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RAPAMYCIN CARBOHYDRATE DERIVATIVES

CROSS REFERENCE TO RELATED APPLICATIONS

|0001] This application claims the benefit of U.S. Application Serial Nos. 60/471,367 filed May
16, 2003, 60/546,240 filed February 20, 2004 and 60/562,840 filed April 16, 2004.

FI1ELD OF THE INVENTION

[0002] This application relates to carbohydrate derivatives of rapamycin, a potent
immunosuppressant, with structurally defined carbohydrate moieties attached to the rapamycin
structure via a connective moiety. The rapamycin carbohydrate derivatives may act as prodrugs.
That is, they may be substantially without immunosuppressive activity themselves, but in vive be

converted to rapamycin which then exhibits an immunosuppressive effect.
REFERENCES

[0003] The following references are related hereto or referred to herein by patent or

application number or by author and year at the relevant portions of this specification.

[0004] C. Vezina , A. Kiudelski, S.N. Sehgal, “Rapamycin (AY-22,989), a new antifungal
antibiotic. I. Taxonomy of the producing streptomycete and isolation of the active principle,”

J. Antibiot. 28, 721 (1975).

[0005] S. N. Sehgal H. Baker, C. Vezina, “Rapamycin (AY-22,989), a new antifungal

antibiotic. II. Fermentation, isolation and characterization,” J. Antibiot. 28, 727 (1975).
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[0006] H. A. Baker, A. Sidorowicz, S.N. Sehgal, C. Vezina, “Rapamycin (AY-22,989), a

new antifungal antibiotic. IIIL. In vitro and in vivo evaluation,” J. Antibiot. 31, 539 (1978).

[0007] R. Martel, J. Klicius, S. Galet, “Inhibition of the immune response by rapamycin, a
new anifungal antibiotic,” Can. J. Physiol. Pharmacol. 55, 48 (1977).

[0008] R. Y. Calne et al., Lancet 1183 (1978).

[06009] S.N. Sehgal, K. Molnar-Kimber, T.D. Ocain, B.M. Weichman, “Rapamycin: a novel

immunosuppressive macrolide,” Medicinal Research Reviews 14, 1 (1994).

[0010] F. Streit, U. Christians, H.M. Schiebel, A. Meyer, K.F. Sewing, “Structural identification
of three metabolites and a degradation product of the macrolide immunosuppressant sirolimus
(rapamycin) by electrospria-MS/MS after incubation with human liver microsomes,” Drug
Metabol. Disp., 24, 1272 (1996).

[0011] F. Streit, U. Christians, H.M. Schiebel, K.L. Napoli, L. Emnst, A. Linck, B.D. Kahan, K.F.
Sewing, “Sensitive and specific quantification of sirolimus (rapamycin) and its metabolites in
blood of kidney graft recipients by HPLC/electrospray-mass spectrometry,” Clin. Chem. 42, 1417
(1996).

[0012] S. Miura, “Regulation of monosaccharide transporter proteins in the small intestine,”

Journal of Gastroenterology 37, 491 (2002).

[0013] Chem Sources USA and Chem Sourcés International; t € ACD electronic database; and
Chemical Abstracts). '

[0014] Advanced Organic Chemistry, Jerry March, John Wiley &Sons.
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[0015] C.K. Wang et al., Proceedings of the 41st ASMS Conference on Mass Spectrometry and
Allied Topics, San Francisco, 545 (1993).

[0016] M.J.M. Nickmilder , D. Latinne, R.K, Verbeeck, W. Janssens, D. Swoboda, G.J. Lhoest,
“Isolation and identification of new rapamycin dihydrodiol metabolites from dexamethasone-

induced rat liver microsomes,” Xenobiotica, 27, 869 (1997).
[0017] U.S. Patent No. 3,929,992,

[0018] U.S. Patent No. 3,993,749.

[0019] U.S. Patent No. 4,885,171.

[0020] U.S. Patent No. 4,401,653.

[0021] U.S. Patent No. 4,316,885.

[0022] U.S. Patent No. 4,650,803.

[0023] PCT application No.WQ 92/05179.
[0024] U.S. Patent No. 5,118,678.

[0025] U.S. Patent No. 5,260,300.

[0026] U.S. Patent No. 5,118,678.

[0027] U.S. Patent No. 5,118,678.

[0028] U.S. Patent No. 5,100,883.

[0029] U.S. Patent No. 5,151,413,

[0030] U.S. Patent No. 5,120,842.
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[0031] U.S. Patent No. 5,120,725.
[0032] U.S. Patent No. 5,120,727.
[0033] U.S. Patent No. 5,258,389.
[0034] U.S. Patent No. 5,672,605.
[0035] U.S. Patent No. 5,583,139. !
[0036] U.S. Patent No. 5,527,907.
[0037] U.S. Patent No. 5,457,111.
[0038] U.S. Patent No. 5,955,100.
[0039] U.S. Patent No. 6,146,658.
[0040] U.S. Patent No. 5,935,995.
[0041] U.S. Patent No. 5,665,728.

[0042] U.S. Patent No. 6,146,658.

BACKGROUND OF THE INVENTION
|

[0043] Rapamycin, also known as sirolimus, is a 31-membered macrolide lactone, Cs;HoNO3,
with a molecular mass of 913.6 Da. In solution, rapamycin forms conformational trans- and
cis-isomers with a ratio of 4:1 (in chloroform solution) due to hindered rotation around the
pipecolic acid amide bond. It is sparingly sofuble in water, atiphatic hydrocarbons and diethyl
ether, whereas it is soluble in alcohols, halogénated hydrocarbons and dimethyl sulfoxide.
Rapamycin is unstable in solution; it degrades in plasma and in low and neutral pH buffers at

37°C with a half-life of less than 10 hours.
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|0044] Produced by Sireptomyces hygroscopicus. rapamycin has been shown to possess a
number of valuable pharmacological attributes. The compound is a macrocyclic triene antibiotic
that possesses antifungal activity, particularly against Candida albicans, both in vitro and in vivo.
See, C. Vezina et al., J. Antibior. 28, 721 (1975), 8. N. Sehgal et al., J. Antibiot. 28, 727 (1975),
H. A. Baker et al., J. Antibiot. 31, 539 (1978), and U.S. Patent Numbers 3,929,992; and
3,993,749. Rapamycin alone (U.S. Pat. No. 4,885,171) or in combination with picibanil (U.S.
Pat. No. 4,401,653) has also been shown to have antitumor activity. Futhermore, R. Marte! et al.
Can. J. Physiol. Pharmacol. 55, 48 (1977) disi:losed that rapamycin is effective in the
experimental allergic encephalomyelitis model, a model for multiple sclerosis; in the adjuvant
arthritis model, a model for rheumatoid arthritis; and effectively inhibited the formation of

IgE-like antibodies.

[0045] The immunosuppressive effects of rapamycin have been disclosed in FASEB 3, 3411
(1989). Rapamycin, Cyclosporin A, FK-506 (also known as tacrolimus), and other macrocyclic
molecules, have been shown to be effective in;munosuppressive agents and therefore are useful
in preventing transplant rejection. See, FASEiB 3,3411 (1989), FASEB 3, 5256 (1989), and R.
Y. Calne et al., Lancet 1183 (1978). Although rapamycin shares structural homology with the
immunosuppressant tacrolimus (FK506) and binds to the same intracellular binding protein in
lymphocytes, rapamycin and tacrolimus have been shown to have different mechanisms of
immunospressive action. Rapamycin inhibits 36p70-kinase whereas Tacrolimus inhibits
calcineurin. Rapamycin was found to prolong graft survival of different transplants in several
species alone or in combination with other immunosuppressants. See, S.N. Sehgal et al.,

Medicinal Research Reviews 14, 1 (1994).

[0046] Rapamycin is also known as an mTOR inhibitor. These inhibitors are a class of
immunosuppressive drugs that inhibit T cell activation at a later stage in the immune response
than other types of inhibitors like calcineurin inhibitors and DNA synthesis inhibitors. In

transplantation, mTOR inhibitors are typically used in combination with calcineurin inhibitors.
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[0047] Unfortunately, the side effects (e.g., gastrointestinal effects, hyperlipidemia) of mTOR
inhibitors currently limit their broader use in transplantation and the treatment of autoimmune
diseases. And, while not having been shown to induce nephrotoxicity, rapamycin has been
shown to induce a number of toxic side effects in animal model. Such toxic effects include, for
example, impairment of glucose homeostasis, gastrointestinal tract ulceration, weight loss,

diarrhea and thrombocytopenia.

|0048] Numerous rapamycin derivatives have been synthesized in the hopes of alleviating and
improving some drawbacks that rapamycin reltains, which include low and/or variable
bioavailability and solubility, and high toxicity. Mono- and diacylated derivatives of rapamycin
(esterified at the 28 and 43 positions) have been shown to be useful as antifungal agents (U.S.
Pat. No. 4,316,885) and used to make water Stl)luble prodrugs (U.S. Pat. No. 4,650,803). Other
derivatives include, carboxylic acid esters (PCT Publication No.WQ 92/05179), carbamates (U.S.
Pat, No. 5,118,678), carbonates (U.S. Pat. No. 5,260,300), amide esters (U.S. Pat. No.
5,118,678), fluorinated esters (U.S. Pat. No. 5,100,883), acetals (U.S. Pat. No. 5,151,413), silyl
ethers (U.S. Pat. No. 5,120,842), bicyclic deri?ratives (U.S. Pat. No. 5,120,725), rapamycin
dimers (U.S. Pat. No. 5,120,727) and O-aryl, O-alkyl, O-alkenyl and Q-alkynyl derivatives (U.S.
Pat. No. 5,258,389). Various rapamycin prodrugs have also been developed (U.S. Pat. Nos.
5,672,605, 5,583,139, 5,527,907, 5,457,111, 5,955,100, 6,146,658, and 5,935,995).

[0049] As rapamycin has been shown to possess excellent immunosuppressant, antifungal,
antitumor, and other important biological activities, a need still exists for improved derivatives
that increase solubility and improve the pharmakokinetic profile while decreasing its toxicity.

The present invention addresses these needs.

SUMMARY OF THE INVENTION

[0050] The present invention is based in part on the recognition that carbohydrate derivatives of

rapamycin in which the rapamycin molecule is modified at the 31- and/or 42- position, as defined
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by the current Chemical Abstracts nomenclature, by attaching monosaccharide(s),
oligosaccharide(s) or pseudosugars, have similar or enhanced pharmacokinetic and/or
pharmacodynamic profiles compared to rapamycin. In addition, administration of the rapamycin
carbohydrate derivatives may result in reduced toxicity with retention of the desired
pharmacological effect. In addition, the rapamycin carbohydrate derivatives may render
rapamycin more water soluble allowing for simplified drug formulation. Thus, the present
invention provides compounds with characteristics Ithat are distinct from other drugs in its class

such as rapamycin.

124
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[0051] In one aspect, the invention is directed to a rapamycin carbohydrate derivative having the

structure of formula (I):

R1 (Oc2H4)no
MeO "””L

wherein

n=0or 1, R" and R? are independently hydroé,en or-X-Z, wherein each X is a linker, and each Z
is a carbohydrate moiety independently selected from the group consisting of a monosaccharide,
an oligosaccharide and a pseudosugar wherein Z is attached to X through a hydroxyl oxygen
atom of Z with the proviso that R' and R? are not both hydrogen. In an embodiment, R' can be
hydrogen and R? can be X-Z or in another embodiment, R? is hydrogen and R' is X-Z. Ina
further embodiment, X can be selected from the group consisting of (i) -R*C(O)-; (ii) -C(O)R>-;
iii) -R*S(O)-; and (iv) -S(0),R>-; wherein R® is selected from the group consisting of: (a) -
(CHa)p- where p is an integer from 1 to 18; (b) -(CH2)p-O-(CHz)m- where n and m are each
independently an integer from 2 to 6; and(c) a bond. In another embodiment, X can be selected
from the group consisting of -C{0O)- and —SO,-. In an additional embodiment, X can be a singie
functional group. In another aspect, Z can be selected from the group consisting of fructose,
fucitol and allose. In yet a further aspect, Z can be a monosaccharide derivative wherein at least
one of the hydroxyl groups of the monosaccharide is replaced with a hydrogen, an alkoxy, an

alkanoate or a halogen group.
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[0052] Rapamycin carbohydrate derivatives having the structure of formula I that are within the

scope of this invention include, for example, those set forth below (including pharmaceutically

acceptable salts thereof):
42-0-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-f2-(Methyl-D-glucosylcarbonyloxy)ethyl]rapamycin;
31-O-(Methyi-D-glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-0-Methyl-D-fructosylcarbonyll)rapmnycin;
42-0-[2-(2-O-Methyl-D-fructosylcarbonyloxy)ethyl Jrapamycin;
42-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-[2-(2-O-Methyl-L-fructosylcarbonyloxy)ethyl]rapamycin;
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-O-methyl-D-fructosylcarbonyl)rapamycin;
31-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O~(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-0-(D-Allosylcarbonyl)rapamycin; '
42-0-[2-(D-Allosylcarbonyloxy)ethyl]rapamycin;
42-0-(L-Allosylcarbonyl)rapamycin; '
42-0-[2-(L-Allosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Allosylcarbonyl)rapamycin;
42-0—(2-Hydroxyethyl)—3 1-O-(D-allosyicarbonyl)rapamycin;
31-O-(L-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-allosylzarbonyl)rapamycin;
42-0O-(D-Fructoslylcarbonyl)rapamycin;
42-0-[2-(D-Fructosylcarbonyloxy)ethyl rapamycin;
42-0-(L-Fructoslylcarbonyl)rapamycin;
42-0-[2-(L-Fructosylcarbonyloxy)ethyl Jrapamycin;
31-O-(D-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fructoslylcarbonyl)rapamycin,
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31-O-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
42-0O-(D-Fucitolylcarbonyl)rapamycin,;
42-0-[2-(D-Fucitolylcarbonyloxy)ethyl]rapamycin;
42-0O-(L-Fucitolylcarbonyl)rapamycin;
42-O-[2-(L-Fucitolylcarbonyloxy)ethyl]rapamycin;

31-0-(D-F ucitolylcarbonyl)rapamycinf;
42-0-(2-Hydroxyethyl)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-0-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fucitolylcarbonyl)rapamycin;
42-0-(D-Glucalylcarbonyl)rapamycin;
42-0-[2-(D-Glucalylcarbonyloxy)ethylJrapamycin;
42-0-(D-Glucosylcarbonyl)rapamycin;
42-0-[2-(D-Glucosylcarbonyloxy)ethyl]rapamycin;
42-0-(L-Glucosylcarbonyl)rapamycin;
42-0-[2-(L-Glucosylcarbonyloxy)ethyi]rapamycin;
31-0-(D-Glucalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucalylcarbonyl)rapamycin;
31-0-(D-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucasylcarbonyl)rapamycin;
31-0-(L-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-glucosylcarbonyl)rapamycin;
42-0O-(L-Sorbosylcarbonyl)rapamycin;
42-0O-(D-Sorbosylcarbonyl)rapamycin;
31-O-(L-Sorbosylcarbonyl)rapamycin;
31-O-(D-Sorbosylcarbonyl)rapamycin;
42-0-[2L-Sorbosylcarbonyloxy)ethylJrapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethylJrapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-sorbosyicarbonyl)rapamycin;

10

(5
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42-0-(2-Hydroxyethyl)-31-O-(L-sorbosylcarbonyl)rapamycin;
42-0-(D-Lactalylcarbonyl)rapamycin;
42-0-[2-(D-Lactalylcarbonyloxy)ethyl]rapamycin;
31-0O-(D-Lactalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyt)-31-O-(D-lactalylcarbonyl)rapamycin;
42-0-(D-Sucrosylcarbonyl)rapamycin;
42-0-[2-(D-Sucrosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Sucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sucrosylcarbonyl)rapamycin;
42-0O-(D-Gentobiosylcarbonyl)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)e':thyl]rapamycin;
31-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(D-gentobiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Cellobiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellobiosylcarbonyl)rapamycin;
42-0O-(D-Turanosylcarbonyl)rapamycin;
42-0-[2-(D-Turanosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Turanosylcarbonyl)}rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-turanosylcarbonyl)rapamycin;
42-0O-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2-(D-Palatinosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Palatinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-palatinosylcarbonyi)rapamycin;
42-O~(D-Isomaltosylcarbonylyrapamycin;
42-0O-[2-(D-Isomaltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Isomaltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltosylcarbonyl)rapamycin;
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42-O-(D-Maltulosylcarbonyl)rapamycin;-
42-0-[2-(D-Maltulosylcarbonyloxy)ethyl]rapamycin;
42-0-(D-Maltosylcarbonyl)rapamycin;
42-0O-[2-(D-Maltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Maltulosylcarbonyl)rapamycin;
42-O-(2-Hydroxyethyl)-31-O-(D-maltulosylcarbonyl)rapamycin;
31-O-(D-Maltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-maltosylcarbonyl)rapamycin;
42-0-(D-Lactosylcarbonyl)rapamycin;
42-0-[2-(D-Lactosylcarbonyloxy)ethyl]rapamycin;
31-O-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(methyl-D-lactosylcarbonyl)rapamycin;
42-0O-(D-Melibiosylcarbonyl)rapamycin;
31-O-(D-Melibiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-O-[2-(D-Leucrosylcarbonyloxy)éthyl]rapamycin;
31-O~(D-Leucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-leucrosylcarbonyl)rapamycin;
42-0O-(D-Rafinosylcarbonyl)rapamycin;
42-O-[2-(D-Rafinosylcarbonyloxy)ethyl rapamycin;

31 -0-(D-Raﬂnosylcarbonyl)rapamycin:;
42-0O-(2-Hydroxyethyl)-31-O-(D-rafinosylcarbonyl)rapamycin;
42-0~(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-[2-(D-1somaltosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-[2-(D-Cellotetraosylcarbonyloxy ethylJrapamycin;

12
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31-O~(D-Cellotetraosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellctetraosylcarbonyl)rapamycin;
42-0O-(Valiolylcarbonyl)rapamycin
42-O-[2-(D-Valiolylcarbonyloxy)ethyl]rapamycin;
31-O-(Valiolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-0-(valiolylcarbonyl)rapamycin
42-O-(Valiolonylcarbonyl)rapamycin
42-O-[2-(D-Valiolonylcarbonyloxy)ethyl]rapamycin;
31-O~(Valiolonylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
42-O-(Valienolylcarbonyl)rapamycin
42-0-[2-(D-Valienolylcarbonyloxy)ethylrapamycin;
31-O<«(Valienolylcarbonyl)jrapamycin
42-0-(2-Hydroxyethyl)-31-O-(valienolylcarbonyl)rapamycin
42-0O-(Valienoneylcarbonyl)rapamycir
42-0-[2-(D-Valienoneylcarbonyloxy)ethylJrapamycin;
31-O-(Valienoneylcarbonyl)rapamycin

42-0-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

{0053] In another aspect, the invention is directed to a pharmaceutical composition comprising
the aforementioned rapamycin carbohydrate derivative, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier. In addition, an embodiment of the invention
is a method for treating a disease treatable by rapamycin by administering a therapeutically

effective amount of the rapamycin carbohydrate derivative to a subject in need thereof.

[0054] In yet another aspect of the current invention, a method is presented for treating a
condition such as transplantation rejection, host vs. graft disease, graft vs. host disease, leukemia,
lymphoma, hyperproliferative vascular disorders, autoimmune disease, diseases of inflammation,

solid tumors, and fungal infections in a patient, said method comprising administering a
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therapeutically effective amount of the aforementioned pharmaceutical composition to a patient

in need thereof.

[0055] Still further, the invention provides a medical device where the medical device comprises
a rapamycin carbohydrate derivative or a pharmaceutically acceptable salt thereof. In an

embodiment, the device is coated with the rapamycin carbohydrate derivative.

[0056] And, the invention provides a method for treating a disease treatable by rapamycin,
comprising coadmlmstenng a therapeuncally effective amount of a rapamycin carbohydrate
derivative of the present invention to a subject in need thereof with a pharmaceutical composition
selected from the group consisting of a cyclosporine or cyclosporine derivative, a steroid, or an
immunomoduilatory compound.

BRIEF DESCRIPTION OF THE DRAWINGS
[0057] Figure 1 depicts fructose as it exists in several configurations in solution

|0058] Figure 2 depicts a general approach to the preparation of rapamycin carbohydrate
derivatives of the present invention. "RAPA-OH" stands for rapamycin, wherein the hydroxyl

group (-OH) may be any of the hydroxy! groups of rapamycin.

[0059] Figure 3 depicts the reaction pathway for the synthesis of 42-O-(D-

fructosylcarbonyl)rapamycin.

[0060] Figure 4 depicts the reaction pathway for the synthesis of 31-O-(D-

fructosylcarbonyl)rapamycin.

[0061] Figure 5 depicts the in vitro immunosuppressive activity of rapamycin, 42-O-(D-
fructosylcarbonyl)rapamycin and a carbamate-linked analog of 42-O-(D-

t;ructosylcarbonyl)rapamycin.
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[0062] Figure 6, 7 and 8 depict pharmacokinetic profiles of selected rapamycin carbohydrate

derivatives in rats.

[0063] Figure 9 depicts serum cholesterol levels in rats following treatment with 42-O-(D-

fructosylcarbonyl)rapamycin and rapamycin.
[0064] Figure 10 shows the effect of two different doses of rapamycin on platelet aggregation.

[0065] Figure 11 compares the eftect of 42-0-(D-fructosylcarbonyl)rapamycin and rapamycin on

platelet aggregation.

[0066] Figure 12 illustrates the effect of 42-Q-(D-fructosylcarbonyl)rapamycin and rapamycin on

survival rates in a rat heart transplant model.

DETAILED DESCRIPTION OF THE INVENTION

[0067] This invention relates to the unexpected discovery that the claimed rapamycin
carbohydrate derivatives have improved pharmacological properties as compared to

underivatized rapamycin.

[0068] It must be noted that as used herein and in the appended claims, the singular forms "a,"
"an," and "the" include plural references unless context clearly dictates otherwise. Thus, for
example, a reference to "a rapamycin carbohydrate derivative" includes a plurality of such
derivatives; a reference to a "pharmaceutically acceptable carrier" is a reference to one or more

carriers and to equivalents thereof known to those skilled in the art, and so forth.

[0069] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention

belongs. Although any methods and materials similar or equivalent to those described herein can
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be used in the practice or testing of the present invention, the preferred methods, devices, and

materials are now described.

[0070] All publications cited herein are incorporated herein by reference in their entirety for the
purpose of describing and disclosing the methodoloéies, reagents, and tools reported in the
publications that might be used in connection with the invention. Nothing herein is to be
construed as an admission that the invention is not entitled to antedate such disclosure by virtue

of prior invention.

[0071] The practice of the present invention ‘will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, molecular biology, cell biology, immunology
and pharmacology, within the skill of the art. Such techniques are explained fully in the
literature. (See, e.g., Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical Sciences, 18" ed.,
Mack Publishing Co.; Colowick, S. et al., eds., Short Protocols in Molecular Biology, 4™ edition,
John Wiley & Sons; Ream et al., eds. (1998) Molecular Biology Techniques: An Intensive

Laboratory Course, Academic Press).
Definitions

[0072] When discussing rapamycin carbohydrate derivatives, compositions, or methods, the
following terms have the following meanings unless otherwise indicated. Undefined terms have

their art-recognized meanings.

[0073] The term "alkyl" refers to alkyl groups having from 1 to 10 carbon atoms, for example 1
to 6 carbon atoms, and includes both straight chain and branched chain alkyl groups. This term

is exemplified by groups such as methyl, t-butyl, n-heptyl, octyl and the like.

[0074] The term "alkene" refers to an unsaturated alkyl group having at least one point of alkene
unsaturation (i.e. -C=C-) and further having from 1 to 10 carbon atoms, for example from 1 to 6

carbon atoms, and includes both straight chain and branched chain alkyl groups.
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[0075] The term "alkyne" refers to an unsaturated alkyl group having at least one point of alkyne
unsaturation (i.e. -C=C-) and further having from 1 to 10 carbon atoms, for example from 1 to 6

carbon atoms, and includes both straight and branched chain alkyl groups.

[0076] The term "aromatic" group refers to an aromatic carbocyclic group of from 6 to 14 carbon
atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl)
which condensed rings may or may not be aromatic (e.g., 2-benzoxazolinone, 2H-1,4-

benzoxazin-3(4H)-one-7-yl, and the like).

[0077] The term "protecting group” or "blocking group” refers to any group which, when bound
to one or more hydroxyl group(s) of rapamycin or a sugar moiety, prevents reactions from
occurring at these hydroxyl group(s) and which protecting groups can be removed by
conventional chemical or enzymatic steps to reestablish the hydroxyl group(s). The particular
removable protecting group employed is determined by the nature of the compounds and
chemical processes being utilized. Removable hydroxyl blocking groups include conventional
substituents such as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidene, phenacyl, t-
butyldimethylsilyl and trialkylsilyls such as triethylsilyl, triisopropylsilyl, trimethylsily,
tributylsilyl and the like, and any other group that can be introduced chemically onto a hydroxyl
functionality and later selectively removed either by chemical or enzymatic methods in mild

conditions compatible with the nature of the product.

The Rapamycin Carbohydrate Derivatives

[0078] As discussed above, the rapamycin c&bohydrate derivatives of the invention are

compounds having the structure of formula (I}
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R‘(oczu.)no
MeO W”L

wherein
n=0 or 1, R' and R? are independently hydrogen or-X-Z, wherein each X is a linker,
and each Z is a carbohydrate moiety independently selected from the group consisting
of a monosaccharide, oligosaccharide and pseudosugar, with the proviso that R'and

R? are not both hydrogen.

[0079] As will be evident, the rapamycin derivatives can have sugar derivative moieties attached
at the 42-position, the 31-position, or both the 42- and the 31-positions. In one embodiment, the
sugar derivative is attached at the 42-position alone and in another embodiment the sugar

derivative is attached at the 31-position alone.

[0080] It is important to note that in naturally-occurring rapamycin, the 41-methoxy and 42-
hydroxy substituents exist in a #rans configuration relative to each other. The 42-0O-
(glycosylcarbonyl) rapamycin compounds of the present invention are prepared in such a way as
to retain the trans configuration of the 41- and 42-substituents. Consequently, upon hydrolysis of
the carbonate linkage, the rapamycin will be released in its naturally-occurring configuration.
Similarly, the 31-O-(glycosylcarbonyl)rapamycin compounds of the present invention are
prepared in such a way as to retain the naturally-occurring stereochemistry of the 31-hydroxyl

substitutent of rapamycin.

18
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The Carbohydrate Moiety

[0081] The carbohydrate (or sugar) moiety, represented by the identifier "Z" in formula (1), is
formed from a monosaccharide, oligosaccharide, pseudosugar or derivative thereof having a
reactive functional group that can be coupled (i) directly to the hydroxyl group(s) at either or both
of the 31- and 42- positions of rapamycin or (ii) to a reactive functional group(s) on an activated
rapamycin to yield a rapamycin carbohydrate derivative of the present invention. The functional
group is optionally attached to a linker that in turn is attached to the sugar, typically but not

necessarily at the anomeric center. Such optional linker groups are discussed further below.

|0082] The sugars that comprise the sugar derivative can differ from each other in a multitude of
ways. For example, they can exist in the pyranose or furanose forms to differing degrees.

Certain sugars such as fucitol exist exclusively in the open chain form whereas many others (e.g.
glucose, ribose, allose) exist predominantly in the cyclic form. Physicochemical properties of the
sugar such as the geometry, composition, size, flexibility or rigidity, and the relative
hydrophilicity can all affect the chemical characteristics of the rapamycin carbohydrate

derivative.

{0083] In solution fructose, for example, can 2xist mostly in a 6-membered pyranose form and/or
its 5-membered furanose form. (See Figure 1). And, each of these forms can exist in alpha or
beta configurations. In addition, fructose can exist in an open-chain form. Therefore, fructose
can exist in its a-fructopyranose, B-fructopyranose, a-fructofuranose or , B-fructofuranose or
open chain forms as shown in Fig. 6. And, fructose can be attached to a drug in any of these
configurations. In its 6-membered pyranose form, fructose is more likely to form a bond, to a
drug, for example, through the single primary alcohol that is present at the 1 position in the
pyranose form. In its S-membered furanose form, fructose has two primary alcohols which are at
the 1 and 6 position. In the furanose form, bonds are likely through either of these primary

alcohols at the 1 or the 6 position.
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[0084] The manner in which the body absorbs and processes the specific sugars varies. Many
people have difficulty processing lactose, for instance. Such lactose intolerance could make the
incorporation of lactose into the rapamycin carbohydrate derivative unsuitable. Further,
oligosaccharides are not absorbed intact from the digestive tract and must first be digested to
their monosaccharide constituents. Monosaccharides, however, are absorbed by transporter
systems located in the brush border membrane of enterocytes. See, S. Miura, Journal of
Gastroenterology 37, 491 (2002). For example, glucose and galactose are absorbed by the
SGLT1 transporter system. Another transporter, GLUT?2, facilitates mainly glucose transport,
and yet another transporter known as GLUTS transports fructose. The presence in the
gastrointestinal tract of different monosaccharide transporter proteins with differing selectivities
could lead to varied absorption of various rapamycin carbohydrate derivatives. That is, certain
derivatives may be more readily able to take advantage of an available transporter in order to
facilitate the passage of the rapamycin carbohydrate derivative out of the gastrointestinal tract
and deliver it to the blood stream where the carbohydrate moiety can be cleaved off, thereby
releasing rapamycin. It is believed that such a facilitated process may result in lowered

gastrointestinal toxicity associated with localized exposure to rapamycin.

{0085] In view of the above, it is apparent that the appropriate selection of the carbohydrate
moiety (monosaccharide, oligosaccharide, or pseudosugar) incorporated into the rapamycin
carbohydrate derivative can have a major influence on the derivative’s pharmacokinetic and/or
pharmacodynamic properties. Accordingly, the carbohydrate moiety can be carefully chosen to
optimize the pharmacokinetic and/or pharmacodynamic properties of the rapamycin carbohydrate

derivative.

[0086] Suitable monosaccharides include, but are not limited to, any of several simple open or
closed chain sugars (in the L or D configuration), typically having 5 or 6 carbons (a pentose
monosaccharide or a hexose monosaccharide), as well as 7 carbons (heptose monosaccharide).
Included are sugar derivatives in which the ring oxygen atom has been replaced by carbon,

nitrogen or sulfur, amino sugars in which a hydroxyl substituent on the simple sugar is replaced

20



PATENT
Attorney Docket No. 550

with an amino group or sugars having a double bond between two adjacent carbon atoms, (e.g.
glucosamine, 5-thio-D-glucose, nojirimycin, deoxynojirimycin, 1,5-anhydro-D-sorbitol, 2,5-
anhydro-D-mannitol, 2-deoxy-D-galactose, 2-deoxy-D-glucose, 3-deoxy-D-glucose, allose,
arabinose, arabinitol, fucitol, fucose, galactitol, glucitol, iditol, lyxose, mannitol, levo-rhamnitol,
2-deoxy-D-ribose, ribose, ribitol, ribulose, rhamnose, xylose, xylulose, allose, altrose, fructose,
galactose, glucose, gulose, idose, levulose, mannose, psicose, sorbose, tagatose, talose, galactal,
glucal, fucal, rhamnal, arabinal, xylal, valienamine, validamine, valiolamine, valiol, valiolon,
valienol, valienone, glucuronic acid, galacturonic acid, N-acetylneuraminic acid, gluconic acid
D-lactone, galactonic acid y-lactone, galactonic acid 6-lactone, mannonic acid y-lactone, D-altro-
heptulose, D-manno-heptulose, D-glycero-D-manno-heptose, D-glycero-D-gluco-heptose, D-
allo-heptulose, D-altro-3-heptulose, D-glycero-D-manno-heptitol, D-glycero-D-altro-heptitol
and the like), The hydroxy! groups on monosaccharides may optionally be replaced with
hydrogen, alkoxy (e.g. 2-O-methyl-D-fructose), alkanoate or halogen groups. Included are

sulfate and/or phosphate derivatives of monosaccharides as defined herein.

[0087] Suitable oligosaccharides include, but are not limited to, carbohydrates having from 2 to
10 or more monosaccharides linked together. The constituent monosaccharide unit may be, for
example, a pentose monosaccharide, a hexose monosaccharide, or a pseudosugar (including a
pseudoaminosugar). Oligosaccharides do not include bicyclic groups that are formed by fusing a

monosaccharide to a benzene ring, a cyclohexane ring, or a heterocyclic ring.

[0088] Pseudosugars that may be used in the invention are members of the class of compounds
wherein the ring oxygen atom of the cyclic monosaccharide is replaced by a methylene group.

Pseudosugars are also known as "carba-sugars."
The Linker

[0089] As discussed above, the carbohydrate moiety is covalently attached to the rapamycin via a
linker, indicated as "X" in formula I. In it's simplest form, the linker is a chemical functional

group that is formed when the sugar derivative is covalently attached to rapamycin, but is itself
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part of neither rapamycin nor the sugar molecule. In one embodiment, the nature of the linker is
determined by the chemistry employed to covalently attach the sugar or sugar derivative to
rapamycin. For example, if 42-O-(4-nitrophenyloxycarbonyl) rapamycin (an activated
rapamycin) is reacted with a sugar the result is a rapamycin carbohydrate derivative wherein the
42-hydroxyl oxygen of rapamycin is covalently bonded to a carbonyl group which in turn is
covalently bonded to a hydroxyl oxygen on the sugar. In this example, the linker is the carbonyl
group (C=0). An example of a linker as defined herein is depicted in Figure 3. Examples of
linkers include moieties such as carbonyl (C=0) and sulfonyl (0=S=0). Such a carbonyl or

sulfonyl linker is recognized as a single functional group linker.

[0090] The linker together with the functionality through which the sugar and rapamycin are
attached to that linker form a "linkage." For example, when a carbonyl linker is attached to a
sugar via one of its hydroxyl oxygen atoms and then to a rapamycin hydroxyl oxygen, the
resulting "linkage" is a carbonate (i.e. -OC(0)0-). An example of a linkage as defined herein in
depicted in Figure 4. Examples of linkages include esters, ethers, carbonates, carbamates,

sulfates and urethanes.

[0091] The linker and associated linkage are selected to provide a biocompatible, substantially
non-immunogenic rapamycin carbohydrate derivative. While the present invention is based on
the recognition that the presence of the sugar(s) will improve the effectiveness of rapamycin, its
pharmacokinetic and/or pharmacodynamic properties may also be enhanced by the geometry,
composition, size, flexibility or rigidity, the relative hydrophobicity or hydrophilicity, and similar
properties of the linker and/or linkage. Accordingly, the linker or linkage can be chosen to
optimize the pharmacokinetic and/or pharmacodynamic properties of the rapamycin carbohydrate
derivative. For example, the rates of acid-catalyzed or enzymatic hydrolysis of the derivatives
resulting in the release of free rapamycin will vary depending on which linkage is created. The
linker or linkage may be biologically "neutral," i.e., not itself contribute any additional biological
activity to the carbohydrate rapamycin derivative, or it may be chosen to further enhance the

biological activity of the compound.

22

(2



PATENT
Attorney Docket No. 550

|0092] The reaction chemistries resulting in linkers and linkages employ conventional
techniques. These techniques generally involve the use of complimentary reactive functional
groups located on rapamycin or activated rapamycin and the sugar or sugar derivative. Examples

of complimentary functional groups and the resulting linkages are found in Table 1.

TABLE 1. LINKAGES RESULTING FROM COMPLIMENTARY FUNCTIONALITIES

FIRST REACTIVE GROUP SECOND REACTIVE GROUP LINKAGE
hydroxyl isocyanate urethane
amine epoxide B-aminohydroxy
sulfonyl halide amine sulfonamide
carboxyl acid amine amide
hydroxyl alkyl/aryl halide ether
aldehyde amine/NaCNBH; amine
ketone amine/NaCNBH;, amine
amine isocyanate carbamate
carboxyl acid hydroxyl ester
chloroformate hydroxyl carbonate

[0093] If desired, the linker may contain more than a single functional group. Complex linkers
may be used to provide different chemical properties into the rapamycin carbohydrate derivative.
For example, different hydrophobic/hydrophilic characteristics may be imparted to the rapamycin
carbohydrate derivative by manipulation of the linker. Similarly, charged moieties may also be
introduced. Techniques for modification of the linker will be readily understood by those of skill
in the art. For example, the hydrophobic nature of a linker derived from hexamethylene diamine
or a related polyamine can be modifed to be substantially more hydrophilic by replacing the

alkylene group with a poly(oxyalkylene) group.
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[0094] For example, glycosyl-Y[-C(=Y)-X-]p-W( R)n-X-C(=Y)-drug where W is an aromatic or
heteroaromatic or aliphatic group with conjugated double bonds or an amino-acid derivative
radical which cyclizes after elimination of the glycosyl radical was disclosed in U.S. Pat.
6,146,658. These complex linkers are designed to self-eliminate via cyclization subsequent to

enzymatic removal of the glycosyl moiety.

[0095] Wide varieties of linkers are suitable for use in the invention. Ordinarily skilled artisans
will recognize that a carbonyl (C=0) or a sultonyl (O=8=0) linker, or a carbonyl or sulfonyl
linker combined with a simple alkyl chain or a polyether chain (e.g. a small number of repeating
ethylene oxide units) will have properties that are different from those of the more complex
linkers described above. For example, it is contemplated that the linkers of the present invention
wili not undergo cyclization to self-eliminate. Further, the susceptibility of the linker/drug
compound to enzymatic or hydrolytic cleavage will be highly dependent on the nature of the
spacer or linker moiety. In addition, it is contemplated that compounds with complicated linkers
may be more difficult and expensive to produce than compounds with only single functional

group linkers, such as those of the present invention.

[0096] Wide varieties of linkers are commercially available (e.g., Chem Sources USA and Chem
Sources International; the ACD electronic database; and Chemical Abstracts). Many of the
linkers that are suitable for use in this invention fall into this category. Others can be readily
synthesized by methods known in the art, and as described below. Examples of linkers include
aliphatic moieties, aromatic moieties, steroidal moieties, peptides, and the like. Specific
examples of commercially available linkers are peptides or polyamides, hydrocarbons, aromatics,

heterocyclics, ethers, lipids, cationic or anionic groups, or a combination thereof.

[0097] It is contemplated that the properties of the linker of this invention can be modified by the
addition or insertion of ancillary groups, for example, to change the solubility of the multibinding
compound (in water, fats, lipids, biological fluids, etc.), hydrophobicity, hydrophilicity, linker
flexibility, antigenicity, stability, and the like. For example, the introduction of one or more

polyethylene glycol (PEG) groups onto the linker enhances the hydrophilicity and water
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solubility of the rapamycin carbohydrate derivative, increases both molecular weight and
moiecular size and, depending on the nature of the unPEGylated linker, may increase the in vivo
retention time. Further, PEG may decrease antigenicity and potentially enhances the overall

rigidity of the linker.

[0098] Ancillary groups that enhance the water solubility/hydrophilicity of the linker, and
accordingly, the resulting compounds, are useful in practicing this invention. Thus, it is within
the scope of the present invention to use ancillary groups such as, for example, small repeating
units of ethylene glycols, alcohols, polyols. (e.g., glycerin, glycerol propoxylate, etc.)
carboxylates {e.g., small repeating units of glutamic acid, acrylic acid, etc.}, amines (e.g.,
tetracthylenepentamine), and the like to enhance the water solubility and/or hydrophilicity of the
carbohydrate rapamycin derivatives of this invention. For example, the ancillary group used to
improve water solubility/hydrophilicity may be a polyether containing a small number of

repeating ethylene oxide (-CH,CH,0-) units.

[0099] The incorporation of lipophilic ancillary groups within the structure of the linker to
enhance the lipophilicity and/or hydrophobicity of the rapamycin carbohydrate derivatives is also
within the scope of this invention. Lipophilic groups useful with the linkers of this invention
include, but are not limited to, lower alkyl, aromatic groups, and polycyclic aromatic groups.
The aromatic groups may be either unsubstituted or substituted with other groups, but are at least
substituted with a group that allows their covalent attachment to the linker. As used herein the
term "aromatic groups" incorporates both aromatic hydrocarbons and heterocyclic aromatics.
Other lipophilic groups useful with the linker of this invention include fatty acid derivatives that
may or may not form micelles in aqueous medium and other specific lipophilic groups that

modulate interactions between the carbohyvdrate rapamycin derivative and biological membranes.

[00100] The flexibility of the linker can be manipulated by the inclusion of ancillary
groups that are bulky and/or rigid. The przsence of bulky or rigid groups can hinder free rotation
about bonds in the linker, or bonds between the linker and the ancillary group(s), or bonds

between the linker and the functional groups. Rigid groups can include, for example, those
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groups whose conformational freedom is restrained by the presence of rings and/or bonds, for
example, aryl, heteroaryl and heterocyclic groups. Other groups that can impart rigidity include

polypeptide groups such as oligo- or polyproline chains. f

[00101] Rigidity can also be imparted ¢lectrostatically. Thus, if the ancillary groups are
either positively or negatively charged, the similarly charged ancillary groups will force the linker
into a configuration affording the maximum distance between each of the like charges. The
energetic cost of bringing the like-charged groups closer to each other, which is inversely related
to the square of the distance between the groups, will tend to hold the linker in a configuration
that maintains the separation between the like-charged ancillary groups. Further, ancillary groups
bearing opposite charges will tend to be attracted to their oppositely charged counterparts and
potentially may enter into both inter- and intramolecular ionic bonds. This non-covalent
mechanism will tend to hold the linker in a conformation that allows bonding between the
oppositely charged groups. The addition of ancillary groups which are charged, or alternatively,
protected groups that bear a latent charge which is unmasked, following addition to the linker, by
deprotection, a change in pH, oxidation, reduction or other mechanisms known to those skilled in

the art, is within the scope of this invention.

[00102] Bulky groups can include, for example, large atoms, ions (e.g., iodine, sulfur,
metal ions, etc.) or groups containing large atoms, polycyclic groups, including aromatic groups,
non-aromatic groups, and structures incorporating one or more carbon-carbon bonds (i.e., alkenes
and alkynes). Bulky groups can also include oligomers and polymers that are branched- or
straight-chain species. Branched-species are expected to increase the rigidity of the structure

more per unit molecular weight gain than are straight-chain species.

[00103] In view of the above, it is apparent that the appropriate selection of a linker group
providing suitable orientation, entropy and physico-chemical properties is well within the skill of

the art.
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[00104] Linkers can be attached to rapamycin or a sugar by employing reactive functional
groups. The reactive functional groups are selected relative to the functional groups available on
rapamycin or the sugar for coupling, or which are introduced onto rapamycin or the sugar for this
" purpose. For example, reaction between a carboxylic acid of the linker and a primary or
secondary amine of the sugar in the presence of suitable activating agents results in formation of
an amide moiety covalently linking the sugar to the linker. Reaction between an amine group of
the linker and a sulfonyl halide of the sugar results in formation of a sulfonamide moiety
covalently linking the sugar to the linker. Reaction between an alkyl or aryl halide of the linker
and an alcohol of the sugar results in formation of an ether moiety covalently linking the sugar to

the linker,

[00105] Where functional groups are lacking, they can be created by suitable chemistries

that are described in standard organic chemistry texts such as Advanced Organic Chemistry, Jerry

March, John Wiley &Sons (5th Ed., 2000). The term linker embraces everything that is not
considered to be part of the sugar or rapamycin. Linkers can be derived from linear compounds

having reactive functional groups at the end of the linker.

[00106] Suitable divalent linkers include, by way of example, those derived from
dicarboxylic acids, disulfonylhalides, dialdehydes, diketones, dihalides, diisocyanates, diamines,
diols, mixtures of carboxylic acids, sulfonylhalides, aldehydes, ketones, halides, isocyanates,
amines and diols. In each case, the carboxylic acid, sulfonylhalide, aldehyde, ketone, halide,
isocyanate, amine and diol functional group is reacted with a complementary functionality on the
sugar and rapamycin to form a covalent linkage. Such complementary functionality is well

known in the art as illustrated in the above-discussed Table 1.

[00107] In embodiments of the invention, the linker (X) is selected from the group
consisting of: (i) -R>C(O); (ii) -C(O)R?, (iii) -R*S(O)y; or (iv) -S(0):R* where R’ is selected
from the group consisting of: (i) -(CH;),- where p is an integer from 1 to 18, (ii)
-(CH3)y-0O-(CH3);m- where n and m are each independently an integer from 2 to 6, or (iii) a bond.

It is to be understood that the linker (X) may be the same or different at each occurrence, i.e., at
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the 31 and 42 positions. [n additional embodiments of the invention, the linker (X) is carbonyl
(C=0), sulfonyl (O=8=0), or a single functional gmtip. Carbonyl linkers may be in the 31
position, the 42 position, or both. In other ¢émbodiments, R! is <C(0)-Z and R? is H or R? is —
C(0)-Z and R' is H.

[00108] Accordingly, rapamycin carbohydrate derivatives having the structure of formula I
that are within the scope of this invention include, for example, those set forth below (including
pharmaceutically acceptable salts thereof):

" 42-0O-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-[2-(Methyl-D-glucosylcarbonyloxy)ethylJrapamycin;
31-O-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-glucosylcarbonyl)rapamycin,
42-0-(2-0-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-[2-(2-0O-Methyl-D-fructosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-0-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-[2-(2-O-Methyl-L-fructosylcartonyloxy)ethyl]rapamycin;
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(2-0O-methyl-D-fructosylcarbonyl)rapamycin;
31-0-(2-O-Methyl-L-fructosylcarbonyl)}rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-0-(D-Allosylcarbonyl)rapamycin;
42-0-[2-(D-Allosylcarbonyloxy)ethylJrapamycin;
42-0-(L-Allosylcarbonyl)rapamycin;
42-0-[2-(L-Allosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-allosylcarbonyl}rapamycin;
31-0O-(L-Allosylcarbonyl)rapamycin;
42-0-(2-Hydrox.yethyl)-3 1-O-(L-allosylcarbonyl)rapamycin;
42-0-(D-Fructoslylcarbonyl)rapamycin;
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42-0-[2-(D-Fructosylcarbonyloxy)ethylJrapamycin;
42-0-(L-Fructoslylcarbonyl)rapamycin;
42-0-[2-(L-Fructosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Fructoslylcarbonyl)rapamy:in;
42-0-(2-Hydroxyethyl)-3 1-O-(D-fructoslylcarbonyl}rapamycin;
31-O-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
42-O-(D-Fucitolylcarbonyl)rapamycin;
42-0-[2-(D-Fucitolylcarbonyloxy)ethylJrapamycin;
42-0-(L-Fucitolylcarbonylrapamycin;
42-O-[2-(L-Fucitolylcarbonyloxy)ethylJrapamycin;
31-O-(D-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-0-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(L-fucitolylcarbonyl)rapamycin;
42-0~D-Glucalylcarbonyl)rapamyciri;
42-0-[2-(D-Glucalylcarbonyloxy)ethylJrapamycin;
42-0O-(D-Glucosylcarbonyi)rapamycin;
42-0-[2-(D-Glucosylcarbonyloxy)ethyl]rapamycin;
42-0O-(L-Glucosylcarbonyl)rapamycin;
42-0-[2~(L-Glucosylcarbonyloxy)ethyl]rapamycin;
31-0O-(D-Glucalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucalylcarbonyl)rapamycin;
31-0-(D-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0O-(D-glucasylcarbonyl)rapamycin;
31-0-(L-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-glucosylcarbonyl)rapamycin;
42-0-(D-Lactalylcarbonyl)rapamycin;
42-0-[2-(D-Lactalylcarbonyloxy)ethyl rapamycin;
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31-O-(D-Lactalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-lactalylcarbonyl)rapamycin;
42-0-(D-Sucrosylcarbonyl)rapamycin;
42-0-[2-(D-Sucrosylcarbonyloxy)ethylJrapamycin;
31-0-(D-Sucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl}-31-O-(D-sucrosylcarbonyl)rapamycin;
42-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)ethyl]rapamycin;
31-0O-(D-Gentobiosylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(D-gentobiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)=thyl]rapamycin;
31-O-(D-Cellobiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellobiosylcarbonyl)rapamycin;
42-Q-(D-Turanosylcarbonyl)rapamycin,
42-O-[2-(D-Turanosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Turanosylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-O-(D-turanosylcarbonyl)rapamycin;
42-0-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2-(D-Palatinosylcarbonyloxy)ethylJrapamycin;
31-0-(D-Palatinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-palatinosylcarbonyl)rapamycin;
42-0-(D-Isomaltosylcarbonyl}rapamy<in;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethyl]Jrapamycin;
31-0O~(D-Isomaltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltosylcarbonyl)rapamycin;
42-0-(D-Maltulosylcarbonyl)rapamycin;
42-0-[2-(D-Maltulosylcarbonyloxy)ethyl]rapamycin;
42-0-(D-Maltosylcarbonyl)rapamycin;
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42-0-[2-(D-Maltosylcarbonyloxy)ethyljrapamycin;
31-O-(D-Maltulosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethy!)-31-O-(D-maltulosylcarbonyl)rapamycin;
31-0-(D-Maltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethy!)-31-O-(D-maltosylcarbonyl)rapamycin;\
42-0-(L-Sorbosylcarbonyl)rapamycin;
42-0O-(D-Sorbosylcarbonyl)rapamycin;
31-O<(L-Sorbosylcarbonyl)rapamycin;
31-O-(D-Sorbosylcarbonyl)rapamycin;
42-0-[2-(L-Sorbosylcarbonyloxy)ethyl]Jrapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sorbosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-sorbosylcarbonyl)rapamycin;
42-0-(D-Lactosylcarbonyl)rapamycin;
42-0O-[2-(D-Lactosylcarbonyloxy)ethyllrapamycin;
31-O-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0O-(2-Hydroxyethyl)-31-O-(methyl-D-lactosylcarbonyl)rapamycin;
42-0-(D-Melibiosylcarbonyl)rapamycin;
31-O-(D-Melibiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-0-[2-(D-Leucrosylcarbonyloxy)ethyljrapamycin;
31-O-(D-Leucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-leucrosylcarbonyl)rapamycin;
42-0-(D-Rafinosylcarbonyl)}rapamycin;
42-0-[2-(D-Rafinosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Rafinosylcarbonyl)rapamycin;
42-0O-(2-Hydroxyethyl)-31-O-(D-rafinosylcarbonyl)rapamycin;
42-0O-(D-Isomaltotriosylcarbonyl)rapamycin;
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42-0-[2-(D-Isomaltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-O-[2-(D-Cellotetraosylcarbonyloxy)ethyl]rapamycin;
31-0O-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellotetraosylcarbonyl)rapamycin;
42-0O-(Valiolylcarbonyl)rapamycin
42-0-[2-(D-Valiolylcarbonyloxy)ethyi]rapamycin;
31-O-(Valiolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolylcarbonyl)rapamycin
42-0-(Valiolonylcarbonyl)rapamycin
42-0-[2~(D-Valiolonylcarbonyloxy)ethyl]rapamycin;
31-O-(Valiolonylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
42-0-(Valienolylcarbonyl)rapamycin
42-0-[2-(D-Valienolylcarbonyloxy)ethyl]rapamycin;
31-0-(Valienolyicarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31 -0-(valienolylcarbon).rl)rapamycin
42-0O-(Valienoneylcarbonyl)rapamycin
42-0-[2-(D-Valienoneylcarbonyloxy)ethyl]rapamycin;
31-O-(Valienoneylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

[00109] In addition, the invention is directed to a rapamycin derivative having the
structure of formula | wherein n=1, R! is H and R? is X-Z, wherein X is a linker, and Z is a
carbohydrate moiety independently selected from the group consisting of a monosaccharide, an

oligosaccharide and a pseudosugar.
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[00110] The invention is also directed to a pharmaceutical composition comprising the
aforementioned rapamycin carbohydrate derivative, or a pharmaceutically acceptable salt thereof,

and a pharmaceutically acceptable carrier.

