count per minute, CPM) assessed
using a Trilux (Perkin Elmer, Shelton, CT). IL-2 production was determined using an
ELISA as per manufacture’s instructions (R&D Systems, Minneapolis, MN).

20 In this assay, the compounds of Examples 1 and 3 inhibited proliferation with

ECs ranging 4.9-0.2 uM.

Example 11
The PTEN-tumor suppressor gene (phosphate and tensin homolog deleted on
25  chromosome ten) encodes a lipid phosphatase that plays a critical role in the negative
regulation of PI3K/AKT signaling pathways. Mutation or deletion of the PTEN gene
has been found in tumors of brain, prostate, endometrium, thyroid, breast and
lymphoid tumors. See, Cantley et al., Proc. Natl. Acad. Sci. USA. 96: 4240-4245,
1999; Ali et al., J. Natl. Cancer Inst. 91: 1922-32, 1999; Scott et al., Proc. Natl. Acad.
30 Sci. USA. 95: 7772-7777, 1998; and Nave et al., Biochem. J. 344: 427-431, 1999.
In this assay, a cell-based proliferation assay was performed to evaluate

the compounds of the invention in inhibiting growth of cells including the breast
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In this assay, the conpounds of Exanples 1 and 3 inhibited proliferation
with EC50 ranging 4.9-0.2 mM Exanple 11 The PTEN-tunor suppressor gene

( phosphatwoaneb/dsesssi n honol og del et ed on chronpsone t enpcenseass4sssi i pi d
phosphat ase that plays a critical role in the negative regul ati on of

Pl 3K/ AKT signal i ng pathways. Mutation or deletion of the PTEN gene has been
found in tunors of brain, prostate, endonetrium thyroid, breast and

| ynphoi d tunors. See, Cantley et al., Proc. Natl. Acad. Sci. USA 96:

4240- 4245, 1999; Ali et al., J. Natl. Cancer Inst. 91: 1922-32, 1999; Scott
et al., Progumbatéll ineMDASKS (PTHSAmuSed) VTAC o7 HTBE93B or prodtatdave et al .,

Bi ochem J . 344: 427-431, 1999. In thi el |l -based proliferation
as;g]a% was permeF ﬁ%lhhltl‘?)Lg@éP&%T%Ntrﬂ@a@gh%gmfﬁflﬁe i nvention in
inhibiting growth of cg{ls ¢ ' hrgasd insgven @hltudel JVDA468

( PTEN- nut at ed) ATCC o HTB{)‘?%%Q%%S?%?? A e

(PTEN-nut at ed) ATCC CRi1 70fiday to,@ompeyndsiesre eddddstoweteaist at ed in 96- wel |
culture plates, (ii) On day two, cogounds were added to cells at a

pr edet er fi ned concentr at i onPre%\?Dt?lF‘}m CICENFUPR- cel| proliferation was
measured by standard 1% as®AVaP et AelpraistcAass Wab atbabite®By Clal@tie et al .,
Cancer Detection and Prevention, 27(1), 2003. Results were recorded by A490

absor bance using a 96-wel | MiiSmssayprataspbasdisscribeiyy SiHe §apd etebul ts (A490
ol atlve to the control - (uncriat Dy Rer R ileB ATARR0PE JesaRLT S oo
were recorded by A490 absorbance using a 96-well
10 format platereader.
(iv) The MTS results (A490 units) from compound-treated
wells were then calculated as % control growth relative to
the control (untreated) wells on the same culture plate.
This data illustrates that the compound of Example 1 had ICso values of

15  less than 0.01 uM for both MDA468 and LNCap cell lines.

Example 12 - Modulation of ryanodine receptor calcium currents
Compounds are expected to modulate ryanodine receptor calcium currents via
stabilization of FKBP12.6 binding to the ryanodine receptor when tested in the
20 following assays:
A. Calcium Uptake Assay
Calcium (Ca?") uptake is determined by the procedures described in
(1) T. Yamamoto, et al., Cardiovascular Research, 44:146-155 (1999) or (2) M.
Yano, et al., Circulation, 102:2131-2136 (2000).
25 Sarcoplasmic reticulum (SR) vesicles for use in these assays are
prepared according to the method of Kranias, et al., Biochem. Biophys. Acta., 709:28-
37 (1982). Left ventricles obtained from dogs with induced heart failure are
homogenized in a solution containing 30 mM Tris-malate, 0.3 M sucrose, 5 mg/L
leupeptin and 0.1 mM PMSF, at pH 7.0 (Solution I). The homogenate is centrifuged
30 at 5500 g for 10 minutes and the resultant supernatant filtered through four layers of
cheesecloth before centrifugation at 12,000 g for 20 minutes. The supernatant is
again filtered through cheesecloth and centrifuged at 143,000 g for 30 minutes. The

40



This data illustrates that the conpound of Exanple 1 had |IC50 val ues of

| ess than 0.01 nM for both MDA468 and LNCap cell l|ines. Exanple 12 -

Modul at i omoaboaroseesedi ne receptor cal ci um currents Conpowgdassass/oesspect ed to
nodul at e ryanodi ne receptor calciumcurrents via stabilization of FKBP12.6
bi nding to the ryanodi ne receptor when tested in the follow ng assays: A
Cal ci um Upt ake Assay Cal ci um (Ca2+) uptake is determ ned by the procedures
described in ( 1) T. Yamanoto, et al, Cardiovascul ar Research, 44:146-155
(1999) or (2) M Yano, etal, Grcul atlon 102: 2131-2136 (2000).

Sar copl asm ¢ Helgd is f-sipeERy 11%'@§P](‘:1Flé§ congeiningd).6 M KiGds0 Elglsnm;@f L2 par ed
according to t ct a,

709: 28- g? (fgglg))sg% rng@ lg{épnﬁl c ermggil\%?ﬂr‘iea P Er?%@ gtsl(%V\/lﬁfhi’(he s(ﬂﬁ%%’(?q%lﬁrt
failure are henmifegdzed43,00(g aptedciibed shontaThe peue%(is sd¥bdiided inmBbiatien 10. 3 M

I t PMSE, at 7.0 (Solution I The
hombgenat o | S RERMEsgaN! 4k 0000 The Pelltedanisromamial iaptiprGogtarng SRan
supernat agt fokibRE ?sdsu%}ggngé@?l r&g%tlél?é’o%ta?rgﬁé 901%91%@13 b8 solti‘l?ilaée 0.3 M

centrifugation at 12 m nut he "supérnat an

filtered thr @ughsazlﬁeng/édélqieptin,r(dl cevitM Sk gepHeR.0, Jté@n&(wﬁlgﬂ proteid 0 m nut es.
Thepel let is re endf(e)]g)&(? Iutlon containing 0.6 MKCO, 30 nM
Tris-nal ate, “G"% LIeupeptln 0.1 mM PNMSF, at pH70

(Solution I1). The susgensi @Rbe%uﬁ@é‘isﬁ*éﬂd%dab%ewiq%ﬁkgaﬁgnat %5}31 300

above. The pellet is suspended in Solution | and ce I
The pel | et ed nih of »s@niadn fantaining . kSODv[tIéGJhilrmgMSF{g%sB&w% CSCElﬁimﬂldﬁﬂ)l n a

sol uti on,con K T M sucro
| eupept i n8 tl? %}%ﬁﬁﬁmgp 'EM 174)[8( s, 53[ 1 {:ﬁalupf?i@tl%inﬁla&ﬁ%ﬁ‘fdﬂ%‘fq on of
10- 20 ng/ L. of 1 mM ATP and is determined at varying time intervals by placing a 2 mL aliquot

on a 0.45 um Millipore filter, and rinsing it with 5 mL of washing buffer (0.15 MKCI,

20 mM MOPS, pH 7.1 (22°C), containing 30 mM EGTA and 15 ypM ruthenium red).

