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ABSTRACT

A single-step, one-pot process to obtain zotarolimus and other rapamycin derivatives on large
scale that improves currently available syntheses. In one embodiment, dried rapamycin is
dissolved in isopropylacetate. After cooling and 2,6-Lutidine addition, triflic anhydride is slowly
added at -30°C. Salts are removed by filtration. Tetrazole, followed by a tert-base
diisopropylethylamine is added. After incubation at room temperature, the product is
concentrated and purified by a silica gel column using THF/heptane as eluant. The product is
collected, concentrated, and purified using a heptane/acetone column. The product-containing
fractions are concentrated. The product is dissolved in t-BME and precipitated with heptane.
The solids are dissolved in acetone, treated with butylated-hydroxy toluene, and the solution
concentrated. The process Is repeated twice with acetone to remove solvents. At least one

stabilizing agent is added, such as BHT at 0.5% before drying.
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wical Field

[07]  Te
[08]  The present invention relates to novel methods of synthesizing analogs of

rapamycin. The analogs are useful in anti-proliferative and immuno-modulatory

applications.

[09] Background of the Invention

[010]  Introduction
[011]  Sirodizmmns

[012] As the moai gazed down, a Canadian expedition in 1964 dug in the dirt to unearth a
tungus that produced a powerful immunosuppressing, anti-fungal and anti-cell
proltferation molecule. From Easter Island to laboratories in Canada, the fungus landed in
Suren Sehgal’s hands, who elucidated the properties of a purified compound of the fungus
Streptomyces bygmscopiens in 1972, but this finding was abandoned, a victim of corporate
priontties.  Sehgal resurrected research in 1987 and developed the compound as an
immunosuppressant. Today, rapamycin (christened after Rapa Nui, the name by which the

Easter Island natives knew their homeland) is used to reduce the risk of organ transplants

and the side eftects of stents, and is being investigated as an anti-tumor pharmaceutical.

-1 -
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[013] Rapamycin, also known as sirolimus, is a macrocyclic tricne antibiotic that inhibits
fungal growth, particularly against Candida albicans, both i vitro and in vivo (Baker ¢ al, 1978,
Sehgal, 1975; Sehgal, 1976; Sehgal ef 4/, 1975; Vezina et al, 1975). Sirolimus alone
(Surendra, 1989) or in combination with picibanil (Eng, 1983) has been shown to have
anti-tumor activity. In 1977, sirolimus was shown to be effective as an
Iimmunosuppressant in cxperimental models for allergic encephalomyelitis (a model for
multiple sclerosios), adjuvant arthritis, and rheumatoid arthritis (Martel e o/, 1977).
Sirolimus also effectively inhibits the formation of IgB-like antibodies (Martel ez a/., 1977).

Its structure is depicted below (V).

1014] ABT-578 [40-cpi-(1-tetrazolyl)-rapamycin], known better today as zotarolimus, is a
semi-synthetic macrolide triene antibiotic derived from sirolimus. Zotarolimus is a potent
inhibitor of T-cell lymphocyte proliferation, similar to its precursor zotarolimus.
Zotarolimus has found exceptional applications in coating cardiovascular stents, especially
drug-cluting stents (DLS’s) to minimize restenosis (Mollison ¢ al., 2003). Zotarolimus
exists in two isomeric forms, a major pyran (6-member isomer at 10 position; 1) and a

minor oxepane tsomer (/7 member 1somer at 9 position; 2), both of which are N-1 isomers

(Mollison, 2000).

1015]  Other chemical modifications of rapamycin have been attempted. These include
the preparation of mono- and di-ester derivatives of rapamycin (Caufield, 1992), 27-oximes
of rapamycin (Failly, 1992a); 40-ox0 analog of rapamycin (Cauficld, 1991); bicyclic
rapamycins (I<ao, 1992a); rapamycin dimers (IKao, 1992b); silyl ethers of rapamycin (Faill,
1992b); and arylsulfonates and sulfamates (Failli, 1993).

1016] In addition to its anti-fungal, immunosuppressant and anti-tumor activitics,
sirolimus reduces neointimal proliferation in animal models, as well as the rate of restenosis
in humans. -Strolimus also exhibits an anti-inflammatory effect, a characteristic which
supported its selection as an agent for the trcatment of rheumatoid arthritis. Stents coated
with analogues of sirolimus, such as everolimus and espccially zotarolimus, arc cffcctive at

preventing restenosts in clinical trials.

\O17]  Stents and other impluntable medical devices
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[018] Stents are used to treat serious decreases in vessel or duct diameter due to a variety
of diseascs and conditions, especially atherosclerotic discases, and atrce often used after
angloplasty. While frequently used 1n arteries, stents are also used in other structures,
including veins, bile ducts, esophagus, trachea, large bronchi, ureters, and urethras. Stents

are the innovation of the English dentist Charles Stent (1845--1901).

[019] While cffective in treating deleterious lumen narrowing, vascular stents in an
instance ol medical irony, also risk re-creating the condition that they were used to treat.
Stents can incur the development of thick endothelial tssue inside the lumen--the
neointma. Whie the degree of development varies, the neointima can grow to occlude the

vessel lumen, a type of testenosis.

(V1)

Sirolimus (rapamycin)
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|020]  Previous syntheses of sotarolimus

[021] Mollison presented scveral methods to generate zotarolimus from sirolimus
(Mollison, 2000). For example, C-40 hydroxyl of sirolimus is activated with the
formation of triflate, and the triflate 1s then purified by column chromatography.
During triflate purification, some of the activated intermediate reverts to sirolimus and
1ts cpimer, ei)i-sirolimus, due to presencc of the water during chromatography. The
purificd triflate is then reacted in a second step with tetrazole to produce the 40-epi-
tetrazole derivative of swolimus, that 1s, zotarolimus. The crude product is then purified

by column chromatography. However, even with this purification, the end product

could contain sirolimus and epi-sirolimus impuritics.
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1022]  Brief Description of the Drawings

O N i‘ - . - rew -re .-

-5_0-‘

[023] Figure 1 shows a flow diagram of an embodiment of a one-pot method of making

zotarolimus according to the present invention.

[024] Figure 2 shows a flow diagram of an embodiment of a one-pot method of making

zotarolimus accordjng to the present invention.

AAAAAAAAAAAA

[026] The invention provides methods of performing in a single pot derivatives of
rapamycin, and provides for compositions made by such methods that include anti-

oxidants.

[027] In a first aspect, the invention provides methods for preparing a molecule of

formula I:

Where a molecule in a first step (a) of formula IT
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and then reacting the molccule of formula 111 in a sccond step (b) with a molecule of
tormula TV:

wheeein

R, is selected from the group consisting of =0, (H, 1}, and (H, OH);
R, and R; are independently selected from the group consisting of H,
~C(=0)Ry, —C(=0)0OR,, ~C(=0) NHR,, and —C(=8)OR_;

R, is selected from the group consisiing of =0 and (14, QR5); or R, and Ry can be
taken together to form a molety of formula A-C(R7)(Rs) - O-B, where A 1s a band to OXygen
bonded to carbon 28 and B is a bond 1o carbon 26 where Ry is (1, B);

R, is sclected Fom the group consisting of H and G,-C, alkyl;
R, is sclected from the group consisting of C,-C,q alkyl, C,-C, cycloaliyl, acyl
groups, and heterocyclic groups,
'Ry and Ry are independently selected from the group consisang of H, C,-C allgyl,
or R, and R, taken togetherare =0