Preparation of the Rapamycin Carbohydrate Derivatives

[00111] A general procedure for synthesizing rapamycin carbohydrate derivatives of the
present invention involves the coupling of a monosaccharide, oligosaccharide, pseudosugar or

sugar derivative to the 31- and/or 42- positicns of activated rapamycin.

[00112] For example, as depicted in Figure 2, rapamycin (EI) can be reacted with p-
nitrophenyl chloroformate to yield an activaied rapamycin (III). Under carefully controlled
conditions, the reaction will preferentially take place at the 42-hydroxyl position. By altering the
reaction conditions, both the 31- and 42-hydroxy! groups can be similarly activated. Selective
activation of the 31-hydroxyl group can be accomplished by first protecting the 42-hydroxyl |
moiety with, for example an alkylsilyl group such as triethylsilyl, triisopropylsilyl or tert-
butyldimethylsilyl, and then reacting with p-nitrophenyl chloroformate or other chloroformates.
Removal of the protecting group then affords rapamycin activated at the 31-hydroxyl position.
Thus, it is possible to prepare a rapamycin derivative that is selectively activated at the 31-

position, the 42-position, or both.

[00113] Thereafter, in the second step, a sugar moiety or sugar derivative is reacted with
an activated rapamycin (11I) to give a rapamycin carbohydrate derivative. When the reactive
functional group on the sugar moiety or sugar derivative is a hydroxyl group, the reaction with
activated rapamycin may take place on a primary hydroxyl group to form a carbonate linkage to
rapamycin. The resulting linker is a carbonyl group. When the reactive functional group on the
sugar or sugar derivative is an aJ-nino group (which can be situated at any position of the sugar), a
carbamate linkage to rapamycin results and the resulting linker is a carbonyl group. Amino
substituted sugar derivatives, e.g, sugar-X-NF; or sugar-NH,, can be prepared from precursors by

conventional methods. For example, reduction of sugar-X-Nj; or de-phthaloylation of sugar-X-
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NPhth, where Phth is phthalyl, yields the amino substituted sugar derivative. These precursors
can be synthesized by glycosidation of linker moieties with appropriately activated glycosyl

donors.

[00114] Thus, using the general approach described herein is it possible to prepare a wide
range of rapamycin carbohydrate derivatives in which the 31- and/or 42-hydroxyl groups are

modified with a wide range of sugars or sugar derivatives.

|[00115) It is contemplated that hydro:yl groups of rapamycin or a rapamyciri metabolite,
including those that are located in positions other than 31- and 42-, can also be glycosylated as
described herein, and the resultant rapamycin carbohydrate derivatives will also exhibit higher
water-solubility and/or enhanced pharmacokinetic and/or pharmacodynamic properties compared

to their unglycosylated counterparts.

[00116] Rapamycin metabolites are known in the art. For example, Streit et. al.
structurally identified several rapamycin metabolites from human liver microsomes. See, F. Streit
et al., Drug Metabol. Disp., 24, 1272 (1996). These include 41-demethyl rapamycin, 7-demethyl
rapamycin, 11-hydroxy rapamycin, and a 24-hydroxy ester hydrolysis degradation product of
raparnycin. It has also been shown that the metabolites of rapamycin can undergo this ester
hydrolysis. Streit also partially identified di, tri, and tetra hydroxylated rapamycin metabolites.
Wang ef. al. found 16 hydroxylated and/or demethylated metabolites in the bile of rapamycin
treated rats. See, C.K. Wang et al., Proceedings of the 41* ASMS Conference on Mass
Spectrometry and Allied Topics, San Francisco, 545 (1993). Nickmilder et. ol. identified a 3,4
and 5,6 dihydrodiol rapamycin metabolite in rat liver microsomes. See, M.J.M. Nickmilder et al.,
Xenobiotica, 27, 869 (1997). In trough whole blood, Streit et. al. have identified 41-demethyl,
hydroxy, dihydroxy, and didemethyl rapamycin metabolites. See, F. Streit et al., Clin. Chem., 42,
1417 (1996). These metabolites accounted for 56% of total rapamycin derivatives measured.
Finally, Leung ef. al. looked at the disposition of ['*C]-rapamycin in healthy male volunteers.
They found that rapamycin represented approximately 35% of the total radioactivity in blood and

that 41-demethyl, 7-demethyl, and several hydroxy, hydroxydemethyl, and didemethyl rapamycin
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metabolites individually represented between 1 and 12% of the total radioactivity. Rapamycin
metabolites can be isolated from a number of various sources, including but not limited to blood,

urine or feces samples, from liver microsomes or from microorganism cultures.

[00117] Accordingly, in addition to 31- and 42-, the hydroxyl groups of particular interest
include those at the 27-, 41-, 3-, 4-, 5-, 6-, 7-, 11- and 24-positions of rapamycin and rapamycin

metabolites.

Pharmaceutical Compositions and Utility

[00118] The compounds of this invention may be administered neat or with a
pharmaceutical carrier to an animal, such as a warm blooded mammal, and especially humans, in
need thereof. The pharmaceutical compositions may aiso contain other drugs, particularly drugs
known to have different mechanisms of action. Thus, the pharmaceutical compositions may
contain, in addition to the compounds of the present invention, at least one drug of another class,
for example:,a calcineurin inhibitor, a steroid or other immunomodulatory compounds which may
interfere with DNA synthesis or intra- or inter- cellular signaling or other cell processes.
Examples of calcineurin inhibitors include Cyclosporin A (available from Novartis as
Sandimmune® and Neoral® and FK506 (also known as tacrolimus or Prograf® available from
Fujisawa). Examples of cyclosporine derivatives are those disclosed in W(99/18120. Examples
of steroids include predisone, prednisolone or methylprednisolone. Examples of these
immunomodulatory compounds include azothioprine, mycophenolic acid (mycophenolate mofitil
or Cellcept® available from Roche), leflunomide available from Aventis, Brequinar, Mizoribine,
antibodies including a-LFA-1, and a-ICAM-1, thimoglobuline, IL2R antagonists including
basiliximab (Stimulect®), and daclizumab (Zznapax®), alemtuzumab (Campath 1H®, a
humanized monoclonal antibody recognizing CD52), Orthoclone OKT3® or muromonab CD3,
Atgam(R) lymphocyte immune globulin, ATG (antithymocyte globulin), and other compounds.

The individual drugs, and the rapamycin carbohydrate derivative, may be formulated separately
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as distinct components of the pharmaceutical composition, and administered together or

separately.

[00119] The pharmaceutically effective carrier may be solid or liquid. A solid carrier can
include one or more substances which may also act as flavoring agents, lubricants, solubilizers,
suspending agents, fillers, glidants, compression aids, binders or tablet-disintegrating agents; it
can also be an encapsulating material. In powders, the carrier is a finely divided solid that is in
admixture with the finely divided active ingredient. In tablets, the active ingredient is mixed with
a carrier having the necessary compression properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets may contain up to 99% of the active
ingredient. Suitable solid carriers include, for example, calcium phosphate, magnesium stearate,
tale, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl

cellulose, polyvinylpyrrolidine, low melting waxes and ion exchange resins.

[00120] Liquid carriers are used in preparing solutions, suspensions, emulsions, syrups,
elixirs, and pressurized compositions. The active ingredient can be dissolved or suspended in a
pharmaceutically acceptable liquid carrier such as water, an organic solvent, a mixture of both or
pharmaceutically acceptable oils or fats. The liquid carrier can contain other suitable
pharmaceutical additives such as solubilizers, emulsifiers, surfactants, bufters, preservatives,
sweeteners, flavoring agents, suspending agents, thickening agents, colors, viscosity regulators,
stabilizers or osmo-regulators. Suitable examples of liquid carriers for oral and parenteral
administration include water (partially containing additives as above, e.g. cellulose derivatives,
possibly sodium carboxymethyl cellulose solution}, alcohols (including monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated coconut oil and
arachis oil). For parenteral administration, the carrier can also be an oily ester such as ethyl
oleate and isopropyl myristate. Sterile liquid carriers are useful in sterile liquid form
compositions for parenteral administration. The liquid carrier for pressurized compositions can

be halogenated hydrocarbon or other pharmaceutically acceptable propellant.
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[00121] Liquid pharmaceutical compositions that are sterile solutions or suspensions are
suitable for intramuscular, intraperitoneal, and subcutaneous injection. Sterile solutions can also
be administered intravenously. The compound can also be administered orally either in liquid or

solid composition form. Pulmonary administration is also contemplated.

[00122] The pharmaceutical composition can be in unit dosage form, e.g. as tablets or
capsules. In such form; the composition is sub-divided in unit dose containing appropriate
quantities of the active ingredient; the unit dosage forms can be packaged compositions, for
example, packeted powders, vials, ampoules, prefilled syringes or sachets containing liquids.
The unit dosage form can be, for example, a capsule or tablet itself, or it can be the appropriate
number of any such compositions in package form. The dosage to be used in the treatment must

be subjectively determined by the attending physician.

[00123] In addition, the compounds of this invention may be employed as a solution,
cream, or lotion by formulation with pharmaceutically acceptable vehicles administered to an

affected area.

[00124] The compounds of this invention can also be used in conjunction with a medical
device. For example, a rapamycin carbohydrate derivative as a component of a drug-coated or
impregnated intravascular stent may be used to inhibit neointimal tissue proliferation and thereby
prevent restenosis (See, for example U.S. Pat. No. 5,665,728). Rapamycin carbohydrate
derivatives can also be used as a component of other drug-coated or impregnated medical devices
such as catheters, pumps, or drug-delivery medical devices such as beads or discs containing
drugs. The presence of rapamycin, a potent immunosuppressant, may decrease inflammation,
rejection, or other immune responses to the presence of these implantable medical devices in the
body.

[00125] The following examples are offered to illustrate this invention and are not to be

construed in any way as limiting the scope of the present invention.
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EXAMPLES

[00126] In the examples below, the following abbreviations have the following meanings.

If an abbreviation is not defined, it has its generally accepted meaning.

g

mg

kg
mmol
M

N

mL
min
BzCl
DMAP
DMS
Py
DMF
Me
HOAt
HOBT

TBDMSiCl

AcOH
THF
LC/MS or
LCMS
HPLC

conc.
eq.

nn n

gram

milligram

kilogram

millimole

molar

Normal

milliliter

minute

benzoyl chloride
4-dimethylaminopyridine
dimethyl sulfate

Pyridine
N,N-dimethylformamide
methyl
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole
hydrate
tert-butyldimethylsilyl
chloride

acetic acid
tetrahydrofuran

liquid chromatography/mass
spectroscopy

high performance liquid
chromatography
concentrated

equivalents
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[00127] In the following examples and procedures, the starting materials are available
commercially from Aldrich Chemical Company, Inc., Milwaukee, W1 53233 USA; Lancaster
Synthesis, Inc., NH 03087 USA; Sigma, St. Louis MO 63178 USA; Maybridge Chemical Co.
Trevillett, Tintagel, Comwall PL34 OHW United Kingdom; TCI America, Portland OR 97203;
Frontier Scientific, Utah, USA; and Bachem, Torrance, California, USA.

EXAMPLE 1
Synthesis of 42-O-(D-Fructosylcarbonyl)rapamycin

[00128] Figure 3 depicts the method of synthesis for 42-O-(D-

Fructosylcarbonyl)rapamycin. The detailed procedure is described below:

42-0-(4-nitrophenyloxycarbonyl)rapamycin

[00129] A solution of 10.0 g of rapamycin in 50mL of dichloromethane and 10 mL of dry
pyridine was cooled to -78°C under a nitrogen atmosphere. To this solution 3.31g of 4-
nitropheny! chloroformate was added and the reaction mixture was stirred for 1 hour at -78°C,
and then brought directly to room temperature. Reaction was complete after 2 hours. The mixture
was diluted with water and extracted with dichloromethane. The organic phase was washed with
water, dried over Na;SOy and evaporated. Chromatography on a silica gel column (solvent:
hexanes — ethyl acetate, 2:1) gave 9.66g of 42-O-(4-nitrophenyloxycarbonyl)rapamycin as a
yellowish solid (freeze dried from benzene). CsgHgaN2047, M=1078.6; MS(ES+): m/z=1101.7
(M+Na)*

42-0O-(D-Fructosylcarbonyl)rapamycin
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[00130] To a solution of D-fructose (2.025¢, 11.24mmol) and DMAP (250mg) in N, N-
dimethylformamide (25mL) 42-O~(4-nitrophenyloxycarbonyl)rapamycin (4.05g, 3.757mmol)
was added and the reaction mixture was stirred at room temperature for 24 hours. The solvent
was evaporated under high vacuum and the residue was flash chromatographed on a silica gel
column using dichloromethane — methanol {9:1) as eluent. Obtained product was re-purified on a
preparative HPLC column (80% methanol - 20% water, flow 10mL/min.), yielding 1.461g of 42-
O-(D-fructosylcarbonyl)rapamycin as white solid (freeze dried from benzene). CsgHggNQ3q,
M=1119.6; MS(ES+): m/z=1142.7 (M+Na)" In the alternative HOBT (or HOAT) may be
employed in place of DMAP as disclosed in example 3.

EXAMPLE 2

[00131] Following procedures analogous to that outlined in Example 1, and employing the

appropriate sugars or sugar derivatives, the following compounds have been obtained:

42-0-(D-Glucosylcarbonyl)rapamycin
42-O-(Methyl-D-glucosylcarbonyl)rapamycin
42-0-(D-Allosylcarbonyl)rapamycin
42-0O-(D-Fructosylcarbonyl)rapamycin
42-0-(L-Fructosylcarbonyl)rapamycin
42-O-(D-Fucitolylcarbonyl)rapamycin
42-0O-(L-Fucitolylcarbony!)rapamycin
42-0-(D-Glucalylcarbonyl)rapamycin
42-0O-(L-Sorbosylcarbonyl)rapamycin
42-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin
42-0O-(D-Lactalylcarbonyl)rapamycin
42-0-(D-Sucrosylcarbonyl)rapamycin
42-0-(D-Gentobiosylcarbonyl}rapamycin
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42-0O-(D-Cellobiosylcarbonyl)rapamycin
42-O-(D-Turanosylcarbonyl)rapamycin
42-0-(D-Palatinosylcarbonyl)rapamycin
42-0O-(D-Isomaltosylcarbonyl)rapamycin
42-O-(D-Maltulosylcarbonyl)rapamycin
42-0-(D-Maltosylcarbonyl)rapamycin
42-0O-(D-Lactosylcarbonyl)rapamycin
42-O-(Methyl-D-lactosylcarbonyl)rapamycin
42-0-(D-Melibiosylcarbonyl)rapamycin
42-0O-(D-Leucrosylcarbonyl)rapamycin
42-O-(D-Rafinosylcarbonyl)rapamycin
42-0O-(D-Isomaltotriosylcarbonyl)rapamycin
42-0-(D-Cellotetraosylcarbonyl)rapamycin

EXAMPLE 3

Synthesis of 31-O-(D-Fructosylcarbonyl)rapamycin

Figure 4 depicts the method of synthesis for 31-O-(D-

Fructosylcarbonyl)rapamycin. The detailed procedure is described below:

_ 42-O-(tert-Butyldimethyisilyl)rapamycin

To a solution of rapamycin (10g) and imidazole (2.2g) in N, N-dimethylformamide
(40mL) tert-butyldimethylsilyl chloride (1.7€g) was added, and the reaction mixture was stirred
at room temperature under nitrogen for 5 days. The solvent was evaporated under high vacuum

and the residue was chromatographed on a silica gel column (solvent: hexanes — ethyl acetate,
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3:2) yielding 5.84g of 42-O-(tert-butyldimethylsilyl)rapamycin as off-white foam.
Cs7Hg3NO 381, M=1027.6; MS(ES+): m/z=1050.7 (M+Na)"

42-O-(tert-Butyldimethylsilyl)-3 1-O-(4-nitrophenyloxycarbonyl)rapamycin

[00134] 42-O-(tert-Butyldimethylsilyl)rapamycin (5.84g) was dissoived in
dichloromethane (30mL) and pyridine (6mL), 4-nitrophenyl chloroformate (2.582g) was added
and the reaction mixture was stirred under nitrogen at room temperature for 2 hours. Solvents
were evaporated and the residue purified on a silica gel column. Elution with hexanes — ethyl
acetate (3:1) gave title compound as yellowish foam (5.4g). CesHgeN20y7S8i, M=1192.6;
MS(ES+): m/z=1215.6 (M+Na)"

31-0-(4-nitrophenyloxycarbonyl}rapamycin

[00135] 42-O-(fert-Butyldimethylsilyl)-3 1-O-(4-nitrophenyloxycarbonyl) rapamycin (5.4g)
was dissolved in a mixture of acetic acid (30mL), tetrahydrofuran (10mL) and water (10mL)}). It
was stirred at room temperature for 20 hours. The reaction mixture was diluted with water and
extracted with ethyl acetate (3 x 200mL.).The organic phase was dried over anhydrous sodium
sulfate, filtered and evaporated. Silica gel column chromatography (solvent: hexanes — ethyl
acetate, 3:2) gave 2.1g of 31-O-(4-nitrophenyloxycarbonyl) rapamycin as yellowish solid (frecze
dried from benzene). CsgHgaN20y7, M=1078.6; MS(ES+): m/z=1101.6 (M+N::1)+

31-0-(D-Fructosylcarbonyl)rapamycin

[00136] A mixture of 31-O-(4-nitrophenyloxycarbonyl)rapamycin (1.3g), D-fructose
(0.434g), and 1-hydroxybenzotriazole (HOBT) (0.325g) in dry pyridine (20mL) was stirred at

room temperature for 3 days. Then, the solvent was evaporated under reduced pressure and the
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residue was chromatographed on a silica gel column. Elution with dichioromethane — methanol
(10:1) provided 31-O-(D-fructosylcarbonyl)rapamycin (0.625g, 46%) as white solid (freeze dried
from benzene). CsgHgoNOz9, M=1119.6; MS(ES+): m/z=1142.7 (M+Na)*

[00137] In an analogous manner, 31-0O-(D-allosylcarbonyl)rapamycin was also prepared.
In addition, in the alternative, DMAP may te employed in place of HOBT as disclosed in

example 1.

Example 4
Synthesis of 42-0-(2-O-methyl-f-D-fructosylcarbonyl)rapamycin

1,3,4,5-Tetra-O-benzoyl-f-D-fructopyranose

[00138] A mixture of anhydrous pyridine (52 mL}, benzoyl chloride (51.5 mL, 0.444
mmol) and

anhydrous dichloromethane (125 mL) was cooled to -10°C. Finely powdered fructose

(20 g, 0.111 mmol) was added portion wise and the reaction mixture was stirred at -10°C for 18
hours. The reaction mixture was quenched with ice water, diluted with dichloromethane and
transferred to separatory funnel. Organic layer was separated and washed with 5 % citric acid,
saturated sodium bicarbonate, water, and dried over sodium sulfate. It was filtered and the
solvent evaporated. The residue was dissolved in diethyl ether (75 ml) then added slowly to
hexanes (300 ml) to give a white solid which upon drying afforded 58.9 g (89 %) of 1,3,4,5-tetra-
O-benzoyl-B-D-fructopyranose

1,3,4,5-Tetra-0-benzoyl-2-O-methyl-ff-D-fructopyranose
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[00139] To a solution of 1,3,4,5-tetra-O-benzoyl-B-D-fructopyranose (10.00g, 16.8mmol)
in acetone (40 mL) dimethyl sulfate (2.4ml, 25.16 mmoles, 1.5 eq.) was added followed by
potassium carbonate (3.48g, 25.16 mmoles) and the reaction mixture was stirred at 50°C under
nitrogen for 18 hours. Solvents were removed under vacuo and the resulting residue was
dissolved in ethyl acetate (150ml), washed with 5% citric acid, water, brine, dried over sodium
sulfate, filtered and concentrated to an oily solid. Purification on a silica gel column (hexane:

ethyl acetate, 4:1) afforded 10.0g (98%) of title compound as white foam.

. 2-Q-methyl-f-D-fructopyranose

[00140] A solution of sodium methoxide (0.5 M in methanol, 10.0 ml) was added to a
vigorously stirred solution of 1,3,4,5-tetra-O-benzoyl-2-O-methyl-f-D-fructopyranose (10.0g,
16.4 mmol) in anhydrous methanol. After stirring for 1.5 hrs at room temperature the reaction
was complete. The pH was adjusted to 7.0 with Amberlite IRC-50 (~4.0g). The solids were
removed by filtration and the filtrate was concentrated in vacuo. Purification on a silica gel
column (methanol: dichioromethane, 4:1 and 3:1) provided the product as white foam 2.70 g
(81%).

42-0-(2-0-methyl-fi-D-fructosylcarbonyl)rapamycin

|00141] A mixture of 42-0-(4-nitrophenyloxycarbonyl)rapamycin (10.0 g, 9.3 mmol), 2-
O-methyl-B-D-fructopyranose (6.2g, 28 mmol, 3 eq.), and 1-hydroxy-7-azabenzotriazole (HOAL)
(2.5 g, 2 eq.) in dry pyridine (60mL}) was stirred at room temperature for 4 days. Then, the
solvent was evaporated under reduced pressure and the residue was re-dissolved in ethyl acetate,
washed with water. Organic layer was evaporated and the residue chromatographed on a silica
gel column. Elution with dichloromethane — methanol (100:5) gave 42-O-(2-O-methyl-3-D-

fructosylcarbonyl)rapamycin
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(4.7g,) as white solid (freeze dried from benzene). CsgHgNO29, M=1133.7; MS (ES+):
m/z=1156.7 (M+Na)"

EXAMPLE 5
Stability of Rapamycin Carbohydrate Derivatives Toward Hydrolysis in Acidic Media

[00142] The stability toward hydrolysis of various rapamycin carbohydrate derivatives in
acidic media was investigated by dissolving the compounds in 70/30 methanol/0.1N HCI (pH
1.5) and then measuring by HPLC the amount of free rapamycin in the samples at 1 hour to

determine the extent of hydrolysis. The results are summarized in Table 2.

TABLE 2. ACID CATALYZED HYDROLYSIS OF RAPAMYCIN CARBOHYDRATE DERIVATIVES

Compound Extent of Hydrolysis (%)
42-O-(D-Fructosylcarbonyl)rapamycin <1
42-0O-(D-Glucosyicarbonyl)rapamycin <1
42-0-(D-Maltulosylcarbonyi)rapamycin <5
42-0O-(L-Fucitolylcarbonyl)rapamycin <i
42-0O-(D-Lactalylcarbonyl)rapamycin <1
31-O-(D-Fructosylcarbonyl)rapamycin <]
42-0-(D-Allosylcarbonyl)rapamycin <1

[00143]) As can be seen in Table 2, all compounds exhibited good stability in acidic media

with little or no observable hydrolysis.

EXAMPLE 6

Hydrolysis of Rapamycin Carbohydrate Derivatives in Human Whole Blood
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[00144] The ability of various rapamycin carbohydrate derivatives to release free
rapamnycin via hydrolysis in whole blood was investigated by spiking the compounds in human
whole blood and then measuring by HPLC the amount of free rapamycin in the samples at 1 hour

to determine the extent of hydrolysis. The results are summarized in Table 3.

TABLE 3. HYDROLYSIS OF RAPAMYCIN CARBOHYDRATE DERIVATIVES IN WHOLE BLOOD

Compound Extent of Hydrolysis (%)
42-0-(D-Fructosylcarbonyl)rapamycin 28+2
42-0-(D-Glucosylcarbonylrapamycin 5+1
42-0-(D-Maltulosylcarbonyl)rapamycin 13+4
42-O-(L-Fucitolylcarbonyl)rapamycin 3144
42-0-(D-Lactalylcarbonyl)rapamycin ' 2+1
31-0-(D-Fructosylcarbonyl)rapamycin 23+0.5
42-0-(D-Allosylcarbonyl)rapamycin 39+4
31-0O-(D-Allosylcarbonyl)rapamycin 3442

[00145] As shown in Table 3, the extent of hydrolysis in human whole blood varied

greatly depending on the nature of the carbohydrate moiety. The incorporation via carbonate
linkages of sugars such as D-fructose, L-fucitol or D-allose generally led to a higher degree of
hydrolysis than was observed when D-glucose, D-maltulose, and D-lactal were employed. The
results also show that when a suitable sugar is chosen, both 31-0- and 42-O-rapamycin
carbohydrate derivatives are effective at releasing free rapamycin in whole blood. Additionally,
previous, similar experiments that investigated the hydrolysis in whole blood of rapamycin
carbohydrate derivatives with carbamate linkages showed little or no hydrolysis in contrast to

many of the compounds with carbonate linkages in Table 3.

Example 7
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Comparison of the In Vitro Inmunosuppressive Activity of Rapamycin Carbohydrate

Derivatives with Carbonate and Carbamate Linkages

[00146] The immunosuppressive activity of rapamycin, 42-0-(D-
Fructosylcarbonyl)rapamycin and a carbamate-linked analog of 42-O-(D-
Fructosylcarbonyl)rapamycin (a non-hydrolyzable form of 42-O-(D-
Fructosylcarbonyl)rapamycin) was assessed in primary blood lymphocyte cultures (PBMC) using
alamar blue as detection of cell proliferation. The carbamate analog of 42-0O-(D-
Fructosylcarbonyl)rapamycin is formed from an amino sugar wherein the carbohydrate moiety is
attached to the carbonyl linker through the amino nitrogen atom of the amino sugar, thereby
forming a carbamate linkage. Figure 5 illustrates that 42-O-(D-Fructosylcarbonyl)rapamycin
shows cell proliferation inhibition equivalent to rapamycin, while the non-hydrolyzable
carbamate-linked analog does not possess any intrinsic immunosuppressive activity. This data
indicates that the active species is rapamycin resulting from the hydrolysis of 42-O-(D-
Fructosylcarbonyl)rapamycin over the course of the 3-day culturing, and not non-hydrolysed 42-
O-(D-Fructosylcarbonyl)rapamycin. In other words, the prodrug does not appear to possess any
intrinsic immunosuppressive activity and must be hydrolyzed to rapamycin in order 1o exhibit the
desired pharmacological effect. This experiment also demonstrates the importance of the
selection of the linkage between the carbohydrate moiety and rapamycin as, in this example, a
carbonate linkage allows for the desired hydrolysis to occur whereas the carbamate linkage

remains intact and little or no rapamycin is released.

EXAMPLE 8

Comparison of Pharmacokinetic Profiles of Rapamycin and Rapamycin Carbohydrate

Derivatives in Rats

[00147] The pharmacokinetic profiles in rats of selected rapamycin carbohydrate

derivatives were determined to investigate the ability of the derivalives to deliver free rapamycin
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into the bloodstream in vivo. Briefly, Sprague Dawley rats were orally dosed with rapamycin and
derivatives at 2.5 or 10 mg/kg. Whole blood was extracted via jugular bleed over 24 hours and
frozen at -20 °C until analysis. Whole blood was analyzed by Liquid Chromatography Mass

Spectrometry for the presence of rapamycin. The results are summarized in Figures 6,7 and 8.

[00148] As can be seen in Figures 6 and 7, upon oral administration of rapamycin a rapid
rise in rapamycin concentration in the blood was observed with a maximum concentration
reached at approximately 30 minutes. The level of rapamycin then dropped quite rapidly over the
next several hours. A similar profile was observed for 42-O-(D-glucosylcarbonyl)rapamycin.
Surprisingly, however, when 42-0-(D-fructosylcarbonyl)rapa-\mycin or 42-0O-(L-
fucitolylcarbonyl)rapamycin were administered orally the level of rapamycin in the blood rose
gradually to reach a maximum concentration at approximately 3 hours before gradually
decreasing over time (Figure 6). A similar profile was observed for both 31-O-(D-
fructosylcarbonyl)rapamycin and 31-O-(D-allosylcarbonyl)rapamycin (Figure 7) as well as 42-O-
(D-allosylcarbonyl)rapamycin, 42-O-(D-sorbosylcarbonyl)rapamycin and 42-0-(2-O-methyl-D-
fructosylcarbonyl)rapamycin (Figure 8),. The delayed kinetics observed for selected compounds
may offer the advantage of allowing for less frequent dosing than that typical for rapamycin.
Additionally, the gradual rise in rapamycin concentration associated with selected rapamycin
carbohydrate derivatives may ameliorate toxic effects associated with the rapid rise in drug

concentration when rapamycin itse!f is orally administered.

[00149] A second observation from Figures 6, 7 and 8 is that the variability in the
concentration of rapamycin, as demonstrated by the standard deviations shown on the graphs,
was considerably lower for the rapamycin carbohydrate derivatives than for rapamycin itself.
Thus, the compounds of the present invention may also have the advantage of reduced inter-

individual variability that could allow for more consistent, predictable dosing.

[00150]) These experiments demonstrated that careful selection of the glycosyl substituent

has a profound impact on the pharmacokinetic profiles of the rapamycin carbohydrate derivatives
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and that the compounds of the present invention may possess considerable advantage, including

pharmacokinetic advantages, over rapamycin itself.

EXAMPLE 9

Comparison of GI Tract Toxicity of Rapamycin and 42-0-(D-

Fructosylcarbonyl)rapamycin in a Canine Model

[00151] Beagle dogs are considered to be a hypersensitive model of gastrointestinal tract
toxicity associated with rapamycin. See, S.N. Sehgal et al., Medicinal Research Reviews 14, 1
(1994). Even short exposures of low dose rapamycin given orally to dogs is known to result in
rapid weight loss due to ulceration occurring from the mouth to the colon secondary to
necrotizing fibrinoid vasculitis. As summarized in Table 4, when 2 beagle dogs were given a
single oral dose of rapamycin at 10 mg/kg both dogs became lethargic and lost over 30% of their
body weight in less than 1 week resulting from reduced food intake. The animals did not recover.
Another beagle dog given the same dose of 42-O-(D-fructosylcarbonyl)rapamycin showed no
overt physical changes and maintained a norrnal food intake. All three dogs had similar blood
levels of rapamycin as measured by LCMS. In a fourth dog a dose of 1 mg/kg 42-O-(D-
fructosylcarbonyl)rapamycin resulted in slight lethargy but the dog quickly recovered. A
subsequent dose of rapamycin (1mg/kg) one ‘week later resulted in severe lethargy and weight

loss, from which the animal did not recover.

TABLE 4. GASTROINTESTINAL TOLERABILITY IN BEAGLE DOGS

D;g Drug Treatment Dose (mg/kg) Observations
Lethargic
| Rapamycin 10 30 % weight loss
No recovery
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D;:g Drug Treatment Dose (mg/kg) Observations
Lethargic
2 Rapamycin 10 30 % weight loss
No recovery
42-0:(D-
3 Fructosylcarbonyl) 10 Normal
rapamycin
4 ch&zs;cl);e(lg-onyl) 1 Lethargic
- Recovered
rapamycin
. 30 % weight loss
4 Rapamycin 1 No recovery
|00152] This experiment clearly demonstrates that oral administration of 42-O-(D-

fructosylcarbonyl)rapamycin resulted in little or no overt sign of gastrointestinal toxicity in a
hypersensitive dog model as compared to rapamycin which led to signs of severe toxicity. This
result further demonstrates the potential of the rapamycin carbohydrate derivatives of the present

invention to improve the pharmacodynamic profile of rapamycin.

Example 10

Comparison of Serum Cholesterol Levels in Rats Treated with Rapamycin and 42-0-(D-

Fructosylcarbonyl)rapamycin

[00153] 42-0O-(D-fructosylcarbonyl)rapamycin and rapamaycin were tested head-to-head
in Sprague-Dawley rats for changes in cholesterol level. Rats (n = 12) were dosed daily for 12
days with equivalent doses (2.5 mg/kg/day) of either rapamycin or 42-O-(D-
fructosylcarbonyl)rapamycin. Cholesterol levels were measured at the 24-hour trough level on

day 11. Results (Figure 9) indicate that rats treated with rapamycin displayed significantly

increased levels of cholesterol relative to a vehicle control group, while cholesterol levels in the
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42-0-(D-fructosylcarbonyl)rapamycin group were significantly lower (p < 0.01) than in the
rapamycin group and not significantly different than the vehicle. It is important to note that both
compounds showed equivalent efficacy in a heterotopic rat heart transplant model at the same 2.5
mg/kg/day dose used in this study (Example 12). This experiment demonstrates the ability of the
rapamycin carbohydrate derivatives to improve the side effect profile of rapamycin while

maintaining efﬁcai:y.

EXAMPLE 11

Comparison of Platelet Aggregation due to Rapamycin and 42-Q-(D-

Fructosylcarbonyl)rapamycin in a Washed Human Platelet Aggregation Assay

[00154] Platelet aggregation is suspecied to be a side effect of rapamycin and has been

implicated in increasing chronic rejection and other long term side effects of the use of

rapamycin in transplantation. (Ann Babinska et. al., Enhancement of Human Platelet
Aggrepation and Secretion Induced by Rapamyein. (1998) Nephrology Dialysis Transplantation
Vol. 13 pp. 3153-3159. These experiments were conducted using fresh washed human platelets
stimulated with 2 pM ADP and spiked with either Rapamycin or 42-O-(D-
Fructosylcarbonyl)rapamycin at time zero. The treated platelet aggregation was continuously

read over a period of 8 to 10 minutes in a ChronoLog™ Platelet Aggregometer.

[00155] Figure 10 shows a plot of percent platelet aggregation versus time for two
concentrations of rapamycin, 1 pg/ml and 25 ug/ml. Figure 10 illustrates that rapamycin induces
platelet aggregation in a dose dependent manner. Rapamycin at the 1 pg/ml dose induced
platelet aggregation by approximately 20% after 8 minutes. Rapamycin at the 25 pg/ml dose
induced platelet aggregation by approximately 70% after 8 minutes. Figure 11 shows a plot of
percent platelet aggregation versus time for washed human platelets, stimulated with 2 pM ADP
dosed with 25 pg/ml rapamycin or 25 pg/ml 42-O-(D-Fructosylcarbonyl)rapamycin. Fig. 11

shows that while rapamycin induces nearly 80% platelet aggregation after 8 minutes, 42-O-(D-
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Fructosylcarbonyl)rapamycin does not exhibit a measurable effect on platelet aggregation in the

same time.

EKAM'PLE 12

Graft Survival of Heterotopic Heart Allografts in Rats Receiving Oral 42-0-(D-
Fructosylcarbonyl)rapamyein (2.5 and 10 mg/kg/day), Rapamycin (2.5
mg/kg/day), or Vehicle

[00156] Heterotopic transplants were administered to the abdominal aorta and inferior
vena cava of a genetically unmatched (allogenic) heart from Wistar Furth rats to Lewis rats. The
controls (vehicle and Rapamycin at 2.5 mg/kg/day) or 42-O-(D-Fructosylcarbonyl)rapamycin, at
2.5 and 10 mg/kg/day were administered once daily by oral gavage to the transplant recipients (6
rats per group) starting 3 days prior to transplantation and continuing for 30 days post-
transplantation. If graft dysfunction was noted during the 30-day post-transplantation period, the
animal was sacrificed. If the animal survived longer than 30 days post-transplantation, the test
and control articles were discontinued and the animal was allowed to continue until graft
dysfunction or up to 100 days post-transplantation. The average survival rates for each group of
recipient animals are summarized in Table 5 and in Figure 12. As shown in Table 5, 42-O-(D-
Fructosylcarbonyl)rapamycin prolonged survival of the graft at the 2.5 and 10 mg/kg/day dose
level by 214 and 341% over the vehicle control. This was similar to the prolonged survival
exhibited with rapamycin at the 2.5 mg/kg/day dose. Figure 12 illustrates that 42-O-(D-
Fructosylcarbony!)rapamycin prolonged survival of the graft over the vehicle as did rapamycin at
the 2.5 mg/kg/day dose level. These data demonstrate the immunosuppressive activity of 42-O-

(D-Fructosylcarbonyl)rapamycin in preventing graft rejection.

TABLE 5. AVERAGE SURVIVAL RATES AFTER HETEROTOPIC RAT HEART TRANSPLANTS (N=6)
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Average Survival Time (days post-transplant)
Dose Mean + SEM
mg/kg/da -0-(D-
( ) Vehicle Control Rapamycin 42-0- .
: Fructosylcarbonyl)rapamycin
0 13+2
25 39 +4 4] £ 4*
10 57+4
* n=5
[00157] Although only some embodiments of the invention are specifically disclosed and

described above, it will be appreciated that many modifications and variations of the present

invention are possible in light of the above teachings and within the purview of the appended

claims without departing from the spirit and intended scope of the invention.

[00158] All of the above publications as well as any other references mentioned hereafter

are herein incorporated by reference in their entirety to the same extent as if each individual

publication was specifically and individually indicated as incorporated herein by reference in its

entirety.
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We Claim:
1, A rapamycin carbohydrate derivative having the structure of formula (I):
R‘(OC:H4)|-.0
MeO .‘W’l H
D
wherein

R' and R? are independently hydrogen or-X-Z,
whereinn=0 or 1; and
wherein each X is a linker, and each Z is a carbohydrate moiety
independently selected from the group consisting of a monosaccharide,
oligosaccharide and pszudosugar, wherein Z is attached to X through a

hydroxyl oxygen atom of Z with the proviso that R' and R? are not both
hydrogen.

2. The rapamycin carbohydrate derivative of claim 1, wherein R' is hydrogen and
R?is ~X-Z.
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3. The rapamycin carbohydrate derivative of claim 2, wherein X is selected from the
group consisting of*

@  -RCO)

(i) -COR’;

(iii) -R’S(0)-; and

(iv) -S(O:R’-;

wherein R® is selected from the group consisting of:

(a)  -(CHy)p- where p is an integer from 1 to 18;

(b)  -(CHz)p-O-(CH;)y- where n and m are each independently an integer from

2 to 6; and
(c) a bond.
4, The rapamycin carbohydrate derivative of claim 3, wherein X is selected from the

group consisting of -C(O)- and —SO;-.

5. The rapamycin carbohydrate derivative of claim 2, wherein X is a single

functional group.

6. The rapamycin carbohydrate derivative of claim 2, wherein Z is selected from the

group consisting of fructose, fucitol and allose.
7. The rapamycin carbohydrate dzrivative of claim 6, wherein Z is D-fructose.

8. The rapamycin carbohydrate derivative of claim 3 wherein Z is a monosaccharide
derivative wherein at least one of the hydroxyl groups of the monosaccharide is replaced with a

hydrogen, an alkoxy, an alkancate or a halogen group.

9. The rapamycin carbohydrate derivative of claim 1, wherein R’ is —X-Z and R?is

hydrogen.
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10.  The rapamycin carbohydrate derivative of claim 9, wherein X is selected from the
group consisting of}
@  -R’C(0);
(i) -C(O)R*;
(iii) -R’S(0);-; and
(iv) -S(OxR*;
wherein R? is selected from the group consisting of:
(a) ~(CHz),- where p is an integer from 1 to 18;
(b)  ~(CH2)p-O-(CHz)m- where n and m are each independently an integer from
2 to 6; and
(¢) abond.

11.  The rapamycin carbohydrate derivative of claim 10, wherein X is selected from

the group consisting of -C(O)- and —SO»-.

12.  The rapamycin carbohydrate derivative of claim 9, wherein X is a single

functional group.

13.  The rapamycin carbohydrate derivative of claim 9, wherein Z is selected from the

group consisting of fructose, fucitol and allose.
14.  The rapamycin carbohydrate derivative of claim 13, wherein Z is D-fructose.
15.  The rapamycin carbohydrate derivative of claim 9 wherein Z is a monosaccharide

derivative wherein at least one of the hydroxyl groups of the monosaccharide is replaced with a

hydrogen, an alkoxy, an alkanoate or a halogen group.
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16. A rapamycin carbohydrate derivative selected from the group consisting of:
42-0-(Methyl-D-glucosylcarbonyl}rapamycin;
42-0-[2-(Methyl-D-glucosylcarbonyloxy)ethyl|rapamycin;
31-0-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-[2-(2-O-Methyl-D-fructosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-[2-(2-O-Methyl-L-fructosylcarbonyloxy)ethylrapamycin;
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(2-O-methyl-D-fructosylcarbonyl)rapamycin;
31-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-O-(2-Hydroxyethyl)-31-O-(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-O-(D-Allosylcarbonyl)rapamycin;
42-0-[2-(D-Allosylcarbbnyloxy)ethyl]rapamycin;
42-0-(L-Allosylcarbonyl)rapamycin;
42-0-[2-(L-Allosylcarbonyloxy)ethyl}rapamycin;
31-O-(D-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-allosylcarbonyl)rapamycin;
31-0-(L-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-allosylcarbonyl)rapamycin;
42-O-(D-Fructoslylcarbonyl)rapamycin;
42-0-[2-(D-Fructosylcarbonyloxy)ethylJrapamycin;
42-0O-(L-Fructoslylcarbonyl)rapamycin;
42-0-[2-(L-Fructosylcarbonyloxy)ethyl|rapamycin;
31-0-(D-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-fructoslylcarbonyl)rapamycin;
31-0-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
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42-0-(D-Fucitolylcarbonyl)rapamycin;
42-0-[2-(D-Fucitolylcarbonyloxy)eihyl]rapamycin;
42-0-(L-Fucitolylcarbonyl)rapamycin;
42-0-[2-(L-Fucitolylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-0O-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fucitolylcarbonyl)rapamycin;
42-0-(D-Glucalylcarbonyl)rapamycin;
42.0-[2-(D-Glucalylcarbonyloxy)ethyl]rapamycin;
42-0-(D-Glucosylcarbonyl)rapamycin; ‘
42-0-[2-(D-Glucosylcarbonyloxy)ethyl]rapamycin;
42-0-(L-Glucosylcarbonyl)rapamycin;
42-0-[2-(L-Glucosylcarbonyloxy)ethylJrapamycin;
31-O«D-Glucalylcarbonyl)rapamycin;
42-O-(2-Hydroxyethyl)-31-O-(D-glucalylcarbonyl)rapamycin;
31-O-(D-Glucosylcarbonyl)rapamycin;
42-0O-(2-Hydroxyethyl)-31-0-(D-glucosylcarbonyl)rapamycin;
31-O~(L-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(L-glucosylcarbonyl)rapamycin;
42-0O~(L-Sorbosylcarbonyl)rapamycin;
42-O~(D-Sorbosylcarbonyl)rapamycin;
31-O-(L-Sorbosylcarbonyl)rapamycin;
31-O~«(D-Sorbosylcarbonyl)rapamycin;
42-0-[2-(L-Sorbosylcarbonyloxy)ethyl]rapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethylJrapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-sorbosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-sorbcsylcarbonyl)rapamycin;
42-0O-(D-Lactalylcarbonyl)rapamycin;
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42-0-[2-(D-Lactalylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Lactalylcarbonyl)rapamycin;

42-0-(2-Hydroxyethyl)-3 1-O-(D-lactalylcarbonyl)rapamycin;
42-0-(D-Sucrosylcarbonyl)rapamycin;
42-0O-[2-(D-Sucrosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Sucrosyicarbonyl)rapamycin,

42-0-(2-Hydroxyethyl)-3 1-O-(D-sucrosylcarbonyl)rapamycin;
42-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Gentobiosylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-3 1-O-(D-gentobiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Cellobiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-cellobiosylcarbonyl)rapamycin;
42-0-(D-Turanosylcarbonyl)rapamycin;
42-0-[2-(D-Turanosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Turanosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-turanosylcarbonyl)rapamycin;
42-0-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2-(D-Palatinosylcarbonyloxy)ethyl}rapamycin;
31-0O-(D-Palatinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-palatinosylcarbonyl)rapamycin;
42-0-(D-Isomaltosyicarbonyl)rapamycin;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethylJrapamycin;
31-0-(D-Isomaltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl}-31-0O-(D-isomaltosylcarbonyl)rapamycin;
42-0-(D-Maltulosylcarbonyl)rapamycin;
42-0-[2-(D-Maltulosylcarbonyloxy)ethylJrapamycin;
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42-0-(D-Maltosylcarbonyl)rapamycin;
42-0-[2-(D-Maltosylcarbonyloxy)ethyl]rapamycin;
31-O«(D-Maltulosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-maltulosylcarbonyl)rapamycin;
31-O-(D-Maltosylcarbonyl)rapamyvin;
42-0-(2-Hydroxyethy!)-31-O-(D-maltosylcarbonyl)rapamycin;
42-0-(D-Lactosylcarbonyl)rapamycin;
42-0-[2-(D-Lactosylcarbonyloxy)ethyl Jrapamycin;
31-O-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1 -O-(methyl-D-lactosylcarbonyl)rapamycin,
42-O-(D-Melibiosylcarbonyl)rapamycin;
31-0O-(D-Melibiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-0-[2-(D-Leucrosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Leucrosylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-O-(D-leucrosylcarbonyl)rapamycin;
42-0-(D-Rafinosylcarbonyl)rapamycin;
42-0-[2-(D-Rafinosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Rafinosylcarbonyl)rapamytin;
42-0-(2-Hydroxyethyl)-31-O-(D-rafinosylcarbonyl)rapamycin;
42-0-(D-_Isomaltotriosylcarbonyl)rapamycin;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-[2-(D-Cellotetraosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellotetraosylcarbonyl)rapamycin;

61



PATENT
Attorney Docket No. 550

42-0O-(Valiolylcarbonyl)rapamycin
42-0-[2-(D-Valiolylcarbonyloxy)ethvl]rapamycin;
31-O-(Valiolylcarbonyl)rapamycin

42-0O-(2-Hydroxyethyl)-3 1-O-(valiolylcarbonyl)rapamycin
42-0O-(Valiolonylcarbonyl)rapamycin
42-0O-[2-(D-Valiolonylcarbonyloxy)ethyl]rapamycin;
31-O-(Valiolonylcarbonyl)rapamycin |
42-0O-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
42-0O-(Valienolylcarbonyl)rapamycin
42-0-[2-(D-Valienolylcarbonyloxy)ethyl]rapamycin;
31-0O-(Valienolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-3 1-O-(valienolylcarbonyl)rapamycin
42-0O-(Valienoneylcarbonyl)rapamycin
42-0O-[2-(D-Valienoneylcarbonyloxy)sthyl]rapamycin;
31-O-(Valienoneylcarbonyl)rapamycin

42-0O-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

17. A pharmaceutical composition comprising the rapamycin carbohydrate derivative

of claim 1 or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

18. A method for treating a disease treatable by rapamycin, comprising administering

a therapeutically effective amount of a pharmaceutical composition of claim 17 to a subject in

need thereof.

19.  The method of claim 18, wherein the disease is selected from the group consisting

of transplantation rejection, host vs. graft disease, graft vs. host disease, leukemia, lymphoma,

hyperproliferative vascular disorders, autoimmune disease, diseases of inflammation, solid

tumors, and fungal infections.
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20. A medical device comprising a rapamycin carbohydrate derivative of claim 1 ora

pharmaceutically acceptable salt thereof.

21. A medical device wherein said medical device is coated with a rapamycin

carbohydrate derivative of claim 1.

22. A medical device of claim 21, wherein the medical device is selected from the

group consisting of stents, grafts, and implants

23, The medical device of claim 20, wherein the medical device is selected from the

group consisting of stents, grafts, and implants,

24. A method for treating a disease treatable by rapamycin, comprising
coadministering a therapeutically effective amount of a pharmaceutical composition of claim 17
to a subject in need thereof with a pharmaceutical composition comprising a compound selected
from the group consisting of a cyclosporine ot cyclosporine derivative, a steroid, or an

immunomodulatory compound.
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RAPAMYCIN CARBOHYDRATE DERIVATIVES

ABSTRACT
This invention provides modified rapamycins that have specific monosaccharide(s),
oligosaccharide(s), pseudosugar(s) or derivatives thereof attached through a linker to create
rapamycin carbohydrate derivatives having enhanced pharmacokinetic and/or pharmacodynamic
profiles. For example, administration of the rapamycin carbohydrate derivative results in altered
pharmacokinetic profiles and reduced toxicities. Thus, the present invention provides

compounds with characteristics that are distinct from other drugs in its class such as rapamycin.
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DERIVADOS DE CARBOHIDRATOS DE RAPAMICINA
REFERENCIA CRUZADA CON SOLICITUDES RELACIONADAS

[0001]La presente solicitud reivindica el beneficio de la Solicitud U.S. No. Serial
60/471,367 presentada en mayc 16 de 2003, 60/546,240 presentada en Febrero

20 de 2004 y 60/562,840 presentada en Abril 16 de 2004.
CAMPO DEL INVENTO

[0002]La presente solicitud se relaciona con derivados de carbohidrato del
rapamicina, que es un inmunosuprescr potente, con medios de carbohidrato
estructuraimente definidos adheridos a la estructura de rapamicina via medio
conectivo. Los derivados de carbohidrato de rapamicina pueden actuar como
prodrogas. Lo anterior implica que pueden aparecer sustancialmente sin actividad
inmunosupresiva ellas mismas, pero in vivo se pueden convertir en rapamicina

que luego muestra un efecto inmunosuprasor.
REFERENCIAS

[0003] Las siguientes referencias se relacionan en este documento o se hace
referencia a ellas mismas mediante nimero de patente o solicitud o por parte del
autor indicandose el ano en las secciones pertinentes de la presente
especificacion.
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[0004] C. Vezina , A. Kiudelski, S.N. Sehgal, “Rapamicina (AY-22,989), a new
antifungal antibiotic. I. Taxonomy of the producing streptomycete and isolation of

the active principle,” J. Antibiot. 28, 721 (1975).

[0006]S. N. Sehgal H. Baker, C. Vezina, “Rapamicina (AY-22,989), a new
antifungal antibiotic. Il. Fermentation, isolation and characterization,” J. Antibiot.

28, 727 (1975).

[0006]H. A. Baker, A. Sidorowicz, S.N. Sehgal, C. Vezina, "Rapamicina (AY-
22,989), a new antifungal antibiotic. . in vitro and in vivo evaluation,” J. Antibiot.

31, 539 (1978).

[0007]R. Martel, J. Klicius, S. Galet, “Inhibition of the immune response by

rapamicina, a new anifungal antibiotic,” Can. J. Physiol. Pharmacol. 55, 48 (1977).
[0008]R. Y. Calne et al., Lancet 1183 (1978).

[0009] S.N. Sehgal, K. Molnar-Kimber, T.D. Ocain, B.M. Weichman, “Rapamicina:

a novel immunosuppressive macrolide,” Medicinal Research Reviews 14, 1 (1994).

[0010]F. Streit, U. Christians, H.M. Schiebel, A. Meyer, K.F. Sewing, “Structural
identification of three metabolites and a degradation product of the macrolide
immunosuppressant sirolimus (rapamicina) by electrospria-MS/MS after incubation

with human liver microsomes,” Drug Metabol. Disp., 24, 1272 (1996).

[0011]F. Streit, U. Christians, H.M. Schiebel, K.L. Napoli, L. Emst, A. Linck, B.D.

Kahan, K.F. Sewing, “Sensitive and specific quantification of sirolimus (rapamicina)
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and its metabolites in biood of kidney graft recipients by HPLC/electrospray-mass

spectrometry,” Clin. Chem. 42, 1417 (1996).

[0012] S. Miura, "Regulation of monosaccharide transporter proteins in the small

intestine,” Journal of Gastroenterology 37, 491 (2002).

[0013] Chem Sources USA and Chem Sources Intemational; t e ACD electronic

database; and Chemical Abstracts).
[0014] Advanced Organic Chemistry, Jerry March, John Wiley &Sons.

[0015]C.K. Wang et al., Proceedings of the 41st ASMS Conference on Mass

Spectrometry and Allied Topics, San Francisco, 545 (1993).

[0016]M.J.M. Nickmilder , D. Latinne, R.K. Verbeeck, W. Janssens, D. Swoboda,
G.J. Lhoest, “Isolation and identification of new rapamicina dihydrodiol metabolites

from dexamethasone-induced rat liver microsomes,” Xenobiotica, 27, 869 (1997).
[0017] Patente U.S. No. 3,929,962
[0018] Patente 1J.S. No. 3,993,749.
[0019] Patente U.S. No. 4,885,171.
[0020] Patente U.S. No. 4,401,653.
[0021] Patente U.S. No. 4,316,885.
[0022] Patente U.S. No. 4,650,803.
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[0023] Solicitud PCT No. WO 92/05179.