Radioactivity retained on the filters is determined by liquid

15 scintillation counting.
(2) SR vesicles as prepared above (0.2 mg/mL) are incubated in 0.5
mlL of a solution containing 0.15 mol/L potassium gluconate, 1 mmol/L MgCl,, 0.2
mmol/L EGTA-calcium buffer (free [Ca**] 0.3 pM), 10 mM NaNjs, and 20 mM
MOPS, pH 6.8. Ca®* uptake is initiated by the addition of 0.5 mM ATP into the
20 cuvette. Ca** uptake is monitored over time spectrophotometrically with fluo 3 as a

Ca®" indicator (excitation at 480 nm, emission at 530 nm).

B. Calcium Leak Assay
Calcium (Ca®") uptake is determined by the procedures described in M.
25 Yano, et al., Circulation, 102:2131-2136 (2000).

Following a plateau in Ca®* uptake in SR vesicles according to the
procedure described in "A. Calcium Uptake Assay, (2)" above, varying
concentrations of FK506 are added in the presence of 1 uM thapsigargin to inthibit SR
Ca”"-ATP activity, and the resultant Ca®* leak is monitored.

30
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( 1) SR vesicles as prepared above (0.2 ng/nL) are incubated in 2 nL of a
solution containing 0.15 KA, 1InmMMd 2, 30 MM 45CaCl 2 ( 1 nCi/nL), 10 mM
NaN3 and WO 200d/ekBS, pH 7.1 (220C). Ca2+ uptake is initiparasdpgoasditi on of
1mM ATP and is determined at varying time intervals by placing a 2 nL
aliquot on a 0.45 nmMIlipore filter, and rinsing it wth 5 nL of washing
buffer (0.15 MKA, 20 nM MOPS, pH 7.1 (220C), containing 30 mM EGTA and 15
mM rut heniumred). Radioactivity retained on the filters is determ ned by
liquid scintillation counting. (2) SR vesicles as prepared above (0.2

ng/ mL) are incubated i goQ.dedlizatibn As§@) ution containing 0.15 nol/L
pot assi um gl uconate, 1 mol/L Md 2 mmol /L EGTA-cal cium buffer (free

[Ca2+] 0.3 mV), 10 nmv RaNgcaliznone WIW@O%W grogntotRyYR) ip FEIRP 12Jor
tiated b t t t ake i
B Rt L U S A

(excitation @rcﬂﬁzﬂoﬂﬁmﬁmlﬁQBﬁB16405m3blr‘r) B. Cal cium Leak Assay Cal cium
(Ca2+) uptake is determ ned by the procedures dgscrl be n M ){{aﬁ), etal,

Crcul atidn, 102:2131- Ei@hci@mo“ﬁ%ﬁﬂﬁﬁsﬁ@@e PR 53 }aﬁr@’?ﬂl ake in SR
vesi cl es accoldipg kR Rﬁ')ea.r%ﬁﬁ&%%ﬁag%’%% 6@@@% Rt/yd1] /@bﬁécﬁm(Whgm Assay,

(2)" above, varying c ncentratlons 0 are adde In the presence of 1
mM t hapsi gar giatrist and anbirbirttaiSE] DaClayodhid metiaTRH, Biasuderchs) snpameniad wih2 +

| eak i i d C. Co- | ocal i zat i f di
Fyanodt ne. el g P kiRl ek th sOEPE R O MG by he
E)rzggg;iures dgsgtiied ob@nf:), SROEBonBkin(100 YPhE) | PEBPI. BARGRD GhterRBom31- 540

10  is determined using coimmunoprecipitation assays using pAb129 (anti-RyR2) and
anti-FKBP to immunoprecipitate and immunoblot, respectively.

RyR2 is immunolocalized using pAb129 and Alexa®™® conjugated
secondary antibodies and FKBP is co-stained using N-19 (Santa Cruz Biotechnology)
and Alexa®® secondary antibodies.

15

D. Western Blots

Expression and association between cardiac ryanodine receptor (RyR)
to FKBP12 (or FKBP12.6) is determined by the procedures described in C. George, et
al., Circulation Research, 93:531-540 (2003).

20 Western blots of microsomal fractions obtained from HL-1
cardiomyocytes cultured as described above in "C. Co-Localization Assay" may be
carried out using conventional techniques. Microsomal fractions (100 pg) from HL-1
cells are immunoprecipitated using anti-RyR2 (pAb129) followed by anti-FKBP
immunoblotting.

25

E. Electrophysiological Determination of SR Ca** Leak

Sarcoplasmic reticulum (SR) Ca** leak is determined by the procedures
described in T. Shannon, et. al., Circ. Res., 93: 592-594 (2003).

Ventricular myocytes are isolated from New Zealand White rabbits

30  (Myrtle's Rabbitry, Inc., Thompson Station, Tenn., USA) in which heart failure is
induced by combined aortic insufficiency and stenosis. Diastolic SR Ca®" is measured

during cellular stimulation to steady state at different frequencies to vary load. Levels
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HL-1 cardi onyocytes expressing the human cardi ac ryanodi ne 2 receptors
(hRyR2) are cultured on a gelatin (0.02% [wt/vol]/fibronectin (10 g.nl)
matrix amstoaoes/osedspt ai ned in Cayconb nedia (JRH Bi osci eccaspossoppsenent ed
with fetal calf serum (10%[vol/vol], glutam ne (2mM, norepinephrine
(O 1lmVv, penicillin (10Qu/ ), and streptomycin (100 ju.g/nl).
FKBP12. 6: hRyR2 interaction is determ ned using coi nmunoprecipitation assays
using pAbl 29 (anti-RyR2) and anti-FKBP to imunoprecipitate and i rmunobl ot,
respectively. RyR2 is immunol ocalized using pAbl 29 and Al exa conj ugated
SB ec ? n dﬁr y I ara)tfl)dl;a@ﬁ%ie ilymdidgfa%ptcﬁ (RyR3€al Meak msy bejassessed pBaret incrersgd total

| ot echnol ogy) and Al exa 6 con -anti bodi es.. D st ern, Bl.ot
Expr essi on éﬁ@%@%@irﬂmﬁw&é s\}é’éﬁln?@?dﬂﬁ uP%WBﬁJ‘FIRE of Z‘%@ﬁ?%? (a(“%‘ﬁ%? to
FKBP12 (or Flﬂaéf(é% 6) is determ ned by the procedures described in C
George, et a‘ﬂ, rcul ati on Research, 93:531-540 (2003). Western bl ots of
m crosomal fractions obtained fromHL-1 cardi onyocytes cul tured as

descri bed ahove in "C. _Co-lLocal jzation Assay" maybe carried out using
conventiénalﬂ%@ﬂﬁi%‘eg?‘rq\www%ﬁ actions (100 g) fromHL-1 cells are

| unopr eci pi t at e Uiy o#Md copBendsithid Bhventibh eveeht by irthiliit - FKBP
I mmunobl otting. E. Electrophysiol ogical Determ natign of SR Ca2+ Leak