R, and R,q ate independenty selected from the group consisdng of H, alkenyl,
alkenylcycloalkenyl, alkenyleydoalkyl, alkyl, alkylcycloalkenyl, alkylcydoalkyl, alkynyl,
aralkyl, aryl, cydoalkenyl, cycloalkyl, cycloalkylalkyl, eycloalicylcydoalkyl, cycloalkenylalkyl,
heterocyclyl, aza, amide, ammonium, oxa, thia, sulfonyl, sulfinyl, sulfonamide, phosphoryl,
phosphinyl, phosphine, phosphonium, keto, ester, alcohol, carbamate, urea, thiocarboayl,

borates, boranes, boraza, silyl, siloxy, slaza, and combinations thereaf.
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[27A)} Particular embodiments of this invention relate 1o a method of preparing a molecule of
formula I: |

comprising:

(a) reacting a molecule of formula II:
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with triflic anhydride to produce a molecule of formuia 11f;
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and

(b) reacting the molecule of formula I with a molecule of formula TV:

Formula [V

wherein R, is =0 or (H, OH); R; is H, -C(=0)Rg, -C(=0O)ORg, -C(=0)NHRg, or -C(=8)ORg,

and Ry is =0 or (I'], ORs); or R, and R together form & moiety of formuja A-C(R-)(Ry). O--B,
where A is a bond to the oxygen bonded to carbon 28 and B is a bond to carbon 26 where K is (1,
B); R4 ig H or C,-C, alkyl; Rs is H, -C(=0)R¢, -C(=0)ORg, -C(=0)NHRg, or -C(=S)OR,, Ry is
Ci-Cyg alkyl, Cy-C¢ cycloalkyl, an aryl group or a helerocyclic group; Ry and Ry are independently
H or C-Cq atkyl; or R,y and Rg together are =O; and Ry and R4 are independently: H, alkenyl,
alkenyleycloalkenyl, alkenyicycloalkyl, alkyl, alkylcycloalkenyl, alkyleycloalky), alkynyl, aralkyl,
aryl, cycloalkenyl, cyclonlkyl, cycloalkylalkyl, cycloalkyleycloalkyl, cycloalkenylalky! or
heterocyclyl; and wherein the method is performed in a single pot. The method may further

comprise providing an antioxidant to stabilize the molecule of Formula 1.

-8b-
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(27B] Particular embodiments of this invention relate to a8 method of preparing a molecule of

formula V:
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Fomula YV

compristng: (a) reacting a molecule of formula VI:

.....................

Formuta VI

with triflic anhydride o produce a molecule of formuja VI

-8c-
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Formula VII

and (b) reacting the molecule of formula VII with a molecule of formula 1V:

Formula [V

wherein Ry and Ry are independently: H, alkenyl, alkenylcycloalkenyl, alkenylcycloalkyl, alkyl,
alkylcycloalkenyl, alkylcycloalkyl, alkynyl, aralkyl, aryl, cycloalkenyl, cycloalkyl, cycloalkylalkyl,
cycloalkylcycloalkyl, cycloalkenylalkyl or heterocyclyl; and the method is performed in a single

pot.

[028] Step (5) of the method may be carried out in the presence of a non-nucleophilic base, such
as 2,6-dimethyl pyridine or diisopropylethyl amine. Step (a) may also carried out in a solvent, such
as isopropyl acetate or dichloromethane. In some embodiments, dichloromethane is exchan ged to

1Isopropyl acetate before or during step (b).

-8d-
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[029] [n the molecule represented by formula IV, Ry, can be H, and R is H, methyl, or
phenyl. In some embodiments, Ryand R,,are H.

[030] Step (b) is also carried out in the presence of a solvent, such as an aprotic solvent;
the aprotc solvent can be, for example, pertluorohexane, o, o, a-trifluorotoluenc, pentane,
hexane, cyclohexane, methylcyclohexane, decahydronaphthalene, carbon tetrachloride,
dioxane, fluorotrichloromethane, benzene, toluene, triethyl amine, carbon disulfide,
diisopropyl ether, diethyl ether, t-butyl methyl ether, chloroform, ethy! acetate, 1,2-
dimethoxyethane, 2-methoxyethyl ether, tetrahydrofuran, 1,2-dimethoxyethane,
tetrahydroturan, methylene chloride, pyridine, 2-butanone, acetone,
hexamethylphosphoramide, N-methylpyrrolidinone, nitromethane, dimethyl formamide,
acetonitrile, sulfolane, dimethyl sulfoxide, diisopropyl ethyl amine, isopropyl acetate,
dichloromethane, dimethylamine, N ,N-dimethylformamide or propylene carbonate. In
some embodiments, step (b) 1s carried out in the presence of diisopropyl ethyl amine and
either 1sopropyl acetate, dichloromethane, 1,2-dimethoxyethane, tetrahydrofuran,
acetonitrile, dimethylamine, or N,N-dimethylformamide. In other embodiments, step (b) is

carried out in diisopropyl cthyl amine and either 1sopropyl acetate or dichloromethane,

[031] In a specific embodiment, the molecule represented by formula I1, R, is =O, R, is
H, R,is =0 and R, is H.

[032] In another aspect, zotarolimus is provided by the novel methods of the invention
from rapamyecin.

[033] In yet another aspect, the invention provides for compaositions of the molecules
prepared by the methods of the invention combined with anti-oxidants. Such oxidants
include 3,5-di-tert-4-butylhydroxy toluene, DL-a-tocopherol, propyl gallate, ascorbyl
palmitate, 3-tert-butyl-4-hydroxyanisole or 2-tert-butyl-4-hydroxyanisole, and furnatic acid
In one embodiment, the ant-oxidant 1s 3,5-di-tert-4-butylhydroxy toluenc.

[034] In another aspect, the invention provides for compositions of zotarolimus made by

the methods of the inventon formulated with an anti-oxidant, such as 3,5-di-tert-4-
butylhydroxy toluene, DL-a-tocopherol, propyl gallate, ascobyl palmitate, 3-tert-butyl-4-
hydroxyanisole or 2-tert-butyl-4-hydroxyanisole, and fumaric acid.  In one embodiment,

the anti-oxidant is 3,5-di-tert-4-butylhydroxy toluene.

-9.



CA 02936497 2016-07-19

[035]  Detatled Deseription ol the Tnvention

[036]  The invention provides a onc-pot process for the preparation of a tetrazole analog
of sirolimusat the C-40 position, producing zotarolimus, virtually eliminating the sirolimus
and ept-sirolimus impurities of previous methods and presenting a more efficient method
of making the pharmaceutical. In this method, triflate is generated in isopropylacetate
(IPAc) or dichloromethane (DCM) as solvent in presence of 2 non-nuclcophilic base like
2,0-Lutidine, or other substituted pyridines like 2,0-di-tert-butylpyridine or 2,4,6-collidinc,
pyridine, or Hunig’s base diisopropylethyl amine (DIEA). When IPAc is used as a solvent
during triflate formation, the salts can be filtered, and the triflate solution reacted with
tetrazole in presénce of DIEA. When DCM i1s used as a solvent during triflate formation,

the solvent 1s switched to IPAc. Subsequently, the S\2 reaction with tetrazole is carried

out in [PAc and tetrazole with DIEA as a basc. The crude product after removal of the
solvent is purified by column chromatography in THEF/hcptane followed by
heptane/acetone. The purified product can be isolated as a solid by treatment with t-butyl
methyl ether (t-BME)/heptance. Zotarolimus thus obtained is unstable at room
temperature but can be stabilized by the addition of anti-oxidants, such as BHT (2,6-di-t-
butyl-4-methylphenol, butylated hydroxy toluene), 2,6-di-t-butyl-4-ethylphenol (DEP), 2,6-
di-t-butyl-4-methoxyphenol (IDMP).