[0024] Patente U.S. No. 5,118,678.

[0025] Patente U.S.

[0026] Patente U.S.

[0027] Patente U.S.

[0028] Patente U.S.

[0028] Patente U.S.

[0030] Patente U.S.

[0031] Patente U.S.

[0032] Patente U.S.

[0033] Patente U.S.

[0034]) Patente U.S.

[0036] Patente U.S.

[0036] Patente U.S.

[0037] Patente U.S.

[0038] Patente U.S.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No

. 5,9565,100.

5,260,300.

5,118,678,

5,118,678.

5,100,883.

5,151,413.

5,120,842

5,120,725.

5,120,727.

5,258,389.

5,672,600.

5,583,139.

5,627,907.

5,457,111,

4

PATENTE
Expediente No. 550

GABRIEL RUEDA

Traductor & Interp! al
R, 5586 do 1982 agf Min, d Jusicia
A, do Ralgcxones Extanorcs

¥3



PATENTE
Expediente No, 350

[0039] Patente U.S. No. 6,146,658.
[0040] Patente U.S. No. 5,935,995.
[0041] Patente U.S. No. 5,665,728.

[0042] Patente U.S. No. 6,146,658.

ANTECEDENTES DEL INVENTO

[0043] La rapamicina, conocida también como sirolimus, es una lactona macrélida
de 31 miembros, CsiHNQO43, con masa molecular de 913.6 Da. En solucion, la
rapamicina forma trans- y cis-isomeros conformacionales con una proporcion de
4:1 (en solucién de cloroformo) debido a la rotacion obstaculizada al proveedor del
enlace de la amida del &acido pipecélico. Es bastante soluble en agua,
hidrocarburos alifaticos y dietil éter, en tanto que es soluble en alcoholes,
hidrocarbonos halogénados y dimetil sulféxido. El rapamicina es inestable en
solucion; se degrada en plasma y en buffers de pH bajo y neutro a una

temperatura de 37°C con una vida media de menos de 10 horas.

[0044]La rapamicina es producida por el Streptomyces hygroscopicus, y ha
demostrado que posee una serie de atributos farmacolégicos valiosos. E)
compuesto es un antibidtico triene macrociclico que posee actividad antifungal,
particularmente contra la Candida albicans, tanto in vitro como in vivo. Ver, C.

Vezina et al., J. Antfibiot. 28, 721 (1975), S. N. Sehgal et al., J. Antibiol. 28, 727
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(1975), H. A. Baker et al., J. Antibiot. 31, 539 (1978), y las Patentes U.S. Numeros
3,929,992, y 3,993,749. La rapamicina sola (Patente U.S. No. 4,885171) o en
combinacion con picibanil (Patente U.S. No. 4,401,653) también ha demostrado
que tiene una actividad antitumoral. Por otra parte, autores como R. Martel et al.
Can. J. Physiol. Pharmacol. 55, 48 (1977) divulgaron que la rapamicina es eficaz
dentro del modelo experimental de encefalomielitis alérgica, modelo para
esclerosis multiple; en el modelo de artritis adyuvante, modelo para artritis
reumatoide; y se inhibe eficazmente en la formacion de anticuerpos similares al

IgE.

[0045] Los efectos inmunosupresores de rapamicina se han divulgado en FASEB
3, 3411 (1989). La rapamicina, ciclosporin A, FK-506 (también conocida como
tacrolimus), y otras moléculas macrociclicas han demostrado ser eficaces como
agentes inmunosupresores y por lo tanto son utiles para prevenir el rechazo de
transplantes. Ver FASEB 3, 3411 (1989), FASEB 3, 5256 (1989), y R. Y. Calne et
al., Lancet 1183 (1978). Aun cuando la rapamicina comparte una homologia
estructural con el tacrolimus inmunosupresor (FK508) y se une a la misma
proteina aglutinante intracelular en linfccitos, la rapamicina y el tacrolimus han
demostrado tener diferentes mecanismos de accion inmunosupresora. La
rapamicina inhibe la S6p70-quinasa 2n tanto que el Tacrolimus inhibe la
calcineurina. Se encontré que la rapamicina prolonga la sobrevivencia del injerto
de distintos de transplantes en diversas especies por si solas 0 en combinacion

con otros inmunosupresores. Ver, S.N. Sehgal et al., Medicinal Research Reviews
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[0046] La rapamicina también se conoce como inhibidor del mTOR. Estos
inhibidores son un tipo de medicamentos inmunosupresores que inhiben la
activacion de las celulas T en una etapa posterior de la respuesta inmune en
comparacién con otros tipos de inhibidores como los inhibidores calcineurin y los
inhibidores de las sintesis del ADN. En transplantes, los inhibidores mTOR son

basicamente utilizados en combinacion con los inhibidores calcineurin.

[0047] Desafortunadamente, los efectos colaterales {(por ejemplo, efectos
gastrointestinales, hiperiipidemia) de los inhibidores mTOR limitan actuaimente su
uso mas amplio en transplante y tratamiento de enfermedades autoinmunes. Y si
bien no se ha demostrado que inducen una nefrotoxicidad, si se ha podido
demostrar que la rapamicina induce una serie de efectos colaterales téxicos en
modelos animales. Estos efectos toxicos son entre otros la obstaculizacion de la
homeostasis de glucosa, ulceracion del tracto gastrointestinal, pérdida de peso,

diarrea y trombocitopenia.

[0048] Numerosos derivados de la rapamicina se han sintetizado con miras a
aliviar y mejorar ciertas desventajas que conserva la rapamicina, entre las cuales
estan la baja y/o variable biodisponibilidad y solubilidad, y alta toxicidad. Los
derivados mono y diacilatados de la rapamicina (esterificados en las posiciones 28
y 43) han demostrado ser utiles como agentes antifungales (Patente U.S. No.
4,316,885) y utilizados para realizar prodrogas sofubles en agua (patente U.S. No.
4,650,803). Otros derivados son los esteres del acido carboxilico (Publicacion PCT

No. WO 92/05179), carbamatos (Patente U.S. No. 5,118,678), carbonatos
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(Patente U.S. No. 5,260,300), esteres de amida (Patente U.S. No. 5,118,678),
esteres fluorinatados (Patente U.S. No. 5,100,883), acetales (Patente U.S. No.
5,151,413), silil éteres (Patente U.S. No. 5,120,842), derivados biciclicos (Patente
U.S. No. 5,120,725), dimeros de rapamicina (Patente U.S. No. 5,120,727) y
QO-arilo, O-alquilo, O-alquenilo and O-alquinilo derivados (Patente U.S. No.
5,258,389). Se ha desarrollado también una serie de prodrogas de la rapamicina
(Patentes U.S. Nos. 5,672,605, 5,5€3,139, 5,627,907, 5,457,111, 5,855,100,
6,146,658, y 5,035,995).

[0049]) Se ha demostrado que debido a que la rapamicina posee excelentes
actividades inmunosupresoras, antifungales, antitumorales y otras importantes de
cardacter biologico, sigue existiendo la necesidad de lograr derivados mejorados
que incrementen la solubilidad y mejoren el perfil farmacocinético disminuyendo su

toxicidad. El presente invento enfoca taies necesidades.
RESUMEN DEL INVENTO .

[0050] El presente invento se basa en parte en el reconocimiento de que los
derivados de carbohidratos de la rapamicina en donde la molécula de rapamicina
se modifica en la posicidn 31 y/o 42, segun se define en la nomenclatura actual de
los Resumenes Quimicos (Chemical Abstracts), adhiriéndose a los
monosacaridos, oligosacaridos o pseudoazucares, tienen perfles similares o
mejorados de caracter farmacocinético y/o farmacodinamicos en comparacion con
la rapamicina. En adicion, la administracion de los derivados del carbohidrato de la
rapamicina pueden dar como.resultado una reduccion en el nivel de toxicidad col
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retencion del efecto farmacologico deseado. Adicionalmente, los derivados de
carbohidrato de la rapamicina pueden hacer que ésta sea mas hidrosoluble
permitiendo una formulacién simplificada dei medicamento. Asi las cosas, el
presente invento proporciona compuestos con caracteristicas que son claramente

diferenciadas de otros medicamentos de su clase tales como la rapamicina.

[00561] En un aspecto, el invento se dirige hacia un derivado de carbohidrato de

rapamicina que tiene la estructura de la formula (1)

RY(OC,Ha)nOy,
trn m
MBON"”W

\'?‘ U /}fux .

N oo &
A A :
Yy o 7

~~ \r/ N \,/

2
Z
-

R0

Q

donde

n=00 1, R' y R? son independientemente hidrégeno o -X-Z, donde cada X es un
enlace, y cada Z es un medio carbohidrato seleccionado independientemente a
partir del grupo conformado por un monosacarido, un oligosacarido y una
pseudoazicar en donde Z se adhiere a X a través de un atomo de hidroxilo
oxigeno de Z con la condicion de que R' y R? no sean ambos hidrégeno. En una

presentacion, R' puede ser hidrégeno y R? puede ser X-Z 0 en otra presentacion,
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del grupo conformado por (i) -R*C(O)-: (i) -C(O)R?-: {iii) -R*S(0)>- v {iv) -S(O):R>-
. donde R? se selecciona a partir del grupo conformado por: (a) -(CH,),- donde p
es un entero de 1 a 18; (b) -(CH2)a-O-(CHz)m- donde n y m son cada uno de ellos y
de manera independiente un entero de 2 a 8; y (c) un enlace. En ofra
presentacion, X se puede seleccionar del grupo conformado por -C(O)- y —SO2-.
En una presentacion adicional, X puede ser un grupo funcional sencillo. En otro
aspecto, Z se puede seleccionar a partir del grupo conformado por fructosa, fucitol
y alosa. En otro aspecto mas, Z puede ser un derivado del monosacarido en
donde por lo menos uno de los grupos hidréxilos del monosacarido se reemplaza

por un hidrégeno, un alcoxi, un alcancato o un grupo haloégeno.

[0052] Los derivados de carbohidrato de la rapamicina al tener la estructura de la
formula | que se encuentra dentro del alcance del presente invento incluye por
ejemplo jos elementos que a continuacién se mencionan (incluyendo sus sales
farmaceéuticamente aceptables):
42-0-(Metil-D-glucosilcarbonilo)rapamicina;
42-042-(Metil-D-glucosilcarboniloxi)etiljrapamicina;
31-O(Metil-D-glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(metil-D-glucosilcarbonilo)yrapamicina;
42-0-(2-0O-Metil-D-fructosilcarbonilo)rapamicina;
42-0{2-(2-O-Metil-D-fructosilcarboniloxi)etiljrapamicina;
42-0-2-O-Metil-L-fructosilcarbonilo)rapamicina;

42-042-(2-O-Metil-L-fructosilcarboniloxi)etiljrapamicina;

31-0-(2-O-Metil-D-fructosilcarbonilo)rapamicina;
GABRIEL RUED@!‘?D/
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42-0-(2-Hidroxietil)-31-0-(2-O-metil-D-fructosiicarbonilo)rapamicina;
31-0-(2-O-Metil-L-fructosilcarbonilo jrapamicina;
42-0-(2-Hidroxietil)-31-0O-(2-O-metil-L-fructosilcarbonilo)rapamicina;
42-O-D-Alosilcarbonilo)rapamicina,;
42-0-2-(D-Alosilcarboniloxi)etilrapamicina;
42-0-(L-Alosilcarbonilo)rapamicina,;
42-0Q-[2-(L-Alosilcarboniloxi)etiljrapamicina,
31-O-(D-Alosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-alosilcarbonilo)rapamicina;
31-O«L-Alosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-alosilcarbonilo)rapamicina,
42-0-(D-Fructosliicarbonilo)rapamicina;
42-0{2-(D-Fructosilcarboniloxi)etiljrapamicina;
42-0O-(L-Fructosliicarbonilo)rapamicina,
42-042-(L-Fructosilcarboniloxi)etilrapamicina,
31-0O-(D-Fructoslilcarbonilo)rapamicina,
42-0-(2-Hidroxietil)-31-O-(D-fructoslilcarbonilo)rapamicina;
31-O-(L-Fructoslilcarbonilo)rapamicina;
42-0+2-Hidroxietil)-31-O-(L-fructoslilcarbonilo)rapamicina;
42-0-(D-F ucitolilcarbonilo)rapamicina,
42-042-(D-Fucitolilcarboniloxi)etillrapamicina;

42-0O-(L-Fucitolilcarbonilo)rapamicina;

42-0{2-(L-Fucitolilcarboniloxi)etilJrapamicina,
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31-O-(D-Fucitolilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0O-(D-fucitolilcarbonilo)rapamicina;
31-O-(L-Fucitolilcarboniio)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-fucitolilcarbonilo)rapamicina;
42-0-D-Glucalilcarboniio)rapamicina;
42-02-(D-Glucalilcarboniloxi)etiljrapamicina;
42-0-(D-Glucosilcarbonilo)rapamicina,;
42-0-2-(D-Glucosilcarboniloxi)etilrapamicina;
42-0-L-Glucosilcarbonilo)rapamicina;
42-0-2-(L-Glucosilcarboniloxi)etiljrapamicina;
31-O«D-Glucalilcarboniloyrapamicina;
42-0-(2-Hidroxietit)-31-0O-(D-glucalilcarbonilo)rapamicina,
31-0O-(D-Glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-glucosilcarbonilojrapamicina;
31-0-(L-Glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-glucosilcarbonilo)rapamicina;
42-0O-L-Sorbosilcarbonilo)rapamicina;
42-0-D-Sorbosilcarbonilo)rapamicina,;
31-O-(L-Sorbosilcarbonilo)rapamicina;
31-0O-(D-Sorbosilcarbonilo)rapamicina,;
42-0{2-(L-Sorbosilcarboniloxi)etillrapamicina;
42-0{2-(D-Sorbosilcarboniloxi)etillrapamicina;

42-0-2-Hidroxietil}-31-O-(D-sorbosilcarbonilorapamicina;
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42-0-(2-Hidroxietil)-31-O-(L-sorbosilcarbonilo)rapamicina;
42-0-(D-Lactalilcarbonilo)rapamicina;
42-0-2-(D-Lactalilcarboniloxi)etiljrapamicina;
31-0+(D-Lactalilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0-(D-lactalilcarboniio)rapamicina;
42-0-(D-Sucrosilcarbonilo)rapamicina;
42-02-(D-Sucrosilcarboniloxi)etilrapamicina;
31-0O-(D-Sucrosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0O-(D-sucrosilcarbonilo )rapamicina;
42-O-D-Gentobiosilcarbonilo)rapamicina
42-0{2-{D-Gentobiosilcarboniloxi)etilrapamicina;
31-0-(D-Gentobiosiicarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(D-gentobiosilcarbonilo)rapamicina
42-0-(D-Celobiosiicarbonilo)rapamicina;
42-0-2-(D-Celobiosilcarboniloxi)etillrapamicina;
31-0-(D-Celobiosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0O-(D-celobiosilcarbonilo)rapamicina,;
42-0-(D-Turanosilcarbonilo)rapamicina;
42-0-{2-(D-Turanosilcarboniloxi)etilrapamicina;
31-0O-(D-Turanosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-turanosilcarbonilo)rapamicina;

42-0-D-Palatinosilcarbonilo)rapamicina;

42-0{2-(D-Palatinosilcarboniloxi)etiljrapamicina,;
GABRIEL Rusnéﬁo/
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31-O-(D-Palatinosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-{D-palatinosiicarbonilo)rapamicina,;
42-0-(D-Isomaltosilcarbonilo)rapamicina;
42-0-]2-(D-lsomaltosilcarboniloxi)etiljrapamicina;
31-O-(D-Isomaltosilcarbonilo jrapamicina,
42-0-(2-Hidroxietil)-31-O-(D-isornaltosilcarbonilo)rapamicina;
42-0D-Maltulosilcarbonilo)rapamicina;
42-0{2-(D-Maltulosilcarboniloxi)etilJrapamicina;
42-0-(D-Mattosilcarbonilo)rapamicina;
42-0-2-(D-Maltosilcarboniloxi)etiljrapamicina,
31-O-(D-Maltulosilcarbonilo)rapamicina;
42-0+2-Hidroxietil)-31-O-(D-maltulosilcarbonilo)rapamicina;
31-0O+(D-Maltosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-{D-maltosilcarbonilo)rapamicina;
42-0-(D-Lactosilcarbonilo)rapamicina;
42-0-[2-(D-Lactosilcarboniloxi)etiljrapamicina;
31-O-(Methil-D-lactosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(metil-D-lactosilcarbonilo)rapamicina;
42-0-(D-Melibiosilcarbonilo}rapamicina;
31-O-(D-Melibiosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-melibiosilcarbonilojrapamicina;
42-0-(D-Leucrosilcarbonilo)rapamicina;

42-0-[2-(D-Leucrosilcarboniloxi)etilrapamicina; GABRIEL RUED
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31-0O-(D-Leucrosilcarbonilo)rapamicina;
42-0-2-Hidroxietil)-31-O-(D-feucrosilcarbonilo)rapamicina;
42-0O-D-Rafinosilcarbonilo)rapamicina;
42-0{2-(D-Rafinosilcarboniloxi)etiljrapamicina;
31-O-{D-Rafinosilcarbonilo)rapamicina;
42-0O-(2-Hidroxietil)-31-O-(D-rafinesilcarbonilo)rapamicina;
42-O-(D-Isomaltotriosilcarbonilo)rapamicina;
42-0-{2-(D-Isomaltosilcarboniloxi)etiljrapamicina;
31-O-(D-Isomaltotriosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-isomaltotriosilcarbonilo)rapamicina;
42-0-(D-Celotetraosilcarbonilo)rapamicina;
42-0-[2-(D-Celotetraosilcarboniloxi)etiljrapamicina;
31-O-(D-Celotetraosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-celotetraosilcarbonilo)rapamicina;
42-0-(Valiolilcarbonilo)rapamicina
42-0{2-(D-Valiolilcarboniloxi)etiljrapamicina,;
31-O-(Valiolilcarbonilojrapamicina
42-0-(2-Hidroxietil)-31-O-(valiolilcarbonilo)rapamicina
42-0O-(Valiolonilcarbonilo)rapamicina
42-0-[2-(D-Valiolonilcarboniloxi)etiljJrapamicina;
31-O-(Valiolonilcarbonilo)rapamicina

42-0-(2-Hidroxietil}-31-O-(valiolonilcarbonilo )rapamicina

42-O-(Valienolilcarbonilo)yrapamicina GABRIEL RUEDW
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42-0-[2-(D-Valienolilcarboniloxi)eliljrapamicina;
31-O-(Valienolilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(valienolilcarbonilo)rapamicina
42-0-(Valienoneilcarbonilo)rapamicina
42-0{2-{D-Valienoneilcarboniloxi)etiljrapamicina;
31-O+(Valienoneilcarbonilo)rapamicina

42-0-(2-Hidroxietil)- 31-O-(valienoneilcarbonilo)rapamicina

[00563] En otro aspecto, el invento se dirige a una composicion farmacéutica que
comprende los derivados antes mencionados de carbohidrato de la rapamicina, o
una de sus sales farmacéuticamente aceptables, y un portador farmaceuticamente
aceptable. Adicionalmente, una presentacion del invento consiste en un método
para el tratamiento de una enfermedad la cual puede Ser tratada por rapamicina
mediante la administracion de una cantidad terapéuticamente eficaz del derivado

de carbohidrato de la rapamicina a un sujeto que lo requiera.

[0054] En otro aspecto mas del inventc actual, se presenta un método para el
tratamiento de una condicion tal como rechazo de transplante, enfermedad de
huésped versus injerto, enfermedad de injerto versus huésped, leucemia, linfoma,
trastomos  vasculares  hiperproliferativos, enfermedades  autoinmunes,
enfermedades de inflamacion, tumores solidos e infecciones fungales en un
paciente, donde dicho método comprende la administracion de una cantidad

terapéuticamente eficaz de la composicion farmacéutica antes mencionada a una

paciente que lo requiera. mﬂﬂw
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[0055] Mas adelante, el invento proporciona un instrumental médico en donde
dicho instrumental comprende una derivado de carbohidrato de rapamicina o una
de sus sales farmaceuticamente aceptables. En una presentacion, el dispositivo

esta revestido con un derivado de carbohidrato de rapamicina.

[0056] Igualmente el método proporciona un método para el tratamiento de una
enfermedad que puede ser tratada con rapamicina, que comprende Ila
coadministraciéon de una cantidad terapéuticamente eficaz de un derivado de
carbohidrato de rapamicina del presente invento a un sujeto que lo requiera, con
una composicion farmaceéutica seleccionada a partir del grupo consistente en un
derivado de ciclos;:orina o ciclosporina propiamente, un esteroide, o un compuesto

inmunomodulatorio.
BREVE DESCRIPCION DE LOS DIBUJOS

[0067)La Figura 1 muestra la fructosa tal y como existe en diversas

configuraciones en la solucion.

[00568] La Figura 2 muestra un enfoque general a la preparacion de los derivados
del carbohidrato de rapamicina del presente invento. "RAPA-OH" significa
rapamicina, en donde el grupo hidroxilo (-OH) puede ser cualquiera de los grupos

hidroxilos de la rapamicina.

[0059]La Figura 3 muestra la trayectoria de reaccion para la sintesis de 42-O-(D-

fructosilcarbonilo)rapamicina.
GABRIEL RUEDA
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[0060]La Figura 4 muestra la trayectoria de reaccion para la sintesis de 31-O-(D-

fructosilcarbonilo)rapamicina.

[0061]La Figura 5 muestra la actividad inmunosupresora in vitro de la rapanticina,
42-0-(D-fructosilcarbonilo)rapamicina y un andlogo unido al carbamato de 42-O-

(D-fructosilcarbonilo)rapamicina.

[0062]Las Figuras 6, 7 y 8 muestran perfiles farmacocinéticos de derivados de

carbohidrato de rapamicina previamente seleccionados en ratas hembra.

[0063]La Figura 9 muestra niveles de colesterol en suero en ratas hembra con
posterioridad al tratamiento con 42-O-(D-fructosilcarboniio)rapamicina vy

rapamicina.

[0064] La Figura 10 muestra el efecto de dos dosis distintas de rapamicina en

agregacion plaquetaria.

[0065]La Figura 11 compara el efecto de 42-O-(D-fructosilcarbonilo)rapamicina y

rapamicina en un agregado plaquetario.

[0066]La Figura 12 ilustra el efecto de 42-O-(D-fructosilcarbonilo)rapamicina y
rapamicina en frecuencias de sobrevivencia en modelo de transplante de corazon

de rata hembra. GABRIEL RUEDA cwy
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DESCRIPCION DETALLADA DEL INVENTO

[0067] El presente invento se relaciona con el descubrimiento inesperado de que
los derivados reivindicados del carbohidrato de rapamicina presentan propiedades

farmacologicas en comparacion con la rapamicina no derivatizada.

[0068] Debe tenerse en cuenta que tal y como se utiliza en este contexto y en las
reivindicaciones anexas, las formas en singular "un" “una," y "el o0 la" incluyen
referencias al plural a menos que el contexto dicte de una manera clara un
procedimiento diferente. De esta manera, por ejemplo, una referencia a "un
derivado de carbohidrato de rapamicina" incluye la pluralidad de tales derivados, y
una referencia a "un portador farmacéuticamente aceptable" es referencia también
a uno 0 varios portadores y a sus equivalentes conocidos por las personas

expertas en la materia, y asi sucesivamente.

[0069]A menos que se indique un procedimiento diferente, todos los términos
técnicos y cientificos utilizados en este documento tienen los mismos significados
que se utilizan comunmente entre las personas expertas en la materia a la que
pertenece este trabajo inventivo. Aun cuando ciertos métodos y materiales
similares 0 equivalentes a los descritos en este documento pueden utilizarse en la
practica o prueba del presente invento, los métodos preferidos, los dispositivos y

materiales son materia de descripcion en esta documentacion.

[0070] Todas las publicaciones citadas aqui se incorporan a este documento por

referencia en su totalidad para los propositos de describir y divulgar las

GABRIEL RUEDA
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metodologias, reactivos y herramientas reportadas en las publicaciones que
podrian utilizarse en conexion con el invento. Nada de lo contenido en este
documento debera interpretarse como una admision de que el invento no tiene

derechos a antefecha tales como divulgacion por virtud de invencion previa.

f0071]La practica del presente invento utilizara, a menos que se indique un
procedimiento distinto, métodos convencionales de la quimica, bioquimica,
biologia molecular, biologia celular, inmunologia y fafmacologia, al interior de ias
destrezas de la materia. Estas técnicas se explican totaimente en la literatura. (Ver
por ejemplo, Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical Sciences,
18" ed., Mack Publishing Co.; Colowick, S. et al., eds., Short Protocols in
Molecular Biology. 4" edition. John Wiiey & Sons; Ream et al.. eds. (1998)

Molecular Biology Techniques: An Intensive Laboratory Course, Academic Press).
Definiciones

[0072] Cuando se analizan los derivades del carbohidrato de la rapamicina, las
composiciones 0 métodos, los siguientes términos tienen los significados que se
indican a continuacion a menos que se sefiale una significacion diferente. Los

terminos no definidos tienen sus significados reconocidos en la materia.

[0073) El término "alquilo" se refiere a grupos alquilo que tienen de 1 a 10 atomos
de carbono, por ejemplo 1 a 6 atomos de carbono, y se inciuye grupos alquilo de
cadena recta y de cadena bifurcada. Este término se ejemplifica por grupos tales

como el metilo, t-butilo, n-heptilo, octilo y similares. GABRIEL RUEDA
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[0074] El término "alqueno" se refiere a un grupo alquilo no saturado que tiene por
lo menos un punto de insaturacion del alqueno (por ejemplo, -C=C-) y que ademas
tiene de 1 a 10 atomos de carbono, poi ejemplo de 1 a 6 atomos de carbono, e

incluye grupos alquilo de cadera recta y cadena bifurcada.

[0075] El término "alquino” se refiere a un grupo alquilo insaturado que tiene por lo
menos un punto de insaturacion alquino (por ejemplo, ~C=C-) y que ademas tiene
de 1 a 10 atomos de carbono, por ejemplo de 1 a 6 atomos de carbono, e incluye

grupos alquilo de cadena recta y bifurcada.

[0076] El término grupo "aromatico" se refiere a un grupo carbociclico aromatico
de 6 a 14 atomos de carbono que tienen un solo anillo (por ejemplo, fenilo) o
anitlos multiples condensados (por ejernplo, naftilo o antrilo) donde tales anillos
condensados pueden ser 0 no ser aromaticos (por ejemplo, 2-benzoxazolinona,

2H-1,4-benzoxazin-3(4H)-ona-7-il, y similares).

[0077)El término "grupo protector® © "grupo blogueador” se refiere a cualquier
grupo que cuando se une a uno o varios grupos hidroxilos de rapamicina o un
medio de azlcar, evita que ocurran reacciones en estos grupos hidroxilos y donde
tales grupos protectores pueden ser retirados mediante pasos quimicos ©
enzimaticos convencionales para restablecer el grupo o grupos hidroxilos. El grupo
protector removible en particular utilizado se determina mediante la naturaleza de
los compuestos y procesos quimicos que se utilicen. Los grupos de bloqueo
hidroxilos removibles incluyen sustitutos convencionales tales como alilo, bencilo,

acetilo, cloroacetilo, tiobencilo, bencildeno, fenaciio, t-butildimetilsililo y trialquilsilils
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tales como el trietilsililo, triisopropilsililo, trimetilsilo, tributilsililo y similares, y
cualquier otro grupo que pueda introducirse quimicamente en una funcionalidad
hidroxilo y posteriormente ser removido de manera selectiva bien por métodos
quimicos 0 enzimaticos en condiciones- suaves compatibles con la naturaleza del

producto.

Los Derivados de Carbohidrato de Rapamicina

[0078]Tal y como se analizé anteriormente, los derivados de carbohidrato de
rapamicina del presente invento son compuestos que tienen la estructura de la

formula (1):
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donde
n=0 01, R'y R? son independientemente hidrégenc o -X-Z, donde cada
X es un enlace, y cada Z es un medio de carbohidrato seleccionado

independientemente a partir del grupo conformado por un
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monosacarido, oligosacarido y pseudoaztcar, con la condicién de que

R' v R? no sean ambos hidrégeno.

[0079]) Tal y como se evidenciara, los derivados de la rapamicina pueden tener
medios derivados de aztcar adheridos en la posicion 42, posicion 31, o posiciones
42 y 31. En una presentacion, el derivado del azucar se adhiere en la posicion 42
solamente y en otra presentacion el derivado del aztcar se adhiere en {a posicion

31 solamente.

[0080] Es importante tener en cuenta que en la rapamicina que ocurre en la
naturaleza, los sustitutos 41-metoxi y 42-hidroxi existen en una trans configuracién
relativa entre si. Los compuestos de rapamicina 42-0O-(glicosilcarbonilo) del
presente invenic se preparan de tal manera que se pueda retener la frans
configuracion de los sustitutos 41 y 42. Por consiguiente, al hacer la hidrélisis de la
unién de carbonato, la rapamicina se liberara en su configuracion de ocurrencia
natural. De manera analoga, los compuestos 31-O-(glicosiicarbonilo)rapamicina
del presente invento se preparan ce tfal manera que se pueda retener la

estereoquimica de ocumrencia natural del sustituto 31-hidroxilo de rapamicina.
El Medio Carbohidrato

[0081] El medio de carbohidrato (o aztcar), representado por el identificador "2" en
la formula (1), se forma a partir de un monosacarido, oligosacarido, pseudoazicar
o sus derivados que tienen un grupo funcional reactivo que se puede acoplar (j)

directamente al grupo o grupos hidrdxilos en cualquiera 0 ambos de los puntos 31
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y 42 de |la rapamicina, o (ii) a uno © varios grupos funcionales reactivos en una
rapamicina activada con el fin de obtener un derivado de carbohidrato de
rapamicina del presente invento. El grupo funcional se adhiere opcionalmente a un
enlace que a su vez se adhiere al azucar, tipicamente pero no en forma necesaria
en el centro anomérico. Estos grupos opcionales de enlace se analizan mas

adelante.

[0082] Los azicares que comprenden los derivados del aziicar pueden diferir entre
si de una serie de formas. Por ejemplo, pueden existir en la piranosa o en forma
de furanosa a diversos grados. Ciertos-azucares tales como el fusitol existen tnica
y exclusivamente en forma de cadena abierta en tanto que muchas otras (por
ejemplo, glucosa, ribosa, alosa) existen predominantemente en forma ciclica. Las
propiedades fisico-quimicas del azucar tales como la geometria, composicion,
tamanio, flexibilidad o rigidez y la hidrofilicidad relativa pueden afectar todas las

caracteristicas quimicas del derivado de carbohidrato de rapamicina.

[0083] En solucién la fructosa por ejemplo puede existir principalmente en forma
piranosa de 6 miembros y/o en su forma de furanosa de 5 miembros (ver Figura
1). lgualmente cada una de estas formas pueden existir en configuraciones alfa o
beta. Adicionalmente, la fructosa puede existir en forma de cadena abierta. Por o
tanto, la fructosa puede existir en su forma de J-fructopiranosa, J-fructopiranosa,
. J-fructofuranosa o, J-fructofurancsa o cadena abierta tal y como se muestra en la
Figura 6. La fructosa puede adherirse a un medicamento en cualquiera de estas

configuraciones. En su forma de piranosa de 6 miembros, la fructosa tiene mas
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probabilidades de formar un enlace, unida a un medicamento, por ejemplo, a
través del alcohol primario sencillo que se presenta en la posicion 1 de la forma de
piranosa. En su forma de furanosa de 5 miembros, la fructosa tiene dos aicoholes
primarios que son los que se encuentran en las posiciones 1 y 6. En la forma de
furanosa, los enlaces tienen probabilidades de existir a través de cualquiera de

estos alcoholes primarios en fas posiciones 1 0 6.

[0084] La manelra como el organismo absorbe y procesa los azlcares especificos
varia segun el caso. Muchas personas presentan dificultades en el procesamiento
de la lactosa por ejemplo. Esta intolerancia a la lactosa podria hacer que la
incorporacion de la lactosa a ios derivados de carbohidrato de ia rapamicina sea
inadecuada. Por otra parte, los oligosacaridos no son absorbidos de manera
intacta desde el tracto digestivo y deben en primer término digerirse hasta
conformar sus elementos constitutivos de monosacaridos. Los monosacéridos sin
embargo son absorbidos por sistemas transportadores ubicades en ia membrana
de borde cepillo de los enterocitos. Consultar, S. Miura, Joumal of
Gastroenterology 37, 491 (2002). Por ejemplo, la glucosa y la galactosa se
absorben por el sistema transportador SGLT1. Otro transportador, el GLUT2,
facilita principalmente el transporte de glucosa, y otro transportador mas conocido
como GLUTS transporta la fructosa. La presencia en el tracto gastrointestinal de
diferentes proteinas transportadoras de monosacaridos con diversas
selectividades podria conducir a una variacion de absorcion de distintos derivados
de carbohidratos de la rapamicina. Lo anterior significa que ciertos derivados

pueden ser mas rapidamente capaces de aprovechar un transportador disponible
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con el objeto de facilitar el paso del derivado de carbohidrato de rapamicina hacia
el exterior del tracto gastrointestinal y descargario en el sistema vascular en donde
el medio carbohidrato puede ser escindido, liberando de esia manera la
rapamicina. Se considera que este proceso facilitado pueda producir una menor

toxicidad gastrointestinal asociada con exposicion localizada a la rapamicina.

[0085) En vista de lo anteriormente expuesto, es obvio que la seleccién apropiada
del medio carbohidrato (monosacrido, oligosacarido o pseudoazicares)
incorporados en ef derivado de carbohidrato de la rapamicina puedan ejercer una
gran influencia sobre las propiedades farmacocinéticas y/o farmacodinamicas del
derivado. De acuerdo con estos principios, el medio carbohidrato puede escogerse
cuidadosamente para optimizar las propiedades famacocinéticas ylo

farmacodinamicas del derivado de carbohidrato de la rapamicina.

[0086]Entre los monosacaridos adecuados estan los azucares de cadenas
abiertas o cemradas simples (en la configuracion L o D), que basicamente tienen 5
0 6 carbonos (Uun monosacérido pentosa o un monosacarido hexosa), al igual que
7 carbonos (monosacarido de hepiosa). Se incluyen los derivados del azicar en
donde el atomo de oxigeno anular se ha sustituido por carbono, nitrégeno o
azufre, amino azUcares en donde un sustituto hidroxilo del azicar simple se
reemplaza por un grupo amino o azucares que tienen un doble enlace entre dos
atomos adyacentes de carbono, (por ejemplo, giucosamina, 5-tio-D-glucosa,
nojiimicina, deoxinojirimicina, 1,5-anhidro-D-sorbitol, 2,5-anhidro-D-manitol, 2-

deoxi-D-galactosa, 2-deoxi-D-glucosa, 3-deoxi-D-glucosa, alosa, arabinosa,

q6
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arabinitol, fucitol, fucosa, galactitol, glucitol, iditol, lixosa, manitol, levo-ramnitol, 2-
deoxi-D-ribosa, ribosa, ribitol, ribulosa, ramnosa, xilosa, xilulosa, alosa, altrosa,
fructosa, galactosa, glucosa, gulosa, idosa, levulosa, manosa, psicosa, sorbosa,
tagatosa, talosa, galactal, glucal, fucal, ramnal, arabinal, xalal, valienamina,
validamina, valiolamina, valiol, valiolon, valienol, valienona, acido glucoronico,
acido galacturénico, acido N-acetilneuraminico, acido glucénico D-lactona, acido
galacténico J-lactona, &cido galacténico J-actona, acido manonico J-lactona, D-
altro-heptulosa, D-manno-heptulosa, D-glicero-D-manno-heptosa, D-glicero-D-
gluco-heptosa, D-allo-heptulosa, D-alfro-3-heptulosa, D-glicero-D-manno-heptitol,
D-glicero-D-altro-heptitol y similares). Los grupos hidroxilo en monosacaridos
pueden ser opcionalmente reemplazados por hidrogeno, alcoxi (por ejemplo 2-O-
metil-D-fructosa), alcanoato o grupos halogenos, Se incluyen derivados del sulfato

y/o fosfato de monosacaridos tal y comc se define en este estudio.

[0087] Los oligosacaridos adecuados incluyen entre ofros los carbohidratos que
tienen 2 a 10 0 mas monosacaridos enlazados entre si. La unidad constitutiva del
monosacarido puede ser por ejemplo un monosacaridoc pentosa, un monosacarido
hexosa, © un pseudoazicar (incluyendo la pseudoaminoazucar), Los
oligosacaridos no incluyen grupos biciclicos que se formen mediante la fusion de
un monosacdarido hasta lograr un anillo de benceno, un anillo de ciclohexano, © un

anillo heterociclico.

[0088] Los pseudoaziicares que puedan ser utilizados en el invento son miembros

de la clase de compuestos en donde el atomo de oxigeno anular del
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monosacarido ciclico es reemplazado por un grupc de metileno. Los

pseudoazlicares son también conocidos como "carba-azUcares".
El Enlace

[0089] Tal y como se sefald anteriormente, el medio carbohidrato se adhiere de
manera covalente a la rapamicina via un enlace, indicado como una "X" en la
formula I. En su forma mas simple, el enlace es un grupo quimico funcional que se
forma cuando el derivado del azicar se adhiere en forma covalente a Ia
rapamicina, pero en si no es parte ni de la rapamicina ni de la molécula de azucar.
En una presentacion, la naturaleza del enlace se determina por la quimica
empleada para adherir de manera covalente el azicar o derivado del azicar a la
rapamicina. Por ejemplo, si 42-O-(4-nitropheniloxicarbonilo) rapamicina
(rapamicina activa) se hace reaccionar con un azucar, el resultado es un derivado
de carbohidrato de rapamicina en donde el oxigeno 42-hidroxilo de la rapamicina
se enlaza de manera covalente a un grupo carbonilo que a su vez se enlace de
manera covalente a un oxigeno hidréxilo en el azlcar. De acuerdo con este
ejemplo, el enlace es un grupe carbonilo (C=0). Un ejemplo del enlace tal y como
se define en este estudio se muestra en la Figura 3. Los ejemplos de enlaces
incluyen medios tales como el carbonilo (C=0) y el sulfonilo (0=8=0). Estos
carbonilos o sulfonilos enlazados se reconocen como un enlace del grupo

funcional sencillo.

[0090] El enlace conjuntamente con la funcionalidad a través de la cual se

adhieren el azucar y la rapamicina a dicho enlace foorman una "union". Por
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ejemplo, cuando un enlace carbonilo se adhiere a un azucar via uno de sus
atomos de oxigeno hidroxilo y luego a un oxigeno hidrdxilo de rapamicina, la
"union” resultante es un carbonato (por ejemplo,—OC(0)O-). Un ejempio de una
unién tal y como se define en este documento se sefiala en la Figura 4. Los
ejemplos de uniones son entre los esteres, éteres, carbonatos, carbamatos,

suifatos y uretanos.

[0091] El enlace y las uniones asociadas se seleccionan para lograr un derivado
de carbohidrato de rapamicina biocompatible, sustancialmente no inmunogénico.
Si bien el presente invento se basa en el reconocimiento de que ia presencia de
una o varios azucares mejoraran la efectividad de la rapamicina, sus propiedades
farmacocinéticas y/o farmacodinamicas pueden también mejorarse por Ia
geometria, composicion, tamano, flexibilidad o rigidez, hidrofobicidad relativa e
hidrofilicidad, y similares propiedades del eniace y/o union. En este orden de
ideas, el enlace o unién se pueden escoger para optimizar las propiedades
farmacocinéticas y/o farmacodinamicas del derivado de carbohidrato de [a
rapamicina. Por ejemplo, las frecuencias de A4cido catalizado o hidrolisis
enzimatica de los derivados dan como resultado la liberacion de la rapamicina libre
que variara de acuerdo con cual enlace es el que se origina. E! enlace o unién
pueden ser "neutros” desde un punto de vista biolégico, es decir no contribuyen
por si mismos a realizar ninguna actividad biologica adicional a la del derivado de

rapamicina de carbohidrato, 0 bien se pueden escoger para mejorar aun mas la

actividad biolégica del compuesto. GABRIEL RUEDm/
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[0092] Las quimicas de reaccion que dan como resultado enlazamientos emplean
técnicas convencionales. Estas técnicas por lo general involucran el uso de grupos
funcionales complementarios y reactivos ubicados en la rapamicina o rapamicina
activada y derivados del azlUcar o azucares. Entre los ejemplos de grupos
funcionales complementarios y sus enlaces resultantes estan los que se muestran

enlaTabla 1.

TABLA 1. ENLACES RESULTANTES DE FUNCIONALIDADES COMPLEMENTARIAS

= PRIMER GRUPO REACTIVO SEGUNDO GRUPO REACTIVO UnION
Hidroxilo isocianato uretano
Amina epoxido R-aminohidroxi
Sulfonil halida amina sulfonamida
Acido carboxilo amina amida
hidroxilo alquil/aril halida éter
Aldehido amina/NaCNBH3 amina
Cetona Amina/NaCNBH3 amina
amina isocianato carbamato
Acido carboxilo hidréxilo ester
Cloroformato hidraxilo carbonato

[0093] Si se desea, el enlace puede contener mas de un solo grupo funcional. Los

enlaces complejos pueden utilizarse para lograr diversas propiedades quimicas

GABRIEL RU
Traductor e Interpi cial
Rus. 5990 do 1962 dal A% 62 Jfustioe

Min. die Relsciones Extenons

30



PATENTE
Expediente No. 550

dentro del derivado de carbohidrato de rapamicina. Por ejemplo, se pueden
impartir diversas caracteristicas hidrofobicas/idrofilicas al derivado carbohidrato
de rapamicina mediante manipulacién del enlace. De manera similar, los medios
cargados también se pueden introducir. Las técnicas para modificacion del enlace
se podran comprender rapidamente por parte de los expertos en la materia. Por
ejemplo, la naturaleza hidrofobica de un enlace derivado de la diamina
hexametileno 0 una poliamina relacionada se puede modificar para que sea
sustancialmente mas hidrofilica reemplazando el grupo alquileno por un grupo

poli(oxialquileno).

[0094] Por ejemplo, el glicosil-Y[-C(=Y)-X-Jp-W( R)n-X-C(=Y)-medicamento en W
es un grupo aromatico o heteroaromatico o alifatico con dobles enlaces
conjugados 0 un radical de derivado de amino acido que se cicla después de la
eliminacion del radical glicosiio se divulgdé en la Patente U.S. 6,148,658. Estos
enlaces complejos se designan para que se auto-eliminen via ciclizaciéon posterior

a la remocion enzimatica del medio glicosilo.

[0095] Hay diversas variedades de enlaces que resultan adecuados en el invento.
Las personas conocedoras de este campo podran reconocer que un carbonilo
(C=0) o un enlace sulfoniio (0=8=0), o un enlace carbonilo o sulfonilo combinado
con una cadena sencilla alquilo 0 una cadena polieter (por ejemplo, un pequeiic
nuimero de unidades de oxido de etileno que se repiten) tendran propiedades
distintas de aquellas registradas en enlaces mas complejos descritos
anteriormente. Por ejemplo, se indica que los enlaces del presente invento no se
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someteran a una ciclizacion para auto-eliminacion. Por otro lado, la susceptibilidad
del compuesto enlace/medicamento para la escision enzimatica o hidrolitica
dependeran en gran medida de la naturaleza del espaciador o del medio de
enlace. Adicionalmente, se indica que los compuestos con enlaces complicados
pueden ser mas dificiles y costos de producir que aguellos que compuestos que
tienen tan solo enlaces sencillos de grupos funcionales, tales como los descritos

en este invento.

[0096)En el comercio se puede obtener una amplia variacion de enlaces {(por
ejemplo Chem Sources USA y Chem Sources iInternational, base de datos
electrénica ACD; y Abstracts Quimicos). Muchos de los enlaces que presentan
adecuabilidad para el uso en este invento aparecen dentro de esta categoria; en
tanto que otros pueden sintetizarse rapidamente mediante métodos conocidos en
la técnica, segun se describe mas adelante. Entre los ejemplos de enlaces estin
los medios alifaticos, medios aromaticos, medios esteroidales, péptidos vy
similares. Entre los ejemplos especificos de enlaces comercialmente disponibles
podemos citar los grupos peptidos o polidmidas, hidrocarbonos, aromaticos,
heterociclicos, éteres, lipidos, catiénicos o0 aniénicos, 0 una combinacion de los

mismos.

[0097] Se indica que las propiedades del enlace del presente invento se pueden
modificar mediante la adicién o insercién de grupos auxiliares, para cambiar por
ejemplo la solubilidad del compuesto muki-enlace (en agua, grasas, lipidos, fluidos

biolégicos, efc.), hidrofobicidad, hidrofilicidad, flexibilidad de enlaces,
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antigenicidad, estabilidad y similares. Por ejemplo, i2 introduccion de uno o varios
grupos polietileno glicol (PEG) en el enlace mejorara las condiciones de
hidrofilicidad e hidrosoiubilidad del derivado de carbohidrato de la rapamicina,
incrementando tanto el peso el molecular como el tamafno molecular, y segun la
naturaleza del enlace unPEGilatado, se puede incrementar el tiempo de retencion
in vivo. Por otro lado, el PEG puede disminuir la antigenicidad y aumentar

potencialmente la rigidez generalizada del enlace.

[0098] Los grupos auxiliares que mejoran la hidrosolubilidad/hidrofilicidad del
enlace, y por consiguiente, los compuestos resuitantes, son utiles en el ejercicio
del presente invento. De esta forma, se encuentra dentro del alcance de este
invento el uso de grupos auxiliares tales como pequenas unidades de repeticion
de etileno glicoles, alcoholes, polioles, (por ejemplo, glicerina, propoxilato de
glicerol, etc.), carboxilatos, (por ejemplo, pequeiias unidades de repeticion del
acido glutamico, acido acrilico, etc.), anﬁnas (por ejemplo tetraetilenpentamina), y
similares para mejorar la hidrosolubilidad y/o hidrofilicidad de los derivados de
rapamicina del carbohidrato del presente invento. Por ejemplo, el grupo auxiliar
utilizado para mejorar la hidrosolubilidad/hidrofilicidad pueden ser un polieter que
contenga un pequefio numero de unidades repetidas de oxido de etileno (-

CH>CH;0-).

[0099] La incorporacion de grupos auxiliares lipofilicos dentro de la estructura det
enlace para mejorar la lipofilicidad y/o hidrofobicidad de los derivados del

carbohidrato de la rapamicina tambien se encuentra dentro del alcance del
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presente invento. Los grupos lipofilicos dtiles junto con los enlaces del invento
incluyen pero no se limitan a alquilo inferior, grupos aromaticos, © grupos
aromaticos policiclicos. Los grupos aromaticos pueden ser insustituidos o
sustituidos por otros grupos, pero son por Io menos sustituidos por un grupo que
permita su adherencia covalente al enlace. Tal y como se utiliza en este
documento el término "grupos aromaticos" incorpora tanto a los hidrocarbonos
aromaticos como a los aromaticos heterociclicos. Otros grupos lipofilicos utiles con
el enlace de este invento incluyen los derivados de acidos grasos que pueden o0 no
formar micelles en un medio acuoso y otros grupos lipofilicos especificos que
modulan las interacciones entre el derivado de rapamicina de carbohidrato y las

membrana biologicas.

[00100] La flexibilidad del enlace se puede manipuiar mediante la inclusion
de grupos auxiliares que sean voluminosos y/o rigidos. La presencia de grupos
voluminosos o rigidos podra obstaculizar la rotacion libre alrededor de los enlaces
en la unidn, o enlaces entre la union y los grupos auxiliares, o eniaces entre la
union y los grupos funcionales. Los grupos rigidos pueden inciuir por ejemplo
aquellos cuya libertad conformacional sea restringida por la presencia de anillos
y/o enlaces, por ejemplo arilo, heteroarilo y grupos heterociclicos. Otros grupos
que pueden impartir rigidez son los grupos polipéptidos tales como las cadenas

oligo- o poliprolina.

[00101] La rigidez también se puede impartir electroestaticamente. De esta

manera, Si los grupos auxiliares se encuentran cargados positiva ¢ negativamente,
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entonces [os grupos auxiliares similarmente cargados forzaran la union para
producir una configuracion que permita que se establezca la distancia maxima
entre cada una de las cargas similares. El costo energético de acercar los grupos
con carga similar entre si, lo cual se encuentra inversamente relacionado con el
cuadrado de la distancia entre los grupos, tendera a retener la unién dentro de una
configuracion que mantenga la separacion entre los grupos auxiliares con carga
similar. Por otro lado, los grupos auxiliares que lleven cargas opuestas tenderan a
ser atraidos a sus contrapartes de carga opuesta y potencialmente podran
ingresar a los enlaces ionicos inter- e intra moleculares. Este mecanismo no
covalente tendera a retener el enlace en una conformacién que pemmita la unién
entre grupos con carga opuesta. La adicion de grupos auxiliares que tenga carga,
o altemnativamente los grupos protegidos que lleven una carga latente que se
encuentre desenmascarada, con posterioridad a la adicion de [a unidn, por
desproteccion, cambio en pH, oxidacion, reduccion u otros mecanismos conocidos
entre los expertos en la materia, se encontrara dentro del alcance del presente

invento.

[00102] Los grupos voluminosos podran incluir por ejemplo grandes atomos o
iones (por ejemplo, yodo, azufre, iones metalicos, etc.), o grupos que contengan
grandes atomos, grupos policiclicos, que incluyen grupos aromaticos, grupos no
aromaticos y estructuras que incorporan uno o varios enlaces carbono-carbono
(por ejemplo, aiquenos y alquines). Los grupos voluminosos pueden también
incluir oligdmeros y polimeros que son especies de cadena bifurcada o recta. Las

especies bifurcadas deberan incrementar la rigidez de la estructura mas por peso
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molecular unitario de ganancia que lo que sucede con las especies de cadena

recta.

[00103] En vista de lo expuesto anteriormente, es obvio que la seleccion
apropiada de un grupo de unidn que proporcione una orientacion adecuada,
propiedades de entropia y fisico-quimicas se ubique perfectamente bien dentro de

la técnica aqui descrita.

[00104] Las uniones pueden adherirse a la rapamicina o al azucar empleando
grupos funcionales reactivos. Estos grupos funcionales reactivos se seleccionan
en relacion con los grupos funcionales disponibles en ia rapamicina o en los
azucares para el acople, o introducidos =n la rapamicina o en el azucar para este
mismo propésito. Por ejemplo, Ia reaccién entre un acido carboxilico de la unién y
una amina primaria 0 secundaria del azucar en presencia de agentes adecuados
de activacion dara como resuitado la forrnacién de un medic de amida que une de
forma covalente el azucar al enlace. La reaccion entre el grupo de amina del
enlace y un halido sulfonilo del azucar dara como resultado la formacion de un
medio de sulfonamida que une en forma covalente al enlace. La reaccion entre un
alquilo o aril halido del enlace y un aicohol del azdcar dara como resultado la

formacion de un medio de éter que une en forma covalente el azucar al enlace.

[00105] Cuando se carece de grupos funcionales, estos pueden ser creados
mediante el uso de quimicas adecuadas que se describen en los textos estandar
de quimica organica tales como Advanced Organic Chemistry, Jerry March, John

Wiley &Sons (5th Ed., 2000). El término enlace (linker) se refiere a todo aquello
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que no se considera como parte del azticar o la rapamicina. Los enlaces (linkers)
se pueden derivar de compuestos lineales que tengan grupos funcionales

reactivos en el extremo del enlace (linker).