Sar copl asmi aardiovaseilandié®Ry oCpezipherahkascylag diseastilnepiivped fea Hur es
o Tk MO N L s PR
Rabbi try, | ngceptdAIREPRoSIAS haman ABRFOsclekdSA) Thapwebdire heat is bfiafly ure is
10  summarized below.
Male EKO mice, 4-6 weeks of age, are housed in shoe-box cages and are
allowed ad lib. food and water. The animals are randomized by weight into 5 groups
(N=12-15 mice per group) and are fed Purina Rodent Chow for the first week of the
study. Also during this period as well as the remaining 12 weeks of the study, the
15  animals are dosed every 2 days with 0, 1, 2, 4 or 8 mg/kg rapamycin analogue
subcutaneously (s.c.) using 2% Tween-80, 1% carboxymethyl cellulose as the vehicle
and Control. The animal diet is switched to a casein-based Western Diet for week 2 to
week 13 of the study. At the end of the study period, the animals are euthanized,
plasma samples obtained, and the hearts perfused first with saline, then with 10%
20  formalin. Total cholesterol and triglycerides are determined using enzymatic methods
with commercially-available kits from Boehringer Mannheim and Wako
Biochemicals, respectively, and the Boehringer Mannheim Hitachii 911 Analyzer
(Boehringer Mannheim Diagnostic Laboratory Systems, Indianapolis, Ind.).
, Separation and quantification of plasma lipoproteins are performed using FPLC size
25  fractionation. Briefly, 50-100 ml of serum is filtered and injected into two Superose 6
columns (Amersham Pharmacia Biotech, UK, Ltd) connected in series and eluted at a
constant flow rate with 1 mM sodium EDTA and 0.15 M NaCl. Areas of each curve
representing VLDL, LDL and HDL are integrated using Millennium software (Waters
Technologies Corporation), and each lipoprotein fraction was quantified by
30  multiplying the Total Cholesterol value by the relative percent area of each respective
peak. The aortas are carefully isolated and remain in the formalin fixative for 48-72

hours before handling. Atherosclerotic lesions are identified by Oil Red O staining, a
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i nduced by conbined aortic insufficiency and stenosis. Diastolic SR Ca2+ is
measured during cellular stimulation to steady state at different
frequenciwe 20@/06893g | oad. Level sof diastolic ryanodi ne prerapt@s/o§izyR) Ca2+
| eak may be assessed by the increased total sarcoplasmic reticulum Ca2+
load ([Ca2+]sRt) upon inclusion of tetracaine (an RyR blocker). Exanple 13
- Cardiovascul ar Effect The ability of the conpounds of this invention to
treat or inhibit cardiovascular disease or peripheral vascular disease is
confirmed in a standard pharmacol ogi cal test procedure using ApoE knockout
gl‘ EKO) i cg, WYl eBeited prgo/_edw,#r? aa dépiti€ring acomulatmoedf nefitrbluimds wiches oscl er osi s.

e procedure used is briefly summari zed be) ow I KQ m ce, .4-6 weeks of
_?_ﬁe, are Po&h@@Stpwl%Wlﬁbﬁe%egh%ﬁﬁsaF éreéieFtG’sﬁﬁ&{aﬁ@ tF‘?fbl.mf’fgS‘iHSIE%a wat er .

e animal s RIARIH AR ERGWith BSBnP 300PAGC Dirherd sidherflf Coroert
group) and é\ﬁ{é&}g uri nagol‘\ioopgnt %‘no{/v forrl he fi rs% we_eekrg t he study. Also
duri nlg this w(tjiﬂfII\gAQBGoN@ulratm Utiley (Natomil hptromeni ek theomagh eapiyies/, t he
animals are dosed every.2 days wi.th. Q, 1. 2 4 or, 8.no/lk i
an?: o? ue Ssusetivaredhe i%?m@é ?‘T@.%uaﬁ‘%ﬁ?fbgﬁ% hragricgych ‘F%lng ar gsé{;(@rreiﬁt; ﬁyﬂhﬁl
cel l ul ose as: | ' i j

. tiiiREsofEtUre backapd d &ttt Bly-RoblRft @l (TRllerfireTedhdomeletched to a
casei n- basezlvgsgtern I_Jbet géojr vve_ek%é, to week (r%llof t he stugly.)cAt the end of
the study petitomatetlAesiamasvessmenirie petforneadi anctlie vessals waing dhgpihesshelgfunciiog, and

the hearts perfused first.wth in t hen . wit b: 4109 i I
chol est er ol Ogﬁllf’ Erpmég?qﬁ\é\%ilygiz%ge?g‘gop 0(r?llea tﬁis‘plﬁlége{%\éz%c{rrrg? %fgﬂrﬁré)t {cl)%s with
comer ci al | y5a@al alleforkhd Right OBMBRRITA00E brtddyne el distanelidddk theBiedicheni cal s,

respectively, and the Boehringer Mannheim Hitachii 911 Anal yzer,.. ehri nger
Mannhei moDi pbokvian artghs Awrtar sthapacleesis dpads aspsrd & quﬁ‘?:ﬂt%“%gl e(Bé‘BSti on gnd

quantification of plagme |1ROREI §LARdHRiRELLE SRS dghififinte BhRen
the Control and treated groups is determined using the Dunnett's Test at 1%
significance level (p<0.01).
The results are anticipated to show that treatment with a compound of the

15  1invention significantly (p<0.01) increases levels of circulating plasma HDL-
cholesterol and LDL-cholesterol, while not significantly affecting levels of
triglycerides, total cholesterol, or VLDL-cholesterol compared with control EKO
mice. It is also anticipated that the results will show a marked and dramatic decrease
in the level of atherosclerosis (lipid deposition) in the treated mice.

20 The results are also expected to show that the compound of the invention
protect against fat accumulation in the vascular wall, and the development of the
classically described, atherosclerotic disease.

All patents, patent publications, and other publications listed in this
specification are incorporated herein by reference. While the invention has been

25" described with reference to a particularly preferred embodiment, it will be appreciated
that modifications can be made without departing from the spirit of the invention.