[037]  Some of the significant advantages of the one-pot method include:

1. Ehiminaung purification of triflate, which, in previous mcthods, was

a signtficant source of impurities in the final product;

2. Ifurther reduction n sirolimus and epi-sirolimus byproduct levels,
tormed during the Sy2 reaction, by purifying the crude product of the

method in THE:heptane;

-~y

3. Using in the Sy2 reaction aprotic solvents that can be easily
recovercd and re-uscd, thus reducing costs and environmental concerns

mcurred by previous methods;

~asy 1solation and purification of the product by dissolving in t-

| - N

4.

BME and adding heptane or by a reverse-addition procedure;

- 10 -
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5. [Fasy stabilization of the clean product by adding anti-oxidants; and

0. Fasy tsolation by lyophilization in acetonitrile or acetonitrde:water.

1038 Definitions
1039] “Pro-drug” refers to compounds which are rapidly transformed 77 vivo to the parent

compound, for example, by hydrolysis in blood. Thorough discussions are available

(Higuchi and Stella, 1987; Roche, 1987).

040] “Pharmaceutically acceptable pro-drugs” refers to those pro-drugs of the
compounds of the present invention which are, within the scope of sound medical
udgment, suttable for use 1n contact with the tissues of humans and lower mammals
without undue toxicity, irritation, and allergic response, are commensurate with a
rcasonable benefit/risk ratio, and are effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds of the invention. Parttcularly
preferred pharmaceutically acceptable pro-drugs of this invention are pro-drug csters of

the C-31 hydroxyl group of compounds ot this invention.

[041] “Pro-drug esters” refers to any of several ester-forming groups that are hydrolyzed
under physiological conditions. Examples of pro-drug ester groups include acetyl,
cthanoyl, pivaloyl, pivaloyloxymethyl, acctoxymethyl, phthalidyl, methoxymethyl, indanyl,
and the like, as well as ester groups derived trom the coupling of naturally or unnaturally-

occurring aming acids to the C-31 hydroxyl group of compounds of this invention.

[042] “','l”hempeur_ic substance’ means any substance that when administered to a subject

appropriately at an appropriate doses, has a beneticial etfect on the subject.

[043] When any substituent or variable (eg., aryl, alkoxyl, R', R?, R’, R?, R, er) occurs
more than one time m a formula, such variable or substituent definition on each
occurrence 1s independent of 1ts definition at every other occurrence, unless otherwise
indicated. Combinations of substituents and/or variables are in a constituent of the

compounds ot the invention are permissible only 1f such combinations result in a stable

compound.

- 1] -
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1044] The parenthetical nomenclature used in the definition of substituents such as R’
(eg., (H, OR®) is intended to reflect the substituents on both valences of the relevant atom.

The invenuon 1s not imited to particular 1somers and the order of moiteties in the

parentheses does not suggest a particular confrguration.
1045} “Acyloxy" means - ~OC(O)-(alkyl) and —OC(O)-(aryl).

[046] “Alkenyl” alone or in combination, means an alkyl radical having one or more
double bonds. Examples of such alkenyl radicals include, but are not limited to, ethenyl,
propenyl, 1-butenyl, cis-2-butenyl, trans-2-butenyl, iso-butylenyl, cis-2-pentenyl, trans-2-
pentenyl, 3-methyl-1-butenyl, 2,3-dimethyl-2-butenyl, 1-pentenyl, 1-hexenyl, 1-octenyl,
decenyl, dodecenyl, tetradecenyl, hexadecenyl, cis- and trans-9-octadecenyl, 1,3-
pentadienyl, 2,4-pentadienyl, 2,3-pentadienyl, 1,3-hexadienyl, 2,4-hexadienyl, 5,8,11,14-

ercosatetraenyl, and 9,12,15-octadecatrienyl.
1047] “Alkoxyl" means an alkyl group linked to oxygen.

[048] “Alkyl,” alone or in combination, means a straight-chain or branched-chain alkyl
radical contéinirig from 1 to about 22 carbon atoms, from about 1 to about 18 carbon
atoms ot from about 1 to about 12 carbon atoms. Examples of such radicals include, but
are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, 1so-amyl, hexyl, octyl, nonyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl and

cicosyl.

1049]  “Alkylcycloalkenyl” and “alkenylcycloalkenyl” mean a cycloalkenyl radical as
defined above which is substituted by an alkyl or alkenyl radical as defined above.
Examples of alkylcycloalkenyl and alkenylcycloalkenyl radicals include, but are not Jimited
to, 1-methyl-2-cyclopentyl, 1-hexyl-2-cyclopentenyl, 1—'ethyl—2—scyclohexcnyl, 1-butyl-2-

cyclohexenyl, 1-(9-octadecenyl)-2-cyclohexenyl and 1-(2-pentenyl)-2-cyclohexenyl.

1050]  “Alkylcycloalkyl” and “alkenylcycloalkyl” mean a cycloalkyl radical as defined
above which is substituted by an alkyl or alkenyl radical as defined above. Examples of
alkyicycloalkyl and alkenylcycloalkyl radicals include, but are not limited to, 2-
ethylcyclobutyl, '1 -methvicyclopentyl, 1-hexylcyclopentyl, 1-methylcyclohexyl, 1-(9-

octadecenyl)cyclopentyl and 1-(9-octadecenyl)cyclohexyl.
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1051] “Alkynyl” alone or in combination, means an alkyl radical having one or more
triple bonds. Examples of such alkynyl groups include, but are not limited to, ethynyl,
propynyl (propargyl), 1-butynyl, 1-octynyl, 9-octadecynyl, 1,3-pentadiynyl, 2 4-pentadiynyl,
1,3-hexadiynyl, and 2,4-hexadiynyl. '

1052] “Amino" means —NH,, —N (alkyl) 2, —NH(alkyl), —N(aryl),, and —NH(ary}.

053] “Aralkyl” alone or in combination, means an alkyl or cycloalkyl radical as defined
abovc 1 which one hydrogen atom i1s replaced by an aryl radical as defined above, such as

benzyl, 2-phenylethyl, and the like.

1054]  “Aryl” alonc or in combination, means a phenyl ot naphthyl radical which
optionally carrics one or morc substtuents selected from alkyl, cycloalkyl, cycloatkenyl,
aryl, heterocycle, alkoxyaryl, alkaryl, alkoxy, halogen, hydroxy, amine, cyano, nitro,
alkylthio, phcnoxy, cther, trifluoromethyl and the like, such as phenyl, p-tolyl, 4-
methoxyphenyl, 4-(tert-butoxy)phenyl, 4-tluorophenyl, 4-chlorophenyl, 4-hydroxyphenyl,
I-naphthyl, 2-naphthyl, and the like. \

1055] “Cycloalkeny!” alone or in combination, means a cycloalkyl radical having one or
more doublc bonds. Examples of cycloalkenyl radicals include, but are not limited to,
cyclopentenyl, cyclohexenyl, cyclooctenyl, cyclopentadienyl, cyclohexadicnyl and

cyclooctadienyl.

[056] “Cycloalkenylalkyl” means an alkyl radical as defined above which is substituted by
a cycloalkeny! radical as defined above. Examples of cycloalkenylalkyl radicals include, but
are not hmited to, 2-cyclohexen-1-ylmethyl, 1-cyclopenten-1-ylmethyl, 2-(1-cyclohexen-1-
yDcthyl, 3-(1-cyclopenten-1-yl)propyl, 1-(1-cyclohexen-1-ylmethyl)pentyl, 1-(1-cyclopenten-
I-yhhexyl, 6-(1-cyclohexen-1-1-yhhexyl, 1-(1-cyclopenten-1-yl)nonyl and 1-(1-cyclohexen-
l-yhnonyl.

[057] “C}fcloaiky]" alone or in combinatton means a cycloalkyl radical containing from 3
to about 10, preterably trom 3 to about 8, and most preferably from 3 to about 6, carbon
atoms. Examples ot such cycloalkyl radicals imnclude, but are not linited to, cyclopropyl,

cyclobutyl, cvclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and perhydronaphthyl.