[00106] Los enlaces divalentes adecuados incluyen a manera de ejemplo los
que son derivados de los acidos dicarboxilico, disulfonilhalidos, dialdehidos,
dicetonas, dihalidos, diisocianatos, diaminas, dioles, mezclas de Acidos
carboxilicos, sulfonilhalidos, aldehidos, cetonas, halidos, isocianatos, aminas y
dioles. En cada caso, el acido carboxilico, sulfonilhalido, aldehido, cetona, hélido,
isocianate, amina y grupos funcionales diol se hacen reaccionar con una
funcionalidad complementaria sobre el azucar y la rapamicina para formar un
enlace covalente. Esta funcionalidad complementaria es bien conocida en Ia

técnica tal y como se ilustra en la Tabla ‘1 analizada anteriormente.

[00107] En presentaciones del invento, el enlace (X) se selecciona partir del
grupo conformado por: (i) -R*C(0); (i) -C(O)R?, (iii) -R3S(0):; o (iv) -S(O)R®
donde R® se selecciona a partir del grupo conformado por: (i) -(CHz)e- donde p es
un entero de 1 a 18, (ji) -(CHz)a-O-(CH2)n- donde n y m son cada uno de ellos y en
forma independiente un entero de 2 a 6, o (jii) un enlace. Debe entenderse que el
enlace (X) puede ser igual o distinto en cada ocurrencia, es decir en las posiciones
31 y 42. En presentaciones adicionales del invento, el enlace (X) es carbonilo
(C=0), sulfonilo (O=5=0), o un solo grupo funcional. Los enlaces (linkers) de
carbonilo pueden estar en las posiciones 31, 42, o ambas. En ofras

presentaciones, R' es —-C(0)-ZyR*es Ho R*es -C(0)-Z yR" es H.

GABRIEL RUEIK @D/
Traductor e In |

Ren. 5806 do 1982 aet Min. de Justios
AMin, o0 Rwiecionos Extancres

37



PATENTE
Exnediente No. 330

[00108] De acuerdo con lo anterior, los derivados del carbohidrato de
rapamicina tienen la estructura de la formula | que se encuentra dentro del alcance
del presente invento e incluyen por ejemplo los elementos que se estipulan a
continuacion (incluyendo sus sales farmacéuticamente aceptables):
42-0-(Metil-D-glucosilcarbonilo)rapamicina;
42-0-2-(Metil-D-glucosilcarbonilosi)etilJrapamicina;
31-0-(Metil-D-glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(metil-D-glucosilcarbonilo)rapamicina;
42-0-(2-O-Metil-D-fructosilcarbonilo)rapamicina;
42-02-(2-O-Metil-D-fructosilcarboniloxi)etiljrapamicina;
42-0-2-O-Metil-L-fructosilcarboniio)rapamicina;
42-0-2-(2-0O-Metil-L-fructosilcarboniloxi)etiljrapamicina;
31-0-(2-O-Metil-D-fructosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0-(2-O-melil-D-fructosilcarbonilo )rapamicina;
31-0-(2-O-Metil-L-fructosilcarbonilo Jrapamicina;
42-0-(2-Hidroxietil)-31-O-(2-0-metiI-L-fructosiIcérbonilo)rapamicina;
42-0-(D-Alosilcarbonilo)rapamicina,
42-0-2-(D-Alosilcarboniloxi)etilJrapamicina;
42-0O-(L-Alosilcarbonilo)rapamicina;
42-0-[2-(L-Alosilcarboniloxi)etilJrapamicina;
31-0O-(D-Alosilcarbonilo)rapamicingz;
42-0-(2-Hidroxietil)-31-0O-(D-alosilcarbonilo)rapamicina;

31-O-(L-Alosilcarbonilo)rapamicina;
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42-0-(2-Hidroxietil}-31-O-(L-alosilcarbonilo)rapamicina;
42-0O-(D-Fructoslilcarbonilo)rapamicina;
42-0{2-(D-Fructosilcarboniloxi)etilrapamicina;
42-0-(L-Fructoslilcarbonilo)rapamicina;
42-0{2-(LFructosilcarboniloxi)etiljrapamicina;
31-0-(D-Fructosiilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-fructoslilcarbonilo)rapamicina;
31-O+L-Fructoslilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-fructoslilcarbonilo)rapamicina;
42-0-(D-Fucitoliicarbonilo)rapamicina;
42-04{2-(D-Fucitolilcarboniloxi)etiljrapamicina;
42-0O-(L-Fucitolilcarbonilo)rapamicina;
42-0-2-(L-Fucitolilcarboniloxi)etiljrapamicina;

31-O-(D-F ucitolilcarbonilo)rapamicina;
42-0-2-Hidroxietil)-31-O-(D-fucitolilcarbonilo)rapamicina;
31-0O-(L-Fucitolilcarbonilo)rapamicina,;
42-0-(2-Hidroxietil)-31-O-(L-fucitolilcarbonilo)rapamicina,
42-0-(D-Glucalilcarbonilo)rapamicina;
42-0-[2-(D-Glucatilcarboniloxi)etiljrapamicina;
42-0-(D-Glucosilcarbonilo)rapamicina;
42-0{2-(D-Glucosilcarboniloxi)etillrapamicina;
42-0-(L-Glucosilcarbonilo)rapamicina;

42-02-(L-Glucosilcarboniloxi)etilrapamicina; RUE%
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31-0O-{D-Glucalilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-glucslilcarbonilo)rapamicina;
31-O(D-Glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-glucosilcarbonilo)rapamicina,;
31-0-(L-Glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-glucosilcarbonilo)rapamicina;
42-0-(L-Sorbosilcarbonilo}rapamicina;
42-0-(D-Sorbosilcarbonilo)rapamicina;
31-0-(L-Sorbosilcarbonilo)rapamicina;
31-O-(D-Sorbosilcarbonilo)rapamicina;
42-0{2-(L-Sorbosilcarboniloxi)etiljrapamicina;
42-0{2-(D-Sorbosilcarboniloxi)etilrapamicina;
42-0O-(2-Hidroxietil)-31-O-(D-sorbosilcarbonilojrapamicina;
42-0-(2-Hidroxietil)-31-O-(L-sorbosilcarbonilo)rapamicina;
42-0-(D-Lactalilcarbonilo)rapamicina;
42-Q-[2-(D-Lactalilcarboniloxi)etiljrapamicina;
31-O-D-Lactalilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-lactalilcarbonilo)rapamicina,;
42-0O-(D-Sucrosilcarbonilo)rapamicina;
42-0-2-(D-Sucrosilcarbonitoxi)etillrapamicina;
31-O-D-Sucrosilcarbonilo)rapamicina,;

42-0-(2-Hidroxietil)-31-O-(D-sucrositcarbonilo)rapamicina;

42-0-D-Gentobiosilcarbonilo)rapamicina
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42-0{2-(D-Gentobiosilcarboniloxi)etillrapamicina;
31-0O-(D-Gentobiosilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(D-gentobiosilcarbonilo)rapamicina
42-0-(D-Celobiosilcarbonilo)rapamicina;
42-0-2-(D-Celobiosilcarboniloxi)etillrapamicina;
31-0-(D-Celobiosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-celobiosilcarbonilo)rapamicina;
42-O-(D-Turanosilcarbonilo)rapamicina;
42-0{2-(D-Turanosilcarboniloxi)etillrapamicina;
31-O-D-Turanosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-turanosilcarbonilo)rapamicina;
42-0-(D-Palatinosilcarbonilo)rapamicina;
42-0{2-(D-Palatinosilcarboniloxi)etilrapamicina;
31-O-D-Palatinosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-palatinosilcarbonilo)rapamicina;
42-0-(D-Isomaltosilcarbonilo)rapamicina;
42-0-2-(D-Isomaltosilcarboniloxi)etiljJrapamicina,;
31-0O-D-Isomaltosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-isomaltosilcarbonilo)rapamicina,;
42-O~(D-Maltulosilcarbonilo)rapamicina;
42-042-(D-Maltulosilcarboniloxi)etilrapamicina;
42-0-D-Maitosilcarbonilo)rapamicina,;

42-0{2-(D-Maltosilcarboniloxi)etilrapamicina;
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31-O-(D-Maltulosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-maltulosilcarbonilo)rapamicina;
31-O0-(D-Maltosilcarbonilo)rapamicina;

~ 42-0-(2-Hidroxietil)-31-O-(D-maltosilcarbonilo)rapamicina;
42-O-(D-Lactosilcarbonilo)rapamicina;
42-0-2-(D-Lactosilcarboniloxi)etillrapamicina,;
31-O-(Methil-D-lactosilcarbonilo)rapamicina,;
42-0-(2-Hidroxietil)-31-O-(metil-D-lactosilcarbonilo)rapamicina;
42-0-D-Melibiosilcarbonilojrapamicina;
31-O-D-Melibiosilcarbonilo}rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-melibiosilcarbonilo)rapamicina,
42-0-(D-Leucrosilcarbonilo)rapamicina;
42-0-2-(D-Leucrosilcarboniloxi)etiljrapamicina;
31-O-(D-Leucrosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil}-31-O-(D-leucrosilcarbonilo)rapamicina;
42-0-(D-Rafinosilcarbonilojrapamicina;
42-0{2-(D-Rafinosilcarboniloxi)etiljrapamicina;
31-0O-(D-Rafinosilcarbonilo)rapamicina,;
42-0-(2-Hidroxietil)-31-O-(D-rafinosilcarbonilo)rapamicina,;
42-0-(D-Isomaltotriosilcarbonilo)rapamicina;
42-0{2-(D-Isomaltosilcarboniloxi)etiljrapamicina;
31-0O-(D-Isomaltotriosilcarbonilo)rapamicina,
42-0-2-Hidroxietil)-31-0O-(D-isomaltotriosilcarboniio)rapamicina;
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42-0-D-Celotetraosilcarbonilo)jrapamicina;
42-0{2-(D-Celotetraosilcarboniloxi)etilrapamicina;
31-0-(D-Celotetraosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-celotetraosilcarbonilo)rapamicina;
42-0O-(Valiolilcarbonilo)rapamicina
42-0-]2-(D-Vaiioliicarboniloxi)etiljrapamicina;
31-O-{Valiolilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(valiolilcarbonilo)rapamicina
42-0-(Valiolonilcarbonilo)rapamicina
42-0{2-(D-Valiolonilcarboniloxi)etiljlrapamicina,;
31-O-(Valiolonilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(valiolonilcarbonito)rapamicina
42-O-(Valienolilcarbonilo)rapamicina
42-0-2-(D-Valienolilcarboniloxi)etiljlrapamicina;
31-O-(Valienolilcarbonilo)rapamicina
42-0-{2-Hidroxietil)-31-O-(valienoliicarbonilo)rapamicina
42-0-(Valienoneilcarbonilo)raparicina
42-0-[2-(D-Valienoneilcarboniloxi)etillrapamicina;
31-0O-(Valienoneilcarbonilojrapamicina

42-0-(2-Hidroxietil)- 31-O-(valienoneilcarbonilo)rapamicina

[00109] Adicionalmente, el invento estd dirigido a un derivado de la
rapamicina que tiene {a formula estructural { en donde n=1, R' es H y R? es X-Z.

donde X es a enlace (linker), y Z es un medio carbohidrato independientemente
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seleccionado a partir del grupo conformado por un monosacarido, un oligosacarido

y una pseudoazucar.

[00110] El invento esta igualmente dirigido a una composicion farmacéutica
que comprende el derivado de carbohidrato de rapamicina antes mencionado, o
una de sus sales farmaceuticamente aceptables, y un portador farmacéuticamente

aceptable.

Preparacion de los Derivados de Carbohidrato de [a Rapamicina

[00111] El procedimiento general para sintetizar los derivados de
carbohidrato de la rapamicina del presente invento implica el acoplamiento de un
monosacarido, oligosacarido, pseudoazucar o derivado del azicar en las

posiciones 31 y/o 42 de la rapamicina activada.

[00112] Por ejemplo, segun se muestra en la Figura 2, la rapamicina () se
puede hacer reaccionar con p-nitrofenil cloroformato para lograr una rapamicina
activada (lli). Bajo condiciones controladas cuidadosamente, la reaccion tomara
preferencialmente lugar en la posicion del hidroxilo 42. Al alterar las condiciones
de reaccion, tanto los grupos 31 como 42 hidroxilos se podran activar de manera
analoga. La activacion selectiva del grupo 31 hidroxilo se puede lograr protegiendo
en primer término el medio 42 hidroxilo utilizando por ejemplo un grupo alquilsililo
tal como el trietilsililo, triisopropilsililo o ter-butildimetilsililo, y luego haciendo
reaccionar con p-nitrofenil cloroformato u otros cloroformatos. La remocion del

grupo protector producird entonces una rapamicina activada en la posicion
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hidroxilo 31. De esta manera, es posible preparar un derivado de la rapamicina

que se active selectivamente en la posicion 31, posicion 42, o ambas.

[00113] Desde este momento en adelante, en un segundo paso, un medio de
azﬁcar 0 un derivado del azdcar se hace reaccionar con una rapamicina activada
(Ill) hasta lograr un derivado de carbohidrato de la rapamicina. Cuando el grupo
funcional reactivo en el medio del azucar o el derivado del azucar sea un grupo
hidréxilo, la reaccion con la rapamicina activada podra tener lugar en un grupo
hidréxilo primario para formar un enlace de carbonato con la rapamicina. El enlace
(linker) resultante sera un grupo carbonilo. Cuando el grupo funcional reactivo en
el azucar o derivado del azdicar sea un grupo amino (el cual se puede ubicar en
cualquier posicién del aztcar), entonces un enlace del carbamato con la
rapamicina se producira y el enlace (linker) resultante sera un grupo carbonilo. Los
derivados del aztcar amino sustituida, por ejemplo el azucar-X-NH; o el azucar-
NH;, se podran preparar a partir de precursores utiizando métodos
convencionales. Por ejemplo, [a reduccion del azticar -X-Ns o la de-ftalilacion det
azucar-X-NPhth, en donde Phth es un ftalilo, producird el derivado del azucar
amino sustituido. Estos precursores se pueden sintetizar mediante la glicosidacion
de los medios del enlace (linker) con donantes del glicosilo activados

apropiadamente.

[00114] De esta manera, utilizando el enfoque general descritc en este

documento sera posible preparar una amplia gama de derivados del carbohidrato

)14
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de la rapamicina en donde los grupoes hidréxilos 31 y/o 42 se modifican con una

amplia gama de azticares o derivados de ésta.

[00115] Se indica que los grupos hidréxilos de la rapamicina o un metabolito
de ésta, incluyendo los que se ubican en posiciones distintas de la 31 y 42, podran
también glicosilatarse tal y como se describe en este estudio, y los derivados
resultantes del carbohidrato de la rapamicina también exhibiran condiciones mas
altas de hidrosolubilidad y/c farmacocinecia mejorada y/o mejores propiedades

farmacodinamicas en comparacion con sus contrapartes no glicosiladas.

[00116] Los metabolitos de la rapamicina son conocidos en la técnica. Por
ejemplo, Streit ef. al identificaron estructuralmente varios metabolitos de la
rapamicina tomados de microsomas de-higado humano. Ver, F. Streit et al., Drug
Metabol. Disp., 24, 1272 (1996). Estos incluyen 41-demetil rapamicina, 7-demetil
rapamicina, 11-hidroxi rapamicina, y un éster 24-hidroxi correspondiente a un
grupo de degradacion por hidrolisis de la rapamicina. Se ha demostrado
igualmente que los metabolitos de la rapamicina pueden someterse a esta
hidrolisis de éster. Streit también identifico parcialmente los di, tr, y tetra
metabolitos hidroxilados de la rapamicina. Wang et. al. encontraron 16 metabolitos
hidroxilados y/o demetilados en la bilis de ratas hembras tratadas con rapamicina.
Ver C.K. Wang et al., Proceedings of the 41* ASMS Conference on Mass
Spectrometry and Allied Topics, San Francisco, 545 (1993). Nickmilder et. al.
identificaron un metabolito de la rapamicina 3,4 y 5,6 dihidrodiol en microsomas de

higado de rata hembra. Ver, M.J.M. Nickmilder et al., Xenobiotica, 27, 869 (1997).
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En sangre entera, Streit el al. han identificado 41-demetil, hidroxi, dihidroxi y
didemetil metabolitos de la rapamicina. Ver, F. Streit et al., Clin. Chem., 42, 1417
(1998). Estos metabolitos fueron responsables del 56% del total de derivados de la
rapamicina medidos. Finalmente, Leung ef al. analizaron la disposicion de
['“C]-rapamicina en voluntarios hombres saludables. Los investigadores
encontraron que la rapamicina representaba aproximadamente el 35% de la
radioactividad total en sangre y que 41-demetil, 7-demetil, y varios hidroxi,
hidroxidemetil, y metabolitos de rapamicina didemeti representaban
individualmente entre 1 y 12% de la radioactividad total. Los metabolitos de la
rapamicina se pueden aislar a partir de una serie de puentes, que inciuyen pero no
se limitan a la sangre, orina 0 muestras de materias fecales, tomadas de

microsomas de higado o de cultivos de microorganismos.

[00117] De acuerdo con lo anterior, en adicion a 31- y 42-, los grupos
hidroxilos de interés particular incluyen aquellos que se encuentran en las
posiciones 27-, 41-, 3-, 4- 5-, 6-, 7-, 11- y 24- de la rapamicina y de los

metabolitos de la rapamicina.

Composiciones Farmacéuticas y Utilidad

[00118] Los compuestos de este invento se pueden administrar en forma
clara y nitida o con un portador farmaceéutico a un animal, que puede ser un
mamifero de sangre caliente, y especialmente a humanos, que lo requieran. Las
composiciones farmacéuticas pueden iambién contener otros medicamentos,
particularmente medicamentos de los cuales se sabe que presentan diversos
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mecanismos de accion. De esta manera, las composiciones farmacéuticas pueden
contener en adicion a los compuestos del presente invento, por lo menos un
medicamento de otra clase, por ejemplo, un inhibidor de la calcineurina, un
esteroide u otros compuestos inmunomodulatorios, que puedan interferir con la
sintesis del ADN o con la sefalizacion intra- o inter- celular u otros procesos
celulares. Entre los ejemplos de inhibidores de la calcineurina se pueden citar la
Ciclosporina A {que la suministra Novartis como Sandimmune® y Neoral® y
FK506 (que conoce también como tacrolimus ¢ Prograf® disponible a partir de
Fujisawa). Entre los ejemplos de derivados de la ciclosporina estan los divulgados
en WO099/18120. Entre los ejemplos de esteroides estdn la predisona,
prednisolona o metilprednisolona. Entre los ejemplos de estos compuestos
inmunomoduladores estan la azotioprina, acido micofendlico (micofenolato mofitil o
Cellcept® que suministra Roche), leflunomida que suministra Aventis, Brequinar,
Mizoribina, anticuerpos como el 1-LFA-1, y 1-ICAM-1, timoglobulina, IL2R
antagonistas que incluyen basiliximab (Stimultect®), y daclizumab (Zenapax®),
alemtuzumab (Campath 1H®, anticuerpc monoclonal humanizado que reconoce el
CD52), Ortoclone OKT3® o muromonab CD3, Atgam® globulina inmune de
linfocitos, ATG (globulina antitimocita), y otros compuestos. Los medicamentos
individuales, y el derivado de carbohidrato de la rapamicina, se pueden formular
en forma independiente como componentes claramente diferenciados de la

composicion farmaceéutica, y administrarse en forma conjunta o por separado.

[00119] El portador farmaceuticamente eficaz puede ser solido o ligquide. Un

portador sdlido puede incluir una o varias sustancias que pueden también actuar
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como agentes saborizantes, lubricant2s, solubilizadores, agentes suspensores,
rellenos, glidantes, ayudas para compresion, agiutinantes o agentes
desintegradores de tabletas, y puede ser también un material encapsulante. En los
poivos, el portador es un solido finamente dividido que se mezcla con el
ingrediente activo finamente dividido. En tabletas, el ingrediente activo se mezcla
con un portador que tiene las propiedades de compresion necesarias en
proporciones adecuadas y que se compacta en la forma y tamano deseados. Los
poivos y tabletas pueden contener hasta el 99% del ingrediente activo. Entre los
portadores sodlidos adecuados estan por ejemplo el fosfato de calcio, estearato de
magnesio, talco, azticares, lactosa, dextrina, aimidon, gelatina, celulosa, metil
celulosa, carboximetil celulosa sddica, polivinilpirrolidina, ceras de baja fusion y

resinas de intercambio de iones.

[00120] Los portadores liquidos se utilizan en preparacion de soluciones,
suspensiones, emulsiones, jarabes, elixires y composiciones presunzadas. E!
ingrediente activo se puede disolver o suspender en un portador liquido
farmacéuticamente aceptable como agua, solvente organico, mezcla de ambos o
aceites o grasas farmaceuticamente aceptables. El porador liquido puede
contener otros aditivos farmacéuticamente adecuados tales como solubilizadores,
emulsificadores, surfactantes, buffers, preservativos, edulcorantes, agentes
saborizantes, agentes de suspension, agentes engrosadores, colores, reguladores
de viscosidad, estabilizadores u osmo-reguladores. Entre los ejemplos adecuados
de portadores liquidos para administracion oral y parenteral estan el agua (que

parcialmente contiene aditivos como se sefialé anteriormente, como derivados de

e
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la celulosa, posiblemente solucion de carboximetil celulosa sédica), alcoholes (que
incluye alcoholes monohidricos y alcoholes polihidricos, como los glicoles) y sus
derivados, y aceites (por ejemplo, aceit2 de coco fraccionado y aceite de araquis).
Para la administracion parenteral, el portador también puede ser un éster aceitoso
como el etil oleato y el isopropil miristato. Los portadores liquidos estériles son
utiles en liquidos estériles que son composiciones para administracion por via
parenteral. E} portador liquido para composiciones presurizadas puede ser un

hidrocarbono halogenado u otro impulsor farmacéuticamente aceptable.

[00121] Las composiciones farmaceéuticas liquidas que sean soluciones o
suspensiones estériles son adecuadas para aplicacion por medio de inyecciones
intramusculares, intraperitoneales y subcutaneas. Las soluciones estériles también
se pueden administrar por via intravenosa. El compuesto también se puede
administrar por via oral ya sea en forma de composicion liquida o sdlida. La

administracién pulmonar también se contempla en este estudio.

[00122] La composicion farmacéutica puede presentarse en forma de
dosificacion unitaria, por ejemplo como tabletas o capsulas. En tales formas, la
composicion se subdivide en dosis unitarias que contiene cantidades apropiadas
del ingrediente activo; formas de dosis unitarias que se pueden presentar como
composiciones empacadas, por ejemplo, polvos empacados, vials, ampollas,
jeringas prellenadas o sachets que contengan liquidos. La forma de dosificacion
unitaria puede ser por ejemplo una capsula 0 una tableta en si misma, o bien
puede ser un nimero adecuado de tales composiciones en forma paquetes. La
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dosificacion que debe utilizarse en el tratamiento debera determinarse segun

criterio del médico tratante.

[00123] De manera adicional, los compuestos de este invento se pueden
emplear como una solucion, crema o locion mediante formulacion con vehiculos

farmacéuticamente aceptables que se |2 administren a un area afectada.

[00124] Los compuestos del presente invento pueden ser también utilizados
conjuntamente con un instrumental médico. Por ejemplo, un derivado de
carbohidrato de la rapamicina como componente de medicamento revestido o
stent intravascular impregnado pueden utilizarse para inhibir la proliferacion de
tejidos neointimos previniendo de esta manera la restenosis (ver por ejemplo la
Patente U.S. No. 5,665,728). Los derivados del carbohidrato de la rapamicina
también se pueden emplear como componente de otros dispositivos médicos de
medicamentos revestidos o impregnados tales como catéteres, bombas, o
dispositivos médicos para la administracion de un medicamento taies como perlas
(beads) o discos que contengan medicamentos. La presencia de la rapamicina,
que es un potente inmunosupresor, puede disminuir la inflamacién, rechazo u
otras respuestas inmunes a la presencia de estos implementos médicos

implantables en el organismo.

[00125] Los siguientes ejemplos se ofrecen para ilustrar el presente invento y

no deben interpretarse de ninguna manera como limites al alcance de este trabajo.
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EJEMPLOS

[00126] En los ejemplos a continuacion, las abreviaturas que alli aparecen
tendran ios significados que se indican. Si no se define una abreviatura, ésta

tendra su significado aceptado de manera generalizada.

g = Gramos

mg = Miligramos

kg = Kilogramos

mol = Milimol

M = Molar

N = Normal

mL = Mililitro

min = Minuto

BzCl = Benzoil cloruro

DMAP = 4-dimetilaminopiridina

DMS = Dimetil sulfato

Py = Piridina

DMF = N,N-dimetilformamida

Me = Metilo

HOAt = 1-hidroxi-7-azabenzotriazola
HOBT = 1-hidroxibenzotriazola hidrato
TBOMSICI = Tert-butildimetilsilio cloruro
AcOH =

Acido acético
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THF = Tetrahidrofurano
LCIMS o = Espectroscopia de cromatografia
LCMS liquida/masa
HPLC = Cromatografia liquida de alto desemperio
conc. = Concentrado
eq. = Equivalentes
[00127] En los siguientes ejemples y procedimientos, los materiales de

partida se obtienen en el comercio y son suministrados por Aldrich Chemical
Company, Inc., Miwaukee, WI 53233 USA; Lancaster Synthesis, Inc., NH 03087
USA; Sigma, St. Louis MO 63178 USA; Maybridge Chemical Co. Trevillett,
Tintagel, Comwall PL34 OHW United Kingdom; TC| America, Portland OR 97203;

Frontier Scientific, Utah, USA; and Bachem, Torrance, Califormia, Estados Unidos.
EJEMPLO 1
Sintesis de 42-O-(D-Fructosilcarbonilo)rapamicina

[00128] La Figura 3 muestra el método de sintesis para 42-O4D-
Fructosilcarbonilo)rapamicina. El procedimiento detallado es como se describe a

continuacion:
42-O-(4-nitrofeniloxicarbonilo)rapamicina

[00129] Una solucidn de 10.0 g de en 50mL de diclorometano y 10 mL de
piridina seca se enfiic a una temperatura de -78°C a una atmésfera de nitrégeno.
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A esta solucion se le agregaron 3.31 g de 4-nitrofeinl cloroformato y la mezcla de
reaccion se agité durante 1 hora a -78°C, y luego se paso directamente a
temperatura ambiente. La reaccion quedd completa luego de 2 horas. L.a mezcla
fue diluida con agua y extraida con diciorometano. La fase organica fue lavada con
agua, secada en Na;SO, y evaporada. La cromatografia sobre columna de silica
gel (solvente: hexanos — etil acetato, 2:1) produjo 9.86g de 42-O-(4-
nitrophenyloxycarbonilojrapamicina en forma de solido amarillento (se seco por
congelacion utilizando benceno). CsgHa:aN2017, M=1078.6; MS(ES+): m/z=1101.7

(M+Na)"
42-O-{D-Fructosilcarbonilo)rapamicina

[00130] A una solucion de D-fructosa (2.025g, 11.24mmol) y DMAP (250mg)
en N, N-dimetiformamida (25mL) se agrego 42-O-(4-nitrofeniloxicarbonilo)-
rapamicina (4.05g, 3.757mmol) y luego la mezcla de reaccion se agité a
temperatura ambiente durante 24 horas. E! solvente se evaporo a un alto vacio y
luego el residuo fue cromatografiado con flash en una columna de silica gel
utilizando diclorometano - metanol (9:1) como eluyente. El producto obtenido fue
repurificado en una columna preparatoria HPLC (80% metanol — 20% agua, con
flujo de 1OmL/min.), arrojando 1.461g de 42-O-(D-fructosiicarbonilo)rapamicina en
forma de sdlido blanco (secado por congelacion a partir del benceno).
CssHasNOzm, M=1119.6; MS(ES+): m/z=1142.7 (M+Na)*. De manera altema el

HOBT (o el HOAT) se pueden utilizar en lugar del DMAP como se describe en el
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EJEMPLO 2

[00131] De acuerdo con los procedimientos andlogos al descrito en el
Ejemplo 1, y empleando los azucares o derivados de azucares apropiados, se

pudieron obtener los siguientes compuestos:

42-0-(D-Glucosil=arbonilo)rapamicina
42-0O-(Metil-D-glucosiicarbonilo Jrapamicina
42-0-(D-Alosilcarbonilo)rapamicina
42-0-(D-Fructosilcarbonilo)rapamicina
42-0O-(L-Fructosilcarbonilo)rapamicina
42-0-(D-Fucitolilcarbonilo)rapamicina
42-0-(L-Fucitolilcarbonilo)rapamicina
42-0-(D-Glucalilcarbonilo}rapamicina
42-0-(L-Sorbosilcarbonito)rapamicina
42-0-(2-0O-Metil-D-fructosiicarbonilo)rapamicina
42-0-(D-Lactalitcarbonilo)rapamicina
42-0-(D-Sucrosilcarbonilo)rapamicina
42-0-(D-Gentobiosilcarbonilo)rapamicina
42-0-(D-Celobiosilcarbonilo)rapamicina
42-0-(D-Turanosilcarbonilo)rapamicina
42-0-(D-Palatinosilcarbonilo)rapamicina
42-0-(D-Isomaitosiicarbonilo)rapamicina

42-0O-(D-Maltulosilcarbonilo)rapamicina
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42-0-(D-Mattosilcarbonilo)rapamicina
42-0-(D-Lactosilcarbonilo)rapamicina
42-0-(Metil-D-lactosilcarbonilo)rapamicina
42-0-(D-Melibiosilcarbonilo)rapamicina
42-O-(D-Leucrosilcarbonilo)rapamicina
42-O-(D-Rafinosilcarbonilo)rapamicina
42-O-(D-Isomaltotriosilcarbonilo)rapamicina

42-0-(D-Celotetraosilcarbonilo)rapamicina
EJEMPLO 3
Sintesis de 31-O-{D-Fructosilcarbonilo)rapamicina

[po0132] La Figura 4 muestra el método de sintesis para 31-O-(D-
Fructosilcarbonilo)rapamicina. El procedimiento en detalle se describe a

continuacion:
42-O-(tert-Butildimetilsililo)rapamicina

[00133] A una solucion de rapamicina (10g) e imidazola (2.2g) en N N-
dimetilformamida (40mL) se agregoé cloruro de ter-butildimetitsililo (1.76g) y luego
[a mezcla de reaccion se agité a temperatura ambiente bajo nitrégeno durante 5
dias. El solvente fue evaporado a un vacio elevado y el residuo fue
cromatografiado en una columna de silica gel (solvente: hexanos - etil acetato, 3:2)
produciendo 5.84g de 42-O-(tert-butildimetilsilio)rapamicina como espuma

blancuzca. Cs7HgsNO13Si, M=1027.6; MS(ES+): m/iz=1050.7 (M+Na)*
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42-O-(tert-Butildimetilsililo)-31-O-(4-nitrofeniloxicarbonilo)rapamicina

[00134] El 42-O-(fert-Butildimetilsililo)rapamicina (5.84g) se disolvid en
diclorometano (30mL) y se agrego piridina (6mL), 4-nitrofenil cloroformato (2.582g)
y luego la mezcla de reaccion se agitd bajo nitrogeno a temperatura ambiente
durante 2 horas. Los solventes fueron evaporados y el residuo se purificé en una
columna de silica gel. Las elusiones con hexanos - etil acetato (3:1) produjeron el
compuesto del titulo en forma de espuma amarillenta (5.4g). CesHeeN20178i,

M=1192.6; MS(ES+): m/z=1215.6 (M+Na)*
31-O-(4-nitrofeniloxicarbonilo)rapamicina

[00135] El 42-0O-(tert-Butildimetilsilil)-31-O-(4-nitrofeniloxicarbonilo)
rapamicina (5.4g) se disolvid en una mezcla de 4&cido aceético (30mL),
tetrahidrofurano (10mt) y agua (10mL). Luego se agitd a temperatura ambiente
durante 20 horas. La mezcla de reaccion se diluyd con agua y se extrajo con etil
acetato (3 x 200mL). La fase organica se seco en sulfato sodico anhidrido, se filtro
y evaporo. La cromatografia en columna de silica gel (solvente: hexanos — etil
acetato, 3:2) produjo 2.1g de 31-O-(4-nitrofeniloxicarbonilo)rapamicina en forma de
s6lido amarillento (secado por congelacion a partir del benceno). CsaHazN2047,

M=1078.6; MS(ES+): m/z=1101.6 (M+Na)"
31-O-(D-Fructosilcarbonilo)rapamicina

[00136] Una mezcla de 31-O-(4-nitrofeniloxicarbonilo)rapamicina (1.3g), D-

fructosa (0.434g), y 1-hidroxibenzotriazola (HOBT) (0.325g) en piridina seca
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(20mL) se agito a temperatura ambiente durante 3 dias. Luego, el solvente se hizo
evaporar bajo una presion reducida y ei residuo se cromatografio en columna de
silica gel. La elusion con diclorometano - metanol (10:1) proporciond 31-O-(D-
fructosilcarbonilo)rapamicina (0.625g, 46%) en forma de sélido blanco (secado por
congelacion a partir del benceno). CssHgsNOz2, M=1119.6; MS(ES+): m/z=1142.7
(M+Na)*

[00137] De manera andloga, se preparé igualmente 31-O-(D-
alosilcarbonilo)rapamicina. Adicionaimente, en forma altema, se puede utilizar el

DMAP en lugar del HOBT como se sefiala en el Ejemplo 1.

Ejemplo 4

Sintesis de 42-O-(2-O-metil-B-D-fructosilcarbonilo)rapamicina
1,3,4,5-Tetra-O-benzoil-8-D-fructopiranosa

~ Una mezcla de piridina anhidrida (52 mL), benzoil cloruro (51.5 ml., 0.444 mmol) y
diclorometano anhidrido (125 mL) se enfrio a -10°C. Se agregé fructosa finamente
pulverizada (20 g, 0.111 mmol) por porciones y luego la mezcla de reaccion se
agité a -10°C durante 18 horas. La mezcla de reaccidn se neutralizo con agua
helada, se diluyo con diclorometano y se transfiric a un embudo de separacion. La
capa organica fue separada y lavada con acido citrico al 5%, bicarbonato sddico
saturado, agua, y se sect en una preparacion de sulfato sodico. Luego se filtro y el
solvente se evaporo. El residuo se disolvio en dietil eter (75 ml) luego se agregé
lentamente a los hexanos (300 mi) hasta lograr un soélido blanco que al secarse

produjo 58.9 g (89 %) de 1,3,4,5-tetra-O-benzoil-B-D-fructopiranosa.
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1,3,4,5-Tetra-O-benzoil-2-0O-metil-B-D-fructopiranosa

[00138] A una solucion de 1,3,4,5-tetra-O-benzoil-B-D-fructopiranosa (10.00g,
16.8mmol) en acetona (40 mL) se agrego dimetil sulfato (2.4ml, 25.16 mmoles, 1.5
eq.) seguido de carbonato potasico (3.48g, 25.16 mmoles) y la mezcla de reaccion
se agitd a 50°C bajo nitrogeno durante 18 horas. Los solventes se removieron al
vacio y el residuo resultante se disolvio en etil acetato (150ml), se lavd con acido
citrico al 5%, agua, sal muera, se sec en sulfato sédico, se filtré y concentrd
hasta lograrse un solido aceitoso. La purificacion en columna de silica gel (hexano:
etil acetato, 4:1) produjo 10.0g (98%) del compuesto de la titulacién en forma de

espuma blanca.

2-O-metil-B-D-fructopiranosa

[00139) Una solucion de metoxido sodico (0.5 M en metanol, 10.0ml) se
agreg0 a una solucion agitada vigorosarnente de 1,3,4,5-tetra-O-benzoil-2-O-metil-
B-D-fructopiranosa (10.0g, 16.4 mmol) en metanoi anhidrido. Después de agitar
durante 1.5 horas a temperatura ambiente la reaccion quedo completa. El pH se
ajusto a 7.0 con Amberlite IRC-50 (~4.0g). Los soélidos se removieron por filtracién
y el fitrado se concentrd al vacio. La purificacion en columna de silica gel
(metanol: diclorometano, 4.1 y 3:1) permitié obtener el producto en forma de

espuma blanca de 2.70 g (81%).

42-0-(2-0O-metil-p-D-fructosilcarbonilo)rapamicina
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[00140] Una mezcla de 42-O-(4-nitrofeniloxicarbonilo)rapamicina (10.0 g, 9.3
mmol), 2-O-metil-D-fructopiranosa (6.2g, 28mmol, 3eq.), y 1-hidroxi-7-
azabenzotriazola (HOAt) (2.5g, 2eq.) en piridina seca (60mL) se agitd a
temperatura ambiente durante 4 dias. Luego, el soivente se evapord bajo presion
reducida y el residuo fue redisuelto en etil acetato, y lavado con agua. La capa
organica se evaporo y el residuo se cromatografié en una columna de silica gel. La
elusion con diclorometano — metanol (100:5) produjo 42-0-(2-O-metilB-D-
fructosilcarbonilo)rapamicina (4.7g,) en forma de sdlido blanco (secado por
congelacion a partir del benceno). CsgHgiNOz, M=1133.7; MS (ES+): m/z=1156.7

(M+Na)*
EJEMPLO §

Estabilidad de Derivados del Carbohidrato de Rapamicina hacia una

Hidrélisis en Medios Acidos

[c0141] La estabilidad hacia la hidrolisis de diversos derivados del
carbohidrato de rapamicina en medios &cidos se investigd disolviendo los
compuestos en 70/30 metanol/0.1N HCI (pH 1.5) y luego midiendo mediante el
HPLC la cantidad de rapamicina libre en las muestras a 1 hora para determinar el

alcance de la hidrolisis. Los resuitados se resumen en la Tabla 2.

TABLA 2. HIDROLISIS CATALIZADA POR ACIDO DE DERIVADOS DE CARBOHIDRATO DE

RAPAMICINA

Compuesto Grado de Hidrolisis (%)
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42-O-(D-Fructosilcarbonilo)rapamicina <1
42-0-(D-Glucosilcarbonilo)rapamicina <1
42-0-(D-Maltulosilcarbonilo)rapamicina <5
42-0-(L-Fucitolilcarbonilo)rapamicina <1
42-0-(D-Lactalilcarbonilo)rapamicina <1
31-0-(D-Fructosilcarbonilo)rapamicina <1
42-0-(D-Alosilcarbonilo)rapamicina <1

[00142] Como se puede observar en la Tabla 2, todos los compuestos

mostraron buena estabilidad en medios acidos con poca hidrolisis o hidrélisis casi

no observada.

EJEMPLO B

Hidrélisis de Derlvados de Carbohidrato de Rapamicina en Sangre Entera

Humana

[00143] La capacidad de diversos derivados de carbohidrato de rapamicina

de liberar rapamicina libre via hidrolisis en sangre entera se investigé haciendo

spiking de compuestos en sangre entera humana y iuego midiendo por HPLC la

cantidad de rapamicina libre en las muestras a 1 hora para determinar el alcance

de la hidrolisis. Los resultados se resumen en la Tabla 3.

6l
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TABLA 3. HIDROLISIS DE DERIVADOS DE CARBOHIDRATO DE RAPAMICINA EN SANGRE

ENTERA
Compuesto Grado de Hidrélisis (%)

42-0-(D-Fructosilcarbonilo)rapamicina 2812
42-0O-(D-Glucosilcarbonilo)rapamicina 511

42-0-(D-Maltulosilcarbonilo)rapamicina 1314
42-0-(L-Fucitolilcarbonilo)rapamicina 3114
42-O-(D-Lactalilcarbonilo)rapamicina 241

31-O-(D-Fructosilcarbonilo)rapamicina 2310.5
42-0O-(D-Alosilcarbonilo)rapamicina 3914
31-0-(D-Alosilcarbonilo)rapamicina 3412

[00144] Como se observa en la Tabla 3, el grado de hidrolisis en sangre

entera humana varié en gran medida de acuerdo con la naturaleza del medio de
carbohidrato. La incorporacion via uniones de carbohidrato de azucares tales
como D-fructosa, L-fucitol o D-alosa por lo general condujeron a un grado mayor
de hidrélisis de lo observado cuando se utilizé D-glucosa, D-maltulosa, y D-actal.
Los resultados muestran también que cuando se escoge un azicar adecuado,
tanto el 31-O- como el 42-O- de derivados del carbohidrato de rapamicina son
eficaces para la liberacion de la rapamicina libre en sangre entera.
Adicionalmente, experimentos similares anteriores que investigaron la hidrolisis en

sangre entera de derivados de carbohidrato de rapamicina con enlaces de
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carbamato mostraron poca o ninguna hidrolisis en contraposicién con muchos de

los compuestos con uniones de carbonato seiialados en la Tabla 3.
Ejemplo 7

Comparicion de la Actividad inmunosupresora /n Vitro de los Derivados de

Carbohidrato de Rapamicina con Carbonato y Enlaces de Carbamato

[00146] La actividad inmunosupresora de la rapamicina, 42-O-(D-
Fructosilcarbonilo)rapamicina y de un analogo enlazado con el carbamato de 42-
O-(D-Fructosilcarbonilo)rapamicina (fcrma no  hidrolizable de 42-O-D-
Fructosilcarbonilo)rapamicina) se evalué en cultivos primarios de linfocitos
sanguineos (PBMC) utilizando azul alamar como un medio para detectar
proliferacién celular. El anadlogo de carbamato de 42-O-(D-Fructosilcarbonilo)-
rapamicina se forma a partir de un amino azlUcar en donde el medio de
carbohidrato se adhiere al enlace (linker) carbonilo a través del atomo amino
nitrégeno del amino azicar, formando de esta manera un enlace de carbamato. La
Figura 5 ilustra que la 42-O-(D-Fructosilcarbonilo)rapamicina muestra inhibicién de
proliferacion celular equivalente a la rapamicina, en tanto que el analogo enlazado
con el carbamato no hidrolizable no posee ninguna actividad inmunosupresora
intrinseca. Estos datos indican que la espacie activa es rapamicina resultante a
partir de la hidrélisis de 42-O-D-Fructosilcarbonilo)rapamicina en el curso de un
cultivo de 3 dias, y no de la 42-O-(D-Fructosiicarbonilo)rapamicina no hidrolizada.
En otras palabras, ia prodroga no demuestra poseer ninguna actividad

inmunosupresora intrinseca, y debera hidrolizarse en rapamicina con el propésito
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de que exhiba el efecto famacologico deseado. Este experimento demuestra
también la importancia de la seleccion del enlace entre el medio carbohidrato y la
rapamicina como sucede para este ejemplo en particular, que un enlace de
carbonato permite que ocurra la hidrolisis deseada, en tanto que el enlace de
carbamato permanece intacto y no hay liberacién de rapamicina o ésta se libera

muy poco.
EJEMPLO 8

Comparacion de los Perfiles Farmacocinéticos de la Rapamicina y Derivados

de Carbohidrato de Rapamicina en Ratas Hembras

[00146] Los perfiles farmacocinéticos en ratas hembras de derivados de
carbohidrato de rapamicina seleccionacos se determinaron con el propdsito de
investigar la capacidad de los derivados de producir rapamicina libre dentro del
flujo sanguineo in vivo. Brevemente, se dosificaron por via oral las ratas Sprague
Dawley con rapamicina y derivados a 2.5 o 10 mg/kg. Se extrajo luege sangre
entera via sangrado yugular en el curso de 24 horas con congelacion a -20°C
hasta cuando se hizo el andlisis. La sangre entera se analizé mediante
espectrometria de masa de cromatografia liquida para detectar la presencia de

rapamicina. Los resultados se resumen en las Figurar 6, 7 y B.

[00147] Como se. puede observar en las Figuras 6 y 7, mediante la
administracion oral de rapamicina se observd un rapido aumento en la

concentracién de la rapamicina en sangre y una concentracion maxima se alcanzo
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al cabo de 30 minutos aproximadamente. El nivel de rapamicina luego descendid

en forma bastante rapida durante las siguientes horas. Se observa un perfil simiiar
para el 42-O-(D-glucosilcarbonilo)rapamicina. Lo sorprendente en este caso es
que cuando la 42-O-(D-fructosilcarbonilo)rapamicina o 42-O-(L-fucitoliicarbonilo)-
rapamicina se administraron por via oral el nivel de rapamicina en sangre se elevo
gradualmente hasta alcanzar una concentracion maxima al cabo de 3 horas
aproximadamente antes de descender gradualmente con el paso del tiempo
(Figura 6). Se observo un perfil similar para 31-O-(D-fructosilcarbonilo)rapamicina
y para 31-O-(D-alosilcarbonilo)rapamicina (Figura 7) como también para 42-O-D-
alosilcarbonilojyrapamicina, 42-O-(D-sorbosilcarbonilo)rapamicina y 42-0-(2-O-
metil-D-fructosilcarbonilo)rapamicina (Figura 8). La cinética retardada que se
observo para compuestos seleccionados puede ofrecer la ventaja de permitir una
menos frecuente dosificacion que la se observa tipicamente para la rapamicina.
Adicionalmente, el aumento gradual en la concentracidon de rapamicina asociado
con derivados seieccionados de carbohidrato de rapamicina puede aliviar los
efectos toxicos asociados con el rdpido aumento en la concentracién del farmaco

cuando la rapamicina en si misma se administra por via oral.

[00148] Una segunda observacion a partir de las Figuras 86, 7 y 8 es que la
variabilidad en la concentracion de la rapamicina, como se demostré mediante las
desviacion estandar indicadas en los gréficos, fue considerablemente menor para
los derivados de carbohidrato de la rapamicina que para la rapamicina misma. Asi

las cosas, los compuestos del presente invento pueden también tener la ventaja
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de una reduccion en la variabilidad inter-individual que podria permitic una

dosificacion mas consistente y predecible.

[00149) Estos experimentos dernostraron que la seleccion cuidadosa del
sustituto glicosilo tiene un impacto profundo sobre los perfiles farmacocinéticos de
los derivados del carbohidrato de la rapamicina y que los compuestos del presente
invento pueden poseer una considerable ventaja, incluyendo ventajas

farmacocinéticas, sobre la rapamicina misma.
EJEMPLO 9

Comparacion de Toxicidad del Tracto Gastrointestinal de la Rapamicina y 42-

O-{D-Fructosilcarbonilojrapamicina en Modelo Canino

[00150] Se considera que los perros Beagle son un modelo hipersensible de
toxicidad del tracto gastrointestinal que se asocia con la rapamicina. Ver S.N.
Sehgal et al, Medicinal Research Reviews 14, 1 (1994). Incluso las cortas
exposiciones a bajas dosis de rapamicina aplicadas por via oral a perros segun se
sabe dan como resultado una rapida pérdida de peso debida a la ulceracion que
ocurre desde la boca hasta el colon en forma secundaria a la vasculitis fibrinoide
necrotizante. Segun se resume en la Tabla 4, cuando a dos perros beagle se les
aplicé una sola dosis oral de rapamicina a 10 mg/kg ambos perros se mostraron
letargicos y perdieron mas del 30% de su peso corporal en menos de una semana
dando como resultado una reduccion en la ingesta alimentaria. Los animales no se
recuperaron. A otro perro beagle que se le aplico la misma dosis de 42-O-(D-
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fructosilcarboniloyrapamicina no mosiré cambios fisicos evidentes y mantuvo una

ingesta nomal del alimento. Todos estos tres peros tuvieron niveles similares en

sangre de rapamicina segun mediciones hechas por LCMS. En un cuarto perro

una dosis de 1 mg/kg 42-O-(D-fructosilcarbonilo}rapamicina dio como resultado

una ligera letargia pero el perro se recupero rapidamente. Una dosis posterior de

rapamicina (1mg/kg) una semana mas tarde dio como resultado una letargia

severa y pérdida de peso corporal, de lo que el animal no se pudo recuperar.

TABLA 4. TOLERABILIDAD GASTROINTESTINAL EN PERROS BEAGLE

Perro Tratamiento Dosis
Observaciones
# medicamentoso {mgl/kg)
Letdrgico con pérdida
1 Rapamicina 10 de peso del 30% sin
recuperacion
Letargico con pérdida
2 Rapamicina 10 de peso del 30% sin
recuperacion
42-0+D-
3 Fructosilcarbonilo) 10 Normal
rapamicina
42-0-(D-
Letargico con
4 Fructosilcarboniio) 1
Recuperacion
rapamicina

67
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Perro Tratamiento Dosis l !
Observaciones !
# medicamentoso (mg/kg)
Pérdida de peso
4 Rapamicina 1 corporal del 30 % sin
recuperacion
[00151] Este experimento demuestra claramente que la administracion oral

de 42-O-(D-fructosilcarbonilo)rapamicina dio como resultado poco o ningun signo
claro de toxicidad gastrointestinal en un modeio de perro hipersensible en
comparacion con la rapamicina que condujo a signos de severa toxicidad. Este
resultado demuestra ademas el potencial de los derivados de carbohidrate de
rapamicina del presente invento para mejorar el perfil farmacodinamico de la

rapamicina.
Ejemplo10

Comparacion de los Niveles de Colesterol en Suero en Ratas Hembras

Tratadas con Rapamicina y 42-O-{D-Fructosilcarbonilo)rapamicina

[00152] El 42-O-(D-fructosilcarbonilo)rapamicina y [a rapamicina se probaron
cabeza con cabeza en ratas hembras Sprague-Dawley para detectar cambios en
el nivel de colesterol. Las ratas (n = 12) fueron dosificadas diariamente durante 12
dias con dosis equivalente (2.5 mg/kg/dia) de rapamicina o 42-O-(D-

fructosilcarbonilo)rapamicina. Los niveles de colesterol fueron medidos a las 24

Ros. 5996 de 1032 doi Min. de

15F

GABRIEL m}g %qgm .
Traductore | icial
sty
Extanores

i de Retaciones

63



\3%

PATENTE
Expediente No. 550

horas para detectar el nivel en el dia 11. Los resultados (Figura 9) indican que
estas ratas tratadas con rapamicina desplegaron niveles significativamente
aumentados de colesterol en relaciéon con un grupo vehiculo de control, en tanto
que los niveles de colesterol en el grupo de 42-O-(D-fructosilcarbonilo)rapamicina
fueron significativamente menores (p < 0.01) en comparacion con el grupo de
rapamicina y no presentaron diferencias significativas con el vehiculo. Es
importante tener en cuenta que ambos compuestos mostraron una eficacia
equivalente en un modelo de transplante de corazén heterotropico en rata hembra
utilizando la misma dosis de 2.5 mg/kg/dia que se empleo para este estudio
(Ejemplo 12). Este experimento demuestra la capacidad que tienen los derivados
de carbohidrato de rapamicina para mejorar el perfil de efectos colaterales de la

rapamicina mientras se mantiene su eficacia.
EJEMPLO 11

Comparacion de la Agregacion Plaguetaria Debida a la Rapamicina y 42-O-
(D-Fructosilcarbonilo)rapamicina en un Ensayo Lavado de Agregacion

Plaguetaria Humana

[00153] La agregacion plaquetaria seguln se cree es un efecto colateral de la
rapamicina y se ha implicado en el rechazo cronico cada vez mayor y otros efectos

colaterales a largo plazo relacionados con el uso de la rapamicina para

transplantes. (Ann Babinska et. al., Enhancement of Human Platelet Agagregation
and Secretion Induced by Rapamycin. (1898) Nephrology Dialysis Transpiantation

Vol. 13 pp. 3153-3159. Estos experimentos se llevaron a cabo utilizando plaquetas
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humanas recién lavadas estimuladas con 2 yM ADP y sometidas a spiked con
Rapamicina 0 con 42-O-{D-Fructosilcarbonilo)rapamicina en un tiempo cero. La
agregacion plaquetaria tratada se pudo leer continuamente en un periodo de 8 a

10 minutos en un Agregometro Plaquetario ChronoLog™.