Such modifications are intended to fall within the scope of the appended claims.
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fractionation. Briefly, 50-100 mMl of serumis filtered and injected into
two Superose 6 col ums (Amersham Pharmaci a Bi otech, UK, Ltd) connected in
seri es ansloebesiosgbzat a constant flow rate with 1nM sodi porTESIdhsandsD. 15
MNaCl . Areas of each curve representing VLDL, LDL and HDL are integrated
using M Il ennium software (Waters Technol ogi es Corporation), and each

| i poprotein fraction was quantified by nultiplying the Total Chol esterol
value by the relative percent area of each respective peak. The aortas are
carefully isolated and remain in the formalin fixative for 48-72 hours

bef or e handlwng is Mahesdiscl erotic | esions are identified by Ol Red O
staining, awell accepted procedure for identifying accunul ati on of neutral

| i pi ds such as chol estﬁg%ﬁommﬁég}rﬁﬁﬁm des. The vessel s are destai ned,
and then i maged using a N kon SMJB00 m crQscgRe fitted with a Sony 3CCD
video canera systemin concert with EVI £Q Cgnkiguration Uility (National

I nstrunent) as the inage capturing soft e | esions are quantified

al ong the aortic arch using a custom thresfiol dutility software package
desi gned by Robert Coll (Col eman Tec ies). Automated | esion assessnent
is perfornmed on the vessels us% ht eSKol dyyfunction of the program
specifically on the region cont mﬁ.hinothe|aortbﬁ arch fromthe

proxi mal edge of the Right Conmp rd artery e e distal edge of the
Left Subclavian artery. Aortic atherogclerosis datla i§)expressed as percent
| esion (lipid) involvenent stri15 thin thi geefrgred | um nal area.
Statistical significance bet the Control and treated groups is

determ ned using the Dunnet t ak71963ignifican g | evel (p<0.01). The
results are anticipated to show that freatmenRsWR¢h a/conpound of the
invention significantly (p<0. [
HDLchol est erol and LDL-chol esterol, whille not gsighifidantly affecting

| evel s of triglycerides, total cholesterol, or 'VLDL- chol est er ol conpar ed
with control EKO I

wherein:

R; and R, are different, independent groups and are selected from the group
consisting of OR3 and N(Rs)(Ra~); or

R, and R, are different, are connected through a single bond, and are selected
from the group consisting of O and NRg;

Rs, Ry, and Ry~ are independently selected from the group consisting of H, C;
to Cg alkyl, C; to Cg substituted alkyl, Cs to Cs cycloalkyl, substituted C; to Cg
cycloalkyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl;

R4 and Ry are:

(a) independently selected from the group consisting of H, OH,
O(C; to Cs alkyl), O(substituted C; to Cs alkyl), Oacyl), O(aryl), O(substituted aryl),
and halogen; or

(b) taken together to form a double bond to O;

Rs, Rg, and Ry are independently selected from the group consisting of H, OH,
and OCHs;

Rg and Ry are connected through a (i) single bond and are CHj or (ii) double
bond and are CH;

Rys is selected from the group consisting of C=0, CHOH, and CHoy;
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mce. It is also anticipated that the results will show a marked and
dramati c decrease in the |evel of atherosclerosis (lipid deposition) in the
treat ed mvoeoosidesoseesul ts are al so expected to show t harctrhs2esmpssand of
the invention protect against fat accunulation in the vascular wall, and
t he devel opment of the classically described, atherosclerotic disease.
AUpat ents, patent publications, and other publications listed in this
specification are incorporated herein by reference. Wile the invention has
been described with reference to a particularly preferred enbodi nent, it
wi Il be appreciatgd 1tdr@t nodi ficati ons can be made wi thout departing from
the spirit of the invention. Sucq dkfic tions are intended to fall within
i inre

the scope ofor@ihaEpAsewiadly Acesnizd Oclained is: 1. A conpound of the
formula | : | wherein: RL and R2 are different, independent groups and are
selected fromthe group consisting of OR3 and N(R3 ) (R 3" ); or Rl and R2

are different, ar® corflecoatouhd acaphding 8 ¢lgine 1 boheteingaid R andd ®et ed from
the group consisting of O anq R3; R3, R3 , and R3- are independently

sel ected fr dienperéedd hasmglepofy of H CL to C6 alkyl, CL to C6
substituted alkyl, C3 to C8 cycloal kyl, substituted C3 to C8 cycl oal kyl,
aryl, substituted aryl, heteroaryl, and substituted heteroaryl; R4 and R4
are: (a) independently selected fromthe group consjsting of H_OH O0(C1
to C6 al kyl), O subst iTheeotnmound gcqsding kflpim \é{bvpl}l,Rleﬁg}aﬁzﬁ 3-
Q(substituted aryl), and hal ogen; or

4, The compound according to claim 1, wherein R, is ORz and R, is
N(R3)(NR3»).
5. The compound according to any one of claims 1 to 4, wherein R, Ry

or Rs» is an aryl or substituted aryl.

6. The compound according to claim 5, wherein said substituted aryl is a

substituted benzene ring.

7. The compound according to claim 6, wherein said aryl or substituted

aryl is of the structure:

wherein:
R0, Ri1, Ri2, Ri3, and Ry, are independently selected from the group

consisting of H, C; to Cs alkyl, substituted C; to Cs alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, halogen, acyl, OH, O(alkyl), O(substituted alkyl),
O(aryl), O(substituted aryl), O(acyl), NH,, NH(alkyl), NH(substituted alkyl),
NH(aryl), NH(substituted aryl), and NH(acyl).

8. The compound according to any one of claims 1 to 7, wherein Rg and

Ry are bound through a single bond.
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(b) taken together to forma double bond to G R, R6, and R7 are

i ndependently selected fromthe group consisting of H OH and OCH3; R8 and
R are conwecb@mesdszough a (i) single bond and are CH2 orcfiuspoodoudsse bond
and are CH R15 is selected fromthe group consisting of C=O, CHOH, and
CH2;n is 1 or 2; or a pharmaceutically acceptable salt thereof. 2. The
conpound according to claim1l, wherein said RlL and R2 are connected through
a single bond. 3. The conpound according to claim2, wherein RLis O R2is
NR3. 4. The conpound according to claim1l1l, wherein RL is OR3 and R2 is N(R
B NR3 ) . 5. The corrpound according to any one of cI ains 1 to 4, wherein

R3, R3 or R3" is an ar or substltut ed aryl t
claim5, wherein%aid ROYRG ACCRFAINS fosary %‘196’& a’E’Hf igrrg B%rﬁ’é’ fi;ﬁ‘g‘l ng7g- 0
The conpoung%aagc%]%]qgr&u%h%]@kﬁme%f */ner ein sal d aryl or substituted aryl is

of the structlre: erel , , and R14 are independently
sel ected fromthe group consisting of H Cl to CG al kyl, substituted C1 to

C6 al kyl, aryl, subst t t ed h tit het
hal ogen, acyl, OHO I u % %E%gﬁﬁélgé?cgﬂyya‘m?ﬁ%ffm&i g) Wit gﬁ@s‘%ltuted

aryl), O ac 2 NH( al kyI) NH( substituted al kyl), NH(ar I
NH(SUbStItU%I%%I aryl) and NH(acyl). taryh),

11.  The compound according to any one of claims 1 to 9, wherein R4 or

Ry is O(acyl).