[058] “Cycloalkylalkyl” means an alkyl radical as defined above which is substituted by a

cycloalkyl radical as detined above. [ixamples of cycloalkylalkyl radicals include, but are not

13
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limited to, cyclohexylmethyl, cyclopentylmethyl, (4-isopropylcyclohexyl)methyl, (4-t-butyl-
cyclohexyl)methyl, 3-cyclohexylpropyl, 2-cyclohexylmethylpentyl, 3-
cyclopentylmethylhexyl, 1-(4-ncopentylcyclohexyl)methylhexyl, and 1-(4-

1sopropylcyclohexyl)methylheptyl.

1059] “Cycloalkylcycloalkyl" mcans a cycloalkyl radical as defined above which is
substtuted by another cycloalkyl radical as defined above. Examples of cycloalkylcycloalkyl

radicals include,-but are not limited to, cyclohexylcyclopentyl and cyclohexylcyclohexyl.
[060] “Halogen™ includes fluoro-, chloro-, bromo- and iodo-.

1061] “Heterocycle" includes a stable 5- to 7-membered mono- or bicyclic or stable /- to
10-membered bicyclic heterocyclic ring that is cither saturated or unsaturated and consists
of carbon atoms and from one to three hetero-atoms independently selected from the
group conststing of N, O and §, and wherein the nitrogen and sulfur hetcro-atoms can be
oxidized, and the nitrogen hetefoatom can be quarternized, and including any bicyclic
group in which a heterocyclic ring 1s fused to a benzene ring. The heterocyclic ring can be
attached at any hetero-atom or carbon atom that results in a stable structure. Examples of
heterocyclic elements include piperidyl, piperidinyl, piperazinyl, pyrimidinyl, pyridazinyl,
oxazolyl, turyl, and thienyl. The heterocycle can be substituted 1n a manner such that
carbon atoms attached to a heteroatom are not directly substituted by a heteroatom, by
from onc to four members that can be C,-Cg alkyl, aryl, hydroxyl, C,-C, alkoxyl, acyloxy,

amino, N-acylamino, nitro and halogen.

1062} “Heterocyclic” means ring structures containing at least one other kind of atom, in
addttion to carbon, in the ring. The most common of the other kinds of atoms include
nitrogen, oxygen and sulfur. Examples of heterocyclics include, but are not limited to,
pyrrolidinyl, piperidyl, imidazolidinyl, tetrahydrofuryl, tetrahydrothienyl, furyl, thienyl,
pyridyl, quinolyl; tsoquinolyl, pyridazinyl, pyrazinyl, indolyl, imidazolyl, oxazolyl, thiazolyl,

pyrazolyl, pyridinyl, benzoxadiazolyl, benzothiadiazolyl, triazolyl and tetrazolyl groups.
.[063] “IKetone” means —C(O)—.
1064] “N-acylamino" mecans —NIIC(O)-(alkyl) and —NHC(O)-(aryl).

[065] “Nitrogen-containing heterocycle” means ring structures in which 2 carbons and a

nitrogen ot the ring are also part of the fifteen-membered macrocyclic ligand. The ring 10

_14 -
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structure can contain from about 2 to about 20 or from about 4 to about 10, carbon AtOMS,

can be substituted or unsubstituted, partially or fully unsaturated or saturated, and can also

contain nitrogen, oxygen and/or sulfur atoms in the portion of the ring which is not also

part of the fiftcen-membered macrocyclic ligand.

[066] “Saturated, partially saturated or unsaturated cyclic” means fused ring structures in
which 2 carbons of the ring atrc also part of the fifteen-membered macrocyclic ligand. The
ring structure can contain from about 3 to about 20 carbon atoms or from about 5 to

about 10 carbon atoms, and can also contain one or more other kinds of atoms in addition

to carbon. The most common of the other kinds of atoms include nitrogen, oxygen and

sulfur. The ring structure can also contain morc than one ring,

[067] “Saturated, partially saturated or unsaturated ring structure’” mcans a ring structure
i which onc carbon of the ring is also part of the fifteen-membered macrocyclic ligand.
The ring structure can contain from about 3 to about 20 or from about 5 to about 10,

carbon atoms and can also contain nitrogen, oxygen and/or sulfur atoms.

1068]  Practicing the invention

1069] To prepare a molecule formula I:

- 15 -
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A molccﬁlc of formula IT:

4]

=

| i' { :f{’}i
OR, A 2]
M/ \N"‘\ 24
46 |
22 42

(1)
Wherein
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R, is =0, (H, H), or (H, OH);

R, and R, are independenty H, —~C(=O)R,, —~C(=0)OR,, ~C(=0) NHR,, or
~C(=5)0R;;

R-;. is selectied from the group consisting of =0 and (H, ORj); or R, and R can be

taken together to form & moicty of formula A-C(Rq)(Rg)-O-B, where A is 4 bond o oxygen
bonded to carbon 28 and B is a bond to carbon 26 where Ry is (H, B);

R,isH or C,-C, alkyl;

R, is C,-C,s alkyl, C,-C; cycloalkyl, an aryl group, or a heterocyclic group;

R, and R, are independently H, C,-C; alky), or R, and R, taken together are =0,
is reacted with triflic anhydrde to produce a molecule of formula 111, completing step (a):

l'- -

_ M . o B 4 8 i1 "o,
‘. fj 3 9 e 3 6 v i 3
H o 3R e A, 28 AT 26
% ged- 3 g i x____.-v- o “ S tu"’w,* & L"“.‘.,
g ot !i i i 1 £
’ 1 o
AN i t (i i, &3
w2 1 PNy
X {' \;\ . 8
Y f 8, fy {3
\.\ ............. N B { 3 2 z.«?‘" 0
6 \ ,1 /; ¥ "' (
1 13 % ve ,X* e
fiyls f ; )»i} td 45
e 5 j"( 2 ]
9 ] o T4
D e T e
L L N FOIA - o
f ' ‘E}'-'_-__ y" \
) f} 3 6 \
RSB <‘ fl‘;’
w7 1
12 13

(V)

whereln
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Ry and Ry, are independently H, alkenyl, alkenylcycloalkenyl, alkenylcycloalkyl,
.alkyl, alkylcycloalkenyl, alkylcycloalkyl, alkynyl, aralkyl, aryl, cycloalkenyl,
cycloalkyl, cycloalkylalkyl, cycloalkylcycloalkyl, cycloalkenylalkyl,
heterocyclyl, aza, amide, ammontum, oxa, thia, sulfonyl, sulfinyl,
sulfonamide, phosphoryl, phosphinyl, phosphino, phosphontum, keto,
ester, alcohol, carbamate, urea, thiocarbonyl, borates, boranes, boraza, silyl,

stloxy, stlaza, or combinations thercof
and completing step (b).
1070]  Szep (@)

071] In the molecule of formula II, R, is preferably O, R, 1s preferably H, R, 1s
preferably O and R, is preferably H.

|072] Base Step (a) ts carried out in the presence of a non-nucleophilic base,

preferably 2,6-dimethyl pyridine or diisopropylethyl amine.

1073] Solvent This step ts also carried out in the presence of a solvent, such as

isopropyl acetate or dichloromethane. If the solvent is dichloromethane, it can be

exchanged to isopropyl acetate before or during step (b).
074 Step (b)

1075] In the molecule of formula 1V, R,, is preferably H, and R, is one selected from the
group consisting of H, methyl, and phenyl, and more preferably, Ryand R,,are I1.