[00154] La Figura 10 muestra un grafico de agregacién plaquetaria
porcentual versus tiempo para dos concentraciones de rapamicina, 1 yg/ml y 25
Hg/ml. La Figura 10 ilustra que la rapamicina induce la agregacion plaquetaria de
una manera dependiente de la dosis. La rapamicina en la dosis de 1 pg/ml indujo
agregacion plaquetaria en aproximadamente el 20% después de transcurridos 8
minutos. La rapamicina con la dosis de 25 pug/ml indujo una agregacién plaquetaria
de aproximadamente el 70% después de 8 minutos. La Figura 11 muestra un
grafico de agregacion plaquetaria pcrcentual versus tiempo para plaquetas
humanas lavadas, estimuladas con 2 yM ADP dosificadas con 25 ug/ml de
rapamicina o de 25 pg/ml 42-O-(D-Fructosilcarbonilo)rapamicina. La Figura 11
muestra que si bien la rapamicina induce aproximadamente el 80% de agregacion
plaguetaria después de B minutos, la 42-O-(D-Fructosilcarbonilo)rapamicina no
muestra ninglin efecto medible en agregacién plaquetaria durante el mismo

periodo. GABRIEL RUEW '
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EJEMPLO 12
Sobrevivencia de Injertos de Aloingertos Cardiacos Heterotopicos en Ratas
que recibieron por Via Oral 42-O-(D-Fructosilcarbonilo)rapamicina (2.5 y 10

mg/kg/dia), Rapamicina (2.6 mg/kg/dia), o un Vehiculo

[00165] Los transplantes heterotdpicos fueron administrados en la aorta
abdominal y en la vena cava inferior de un corazén genéticamente no acoplado
(alogénico) tomado de ratas Wistar Furth y con aplicaciéon a ratas Lewis. Los
controles (vehicuio y Rapamicina a 25 mg/kg/dia) o 42-O-(D-
Fructosilcarbonilo)rapamicina, a 2.5 y 10 mg/kg/dia se administraron una vez al
dia mediante gavage oral a receptores de transplante (6 ratas por grupo) a partir
de 3 dias con anterioridad al transplante y continuando durante 30 dias post-
transplante. Si se registro alguna disfuncion del injerto durante el periodo post-
transplante de 30 dias, el animal se sacrificaba. Si el animal sobrevivia mas de 30
dias post-transplante, los articulos de prueba y de control se descontinuaron y el
animal se dejaba que continuara hasta cuando se registrara una disfuncion de
injerto, o hasta alcanzar los 100 dias post-transplante. Las tasas promedio de
sobrevivencia para cada grupo de animales receptores se resumen en la Tabla 5y
en la Figuma 12. Segun se observa en la Tabla 5, la 42-O-D-
Fructosiicarbonilo)rapamicina prolongo la sobrevivencia del injerto a niveles de
dosificacion de 2.5 y 10 mg/kg/dia por 214 y 341% sobre el control de vehicuio.
Este valor fue similar a la sobrevivencia prolongada exhibida por la rapamicina a la
dosis de 2.5 mg/kg/dia. La Figura 12 lustra que la 42-O-(D-
Fructosilcarbonilo)rapamicina prolongo la sobrevivencia del injerto sobre el
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vehiculo como sucedio con la rapamicina al nivel de dosis de 2.5 mg/kg/dia. Estos
datos demuestran la actividad inmunosupresora de la 42-O-(D-

Fructosilcarbonilo)rapamidina para prevenir el rechazo de los injertos.

TABLA 5. TASAS PROMEDIO DE SOBREVIVENCIA DESPUES DE TRANSPLANTES CARDIACOS

EN RATAS HEMBRAS HETEROTOPICAS (N=6)

Tiempo Promedio de-Sobrevivencia (dias post-transplante)

Medio £ SEM
) o ] ] 42-0-(D-
(mgikgidia; Conuu ue
Rapamicina | Fructosilcarbonilo)rapamicin
Vehiculo
a

0 1312

2.5 39 +4 41 £+ 4*

10 57+4

*n=5
[00156] Aun cuando algunas presentaciones del invento se encuentran

especificamente divuigadas y descritas en este documento, se podran apreciar
que muchas modificaciones y variaciones del presente invento son posibles a la
luz de las ensefianzas anteriores y dentro del alcance de las reivindicaciones

adjuntas sin separarse del espiritu y alcance del invento.

[00157] Todas las publicaciones anteriores al igual que las demas referencias

gue se mencionan en este documento se incorporan al mismo a manera de
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referencia en su totalidad en la misma medida como si cada una de las

publicaciones individuaies se hubiese indicado de manera especifica e individual

como incorporada a este documento & manera de referencia en su totalidad

Reivindicaciones:

1.

Un derivado de carbohidrato de rapamicina que tiene la estructura de
la formuia (1):

RY(OCHIO, A~

(2 1
na. HA / ""f{l
(L 1-4 %] I E
/\“"""\/\/\
[ | : i I
‘\N/\"/U 1% Ai’UK
I 7 -
TN Y Meo™ Y
. | aOH |
Y o ome 7\
| | z /
NS ms NN NN
i

donde

R' v R? son independientemente hidrégeno o -X-Z

Donden=001;y

Donde cada X es un enlace (linker), y cada Z es un medio

carbohidrato seleccionado independientemente a partir del

grupo conformado por

monosacdrido, oligosacarido vy

pseudoazucar, donde Z se adhiere a X a traves de un atomo

de oxigeno hidroxilo de Z con la condicién de que R' y R? no
sean ambos hidrogeno.
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2. El derivado de carbohidrato de rapamicina de la reivindicacion 1,
donde R es hidrégeno v
R? es —X-Z.
3. El derivado de carbohidrato de rapamicina de la reivindicacion 2,
donde X se selecciona partir del grupo conformado por:
i R*CO)>-
(i) -COR>*:
(iy -R3S(O)H-v
(iv) -S(0LR3-
donde R® se selecciona a partir del arupo conformado por:
(8 ~CHaz),- donde p es un entero de 1 a 18;
(b) HCHz}»-O«(CHz)m- donde n y m son cada uno de ellos de
manera independiente un enterode 2 a 6; y
(¢) unenlace.
4, El derivado de carbohidrato de rapamicina de ia reivindicacion 3,
donde X se selecciona a partir del grupo conformado por -C(O)- y -S0--.
5. El derivado de carbohidrato de la rapamicina de la reivindicacion 2,
donde X es un solo grupo funcional.
6. El derivado de carbohidrato de rapamicina de la reivindicacién 2,
donde Z se selecciona a partir del grupo conformado por fructosa, fucitol y alosa.

7. El derivado de carbohidrato de rapamicina de la reivindicacion 6,

donde Z es D-fructosa. GABRIEL RUE w
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8. El derivado de carbohidrato de rapamicina de la reivindicacion 3,
donde Z es un derivado monosacarido en donde por lo menos uno de los grupos
hidroxilos del monosacarido se reemplaza por hidrogeno, alcoxi, alcanoato o grupo
halogeno.

9. El derivado de carbohidrato de rapamicina de la reivindicacion 1,
donde R' es —X-Z v R? es hidréaeno.

10. El derivado de carbohidrato de rapamicina de la reivindicacion 9,
donde X se selecciona a partir del grupo conformado por:

i  -R’C(O)-

(il -CIOR>-

(il -R3S(O%- v

(iv) -S(0HRY:

donde R® se selecciona a partir del arupo conformado por:

(a) -(CH3)p- donde p es un enterc de 1 a 18,
(b) ACHz)i-O-(CHz)m- donde n y m son cada uno de ellos de
manera independiente un enterode 2 a 6; y

(c) unenlace.

11. El derivado de carbohidrato de rapamicina de la reivindicacion 3,
donde X se selecciona a partir del grupo conformado por -C(0)- y —SO»-.

12.  El derivado de carbohidrato de la rapamicina de la reivindicacién 2,

donde X es un solo grupo funcional. GABRIEL RU i -
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13. El derivado de carbohidrato de rapamicina de la reivindicacion 2,
donde Z se selecciona a partir del grupo conformado por fructosa, fucitol y alosa.

14. El derivado de carbohidrato de rapamicina de la reivindicacién 8,
donde Z es D-fructosa.

15. El derivado de carbohidrato de rapamicina de la reivindicacion 3,
donde Z es un derivado monosacarido en donde por lo menos uno de los grupos
hidréxilos del monosacarido se reemplaza por hidrogeno, alcoxi, alcanoato o grupo

halégeno.

[00158] 16. Un derivado de carbohidrato de rapamicina que se selecciona a

partir del grupo conformado por:
42-0-(Metil-D-glucosilcarbonilo)rapamicina,;
42-0-2-(Metil-D-glucosilcarboniloxi)etijrapamicina,
31-O-(Metil-D-glucosilcarbonilo)rapamicina,
42-0-(2-Hidroxietil)-31-O-(metil-D-glucosilcarbonilo)rapamicina;
42-0-(2-0-Metil-D-fructosilcarbenilo)rapamicina;
42-0-{2-(2-O-Metil-D-fructosilcarboniloxi)etiljrapamicina;
42-0-(2-0O-Metil-L-fructosilcarbonito)rapamicina;
42-042-(2-O-Metil-L-fructosilcarboniloxi)etifjrapamicina,
31-0-(2-O-Metil-D-fructosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0-(2-O-metil-D-fructosilcarbonilojrapamicina;
31-0-(2-O-Metil-L-fructosilcarbonilo)rapamicina;

42-0-(2-Hidroxietil)-31-0-(2-O-metil-L-fructosilcarbonilo)rapamicina,

42-0-(D-Alosilcarbonilo)rapamicina; ", GABRIEL H@%ﬂlﬂ/
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42-0{2-(D-Alosilcarboniloxi)etiljrapamicina,
42-0O-(L-Alosiicarbonilo)rapamicina;
42-0{2-(L-Alosilcarboniloxi)etiljrapamicina;
31-0-(D-Alosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-alosilcarbonilo)rapamicina;
31-O-{L-Alosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil}-31-O-(L-alosilcarbonilo)rapamicina;
42-0O~(D-Fructoslilcarbonilo)rapamicina;
42-0{2-(D-Fructosilcarboniloxi)etilJrapamicina;
42-0O-(L-Fructoslilcarbonilo)rapamicina;
42-0-[2-(L-Fructosilcarboniloxi)etiljrapamicina;
31-0-(D-Fructoslilcarbonito)rapamicina;
42-0-(2-Hidroxietit)-31-0O-(D-fructoslilcarbonilo)rapamicina,
31-O-(L-Fructoslilcarbonilo)rapamicina,;
42-0-(2-Hidroxietil)-31-O-(L-fructoslilcarbonilo yrapamicina;
42-O-(D-Fucitolilcarbonilo)rapamicina;

42-0{2-(D-F ucitolilcarboniloxi)etiljrapamicina;
42-0O-(L-Fucitolilcarbonilo)rapamicina;
42-0{2-(L-Fucitolilcarboniloxi)etiljrapamicina;
31-0O-(D-Fucitolilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-({D-fucitolilcarbonilo)rapamicina;
31-0O-(L-Fucitolilcarbonilo)rapamicina;

42-0-(2-Hidroxietil}-31-O-(L-fucitolilcarbonilo)rapamicina,
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42-0-{D-Glucalilcarbonilo)rapamicina;
42-0{2-(D-Glucalilcarboniloxi)etiljrapamicina;
42-0D-Glucosilcarbonilo)rapamicina,;
42-0{2-(D-Glucosilcarboniloxi)etilfrapamicina;
42-O-L-Glucosilcarbonilo)rapamicina;
42-0-2-(L-Glucosilcarboniloxi)efiljrapamicina;
31-0O-(D-Glucalilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-glucalilcarbonilo)rapamicina;
31-0-(D-Glucosilcarbonilo}rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-glucosilcarbonilo)rapamicina;
31-O-(L-Glucosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(L-glucosilcarbonilo)rapamicina;
42-0-(L-Sorbosilcarbonilo)rapamicina;
42-0-D-Sorbosilcarbonilo)rapamicina;
31-0O-(L-Sorbosilcarbonilo)rapamicina,;
31-O0-D-Sorbosilcarbonilo)rapamicinag,
42-0-[2-(L-Sorbosilcarboniloxi)etiljrapamicina;
42-0-2-(D-Sorbosilcarboniloxi)etilrapamicina,
42-0-(2-Hidroxietit)-31-0O-(D-sorbosilcarbonilo )rapamicina,;
42-0-(2-Hidroxietil)-31-O-(L-sorbosilcarbonilo)rapamicina;
42-0-(D-Lactalilcarbonilo)rapamicinag,;

42-0{2-(D-Lactalilcarboniloxi)etiljrapamicina;

31-0+D-Lactalilcarbonilojrapamicina;
vere Dy s
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42-0-(2-Hidroxietil)-31-O-(D-lactalilcarbonilo)rapamicina;
42-0-(D-Sucrosilcarbonilo)rapamicina;
42-0-{2-(D-Sucrosilcarboniloxi)etiljrapamicina;
31-0O-(D-Sucrosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-sucrosilcarbonilo)rapamicina;
42-0-(D-Gentobiosilcarbonilo)rapamicina
42-042-(D-Gentobiosilcarboniloxi)etilrapamicina;
31-O-(D-Gentobiosilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(D-gentobiosilcarbonilo)rapamicina
42-0-(D-Celobiosilcarbonilojrapamicina;
42-0{2-(D-Celobiosilcarboniloxi)etilrapamicina;
31-O-(D-Celobiosilcarbonilo)rapamicina;
42-02-Hidroxietil)-31-O-(D-celobiosilcarbonilo)rapamicina;
42-0-(D-Turanosilcarboniio)rapamicina;
42-0-2-(D-Turanosilcarboniloxi)etifjrapamicina;,
31-0-(D-Turanosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-turanosilcarbonilo)rapamicina;
42-0-(D-Palatinosilcarbonilojrapamicina,;
42-0-2-(D-Palatinosilcarboniloxi)etitjrapamicina;
31-0O-~(D-Palatinosilcarbonilo)rapamicina;

42-0-(2-Hidroxietil}-31-0O-(D-palatinosilcarbonilojrapamicina;
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31-O-(D-Isomaltosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-isomaltosilcarbonilo)rapamicina;
42-0-(D-Maltulosilcarbonilo)rapamicina;
42-0{2-(D-Maltulosilcarboniloxi)etiljrapamicina;
42-0-(D-Maitosilcarbonilo)rapamicina;
42-0-{2-(D-Maltosilcarboniloxi)etiljrapamicina;
31-0O-(D-Maltulosilcarbonilo)rapamicina,
42-0+2-Hidroxietil}-31-O-(D-maltulosilcarbonilo )rapamicina;
31-O-(D-Maltosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-maltosilcarbonilo )rapamicina;
42-0O-(D-Lactosilcarbonilo)rapamicina;
42-0-2-(D-Lactosilcarboniloxi)etiljrapamicina;
31-O-(Methil-D-lactosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-0O-(metil-D Hactosilcarbonilo)rapamicina;
42-0-(D-Melibiosilcarbonilo)rapamicina;
31-O-(D-Melibiositcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-melibiosilcarbonilo)rapamicina;
42-0-(D-Leucrosilcarbonilorapamicina,
42-0-[2-(D-Leucrosilcarboniloxi)etiljrapamicina;
31-O-(D-Leucrosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil}-31-0O-(D-leucrosilcarbonilo)rapamicina;
42-O-D-Rafinosilcarbonilojrapamicina;

42-0{2-(D-Rafinosilcarboniloxi)etiljrapamicina;
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31-O<{D-Rafinosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-rafinosilcarbonilo)rapamicina;
42-0-D-Isomaltotriosilcarbonilorapamicina;
42-0{2-(D-Isomaltosilcarboniioxi)etiljrapamicina;
31-O-D-Isomaltotriosilcarbonilojrapamicina;
42-0-(2-Hidroxietil)-31-0O-(D-isornaltotriosilcarbonilo)rapamicina;
42-0-(D-Celotetraosilcarbonilo)rapamicina;
42-0-[2-(D-Celotetraosilcarbonilcxi)etillrapamicina;
31-O-(D-Celotetraosilcarbonilo)rapamicina;
42-0-(2-Hidroxietil)-31-O-(D-celotetraosilcarbonilo)rapamicina;
42-O-(Valiolilcarbonilo)rapamicina
42-0{2-(D-Valiolilcarboniloxi)etilJrapamicina,
31-O-(Valiolilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(valiolilcarbonilo)rapamicina
42-O-(Valiolonilcarbonilo)rapamicina
42-02-(D-Valiolonilcarboniloxi)etilJrapamicina;
31-0O+(Valiolonilcarbonilo)rapamicina
42-0-(2-Hidroxietil)-31-O-(valiolonilcarbonilo)rapamicina
42-0O-(Valienolilcarbonilo)rapamicina
42-042-(D-Valienolilcarboniloxi)etifjrapamicina,;
31-0-(Valienolilcarbonilo)rapamicina

42-0-(2-Hidroxietil)-31-O-(valienolilcarbonilo)rapamicina

42-0-(Valienoneilcarbonilo)rapamicina _
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42-0-{2-(D-Valienoneilcarboniloxi)etilirapamicina;
31-0O-(Valienoneilcarbonilo)rapamicina

42-0+2-Hidroxietil)- 31-O-{valienoneilcarbonilo)rapamicina

17.  Una composicion farmacéutica que comprende el derivado de
carbohidrato de rapamicina de la reivindicacion 1 o una de sus sales
farmacéuticamente aceptables, y un portador farmaceuticamente aceptable.

18. Un método para el tratamiento de una enfermedad que puede ser
tratada mediante aplicacion de la rapamicina, que comprende la administracion de
una cantidad terapéuticamente eficaz de una composicién farmacéutica de la
reivindicacion 17 a un sujeto que lo requiera.

19. El método de la reivindicacion 18, donde la enfermedad se
selecciona a partir del grupo conformado por rechazo de transplante, huésped
versus enfermedad de injerto, injerto versus enfermedad de huésped, leucemia,
linfoma, trastornos vasculares hiperproliferativos, enfermedad autoinmune,

enfermedades de inflamacion, tumores sdlidos e infecciones fungales.

20. Un dispositivo médico que comprende un derivado de carbohidrato

de rapamicina de la reivindicacion 1 0 una de sus sales farmacéuticamente

aceptables.

21.  Un dispositivo médico donde el mencionado dispositivo médico esta

revestido con un derivado de carbohidratc de rapamicina de la reivindicacion 1.

. GABRIELRUW
Traductor¢:in al

Rus: 5505 cw-188F del Min, de Jusic?

Ain. ce Rtemongs Exterorne

82

/5]



PATENTE
Expediente No. 330

22. Un dispositivo médico de la reivindicacion 21 donde el dispositivo

médico se selecciona a partir del grupo conformado por stents, injertos e

implantes.

23. El dispositivo médico de la reivindicacion 20, donde dicho dispositivo

médico se selecciona a partir del grupo conformado por stents, injertos e

implantes.

24. Un metodo para el tratamiento de una enfermedad que puede ser

tratada por aplicacion de rapamicina, que comprende la co-administracion de una

cantidad terapéuticamente eficaz de un compuestc farmaceéutico de Ia

reivindicacion 17 a un sujeto que lo requiera, con composicion farmacéutica que

comprende un compuesto seleccionado a partir del grupo conformado por

ciclosporina o derivado de |

inmuncmodulador.

83

a ciclosporina, un esteroide o un compuesto
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DERIVADOS DE CARBOHIDRATOS DE RAPAMICINA

RESUMEN

El presente invento proporciona rapamicinas modificadas que tienen uno o
varios monosacaridos, oligosacaridos, pseudoazucares o0 sus derivados
especificos que se adhieren a través de un enlace (linker) para crear derivados de
carbohidrato de rapamicina que tienen perfies mejorados farmacocinéticos y/o
farmacodinamicos. Por ejemplo, la adminisiracion del derivado de carbohidrato de
rapamicina da como resultado perfiles alterados farrmacocineticos y reduccion en
toxicidades. De esta manera, el presente invento proporciona compuestos con
caracteristicas que estan claramente diferenciadas de otros farmacos en sus

clases como son las rapamicinas. GABRIEL RUEDAC
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General Route of Synthesis for Rapamycin Carbohydrate Derivatives
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In vitro Immunosuppressive Activity of Rapamycin 42-0-(D-

Fructosylcarhonyl)rapamycin, and a Carbamate-linked Analog in a Cell
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Pharmacokingtic Profiles in the Rat of Rapamycin-31-0-Carbohydrate Derivitives
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Serum bholesternl Levels Following 12-Day Dosing of 42-0-(D-
Fructosylcarbonyl)rapamycin and Rapamycin in Sprague-Dawley Rats
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Dose-Response Relationship of ADP- Induced Platelet Aggregation
in the Presence of 1 and 25 pg/m!i Rapamycin
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Effect of Rapamyein and 42-0-(D-Fructosylcabonyl) rapamycin (25 pg/ml)
on ADP-Induced Platelet Aggregation
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intenattonal application No.
ANNEX A TO FORM PCT/R0/106 P CTICA2004/000724

The recetving Office has found the following defects in the nternational spplication ay fAled:

J L Mmlwmndmemmdmdlpplinﬁon(kuludls 26,2545 snd and 90.4), the vequest:

sl 1} unolnsnad'bytheqpllmna.|fﬂ:mummdmmupplmt.byltlastmufthﬂn

L) g rpmiely e el o X of b e SO £
e [X] hdmdhywhnmnhbnmagenﬂmwwﬂnmr
[x1ﬁehumﬂuﬂnpplnﬂmhnﬂmldhnmndum-ynwdnﬂqun
[ ]mepawofmneymrplnrln;ﬂmnmqulmmnanndbymlem
d.{X] othor {spectfy):FLEASE NOTE THE CANADIAN RECEIVING OFFICE 15 AN EXCEPTION TO RULE 26,2bixA)
" iind ""‘:?'“““‘i“é‘.?."""“"“‘f.m:‘u D e by more :‘,;“:mmb.m‘;.':‘ﬂm e
request be signed by one of them 26.2bis(a)).

However, the, innumumildnwntotlufwtﬂnt&endaulhw lied nnhd-
he processing of the Mmluﬂ:uﬂmmﬂnnﬂomsphm umeqp ﬁmilhtlw onofﬂw
Smlﬂs TR by the signature of sy app! has not signed the request
A(a)vi

%&mgﬁu;oga%ﬂknﬂ who is umtle:l. according to Rule 19.1, 10 flie the intemational applicetion with the
[ ]Mmmmmmwlmﬁmﬁmm

b. [ ]dounotmdﬂuﬂle spplicent’s sddress
does not properdy indicats the spplicant's sddress (specifx

d [ ] does not indicate the epplicant's natiorality
docs not indicate the applicant’s residence

{] Forther obsorvaticns sbout Indications concerning other spplicants (if appleablek

* Althou thMmd45muhn¢mmﬁem if there gre several them,
Em T o o Sy Pl B o ni Rl
l&e e 16% o nois o intermational application
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: Enatish pr French

[ ] s'l:'glltnetllmtmﬂwlmmmwwhmelmmmﬂlppuuﬂmuhbcpublmlwd.
in: English or Freach

4, The Hite of the invention:
a.[ ] isnotindicated in Box No. I of the request (Rule 4.1(a))
bi ] is not indicated at the fop of the first sheet of the description (Rule 5.1(a))
el ] luppuﬁnﬁnﬂmﬂo.lofﬂlenquulI.lnotid-nin!ﬁﬂlﬂwtitleheldiluﬂleduuipﬁmlluhs.l(a)).

§. Asto tho sbstract (Rule 8):
{ ok | the international application does oot contain an nbstract (RECETVED)
other (specif)): PLEASE REMOVE THE TITLE ON THE ABSTRACT SHEETS
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, ' Tternational ication No.
ANNEX C1 TO FORM PCT/RO/106 PCT/CA2004/000724

TﬁiamceivingOﬁuhufomdeithmsuﬂtothapmmuﬁmoﬂhedrwhpofthe internations] application as
ﬂled.tl:u:phyaieulreqﬁmulmnueomplied with to the extent that compliance thercwith is necessary for:

1. [X] reasonably uniform intcrnational publication (Rules 11 and 26.3(a)(i)) (defecss to be specified);

Sheets containiug drawings: o ,
1] the sheets do not admit of diréot reprodustion
1 the sheets are not fen from creases, amols, Hikds

{1 ono sidé of the shoets i not left umused

B Enmuofmmqhmiﬂdlbldwmwlmwmnahhyld\nhle

1 thednwingldomtomnﬁq:q:_.oniu?v.iqw

] the shoets are not oxinected 8s projoribed (Rule 114(b))

]_llui_h'geluri;nolM:In(l?.’imx!lm)

] dwnhlmmﬁnmdnlhmmnmumibd

(top: 2.5cm; Jeft sides 2.Scny; right side: §_Scm; bottom: lcm)
[1 lhﬂemfmomihﬁiﬁdiﬁwdmhahundoumuppmintheleﬁ-lmdcomerofthuhm.wiihin
1.5 em of the top of the sheots

[1 the file roforence mumber exceods the maximum of 12 characters

[1 the shoets are not froe from frames around usable or used surfaces

X1 the sheets are not numbered (n consecutive Arable namerals (eg 1/3, 23, 3/3)

[1 the aheet mumbers are not centered at the top or botiom of the sheots

{1 the gheet sumbers are in the margin (sce iz sbove for the size of the margins)

[1] the sheets contain alterstions/overwritingyinterlinsations/too many crasures

oo L0 O
gy ey [ p—

L

Drawings (Rule 11.13):

{X] do not admit of direct reproduction

[ ] contain unmécessay text matier

[ ]'wnhhw:&nphmd'ﬂﬁpmuthhhﬁmvihﬂinhrfemeﬁthlhnmﬂwf

[X] ate not execated bn durable blsek color; the llnes axe not aniformly thiek and well-defined

[ contain crogs:sottions oot properly hatchod

[] would not be property distinguishsble in redaced reproduction

[ ] contain scales not represented graphically

{1 contain numbers, letters and reference lincs lacking simplicity and clarity

[ ] contain lines drafled without the sid of drfling instraments

[} contain disproportionato elements of a figure not necessary for clarity

[X] contain numbern and lotters of height less than 632 cm

[] contain [etters not conforming to the Latin, and where customary, Greek alphabets

[1 vontain figures on two or-more shests which form s single complote figure but which are not able to be
assemblod without concealing parts thereof

(1] couhinﬁgmuwhi:hmmtpmpalymedndchutyupmted

[ ] contain different figures not mumbered in zonsecutive Arabic numerals

[1] contain different figures not rumbered independonty of the numbering of the sheots

(1]

{1

B=—w" "m0 A0OoCn

are 1ot rextricted to referance signs mentioned in the description
do not contain reference signa that are mentioned in the description
[1 contain the same feature demoted by different reference signs
[ 1 are not arranged it an upright position, clearly separatod from one snother
[ 1 are not preseuted sidewnys with the top of the figures at the left side of the sheets

T *am"naodWoBw

2 () satisfactory reproduction (Rules 11 and 263(b)))

Further observations (if necessary):
A NEW SET OF FORMAL DRAWINGS IS REQUIRED

Form PCT/ROY106 (Annex C1) (July 1998 reprim Junuary 2004)
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7N ABSTRACT

‘The synihesis of deutersted snaloguss of rapamycin is
disclosed fogether with a method for use for ioduciog
immunosupression and in the treatmont of transplantation
rejection, grafi va host disease, sutoimurune dissases, die-
otses of inflammation loukemis/lymphome, solid tumors,
fupgal infectipns, byperproliferative vascular disorders.
Also deacribed is & method for the syntbosis of water soluble
deuieraired mpamycin cdmpounds and their use as described
ahove.

6 Claims, 2 Drawing Sheets
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DEUTERATED RAPAMYCIN COMPOUNDS,
METHOD AND USES THEREOF

REFBRENCE TC RELATED APPLICATIONS
This application is a conlimuation-in-part of U.S. patent
application Sor. No. 09/148,623 filed cn Sep. 4, 1958 now
abandoned, which is based on provisional patent application
No. 60/057,632 flded oo Sep. 5, 1997, both of which are
selied on and incorporated berein by referencs.

BACKGROUND OF THE INVENTION

This igvention rclstes (o deuterated derivatives of raps-
wycin and a method for using them in the treatment of
trarsplantation rejection, bost vs. graf disease, graft va. ot
disesse, leukemis/lymphoma, hyperproliferative vascular
disorders, sutolmmune discascs, discases of inflammation
solid tumors, aod fungal infections. . :

Ripaoycio, koown &s sirolionasis, is 3 31-membored
‘maceolide lacione, Cgy HpNDY; o, with » molecalit mass of
913.6 Da. ln sohition, sinslimus fonms two’ confommationst

" trams-, cis-iscmérs with s ratie of 4:1 {chioroform) ‘duc to

hindred rotstion sround the pipecolic acid asiide bonkd, It
sparingly soluble in water, aliphatic bydrocarbons and
dictiryl ether, whereas it is soluble in alcohols, halogensted
hydrocarboas aod dimethyl sulfoxide; Rapamycin is
unstable in solution and degrades in plasma and low-, and
veuteral —pH buffers et 37° C. with balf-fife of <10 b the
strocturcs of the degradation products bave reccally been
characterized. Rapamycin is 8 macrocyclic triens antibjotic
produced by Streptamyces hygroscopicus, which was found
to bave aplifungal activity, particulerly against Candide
albicans, both in vitro znd in vivo [C. Vezina el al, J.
Antibiot. 28, 721 (1975); §. N. Sebgal ¢l al., J. Antibiot. 28,
727 (1975); H. A Baker at al, J. Antibiot. 31, 539 (1978);
U.S. Pat. Noa. 3,929,992; and 3,993,749}

Rapamycin alone (U.S. PaL No. 4,885,171) or in combi-
nalion with picibanil (US. Pat. No. 4,401,653) bus been
shown to bave antitemor activity. R, Mariel et al [Can. 1.
Physicl. Pharmacol. 55, 48 (1977)] disclosed that rapamycin
is effective in the experimental allergic encepbalomyelitis
model, & model for multiple sclerosis; in the adjuvant
arthritis model, a mode] for sheumatoid asthritis; and effec-
tively iphibjted the formation of IgE-like antibodics.

The immounosuppressive effects of rapamycin have been
disclosed in FASER 3, 3411 {1989). Cyclosporin A aud
FK-506, other macrocyclic molecules, also have been shown
to be effective as immunosuppressive agents, therefore use-
fol in prevenling tramsplant rejection [FASEB 3, 3411
(1989); FASED 3, 5256 (1989); aod R.Y. Caloo ot al,
Lancet 1183 (1978)). Although it shares structural bomology
with the immunosuppressant tecrolimus and biods to the
same intraceliular bindiog protein in Iynphocytes, apamy-
cin inbibits S6p70-kinuse and therefore bas & mechapisn of
im ive action distinet from that of tacyolimus.
Repamyvic wes found to prolong grafl survival of different
transplanix in several species alone or in combination with
other immunocsupressants. In animal models its spectrum of
toxic effects is different from that of cyelosporin or FK-506.,
comprising hopainment of glucdse homeostasis, stomach,
ulceration, wright loss and firombocytopenia, although oo
nephrotoxicity has been dewected.

Mono- and discylated derivazives of tapamycin (esterified
at the 28 apd 43 positions) have been shown Lo be uselu] &s
anlifangs] agents (U.S. Fat. No. 4,316,885) and used 10
make water soluble prodrugs of rapamycia (U.S. Pat. No.
4,650,803), Recently, the mumbering convention for repa-
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mycin has been changed; therefore according 1o Chémical

Absiracts nomenclature, the esters described above woulkd

be »i tko 31--and 42-praitions, Carboxylic acid estérs (FCT
spplication No;' WO 92/05179), cubamstes (U.S. PaL No.

5.13B,67H), amide exers (U.S. PaL Nb. 5,118,678), {US.

Pat’ No. 5,118,678) fiuirinsied esters (U.S, Pat No: 5,100,

883), acerals (US. Pai No, 5,151:413); silyl ethem (US.

Pal. No. 5,120,842), bicyclic derivativia (U.S. Pal. No.:
5).20,725), in dimers (U.S. Pal. No. 5,120,727) and

O-aryl, O-alkyl, O-alkyenyl and O-alkyny) derivitives (US.

Pal. No- 5.258,36¢) have been déscribed.

Rapamycin is metabolized by cytochrome P-450 3A to at
lcast six melabolites. During iocubatiop wilb buman Ever
and smull inteslinal microsomes, sirolimus wes hydroxy-
Intzd and demethylated and the stmcture of 39-O-demethy]
sirolimns was identifled. In bile of sirolimus-treated rats > 16
hyJroxylated aod demmthylated metabolites were deiected.

In rapamycin, demetirylation of methoxy group st C-7
Carben will lead to the change in tbe conformation of the
Ripamycia due to tm intemction of i released C.7
hydroxyl groop with the neighbouring pyran ring systom
which & in equilibrium with tbe open fmn of-ibe. ring
sysiom. The. C-7 hydrixyl group will also interact wilh the:
tricob system and possibly alier (e immunosaprassive activ-
ily. of repamycin. This sccuunts for the degradstion of
rapamycin moléeuls and i alleréd activily.

Stabl tioped (¢.g., ditterium, 2C, **N, *"0)-are.a0n-
raciosctive isotopes which coptain ons additional peutron
then the normally abundunt isclope of 1he atom in question.
Deulerated comptunds bave bean wsed fn pharmacesitical
rosearch 10 investigiio the .jo vivo metsholic fate'of the
compdhods by evaluation of the mechanism-of action and
meisbolic of the pon deutersted parcol aompounid.
(Blake et al. J. Phamn.. §di. 64, 3, 367-39L,1975). Such
melabolic amdies wo important in-the dosign of Tafe, effoc-
tiva-therapentle drags, either becauso the“in vivo active
compound administered 10 xé pativn!. or becauss ihic
e iabolites prixiated fiom e parent cimputnd prove (o e
foadc ot carcinogenic (Foster et al, Advances in dmg
Researeh Vol. 14, pp. 2-36, Academic press, Londan, 1985).

{noorpomtion of s heavy stom particularly substitation of
deaterivm for; hydmgea, e give rise o an isolope sifect’
that ca alter the pharmacokinctics of the dnug. This effect
is usually insigoificant if the label is placed in & molecule at
the metabolically inen position of the molecule.

Stable isotops labeling of & dmg can ziter its physico-
chemical properties sach s pKa and lipid solubility. These
changes may influence the fate of the drug at different sieps
along ils passage through the body. Absorption, distribulion,
metsbolism or excretion can bo changed. Absorption and
distribution are processcs (hat dopond primarily on the
molecalar size and the lipophilicity of the substance.

Dyug metabolism can give rise lo large isatopic effect if
the breaking of a chemical bond (o a deuterium Atom is the
ratr: timiting step in the prooess. While some of the physical
proportics of a stable Isotope-labeled moleculo are different
from those of the unlabeled onc, the chemical and biological
propertics aro the game, with ooe imporian! exccption:
becanss of the increased mass of the beavy inolope, any
bend iovolving the beavy isotope and anotber atom will be
stronger thin (he same boad betwren the Jight isotope and
that alowm. In any reaction in which the breaking of this bond
is the rate limiling stcp, the roxction will proceed slower for
the: molecule with the heavy isotope due Lo kinttic isotope
effect. A resclion involving breaking 4 C—D bond can be vp
1o 700 percent slower than a similar reaction ipvolving
breakiog « C—H bend.
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Mdrc ciftion has to be observed when using deulerium
Jabeled drugs. 1F the C-—D bond is oot involved in ady tE the
teading 1o the miclabolilp, ibxie may not be ady.effcét
10 aljer the behavior of the drug. 1f a dewicitom. is pleced a1
a site ipvolved io the melsbolism of & drug. an isoinpe effect
will bo observed only. if breaking of thy' C—D bond is (he
rels {imiling itep. “There sre gvitemces lo soggest ihal
whepever cleavage of i aliphatie C—EH.'bood- occurs,
asvally by oxidation catalyzed by a mixed-function oxidese,
jeplacemmeal of e hydogen by deierinm will kad o
observable isotope effect: 1L is algo inrportant kv podemiand
that 1he incorporatics of deuleriim at the site of metabolixin
slows its rais (o U poiiit whiéie agolber metabolite produced
by atizck af a cabon alom not substinted by denlériim
becomas the major pithwsy by s moccis called “metibolie
switching”. ’

I is also obscrved that one of (be most imporiant meta-
bolic patbways of compounds containing sromatic syl
i bydroxylation leading to 2 phedilie group in ke 3.0r 4
poaition 15 embon substiments. Althdugh (his paliway
involves cleavage of the C—H boad, il i often sot sccom-
panied by an isolope affect, because the cloxvage of this
bond s mosily oot fxvolved in the rais-limiting step. The
ubstitntion of hydrogen by deitarium at the.atereo cepler
will indoce a grealer elfect oo the sctiyity of the drag.

Clinically rolcvant questions include the toxicity of the
drug and'its metabolite devivatives, iic changes in distrib-
tion or eminalion (cnzyme induction), lipbphili&ity which
will bave an effcit oo sbeoiption of the drug. Replacemcat
of bydrogea by deoterinm st the sio invoiviig the witdmlic
reaction will kead to incressed toxicity of the deug. Replios-
weat of hydroges by denterimm at e aliphatic carbons will
Lo an'isotopic'effect 1o a Inger extent-Detarium placed
sl an aromatic carbon stom, which will be the.gite of
hydroxylation, may lrad to an cbservable jsotope effact,
although (his is less ofien the case (han with alipbatic
carbons. But in few cases such as in penicillin, tho substi-
tutiop on the aromatic ripg will induce the restriction of
rotation of the ring around the C—C bond leading to a
favorable sterea-specific situalioa to ¢phance the activity of
the drug.

Approaching balf & cenfury of stable-isotope usage in
buman mcubolic studics has besn without documented
sigpificant adverss effect. Side-effects with acute D dosing
are transitory with 0o demonstmied evidence of permancnt
deleterious action. The threshold of D loxicity bas besn
defined in animals apd is far i ¢xcess of concentrations
ecmceivably nsed in human studics (Jooes P J, Loatherdsle
$ T Clin $ci (Colch) 1991 Apr;80(4%277-280). The possi-
bility that D may have additional beneficial pharmacological
spplications canoot be excluded. For isotopes other than D,
evidence of observed toxicily remuios to be produced even
al dosages far in excess of lhe range used in metsbolic
studies. Absence of adverse cfiect may be attribntshle to
small mass differences and the similar properties of acer
and predominantly sbundant -isotopes. The precision of
extrapolating toxicity thresholds from animal siudies
remains unkmown. However, should perturbation of the
delicals homoeostatic characteristic of living organisms
occur with use of stable isotopes, it is almos! undoubicdly at
some [evel of administration gioatly in excess of those
administered currently in tiomedical ressarch.

In the prior ast, no details are described regarding deu-
terated devivatives to bmprove the siability of rapamyecin
molcculs and also about glycosylated douteraied rapamycin
t0 improve ibe stabilily and ako the solubility of -the
molecule in order 1o increase the bio-availability of the drug.
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Wi therefore deflaed the global objective of preparing a
rapamycin derivative which is more stable, less prone to
dogradation, and more waier soluble to improve the bio-
aviilability.

SUMMARY OF THE INVENTION

Deuteration of the mpamycin moleculs resulis in altered
physicochemical sod pharmacokioetic properties which
enhance its uscfulness in the weatment of transplantation
rejection, bost va. geaft diseass, geaft va. host discese,
Jeukemtia/lympboma, hyperproliferative vascular disorders,
suloimmune diseases, discases of inflammation, solid
tumors, i fungal jofectioos.

Deuterium isotope is selected based on the fact that if *C,
35N or anofher hevy isotope differiog from the light ome by
lees than 109 in masa is incorporated at the sile of
metabolism, there may be a smal) isolope cffect. In addition
try this, there are secondary isolope ¢Eects away from the site
of isctope eubstination due o changes in lecironic coviron-
meat. -

Substitution of deuterium in methyl groups of rapawycin
will result in a slower rate of oxidation of the C—D bond
relative o the rats of oxidation of a non dewterinm substi-

.mled C—3 bond. The isntopie slfect acts %o redude-forma-
tion of demcibiylated metaboliles aod thereby sliers (he

phumaénkinetic puametocs ‘of the drg. Lowes sates of
oxiditlon, melabofism and élearance result iy grester amd
mare sustained Bialogical sctivity. Deuteration Is largeted at
varions dites of the ripamycin. moléculs W incremse i
patency of drug. reduce toxicity of the drag, feduce the
clusrance of the pharmacologically ective moiely and
improve the stability of the molecule.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the chemical strachure of 7-deuteromethyl rapa-
mvcin showing sites of dewieration.

FIG. 2 i the chemical sirocture of epi-7 dentsromethyl
rapamycin showing sites of deuteration.
. F1G. 3 is the chemical stracture of 7,43-dg-rspamycin
showing sites of devicration.

FIG. 4 (5 the chemical structure of 31,42-d, showing siles
of deuteration.

FIG. 3 illustrates the preparation of glycosylated deuter-
ofspamycin.

DETAILED DESCRIPTION OF THE
INVENTION

Substitution of deuterfum for ordinary hydrogen and

.deyteraicd subsirates for. protio metatioliies cap produce

prufound changes in biosystems. ksahpically slicred drugs
tave shiown widely divergent pbannacological cfacts. Pal-
tezsén el al., Eound fuciessed antt-cancer affoct, with deuter-
ated--5,8-beprylidene-dl-L-adcorbic ‘acid (Zilascorb)
[Aoticancer Res. 12, 33 (1992)] .
Substitption of denterium v methy] groups of rapamycin
will result o & slower rate of oxidation of the C—D bond
relative 1o the rate.of oxidatica of u pon deuterium substi-
tujed C—H bond, The isotopic effet acis t reducs forma-
tion. of .demethylated messbolites, and (hercby akters the

* phumasakinotic parmeless_of (be ‘drog: Lower mics of

a3

oxidition, wetsbolism and clearaoce result i grester 400
mrc gustained blologicil ectivily. Deuteration i argeted a1
varibus siws of tho apamycin molecule o ipcrdxse ibe
poteocy of drag, redics oxiclty of the drug,.fodiica. the
cliasiges of the pharmacologically active moicty and
fmprove the stability of the molscule.
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Determination of the physicocbemical; toxicoiogical and
pharcacokinetic properiiss can be' made dsing elitdard
chemicl and biological dsseys and -through the ise of
mathematizs]l modeling lethniques which are known.ip the
chamici) ind miogiciltoxiological ars, The Lbere-
peatic, ulilily and dasing régitatn can be extrapolated frot
the romlts of such lechhiqués and thréugh the uso of
appropriate pharmacokinetic sud/or pharmacodynsmic
madels

The compounds of this invention oy be adminisiered
néal or with & pharmaceutical carrier 10 4p animal, such as
a wamm blooded mammal, and especially bumans, in peed
thereaf. The phanmaceutically effective carrier may be solid
or liguid.

A solid carrier can include ope or more substances which
may aho act as flsvoring agents, 'Tubricants, Solubnlizein,
] g agenis, fifers, glidenis, compression aids; bind-

&rs or iablet-disibcgraling agents; it.can alwo be an emcap-

sulating malerial. ip i, tho carricr is a fincly divided
solid which i in sdmixture with the. fiely divided active
ingredieat. To tablets, fhe aétive ingredieat is mixod with &
ciries haviag the neocasary. compression propertics in suil-
able proporions sod comipacled in the ahapc and als
desired, The powders mnd tablots may canisin wp 1o 99% of
thn sctve’ ngredient. -
example, calcium phosphaie, magoesium sicanie, wle,
sugams, Isciose, dakirin, garch, gelnth, celuose, malbyl
celluloie, sodium éarboaymeihyl cellulosc,
palyvinylpyrolidine, low melting waxes end foo cxchange
resins.

Liquid carders are: nsed in preparing:- solutidng,
suspensions, stiulsious, syrupl, elixins and pressurized com:
pomitions; The sctive ingtedicnl can be: dixsojved of sus-

pendod in « pharmacewtically-acocplable liguid carrier such -

28 waics, ani organic solvenl, a mixture'of both or pharmia-
centically acocplable. ofls or'fals. The liquid curmier can
contain othe Rijlgble pharmaceutical ‘additives sach as
solubilizess, comlsifiers, buffers, preservatives, sweeteners,
Bavoring agents, ensponding ageats, (hickening ageots,
colots, viscosity rcgulstons, stabilizem or osno-regulntors.

Suitable exartples of liquid eariers for orel and pareateral

sdministeation melude watcr (partially conlining additives
as above, ¢.g. cellnlose derivatives, possibly sodivm car-

boxymethyl celluiose solution), alcohols (including mono-

bydric alcobols and polybydric aloohols, e.g. glycols) and

their derivatives, and oils (e.g. frctionated ococogut ol sod

anchis «if). For parentenal admisistration, the carrier can

abso be an oily. ester such 2s cihy] olesie and inopropyl’
myristate, Sterlls liquid cerricrs ars usiful in sicrils Kquid

form corspositions Ior pareriiers] administrition. The liquld

carrier for prasgovized compositions can be balogenaied

hydrocarbon or oiher phamnacentically acceptable propel-

lent.

Liquid pharmaceutical compositions which are sterile
solutions or suspensions can bo utilized by, for example,
intramuscular, intraperitoneal ar subculanecns injection.
Sterils solutions can also be administered intmvonously. The
compound can also be administered orslly either in liquid or
solid compositien form,

The pharmaceutical composition can be in upit dosage
form, ¢.g. a5 tablets or capsules. In such form, the commpo-
sition i3 sub-divided in unit dosc containing appropriate
quantities of the active ingredienl; the woit dosage forms can
be packaged compositions, for exampls, packeted powders,
vials, amponles, prefillad syrioges or sachels conlsining
Tiquifds. ‘The unit dosage form cas be, for exantple, & capsule

Suftsble solid casriers inchode, for

1o
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or tablet itself, or it can be the approptiste sumber of any
such compasitions in package form. The dosage 1o be used
in the trosiment must be subjeclively determined by tho
atiending physician. :

In addition, 1t compounds of this invention may be
employed 85 8 solntion, cream, or lotion by formulation with
phanmaceutically scoeptable vehicles administored to a fun-
gally affected area.

EXAMPLES

F16S. 14 show examples of sites [or douteration of tbe
rapamycin molecule. Nonlimiting ¢xamples of deuterated
rapamycic molecules include the compounds;
7-deitcromethyl rapamycin (FI1Q. 1), opi-7-denteromethyl
rapamyvin (FIG. 2), 7,43-d,-rapamycin (FIG. 3) and 31,42-
d,-rapamycin (FIG. 4) inchuding the cis and irans somers of
the compounds shown in FIGS. 1-4. FIG. 3 shows (be
preparstion and stmctore of the compound glycosylated
dealerorspamyein.

Example 1

Prepantion of 7-Deutcromethyl Repamycin (FIG. 1)

5 mg of Rapamycin was dissolved in 2.5 ml of dichlo-
romethaoe. 40 mg of deutersied methanol was added. 10
beads of NAFION® ceialynl were added to tha above
salution. The contents were stitred under nitrogen at room
temperature for 14 bours. The reaclion was monitored by
muss spocirum. The solition was filtered and concentrated
Tte residue was dissolved in dry benzene and freeze driod.
Thbe white solid obtained was homogenous by mass spec-
trvm anslysis #idd characierized by LC/MS.

Example 2

Prepanation of 31, 42 d,-7-devterated Rapamycin (FIG.3)
Repamycin (11 mM) was dissoived in a mixtare of cyclo- -
hexane and dichlorometbiane (1:1) 10 mi. The contents were
ocooled in ice bath and poly(vinylpyridinum)dichromsts 0.5
grims was added. Tho maction mixztire was stimed over-
nijiht and the reaction was foliowed by mass spectrvm. The
renction mixture was filtered, washed with water and dried
using anhydrous megoeshun saiphate. The orgunic solution
wis filisred and conceptrated. The crude product was sub-
jecled 10 purification by siica column using chioroform-
meibanol (20:10) mixture. The pure fractions were collzcted
and concentrutnd. The reaidue was dissolved in benzene and
freeze dried. The procuct was charactorized by LC/MS.
Mi{Na) 932. This maierial was dissalved in dry other (10
ml). 10 equivalepts of lithinm shumimum deuteride was
added. The reaction mixture wag stirred for 24 bours. After
the completion of the reaction, the excess of LiAlD, was
decomposed by the addition of accione. The complex was
deaomposed by adding ice cocked acetlc acid, The mixture
in filtered. The Sitrate was diluicd with elher and washed
with water, dried, and concentrated, The crude mixture was
subjecied to columa cimomategraphy and the required mate-
rial was eluted using chloroform-meathanol solvent system.
The pure fractions wems collected and concentrated. The
cotrpound was tested by mams specirum, M={Nz) 940, This
compound was convested to the desired flnal compound (2)
by following the procedure as deacribed ip Example 1.

Bxample 3

Preparation of Glycosyhted deutcroRapsmycin (FIG. 5)

Refeming to FIG. 8, compound 10 prepared by example 1
(20 mg) was dissolved in 5 ml of dichloromethane. Dim-
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ethylaminopyridine (2.2 mg) was added to the sbove solu-
tion. The contents were cooled to =78 C.
4-Nitropheayichloroformate in dichlorpmethans was added
o (he reaction mixmre, The iolulion was stinmed undcr
aitsogea st room tompesatire for 14 bours. The sesction wea
follgwed by misss spectum, After the completion. of the
seaction, the maction mixture was ditoted withi dichio-
romothane and the argaric sblution was wished with-‘water,
02M ket cold HCI schilion. Thic-organic layes was-dried
over ‘antiydrons magumsies saipbate, After fillmlion, the:
omganic solution wia filered and concentrated. The crude
product was purified by LC/MS 16 provide the puse com-
povnd 30 (Yicld 10 mg) Compound 30 (0.9 masol)was
dissolved in dry DME{05 mI) To this mixturé, s solutiod of;

2:aminocibyl-a-D-giucopyranoside {7:2 m.rool) was sddad. i

The reaction mizium was stirred for 14 hours- st room
temperature. After the completion”of the reaction, the mix-
ture was diluted with dichlorometbane. The organic solulion
was concenirated in vacuum, The residue was extracted with
water and the agucous sohulion was subjecied to biogel
columa o get ke required pure compound 50. This material
was chancierized by LC/MS. M«(Na)1185.

Pusther varialions and modifications of the present invea-
tico will be apparcot to those ekilled in the an from the

8
forogoing and are intended to be encompassed by the cleims
appended hereto.

We claim:

1. The deuicrated mpamycin compound which is epi-7-
deuteromethy] rapamycin.

2, The deuterated rapamycin compound which is 7,43-
dg-rxpamycin.

3. A pharmaceutical composition comprising deuteraied
rapamycin or a phammaceutically acceptable salt thereof and
a pharmaceutically acceptable carriey, wherein the deuter-
atzd mapamycin i epi-J-deutcramethy) capamycin and jso-
mens thereal:

4. The pharmeccutical composition of clsim 3 thal is in
tablet form. .

5. A poarmaceuiica) composition comprising Souternied

rapamycin or & pharmeceutically accepable sall-thoreof aod
» phanmiceutically sccoplable camiér, wheretn the' déuter-
sied rupamycin. is 7;43-dy-{xpumycin ind Homers theroaf.

§. Ths pharmaccutical conpspoaition of claim 5 thai is in
tablet form.