12. The compound according to claim 11, wherein said acyl is:
O
N
l ~
/ .
13. The compound according to any one of claims 1 to 12, wherein Rs, Re,
and R; are OCHjs.
14.  The compound according to any one of claims 1 to 13, wherein n is 2.
15.  The compound according to any one of claims 1 to 14, wherein R;s is
C=0.
16.  The compound according to claim 1, selected from the group selected

from the group consisting of 9,27-dihydroxy-3-{2-[4-hydroxy-3-methoxycyclohexyl]-
1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-37-phenyl-
4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone; 9,27-dihydroxy-3-{2-[4-hydroxy-3-
methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
37-phenyl-4,9,10,12,13,14,15,16,17,18,21,22,23,24,25,26,27,32,33,34,34a-
henicosahydro-3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-
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8. The compound according to any one of clains 1 to 7, wherein R8 and R are
bound through a single bond.9. The conpound according to any one of clains
1 to 7, wenreismeRB2and R are bound through a doubl e bonecTAB2005hessspnpound
according to any one of clainms 1 to 9, wherein RA or R4 is OH 11. The
conpound according to any one of clainms 1 to 9, wherein R4 or R4 is
(acyl). 12. The conpound according to claim 11, wherein said acyl is: 13.
The conpound according to any one of clains 1 to 12, wherein R5, R6, and R7
are OCHB. 14 The conpound according to any one of clains 1 to 13, wherein

nis 2. clihereraeysisheaaostined ,5,01,28)29(1E3 Hﬁ) pd:raomfs 37-(¢ehlbag-3nher ei n
R15 is C-O 6. The con‘Bound accor di nf; to, cla fled ffomthe group
sel ect ed f r orsthyiBhenybu2 EoHydEsyny Ik 4-hydroxy- et oxycyc ohexyl]

9, 27- di hydr

| - met hyl et h??%{ﬁy’lisﬁj%!}g? ?rgtq 1{0?8%0% 68’Tg 120114 20 26- heiﬂayrret hyl - 37- phenyl -

423 10, 12, 1?%91,;10 é5,,13ﬁ4213 BD17R, THRB5,26,2232.33,33 343 nopadechbydiordBadidfo- 3H- 23
epox epoxylr m

2 o azﬁc@p@ﬁéﬁﬁéf@a%mm%ﬁiﬂo%@' (1501 Sitsracysiopensmagapiae

9, 27-di hydr g X%1?2@%9 L6tz By @B%Mﬁa@rﬂé}@w¢ D7 -dinyaestyy-en pad

}-10, 21-di mefRoxy-5, ~ 8,12, 14, 20 26 hexanet h
37- phenyl - 4 @mymnmoxycmmsylﬂ msﬂaznetm 26,22 4limsthegy-578, 521420.200 34aheni

EOE?P){F‘ITJgxai’%%ﬁg‘ﬁkg’gﬁ:&a}@oﬁtﬁiﬁs gﬁgﬁﬁg‘zg%%(jgﬂﬁﬁ pént one;

37-(4-chl or gdadecahydro-3H-23,27- epoxy-18 15- (epoxylmmo)pyndo[Z 1-
nmet hyl phenyl )-9, 27- dlhydroxy-S- - r oxy- 3- met hoxycycl ohexyl ]-I pet hyl e

thyl} -10, 21]diHersmesyclesiriaonting: 12% 12@8 {Hypentone; 9,27-dihydroxy-3-{-
2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-37-phenyl-
4.9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4] oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone ester with -2,2-dimethyl-3-(pyridin-2-yl)-propionic
acid; and 37-(2,6-dichlorophenyl)-9,27-dihydroxy-3-{-2-[4-hydroxy-3-
methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone; or pharmaceutically acceptable salts of each of these.

17. The compound according to claim 1, wherein R; and R; are connected
through a single bond; R, is O; R, is NR3; Rs is phenyl; R4 is OH; Rs-Ry are OCHs;
and Rg and Ry are HC=CH.

18. The compound according to claim 1, wherein R; is OR3; Ry is
N(R3)(R3~); Rs is H; Ry is H; Rs~ is phenyl; Ry is OH; Rs-R7 are OCHj3; and Rg and
R9 are HzC-CHz.

19. The compound according to claim 1, wherein R; and R; are connected
through a single bond; R; is O; R; is NR3; Rs is phenyl; Rq is OH; Rs-R; are OCHs;

and Rg and R9 are HzC-CHz.
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4,9,10, 12, 13, 14, 15, 18, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 34a- nonadecahydr o- 3H 23
, 27- epoxy- 18, 15-(epoxyi m no)pyrido[2, 1-c]

[ 1, 4] oxazwmoyodeniesaser i acontinel, 5,11, 28, 29(6H, 31H) - pent eqe;uS2005/045551

37-(2, 6-di chl orophenyl ) -9, 27-di hydr oxy- 3- {2-[ 4-

hydr oxy- 3- met hoxycycl ohexyl ] -1 - nmet hyl et hyl }-10, 21- di net hoxy-6, 8, 12, 14, 20, 26

hexanet hyl -4, 9, 10, 12, 13, 14, 15, 18, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 34anonadecah
ydro- 3H 23, 27-epoxy- 18,1 5- (epoxyinino)pyrido[Z 1-

cl[!, 4]oxazacyclohentr|acont|ne |, , 28, 29(6H 31H) - pent one;

9, 27-di hydr oxy- 3- 2 4- hydr oxy-3 - tho y. hex net hyl et

}-10, 2 1-di met ho e cqpIpqu 5@? %@tﬁﬂ% XH\@H@& arf‘én%&%{‘g 13
314,15,18,2 NRARG aRYOICH:; 3¢ 284, K fare €POXY -
18,1 5- (epoéglﬁ?ﬁ%§%gh%§ %qg?&(ﬁgkﬁgbﬁg:%ég;ggyc?ozentrlaégﬁilné?)1 5,1

|, 28, 29( 6H, HIHCHReatddReisest er with -2, 2-di net hyl - 3- (pyri di n-2-yl ) - propi onic
acid; and 37-(2,6-dich|orophen,I)-9,27-dihydroxy-3- {-2-[4- hydr oxy- 3-

met hoxycycl ohexyl ] - 1-nmet hylethyl} -10,2 1-di nethoxy-86,

8,12, 14, 20, 26- hexanet hyl -
4,9, 10,12, 13, 14, 15, 18, 21, 22 , 24, 25, 26, 27, 32, 33, 34, 34a- nonadecahydr o- 3H 23
, 27- epoxy- 18,1 5-(epoxyi /i no)pyrido[2, 1-c]

[ 1, 4] oxazacycl ohentriacontine- 1,5,1 |, 28, 29(6H, 31H) - pentone; or
pharmaceutically acceptabl e salts of each of these. 17. The conpound
according to cI aion 1, TeeogipouiRl acodiif@Ptoard @nchrwissreiedR tand Bagre conspeigd e

bond; RL is O R2 is NR3; 4. , and R8
and RO are rﬂ@e@gh aﬁ@gleh?édc%hﬁ&rﬁg i\h{é g‘?’r‘f‘g&flo é'IRélaFﬁRécm ﬁ"%‘«?f is OR3;
R2 is N(R3C&g§ ﬁg%g R3'" is H R3 is phenyl; R4 is OH R5-R7 are OCH3;
and R8 and are’ 2 19 The conpound according to claim1l, wherein

R1 and R2 are connected i

cl .

22, The compound according to claim 1, wherein R; and R, are connected
through a single bond; R; is O; Ry is NR3; R3 is phenyl; Rs-Ry are OCH;; Rg and Rg
are HC=CH; and R4 is

o)
N
AP0 | N
/ .
23. The compound according to claim 1, wherein Ry and R, are connected

through a single bond; R; is O; R, is NR3; R4 is OH; Rs-R7 are OCHj; Rg and Ry are

HzC-CHz; and R3 is
Cl

&

cl .