1076] Solvent Step (b) is also carried out in the presence of a solvent, preferably

an aprotic solvent. Examples of aprotic solvents include perfluorohexane, o, o, «-
trifluorotoluene, pentane, hexane, cyclohexane, methyleyclohexane, decahydronaphthalene,
carbon tetrachloride, dioxane, fluorotrichloromethane, benzene, toluene, triethyl amine,

carbon disulfide, diisopropyl ether, diethyl ether, t-butyl methyl cther, chloroform, ethyl

acetate, 1,2-dimethoxyethane, 2-methoxyethyl cther, tetrahydrofuran, 1,2-dimethoxyethane,
tetrahydrofuran, methylenc chloride, pyridine, 2-butanone, acetone,
hexamethylphosphoramide, N-methylpyrrolidinone, nitromethane, dimethyl formamide,
acetonttrile, sulfolane, dimethyl sulfoxide, diisopropyl ethyl amine, of isopropyl acetate,
cdichloromethane, dimethylamine, N,N-dimethyltormamide and propylene carbonate.

Other aprotic solvents can be used. Preferred aprotic solvents include diisopropyl ethyl

_ 18 -
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amine, 1sopropyl acetate, dichloromethane, 1,2-dimethoxyethane, tetrahydrofuran,
acetonitrile, dimethylamine, and IN,IN-dimethyltormamide; most preterred are diisopropyl

cthyl amine with etther 1sopropyl acctate or dichloromethane.

1077] Scheme 2 represents a summary of a preferred embodiment of the invention;
Figure 1 shows.a flow diagram that outlines the steps in the one-pot process for making
zotarolimus. In a first embodiment, sirolimus (commercially available or produced as
described ((Patva ef af., 1991; Sehgal et a/, 1975; Vezina ef al., 1975) is dissolved in
DCM:toluene (such as 1:2) 100. The reaction mixture ts concentrated to dryness 105, and
the azeo-drying process 105 is repeated 1-5 ttmes more, more preferably 2-4 times, most
preferably twice, preferably with DCM:toluene. The resulting foamy solid is dissolved in
IPAc 110, and then 2 6-Lutidine is added 115. 'The solution s cooled to -30° C 115. Triflic
anbydride is then slowly added to the solution 115. After stirring the reaction mixture, the
solutton 1s fltered under nttrogen. The recovered salts 120 are washed with TPAc 125. To
the salts is added 1-H-tetravzole and DIEA 130. The rcactuon mixture is stirred at room
temperature (eg., 22-25° C) 135 and then concentrated. ‘The crude reaction mixture is
purified, using for example, a silica gel column and using, eg, 1:1 THEF:heptane to elute
140.- 'The fractions are monttored tor the N-1 1somer (which clutes more slowly than the
N-2 isomer), pooled and concentrated, forming an oil. The oil is dissolved in minimum
[DCM and the solution loaded on a silica gel column packed in, for example, 65:35
heptane:acetone 145. The column 1s eluted with, for éxamplc, 65:35 heptane:acetone, the

fractions monitored for the purc product, pooled and concentrated 150.

SCHEME 2

Sumnury of the one-pot process Tor svathesizae zotarolimus

w'nS " RATANT AT WAL LY

e R L R D B s Tl
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(078} The purified product is then dissolved in t-BME._ and then n-heptane is stow
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ly

added to form a precipitate while vigorously stirring the solution 150, The precipitaied

solids are stirred at 5-10° C, filtered, washed again with heptane, and dried on the funnel

with nitrogen. The product is dissolved in acetone and treated with BILT 155. The

solutnon is concentrated, dissolved in acctone, and then concentrated o drvness The

product is then dried under vacuum at 47° C 160.

1079]  In a second preterred embodiment, a tlow chart for which is shown in F

sirolunus is dissolved in 1DCM 200, 208. 2,6-Lutidine is then added, the sol

-

~307 €, and titlic anhydride slowly added 210. The reaction mixture 215 1S Mt

1guce 2,
ution cooled to

xed ana

tetrazole 1s added, tollowed by DIEA, are added 220, The reaction misturc 15 tncubated at

e o .
approximately 25% € 225, and then loaded on silica gel columns prepared

, for exanmple, in

UL T Fin-heprane (v/v) 230, The crude ceaction mixture is purthed with 11 TTFn-
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heptane. 'The fractions containing the product are collected and concentrated 235. The
concentrated solids are dissolved in minimum DCM and loaded on a silica gel column 240,
packed, for example, in 70:30 n-heptane:acetone. The column is eJuted, and fractions
containing pure product are concentrated 245. The purified product ts dissolved in t-BMI2
and added slowly to n-heptane 250. The precipitated solids are filtered, washed with n-
heptane and dried 255. BHT 1s added to the solids, and the solids dissolved in acetone,
filtered, and concentrated 260. The residue is treated with acetone twice 260 and

concentrated each time to dryness. "The product is then dried under vacuum 260.

[080] 1In a third embodiment, sirolimus (rapamycin) is dissolved in dichloromethane. 2,6-
Lutidine 1s added, and the solution is cooled to -30° C. Triflic anhydride is slowly added.
After stirring the reaction, the solutton 1s warmed to 10° C. The reaction solution is
concentrated, and the residue dissolved in IPAC. 1-H-tetrazole, tollowed by DIEA are
added, and the reaction mixture stirred at 22-25% C. The solution 1s then concentrated, and
purified on a silica gel column eluting with, for example, 1:1 THF:heptane. The fractions
containing the N-1 isomer are collected, pooled and concentrated. The resulting od is
dissolved in minimum DCM and loaded on a silica gel column packed in, for example,
65:35 heptane: acetone. The column 1s eluted with heptane:acetone, and the fractions
containing the pure product are concentrated. The concentrate 1s dissolved in t-BME and
added slowly to n-heptane with vigorous stirring. The precipitate is then stirred at 5-10° C
for not longér than 1 hour, filtered, washed with heptane and dried on the funncl with
nitrogen. BHT is added to the solids, and the mixture dissolved in acetone. The solution
1s then passed through a filter and concentrated. The residue is treated with acetone two
morc timces, and concentrated each time to dryness. The final product ts dried under

vacuum at 50° C.

[081] Different reagents can be substituted in the methods of the invention to
accomplish the invention. For example, 2,6-di-t-buty] pyridine and DIEA can replace 2,6-
lutidine to make triflate. Other bases can be used at this step, including pyridine, other
substituted pyridines, such as 2,6—di-tert—butylpyridinéor 2.4 .6-collidine, and 4-
dimethylaminopyridine (DMAP), N-methylmorpholine and others that are apparent to onc

of skill in the art. Various solvents, bases (instead of DITA) and nucleophiles (instead of
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tetrazole) can also bce used in the methods of the mvenuon. Examples are provided in

Table 1 below.

DCM/DIEA
IPAc/DIEA
DME/DIEA
THE/DIEA

Dioxane/DIEA

ACN/DIEA
DMA/DIEA

DMF/DIEA
[PAc/Lut
IPAc/TEA
[PAc/INMM
THF/TEA
IPAc/DBU

IPAc/K,CO,

IPAC/DMAP
IPAC/no base
THF/KOtBu
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IPAc/DIEA 33° C heated, reaction rate increases
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[082] Bases and sofvents. Strong bases, such as 1,8-Diazabicyclof5.4.0lundec-7-ence (DBU),
potassium carbonate (K,CO,), 4-Dimethylaminopyndine (DMAP) and Potassium tert-
butoxide (KOtBu) give extensive decomposition and generally favor N-2 isomer formation
and are therefore not preferred. Weaker bases, such as lutidine, TEA and NMM slow the
Sn2 reactton with formation of both N-1 and N-2 isomers in approximately 1:1 ratios.
Aprotic solvents, such as IPAc, DME, dtoxane, and THF perform well, tavoring the N-1

tisomer and are preferred. Using DCM gives isomers in approximately 1:1 ratio. Aprotic

polar solvents like DMA and DMF lead to decomposition of the reaction product.