AT
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Appiicant's or sgant's file refersnoe - Intemstionat application No.
31284-2007 PCT/CA2004/000724

The spplicent 18 hereby notified that the International Bureau hes ragelved the record copy of the Internationsl application ss
detalled balow.
Nams(s) of the applican(s) and Stata(s) for which they sre spplioants:

ISOTECHNIKA INTERNATIONAL INC. (for all designated States except us)

ABEL, Mark ot 8l {for US)
International filimg date s 14 May 2004 {14.05.2004)
Priority datels) clalmed : 16 May 2003 (16.05,2003)
20 Fabruary 2004 {20.02.2004)
18 April 2004 {16.04,.2004)
oo Buras . 09 June 2004 (09.06.2004)
List of designated Offlces H

AP :BW,GH,GM,KE,LS,MW,MZ,NA,SD,SL,SZ,TZ,UG,ZM,ZW

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM

EP :AT,BE,BG,CH,CY.CZ.DE,DK EE,ES,FI,FR,GB,GR,HU,IE,IT,LU,MC,NL,PL PT,RO,SE,SI,SK,

TR

OA :BF,BJ,CF,CG,C1,CM,GA,GN,GQ,GW, ML, MR,NE,SN,TD, TG

Netional :AE,AG,ALAM,AT,AU,AZ,BA,BB,BG,BR,BW,BY,BZ,CA,CH,CN,CO,CR,CU.CZ,DE,DK,DM,
DZ.EC EE.EG.ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS JP,KE KG KP XA, KZ,LC,LK,LR,LS,
LT,LU,LV,MA,MD,MG,MK,MN,MW,MX,MZ,NA,NI,NO,NZ,OM,PG,PH,PL,PT, RO,RU,SC,5D,SE,5G,SK,
SL,SY,TJ,TM,TN,TR,TT,TZ,UA,UG,US, UZ VC,VN,YU,ZA ZM.ZW

The Internationa! Bureau of WIPO Authorized offlcer:
34, chamin des Colombeties I -
bactyn %, o Sophle Chamot {Fax 338-8995)
Facsimile No. {41-22) 338.80.06 Telephone No. (41-22) 338 8061

Form PCTAB/301 (January 2004) 008327260
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Comtinuation of Form PCTAB/30M
NOTIFICATION OF RECEIPT OF RECORD COPY

| Date of maiing (day/month/yeas)
29 June 2004 (29.08.2004) IMPORTANT NOTIFICATION
mugmmm Intemnations! sppllastion No-
31284-2007 PCT/CA2004/000724
ATTENTION
Tho appilcant should osrefully chack the data sppesring In this Notification. In caso of any discrepancy betwean thess deth
memnational appiicaticn, the sppiicant should immadiotely Inform the Intarnstional Burenu.

end the Indlestions In the k
in ackfiion, the spplicent’s sttantion ly drewn 3 the Information contained inthe Annax, relating to:

E sims limits for artry Inta the nationsl phase - 00 updated important information (as of April 2002)

Dﬂ requlrements regarding priority documents (! applivabie}
A copy of this Notifioation is balng sent to the rscelying Office and 1o the IntsmationsiSearching Authority,

003272680

Form PCTAR/301 (continuation sheet) (January 2004)
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Internstional application No.

ANNEX TO FORM PCTAB/301 PCT/CA2004/000724

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The sppilcant [a reminded that tha =nations| phasa™ must be sntered befors sach of the designated Qffices indicated on
the caver shast af this Nottlcation by paying neticnal feas and furnishing tranalations, as presoribed by Asticles 22 and 38 and
the applicable national laws. In addition, the applicant may zlso have to pomply with othor spocial requirements applicabls
In cartain Officas. It Is the applicant's rasponsilility to ensurs the henessary steps to unter the nations! phase are taken in s
timaly faghlon. Most Offices do not issue reminders to spolicants in connection with the entry Into the national phags.

. Ths applicabip time lmit for entaring the natierial phise will, subject to what i sald in the following paragraph, be
*30 MONTHB from the priotity dawe, nat enly [h raspoct 6f sny siaotad Offios Ha demand for Internationsi preliminary
examifiation kn fUsd befora the eapiration of 18 chonths fram tha priority dete {see Astiole 38(1)), but also I respest of any
designated Ofos, In the wbsenas of flling of suth domand, where Articie22(1) as modified with effect from 1 April 2002

upplies In reppect of that designated Ofice Eor further detalls, see PCT Gazetts No. 4472001 of 1 Navember 2001, pages 18926,

B33 and 10854, a5 wall a5 the PCT Newilatsr, Octotier a/id Novambor 200 and February 2002 Issues.

mmnm.mmwmu-sq-mmm-mmﬁm. for various pariods of tma, In respect of*
corain designated or elsoted Offices. For reguisr updates en tho sppBcable tiree Smits (20, 21, 30 or 31 months, or cther
mva Simil), Offios by Ofios, refer to the PCT Garetta{"Section A\~ part publishid on 8 woeldy baxisl, to the PCT Newstirtor
{on s monthly basls) and Lo the telévant Nitfonnl Clingiers in Voluma Il of tha PCT Appiicant's Guide {the paper version of

whigh 1z ipdatad ususlly twide » year and the Intornat version of whioh |y updated uluelly on & woakly bask); .Finally, »

cumulative table of 81 epploabls time Jimits for enterirg the nationsl phase & uvallble from WIPO's intamet site; via Hinks
from various pagss the shi including thase of tha Gazowe, Newiiletter emd Quide, at hitpiwww.wipoInvpotienfindex html.

informatian about the requiremants for fllrg & demand for intematianal prefiminary examination iz getoutinthe PCT
Applicant's Quide, Volumae VA, ChaptsriX, Nats thet only an applicant wholsa netional or resldent of a PCT Contraeting
Swate which Is bound by Chapter | has tha right to fie a demand for International pretiminary exsminetion (at present, [1]]
PCT Contracting States are bound by Chapter .

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
for applicants who have not yst complied with the requirements regarding priority documanta, the fallowing Is recallad.

Whara the priortty of an sarfler national. replonal or internatianal sppiloation Is clalmad, ths epplicant must submit a copy
of the sald earfier appllostion, certifled by the suthority with which it wan filed ("the priority dogument”) to the recalving Offios
{whish will transmit it to the Intemustional Bursav) or direotly to the Intarnational Bureay, before the sxpiration of 16 months from
the priority dets, provided that any such pricrity documant may il ba aubmitted ta the (nternationsl Buresu before that date of
Imernational publisstion of the International appliestion, in which case that document will be considarad ta have besn recelved
by the International Bureeu on the last dey of the 18-month time Umit {Rule 17.1(a)}-

Whare the priority document [s issued by the racslving Offioe, the applisant may, instead of submiting the priority
document. requast the recalving Offias to prepute and trangmit the prarity dooumant to tha Intemational Buresis, Suoh requast
must be made b:l'ornho expiration of the 16-month time limit and may be subjected by the rocalving Offica to the paymont
of & fee (Rula 17.1{hj}}-

If the priority docurnent concemnad I3 not submitted to the International Bureau or i the request to the recaiving Offios
to propare and tranamit ths priority dooument has not basn mads (and the correaponding fee, If any, paid) within the applicable
dme Umit Indlosted under the preceding paragrophs, any designated Etate may disregard the priority olelm, pravided thst no
dosignated Offics may dlaregard the prindty alaim concsmed bafors giving the applleant sn apportunlty, upon entry Imto the
national phase, to fumish the priority dooument within the time Bmit which is rassonable under ths elrcumstances (Fate 17.9{c)).

Whers sevaral priorities sre clalmed, the priority date to be eonsidarad for the purposes of samputing the 16-month time
limk {and all other PCT time Heita) Ia the fling deats of the earliost applioation whose priority in olaimed (Artcle 2(xi}(b)).

Form PCTAB/A01 (Annex) (Januery 2004) 008327280




PATENT COOPERATION TREATY

DOCKETED

From the INTERNATIONAL BEARCHING AUTHORITY

Tor
TORYS LLP N
Naritime Life Towex

fuite 3000, 79 Wallington Bt. W.
Box 270, TD Centre

Toronto, Ontario MSK 1N2

CANADA

Date of mafing
(daynontivyear) 01/07/2004

R

Applicant's or agent's fis reference

2}

IMPORTANT NOTIFIOATION
31284-2007
Imtwmadional spplleation No. Intomatiznal fing dwie{day/montivimer) Priowity date (day/monthiyear)
PCT/CA2004/000724 14/05/2004 16/05/2003
Appiicant

1.  Whereihs intemationsl Ssarching Authority snd the reosiving Offioe are not the same offios:

mml-mwmmmmmmdhmm epplication was received by this inlemalionsl Searching
Authory on the dele Indicated bajow.

Whets the Intarational Searching Authority and the recalving Offioe ore the sams offica:
mwnmmmhnﬂtmdhmﬁmdlninﬁmwumwonlh.dllllnduhdhdau.

09/06/2004: {dute of rwompt).

S nmuuhumummmwmmn-mwumdmmm-ﬂmnmmly

mmhwmthMMmﬂumhﬂmMumm-ﬂh-ﬂmn:h'nnoﬂhn
Inhmi‘nnulhmﬂmﬂhmmmwm“ﬁkﬁﬁdm«ﬁmmmhmdﬂ.
whichever time mB wxpires zter (Rules 42.1 arxd 430 1(s))

4, Acopy ofthis netlisalion haw bean ssnt to the Intemational Bureau and, whers the first santsnoe of paregraph 1 appiies,
o the reaeiving Office,

IGOTECHNIRA INTERHATIONAL INC.
H

£ O m-umwwnmwamm‘m-nmuumbﬁumm related therelo In compater

Name and malling address of the Intemations] Bearching Authosity Authorized offiosr
mﬂ:’lﬂt Offios, P.B. 5816 Patenilaan 2

@ Tel. (m-mm-w. Tx. 31 861 wpo rd,

Fao: (#31-70) 340-3018

ISA/EP

DUE

DUE DATE

Form PCTABAZOR (January 2004)
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From the INTERNATIONAL SEAROHING AUTHORITY

"JE;IDJ

To:

TORYS LLP

Baritime Lifs Towar
| Suite 3000, 79 Wellingtom Bt. W.
Box 270, TD Centre

Toronto, Ontario M3K 1N NO GTHER FORM I8 APPLIOABLE
| CANADA
| Dats of malling
) (deyimonibyo®)  91/07/2004
‘ Applioari's or agent's file reference REPLY DUE
31284-2007 : .. Sew paragriph 1 bolow
Tmiemational spplication No. risrrational fing date
PCT/CA2004/000724 (dymorthyes!  14/03/2004
® e
ISOTECHNIRA INTERMATIORAL IEC. DUE DATE

1. [] REPLY DUEwihn__ 0RBiNieys from the abovo date of mallng PROCESSED

{x] moREPLY DUE

oue______.

2. COMMUNICATION:

The epplcart is informed the esisblisiuneri of the inismational search report (18R) for non first-fillngs may be delayed dus o

a ourrent searoh baskiog.
mummmmmuu-mmm mmmawmmwm
Pd'l'hu.nl!ulullunlmmn- mmm been esl ot 50 menthe kom e
tw EPO e lmlﬂh!lmnlmhm& - soe Fuda 107 EPO oa amandad with offect rom-

- Mm = OJ EPQ 8-v2001, 373) Mumﬂgﬂmmm o thaly
notlonsl lewe lnhlllhrlnllm -nllnulu entry to the phase &t £0/21 months the pricity
dute it dymand has not bean filed the ond ot 19 montha trom the prorlty doto - sae POT Oasite/POT Newsleltar
nﬂhﬂummwmmmuwmupmmmmrmmuphmudh_mmmm.

in twes ciumstonoes, hEPo-lru-PEAﬂlwll.ullul hwnmmmm.hn [

: anithe saziminxtion few duw in respeet of Sw demond preasdl applicaiion, even i they e nol

within 8w lms mhmaamummm.m they are within one sorih from the dale

umdmm:h.hem-lg#wmm 1o Fule 1() POT afisr expiry of this ané-month

mm‘ummmhmn-mmmm the ret In full the ameurd cae, the detnand

whal b ccnmicherad aa IF £ had ot beon submithed [Pudse ﬂh)-m mlynlhlhomm

mwnmhwumnhmmhmmm MJ* PCT has already expired:

(-ummanmn

Nobe that |f the com| IPEA shosan hlqiunhndhmwﬂlhobummmnﬂplﬂwﬂinh
|. h-hlmm.ﬂnﬂlmdﬁ"ﬂb)m thw competerd IPEA ls sntitied to spply Pule 59bis.1{a) PCT immedixiely

I your sppliostion i atfadind, we spoiogise for eny inoonvenience caused.

sT% remincied that aa of 3 Jenuary 2002 a retionafissd PGT |} procedure may apply, see O\ EFO 11/2001, 539
unilm EPO-mAwmmmmwmdum-ﬂm hdbn-hdlldﬂ'hmnmlhmanﬂnddm
usiness, see O EPO 1072001 482, Applunluh:ldlhoh-n the restriction of the EPQ's compatence as (8A and
IFEAh':mmde:hlnmpudumh tamationsl upplioations, sos OJ ERQ 1/2002, 52 and PCT Newsistier
172002 for further detalls

L_———.——_—————_—-—_—“
Name and mating address of the inlsmalional Ssarching Authorty | Authorizad oficsr
_—ﬁm Paiant Offics, P.B. 5310 Pelentlaon 2

NL-2280 ISA/EP
Tol. (+31 mw«:' Tu 31 851 spo i, /

" Fax; (+#31-10) 34030

Form PCTABA/Z24 (January 1954)




.. PATENT COOPERATIONT. JATY

DOCKETED

From the
INTERNATIONAL SEARCHING AUTHORITY
To: P CT
WRITTEN OPINION OF THE
soe form PCTASAZ20 INTERNATIONAL SEARCHING AUTHORITY
{PCT Ruie 43bis.1)
Date of maliing
[ {dayénonthiesrj see farm PCTASAZ10 (necond eheet)
Applicants or agent's e refcranca FOR FURTHER ACTION
goe form PCTASA220 Ses panagragh 2 below
Intarnational application No. International tting dats (daytnonthiesr) Priority date (dayinonthjear)
PCTICA2004000724 14.05.2004 16.05.2603

Intemutiona! Patent Classiication (1PC) o both national clasalficetion and IPC
CO7H1504, COTD496/8, AGIF202, ABT1K3 1436

Applicart
ISOTECHNIKA INTERNATIONAL INC.

1. This opinion contains indicalions refating to the following liems:

& BorNo.l  Baslsol the opinlon
l & BoxNo.ll  Priority
O BoxNo. it Non-establshment of opinion with regerd ko novelty, Inventive step and industrial applicablity
O BoxMNo.'V  Lack of unity of invention
5 BoxMNo.V  Reascned statemant under Rule 42hla.1{a){}) with regard to novaity, invantive step or industrlal
applicabliity; cltetions and explanaticns supporting such statement
O BoxNo.Vl  Ceriain documents cited

O Boxto. VIl Certain defects in the international epplication
DO Box No. VIl Cenaln chsarvations on the intemational applization

2. FURTHER ACTION

it a demand for intamational prefiminary examination (s mads, this cpinion will usuelly be conskierad tobe 2
written opinion of the International Prefiminary Examining Authority (“IPEA"), Howsver, this doas not apply where
the applicant chooses an AuthorRty other than this ane 0 ba tho IPEA and the chosen IPEA hag notited the
international Buraaw under Rule 86.1bisib) that writtan opinfons of this Intarnatioral Searching Authorlty

will not be g0 considerad,

1t this opinion Is, as praviied above, considered 1o ba & writtsn opinion of the IPEA, the applicant ks Invited to
submkt to the IPEA a written raply togather, where appiopriete, with amendments, before the explration of three
morthe from tha date of malilng of Form PCTASAZ20 cr before the expiration of 22 months fiom the priarlty date,
whichaver expires tater.

For further options, see Form PCTASAZ20.

3.  For luther detads, see notes to Form PCTASA220,

Name and maullmg address of the 1SA: Authorized Oticer —
Eurcpean Patani Offica . h A
D-80258 Munich Kiein, D { .0) j
Tal. +49 80 2399 - 0 Tx: 523658 epmu d Y, .
| Fax: +40 B9 2390 - 4465 Telaphane No. «4% 80 2200-7806 My a-

Form PCTASAZS? (Covar Sheet) (Janusty 2004)




WRITTEN OPINION OF THE international application Na.
INTERNATIONAL SEARCHING AUTHORITY PCT/ICA2004000724

Box No.| Basls of the opinlon

1. With regard to the language, this opinion has been establlshed on the basls of the international application in
the language in which it was fieid, unless otherwlse indicated under this em.

O This opinion has been established on the basis of a translation from the original language into the foflowing
age . which is the language of a transiztion fumishad for the purposes of intemational search
{under Rules 12.3 and 23.1(b)). .

2. With regard to any nucleoctide andbr amino acid sequencs disciased in the International application and
necessary to the claimed invention, this opinion has besn established on the basis of

a. type of material:
[0 asequence listing
00 iabis{s) related to the sequenca lisiing

b. format of material:
D i written format
O in computer readable form

¢. time of filngfumishing:
O contained in the intemational application as filed.
O filed together with the intemational application in computer readable farm.
O fturnished subseguently to this Autharity for the purposes of search.

3. O In addiion, in the casa that more than one vetsion or copy of a sequence listing andar table relating thereto

has baen flled or fumished, the required statements that the infarmation in the subsequent or additional
copies I kiemical to that in the application as filed or does not go beyond the application es filed, as

appropriate, were furnished.
4, Agitional comments:

Eorm PCTAPEA/237 (January 2004)




WRITTEN OPINION OF THE Intemnational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTLA2004000724

Box No. il Priority

1. The following document has not been furnished:
® copy of the earlier application whose priority has been claimed {Rule 43bis.1 and §6.7(a}).
O translation of the earlier application whose priority has been claimed (Ruls 43big.1 and 66.7(b)).

Consequently it has not bpen possibie 0 conalder the validity of the priority claim. This opinion has
nevertheless been astabiished an the assumption that the relevant date is the claimad priority date.

2. 01 This opinion has beon established as i no priority had been claimed due to the fact that the prionity ciaim
has been found invalid (Rules 43b(s.1 and 84.1). Thus for the purposes of this opinion, the intemational
filing date indicated above is considered to be the relevant date.

3. Addiional observations, if necassary.

BoxNo.V Reasonsd statement under Rule 43 bis.3{a){l) with regard to noveity, Inventive step or
Indusirial.appiicabliity; citations and sxplanations supporting such staternent

1. Statement
Novelty (N) Yes: Clalmg 1-24
) No: Chlims
Inventive step (IS) Yes: Claims 2-8,10-16
No: Claims 1.9,17-24
industrial applicabifity {IA) Yes: Claims 1-17,20-23

No: Claims 18,19.24

2. CRations and axplanations
goo separate sheet

Form PCTAPEA/Z37 (lanuary 2004)




Farm PCT/Separate Shee237 (Sheot 1} {EPQ-January 2004)

WRITTEN OPINION OF THE \nternational application No.
INTERNATI NAL SEARCHING )

AUTHORITY (SEPARATE SHEET) PCT/CA2004/000724
RetemV

Reasoned statement with regard to novelty, inventive step or Industrial
applicabliity; citations and explanations supporting such statement

Reference is made to the tollowing documant:
Di: US-B-6 3425071 (FOSTER ROBERT T ET AL) 29 January 2002 (2002-01-29)

Novelty (Art. 33(2) PCT) :

The subject-matter of the present application concerns glycosylated derivatives of
Rapamycin and uses thereof.

Since none of the available discloses the subject-matter of claims 1-24, novelty of said
claims is acknowiedged.

Inventive step (Art. 33(3) PCT) :

a) D1 disclosesonfigure5a deuterated rapamycin derivative bearing on position 42
a linker coupled to glucopyranose unit from which the subject-matter of present
claim 1 differs in that the ciaimed compounds are not deuterated.

Since the deuteration of the compound is D1 has been performed in order to
enhance its usefulness In transplantation processes (see page 4 “summary of the
invention® of D1), a non-deuterated compound is aiso expected to have a

biological activity.

Thus, the subject-matter of claim 1 is merely considered as an adaptation of D1
and is therefore not considered inventive.

As a consequence claims 9,17,20-23 are not conslidered Inventive either.

b) Claims 10-16, dependant on claim 9 further specify the linkers and/or the nature of

the sugar.
Since none of ihe available prior art discloses the above-mentioned linkers

coupled to different sugars, the subjsct-matter of claims 10-18 is considered
inventive.

\%
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WRITTEN OPINI N OF THE International application No.
INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/CA2004/000724

¢) Since none of the available prior art suggest the presence of a linker coupled toa
sugar unit on position 31 of the macrocycle, the subject-matter of claims 2-8 is
considered inventive.

Industrial application (Art. 33(4) PCT):

For the assessment of the present claims 18-19,24 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO, for
example, does not recognize as industrially applicable the subject-matter of claims to
the use of a compound In medical reatment, but may allow, however, claims to &
known compound for first use in medizal treatment and the use of such a compound for
the manufacture of a medicament for & new medical treatment.

Form PCT/Separate Ehewt237 (Shest 2) (EPO-January 2004)
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{ 11/02/05 16: 3L 'ﬂ 813 230 4821 MARK:: & CLERK @iooa/o0e :

A

& Clerk
Trademark Agents
v Tek 13,
Sonsm B, Otawn, Ontario K1P 557 Hl ((:laggg-’.a:g:
c-mail: edichell@rmarkelak.com
Saire 1800, 60 Stater Strea

Onawa, Onraric KIP 1C2 Pleage raply 102 Richard J. Miltchell

T U B
v

- ———

July 21, 2004

Title: Repaniycin Carbohydrate Derfvatives

Jutho the knvitation to Comect Defiots dated June 4, 2004, we sre submitting herewith
toPrionty documents, namely:

i .

tes Provisiopal Patent Applicstion No, 60/562,840, filed April 16, 2004;

tes Provisional Patent Application No. 60/546,240, filed February 20, 2004; &
United States Provisions!l Patent Applleation No. 60/471,367, filed May 16, 2003

s ——

Re:  Interhiational Patent Application No. PCT/CA04/00724
Applicaut: Miirk Abe] et al _
. Pleass fogrovard thess documents to the Intemational Authorities in Genova

Yours truly,

Richard J. Mikcheli
RIM:¢ci

-

i
gy
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
July 01, 2004

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
‘FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 60/471,367
FILING DATE: May 16, 2003

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

P. SWAIN
Certifying Officer




TATES OF AMERIC

Y AL, T WAGH THRSE; PRESENES) SHAY, COME;

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

July 01,2004

BMl  THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
Bl  THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
Ul  OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT |

il  APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A

#1  FILING DATE UNDER 35°USC 111.

APPLICATION NUMBER: 60/546,240
FILING DATE: February 20, 2004

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS
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THE UNITED STATES OF AMERICA

E
N

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

July 01, 2004

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 60/562,840
FILING DATE: April 16, 2004

By Authority of the
C_OMMISSIONER OF PATENTS AND TRADEMARKS




‘ 11/02/08 18:51 FAX 613 230 8521

g~

o

l

|1

'S

ki —— —

——boomn

MARKS' & CLERK

PATENT CO PERATION TREATY
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Fn e RECEIENGOPFICE
™ PCT
g |
Switzerland (PCT Rule 925(x.1)
Duscmaling 13 August 2004 (13-08-2004)

[ntermional & IuionNo

PCT ICA2004[000724

Intermaionsl Riing dsbs 004
e logdsie 14 May 2004 (14-05-2004)

1. The foflowing Iadicytions appear on record sancoraing: *

[ ] e common represenzative

{ 1 the wpplicam [ ] vhiv brviaiice - [x]oeumo
Noznc e wildvess Suta of Nitionalfty® | Staes of Rasldinon®
TORYS LLP ' —
Mariime Life Tower ‘Telephone Ha,
3000-79 Wellington 5. W
Box 270, TD Ceatre FacsienDo No.
Toranto, Omario
1z Tclcpricler Na. -
zm-mmhmwmmwmmmmmmmw
[ x ] tho parsom { x ) thename [ x] tinaddres [ ] thonetionallry* [ }the roxidence®
Nime and sddrons | senttiaf Mesiowaliq® | State of Raildesicc”
Mexks & Clak
280 Slater Street Suita 1800 TelephanaNo,
K1P 587 Candl
1 Pacsitniie N
Attn: Richard J. Mitahell R
Teloprinter Na:

3. Funber chyorvatioms, if nocexsry:

*Tobe Indlemod quly for o change soncerming the spplicamt.

Name t] omillng ackiress of the Reoelving Office
Commlmsioner of Palents

Cunnclisn Receiviag Office
Box PCT, Ottaun/Getinam K1A 0C9
Fecticalle No.(119) 9330538

Authorteed Oficer
Dianc Leclaire (819) 997-7623

Forws FCTRCUT 13 (i VA3 ryoiot Jecary 2004}




i

o l—

—

11/02/08 18:3L BAX 013 230 ssa1 MARKS & CLERK Roo2/008

s' & Clerk Tel{613) 236-9361

dirk Agents Fao(613) 230-8821
ion B, Ottawa, Cansda KIP 557 e-mail: mithel@makclakconm

joe 1800, 280 Sinter Sirest, Plense reply tn: Richard J, Mitehall
'IM.WKJKIO:

August 3, 2004

seafiational Patent Application. No. PCT/CA2004/000724
ilRait; ISOTECHNIKA INTERNATIONAL, INC, et sl

h the Communication Regarding Extension of Time, we are now attaching the

d by inventor Randall W. Yatscoff and another executed by the other four

T trust thif now completes the formalities.

Yours very truly,

Richard J. Mitchell

= - e

Lo o

rs of Attornoy (3), one executed by an officer of Isotechuika Internstional Inc.,

(a3
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PCT

POWER OF ATTORNEY
{for an international application filed under tha Patent Cogperation Treaty)
(PCT Rule 90.4)

The undersigned applicant(s) (Names should ba indicated as they appear in the raques():

{SOTECHNIKA INTERNATIONAL INC.
2nd Floor, Muason Bullding

Hincks Street

Bridgetown

BARBADOS

hereby appoints (appoint) the following parson as: [Z} agent D Common repregantative

Name snd address
(Family noma followed by givert name; for a legal entity, fill offic.al designation. Tha cidress must incliuds poricl code and name of cauntry,)

Richard J. MITCHELL, George M. MacGREGOR, S. Mark BUDD,
and Ian D. CLARK, ¢/o Marks & Clerk, P.O. Box 957, Station B,
Ottawa, Ontario Canade KIP 587

to represent the undersigned before [¥] ait the competant Internationat Authorities
' [[] the intemational Searching Authority only
[[] tho intemationat Preliminary Rxamining Authority aniy

' in connection with the international spplication identified below:
Titlo of the lnvention: FAPAMYCIN CARBOHYDRATE DERIVATIVES

AppMeant's or sgent's file reference: 1 6902-PCT
International applieation number (ifalready avaiiable): PCT/CA2004/000724

Fled with the following Office _Canadian Patent Office as receiving Offics
and to make or receive payments on behalf of the undersigned,

Signature of the Appleant{s) s there o s dppiheinis, eich of ikin Bist Hign: waxt & swch signsiure, indicany T monte of the persn sigaing and
the capacity v which tha parson sigar, If pech ey [ wot obwicwy fram raading the repumat or this poeer):

| ISOTECHNIKA INTERNATIONAL INC.

By: Joséph Kozlak
Tille: Execuliva Vica President

Date: JUME { H‘. Lo

Form PCT/Madsl of powar of attomey (for a given intemnational application) (July 1992)




PCT

POWER OF ATTORNEY
(for an international application filed under the Patent Cooperation Treaty)

(PCT Rule 90.4)

The undersigned applicant(s) (Namas skould be indicated as they appeor in the reques():

ABEL; Mark SZWEDA, Roman TREPANIER, Oanial

11530.8A Avenue #705, 9916 113th Street 1417 Haswell Place

Edmonton, Alberta T6J 782 Edmonton, Alberla T5% 2N3  Edmonton, Alberta TBR 3ET1

CANADA CANADA CANADA

YATSCOFF, Randall W. FOSTER, Fobert T. *

1596 Hector Road 34 Westbrook Drive

Edmanton, Alberta T6R275  Edmonton, Alherta T6J 2C8
herchy appoints (eppoint) the following parson as: E agent D common rupraei:mive
Name and address

" (Family name followed by givent name; Jora kgnlam.ﬁd!qﬁ.dalduwn. The address muut include postal éode and nama of couniry)

Richard I. MITCHRELL, George M. MacGREGOR, S. Mark BUDD,
and len D. CLARK, ¢/o Marks & Clerk, P.O. Box 957, Station B,
Ottawa, Ontario Canada K1P 557 t

to represent the undersignod before -IE all the competent Internetional Authorities
D the International Searching Authority only
[[] the ntamational Preliminary Bxamining Authorlty only

in connection with the international npplicetion identified below: .:P

Title ofthe tavention; RAPAMYCIN GARBOHYDRATE DERIVATIVES

Applicant’s or agent’s file reference:  16902-PCT
Intexnationsl application number (I already evallable): PCT JCA2004/000724

'] filed with the following Office ‘Canadian Patant Office : _ ayreeeiving Office

and to make or recejve paymeats on behalf of the undersigned.

Signature of the applLcant(s) wkens shirs @ svere! applloca, agch of thow o 1ig; med 20 emeh sigoucir, Idicprs tha nams of the perzon Signing and
mb-ﬂi*p—l sifni, f vok copucity &t pat olvious fum reading the requast #r His pows);

Mark Abel: Date: T, ‘1/6'1_

Roman nweﬂm_@&;&.&w&— Date:— :L _2.4&0, (=27,
‘Daniel Trepanier: Date‘___‘«l&_lh_lﬂ‘:[,__g

Randall W. Yatscoff] _Da.te:?\
Robert T. Fosterj . Z; : ; Date: J:gc.(ét’g_(t

Form PCT/Model of power of sttamoy (for & given intenational appiication) (July 1992)

195
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PCT

POWER OF ATTORNEY
qhmquﬂhmﬁmmmamm
(@®CT Rauls 90.4)

| to reprosent the padanigaed beforn (] ot tos covopotuck maznationl Auerides

JMark Abl:x — Dn:c»x
" | Roman ,SIveda:?{ Dn:e:x
‘Daniel Irepnnier:x Ds:u:x

, Randall W, YatscoEERY XZ .

TMMMM (Aanins shorcid be tdtocite d sty ity appenr s the r STy
ABEL, Mark SFWEDA, Roman TREPANIER, Danigl

11530-DA Avinus . . 705, 2818 113th Stroat 1417 Haswal) Pl
i 3 782  Edmontan, Aleyla YGK 2N3 Edmonton, Alberts TOR 3E1
Edmomtan, Alberta TG 782 . 3

-

YATSCOEF, Randati W. FOSTER, Robort T

Richard J. MITCHELL, George M. MacGREGOR, $. Mark BUDD, and
Ian D. CLARK, ¢/o l}da.rks & Clerk, P.O. Box 957, Station B, Ottawa, Ontario
Cenada K1P 587 S

] the tatermationn) aceebing Ambority cly
D fhva Inserezional Pretiminary Samintg Authority coly

in commonston with the iowerarriorml spplication idendfied belaw:
’ it otihe trvantion: RAPAMYGIN CARBCHYDRATE DERIVATIVES

Appicant’y or agent”s fils referdice 16902-PCT
(aterontianalappcstion nupber (Ualreadyentinblsy  BCT/CA2004 /000724
el s Eollowlog Offics _Camadfir Patent Offos . a8 Rcelving Offin
i.:mmh ar mcuive prymests on behalf of fm mrdeeslgned, ,

Siyontarsofile mummuuh-m.-_ sovtl gt oot rige; e o onch sligmelirs, G s aalvt f 1 perie Sgakog i
T ety S el s purvbs sghe, a0k cpeiey i vt alkvlons SSa roudieg e vyt o iy it

Hoctor Road 54 Wasthrook Drive
%mmnnzzs Edmontan, Alxxts TR 2C9
‘hrereby sppolnts (3ppobid) the following pacsos e [Z] agmt D commnn represmtive
Aress .
'mmnwmﬂnuMMIm The addveny smt inpbria pasid cods erd muns qf eosnry) .

/£ % T .
Robart T. tasceri XYL . ; _pater

F-Ti2

..t‘.z. ] . |9[C9: : el

P

Foon PCT/pdal o powrr of attoray (for a given iterutions’ pplicusios) (luby 1992)

.
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Forms of D-fruciase in sofution

FIG. 1
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General Route of Synthesis for Rapamycin Carbohydrete Derivatives

Q 0
o,N—O—c-cl f
RAPA-OH - wm—c—-o——{ }- N
I m o

Z  Z=sgar or suger derivative

RAPA-Q-C—0-Z

0
RAPA-O-C—NH-R%Z RAPA-O-C~—0-R%Z

FIG. 2




Fructose = ¢-fructopyranose or
B-fructopyranose or
o-fructofuranose or

p-fructofuranose attached through
the 1 or 6 position.

FIG. 3
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FIG.4




In vitro immunosuppressive Activity of Rapamycin 42-0-(D-

Fructosylearhonyl)rapamyein, and a Carbamate-linked Analog in a Cell

Proliferation assay.
1100+ —e~ Rapamycin
£ 10004 £ ~~ 42-0-(D-Fructosylcarbonyl)
% rapamycin
S 900 ~a~ (Carbamate-linked analog
S o0
= 7004
| T ™) .
800- . Unstimulated
r— Prerr—rrerrre—y
0 005 05 ] 50.1
Drug (ng/mi)
FIG. 5
Phamacokineti Profiles n the Rat of Rapamyein-42-0-
Carhohydrate Derivatives
4po0ppp  Fapamyen
o T | 42-0-(D-Glucosylcarbonyljrapamycin
53000000— Il
=
- M
£ 2000000 {.
= : 42--(D-Fructosylcarbonyl)rapamycin
42-0-(L-Fucitoylcarbonyf)rapamycin
1000000

42-0-(D-Sucrosylcarbonyl)rapamycin
42-0-&0-Maltulosylcarbon{d)?apamycin

123 45678 910
Time (hours)

FIG. 6




Pharmacokinetic Profiles In the Rat of Rapamycin-31-0-Carbohydrate Derivitives

1000000-

LC/MS Peak Area

500000-

Rapamycin

4
Time (hours)

FIG. 7

Pharmacokinetic Profiles in the Rat ef Rapamycin-42-0-Carbohydrate Derivitives

Rapamycin Concentration (mg/mi)

—
<

~— 42-0-(D-Allosylcarbonyl)rapamycin
~— 42-0-(D-Sorbosylcarbonyl) rapamycin
---- 42-0-(D-Fructosylcarbonyl)rapamycln
- —— 42-0-(2-0-Methyl-D fructosylcarbonyl)rapamycin

12 16 20 24
Time

FIG. 8




Serum Cholesterol Levels Following 12-Day Dosing of 42-0-(D-
Fructosylcarbonyijrapamycin and Rapamyein in Sprague-Dawley Rats

3+

b
-
] -

[y %)
1

*
e nad
*

Cholesterol (ﬁmolll)

—
e

Vehicle Rapamycin TAFAO3
« Significantly Lower than Rapamyein p < 0.01

*+3lgniticantly higher than Vehicle, p < 0.01
ANOVA, Dunneil's Post Hoc Test

FIG. 9




Dose-Response Refationship of ADP- induced Platelet Aggregation
in the Presence of 1 and 25 pug/ml Rapamycin

Trace 1 Trace? Traced  Traced
0 | Rapamyeln 1 ug/mL
N\‘.‘\n-__-__ '
10 N =]
30|
_ 40
]
= 50
[~
60 N
70 M
80 Rapamycin 25 ug/ml
90
10
200 £00 600 8.00
Time (min:sec)
FIG. 10
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Effect of Rapamyein and 42-0-{D-Fructosyicabonyl) rapamyein (25 pg/mi)
on ADP-Induced Platelet Aggregation

Trace 1 Trace 2 Traced  Traced
42-0-(D-Fructosylcarbonyl) rapamyeln |
UW&Tu — =r-{100
10 \ 90
20 : 80
30 ‘ 70
_ 4 - A— 80
§ 50 F . 30
D

60 10
70 30
80 g 20
X ' ‘| Rapamygin 10

70 &0 600 800 10:00

Time (min:sec)

FIG. 11
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Graft Survival Carves of Helerotopic Heart Allogrefts in Rats
Receiving Oral 42-0-{D-Fructosylcarhonyl)rapamycin (2.5 and '
10 mg/kg/day), Rapamyein {2.5 myg/kg/day),or Vehicle

1104 —u—Vehicie control
100 } ——Ragamycin - 2.5 myhg/day |
il | -0 {DFotmsrbo gy -25
0. . — e
- | —omdz0{04 chtosycarbonyl(rapamycm -10
% 704 ; &y mg/kgiday
a 604 A ]
g 5 &
o 40 1'---"..-': é)-.
e i
20 1 F——
104 | -
T w2 D b B @ h @

Days Post-Transplant

* Different from Vehicle, p < 0.005
** Different rom Rapamycin, p < 0.05

Witcoxon Rarik Sum
FIG. 12
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1..FAX 613 230 $82) KARKS & CLERE
' - PATENT COOPERATION TREATY
mJame? ,
TE. PCT
d lnmg:tl; NO]'IFICA’I'ION OF DATE OF RECEIPT
34, chemin dés Co :
! 1211 Geneva 20 OF PRIORITY DOCUMENT OR OF
} .  Switzerdand, PRIORITY muuuoumumm
(PCT Adininistrative Instructions,
Section 323(s), (b) and )
| _1‘ '_ |
Applleant's or agent's fla refrance Dare of mailing 13 Angost 2004 (13-08-20049)
31234-&10‘{ (dapimonthyacr)

Tetzrnstional (ling duto 4-05-2004
p 14 May 2004 (1 )

; No.
Pcr/ﬂpwtmmri

ISOTECYINIKA INTERNATIONAL INC, ET AL

LIX)  This soociviag Ofice harchy pives niotioe 6 (6 receipe of the itenity dacamest{s) dcniifid below on:

ok

s

pp— .M" m‘mi“m_ — a
o
XY ‘ ' tnﬁﬂu hazﬁvqmdum:‘mdnm(wmmnlm)uw et o
Idantificasion &f the priority docimeac()
Tﬂmvllﬂ Pricrity spplicaticn No. Coimtiry er regional Office
. orrcrm Office
}fﬂ% (471,367 us
3004 ;IEWSG-.'I.'W Us:

MJIIIIE"“HNIMOIM

aner of Parcnts”

Cmisdinn Recalving Officn
PCT, Ouwww/Gaihronn X.1A 6C9
h-hlblh. tll!j”i-mt

— .
Diana Leclaire (819) 997.7623:

Foums PCTROFLYS [ty 199, repcia Famary J004)
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11/02/05 1q:{1 PAX 813 230 8821 MARES & CLERK Booasons
4

' ! PATRNT COOPERATION TREATY
EUROPEAN PATENT OFFICE PCT -
PA 2 _ NOTIFICATION CONCERNING -
NL-2§0HV RISWIK (ZH) REPRESENTATION
8 (PCT Rule 90 and Adminkirative
Tastructions, Section 328)
i

_ . PR - : ne x P . )

ngﬂ igrin's e refereooe Dua lﬂf Hﬂ! 15 g ; 13 Alls’lllt 2004 (13-08-2004) '
: wigeal jgplicgion o, | tntomaionad flig e 14 May 2004 (i4-05-2004):
| PCTACA2004/000724 (daptmasthpe)

m" [SOTECHNIKA INTERNATIONAL INC. ET AL

1. ‘Tbis recelving Office hereby gived notice of the receip! of 2 docusient enistaining:
, ‘.qhmaﬁmq 1SOTECHNIKA INTERNATIONAL INC. ET AL
{-[ -1 rovocation of power of sitorney '
[ : ] recmciation of sppointment

1 :

is notification, together with n copy of (e docurirent indicated above, is #eni 10 th addressce in its.
ity as.. .

#'[ } the liremational Scarching Anthority:

". [ ] te Internstiona) Buroen, whish is roquesied to recard a changa i the persdi of
(e agcid or toxnmio sepreseniative tnder Ruls 9201 (a)(E). -

f‘ '. R (

. i

i

l

i

|

l T : 4

; ioemo s g wekivesn of the Racutvlng Office vt O

i B ' .-
]

» Bos PCT, Ottewia/Gati S —

i Pt B9 T AO Diane Lectaire (819) 997-7523




4 ) PATENT COOPERATION TREA ¥

DOCKETED

From the INTERNATIONAL SEARCHING AUTHORITY

To.

TORYS LLP

Maritima Life Tower

i Suite 1000, 79 Wellington St. W.
pox 270, TD Centre

' Toronto, Ontaric M5K 1N2

I CANRDA
{PCT Rule 44.7)

' Date of mafing
| (@ptnontnyee) 53 708/2004

Applicant's o agent's fla reforence

31204-2007 FOR FURTHER ACTION Sae paragraphs 1 and 4 balow
| Imemationsl application No. Internatonal filng data
' PCT/CA2004 /000724 (deymoninyear 14 /05/2004

? Applcant
ISOTECHNIKA INTERNATIONAL INC.

1. [} The appiicant Is henaty notified Tat the inameational search fupart and the wittter: opinion of the |namatonal Searching
Authorily hava bean established and are yansmitiod harewtth,

Flling of amsndmsnts and statsmunt under Arlicie 18:
The applcant ts entitied, I he o wishes. to amend the plabns ol the Intemational Apphcaticn {ess Rule 46):

When? mmmtthg:whn-ﬂMnuhnmnwz months lrom the daie of transn""ai ot the
Imematonal Search Repart; however, tor more detalle.'s08 1e notes on the accompanying sheet.

Where? Direcly io he  inlemational Bureau of WIPD, 34 chemin des Colombetiss
1211 Ganava 20, Switreriand, Fascimile Mo {(#1-22) 740.14.35

For mors detailed Instructions, see the notos cn the accompanying shost

2. [] The appicant ls hereby notified thei no Intamaonal soarch report witl ba establishad and hat e deciaralion undel
Artcls 17{2){a) to thet sfiect and the writien opinion of tha internationa! Saarching Authority are tranamitted herewith,

3. [ Wi regard i the protest againat payment ot (an) additional fee(s) undor Fluls 40.2, the applicant Is notifad that

[ the protast ogether with ihe decision thereon hes baer tancmitied to the intemational Buresy togather with iha
applicant's requost to torward the lexts of both the mnnmmmmnnbmdamuonh-.

[0 o cacislon has been macde yot on the protast; the appiicant wi be Actifed a9 soon s @ dacision ta meds.

4, Reminders

Ghortly after the expination of 18 mantha from the pricrity data, the Intsmatonsl appication wil be publishad by the
Intemational Bursay, Il the applican wishas 1o avold or pOSpONS publication, @ notioa of withdrewed of the ntamatonal
applcation, or of the priarty claim, must 1sach the Inlematicnal Buresu as provided In Fudes 90bis. 1 and 5002, ragpectively,
betare the compialion of the technical proparations far Intarnational publicalion,

The appiicant may subsnfl commeants on an Wnformal basls on the written opinion of the International Ssarching Authority to the
Inemational Bureiu, The [ntsmationat Bursau wifl send B copy ol such commants & el dasignated Officea unioas an
internatinnal prafiminary examintion seport has hieen or 18 1o be asmbished. These commants would 2led be made Avalable D
the public bul not betore the expiration of 30 months from the pricrity date.

Within 16 mantha from the priority date, but only In teapect of soms dosignated Oficpa, & demend for ntarnational prefminery
anamination musl be Sed If the applicant wishes to paatpane the entry info the naticnal phasa unill 30 monthse from the prorly
cam (in sams Offioes even later); otherwiea, the appiicant must, withia 20 months from tha priarity cata, perform the prescribed
acts for entry into the aalional phase before those denjgnaled Offices.

n 'm;'paetoi other dasignatad Oficas, the ims ilmit ¢t 30 montha {or 12ter) will apply sven |f no demand Ls Med within 18
monthe.

See the Annex 1 Form PCTARVSD1 and, for detalls aboul the eppiicable tme limita, OMfios by Office, see tha PCT Apgilcants
Guide, Voluma (I, Nationed Chapiers and tha WIPO Intornet ale.

Name and maling addross of the Inksmational Gearching Autharlty | Authorized officer

——=x Eurapean Patent Oifice, F.B. 5B1E Patentiaan 2
NL~Z280 HV Risw| Dominique Hundt
Tel. (+31~70) , Tx. 3t 651 epo i,

. Fax: (+31-70) 340-3010

Form PCT/SA/220 {Janussy 2004}

(See notes on actomparnying shest)
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NOTES TO FORM PCT/ISA20

Theae Notes are intanded 1o give the basio Instructions oroeming tha Sing of amendmernis under arficle 19.
Notss ars based on tha requiremants of the Paient Gooperation Traaly, e Ragulalions i ‘
under thl Tresty. In nase of dsorspancy between thesa Noles and those requirements,
dulsilad intormaiion, sse also the PCT Applicant's Gulds, & publoation of WIPQ.

In Bress Notes, “Auticle®, "Auie’, and “Egction” reler 1o the provisions of the PCT, the PCT Regulations and the PCT
Adkministrative insiructions respectvely.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

MWMMMWMWﬂiMNH-MDq-Mhmdh
¥rtemations) sppiicaion. & should howevar be smphaiiiind fal, skce o parts of the inlemational aikcin {olaine,
Mﬁpﬁmnﬂ@ﬂp}mthmmuwmm_ ,-lhupipm:g“
mmun-n-deMumwu-wmn.-@h-pum-phu-'wmhpuu’ d
for ihe pArpos s of providienal ot has anathirs reasors for amending tha elalme bulers intemationsl phidiotion:
me.tmuhwdmmmmmummmum.

wmmd!luhllmhdqpnlllmmqhmid?
lk:brMHﬂD.wmhlduimlmlynmrﬂld.

Dulnnth-msmm.hdmuqu-hmd-dmmmmw-um
tha Intemnational Preiminary Examinirg Authosty. The desoription and drawings muy only be xmended undar
Asticle 34 betore the Intsmational Examining Authority.

Upon eniry inlo Uw nalional phexe, i paris of the intsmalional applicstion may be amended under Arficle 28
or, whare sppllogble, Aticle 45,

Whan? mﬂnzuuhmhd-u_olkwnnlolhmdmlumhnwnuwmmhpiwh
mﬁmmlﬂmhr.ﬂdmﬂbm!mm,“h amendmants will be considersd
-hmdnnhlmw“hnlim.tmwnlﬂlmnhﬂ Buraau afiar the expliratiy fihe
Whohﬂmmlhmﬂhdmmﬂw for inlemational publication

(Flule 46.1).

Where not 1o Me the smendments?

'I'holm-umll'mqmlyhldvﬂmnlu-ndh\dMuumdnuwﬂhhnﬁvhuonhwh
Intamationsl Searching Authority (Fule 44.2).

Whare a demand for international prolminary mamination has byeriis flad, 390 below,

How? Elwhyemmwmmmwm-mummdﬂm-mby-n-uqum-lmd
ona or more of the delme ea fled.

Ammdmﬂhmmlﬂdhamuldihdmm,mmrﬂofmamn&nuﬂur
amandments, difers from the shest originally Red
Mlhdnhnwdmmawm#dmnﬂhmmm Arable numerals. Whare a olsin i
canosiied, 1o renumbaring of the ciher claims hnquhd.hnlo-whu-d-‘mnmmwml
ba consecutively [Adminisirative instructions, Sedlian 205{k)).

The amendmants must be made 13 the language I which the Internations! spplication is to be published,

mmmmummmhmmm‘r
Lakter (Section 205(b)):
The amsndmaents mint be submited with « tetier.

The isltsr wil not be published with the inftemmationsl spplication ard the amenced slstms. it should not be
W-ﬁhmﬂﬂh&bﬂﬂfhm.m#&mﬂmnﬂﬂ 19(1)7-

The letter must ba In English or French, at the chaoics af the Howuver, ¥ the lamguage of the
ntemational is English, the letter must bs in Eng : Hthe languags of 1he Intarnationsl applicatien
s Frenth, the fsiter must be In Franch.

Notes to Form PCTASAZ220 (Tirsl sheel) [Janusry 1984}

BNSDOCID: «X5____(BAZNINGENRL)_»




NOTES TO FORM PCTSA/220 {continued)

Tha ber avist indicsds the differsnces betwesn the olsims as Sied and the claime «a amended. & mist, in
partioulsr, indioate, in connaotion with aach ok appesring in the intemational apphoation (it balng undersinod
that idenlical incicaliona sanosming ssvera) elaims may be grouped) whather

@  the olalm s unchanged;

() theclaim is cancelled;

(B) the claim is new;

(™) ihe claim replaces ons or more claims & Blwd;

™ the olaim ia the result of the division of a olaim e» Sled,

The following sxamples (lustrate the manner in which smendmoenta musibe expiained In the
socompaying latter:

1. eriginally there were 43 alaims and afiar amendment of some claima there are 51):
sims 1 ko 29,931,322, 34,35, % b ﬂnﬂmdbymrlhdddmhlﬁmlhlmmm;
_ claims 30,33 and 36 unchanged; new clsims 40 to 51 added.”

£ Mnuidmlymm156&1N-Mminuldd‘lddmohnnﬂ]:
Claims 1 to 15 replaced by amended clalma 1 bo 11.°

8. %WMmianthMwnlnhMlmmﬂdhm
new glaims]:
'l'.ldmlh!ud“nuﬂungnﬂ;dﬂm?bﬂmdd;mdﬁmll.wwl'hdbd.'u
'Gdn-?hi&mlld;m-d-‘nﬂs.1llﬂ11dhd;lldﬂ-'dinurdnm-d.'
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RAPAMYCIN CAREOHYDRATE DERIVATIVES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Application Serial Nos. 60/471,367 filed
May 16, 2003, 60/546,240 filed February 20, 2004 and 60/562,840 filed April 16, 2004.

FIELD OF THE INVENTION

[0002] This ap;;lication relates to carbohydrate derivatives of mapamycin, a potent
immunosuppressant, with structurally defined carbohydrate moieties attached to the
rapamycin structure via a connective moiety. The rapamycin carbohydrate derivatives may
act as prodrugs. That is, they may be substantially without immunosuppressive activity
themselves, but in vivo be converted to rapamycin which then exhibits an immunosuppressive

effect.
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[0003] The following references are related hereto or referred to herein by patent or

application number or by author and year at the relevant portions of this specification.
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[0005] S. N. Sehgal H. Baker, C. Vezina, “Rapamycin (AY-22,989), a new antifungal
antibiotic. II. Fermentation, isolation and characterization,” J. Antibiot. 28, 727 (1975).
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BACKGROUND OF THE INVENTION

[0043] Rapamycin, also known as sirolimus, is a 31-membered macrolide lactone,
Cs1H79NO13, with a molecular mass of 913.6 Da. In solution, rapamycin forms
conformational trans- and cis-isomers with a ratio of 4:1 (in chloroform solution) due to
hindered rotation around the pipecolic acid amide boad. It is sparingly scluble in water,
aliphatic hydrocarbons and diethyl ether, ‘whereas it is soluble in alcohols, halogenated
hydrocarbons and dimethyl sulfoxide. Rapamycin is unstable in solution; it degrades in
plasma and in low and neutral pH buffers at 37°C with a half-life of less than 10 hours.

[0044] Produced by Streptomyces hygroscopicus, rapamycin has been shown to possess a
number of valuable pharmacological attributes. The compound is a macrocyclic triene
antibiotic that possesses antifungal activity, particularly against Candida albicans, both in
vitro and in vivo. See, C. Vezina et al., J. Antibiot. 28, 721 (1975), S. N. Sehgal et al., J.
Antibiot. 28, 127 (1975), H. A, Baker et al., J. Antibiot. 31, 539 (1978), and U.S. Patent
Numbers 3,929,992, and 3,993,749. Rapamycin alone (U.S. Pat. No. 4,885,171) or in
combination with picibanil (U.S. Pat. No. 4,401,653) has also been shown to have antitumor
activity. Futhermore, R. Martel et al. Can. J. Physiol. Pharmacol. 55, 48 (1977) disclosed

that rapamycin is effective in the experimental allergic encephalomyelitis model, a model for
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multiple sclerosis; in the adjuvant arthritis model, a model for rtheumatoid arthritis; and
effectively inhibited the formation of IgE-like antibodies.