24.  The compound according to claim 1, which is selected from the group

consisting of:
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through a single bond; RLis O R2is NR3; R3is phenyl; R4 is OH R5-R7
are OCH3; and R8 and RO are H2C- CH2.20. The conpound according to claim1,
wher ei n Rioaneb/de3ar e connected through a single bond; RtTItS200508351 s NR3;
R4 is OH R5-R7 are OCH3; R8 and RO are HC=CH, and R3 is 21. The conpound
according to claim1, wherein RL and R2 are connected through a single
bond; RLis O R2is NR3; R4 is OH R5-R7 are OCH3; R8 and RO are HC=CH;
and R3 is 22. The compound according to claim1, wherein RL and R2 are
connected through a single bond; Rl is O R2 is NR3;R3 is phenyl; R5-R7 are
OCH3; R8 and R9 are H F and R4 is " The conpo accordlng to claiml1,

wherein Rl and R2 arg tonnected throighta si ngle bond; RLis O R2 is NR3;
R4 is OH R-R7 ar ;

) ) WS 24. The conpound
according to cl ai °i s sef LM t he\, Lgonsi sting of:25. A
conmpound of the la , d#%ﬁ%g ndependent groups
roup c I : of K QR3"); or Rl and

and are sel ected
R2 are different, are connécted through d@%lngle bondHC%nd are sel ected

fromthe group consisting of O and NR3 R3-and R3 are independently

selected fromthe grou nsisting o Cl to C aIkyI,, , to C6
substituted al kyl, C3 to- & cycl oal kyI ebstituted C3° cycl oal kyl
aryl, substituted a H t lﬂ substituted toeroaryl R8 and R

are connected throu s ] " are Qﬁi#p ’ ||) a doubl e

25.

R; and R, are different, independent groups and are selected from the group
consisting of OH and N(R3-)(Rs»); or

R, and R are different, are connected through a single bond, and are selected
from the group consisting of O and NR3;

Rs and R3~ are independently selected from the group consisting of H, C; to
Cs alkyl, C; to Cg substituted alkyl, C; to Cs cycloalkyl, substituted C; to Cs
cycloalkyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl;

R and Ry are connected through a (i) single bond and are CH; or (ii) a double
bond and are CH;
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bond and are CH, or a pharnaceutically acceptable salt thereof. 26. A
conpound of the formula Ib: Ib wherein: Ris independently selected from

t he groupwoan®imssisng of H, Cl to C6 al kyl, substituted @tThs200s5@isyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, hal ogen, acyl, OH,

O al kyl ), Q(substituted alkyl), Qlaryl), Q(substituted aryl), Qlacyl), NH2,
NH(al kyl ), NH(substituted al kyl), NH(aryl), NH(substituted aryl), and
NH(acyl); and mis 1 to 5. 27. The conpound according to any of clains 1 to
26 which is a neuroprotective agent. 28. A conpound as claimed in any one
of claims 1 ¢ra phénhaveutictlyemceptatdelsalttierepf.29. Use of a conpound as defined
in any one of clainms 1 to 27 in the preparation of a nedi canent for
treating neurological di sorders in a subject in need thereof. 30. The use
according to claigg Q@%ﬁﬁhﬁigﬁhgﬂﬁﬁﬂﬂghpgiCa| di sorder is selected from
the group con5|st|ng d? mer' s di sease; epilepsy; Huntington's

D sease; Parkinson's D sease; stroke; spinal
injury; Lewy body denentia; Pick's disef N ewrann- Pi ck di sease; anyl oid
angi opat hy; cerebral anyl oid angi opath c anyl oidosis; hereditary
cerebral henorrhage with anyI0|d05|s pf the Ditch type; inclusion body
myositis; mld cognitive inpair ydr one; anyotrophic | ateral
sclerosis (ALS); multiple sclerfosis] strophy Becker nuscul ar
dyst rophy; Faci oscapul ohuner al A

rd injury;, traumatic brain

wherein:

R is independently selected from the group consisting of H, C; to Cg alkyl,
substituted C; to Cg alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
halogen, acyl, OH, O(alkyl), O(substituted alkyl), O(aryl), O(substituted aryl),
O(acyl), NH,, NH(alkyl), NH(substituted alkyl), NH(aryl), NH(substituted aryl), and
NH(acyl); and

mis1to5.

27.  The compound according to any of claims 1 to 26 whichisa

neuroprotective agent.

28. A compound as claimed in any one of claims 1 to 27 for use as a

medicament.
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muscul ar dystrophy; and |inb-girdl e nuscul ar dystrophy (LGW). 31. Use of a
conpound as clainmed in any one of clains 1 to 27 in the preparation of a
nmedi camernwof0d6/dsBes2t r eat ment of conplications due to st polrasesoshessd: t r auna
in a subject in need thereof or for the treatnment of inflanmmatory di sorders
in a subject in need thereof. 32. Use as clainmed in claim31, wherein said
i nflammatory disorder is selected fromthe group consisting of: | upus,
rheumatoid arthritis, psoriatic arthritis, osteoarthritis, ankyl osing
spondyl atis, psoriasis, dermatitis, scleroderma, inflammtory bowel

di sease, Crohn's 29 seaS@,ofamdnmbuﬁdaﬁdefmeddﬂhﬁyime &3 laitusd toR7an dwnpound as
clainmed in any one of clajns rat.ion of a di cacfrent for

27 th
t he treat meMeRFFatipnd :%P‘?jjé"‘rm@ %‘gttﬁe&tl#lg B?ﬂrgll‘?gw@f%ﬁ?fd%ﬁg PSERIRG IR pee

mal i gnant h){g ferm a; central core disease; cathecol am nergic pol ynorphic
ventricul ar tachycardi a; and arrhythnogenic right ventricular dysplasia
type 2 (ARVD-2); in a subject in need thereof, or the treatment of a

cardi ovascul ar disord | ect th t h t
Tl Lurer par oxysctal - tBaipe srardine der a0y i napi S Roae EARSIS Curar
tachycardi a;q I%BQQ? m ﬁfér%f&ﬁf QnRistifX 6 AlSReimeelutSshs @ epllypdyrHantin oy s QT

syndr one; b| |rect|onal cardia;, arterial cardiovascul ar, thronboenbolic
di sorders; \Rinenss; Rmkldsam/abmam strolfen Apjoelaon] inpury; tsamarticdrain FIBRESEMY0| |

di sorders i chanmb . Of. the eart e 0,

peri pher al g?"@@%?%‘lemﬂﬁ g{é Ch 136@6‘? "‘Bn?ég‘ sélgefag 9 ﬁ Jn?uarn ﬁﬁﬁtﬁyc%lrr%%r?ld
artery dis ea&%?yloﬁrahgfdpbth%; sydkegfie ﬁﬂl‘yIdI@OSISQ ﬁéﬂédmy%embﬁaﬂ hembfrhagmmlo n;
vascul ar inflammation; coronary heart di sease (CHD); unstable anﬁ na (UA)

unst abl e r efanasdmdpyls aﬁ@erwclsmm iaclysign hady mapsitispid Fesutimpa
acute cor onra]é%/ ndr(ﬁ?&ei oy c%tr d filerf'scle gﬁﬁr(Ai@;) ] flf)?er Qi bsid; 'ﬁ&h@ﬁﬂepn

acute myoca nmyocar ‘ar ct non-Q wave
nmyocar di al i @ykabshy; BeckéaanusSller ﬂm@hﬁ;l Rdcidscdpatohiiimerg] (Landouzy—DeJenne)

muscular dystrophy; and limb-girdle muscular dystrophy (LGMD).