[083] Temperature. The reaction can be accelerated by heating, although decomposition is
usually observed. However, the reaction is usually completed by 4 hours or sooner; thus
the reaction mixture can be processed earlier, minimizing degradation. Temperatures that

are preferable to accelerate the SN2 displacement reaction include 20-35° C, pretferably 22-
33° C, more preferably 25-33° C, and most preferably 28-30° C.

[084] Displacement nucleophiles. In general, 5-substituted tetrazoles can be substituted for
tetrazole. For example, 5-methyl tetrazole and 5-phenyl tetrazole are preferred when

substituting tetrazole. 5-substituted tetrazoles are preferred because they favor production

of the IN-2 isomer.,

{085] .Anmti-oxidants. To stabilize zotarolimus made by the one-pot processes, anti-
oxidants can be used. They can be present in compositions to about 1% by weight, more

preferably from 0.05% to 0.75%, and in the case of 3,5-di-tert-4-butylhydroxy toluene
(BHT), 0.5%. Examples of anti-oxidants include 3,5-di-tert4-butylhydroxy toluene, DL-a-
tocopherol, propyl gallate, ascorbyl palmitate, 3-tert-butyl-4-hydroxyanisole or 2-tert-butyl-

4-hydroxyanisole, and tumaric acid. Preferably, the anti-oxidant is BHT.

(086] Examples

{087] Example 1 Dichioromethane-loluene isopropy/facetate one-pot process nuth filtration (1)
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[088] 1In this example, zotarolimus was prepared from rapamycin in 2 one-pot process
using dichloromethane, toluene and 1sopropylacetate; the preparation was then purtlied,

concentrated, and dried. The purified product was then characterized by its 'H, °C NMR

resonances from COSY, ROESY, TOCSY, HSQC, and HMBC spcctia.

[089] Rapamycin (10 g) was dissolved in dichloromethane (DCM, 25 ml) and toluene (50
ml). The reaction mixture was concentrated to dryness. This azco-drying process was

repeated twice with DCM/toluene. The foamy solid was dissolved in isopropylacetate

(IPAc, 65 ml), and 2,6-Lutidine (3.2 ml) was added. The solution was cooled to —-30°C 1n

acetonttrile-dry ice bath, and triflic anhydride (2.8 ml) was added slowly in 10 minutes. The
reaction mixture was stirred for 30 minutes, and then filtered under nitrogen atmosphere.
The salts were washed with IPAc (10 ml). 1-H-tetrazole (2.3 g), tollowed by
disopropylethylamine (DIEA, 7.4 ml) were added. The reaction mixture was stirred for 0
hours at room temperature, and then concentrated. The crude reaction mixture was
purified on a silica gel column (350 g) cluting with 1:1 THF/heptane. The fractions
containing product that cluted later (predominantly N-1 isomer) were collected and
concentrated. The concentrated oil was dissolved 1n minimum DCM and loaded on a silica
gel column packed in 65:35 heptane:acetone. The colﬁmn was eluted with 65:35

heptane:acetone, and fractions containing pure product were concentrated.

[090] The purified product was then dissolved in t-butylmethyl ether (t+-BME, 13.5 g),
and n-heptanc (53 g) was added slowly with vigorous stirring. The precipitated solids were
stirred at 5-10° C for 2 hours, filtered, washed with heptane and dried on the funnel with
nitrogen to give 3.2 g wet product. The solids (1.0 g) were dissolved in acctone (10 ml) and
treated with 2,6-di-tert-butyl-4-cthylphenol (DEP, 0.2%). The solution was concentrated,

dissolved in acetone (10 ml) and concentrated to dryness. The product was dried under

vacuum for 18 hours at 47°C | yielding 0.83¢ of zotarolimus. The product was

characterized by its '"H, "C NMR resonances from its COSY, ROESY, TOCSY, 11SQC,
and HMBC spectra.

[091] 'TI-NMR (DMSO-d6, position in bracket): ppm 0.73 (Mc, 43); 0.81 (Mc, 49); 0.84
(Me, 406); 0.89 (Me, 48); 0.98 (Me, 45); 1.41, 1.05 (CHZ2, 24); 1.18, 1.10 (CH2, 36); 1.52 (CH,
37); 1.53 (CH2, 12 & 42); 1.59, 1.30 (CHZ2, 5); 1.41, 1.67 (CH2, 4); 1.11, 1.73 (C112, 33);
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1.21, 1.83 (CH2, 15); 1.21, 1.83 (CI12, 13); 1.62 (Mc, 44); 1.73 (Me, 47); 1.76 (CH, 35); 1.60,
2.09 (CH2, 3); 1.93, 2.21 (CH2, 41); 2.05 (CH, 11); 2.22 (CH, 23); 2.47 (CH, 25); 2.40, 2.77
(CH2, 33); 3.06 (OCH3, 50); 3.16 (OCH3, 51); 3.22, 3.44 (CH2, 6); 3.29 (OCH3, 52); 3.29
(CH, 31); 3.60 (CH, 39), 3.62 (CH, 16); 3.89 (CR, 27); 4.01 (CH, 14); 4.02 (CH, 28); 4.95
(CH, 2); 5.02 (CH, 34); 5.10 (=CH, 30); 5.17 (CH, 40); 5.24 (OH, 28); 5.46 (=CH, 22); 6.09
(=CH, 18); 6.15 (=CH, 21); 6.21 (=CH, 20); 6.42 (=CH, 19); 6.42 (OH, 10), 9.30 (CH, 53).

[092] 13C NMR (DMSO-d6, position in bracket): ppm 10.4 (Me, 44); 13.1 (Mc, 47); 13.6
(Me, 46); 14.5 (Me, 49); 15.5 (M, 43 & 48); 20.3 (CH2, 4); 21.6 (Me, 45); 24.4 (CH2, 4);
26.2 (CH2, 12); 26.4 (CH2, 3); 26.8 (CH2, 41); 27.2 (CH2, 42); 29.6 (CH2, 13); 31.6 (CH2,
38), 31.7 (CH, 37); 32.9 (CH, 35); 34.8 (CH, 11); 35.2 (CH, 23); 38.2 (CH2, 36): 39.1 (CH,
25); 39.4 (CH2, 33); 39.6 (CH2, 24), 40.0 (CH2,15):43.4 (CH2, 6); 45.2 (CH, 31); 50.6 (CH,
2); 55.4 (OCH3, 50); 55.8 (OCH3, 52); 57.0 (OCH3, 52); 55.9 (CH, 40); 66.2 (CH, 14); 73.4
(CH, 34); 75.6 (CH, 28); 77.4 (CH, 39); 82.3 (CIL, 16); 85.7 (CH, 27); 99.0 (CH, 10); 125.3
(=CH, 30); 127.0 (=CH, 18 & 19); 130.4 (=CH, 21); 132.2 (=CH, 20); 137.2 (=CMc¢,29);
137.7 (=CMe, 17); 139.2 (=CH, 22); 144.6 (CH, 53); 167.0 (C=0, 8); 169.1 (C=0, 1); 199.0
(C=0, 9); 207.5 (C=0, 32); 210.7 (C=0, 26).

(093] Example 2: Dichloromethane-isopropylacetate é;ze-pot process (2)

1094] In this example, zotarolimus was prepared from rapamycin in a one-pot process
using dichloromethane and 1sopropylacetate. The compound was then purified,

concentrated, and dried.