[0045] The immunosuppressive effects of rapamycin have been disclosed in FASEB 3, 3411
(1989). Rapamycin, Cyclosporin A, FK-506 (also known as tacrolimus), and other
macrocyclic molecules, have been shown to be effective immunosuppressive agents and
therefore are useful in preventing transplant rejection. See, FASEB 3, 3411 (1989), FASEB
3, 5256 (1989), and R. Y. Calne et al., Lancer 1183 (1978). Although rapamycin shares
structural homolog}} with the immunosuppressant tacrolimus (FK506) and binds to the same
intracellular binding protein in lymphocytes, rapamycin and tacrolimus have been shown to
have different mechanisms of immunospressive action. Rapamycin inhibits S6p70-kinase
whereas Tacrolimus inhibits calcineurin. Rapamycin was found to prolong graft survival of
different transplants in several species alone or in combination with other

immunosuppressants. See, S.N. Sehgal et al., Medicinal Research Reviews 14, 1 (1994).

[0046] Rapamycin is also known as an mTOR inhibitor. These inhibitors are a class of
immunosuppressive drugs that inhibit T cell activation at a later stage in the immune response
than other types of inhibitors like calcineurin inhibitors and DNA synthesis inhibitors. In
transplantation, mTOR inhibitors are typically used in combination with calcineurin

inhibitors.

[0047] Unfortunately, the side effects (e.g., gastrointestinal effects, hyperlipidemia) of mTOR
inhibitors currently limit their broader use in transplantation and the treatment of autoimmune
discases. And, while not having been shown to induce nephrotoxicity, rapamycin has been
shown to induce a number of toxic side effects in animal model. Such toxic effects include,
for example, impairment of glucose homeostasis, gastrointestinal tract ulceration, weight loss,
diarrhea and thrombocytopenia.

[0048] Numerous rapamycin derivatives have been synthesized in the hopes of alleviating
and improving some drawbacks that rapamycin retains, which include low and/or variable
bioavailability and solubility, and high toxicity. Mono- and diacylated derivatives of
rapamycin (esterified at the 28 and 43 positions) have been shown to be useful as antifungal
agents (U.S. Pat. No. 4,316,885) and used to make water soluble prodrugs (U.S. Pat. No.
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4,650,803). Other derivatives include, carboxylic acid esters (PCT Publication No.WO
92/05179), carbamates (U.S. Pat. No. 5,118,678), carbonates (U.S. Pat. No. 5,260,300),
amide esters (U.S. Pat. No. 5,118,678), fluorinated esters (U.S. Pat. No. 5,100,883), acetals
(U.S. Pat. No. 5,151,413), silyl ethers (U.5. Pat, No. 5,120,842), bicyclic derivatives (U.S.
Pat. No. 5,120,725), rapamycin dimers (U.S. Pat. No. 5,120,727) and O-aryl, O-alkyl,
O-alkenyl and O-alkynyl derivatives (U.S. Pat. No. 5,258,389). Various rapamycin prodrugs
have also been developed (U.S. Pat. Nos. 5,672,605, 5,583,139, 5,527,907, 5,457,111,
5,955,100, 6,146,658, and 5,935,995). :

[0049] As rapamycin has been shown to possess excellent immunosuppressant, antifungal,
antitumor, and other important biological activities, a need still exists for improved
derivatives that increase solubility and improve the pharmekokinetic profile while decreasing

its toxicity. The present invention addresses these needs.

SuMMARY OF THE INVENTION

[0050] The present invention is based in part on the recognition that carbohydrate derivatives
of rapamycin in which the rapamycin molecule is modified at the 31- and/or 42- position, as
defined by the current Chemical Abstracts nomenclature, by attaching monosaccharide(s),
oligosaccharide(s) or pseudosugars, have similar or enhanced pharmacokinetic and/or
pharmacodynamic profiles compared to rapamycin, In addition, administration of the
rapamycin carbohydrate derivatives may result in reduced toxicity with retention of the
desired pharmacological effect. In addition, the rapamycin carbohydrate derivatives may
render rapamycin more water soluble allowing for simplified drug formulation. Thus, the
present invention provides compounds with characteristics that are distinct from other drugs

in its class such as rapamycin.
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[0051] In one aspect, the invention is directed to a rapamycin carbohydrate derivative having
the structure of formula (I):

H‘(OcsznQ&
MeO* o

@

wherein

n=0or 1, R! and R? are independently hydrogen or-X-Z, wherein each X is a linker, and
each Z is a carbohydrate moiety independently selected from the group consisting of &
monosaccharide, an oligosaccharide and a pseudosugar wherein Z is attached to X through a
hydroxyl oxygen atom of Z with the proviso that R! and R are not both hydrogen. In an
embodiment, R! can be hydrogen and R? can be X-Z or in another embodiment, R? is
hydrogen and R' is X-Z. In a further embodiment, X can be selected from the group
consisting of (i) -R*C(0)-; (if) -C(O)R>; iii) -R>S(0);-; and (iv) -S(O);R*-; wherein R? is
selected from the group consisting of: (a} ~(CHz),- where p is an integer from 1 to 18; (b) -
(CHj3)o-O-(CHa)p- where n and m are each independently an integer from 2 to 6; and(c) a
bond. In another embodiment, X can be selected from the group consisting of -C(O)- and -
S0,-. In an additional embodiment, X can be a single functional group. In another aspect, Z
can be selected from the group consisting of fructosc.- fucitol and allose. In yet a further
aspect, Z can be a monosaccharide derivative wherein at least one of the hydroxyl groups of

the monosaccharide is replaced with a hydrogen, an alkoxy, an alkanoate or a halogen group.
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[0052] Rapamycin carbohydrate derivatives having the structure of formula I that are within
the scope of this invention include, for example, those set forth below (including

pharmaceutically acceptable salts thereof):

42-O-(Methyl-D-glucosylcarbonyl)repamycin;
42-0-[2-(Methyl-D-glucosylcarbonyloxy)ethyljrapamycin;
31-O-(Methyl-D-glucosylcarbonvl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-[2-(2-O-Methyl-D-fructosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-0-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-[2-(2-0-Methyl-L-fructosylcarbonyloxy)ethylJrapamycin;
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-0O-methyl-D-fructosylcarbonyl)rapamycin;
31-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-0-(D-Allosylcarbonyl)rapamyein;
42-0-[2-(D-Allosylcarbonyloxy)ethylJrapamycin;
42-0-(L-~Allosylcarbonyl)rapamycin; |
42-0-[2-(L-Allosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Allosylcarbonyl)repamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-allosylcarbonyl)rapamycin;
31-O-(L-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethy})-31-O-(L-allosylcarbonyl)rapamycin; .
42-0-(D-Fructoslylcarbonyl)rapamycin;
42-0-[2-(D-Fructosylcarbonyloxy)cthyl]rapamycin;
42-0-(L-Fructoslylcarbonyl)rapamycin,
42-0-[2-(L-Fructosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(D-fructoslylcarbonyl)rapamycin;
31-O-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
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42-0-(D-Fucitolylcarbonyl)rapamycin,
42-O-[2-(D-Fucitolylcarbonyloxy)ethyl Jrapamycin;
42-O-(L-Fucitolylcarbonyl)rapamycin;
42-0-[2-(L-Fucitolylcarbonyloxy)ethylJrapamycin;
31-0-(D-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-0-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L~-fucitolylcarbonyl)rapamycin;
42-0-(D-Glucalylcarbonyl)rapanycin;
42-0-[2-(D-Glucalylcarbonyloxy)ethyl]Jrapamycin;
42-0-(D-GlucosylcarbonyDrapamycin;
42-0-[2-(D-Glucosylcarbonyloxy)ethylJrapamycin,
42-0-(L-Glucosylcarbonyl)raparnycin;
42-0-[2-(L-Glucosylcarbonyloxy)ethyl]Jrapamycin;
31-O-(D-Giucalylcarbonyl)raparycin;
42.0-(2-Hydroxyethyl)-31-O-(D-glucalylcarbonyl)rapamycin;
31-0-(D-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucosylcarbonyl)rapamycin;
31-O-(L~Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-glucosylcarbonyl)rapamycin;
42-O-(L-Sorbosylcarbonyl)rapamycin;
42-0O-(D-Sorbosylcarbonyl)rapamycin;
31-O-~(L-Sorbosylcarbonyl)rapamycin;
31-O-(D-Sorbosylcarbonyl)rapamycin;
42-0-[2-(L.-Sorbosylcarbonyloxy)ethylJrapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sorbosylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-O-(L-sorbosylcarbonyl)rapamycin;
42-O-(D-Lactalylcarbonyl)rapamycin;
42-O-[2-(D-Lactalylcarbonyloxy)ethylJrapamycin;
31-O-(D-Lactalylcarbonyl)rapamycin;

PCT/CA2004/000724
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42-0-(2-Hydroxyethyl)-31-O-(D-1actalylcarbonyl)rapamycin;
42-0-~(D-Sucrosylcarbonyl)rapamycin;
42-0-[2-(D-Sucrosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Sucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sucrosylcarbonyl)rapamycin;
42-0-(D-Gentobiosylcarbony!)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)ethyl]Jrapamycin;
31-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(D-gentobiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)ethyl Jrapamycin;
31-O~(D-Cellobiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellobiosylcarbonyl)rapamycin;
42-O-(D-Turanosylcarbonyl)rapamycin;
42-0-[2-(D-Turanosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Turanosylcarbonyl)rapemycin;
42-0-(2-Hydroxyethyl)-31-O-(D-turanosylcarbonyl)rapamycin;
42-0O-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2-(D-Palatinosylcarbonyloxy)ethyl]rapamycin;
31-0O-(D-Palatinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-palatinosylcarbonyl)rapamycin;
42-0-(D-Isomaltosylcarbonyl)rapamycin;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Isomaltosyicarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltosylcarbonyl)rapamycin;
42-0O~(D-Maltulosylcarbonyl)rapamycin;
42-0-[2-(D-Maltulosylcarbonyloxy)ethylJrapamycin;
42-0-(D-Maltosylcarbonyl)rapamycin;
42-0-[2-(D-Maltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Maltulosylcarbonyl)rapamycin;
42.0-(2-Hydroxyethyl)-31-O-(D-maltulosylcarbonyl)rapamycin;

10
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31-0-(D-Maltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-maltosylcarbonyl)rapamycin;
42-0O-(D-Lactosylcarbonyl)rapamycin;
42-0-[2-(D-Lactosyicarbonyloxy)ethyl]rapamycin;
31-0O-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-lactosylcarbonyl)rapamycin;
42-0-(D-Melibiosylcarbonyl)rapamycin;
31-0-(D-Melibiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-0-[2-(D-Leucrosylcartbonylox y)ethyl]rapamycin;
31-O-(D-Leucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-leucrosylcarbonyl)rapamycin;
42-0O-(D-Rafinosylcarbonyl)rapamycin;
42-0-[2-(D-Rafinosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Rafinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-rafinosyicarbonyl}rapamycin;
42-O-(D-Isomaltotriosylcarbonyi)rapamycin;
42-0-[2(D-Isomaltosylcarbonyloxy)ethyl jrapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-3 1-O-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-[2-(D-Cellotetraosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellotetraosylcarbonyl)rapamycin;
42-0-(Valiolylcarbonyl)rapamyzin
42-0-[2-(D-Valiolylcarbonyloxy)ethylJrapamycin;
31-0-(Valiolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl}-31-O-(valiolylcarbonyl)rapamycin
42-0-(Valiolonylcarbonyl)rapamycin
42-0—[2-(D-Valiolony1carbonyl oxy)ethyljrapamycin;
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31-O-(Valiolonylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
42-0O-(Valienolylcarbonyl)rapamytin
42-0-[2-(D-Valienolylcarbonyloxv)ethyl]rapamycin;
31-O-(Valienolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valienolylcarbonyl)rapamycin
42-0O-(Valienoneylcarbonyl)rapamycin
42-0-{2-(D-Valienoneylcarbonyloxy)ethyl]rapamycin,
31-0-(V alienoneylca-rbonyl)rapamycin
42-0-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

[0053] In another aspect, the invention is directed to a pharmaceutical composition
comprising the aforementioned rapamycin carbohydrate derivative, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier. In addition, an
embodiment of the invention is a method for freating a disease treatable by rapamycin by
administering a therapeutically effective amount of the rapamycin carbohydrate derivative to

a subject in need thereof.

[0054] In yet another aspect of the current invention, a method is presented for treating a
condition such as transplantation rejection, host vs. graft disease, graft vs. host discase,
leukemia, lymphoma, hyperproliferative vascular disorders, autoimmune disease, diseases of
inflammation, solid tumors, and fungal infections in a patient, said method comprising
administering a therapeutically effective amount of the aforementioned pharmaceutical

composition to a patient in need thereof.

[0055] Still further, the invention provides a medical device where the medical device
comprises a rapamycin carbohydrate derivative or a pharmaceutically acceptable salt thereof.
In an embodiment, the device is coated with the rapamycin carbohydrate derivative.

[0056] And, the invention provides a method for treating a disease treatable by rapamycin,
comprising coadministering a therapeutically effective amount of a rapamycin carbohydrate

derivative of the present invention to a subject in need thereof with a pharmaceutical
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composition selected from the group consisting of a cyclosporine or cyclosporine derivative, a

steroid, or an immunomodulatory compound.
BRIFF DESCRIPTION OF THE DRAWINGS
[0057] Figure 1 depicts fructose es it exists in several configurations in solution

[0058] Figure 2 depicts a general approach to the preparation of rapamycin carbohydrate
derivatives of the present invention. "RAPA-OH" stands for rapamycin, wherein the
hydroxyl group (-OH) may be any of the hydroxyl groups of rapamycin.

[0059] Figure 3 depicts the reaction pathway for the synthesis of 42-O-(D-

fructosylcarbonyl)rapamycin.

[0060] Figure 4 depicts the reaction pathway for the synthesis of 31-O-(D-

fructosylcarbonyl)rapamycin.

[0061] Figure 5 depicts the in vitro immunosuppressive activity of rapamycin, 42-O-(D-
fructosylcarbonyl)rapamycin and a carbamate-linked analog of 42-O-(D-
fructosylcarbonyl)rapamycin.

[0062] Figure 6, 7 and 8 depict pharmacokinetic profiles of selected rapamycin carbohydrate

derivatives in rats.

[0063] Figure 9 depicts serum cholesterol levels in rats following treatment with 42-O-(D-
fructosylcarbonyl)rapamycin and rapamycin.

[0064] Figure 10 shows the effect of two different doses of rapamycin on platelet
agpregation.

[0065] Figure 11 .compares the effect of 42-O-(D-fructosylcarbonyl)rapamycin and rapamycin
on platelet aggregation.

[0066] Figure 12 illustrates the effect of 42-O-(D-fructosylcarbonyl)rapamycin and

rapamycin on survival rates in a rat heart transplant model.
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DETAILED DESCRIPTION OF THE INVENTION

[0067] This invention relates to the unexpected discovery that the claimed rapamycin
carbohydrate derivatives have improved pharmacological properties as compared to
underivatized rapamycin.

[0068] It must be noted that as used herein and in the appended claims, the singular forms
“a," "an," and "the" include plural references uniess context clearly. dictates otherwise. Thus,
for example, a reference to "a rapamycin carbohydrate derivative"” includes a plurality of such
derivatives; a reference to a "pharmaceutically acceptable carrier” is a reference to one or

more carriers and to equivalents thereof known to those skilled in the art, and so forth.

[0069] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by ore of ordinary skill in the art to which this invention

belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, the preferred methods, devices,

and materials are now described.

[0070] All publications cited herein are incorporated herein by reference in their eriﬁrety for
the purpose of describing and disclosing the methodologies, reagents, and tools reported in
the publications that might be used in connection with the invention. Nothing herein is to be
construed as an admission that the invention is not entitled to antedate such disclosure by

virtue of prior invention.

[0071] The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, molecular biology, cell biology,
immunology and pharmacology, within the skill of the art. Such techniques are explained
fully in the literature. (See, e.g., Gennaro, A.R., ed. (1990) Remington’s Pharmaceutical
Sciences, 18" ed., Mack Publishing Co.; Colowick, S. et al., eds., Short Protocols in
Molecular Biology, 4™ edition, John Wiley & Sons; Ream et al., eds. (1998) Molecular
Biology Techniques: An Intensive Laboratory Course, Academic Press).
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Definitions

[0072] When discussing rapamycin carbohydrate derivatives, compositions, or methods, the
following terms have the following meanings unless otherwise indicated. Undefined terms

have their art-recognized meanings.

[0073] The term "alky]" refers to alkyl groups having from 1 to 10 carbon atoms, for example
1 to 6 carbon atoms, and includes both straight chain and branched chein alkyl groups. This
term is exemplified by groups such as methyl, t-butyl, n-heptyl, octyl and the like.

[0074] The term "alkene" refers to an unsaturated alkyl group having at least one point of
alkene unsaturation (i.e. -C=C-) and further having from 1 to 10 carbon atoms, for example
from 1 to 6 carbon atoms, and includes both straight chain and branched chain alkyl groups.

[0075] The term "alkyne" refers to an unsaturated alkyl group having at least one point of
alkyne unsaturation (i.e. -C=C-) and further having from 1 to 10 carbon atoms, for example
from 1 to 6 carbon atoms, and includes both straight and branched chain alkyl groups.

[0076] The term "aromatic" group refers to an aromatic carbocyclic group of from 6 to 14
carbon atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or
anthryl) which condensed rings may or may not be aromatic (e.g., 2-benzoxazolinone, 2H-
1,4-benzoxazin-3(4H)-one-7-yl, and the like).

[0077] The term "protecting group" or "blocking group” refers to any group which, when
bound to one or more hydroxyl group(s) of rapamycin or a sugar moiety, prevents reactions
from occurring at these hydroxyl group(s) and which protecting groups can be removed by
conventional chemical or enzymatic steps to reestablish the hydroxyl group(s). The particular
removable protecting éroup employed is determined by the nature of the compounds and
chemical processes being utilized. Removable hydroxyl blocking groups include
conventional substituents such as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidene,
phenacyl, t-butyldimethylsilyl and trialkylsilyls such as triethylsilyl, triisopropylsilyl,
trimethylsily, tributylsilyl and the like, and any other group that can be introduced chemically
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onto a hydroxyl functionality and later selectively removed either by chemical or enzymatic
methods in mild conditions compatible with the nature of the product.

The Rapamycin Carbohydrate Derivatives

[0078] As discussed above, the rapamycin carbohydrate derivatives of the invention are
compounds having the structure of formula (I):

H‘(om)nm:@
MeO' "

®

wherein )
n=0or1, R' and R?are in&ependenﬂy hydrogen or-X-Z, wherein each X is a
linker, and each Z is a carbohydrate moiety independently selected from the group
consisting of a monosaccharide, oligosaccharide and pseudosugar, with the
proviso that R! and R? are not both hydrogen.

[0079] As will be evident, the rapamycin derivatives can have sugar derivative moieties
attached at the 42-position, the 31-position, or both the 42- and the 31-positions. In one
embodiment, the sugar derivative is attached at the 42-position alone and in another

embodiment the sugar derivative is attached at the 31-position alone.

[0080] It is important to note that in naturally-occurring rapamycin, the 41-methoxy and 42-

hydroxy substituents exist in a frans configuration relative to each other. The 42-O-
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(glycosylcarbonyl) rapamycin compounds of the present invention are prepared in such a way
as to retain the trans configuration of the 41- and 42-substituents. Consequently, upon
hydrolysis of the carbonate linkage, the rapamycin will be released in its naturally-occurring
configuration. Similarly, the 31-O-(glycosylcarbonyl)rapamycin compounds of the present
invention are prepared in such a way as to retain the naturally-occurring stereochemistry of

the 31-hydroxyl substitutent of rapamycin.

The Carbohydrate Moiet

[0081] The carbohydrate (or sugar) moiety, represented by the identifier "Z" in formula (I), is
formed from a monosaccharide, oligosaccharide, pseudosugar or derivative thereof having a
reactive functional group that can be coupled (i) directly to the hydroxyl group(s) at either or
both of the 31- and 42- positions of rapamycin or (ii) to a reactive functional group(s) on an
activated rapamycin to yield a rapamycin carbohydrate derivative of the present invention.
The functional group is optionally attached to a linker that in turn is attached to the sugar,
typically but not necessarily at the anomeric center. Such optional linker groups are discussed
further below.

[0082] The sugars that comprise the sugar derivative can differ from each other in a multitude
of ways. For example, they can exist in the pyranose or furanose forms to differing degrees.
Certain sugars such as fucitol exist exclusively in the open chain form whereas many others
(e.g. glucose, ribose, allose) exist predominantly in the cyclic form. Physicochemical
properties of the sugar such as the geometry, composition, size, flexibility or rigidity, and the
relative hydrophilicity can all affect the chemical characteristics of the rapamycin

carbohydrate derivative.

[0083] In solution fructose, for example, can exist mostly in a 6-membered pyranose form
and/or its 5-membered furanose form, (See Figure 1). And, each of these forms can exist in
alpha or beta configurations. In addition, fructose can exist in an open-chain form.
Therefore, fructose can exist in its o-fructopyranose, p-fructopyranose, o-fructofuranose or ,

B-fructofuranose or open chain forms as shown in Fig, 6. And, fructose can be attached to a
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drug in any of these configurations. In its 6-membered pyranose form, fructose is more likely
to form a bond, to a drug, for example, through the single primary alcohol that is present at
the 1 position in the pyranose form. In its 5-membered furanose form, fructose has two
primary alcohols which are at the 1 and 6 position. In the furanose form, bonds are likely
through either of these primary alcohols at the 1 or the 6 position.

[0084] The manner in which the body absorbs and processes the specific sugars varies. Many
people have difficulty processing lactose, for instance. Such lactose intolerance could make
the incorporation of lactose into the rapamycin carbohydrate derivative unsuitable. Further,
oligosaccharides are not absorbed intact from the digestive tract and must first be digested to
their monosaccharide constituents. Monosaccharides, however, are absorbed by trangporter
systems located in the brush border membrane of enterocytes. See, S. Miura, Journal of
Gastroenterology 37, 491 (2002). For example, glucose and galactose are absorbed by the
SGLT1 transporter system. Another transporter, GLUTZ2, facilitates mainly glucose transport,
and yet another transporter known as GLUTS5 transports fructose. The presence in the
gastrointestinal tract of different monosac:haride transporter proteins with differing

selectivities could lead to varied absorption of various rapamycin carbohydrate derivatives.

" That is, certain derivatives may be more readily able to take advantage of an available

transporter in order to facilitate the passage of the rapamycin carbohydrate derivative out of
the gastrointestinal tract and deliver it to the blood stream where the carbohydrate moiety can
be cleaved off, thereby releasing rapamycin. It is believed that such a facilitated process may

result in lowered gastrointestinal toxicity associated with localized exposure to rapamycin.

[0085] In view of the above, it is apparent that the appropriate selection of the carbohydrate
mojety (monosaccharide, oligosaccharide, or pseudosugar) incorporated into the rapamycin
carbohydrate derivative can have a major influence on the derivative’s pharmacokinetic
and/or pharmacodynamic properties. Accordingly, the carbohydrate moiety can be carefully
chosen to optimize the pharmacokinetic and/or pharmacodynamic properties of the rapamycin

carbohydrate derivative.

[0086] Suitable monosaccharides include, but are not limited to, any of several simple open

or closed chain sugars (in the L or D configuration), typically having 5 or 6 carbons (a
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pentose monosaccharide or a hexose ronosaccharide), as well as 7 carbons (heptose
monosaccharide). Included are sugar derivatives in which the ring oxygen atom has been
replaced by carbon, nitrogen or sulfur, amino sugars in which a hydroxyl substituent on the
simple sugar is replaced with an amino group or sugars having a double bond between two
adjacent carbon atoms, (e.g. glucosamine, 5-thio-D-glucose, nojirimycin, deoxynojirimycin,
1,5-anhydro-D-sorbitol, 2,5-anhydro-D-mannitol, 2-deoxy-D-galactose, 2-deoxy-D-glucose,
3-deoxy-D-glucose, allose, arabinose, arabinitol, fucitol, fucose, galactitol, glucitol, iditol,
lyxose, mannitol, levo-rhamnitol, 2-denxy-D-ribose, ribose, ribitol, ribulose, rhamnose,
xylose, xylulose, allose, altrose, fructose, galactose, glucose, gulose, idose, levulose,
mannose, psicose, sorbose, tagatose, talose, galactal, glucal, fucal, thamnal, arabinal, xylal,
valienamine, validamine, valiolamine, valiol, valiolon, valienol, valienone, glucuronic acid,
galacturonic acid, N-acetylneuraminic acid, gluconic acid D-}actone, galactonic acid y-
lactone, galactonic acid 5-lactone, mannonic acid y-lactone, D-altro-heptulose, D-manno-
heptulose, D-glycero-D-manno-heptose, D-glycero-D-gluco-heptose, D-allo-heptulose, D-
altro-3-heptulose, D-glycero-D-manno-heptitol, D-glycero-D-altro-heptitol and the like),
The hydroxyl groups on monosaccharides may optionally be replaced with hydrogen, alkoxy
(e-g. 2-O-methyl-D-fructose), alkanoate or halogen groups. Included are sulfate and/or

phosphate derivatives of monosaccharides as defined herein.

[0087] Suitable oligosaccharides includz, but are not limited to, carbohydrates having from 2
to 10 or more monosaccharides linked together. The constituent monosaccharide unit may
be, for example, a pentose monosaccharide, a hexose monosaccharide, or a pseudosugar
(including a pseudoaminosugar). Oligosaccharides do not include bicyclic groups that are
formed by fusing & monosaccharide to a benzene ring, a cyclohexane ring, or a heterocyclic

fng.

[0088] Pseudosugars that may be used ir the invention are members of the class of
compounds wherein the ring oxygen atom of the cyclic monosaccharide is replaced by a

methylene group. Pseudosugars are aiso known as "carba-sugars."
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The Linker

[0089] As discussed above, the carbohydrate moiety is covalently attached to the rapamycin
via a linker, indicated as "X" in formuia I. In it's simplest form, the linker is a chemical
functional group that is formed when the sugar derivative is covalently attached to rapamycin,
but is itself part of neither rapamycin nor the sugar molecule. In one embodiment, the nature
of the linker is determined by the chemistry employed to covalently attach the sugar or sugai'
derivative to rapamycin. For example, if 42-O-(4-nitrophenyloxycarbonyl) rapamycin (an
activated rapamycin) is reacted with a sugar the result is a rapamycin carbohydrate derivative
wherein the 42-hydroxyl oxygen of rapamycin is covalently bonded to a carbony! group
which in turn is covalently bonded to a hydroxyl oxygen on the sugar. In this example, the
linker is the carbonyl group (C=0). An example of a linker as defined herein is depicted in
Figure 3. Examples of linkers include moieties such as carbonyl (C=0) and sulfonyl
(O=S=0). Such a carbonyl or sulfonyl linker is recognized as a single functional group

linker.

[0090] The linker together with the functionality through which the sugar and rapamycin are
attached to that linker form a "linkage." For example, when 2 carbony! linker is attached to a
sugar via one of its hydroxyl oxygen atoms and then to a rapamycin hydroxyl oxygen, the
resulting "linkage" is a carbonate (i.e. ~OC(0)O-). An example of a linkage as defined herein
in depicted in Figure 4. Examples of linkages include esters, ethers, carbonates, carbamates,

sulfates and urethanes.

[0091] The linker and associated linkage are selected to provide a biocompatible,
substantially non-ii‘nmunogenic rapamycin carbohydrate derivative. While the present
invention is based on the recognition that the presence of the sugar(s) will improve the
effectiveness of rapamycin, its pharmacokinetic and/or pharmacodynamic properties may also
be enhanced by the geometry, composition, size, flexibility or rigidity, the relative
hydrophobicity or hydrophilicity, and similar properties of the linker and/or linkage.
Accordingly, the linker or linkage can be chosen to optimize the pharmacokinetic and/or
pharmacodynamic properties of the rapamycin carbohydrate derivative. For example, the

rates of acid-catalyzed or enzymatic hydrolysis of the derivatives resulting in the release of

20



10

15

WO 2004/101583 PCT/CA2004/000724

free rapamycin will vary depending on which linkage is created. The linker or linkage may be
biologically "neutral," i.e., not itself contribute any additional biclogical activity to the
carbohydrate rapamycin derivative, or it may be chosen to further enhance the biological

activity of the compound.,

[0092] The reaction chemistries resulting in linkers and linkages employ conventional
techniques. These techniques generally involve the use of complimentary reactive functional
groups located on rapamycin or activated rapamycin and the sugar or sugar derivative.

Examples of complimentary functional groups and the resulting linkages are found in Table 1.

TABLE 1. LINKAGES RESULTING FROM COMPLIMENTARY FUNCTIONALITIES

FIRST REACTIVE GROUP SECOND REACTIVE GROUP LINKAGE
hydroxyl isocyanate urethane
amine epoxide B-aminohydroxy
sulfonyl halide amine sulfonamide
carboxyl acid amine amide
hydroxyl alkyl/aryl halide ether
aldehyde amine/NaCNBH;, amine
ketone amine/NaCNBH, amine
amine isocyanate carbamate
carboxyl acid hydroxyl ester
chloroformate hydroxyl carbonate

[0093] If desired, the linker may contain more than a single functional group. Complex
linkers may be used to provide different chemical properties into the rapamycin carbohydrate
derivative. Por example, different hydrophobic/hydrophilic characteristics may be imparted
to the rapamycin carbohydrate derivative by manipulation of the linker. Similarly, charged
moieties may also be introduced. Techniques for modification of the linker will be readily
understood by those of skill in the art. For example, the hydrophobic nature of a linker
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derived from hexamethylene diamine or a related polyamine can be modifed to be
substantially more hydrophilic by replacing the alkylene group with a poly(oxyalkylene)
group.

[0094] For example, glycosyl-Y[-C(=Y)-X-1p-W( R)n-X-C(=Y)-drug where W is an
aromatic or heteroaromatic or aliphatic group with conjugated double bonds or an amino-acid
derivative radical which cyclizes after elimination of the glycosyl radical was disclosed in
U.S. Pat. 6,146,658. These complex linkers are designed to self-eliminate via cyclization

subsequent to enzymatic removal of the glycosyl moiety.

[0095] Wide varieties of linkers are suitable for use in the invention. Ordinarily skilled
artisans will recognize that a carbonyl (C=0) or a sulfonyl (0=5=0) linker, or a carbonyl or
sulfonyl linker combined with a simpie alkyl chain or a polyether chain {(e.g. a small number
of repeating ethylene oxide units) will have properties that are different from those of the
more complex linkers described above, For example, it is contemplated that the linkers of the
present invention will not undergo cyclizasion to self-eliminate. Further, the susceptibility of
the linker/drug compound to enzymatic or hydrolytic cleavage will be highly dependent on
the nature of the spacer or linker moiety. In addition, it is conternplated that compounds with
complicated linkers may be more difficult and expensive to produce than compounds with

only single functional group linkers, such as those of the present invention.

[0096] Wide varieties of linkers are commercially available (e.g., Chem Sources USA and
Chem Sources International; the ACD electronic database; and Chemical Abstracts). Many
of the linkers that ere suitable for use in this invention fall into this category. Others can be
readily synthesized by methods known in the art, and as described below. Examples of
linkers include aliphatic moieties, aromatic moieties, steroidal moieties, peptides, and the
like. Specific examples of commercially zvailable linkers are peptides or polyamides,
hydrocarbons, aromatics, heterocyclics, ethers, lipids, cationic or anionic groups, or a

combination thereof.

[0097] 1t is contemplated that the properties of the linker of this invention can be modified by
the addition or insertion of ancillary groups, for example, to change the solubility of the
multibinding compound (in water, fats, lipids, biological fluids, etc.), hydrophobicity,
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hydrophilicity, linker flexibility, antigenicity, stability, and the like. For example, the
introduction of one or more polyethylene glycol (PEG) groups onto the linker enhances the
hydrophilicity and water solubility of the rapamycin carbohydrate derivative, increases both
molecular weight and molecular size and, depending on the nature of the unPEGylated linker,
may increase the in vivo retention time. Further, PEG may decrcaa';e antigenicity and

potentially enhances the overall rigidity of the linker.

[0098] Ancillary groups that enhance the water solubility/hydrophilicity of the linker, and
accordingly, the resulting compounds, are useful in practicing this invention. Thus, it is
within the scope of the present invention to use ancillary groups such as, for example, small
repeating units of ethylene glycols, alcohols, polyols, {(e.g., glycerin, glycerol propoxylate,
etc.) carboxylates (e.g., small repeating units of glutamic acid, acrylic acid, etc.), amines (e.g.,
tetracthylenepentamine), and the like to enhance the water solubility and/or hydrophilicity of
the carbohydrate rapamycin derivatives of this invention. For example, the ancillary group
used to improve water solubility/hydrophilicity may be a polyether containing a small number
of repeating ethylene oxide (-CH_gCHgO—) units.

[0099] The incorporation of lipophilic ancillary groups within the structure of the linker to
enhance the lipophilicity and/or hydrophobicity of the rapamycin carbohydrate derivatives is
also within the scope of this invention. Lipophilic groups useful with the linkers of this
invention include, but are not limited to, lower alkyl, aromatic groups, and polycyclic
aromatic groups. The aromatic groups may be either unsubstituted or substituted with other
groups, but are at least substituted with a group that allows their covalent attachment to the
linker. As used herein the term "aromatic groups” incorporates both aromatic hydrocarbons
and heterocyclic aromatics. Other lipophilic groups useful with the linker of this invention
include fatty acid derivatives that may or may not form micelles in agueous medium and other
specific lipophilic groups that modulate interactions between the carbohydrate rapamycin

derivative and biological membranes.

[00100] The flexibility of the linker can be manipulated by the inclusion of ancillary
groups that are bulky and/or rigid. The presence of bulky or rigid groups can hinder free

rotation about bonds in the linker, or bonds between the linker and the ancillary group(s), or
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bonds between the linker and the functional groups. Rigid groups can include, for example,
those groups whose conformational freedom is restrained by the presence of rings and/or
bonds, for example, aryl, heteroaryt and heterocyclic groups. Other groups that can impart
rigidity include polypeptide groups such as oligo- or polyproline chains.

[90101] Rigidity can also be imparted electrostatically. Thus, if the ancillary groups
are either positively or negatively charged, the similarly charged ancillary groups will force
the linker into a configuration affording the maximum distance between each of the like
charges. The energetic cost of bringing the like-charged groups closer to each other, which is
inversely related to the square of the distance between the groups, will tend to hold the linker
in a configuration that maintains the separation between the like-charged ancillary groups.
Further, ancillary groups bearing opposite charges will tend to be attracted to their oppositely
charged counterparts and potentially may enter into both inter- and intramolecular ionic
bonds. This non-covalent mechanism will tend to hold the linker in a conformation that
allows bonding between the oppositely charged groups. The addition of ancillary groups
which are charged, or alternatively, protected groups that bear a latent charge which is
unmasked, following addition to the linker, by deprotection, a change in pH, oxidation,
reduction or other mechanisms known to those skilled in the art, is within the scope of this

invention.

[00102] Bulky groups can include, for example, large atoms, ions (e.g., iodine, sulfur,
metal ions, etc.) or groups containing large atoms, polycyclic groups, including aromatic
groups, non-aromatic groups, and structures incorporating one or more carbon-carbon bonds
(i.e., alkenes and alkynes). Bulky groups can also include oligomers and polymers that are
branched- or straight-chain species. Branched-species are expected to increase the rigidity of

the structure more per unit molecular weight gain than are straight-chain species.

[00103] In view of the above, it is apparent that the appropriate selection of a linker
group providing suitable orientation, entropy and physico-chemical properties is well within
the skill of the art.

[00104] Linkers can be attached Lo rapamycin or a sugar by employing reactive
functional groups. The reactive functicnal groups are selected relative to the functional
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groups available on rapamycin or the sugar for coupling, or which are introduced onto
rapamycin or the sugar for this purpose. For example, reaction between a carboxylic acid of
the linker and a primary or secondary amine of the sugar in the presence of suitable activating
agents results in formation of an amide moiety covalently linking the sugar to the linker.
Reaction between an amine group of the linker and a sulfony! halide of the sugar results in

formation of a sulfonamide moiety covalently linking the sugar to the linker. Reaction

between an alkyl or aryl halide of the linker and &n alcohol of the sugar results in formation of

an ether moiety covalently linking the sugar to the linker.

[00105] Where functional groups are lacking, they can be created by suitable
chemistries that are described in standard organic chemistry texts such as Advanced Organic
Chemistry, Jerry March, John Wiley &Sons (5th Ed., 2000). The term linker embraces
everything that is not considered to be part of the sugar or rapamycin. Linkess can be derived

from linear compounds having reactive functional groups at the end of the linker.

[00106] Suitable divalent linkers irclude, by way of example, those derived from
dicarboxylic acids, disulfonythalides, dialdehydes, diketones, dihalides, diisocyanates,
diamines, diols, mixtures of carboxylic acids, sulfonylhalides, aldehydes, ketones, halides,
isocyanates, amines and diols. In each case, the carboxylic acid, sulfonylhalide, aldehyde,
ketone, halide, isocyanate, amine and diol functional group is reacted with a complementary
functionality on the sugar and rapamycin to form a covalent linkage. Such complementary
functionality is well known in the art as illustrated in the above-discussed Table 1.

[00107] In embodiments of the invention, the linker (X) is selected from the group
consisting of: (i) -R*C(O); (ii) ~-C(O)R?, ijii) -R*S(0);; or (iv) -S(O)2R? where R is selected
from the group consisting of: (i) -(CH,)p- where p is an integer from 1 to 18, (ii)
~(CH2)n-O~(CHz)y- Where n and m are each independently an integer from 2 to 6, or (iii) a-
bond. It is to be understood that the linker (X) may be the same or different at each
occurrence, i.e., at the 31 and 42 positions. In additional embodiments of the invention, the
linker (X) is carbonyl (C=0), sulfonyl (0=S=0), or a single functional group. Carbonyl
linkers may be in the 31 posit_ion, the 42 position, or both. In other embodiments, R'is—
C(0)-Z and R?is H or R? is —-C(0)-Z and R is H.
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[006108] Accordingly, rapamycin carbohydrate derivatives having the structure of
formula I that are within the scope of this invention include, for example, those set forth

below (including phanmnaceutically acceptable salts thereof):

42-O-(Methyl-D-glucosylcarbonyi)rapamycin;
42-0-{2-(Methyl-D-glucosylcarbonyloxy)ethylJrepamycin;
31-O-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-0-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-[2-(2-0-Methyl-D-fructosylcarbonyloxy)ethyllrapamycin;
42-0-(2-0O-Methyl-L-fructosylcartbonyl)rapamyecin,
42-0-[2-(2-O-Methyl-L-fructosylcarbonyloxy)ethylJrapamycin,
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-O-methyl-D-fructosylcarbonyl)rapamycin;
31-0+(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethy!)-31-0-(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-0O-(D-Allosylcarbonyl)rapamycin;
42-0-[2-(D-Allosylcarbonyloxy)ethyllrapamycin;
42-0-(I-Allosylcarbonyl)rapamycin;
42-0-[2-(L-Allosylcarbonyloxy)ethyllrapamycin;
31-O-(D-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-allosylcarbonyl)rapamycin;
31-O-(L-Allosylcarbonyl)rapamycin; '
42-0-(2-Hydroxyethyl)-31-O-(L-allosylcarbonyl)rapamycin;
42-0O-(D-Fructoslylcarbonyl)rapamycin;
42-0-[2-(D-Fructosylcarbonylox y)ethyljrapamycin;
42-0-(L~Fructoslylcarbonyl)rapatmycin;
42-0-[2-(L-Fructosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Fructoslylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-O-(C-fructoslylcarbonyl)rapamycin;
31-O-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
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42-0-(D-Fucitolylcarbonyl)rapamycin;
42-0-[2-(D-Fucitolylcarbonyloxy)ethyl]rapamycin;
42-0-(L-Fucitolylcarbonyl)rapamywcin;
42-0-[2-(L-Fucitolylcarbonyloxy)ethyl]rapamycin;
31-O-~(D-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-O-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-{ucitolylcarbonyl)rapamycin;
42-0-(D-Glucalylcarbonyl)rapamycin;
42-0-[2-(D-Glucalylcarbonyloxy)ethyl Jrapamycin;
42-0-(D-Glucosylcarbonyl)rapamycin,
42-0-[2-(D-Glucosylcarbonyloxy)ethylJrapamycin;
42-0-(L-Glucosylcarbonyl)rapamycin;
42-0-[2-(L-Glucosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Glucalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucalylcarbonyl)rapamycin; -
31-0O-(D-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-glucosylcarbonyl)rapamycin;
31-O-(L-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-glucosyicarbonyl)rapamycin;
42-0O-(D-Lactalylcarbonyl)rapamycin;
42-0-[2-(D-Lactalylcarbonyloxy)ethylJrapamycin;
31-0-(D-Lactalylcarbm.lyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(ID-lactalylcarbonyl)rapamycin;
42-0-(D-Sucrosylcarbonyl)rapamycin; _
42-0-{2-(D-Sucrosylcarbonyloxy)ethyl]rapamycin;
31-O-~(D-Sucrosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sucrosylcarbonyl )rapamycin,;
42-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)ethylJrapamycin;
31-0O-(D-Gentobiosylcarbonyl)rapamycin
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42-0-(2-Hydroxyethyl)-31-O-(D-gentobiosylcarbonyl)rapamycin
42-O~(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)ethylJrapamycin;

3 1-0-(D-Cellobiosylcarbonyl)rnp;mycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellobiosylcarbonyl)rapamycin;
42-0-(D-Turanosylcarbonyl)rapamycin;
42-0-[2-(D-Turanosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Turanosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-turanosylcarbonyl)rapamycin;
42-0-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2-(D-Pelatinosylcarbonyloxy)ethyl Jrapamycin;
31-0-(D-Palatinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-palatinosylcarbonyl)rapamycin;
42-0-(D-Isomaltosylcarbonyl)rapamycin; -
42-0-[2-(D-Isomaltosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Isomaltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltosylcarbonyl)rapamycin;
42-0-(D-Maltulosylcarbonyl)rapamycin;
42-0-[2-(D-Maltulosylcarbonyloxy)ethyllrapamycin;
42-0-(D-Maltosylcarbonyl)rapamycin;
42-0-[2-(D-Maltosylcarbonyloxy)ethylJrapamycin;
31-0-(D-Maltulosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl}-31-O-(D-maltulosylcarbonyl)rapamycin;
31-0-(D-Maltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-maltosylcarbonyl)rapamycin;\
42-0-(L-Sorbosylcarbonyl)rapamycin;
42-0-(D-Sorbosylcarbonyl)rapamycin;
31.0-(L-Sorbosylcarbonyl)rapamycin;
31-0-(D-Sorbosylcarbonyl)rapamycin;
42-0-[2-(L-Sorbosylcarbonyloxy)ethyl]lrapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethyl]Jrapamyecin;
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42-0-(2-Hydroxyethyl)-31-O-(D-sorbosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyi)-31-O-(L-sorbosylcarbonyl)rapamycin;
42-0-(D-Lactosylcarbonyl)rapamycin;
42-0-[2-(D-Lactosylcarbonyloxy)ethylJrapamycin;
31-0-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(methyl-D-lactosylcarbonyl)rapamycin;
42-0Q-(D-Melibiosylcarbonyi)rapamycin;
31-0O-(D-Melibiosylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-O-(D-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-0-[2-(D-Leucrosylcarbonyloxy)ethylJrapamycin;

31-0-(D-Leucrosylcarbonyl)raparaycin;

42-0-(2-Hydroxyethyl)-31-O-(D-leucrosylcarbonyl)rapamycin;
42-0-(D-Rafinosylcarbonyl)rapamycin;
42-0-[2-(D-Rafinosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Rafinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-rafinosylcarbonyl)rapamycin;
42-0O-(D-Isomaltotriosylcarbonyljyrapamycin;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;

' 42-0-[2-(D-Cellotetraosylcarbonyloxy)ethylJrapamycin;

31-0-(D-Cellotetraosylcarbonyl)rapamycin;

" 42-0-(2-Hydroxyethyi)-31-O-(D-cellotetraosylcarbonyl)rapamycin;

42-0-(Valiolylcarbonyl)rapamycin
42-0-[2-(D-Valiolylcarbonyloxy)ethyl]rapamycin;
31-O-(ValiolylcarbonyDrapamycin
42-0-(2-Hydroxyethyl}-31-O-(valiolylcarbonyl)rapamycin
42-O-(Valiolonylcarbonyl)rapamycin
42-0-[2-(D-Valiolonylcarbonyloxy)ethylJrapamycin;
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31-0O-(Valiolonylcarbonyl)rapainycin
42-0-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
42-O-(Valienolylcarbonyl)raparaycin
42-0-{2-(D-Valienolylcarbonyloxy)ethyl]rapamycin;
31-0O-(Valienolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valienolylcarbonyl)rapamycin
42-O-(Valienoneylcarbonyl)rapamycin
42-0-[2-(D-Valienoneylcarbonyloxy)ethylJrapamycin;
31-O-(Valienoneylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

[00109] In addition, the invention is directed to a rapamycin derivative having the
structure of formula I wherein n=1, R! is H and R? is X-Z, wherein X is a linker, and Z is a
carbohydrate moiety independently selected from the group consisting of a monosaccharide,

an oligosaccharide and a pseudosugar.

[00110] The invention is also dir:cted to a pharmaceutical composition comprising the
aforementioned rapamycin carbohydrate derivative, or a pharmaceutically acceptable salt

thereof, and a pharmaceutically acceptable carrier.

Preparation of the Rapamycin Carbohydrate Derivatives

[00111] A general procedure for synthesizing rapamycin carbohydrate derivatives of
the present invention involves the coupling of a monosaccharide, oligosaccharide,

pseudosugar or sugar derivative to the 31- and/or 42- positions of activated rapamycin.

[00112] For example, as depicted in Figure 2, rapamycin (II) can be reacted with p-
hitrophenyl chloroformate to yield an activated rapamycin (IX). Under carefully controlled
conditions, the reaction will preferentially take place at the 42-hydroxyl position. By altering
the reaction conditions, both the 31- and 42-hydroxyl groups can be similarly activated.
Selective activation of the 31-hydroxyl group can be accomplished by first protecting the 42-
hydroxyl moiety with, for example an alkylsilyl group such as triethylsilyl, triisopropylsilyl or
tert-butyldimethylsilyl, and then reacting with p-nitrophenyl chloroformate or other
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chloroformates. Removal of the protecting group then affords rapamycin activated at the 31-
hydroxyl position. Thus, it is possible to prepare a rapamycin derivative that is selectively
activated at the 31-position, the 42-position, or both,

[00113] Thereafter, in the second step, a sugar moiety or sugar derivative is reacted
with an activated rapamycin (IIT) to give a rapamycin carbohydrate derivative, When the
reactive functional group on the sugar moiety or sugar derivative is a hydroxyl group, the
reaction with activated rapamycin may take place on a primary hydroxyl group to form a
carbonate linkage to rapamycin. The resulting linker i3 a carbonyl group. When the reactive
functional group on the sugar or sugar derivative is an amino group (which can be situated at
any position of the sugar), a carbamate linkage to rapamycin results and the resulting linker is
a carbonyl group. Amino substituted sugar derivatives, e.g, sugar-X-NH; or sugar-NHj, can
be prepared from precursors by conventional methods. For example, reduction of sugar-X-Nj,
or de-phthaloylation of sugar-X-NPhth, where Phth is phthalyl, yields the amino substituted
sugar derivative. These precursors can be synthesized by glycosidation of linker moieties
with appropriately activated glycosyl donors.

[00114] Thus, using the general approach described herein is it possible to prepare a
wide range of rapamycin carbohydrate derivatives in which the 31- and/or 42-hydroxyl groups

are modified with a wide range of sugars or sugar derivatives.

[00115] It is contemplated that hydroxyl groups of rapamycin or a rapamycin
metabolite, including those that are located in positions other than 31- and 42-, can also be
glycosylated as described herein, and the resultant rapamycin carbohydrate derivatives will
also exhibit higher water-solubility and/or enhanced pharmacokinetic and/or

pharmacodynamic properties compared to their unglycosylated counterparts,

[00116] Rapamycin metabolites are known in the art. For example, Streit er. al.
structurally identified several rapamycin metabolites from human liver microsomes. See, F.
Streit et al., Drug Metabol. Disp., 24, 1272 (1996). These include 41-demethyl rapamycin,
7-demethyl rapamycin, 11-hydroxy rapamycin, and a 24-hydroxy ester hydrolysis degradation
product of rapamycin. It has also been shown that the metabolites of rapamycin can undergo
this ester hydrolysis. Streit also partially identified di, tri, and tetra hydroxylated rapamycin
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metabolites. Wang et. al. found 16 hydroxylated and/or demethylated metabolites in the bile
of rapamycin treated rats. See, C.K. Wang et al., Proceedings of the 41 ASMS Conference
on Mass Spectrometry and Allied Topics, San Francisco, 545 (1993). Nickmilder et. al.
identified a 3,4 and 5,6 dihydrodiol rapamycin metabolite in rat liver microsomes. See,
M.J.M. Nickmilder et al., Xenobiotica, 27, 869 (1997). In trough whole blood, Streit ez, al.
have identified 41-demethyl, hydroxy, dihydroxy, and didemethyl rapamycin metabolites.
See, F. Streit et al., Clin. Chem., 42, 1417 (1996). These metabolites accounted for 56% of
total rapamycin derivatives measured. Finally, Leung et. al. looked at the disposition of
[**C]-rapamycin in healthy male volunteers. They found that rapamycin represented
approximately 35% of the total radicactivity in blood and that 41-demethyl, 7-demethyl, and
several hydroxy, hydroxydemethyl, and didemethyl rapamycin metabolites individually
represented between 1 and 12% of the toial radioactivity. Rapamycin metabolites can be
isolated from a number of various sources, including but not limited to blood, urine or feces

samples, from liver microsomes or from microorganism cultures.

[00117] Accordingly, in addition to 31- and 42-, the hydroxyl groups of particular
interest include those at the 27-, 41-, 3-, 4-, 5-, 6-, 7-, 11- and 24-positions of rapamycin and

rapamycin metabolites.

Pharmaceutical Compositions and Utility

[00118] The compounds of this invention may be administered neat or with a
pharmaceutical carrier to an animal, such as a warm blooded mammal, and especially
humans, in need thereof. The pharmaceutical compositions may also contain other drugs,
particularly drugs known to have different mechanisms of action. Thus, the pharmaceutical
compositions may contain, in addition to the compounds of the present invention, at Jeast one
drug of another class, for example,a calcineurin inhibitor, a steroid or other
immunomodulatory compounds which may interfere with DNA synthesis or intra- or inter-
cellular signaling or other cell processes. Examples of calcineutin inhibitors include.
Cyclosporin A (available from Novartis as Sandimmune® and Neoral® and FK506 (also

known as tacrolimus or Prograf® available from Pujisawa). Examples of cyclosporine
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derivatives are those disclosed in W099/18120. Examples of steroids include predisone,
prednisolone or methylprednisolone. Examples of these immunomodulatory compounds
include azothioprine, mycophenolic acid (mycophenolate mofitil or Cellcept® available from
Roche), leflunomide available from Aventis, Brequinar, Mizoribine, antibodies including o-
LFA-1, and o-ICAM-1, thimoglobuline, IL2R antagonists including basiliximab
(Stimulect®), and daclizomab (Zenapax®), alemtuzumab (Campath 1H®, a humanized
monoclonal antibody recognizing CD52), Orthoclone OKT3® or muromonab CD3,
Atgam(R) lymphocyte immune globulin, ATG (antithymocyte globulin), and other

compounds. The individual drugs, and the rapamycin carbohydrate derivative, may be

forrnulated separately as distinct components of the pharmaceutical composition, and

administered together or separately.

[00119] The pharmaceutically effective carrier may be solid or liquid. A solid carrier
can include one or more substances which may also act as flavoring agents, lubricants,
solubilizers, suspending agents, fillers, glidants, compression aids, binders or
tablet-disintegrating agents; it can also be an encapsulating material. In powders, the carrier
is a finely divided solid that is in admixture with the finely divided active ingredient. In
tablets, the active ingredient is mixed with a carrier having the necessary compression
properties in suitable proportions and compacted in the shape and size desired. The powders
and tablets may contain up to 99% of the active ingredient. Suitable solid carriers include, for
example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch,
gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose, polyvinylpyrrolidine,

low melting waxes and ion exchange resins.