31.  Use of a compound as claimed in any one of claims 1 to 27 in the
preparation of a medicament for the treatment of complications due to stroke or head
trauma in a subject in need thereof or for the treatment of inflammatory disorders in a

subject in need thereof.

32.  Use as claimed in claim 31, wherein said inflammatory disorder is
selected from the group consisting of: lupus, rtheumatoid arthritis, psoriatic arthritis,
osteoarthritis, ankylosing spondylatis, psoriasis, dermatitis, scleroderma,

inflammatory bowel disease, Crohn’s disease, and ulcerative colitis.

33.  Use of a compound as claimed in any one of claims 1 to 27 in the
preparation of a medicament for the treatment of a disorder selected from the group
consisting of: malignant hyperthermia; central core disease; cathecolaminergic
polymorphic ventricular tachycardia; and arthythmogenic right ventricular dysplasia
type 2 (ARVD-2); in a subject in need thereof, or the treatment of a cardiovascular
disorder selected the group consisting of: congestive heart failure; paroxysomal
tachycardia; delayed afterdepolarization; ventricular tachycardia; sudden tachycardia;

exercise-induced arrhythmia; long QT syndrome; bidirectional tachycardia; arterial
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coronary artery disease; ischemc heart disease; cardiac ischem a;

i schem a; i1schem c sudden death; transient ischem c attack; stroke;

peri pher avoeoaassizze arterial di sease; venous thronbosi srTasemseesssl

t hrombosi s; thronmbophl ebitis; arterial enbolism coronary arterial

t hronbosi s; cerebral arterial thronbosis; cerebral enbolism kidney

enbol i sm pul nonary enbolism thronbosis; supraventricular arrhythm a;
atrial arrhythma; atrial flutter; and atrial fibrillation; in a subject in
need thereof. 34. A nethod of preparing a conpound as defined in any one of
cl a: ms 1 tgcafdifﬁﬁgaﬂ%r&hﬁwﬁdéﬁlbﬁliﬂdﬁoﬂfers; vénous cantivvasaudartbyparbpembobie  an

anal ogue thereof with an optjona substituted njtrosobenzene: and (ii

i spldati ng tf@%%&d&ﬁowe@g?hc disordersdn tha hap Sf,séngﬂ%ﬁ ﬁij‘rtt gt Eﬁoéfﬁﬁ{%kﬁ \(/vhea ein
sai d rapanycj | QQ. | QaVAI s g . :

desret by T apERET: Bl SRERRNGLS collfias MPRIBHENTE sffbery: surotidareny |
step (i) is dienisanedisamyecadiisedartimvpenht inflenmaion; Yhssulee iilsahmadiuy, di ng to

any one of clains 34 tQ 36, ein ep (ii). s rfor usin

c Er omat ogr apRyonangheartfiscags @?ﬁ%&d@éﬁaﬁfﬁﬁgg% (Qféu’y)’ 'ﬂfﬁ‘iabl re&?‘gf’%a%%wf o 37, for
t he preparatj : f QURIr6 B SAEK) NBrsOd

o 270 hydr e G R ey et

- 10, 21- di metrbeneyent GiyBeat @iall ihfR0LOE-ahete ampochial yfaysitien ¢AMI); myocardial

4,9,10, 12,13, 14, 15, 18, 21, 22, 23, 24 .25 26, 27, 32 34, 34 adecahydr o- 3H 23
, 27- epoxy- fné’{ ong E‘B’déﬁ’ ?ﬁeﬁﬂy‘?ﬁ?ﬂ@dfl ,rdtlfpc?ort-%?g]r%&og%ﬁ;(l:a{;& 6 °é1?1) f?/aconti ne-
1,5,11 , 28, 2Q¢&l3rBakdr)y dReMNcORBhertichéad diR¥abe Oxardide iscBerhid; RYlEhndiyisShemic

met hoxycycl ohexyl] - 17 net hyl et hyl} -10,2 1-dinethoxy-6, 8, L
12, 14, 20, 26-sudsemedaty transient ischemic attack; stroke; peripheral occlusive arterial disease;

venous thrombosis; deep vein thrombosis; thrombophlebitis; arterial embolism;
coronary arterial thrombosis; cerebral arterial thrombosis; cerebral embolism; kidney
embolism; pulmonary embolism; thrombosis; ;supraventricular arrhythmia; atrial

arthythmia; atrial flutter; and atrial fibrillation; in a subject in need thereof.

34. A method of preparing a compound as defined in any one of claims 1
to 27 comprising the steps of :
1) combining rapamycin or an analogue thereof with an optionally
substituted nitrosobenzene; and

(ii)  isolating the product of (1).

35.  The method according to claim 34, wherein said rapamycin analog is

norrapamycin, deoxorapamycin, or desmethylrapamycin.

36.  The method according to claim 34 or 35, wherein step (i) is performed

at elevated temperatures.

37.  The method according to any one of claims 34 to 36, wherein step (ii)

is performed using chromatography.

38.  The method according to any one of claims 34 to 37, for the
preparation of a compound selected from the group consisting of 9,27-dihydroxy-3-
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37-phenyl -4,9, 10, 12, 13, 14, 15, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 34ahen
cosahydro- 3H 23, 27- epoxy-18, 15- (epoxyi m no) pyrido[ 2,1 c]]|

1, 4] oxaz awpcb@nesdsei acontine-1 ,5, 11,28, 29(6H, 3 | H) - perCons2005/045551
37-(4-chl oro- 3-

met hyl phenyl ) -9, 27-di hydr oxy- 3- { - 2- [ 4- hydr oxy- 3- met hoxycycl ohexyl ] -1 net hyl e
thyl} -10,2 1-dinethoxy-6,8, 12,14, 20, 26- hexanet hyl -

4,9, 10, 12, 13, 14, 15, 18, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 34a- nonadecahydr o- 3H 23
, 27- epoxy- 18, 15- (epoxyi m no) pyrido[2, 1-c]

[ 1, 4] oxazacy. m@aidﬂyammm@fcycwhdxbd]218m%ﬂ(yﬂid’fhﬁlﬂp,-medimﬂwy-

37- (2, 6-di chl orophenyl) -9, 27-di h 3-{2-[4- hydroxy-3

_ et hoxycycl @Bd%yHR0:26-hespmey fharl- %iw;*enyn 2 1-di met hoxy- 6,8, 12, 14, 20, 26-

oxamet b 318008kl 30229434056 20588570 F0 - ndRalfind SifAsppnadecan

c][!, 4] oxaz a@mgyohaﬁt(ep@mina)wﬂd,o& 1- c]l[;l ZISQmewelldhemH)iCCp‘ém@one

9, 27- di hyd d

10 fél gzn%?ﬁé)lgngggés}gélﬁﬁp%ﬁ%%ﬁg@mﬁﬂgﬁggé_@aﬁ% oy eyl ethyl )
4,9 10,12 Laplholrydinglatdcindtdh - A PAiningd- 84,1 348 00kaaattdl.o- SH 23
| 1 gl oxazacydl-pheast 452 peniR] el 1115»111&228222@em532d ¥5,3p3h86ddaest er with