[095] Rapamycin (10 g) was dissolved in dichloromethane (DCM, 100 g). 2,6-Lutidinc
(£.92 g) was added. The solution was cooled to —30° C in acctonitrile-dry ice bath, and
tritlic anhydride (4.62 ¢) was added slowly in 10 minufe& The recacuon mixture was stirred
for 20 minutes, and then warmed to 10° C within 15 minutes. The reaction solution was
then concentrated. The residue was dissolved in IPAc (55 g). 1-H-tetrazole (2.68 g),
followed by dusopropylethylamine (DIEA, 7.08 g) were then added. The reaction mixture
was strred for 6 hours at room temperature and then concentrated. The crude reaction
mixture was purified on a silica gel column (360 g), eluting with 1:1 TTIF:heptane. The

fractions containing product that eluted later (principally N-1) were collected and
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concentrated. The concentrated ol was dissolved in minimum DCM and loaded on a silica
oel column (180 g) that was packed in 65:35 heptane:acetone. The column was then eluted

with 65:35 heptane:acetone, and fractions containing pure product were concentrated.

1096] The purifted product was dissolved in t-butylmethyl ether (t-BME, 23 ¢) and added
slowly to n-heptane (80 g) with vigorous stirring. The precipitated solids were stirred at 5-
10” C ftor not longer than 1 hour, filtered, washed with heptane and dried on the funnel
with nitrogen. BH'T (0.015 g) was added to the solids. The solids were dissolved in

acctone (20 g), passed through a hlter, and concentrated. The residue was treated with

acctone two times (20 g), and concentrated each time to dryness. The product was then

dricd under vacuum for 18 h at not more than 50° C to give 2.9 g of zotarolimus.

[097] Examjﬂe 3 Dachloromethane one-pot process (3)

(098]  In this example, zotarolimus was prepared from rapamycin in a one-pot process
using dichloromethanc. The compound was then purified, concentrated, and dried as

described in Example 2.

[099] Rapamycin (7.5 g) was dissolved in DCM (30 g). 2,6-Lutidine (1.76 g) was added.

The solution was cooled to -30°C in acetonitrile-dry ice bath, and triflic anhydride (2.89 g)
was added slowly in 10 minutes. The reaction mixture was stirred for 20 minutes, and then
assayed for the presence of rapamycin to determine consumption in the reaction. 1-H-
tetrazole (1.44 Q, followed by DIEA (5.29¢) was added. The reaction mixture was stirred
for 6 hours at room temperature, and then directly loaded on a silica gel (270 g) column
prepared in 1:1 THF:n-heptane (v/v). The crude reaction mixture was purificd with 1:1
THEFn-heptane. The fractions containing product that elute later were collected and
concentrated. The concentrated solids were dissolved in minimum IDCM and loaded on a
stlica gel column (135 g) packed in 70:30 n-heptane:acetone. The column was eluted with
70:30 n-‘hcp‘tﬂne-:acetone, and fractions containing pure product, as identificd by thin-layer

chromatography (TLC), were concentrated.

[0100] The purified product was dissolved in -BME (9 ), and added slowly to n-heptane

(36 g) with vigorous stirring at 10 + 10° C. The precipitated solids were stirred at 5-10° C
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for not longer than 1 hour, filtered, washed with n-heptane and dried on the funnel with
nitrogen. BHT (0.006g) was added to the solids. The solids were dissolved in acetone (20
g), passed through a filter, and concentrated. The residue was treated with acetone twice

(20 g each) and concentrated each time to dryness. The product was dried under vacuum

for not longer than 18 hours at not more than 50° C to give 2.5 g of zotarolimus.

[0101] The above process, when catried out with rapamycin presence of 2,6-di-tert-
butylpyridine or 2,4,6-collidine (2,3,5-trimethyl pyridine) as a non-nuclcophilic 1 step 1a

gave zotarolimus of acceptable purity, but a lower yield.

10102] Example 4 High-pressure liguid chromatography (HPL.C) purification of sotarolimus
prepared by the one-pol synthesis method

10103] In this example, zotarolimus was made from rapamycin using a one-pot synthesis

method of the invention (using DCM), and then subjected to an additional round of

purification using HPLC.

[0104] Rapamycin (3.75 g) was dissolved in dichloromethane (DCM, 15¢g). 2,6-Lutidine
(0.88g) was then added. The solution was cooled to -30°C in acetonitrile-dry ice bath, and

triflic anhyd\ride- (1.45¢) was added slowly tn 10 minutes. The reaction mixture was stirred
for 20 minutes, and then 1-H-tetrazole (0.72 g), followed by DIEA (2.65 ¢) was added.
The reaction mixture was stirred for 6 hours at 25°C, and then directly loaded on a silica
gel (115 g) column prepared in 70:30 n-heptane:acetone. The crude reaction mixture was
purified with 70:30 n-heptane:acetone. The fractions containing product were collected,

and concentrated.

[0105] The concentrated solids were dissolved in acetonitrile-water and loaded on a C-18
TechniKrom column (5 cm x 25 cm), and eluted with 64:36 acetonitrile-water containing
0.1% BHT. Fractions were analyzed by reverse phase (RP)-HPLC, and product fractions
pooled and concentrated to remove acctonitrile.  The product was extracted with ethyl

acetate or 1sopropyl acetate, dried (sodium sulfate) and concentrated.

10106] The purified product was dissolved in ¢t BME (4.5 g), and added slowly to n-

heptane (18 g) with vigorous stirring at ~10 °C. The precipitated solids were stirred at 5-
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10° C tor not longer than 1 hour, tiltered, washed with n-heptane and dried on the funnecl
with nitrogen. BHT (0.005g) was added to the solids. The solids were dissolved in acetone
(20 g), passed through a filter, and concentrated. The residuc was treated with acetonce

twice (20 g), and concentrated cach time to dryness. The product was dried under vacuum

for not longer than 18 hours at not more than 50°C to give 1.2 g of high quality

zotarolimus.

(0107} Example 5 Stability analyses of gotarolimins prepared by one-pot synthesis methods

[0108] This example demonstrates that zotarolimus prepared according to the methods of

the invention can be stabilized using anti-oxidants.

|0109] Several lots of zotarolimus prepared by the one-pot methods lost significant
potency over tme. The potency loss was higher at increased temperature, but there was no
apparent change 1 the impurity profile. Table 2 presents the potency of a lot of
zotarolimus at various time intervals and temperature conditions. For example, even in a
sealed contatner at room temperature (25% C), potency decreases from 95.1% to 69.8%
over 3 months. This loss was exacerbated tn a scaled container when held at 40° C—from

96.0% to 37.4% over just two months.

10110] Subsequent investigation revealed that this loss of potency was due to oxidative
degradation of the molecule that resulted in multiple degradation products. A stability
study was carried out to prevent thits oxidation using phenolic anti-oxidants and identified
BHT as a suitable compound. Tables 3 and 4 present stability data using BHT at various
concentrations (% represented w/w) and tempcraturcs. For example, at 40° C, 0.5% BHT
maintained potency from an initial 96.5% to a final potency of 95.9% over approximately
three months, whereas under similar conditions in the abscnce of BHT, potency had nose-

dived to 37.4% trom 96% just after 2 months.



v ley

CB A 4 oy oy AU A B, S k. A B A A -y -

L e e L N T T T

2 weeks
1 month

2 months

ALBAALLLLLLL ey A s . S

"

o
v

Atabuliy data ol zot

L ol

arotinus Gemperature indi

98.2
95.0
95.4
95.1

CA 02936497 2016-07-19

TABLE 2

>

AR RTA LB e e R AN LA AL AN AALAA LALLM ARAA LA LA AL A A A A A A

g [T T VIR | 1 S, Y

95.7
33.3
81.6
09.8

"ERNNNLC S Pl ddan

98.0
91.6
37.1

75.5

...................................................................................................................