[00120] Liquid carriers are used in preparing solutions, suspensions, emulsions, syrups,
elixirs, and pressurized compositions. The active ingredient can be dissolved or suspended in
a pharmaceutically acceptable liquid carrier such as water, an organic solvent, a mixture of
both or pharmaceutically acceptable oils or fats. The liquid carrier can contain other suitable
pharmaceutical additives such as solubilizers, emulsifiers, surfactants, buifers, preservatives,
sweeteners, flavoring agents, suspending agents, thickening agents, colors, viscosity
regulators, stabilizers or osmo-regulators. Suitable examples of liquid carriers for oral and

parenteral administration include water (partially containing additives as above, e.g. cellulose
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derivatives, possibly sodium carboxymethyl cellulose solution), alcohols (including
monohydric alcohols and polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g.
fractionated coconut oil and arachis oil). For parenteral administration, the carrier can also be
an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid carriers are useful in
sterile liquid form compositions for parenteral administration. The liquid carrier for
pressurized compositions can be halogenated hydrocarbon or other pharmaceutically

acceptable propellant,

[00121] Liquid pharmaceutical compositions that are sterile solutions or suspensions
are suitable for intramuscular, intraperitoneal, and subcutaneous injection. Sterile solutions
can also be administered intravenously. The compound can also be administered orally either

in liquid or solid composition form. Pulmonary administration is also contemplated.

[00122] The pharmaceutical composition can be in unit dosage form, e.g. as tablets or
capsules. In such form, the composition is sub-divided in unit dose containing eppropriate
quantities of the active ingredient; the unit dosage forms can be packaged compositions, for
example, packeted powders, vials, ampoules, prefilled syringes or sachets containing liquids.
The unit dosage form can be, fon: example, a capsule or tablet itself, or it can be the
appropriate number of any such compositions in package form. The dosage to be used in the

treatment must be subjectively determined by the attending physician.

[00123] In addition, the compounds of this invention may be employed as a solution,
cream, or lotion by formulation with pharmaceutically acceptable vehicles administered to an

affected area.

[00124] The compounds of this invention can also be used in conjunction with a
medical device. For example, a rapamycin carbohydrate derivative as a component of a drug-
coated or imprepnated intravascular stent may be used to inhibit neointimal tissue
proliferation and thereby prevent restenosis (See, for example U.S. Pat. No. 5,665,728).
Rapamycin carbohydrate derivatives can also be used as a component of other drug-coated or
impregnated medical devices such as catheters, pumps, or drug-delivery medical devices such

as beads or discs containing drugs. The presence of rapamycin, a potent immunosuppressant,
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may decrease inflammation, rejection, or cther immune responses to the presence of these

implantable medical devices in the body.

[00125] The following examples are offered to illustrate this invention and are not to

be construed in any way as limiting the scope of the present invention.

JEXAMPLES

[00126] In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, it has its generally accepted meaning.

4

mg

kg
mmol
M

N

mL
min
BzCl
DMAP
DMS
Py
DMF
Me
HOAt
HOBT

TBDMSICI

AcOH
THE
LC/MS or
LCMS
HPLC

conc.
eq.

1]

nn

gram
milligram

kilogram

millimole

molar

Normal

milliliter

minute

benzoy! chloride
4-dimethylaminopyridine
dimethyl sulfate

Pyridine
N,N-dimethylformamide
methyl
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole
hydrate
tert-butyldimethylsilyl
chloride

acetic acid
tetrahydrofuran

liquid chromatogrephy/mass
spectroscopy

high performance liquid
chromatography
concentrated

equivalents
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[00127] In the following examples and procedures, the starting materials are available
commercially from Aldrich Chemical Company, Inc., Milwaukee, WI 53233 USA; Lancaster
Synthesis, Inc., NH 03087 USA; Sigma, St, Louis MO 63178 USA; Maybridge Chemical Co.
Trevillett, Tintagel, Cornwall PL34 OHW United Kingdom; TCI America, Portland OR
97203; Frontier Scientific, Utah, USA; and Bachem, Torrance, California, USA.

EXAMPLE 1
Synthesis of 42-O-(D-Fructosylcarbonyl)rapamycin

[00128] Figure 3 depicts the method of synthesis for 42-0-(D-

Fructosylcarbonyl)rapamycin. The detailed procedure is described below:

42-0-(4-nitrophenyloxycarbonyl)rapamycin

[00129] A solution of 10.0 g of rapamycin in S0mL of dichloromethane and 10 mL. of
dry pyridine was cooled to -78°C under a nitrogen atmosphere, To this solution 3.31g of 4-
nitrophenyl chloroformate was added and the reaction mixture was stirred for 1 hour at -78°C,
and then brought directly to room temperature. Reaction was complete after 2 hours. The
mixture was diluted with water and extracted with dichloromethane. The organic phase was
washed with water, dried over Na;SO4 and evaporated. Chromatography on a silica gel
column (solvent: hexanes — ethyl acetate, 2:1) gave 9.66g of 42-0-(4-
nitrophenyloxycarbonyl)rapamycin as a yellowish selid (freeze dried from benzene).
CseHgzN2017, M=1078.6; MS(ES+): m/z=1101.7 (M+Na)*

42-0-(D-Fructosylcarbonyl)rapamycin

[060130] To a solution of D-fructose: (2.025¢g, 11.24mmol) and DMAP (250mg) in N,N-
dimethylformamide (25mL) 42-O-(4-nitrophenyloxycarbonyl)rapamycin (4.05g, 3.757mmol)
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was added and the reaction mixture was stirred at room temperature for 24 hoirs. The solvent
was evaporated under high vacuum and the residue was flash chromatographed on a silica gel
column using dichloromethane — methanol (9:1) as eluent. Obtained product was re-purified
on a preparative HPLC column (80% methanol — 20% water, flow 10mL/min.), yielding
1.461g of 42-O-(D-fructosylcarbonyl)repamycin as white solid (freeze dried from benzene).
CssHasNOz9, M=1119.6; MS(ES+): m/z=1142.7 (M+Na)" In the alternative HOBT (or
HOAT) may be employed in place of DMAP as disclosed in example 3. -

EXAMPLE 2

[00131] Following procedures analogous to that outlined in Example 1, and employing

the appropriate sugars or sugar derivatives, the following compounds have been obtained:

42-0-(D-Glucosylcarbonyl)rapamycin
42-0-(Methyl-D-glucosylcarbonyl)rapamycin
42-0O~(D-Allosylcarbonyl)rapamycin
42-0~(D-Fructosylcarbonyl)rapamycin
42-O-(L-Fructosylcarbonyl)rapamycin
42-O~(D-Fucitolylcarbonyl)rapamycin
42-0-(L-Fucitolylcarbonyl)rapamycin
42-0-(D-Glucalylcarbonyl)rapamycin
42-0-(L-Sorbosylcarbonyl)rapamycin
42-0-(2-0-Methyl-D-fructosylcarbonyl)rapamycin
42-0-(D-Lactalylcarbonyl)mpamycin
42-0-(D-Sucrosylcarbonyl)rapamycin
42-0-(D-Gentcbiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin
42-0-(D-Turanosylcarbonyl)rapamycin
42-O-(D-Palatinosylcarbonyl)rapamycin
42-0-(D-Isomaltosylcarbonyl)rapamycin
42-0-(D-Maltulosylcarbonyl)rapamycin
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42-0-(D-Maltosylcarbonyl)rapamycin
42-0-(D-Lactosyicarbonyl)rapamycin
42-O-(Methyl-D-lactosylcarbonylxapamycin
42-0-(D-Melibiosylcarbonyl)rapamycin
42-O-(D-Leucrosylcarbonyl)rapamycin
42-0-(D-Rafinosylcarbonyl)rapamycin
42-0-(D-Isomaltotriosylcarbonyl)rapamycin
42-0-(D-Cellotetraosylcarbonyl)rapamycin

EXAMPLE 3
Synthesis of 31-0-(D-Fructosylcarbonyl)rapamycin

[00132] Figure 4 depicts the method of synthesis for 31-O-(D-
Fructosylcarbonyl)rapamycin. The detailed procedure is described below:

42-0-(tert-Butyldimethylsilyl)rapamycin

[00133] To a solution of rapamycin (10g) and imidazole (2.2g) in N,N-
dimethylformamide (40mL) fers-butyldimethylsilyl chloride (1.76g) was added, and the
reaction mixture was stirred at room temperature under nitrogen for 5 days. The solvent was
evaporated under high vacuum and the residue was chromatographed on a silica gel column
(solvent: hexanes — ethyl acetate, 3:2) yielding 5.84g of 42-O-(tert-
butyldimethylsilylyrapamycin s off-white: foam. Cs7HgNO13S8i, M=1027.6; MS(ES+):
m/z=1050.7 (M+Na)"

42-0-(tert-Butyldimethylsilyl)-31-0-(4-nitrophenyloxycarbonyl)rapamycin
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[00134]) 42-O-(tert-Butyldimethylsilyl)rapamycin (5.84g) was dissolved in
dichloromethane (30mL) and pyridine (6mL}), 4-nitrophenyl chloroformate (2.582g) was
added and the reaction mixture was stirred under nitrogen at room temperature for 2 hours.
Solvents were evaporated and the residue purified on a silica gel column. Elution with
hexanes — ethyl acetate (3:1) gave title cornpound as yellowish foam (5.4g). CedHogN20175i,
M=1192.6; MS(ES+): m/z=1215.6 (M+Na)*

31-0-(4-nitrophenyloxycarbonyl)rapamycin

[00135] 42-O-(tert-Butyldimethylsilyl)-31-O-(4-nitrophenyloxycarbonyl) rapamycin
(5.4g) was dissolved in a mixture of acetic acid (30mL), tetrahydrofuran (10mL) and water
(10mL). It was stirred at room temperatuye for 20 hours. The reaction mixture was diluted
with water and extracted with ethyl acetate (3 x 200mL).The organic phase was dried over
anhydrous sodium sulfate, filtered and evaporated. Silica gel column chromatography
(solvent: heJ‘tanes - ethyl acetate, 3:2) gave 2.1g of 31-O-(4-nitrophenyloxycarbonyl)
rapamycin as yellowish solid (freeze dried from benzene). CsgHazN2017, M=1078.6;
MS(ES+): m/z=1101.6 (M+Na)*

31-0-(D-Fructosylcarbonyl)rapamycin

[00136] A mixture of 31-O-(4-nitrophenyloxycarbonyl)rapamycin (1.3g), D-fructose
(0.434g), and 1-hydroxybenzotriazole (HOBT) (0.325g) in dry pyridine (20mL) was stirred at
room temperature for 3 days. Then, the solvent was evaporated under reduced pressure and
the residue was chromatographed on a silica gel column. Elution with dichloromethane —
methanol (10:1) provided 31-O-(D-fructosylcarbonyl)rapamycin (0.625g, 46%) as white solid
(freeze dried from benzene). CsgHgsNQzg, M=1119.6; MS(ES+): m/z=1142.7 (M+Na)"

39



10

15

25

30

35

WO 2004/101583 PCT/CA2004/000724

[00137] In an analogous manner, 31-O-(D-allosylcarbonyl)rapamycin was also
prepared. In addition, in the alternative, DMAP may be employed in place of HOBT as

disclosed in example 1.

Example 4
Synthesis of 42-0-(2-O-methyl-f-D-fructosylcarbonyl)rapamycin

1,3,4,5-Tetra-0-benzoyl-p-D-fructopyranose

[00138] A mixture of anhydrous pyridine (52 mL), benzoyl chloride (51.5 mL, 0.444
mmol} and

anhydrous dichloromethane (125 mL) was cooled to -10°C. Finely powdered fructose

(20 g, 0.111 mmol) was added portion wise and the reaction mixture was stirred at -10°C for
18 hours. The reaction mixture was quenched with ice water, diluted with dichloromethane
and transferred to separatory funnel. Organic layer was separated and washed with 5 % citric
acid, saturated sodium bicarbonate, water, and dried over sodium sulfate. It was filtered and
the solvent evaporated. The residue was dissolved in diethyl ether (75 ml) then added slowly
to hexanes (300 ml) to give a white solid which upon drying afforded 58.9 g (89 %) of
1,3,4,5-tetra-O-benzoyl-B-D-fructopyranose

1,3,4,5-Tetra-0O-benzoyl-2-O-methyl-p-D-fructopyranose

[00139] To a solution of 1,3,4,5-tetra-O-benzoyl-p-D-fructopyranose (10.00g,
16.8mmol) in acetone (40 mL) dimethyl sulfate (2.4ml, 25.16 mmoles, 1.5 eq.) was added
followed by potassium carbonate {3.48g, 25.16 mmoles) and the reaction mixture was stirred

at 50°C under nitrogen for 18 hours. Solvents were removed under vacuo and the resulting

residue was dissolved in ethyl acetate (150ml), washed with 5% citric acid, water, brine, dried

over sodium sulfete, filtered and concentrated to an oily solid, Purification on a silica gel

column (hexane: ethyl acetate, 4:1) afforded 10.0g (98%) of title compound as white foam.
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2-0-methyl-p-D-fructopyranose

[00140] A solution of sodium methoxide {0.5 M in methanol, 10.0 ml) was added to a
vigorously stirred solution of 1,3,4,5-tetra-O-benzoyl-2-O-methyl-B-D-fructopyranose (10.0g,
16.4 mmol) in anhydrous methanol. After stirring for 1.5 hrs at room temperature the reaction
was complete. The pH was adjusted to 7.0 with Amberlite IRC-50 (~4.0g). The solids were
removed by filtration and the filtrate was concentrated in vacuo. Purification on a silica gel
column (methanol: dichloromethane, 4:1 and 3:1) provided the product as white foam 2.70 g
(81%).

42-0-(2-O-methyl-f-D-fructosylcarbonyl)rapamycin

[00141] A mixture of 42-O-(4-nitrophenyloxycarbonyl)rapamycin (10.0 g, 9.3 mmol),
2-0-methyl-B-D-fructopyranose (6.2g, 23 mmol, 3 eq.), and 1-hydroxy-7-azabenzotriazole
(HOAL) (2.5 g, 2 eq.) in dry pyridine (60mL) was stirred at room temperature for 4 days.
Then, the solvent was evaporated under reduced pressure and the residue was re-dissolved in
ethyl acetate, washed with water. Organic layer was evaporated and the residue
chromatographed on a silica gel column. Elution with dichloromethane — methanol (100:5)
gave 42-0-(2-0-methyl-B-D-fructosylcarbonyl)rapamycin

{4.7g,) as white solid (freeze dried from benzene). CsoHyiNOzp, M=1133.7; MS (ES+):
m/z=1156.7 (M+Na)*

EXAMPLE §
Stability of Rapamycin Carbohydrate Derivatives Toward Hydrolysis in Acidic Media

[00142] The stability toward hydrolysis of various rapamycin carbohydrate derivatives
in acidic media was investigated by dissolving the compounds in 70/30 methanol/0.1N HC]
(pH 1.5) and then measuring by HPLC the amount of free rapamycin in the samples at 1 hour
to determine the extent of hydrolysis. The results are sumnmarized in Table 2.
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5
TABLE 2. ACID CATALYZED HYDROLYSIS OF RAPAMYCIN CARBOHYDRATE DERIVATIVES
Compound Extent of Hydrolysis (%)

42-0-(D-Fructosylcarbonyl)rapamycin <l
42-0-D-Glucosylcarbonyl)rapamycin <]
42-0-(D-Maltulosylcarbonyl)rapamycin <5
42-0-(L-Fucitolylcarbonyl)rapamycin <]
42-0O-(D-Lactalylcarbonyl)rapamycin <l
31-0-(D-Fructosylcarbonyl)rapamycin <1
42-O-(D-Allosylcarbonyl)rapamysin <1

[00143] As can be seen in Table 2, all compounds exhibited good stability in acidic

media with little or no observable hydrolysis.

10 EXAMPLE 6

Hydrolysis of Rapamycin Carbohydrate Derivatives in Human Whole Blood

[00144] The ability of various rapamycin carbohydrate derivatives to release free
rapamycin via hydrolysis in whole blood was investigated by spiking the compounds in
human whole blood and then measuring by HPLC the amount of free rapamycin in the

15 samples at 1 hour to determine the extent of hydrolysis. The results are summarized in Table
3.

TABLE 3. HYDROLYSIS OF RAPAMYCIN CARBOHYDRATE DERIVATIVES IN WHOLE BLOOD

Compound : Extent of Hydrolysis (%)
42-Q-(D-Fructosylcarbonyl)rapamycin 28+2
42-0-(D-Glucosylcarbonyl)rapamycin 5x1
42-0-(D-Maltulosylcarbonyl)rapamycin 1334
42-0-I-Fucitolylcarbonyl)rapamycin 3144
42-0-(D-Lactalylcarbonyl)rapamycin 2+1
31-0O-(D-Fructosylcarbonyl)rapamycin 23+0.5
42-0O-(D-Allosylcarbonyl)rapamycin 3944
.31-O-(D-Allosylcarbonyl)rapamycin 3442
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[00145] As shown in Table 3, the extent of hydrolysis in human whole blood varied
greatly depending on the nature of the carbohydrate moiety. The incorporation via carbonate
linkages of sugars such as D-fructose, L-fucitol or D-allose generally led to a higher degree of
hydrolysis than was observed when D-glucose, D-maltulose, and D-lactal were employed.
The results also show that when a suitable sugar is chosen, both 31-0O- and 42-O-repamycin
carbohydrate derivatives are effective at releasing free rapamycin in whole blood.
Additionally, previous, similar experiments that investigated the hydrolysis in whole blood of
rapamycin carbohydrate derivatives with carbamate linkages showed little or no hydrolysis in
contrast to many of the compounds with carbonate linkages in Table 3.

Example 7

Comparison of the In Vitro Inmunosuppressive Activity of Rapamycin Carbobydrate
Derivatives with Carbonate and Carbamate Linkages

[00146] The immunosuppressive activity of rapamycin, 42-O-(D-
Fructosylcarbonyl)rapamycin and a carbamate-linked analog of 42-O-(D-
Fructosylcarbonyl)rapamycin (a non-hydrolyzable form of 42-O-(D-
Fructosylcarbonyl)rapamycin) was assessed in primary blood lymphocyte cultures (PBMC)
using alamar blue as detection of cell proliferation. The carbamate analog of 42-O-(D-
Fructosylcarbonyl)rapamycin is formed from an amino sugar wherein the carbohydrate
moiety is attached to the carbonyl linker through the amino nitrogen atom of the amino sugar,
thereby forming a carbamate linkage. Figure § illustrates that 42-O-(D-
Fructosylcarbonyl)rapamycin shows cell proliferation inhibition equivalent to rapamycin,
while the non-hydrolyzable carbamate-linked analog does not possess any intrinsic
immunosuppressive activity. This data indicates that the active species is rapamycin resulting
from the hydrolysis of 42-O-(D-Fructosylcarbonyl)rapamycin over the course of the 3-day
culturing, and not non-hydrolysed 42-O-(D-Fructosylcarbonyl)rapamycin. In other words,

the prodrug does not appear to possess any intrinsic immunosuppressive activity and must be
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hydrolyzed to rapamycin in order to exhibit the desired pharmacological effect. This
experiment also demonstrates the importance of the selection of the linkage between the
carbohydrate moiety and rapamycin as, in this example, a carbonate linkage allows for the
desired hydrolysis to occur whereas the carbamate linkage remains intact and little or no

rapamycin is released.

ExAMPLE 8

Comparison of Pharmacokinetic Profiles of Rapamycin and Rapamycin Carbehydrate
Derivatives in Rats

[00147] The pharmacokinetic profiles in rats of selected rapamycin carbohydrate
derivatives were determined to investigate the ability of the derivatives to deliver free
rapamycin into the bloodstream in vivo. Briefly, Sprague Dawley rats were orally dosed with
rapamycin and derivatives at 2.5 or 10 mg/kg. Whole blood was extracted via jugular bleed
over 24 hours and frozen at -20 °C unti] analysis. Whole blood was analyzed by Liquid
Chromatography Mass Spectrometry for the presence of rapamycin. The resuits are

summarized in Figures 6,7 and 8.

[60148] As can be seen in Figures 6 and 7, upon oral administration of rapamycin a°
rapid rise in rapamycin concentration in the blood was observed with a maximum
concentration reached at approximately 30 minutes. The level of rapamycin then dropped
quite rapidly over the next several hours. A similar profile was observed for 42-O-(D-
glucosylcarbonyl)rapamycin. Surprisingly, however, when 42-O-(D-
fructosylcarbonyl)rapamycin or 42-O-(1-fucitolylcarbonyl)rapamycin were administered
orally the level of rapamycin in the blood rose gradually to reach a maximum concentration at
approximately 3 hours before gradually decreasing over time (Figure 6). A similer profile
was observed for both 31-O-(D-fructosylcarbonyl)rapamycin and 31-O-(D-
allosylcarbonyl)rapamycin (Figure 7) as well as 42-O~(D-allosylcarbonyl)rapamycin, 42-O-
(D-sorbosylcarbonyl)rapamycin and 42-0-(2-O-methyl-D-fructosylcarbonyl)rapamycin
(Figure 8),. The delayed kinetics observed for selected compounds may offer the advantage
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of allowing for less frequent dosing than that typical for rapamycin. Additionally, the gradual
rise in rapamycin concentration associated with selected rapamycin carbohydrate derivatives
may ameliorate toxic effects associated with the rapid rise in drug concentration when

rapamycin itself is orally administered.

[00149) A second observation from Figures 6, 7 and 8 is that the variability in the
concentration of rapamycin, as demonstrated by the standard deviations shown on the graphs,
was considerably lower for the rapamycin carbohydrate derivatives than for rapamycin itself.
Thus, the compounds of the present invention may also have the advantage of reduced inter-

individual variability that could allow for more consistent, predictable dosing.

[00150] These experiments demonstrated that careful selection of the glycosyl
substituent has a profound impact on the pharmacokinetic profiles of the rapamycin
carbohydrate derivatives and that the compounds of the present invention may possess

considerable advantage, including pharmacokinetic advantages, over rapamycin itself.

EXAMPLE 9

Comparison of GI Tract Toxicity of Rapamycin and 42-0-(D-
Fructosylcarbonyl)rapamyecin in a Canine Model

[00151] Beagle dogs are considered to be a hypersensitive model of gastrointestinal
tract toxicity associated with rapamycin. See, S.N. Sehgal et al., Medicinal Research Reviews
14, 1 (1994). Even short exposures of low dose rapamycin given orally to dogs is known to
result in rapid weight loss due to ulceration occurring from the mouth to the colon secondary
to necrotizing fibrinoid vasculitis. As summarized in Table 4, when 2 beagle dogs were given
a single oral dose of rapamycin at 10 mg/kg both dogs became lethargic and lost over 30% of
their body weight in less than 1 week resulting from reduced food intake. The animals did not
recover. Ancther beagle dog given the same dose of 42-O-(D-fructosylcarbonyl)rapamycin
showed no overt physical changes and inaintained a normal food intake. All three dogs had
similar blood Ievels of rapamycin as measured by LCMS. In a fourth dog a dose of 1 mg/kg
42-O-(D-fructosylcarbonyl)rapamycin resulted in slight lethargy but the dog quickly
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recovered. A subsequent dose of raparnycin (1mg/kg) one week later resulted in severe

lethargy and weight loss, from which the animal did not recover.

TABLE 4. GASTROINTESTINAL TOLERABILITY IN BEAGLE DOGS

D;g Drug Treatment Dose (mg/kg) Observatlons
Lethargic
1 Rapamycin 10 30 % weight loss
No recovery
- Lethargic
2 Rapamycin 10 30 % weight loss
No recovery
42-0-(D-
3 Fructosylcarbonyl) 10 Normal
rapamycin
42-0-(D- .
Lethargic
4 Fructosylcaﬂ_)onyl) 1 Recovered
rapamycin
. 30 % weight loss
4 Rapamycin 1 No recovery
[00152] This experiment clearly demonstrates that oral administration of 42-O-(D-

fructosylcarbonyl)rapamycin resulted in little or no overt sign of gastrointestinal toxicity in a
hypersensitive dog model as compared to rapamycin which led to signs of severe toxicity.
‘This result further demonstrates the potential of the rapamycin carbohydrate derivatives of the

present invention to improve the phannacodynamic profile of rapamyein.

Example 10
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Comparison of Serum Cholesterol Levels in Rats Treated with Rapamyecin and 42-0O-
(D-Fructosylcarbonyl)rapamycin

[00153] 42-0-(D-fructosylcarbonyl)rapamycin and rapamaycin were tested head-to-
head in Sprague-Dawley rats for changes in cholesterol level. Rats {n = 12) were dosed daily
for 12 days with equivalent doses (2.5 mg/kg/day) of either rapamycin or 42-O-(D-
fructosylcarbonyl)rapamycin. Cholesterol levels were measured at the 24-hour trough level on
day 11. Results (Figure 9) indicate that rats treated with rapamycin displayed significantly
increased levels of cholesterol relative to a vehicle control group, while cholesterol levels in
the 42-O-(D-fructosylcarbonyl)rapamycin group were significantly lower (p < 0.01) than in
the rapamycin group and not significantly different than the vehicle. It is important to note
that both compounds showed equivalent efficacy in a heterotopic rat heart transplant model at
the same 2.5 mg/kg/day dose used in this study (Example 12). This experiment demonstrates
the ability of the rapamycin carbohydrate derivatives to improve the side effect profile of

rapamycin while maintaining efficacy.

EXAMPLE 11

Comparison of Platelet Aggregation due to Rapamycin and 42-0-(D-
Fructosylcarbonyl)rapamycin in a Washed Human Platelet Aggregation Assay

[00154] Platelet aggregation is suspected to be a side effect of rapamycin and has been
implicated in increasing chronic rejection and other long term side effects of the use of

rapamycin in transplantation. (Aun Babinska et. al., Enhancement of Human Platelet

Aggregation and Secretion Induced by Rapamycin. (1998} Nephrology Dialysis
Transplantation Vol. 13 pp. 3153-3159. These experiments were conducted using fresh

washed human platelets stimulated with 2 uM ADP and spiked with either Rapamycin or 42-
O-(D-Fructosylcarbonyl)rapamycin at time zero. The treated platelet aggregation was
continuously read over a period of 8 to 10 minutes in a ChronoLog™ Platelet Aggregometer.

[00155] Figure 10 shows a plot of percent platelet aggregation versus time for two
concentrations of rapamycin, 1 pug/ml and 25 pg/ml. Figure 10 illustrates that rapamycin
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induces platelet aggregation in a dose dependent manner. Rapamycin at the 1 pg/mi dose
induced platelet aggregation by approximately 20% after 8 minutes. Rapamycin at the 25
pg/ml dose induced platelet aggregation by approximately 70% after 8 minutes. Figure 11
shows a plot of percent platelet aggregation versus time for washed human platelets,
stimulated with 2 pM ADP dosed with 25 pg/ml rapamycin or 25 pg/ml 42-O-(D-
Fructosylcarbonyl)rapamycin. Fig. 11 shows that while rapamycin induces nearly 30%
platelet aggregation after 8 minutes, 42-O-(D-Fructosylcarbonyl)rapamycin does not exhibit a

measurable effect on platelet aggregation in the same time.

EXAMPLE 12

Graft Survival of Heterotopic Heart Allografts in Rats Receiving Oral 42-0-(D-
Fructosylcarhonyl)rapamycin (2.5 and 10 mg/kg/day), Rapamycin
(2.5 mg/kg/day), or Vehicle

[00156) Heterotopic transplants were administered to the abdominal aorta and inferior
vena cava of a genetically unmatched (allogenic) heart from Wistar Furth rats to Lewis rats.
The controls (vehicle and Rapamycin at 2.5 mg/kg/day) or 42-O-(D-
Fructosylcarbonyl)rapamycin, at 2.5 and 10 mg/kg/day were administered once daily by oral
gavage to the transplant recipients (6 rats per group) starting 3 days prior to transplantation
and continuing for 30 days post-transplantation. If graft dysfunction was noted during the 30-
day post-transplantation period, the animal was sacrificed. If the animal survived longer than
30 days post-transplantation, the test and control articles were discontinued and the animal
was allowed to continue until graft dysfunction or up to 100 days post-transplantation. The
average survival rates for each group of recipient animals are summarized in Table 5 and in
Figure 12. As shown in Table 5, 42-O-(D-Fructosylcarbonyl)rapamycin prolonged survival
of the graft at the 2.5 and 10 mg/kg/day dose level by 214 and 341% over the vehicle control.
This was similar to the prolonged survival exhibited with rapamycin at the 2.5 mg/kg/day
dose. Figure 12 illustrates that 42-O-(D-Fructosylcarbonyl)rapamycin prolonged survival of
the graft over the vehicle as did rapamycin at the 2.5 mg/kg/day dose level. These data
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5  demonstrate the immunosuppressive activity of 42-O-(D-Fructosylcarbonyl)rapemycin in

preventing graft rejection.

TABLE 5. AVERAGE SURVIVAL RATES AFTER HETEROTOPIC RAT HEART TRANSPLANTS (N=6)

Average Survival Time (days post-transplant)
Dose Mean + SEM
(mg/kg/day) 42-0-(D-
Vehi : .
ehicle Control Rapamycin Fructosylcarbony)rapamycin
0 13x2
25 39 +4 41 + 4*
10 57+4
*n=5
10 [00157] Although only some embodiments of the invention are specifically disclosed

and described above, it will be appreciated that many modifications and variations of the

present invention are possible in light of the above teachings and within the purview of the

appended claims without departing from the spirit and intended scope of the invention.

[00158]

All of the above publications as well as any other references mentioned

15  hereafter are herein incorporated by reference in their entirety to the same extent as if each

individual publication was specifically and individually indicated as incorporated herein by

reference in its entirety.
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We Clalm:
1. A rapamycin carbohydrate derivative having the structure of formula (I):

RYOCzH O, "
MeO

10 wherein
R! and R? are independently hydmgen or-X-Z,
wherein n=0 or 1; and

wherein each X is a linker, and each Z is a carbohydrate moiety

independently selected from the group consisting of a monosaccharide,
15 . oligosaccharide and pseudosugar, wherein Z is attached to X through a

hydroxyl oxygen atom of Z with the proviso that R' and R are not
both hydrogen.

2. The rapamycin carbohydmte derivative of claim 1, wherein R! is hydrogen and

20 R?is -X-Z.
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3. The rapamycin carbohy«rate derivative of claim 2, wherein X is selected from
the group consisting of:
0 -RCO)
i) -COR;
@iii) -R’S(O)-; and
(v) -S(O)MR’-;
wherein R? is selected from the group consisting of:
(a) -(CHa),- where p is an integer from 1 to 18;
(b) -(CH2)y~O-(CHz)m- where n and m are each independently an integer
from 2 to 6; and
(c) a bond.

4, The rapémycin carbohydrate derivative of claim 3, wherein X is selected from
the group consisting of -C(0)- and —SCx-.

5. The repamycin carbohydrate derivative of claim 2, wherein X is a single
functional group.
6. The rapamycin carbohycrate derivative of claim 2, wherein Z is selected from

the group consisting of fructose, fucitol and allose.

7. The rapamycin carbohycirate derivative of claim 6, wherein Z is D-fructose,

8. The rapamycin carbohydrate derivative of claim 3 wherein Z is a
monosaccharide derivative wherein at l2ast one of the hydroxyl groups of the monosaccharide

is replaced with a hydrogen, an alkoxy, an alkanoate or a halogen group.

9.  The rapamycin carbohydrate derivative of claim 1, wherein R’ is -X-Z and R
is hydrogen.
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10.  The rapamycin carbohydrute derivative of claim 9, wherein X is selected from
the group consisting of:
@ R'CO)
() -COR;
(i) -RS(0)s- and
(iv) -S(ORR
wherein R® is selected from the group consisting of:
(a) -(CHz)y- where pis an integer from 1 to 18;
{b) -(CH3),-O-(CHz)- where n and m are each independently an integer
from 2 to 6; and
(¢) abond.

11.  The rapamycin carbohydrate derivative of claim 10, wherein X is selected
from the group consisting of -C(Q)- and --SO;-.

12.  The rapamycin carbohydrate derivative of claim 9, wherein X is a single
functional group.

13.  The rapamycin carbohydrate derivative of claim 9, wherein Z is selected from

the group consisting of fructose, fucitol and allose.
14.  The rapamycin carbohydrate derivative of claim 13, wherein Z is D-fructose.
15.  The rapamycin carbohydrate derivative of claim 9 wherein Z is a

monosaccharide derivative wherein at least one of the hydroxyl groups of the monosaccharide

is replaced with a hydrogen, an alkoxy, an alkanoate or a halogen group.
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16. A rapamycin carbohydrate derivative selected from the group consisting of:

42-O-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-[2-(Methyl-D-glucosylcarbonyloxy)ethylJrapamycin;
31-O-(Methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-{methyl-D-glucosylcarbonyl)rapamycin;
42-0-(2-0-Methyl-D-fructosyicarbonyl)rapamycin;
42-0-[2-(2-0-Methyl-D-fructosylcarbonyloxy)ethyl]rapamycin;
42-0-(2-O-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-[2~(2-O-Methyl-L-fructesylcarbonyloxy)ethyl Jrapamycin;
31-0-(2-O-Methyl-D-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-O-methyl-D-fructosyicarbonyl)rapamycin,
31-0-(2-0-Methyl-L-fructosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(2-O-methyl-L-fructosylcarbonyl)rapamycin;
42-0-(D-Allosylcarbony))raparnycin;
42-0-[2-(D-Allosylcarbonyloxy)ethyl Jrapamycin;
42-0-(L-Allosylcarbonyl)rapamycin;
42-0-[2-(L~Allosylcarbonyloxy)ethyl Jrapamycin;
31-0-(D-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-{D-allosylcarbonyl)rapamycin;
31-0O-(L-Allosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-allosylcarbonyl)rapamycin;
42-0-(D-Fructoslylcarbonyl)rapamycin;
42-0-[2-(D-Fructosylcarbonyloxy)ethyl]rapamycin;
42-0-(L-Fructoslylcarbonyl)rapamycin;
42-0-[2-(L-Fructosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-fructoslylcarbonyl)raparnycin;
31-O-(L-Fructoslylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-fructoslylcarbonyl)rapamycin;
42-0-(D-Fucitolylcarbonyl)rapamycin;
42-0-[2-(D-Fl._lcitolylcarbonyloxy)ethyl]mpamycin;
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42-0-(L-Fucitolylcarbonyl)rapamycin;
42-0-[2-(L-Fucitolylcarbonyloxy)ethylJrapamycin,
31-O-(D-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethy!)-31-O-(D-fucitolylcarbonyl)rapamycin;
31-O-(L-Fucitolylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(I-fucitolyicarbonyl)rapamycin;
42-0-(D-Glucalylcarbonyl)rapamycin;
42-0-[2-(D-Glucalylcarbonylox y)ethylJrapamycin;
42-0-(D-Glucosylcarbonyl)rapamycin;
42-0-[2~(D-Glucosylcarbonyloxy)ethylJrapamycin;
42-0-(L-Glucosylcarbonyl)rapamycin;
42-0-[2-(L-Glucosylcarbonyloxy)ethyl}rapamycin;
31-0-(D-Glucalylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(ID-glucalylcarbonyl)rapamycin;
31-O-(D-Glucosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(ID-glucosylcarbonyl)rapamycin;
31-0-(L-Glucosylcarbonyl)rapamycin;
42-0O-(2-Hydroxyethyl)-31-O-(L~glucosylcarbonyl)rapamycin;
42-0-(L-Sorbosylcarbonyl)rapamycin;
42-0O-(D-Sorbosylcarbonyl)rapamycin;
31-O-(L-Sorbosylcarbonyl)rapamycin;
31-O-(D-Sorbosylcarbonyl)rapaumycin;
42-0-[2-(L-Sorbosylcarbonyloxy)ethyi]rapamycin;
42-0-[2-(D-Sorbosylcarbonyloxy)ethylJrapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-sorbosylcarbonyl)repamycin;
42-0-(2-Hydroxyethyl)-31-O-(L-sorbosylcarbonyl)rapamycin;
42-O-(D-Lactalylcarbonyl)rapamycin;
42-0-[2-(D-Lactalylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Lactalylcarbonyl)rapamycin,
42-0-(2-Hydroxyethyl)-31-0O-(D-lactalylcarbonyl)rapamycin;
42-0O-(D-Sucrosylcarbonyl)rapamycin;
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42-0-[2-(D-Sucrosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Sucrosylcarbonyl)rapamycin; _
42-0-(2-Hydroxyethyl)-31-O-(D-sucrosylcarbonyl)rapamycin;
42-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-[2-(D-Gentobiosylcarbonyloxy)ethyl]rapamycin;
31-0-(D-Gentobiosylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(D-gentobiosylcarbonyl)rapamycin
42-0-(D-Cellobiosylcarbonyl)rapamycin;
42-0-[2-(D-Cellobiosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Cellobiosylcarbonyl)rapamycin; )
42-0-(2-Hydroxyethyl}-31-O-(D-cellobiosylcarbonyl)rapamycin;
42-O-(D-Turanosylcarbonyl)rapamycin;
42-0O-[2-(D-Turanosylcarbonylox y)ethylJrapamycin;
31-O-(D-Turanosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D- turanosylcarbonyl)rapﬁmycin;
42-O-(D-Palatinosylcarbonyl)rapamycin;
42-0-[2~(D-Palatinosylcarbonyloxy)ethyllrapamycin; .
31-0O-~(D-Palatinosylcarbonyl)rapamycin; _
42-0-(2-Hydroxyethyl)-31-O-(D-palatinosylcarbonyl)rapamycin;
42-O-(D-Isomaltosylcarbonyl)rapamycin;
42-0-[2-(D-Isomaltosylcarbonyloxy)ethyl]rapamycin;
31-O~(D-Isomaltosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(D-isomaltosylcarbonyl)rapamycin;
42-0-(D-Maltulosylcarbonyl)rapamycin;
42-0-[2-(D-Maltulosylcarbonyloxy)ethyljrapamycin;
42-0-(D-Maltosylcarbonyl)rapamycin;
42-0-[2-(D-Maltosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Maltulosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-maltulosylcarbonyl)rapamycin;
31-O-(D-Maltosylcarbonyl)rapamycin;

42-0-(2-I:Iydr0xyethyl)-3 1-O-(D-maltosylcarbonyl)rapamycin;
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42-O-(D-Lactosylcarbonyl)rapamycin;
42-0-[2-(D-Lactosylcarbonyloxy)ethyl Jrapamycin;
31-O-(Methyl-D-lactosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl}-31-O-(rnethyl-D-lactosylcarbonyl)rapamycin;
42-0-(D-Melibiosylcarbonyl)rapamycin;
31-O-(D-Melibiosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(ID-melibiosylcarbonyl)rapamycin;
42-0-(D-Leucrosylcarbonyl)rapamycin;
42-0-[2-(D-Leucrosylcarbonyloxy)ethylJrapamycin;
31-O-(D-Leucrosylcarbonyl)rapamycin;
42—0—(2—Hy¢oxwﬁyl)-3 1-0-{D-leucrosylcarbonyl)rapamycin;
42-0-(D-Rafinosylcarbonyl)rapamycin;
42-0-[2-(D-Rafinosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Rafinosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-rafinosylcarbonyl)rapamycin;
42-0-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-[2-(D-Jsomaltosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Isomaltotriosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-0-(D-isomaltotriosylcarbonyl)rapamycin;
42-0-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-[2-(D-Cellotetraosylcarbonyloxy)ethyl]rapamycin;
31-O-(D-Cellotetraosylcarbonyl)rapamycin;
42-0-(2-Hydroxyethyl)-31-O-(D-cellotetraosylcarbonyl)rapamycin,
42-O-(Valiolylcarbonyl)rapamycin
42-0-[2-(D-Valiolylcarbonyloxy)ethylJrapamycin;
31-O-(Valiolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolylcarbonyl)repamycin
42-0O-(Valiolonylcarbonyl)rapamycin
42-0-[2-(D-Valiolonylcarbonyloxy)ethyl]Jrapamycin;
31-O-(Valiolonylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valiolonylcarbonyl)rapamycin
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42-0-(Valienolylcarbonyl)rapamycin
42-0-{2-(D-Valienolylcarbonyloxy)ethylJrapamycin;
31-0-(Valienolylcarbonyl)rapamycin
42-0-(2-Hydroxyethyl)-31-O-(valienolylcarbonyl)rapamycin
42-0-(Valienoneylcarbonyl)rapamycin
42-0-[2-(D-Valienoneylcarbonyloxy)ethylJrapamycin;
31-0O-(Valienoneylcarbonyl)raparnycin
42-0-(2-Hydroxyethyl)- 31-O-(valienoneylcarbonyl)rapamycin

17. A pharmaceutical composition comprising the rapamycin carbohydrate
derivative of claim 1 or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

i

18. A method for treating a disease treatable by rapamycin, comprising
administering a therapeutically effective amount of a pharmaceutical composition of claim 17

to a subject in need thereof.

19.  The method of claim 18, wherein the disease is selected from the group
consisting of transplantation rejection, host vs. graft disease, graft vs. host disease, leukemia,
lymphema, hyperproliferative vascular disorders, autoimmune disease, diseases of

inflammation, solid tumors, and fungal infections.

20. A medical device comprising a rapamycin carbohydrate derivative of claim 1

or a pharmaceutically acceptable salt thereof.

21. A medical device wherein said medical device is coated with a rapamycin

carbohydrate derivative of claim 1.

22, A medical device of claim 21, wherein the medical device is selected from the

group consisting of stents, grafts, and implants

57



10

z7

WO 2004/101583 PCT/CA2004/000724

23, The medical device of claim 20, wherein the medical device is selected from

the group consisting of stents, grafts, and implants.

24. A method for treating a disease treatable by rapamycin, comprising
coadministering a therapeutically effective emount of a pharmaceutical composition of claim
17 to a subject in need thereof with a pharmaceutical composition comprising & compound
selected from the group consisting of & cyclosporine or cyclosporine derivative, a steroid, or

an immunomodulatory compound.
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In vitro Immunasuppressive Activity of Rapamyein 42-0-(D-
Fructosylcarbonyl)rapamyein, and a Carbamate-linked Analog in a Cell

Proliferation assay.
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Serum Cholesterol Levels Following 12-Day Dosing of 42-0-(D-
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Effect of Rapamycin and 42-0-(D-Fructosylcabonyl) rapamycin (25 pg/ml)
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Assignment

Pursuant to the Purchase Agreement dated September 13, 2005,

ISOTECHNIKA INTERNATIONAL INC., a corporation duly organized and existing
pursuant to the laws of BARBADOS, having its principal place of business at Suite No.
1, Evergreen House, 3 Avenue, Belleville, St. Michael, BARBADOS (hereinafter
referred to as the “Assignor”),

hereby sells, assigns and transfers to:

ISOTECHNIKA INC., a corporation duly organized under and existing pursuant fo the
laws of CANADA, having its principal place of business at 2100 College Plaza, 8215-
112" Street, Edmonton, Alberta T6G 2CB, CANADA (hereinafter referred to as the
“Assignee’);

Assignor's entire right, title and interest in'and to the invention(s) described in u.s.
Patent Application No. 10/845,747, filed cn May 13, 2004, entitied “RAPAMYCIN
CARBOHYDRATE DERIVATIVES”". This Assignment including sald applications,
provisional applications, any and ali United States and international patents, utility
modsls and design registrations, including any divisionals, continuations, continued
prosecution applications and continuations-in-part thereof, confirmations, and
reexamination certificates, renewals, reissue patents, patent extensions, SPC's and
patent term restorations throughout the world, the right to file applications on said
Inventions, and Assignor's entire right, title and Interest in and to any applications for
Letters Patent of the United States or other countries claiming priority to said
applications, the same to be held and enjoyed by the Assignee, for its own use and
behalf and the use and behalf of its successors, legal representalives and assigns, to
the full end of the term or terms for which Letters Patent or Patents may be granted as
fully and entirely as the same would have:been held and enjoyed by the Assignor had
this sale and assignment not been made;

AND for the same consideration, Assignor hereby covenants and agrees to and with the
Assignee, its successors, legal representatives, and assigns that the Assignor and its
employees will, whenever counsel for, or an authorized representative of the Assignee,
or the counsel or representative of its successors, legal representatives, and assigns,
shall advise that any proceeding in connection with said inventions’or said applications
for Letters Patent or Patents, or any procesding in connection with Letters Patent or
Patents for said inventions In any country, including Interference proceedings, is lawful
and desirable, or that any application claiming priority to said application, division,
continuation, or continuation-in-part of any applications for Letlers Patent or Patents, or
any reissue or extension of any Letters Patent or Patents to be obtained thereon, Is
lawful and desirable, sign all papers and documents, take all lawful oaths, and do all
acts necessary or required to be done for'the procurement, maintenance, enforcement,
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Docket No. 520

and defense of Letters Patent or Patents for sald inventions, without charge to the
Asslgnee, Its successors, legal representatives and assigns, but at the cost and
expense of the Assignee, its successors, (egal representatives and assigns;

AND the Assignor hereby requests the Commissioner of Patents to issue any and all
sald Letters Patent or Patents to the Assignee as the Assignee of said inventions, the
Letters Patent to be issued for the sole user and on behalf of the Assignee, its
successors, legal representatives, and assigns.

ISOTECHNIKA INTERNATIONAL INC.

Date:  October 30, 2005 By%

Name: -Joseph Koziak
Title;: Executive Vice Prasident

STATE OF ARIZONA )
):SS
COUNTY OF MARICOPA )

Personally appeared before me this day, the above-named Joseph Koziak, to me
personally known, who acknowledged that he signed the foregoing instrument for the
uses and purposes therein mentioned, and that the same Is his free act and deed.

__-Jn téstimonly wheredf, | hiave hereunto set my Hand'and affixed my seal, this.
30’8&@ of c}d:vam_ Do ; 2005

Notary Public State of Artroas 6 Ayt Q Ve Bkl
::m Notary Public
Expires Ootcbar 31 2008

(Notarial Seal)
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THE WORLD INTELLECTUAL PROPERTY ORGANIZATION

APPLICANT : ISOTECHNIKA INTERNATIONAL INC.
FOR + RAPAMYCIN CARBOHYDRATE
DERIVATIVES

INTERNATIONAL APPLICATION NO.: PCT/CA2004/000724

INTERNATIONAL FILING DATE : 14 MAY 2004
{14.05.2004)
INTERNATIONAL PRIORITY DATE : 16 MAY2003
(16.05.2003)
ATTORNEY DOCKET NO. : §50.PCT
CHANGE IN THE PERSON OF THE APPLICANT UNDER 92bis

World Intellectual Property Organization
34, chemin des Colombettes

P.0O.Box 18

CH-1211 Geneva 20

SWITZERLAND

Sir:

Pursuant to an executed Assignment dated 31 OCT 2005 (31.10.2005) between Applicant
ISOTECHNIKA INTERNATIONAL INC,, and ISOTECHNIKA INC., the person of the
Applicant has been changed for the above-referenced International application. A copy of the
executed Assignment is attached herewith.

In accordance with Rule 92bis Section 422, the International Bureau is respectfully
requested to record a change in the person of the Applicant to ISOTECHNIKA INC., as follows:

NAME: ISOTECHNIKA INC.
ADDRESS: 2100 College Plaza
8215 112™ Street
: Edmonton, Alberta T6G 2C8
COUNTRY: CANADA
COUNTRY OF NATIONALITY: CANADA
TELEPHONE NO.: (780)-487-1600
FACSIMILE NO.: (780)-484-4105
‘Respectfuily submitted,
_ Db 31,2005 .
Date Susan Sutterfield Wilks, Reg. No. 48,192
) Associate General Counsel
Isotechnika Inc.

17301 North Perimeter Drive, Suite 100
Scottsdale, AZ 85255

Telephone: (480)-505-0540 (ext. 3213)
Fax: (480)-505-0545







Documentos anexos a la solicitud PCT/CA2004/000724

1.

10.

11.

12.

13.

14.

15.

Solicitud PCT/CA2004/00724 tal como fue presentada el 14 de mayo de 2004 con
descripcion, dibujos, reivindicaciones y resumen. (64 folios) con notificacion del
recibo de la solicitud (1 folio)

Traduccion de la solicitud PCT/CA2004/000724 descripcién, figuras (10 folios),
reivindicaciones y rasumen. (84 folios)

Formulario PCT/R0O/106 Invitacion a corregir defectos en la solicitud internacional
del 4 de junio de 2004 (3 folios)

Formulario PCT/RO/132 Comunicacién para casos en los cuales ningun otro
formulario es aplicable del 4 de junio de 2004. (1folio)

Formulario PCT/ISA/210, notificacion del Reporte de la Busqueda Internacional
del 16 de mayo de 2004, (3 folios) junto con documentos del arte anterior:

a) Patente US No0.6.542.507 del 29 de enero de 2002 (7 folics).

Formulario PCT/IB/301, Notificacion de recibo de la copia de la solicitud en la

oficina del PCT para los paises designados, del 29 de junio de 2004. (3 folios)

Formulario PCT/ISA/202 Noitificacion de.recibo de la copia de la btisqueda del 1
de julio de 2004 (1 folio)

Formulario PCT/ISA/224 Comunicacion para casos en los cuales ningun ofro
formulario es aplicable del 1 de julio de 2004. (1folio)

Formulario PCT/ISA/237 Opinion escrita de la Autoridad Internacional de
busqueda (5 folios)

Respuesta a la carta de invitacidn para corregir defectos acompainada de tres
certificados de documentos de prioridad del 21 de julio de 2004 (4 folios)

Formulario PCT/RO/113, solicitud de registro de un cambio de apoderado del 13
de agosto de 2004. (1 folio).

Carta a la Oficina Receptora acompafiada de poderes y dibujos formales del 3 de
agosto de 2004 (14 folios)

Formulario PCT/RO/135, notificacion de la fecha de recibo del documento de

prioridad o del nimero de solicitud prioritaria del 13 de agosto de 2004 (1 folio)

Formulario PCT/RQ/123, notificacién ccerniente a la representacion del 13 de
agosto de 2004 (1 folio)

Formulario PCT/ISA/220, notificacion de la transmision de la busqueda
internacional y opinion escrita del 23 de agosto de 2004 (3 folios)

22
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16. Copia de la Publicacién Intemacional en la Gaceta Oficial del PCT No. WO
2004/101583 A1 del 25 de noviembre de 2004. (70 folios).

17. Copia del Cambio en la persona del solicitante del 31 de octubre de 2005 (4 folios)

18. Extracto para la publicacion con Arte Final en 12 cm x 12 cm.
19. Tarjeta Archivo Temético y Tarjeta Propietarios.
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DELGADO VILLEGAS JAIME EDUARDO

REFERENCIA Radicacifn No. 5 116201
Solicitud internacional CA2004/000724
Fecha inicio fase nacionmal 16/12/200S

Tramite 11
Evento 378

Actuacibén 430

oficio No. U I 31 37

Como resultado del examen de forma, realizado con fundamento en el articulo 3B de
la Decisi6n 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Onica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene 1la copia del documento en que consta la cesifn del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisifn 486.

2., La solicitud no contiene el poder deblidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiquientes del Cédigo de
Procedimiento Civil. Adicicnalmente, deberi presentar el documento que acredita la
existencia y representacién legal de la sociedad solicitante, cuando &sta fuere
persona juridica.

3. Debe aclarar el nombre del solicitante, por cuanto la publicacién intermacional
difiere del petitorio presentado en fase nacional.

4. Debe aclarar la fecha de la prioridad 60/471.367, puesto que difieren la citada
en la publicacién internacional y en el memorial petitorio .

En cumplimiento de lo dispuesto por el articulo 39 de la Decieidn 486, ee le
requiere para que dentro del término de dos meseB sBigulentes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En casoc de no dar cumplimiento al prepente regquerimiento, la solicitud se
congiderar& abandonada y perderd su prelacién.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No.10 de 2001.

Continua en la pigina sigquiente...
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