- i met hy

37-(2, 6- di ch‘i‘%‘l%?% ﬁgz%zﬁéﬁ d@o&?o elﬁgxfl%{i‘q‘f)ﬁﬁﬁ‘go&roxy 3-

met hoxycycl ]
1o 1a 30 56 ﬂ@ﬂ%%zaé?m&ﬁé%&bﬁﬁﬁé 1 511@52% To(6H1/3R HpP¥itosie; B 7-(4-chloro-3

4,9, 10, 12, 13mm1y1191i¢1138) -9.27athpdopn 3 A2-pehydrozy-3gmethaxysygloRerdltidc ahy dr o- 3H 23

L FOSE ARSI AT AR el by byenacycl ohent | acont e

cl ai ms 34 t 04,88 0,12018! 164, 15, 5332 1228 20 aa,lzb;msamﬂ IMaebnatl ecnbpdrerdi®a8,277s

sel ected fromthe group consi stin

epoxy-18,15- (epoxylrmno)pyn(?o[2 1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone; 37-(2,6-dichlorophenyl)-9,27-dihydroxy-3-{2-[4-
hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-
hexamethyl-4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-
nonadecahydro-3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-
c][1,4]oxazacyclohentriacontine-1,5,11,28,29(6H,31H)-pentone; 9,27-dihydroxy-3-{-
2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-37-phenyl-
4,9.10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone ester with -2,2-dimethyl-3-(pyridin-2-yl)-propionic
acid; and 37-(2,6-dichlorophenyl)-9,27-dihydroxy-3-{-2-[4-hydroxy-3-
methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone.

39.  The method according to any one of claims 34 to 38, wherein said
optionally substituted nitrosobenzene is selected from the group consisting of

nitrosobenzene, 2,6-dichloronitrosobenzene, and 1-chloro-2-methyl-4-nitrosobenzene.
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ni trosobenzene, 2, 6-dichl oroni trosobenzene, and

| - chl or o- 2- et hyl - 4-ni trosobenzene. A40. The nethod according to any one of

cl ai rs 34wbeo@Resdzart her conprising: (iii) conbining thecprusdestossss (ii)

wi th a hydrogenation agent; and (iv) isolating the product of (iii). 4 1.

The net hod according to claim40, wherein said hydrogenati on agent

conprises a Pd/C catal yst and hydrogen gas. 42. The nethod according to

claim40 or 41, wherein the product of (iii) is: or a pharnaceutically

acceptabl e salt thereof. 43. Use of a conpound selected from (i)

9, 27-di hydr oxy-3- {2-[4-hydroxy- 3- nethoxycyclohexyl] 1-net hyl ethyl} -10,2
1-di net hoxy-6,8, 12,14, 20, 26- hexa

37-phenyl -4, 9, 10,402, 130 ]¥WnT§OQ@“?g¥ X?@“@%méﬁcﬁ%m§%4§23%§h§%ﬂ34a nonadecah

ydro- 3H 23 , 27- ?§%11%§ 1 5-(epoxyi m no)pyrido [2,1-c]

[1, 4]oxazacyclohen lacontine- 1,51 1,28,29(6H 31H)-pentone and (ii)

37- (4-chl or o- 3- net hyl p(hne)nyl()onﬁmﬁﬁg the product of (ii) with a hydrogenation agent; and

di hydr oxy- 3- { 2-[ 4- hyd C h -l -met hyl et hyl }- 10, 21-

i ot hoxy- 6, 6, 12, 14, 20136: nBRAHGE A roduct of ()

4,9,10, 12, 13, 14 15 18 21, 22, 23, 24, 25, 26, 27, 32 33, 34, 34a- nonadecahydr o- 3H 23
27 epoxy- 18, 15 (epoxylnlno)pyrldo[z 1-c]

[ 1, 4] oxazacycl ohetit r i aErmethed agording faclzing 604 vamrgin saidthydeogenationpgent
preparation of a ned se treating benign or malignant

neopl asti c dPEEE@@S?h&gﬁgﬁ%7§@FéHﬂmﬂ%%ﬁthereof 44 Use of a conpound

selected from (i) 9,27-di hydroxy-3- {2-[4-hydroxy- 3- nethoxycyclohexyl]

1-net hyl ethyl} -10,2 1-dinmethoxy-6,8, 12,14, 20, 26- hexanet h

37- phenyl - 4, 9, 10,422, 13Thenethod gecprding todamn 49 gt 4 vwherep t@%?@d“"é@é(%ﬁadecah

ydro- 3H 23, 27-epoxy- 18,1 5-(epoxyi m no)pyrirjo[ 2, 1-c]

[ 1, 4] oxazacycl ohentriacontine- 1,51 |, I@j—l,31l—|)-pentone and (ii)

37- (4- chl or 0- 3- et hyl phenyl ) -9, 27- 4

R; Ry

or a pharmaceutically acceptable salt thereof.

43.  Use of a compound selected from (i) 9,27-dihydroxy-3-{2-[4-hydroxy-
3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
37-phenyl-4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-
3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone and (ii) 37-(4-chloro-3-methylphenyl)-9,27-
dihydroxy-3-{-2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-
dimethoxy-6,8,12,14,20,26-hexamethyl-
49,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
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di hydroxy-3 -{-2-[4-hydroxy-3 -nethoxycycl ohexyl]- 1-nethylethyl} -10,21-

di nmet hoxy- 6, 8, 12, 14, 20, 26- hexanet hyl -

4,9, 10, 12vd2pde06893218, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 3daroonade@salssdr o- 3H 23
, 27- epoxy- 18,1 5-(epoxyi m no)pyrido[2, 1-c]

[ 1, 4] oxazacycl ohentriacontine- 1,5,1 |,28,29(6H 31H)-pentone; in the
preparation of a nmedicanment for treating carcinomas and adenocarci nomas in
a subject in need thereof. 45. The use according to claim 44, wherein said
carci nomas or adenocarci nomas are of the endometrium ovary, breast, colon,
prostate, pitt3yit,a829(cFERiH)ghamt@enin tht pepatativnofi e mispenwahtseful mptreating

benign or malignant neoplastic disease in a subject in need thereof.

44 Use of a compound selected from (i) 9,27-dihydroxy-3-{2-[4-hydroxy-
3-methoxycyclohexyl]-1-methylethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-
37-phenyl-4,9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-
3H-23,27-epoxy-18,15-(epoxyimino)pyrido[2,1-c][ 1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone and (ii) 37-(4-chloro-3-methylphenyl)-9,27-
dihydroxy-3-{-2-[4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-
dimethoxy-6,8,12,14,20,26-hexamethyl-
4.9,10,12,13,14,15,18,21,22,23,24,25,26,27,32,33,34,34a-nonadecahydro-3H-23,27-
epoxy-18,15-(epoxyimino)pyrido[2,1-c][1,4]oxazacyclohentriacontine-
1,5,11,28,29(6H,31H)-pentone; in the preparation of a medicament for treating

carcinomas and adenocarcinomas in a subject in need thereof.
45.  The use according to claim 44, wherein said carcinomas or

adenocarcinomas are of the endometrium, ovary, breast, colon, prostate, pituitary,

meningioma or other hormone-dependent tumors.
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