61.9
37.4

Terminated

3 months

R e L A U - o o - — P

o g PP II IS,

PLES 2P Fr o~ AABBNBAANNNI VAN BN 'A'J/FMWNP?M‘HA“‘.'A'II.\'.'.'.'.'.'.'.'.'IIM.AH.'.'.'.\\\\\'-'-R“WVF”"/NN.‘.‘.‘.‘I.‘.'ﬁ“‘\"\'.‘.\"‘“-‘\P-'.'-'-\'-'-\'-'-\'-'.'."'.'.\'.'."\\\\\\\‘.'.\‘.‘.'.‘.‘.‘.'.'.'.\'.'.‘.‘.'.‘.'.\'.“'.'.\\\\HM‘W(.‘{M'.'.“’N. IR R R R R R P R ¥ R A T T h LT Ty ey W R,
hanalbanallas b LLLLL L ol b bl L1 AT AR v re s c L AR T TR s e e e " ey A4 * 4444w v iV s s T r T v VY FarRr R Y s e . R L L e L L L R R TN L R gy COL T TN -
............................

0 weeks

2 weeks 96.5

4 weeks 96.2

6 weeks 96.6 95.7

8 weeks

12 weeks

TABLE 4
Zotrohmus stabiuy with varnous concentranons of BT ar 400

et bl bl L e e L Ll L L L L L L e T T S T

BHT (w/w)

SRR St

A A A A e o 0 8 8 8 8 L R A A ) & = 7 S 0 A A 0,8, 8 8,0 8 8 8 8B B BB BB AR AR A N AA S N AAAA AR AR = e 33 L LT L L LA L LS AR LS T AR RS ALY 1R L0 AR &A1 o
0.1 /() 0.2/0 0.5/() 100/()

06.7  96.3 96.5

() weelcs

96.5 96.1

2 weeks

96.6
7.2

4 weeks 96.9 90.4

6 weeks 96.1 97.1 95.7



CA 02936497 2016-07-19

3weeks 96.2 97.0 96.1 96.5

12 weeks 95.6 . 95.9 05.8

[0111] These stability studies confirm that in order to maintain purity, potency, and

stability of zotarolimus, the addition of an antioxidant like BHT is very important.

0112 Example 6 Isolation, and characterizalion of gotarolimus equilibrinm isomers

10113] Reverse-phase analysis of zotarolimus on a C-18 or phenyl column indicated that
the major isomer, which eluted earlicr, was the 6-member pyran form wversxs a 7-member
oxepane (2) isomer, and the minor component oxepane isomer cluted 3-4 minutes later.
On a normal phase HPLC (silica gel--YMC Co. 1.td; Kyoto, Japan), the two forms did not

have a baseline separation; however oxepane form cluted just before the pyran form.

[0114] In order to demonstrate this cquilibrium, each form was 1solated by multiple HPLC
Injections of zotarolimus on a reverse phase phenyl column at pH 4. Bach isolated form
was then re-injected to study their equilibration at various intervals. The study indicated
that the pyran form reached an cquilibration state in 3-4 days, while the oxepane form (a
minor component) had not completely equilibrated, even after almost 6 days. There was
some tormation of open ring acid during the study. The results of this study shown in
Table 5 (with buffer) and in Table 6 (without butter) clearly indicate that the two forms are

under equilibrium, wherein the pyran form is mote thermodynamically stable.

10115] Studies were also carried out under non-buffered conditions in a solvent mixture of
acetonitrile/water. Multiple injections of zotarolimus were performed on a C-18 Altima
column (Alltech Associates, Inc.; Deertield, IL) using 66% acctonitrile in water in a non-
butfered media. The pyran and oxepanc forms were collected. Thesc forms were re-
injected on C-18 column to study the equilibrium ratio at various intervals. These data,
described in Tables 4 and 5, suggested that the cquilibration between two isomers was
rapid and completed within ~7-8 hours. These observations confirmed that zotarolimus

cxists 1 an cquilibrium mixture of ~10:1 pyran (1) »s. oxcpanc (2) forms.
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[0116] It is understood that the foregoing detailed description and accompanying examples
are merely tllustrative and the scope of the claims should not be limited by the preferred
embodiments set forth in the examples, but should be given the broadest interpretation
consistent with the description as a wholc. Various changes and modifications to the
disclosed embodiments, including without limitation those relating to the chemical structures,
substituents, derivatives, intermediates, syntheses, formulations and/or methods of use of the

invention, will be apparent to those skilled in the art.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of preparing a composition comprising a molecule of the following formula:

/=N

and an antioxidant,
the method comprising:

(a) reacting a molecule of Formula VI:

H O//,,,
£

(Formula VI)

with tritlic anhydride to produce a molecule of Formula VII:

34
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(Formula VII)

(b) reacting the molecule of Formula VII with a molecule of Formula 1V:

510
ReC™ \
| N
-/
(Formula IV)
wherein:
R9 1S H;
R1g1s H;

wherein the reactions of step (a) and step (b) are performed in a single pot to produce a product;
(c¢) puritying the product after step (b) to produce a purified product; and
(d) adding the antioxidant to the purified product.

2. The method of claim 1, wherein step (a) is carricd out in the presence of a solvent and a

non-nucleophilic base.

3. The method of claim 2, wherein the non-nucleophilic base comprises 2,6-lutidine.
4. The method of claim 3, where the solvent comprises dichloromethane.
35
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3. The method of claim 4, wherein step (b) 1s carried out 1n the presence of diisopropyl cthyl

amine (DIEA).

6. The method of any one of claims 1-5, wherein step (¢) comprises using column
purification.
7. The method of claim 6, wherein the column purification comprises using a first and

second silica gel column.

8. The method of claim 7, wherein the first silica gel column 1s eluted with tetrahydrofuran

(THF)/heptane.

9. The method of claim 8, wherein the second silica gel column 1s cluted with

heptane/acetone.

10. The method of any one of claims 1-5, further comprising dissolving the purified product

in t-butyl methyl ether (t-BME) and then precipitating with heptane.

11.  The method of claim 9, turther comprising dissolving the purified product in t-butyl

methyl ether (t-BME) and then precipitating with heptane.

12. The method of claim 10, wherein step (c) comprises using column purification, wherein

the column purification comprises using a first and second silica gel column.

13.  The method of any one of claims 1-5, wherein the antioxidant is present in an amount up

o about 1% by weight of the composition.

14. The method of claim 11, wherein the antioxidant is present in an amount up to about 1%

by weight of the composition.

15.  The method of any one of claims 1-5, wherein the antioxidant is present in an amount

from 0.05% to 0.75% by weight of the composition.

16. The method of claim 11, wherein the antioxidant is present in an amount from 0.05% to

0.75% by weight of the composition.

17. The method of any one of claims 1-5, wherein the antioxidant is 2,6-di-t-butyl-4-
mcthylphenol (BHT).

18.  The method of 11, wherein the antioxtdant is 2,6-di-t-butyl-4-methylphenol (BHT).

36
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19. The method of claim 17, wherein the BHT 1s present in an amount from 0.1% to 1.0% by

welght of the composition,

20.  The method of claim 18, wherein the BHT is present in an amount from 0.1% to 1.0% by

welight of the composition.

21. The method of claim 17, wherein the BHT is present in an amount from 0.05% to 0.75%

by weight of the composition.

22. The method of claim 18, wherein the BHT is present in an amount from 0.05% to 0.75%

by weight of the composition.

23.  The method of any one of claims 1-5, wherein step (b) is carried out at a temperature

from 20°C to 35°C.
24, The method of 20, wherein step (b) is carricd out at a temperature from 20°C to 35°C.

23. The method of 22, wherein step (b) 1s carried out at a temperaturc from 20°C to 35°C.

37
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