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SUMMARY OF THE INVENTION
25 In one aspect, the present invention provides amorphous rapamycin 42-ester
with 3-hydroxy-2-(hydroxymethy!)-2-methylpropionic acid. The amorphous form
displays increased solubility over the crystalline form and is therefore useful for a
variety of purposes, including for use in pharmaceutical compositions.
In another aspect, the present invention provides methods of preparing
30  amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid.
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25 Figs. 3A-B are XRD patterns of amorphous rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid. Fig. 3A is an XRD pattern of
amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid prepared by evaporation. Fig. 3B is an XRD pattern of amorphous rapamycin
42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropiom'c acid prepared by

30  precipitation.

Fig. 4 is the differential scanning calorimetry (DSC) thermogram of crystalline
rapamycin 42-ester with 3-hydroxy-2—(hydroxymethyl)—2-methylpropionic acid.
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The term “dissolving solvent” is meant to describe a solvent that is capable of
25  dissolving a solid. As used herein, the dissolving solvent includes any solvent that is
capable of dissolving amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid, crystalline rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid, or a combination of amorphous
“and crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
30 methylpropionic acid.
The term “precipitation” is meant to describe a process by which a solid form

of a compound is precipitated from a solution containing dissolved compound. As
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present invention.
The term “room temperature” is meant to describe a temperature of about 23
to about 25°C. However, one of skill in the art would readily understand that the
30 specific room temperature can vary depending upon the conditions utilized during the

formation of the amorphous form and environmental conditions.
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25 (A)  Evaporation
According to the present invention, amorphous rapamycin 42-ester
with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid can be prepared by
evaporating a dissolving solvent from a solution containing rapamycin 42-ester with
3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid and a dissolving solvent.
30 Crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid is combined with a dissolving solvent to form a solution

containing dissolved crystalline rapamycin 42-ester with 3-hydroxy-2-
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dissolving solvent is evaporated at a temperature of at least about 20°C. In a further
embodiment, the dissolving solvent is evaporated at a temperature of about 25 to
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temperature of about 25 to about 30°C,

30 Vacuums can also be utilized to facilitate evaporation of the dissolving

solvent. Vacuums having pressures of less than about 1 atmosphere (atm) are utilized

in the present invention to evaporate the dissolving solvent. Alternatively, the



fornms One of skill n the art would be able to _

determ ne the tenperature necessary for evaporation
whamed2nm t he properties of the dissol ving sol Renusions 026591

one enbodi nent, the dissolving solvent s evaporated at

a tenperature of at |east about720 CIn a further

enbodi nent, the dissolving solvent s e}/aporat Ed at a

bout 25 to about 50 C I n another
B P B S s ookt bt 1
{ enpematinione ahbaae, & pd:Riod R oRRE VAR AT 6B Had Bbour 1

d C|I|tate evaporation o
glesg%t:n{/: ﬁg"‘%‘ﬁ?ﬁ? pditpghty BYRROTREAN 1f Berfarmed usirgspregsures slgtained by

t hantahgadf aodl dPeRfiRIRIe bakills 3F foolif 4 03 4R N the

resent i nventl on to evaporate t di'ssol vi ng sol vent
; ternativel y,Vacwans wabp mahlgal@dlfwshort psloageapaucat efltime in order

f ¢ omelboRAlniah@d vl BLRSRNG! WEr AR SR oo

atm |n one enbodi nent, evap oratiron-is
pr es¥lyeaton valy. Qﬁlﬁﬁfﬁ%lbmthqarawmld readidsniot d’o@’to determine the amount

enboglt tﬂﬁeﬂ‘équnee\ﬂgn? ngaglafa%rihé 7 pggc[ (ﬁr%&? (#1 Wwﬁ%ﬁ%?a@r In

obt ai ned by t arotavap and
abou@ne@nmgmem thgaeenmmsis omintdigedrfor amﬂmtrsadmfso n SkvRick Of

@ngéﬁlfo‘aﬁﬁén? qffe \QJ u&rh ﬁem'crurl}a rg% P@ﬁbéggg%‘/%r gytcﬂfi@;d

vol at il e corpounds,  inc
di ssol vi ng solAngmphoos rapa@din 429eger GfithSKiyldiroxly - (@@roﬁf&le’chyl) 2-

det ne t nount of t1nme
\rNgg Iullqr e@ﬁ'&g loé’vcaaglgr%koémftﬁ@' ?evf'lg?rfggé'@ aBraPCPlég f{mrgq: liquid sample

di sseintaing gpdtalbmd rapamywit 4* estek With By @FSREDL( Hfdgbgyrﬁ%e{i}ﬁrgrz-

nmai_nt ai .ned fo | east 8 hours.
Vacglgghngﬁ?omoflﬁeac@aa@g aﬁ“é’gﬂal ntai ned for about 8 hours
to about 7 days. Anor phguls)rgpany;:ihnl 42- esgcra“rcvmag:wd .
3- hydr ox dr oxynet hy met hyl pr opi
for ?/red byBgvaE\é‘i‘%ﬂ Ptfﬂj’ an al cohol froma liquid sanple

cont ai ni ng cr wsiradileinagvd e%ﬂ)%mfﬁé'nf‘ afhér ﬁéﬁserﬁ]i)a%jclﬁ 42- gster with 3-

d thyl)-2- net h
gngy}%ﬁ%xél C@%@%’J"(’ yqﬁ?-g@ﬂ)pﬂp@'mqwc[dus abtamed E}‘ gatlpwalon
nb
Pyl e or P RS PR aG b il dhhlping solvent 0.
{%t eﬁoﬁ’éﬂn ERPt3Riag cryptelling tapamBedd- éstera\hlh)B h)tdmxyam)r phous

for r(hycﬁo,@rnee%yﬂy_j %WWP%I&% USSR 55 | ng sol vent

to a sol ution ‘cont ai g Crys e ra
42-ester w t hCastallthe sappmpein 42- ester with 3- hydroxy 2- (hydroxymethyl) 2-

(hy %&%Mﬁf%bm{k)ma 1sna:iEsGWe@ [noaodlgsgfvmg sgfventa?n one embodiment, the

di ssol Vi ng sol
dissolving solvent 1s an alcohol or ether. In a further embodiment, the dissolving

25  solvent is an alcohol. Such an alcohol can be a dehydrated alcohol or can contain
water. Suitable alcohols can include ethanol, methanol, and isopropanol. In one
particularly desirable embodiment, the dissolving solvent is ethanol. In another
embodiment, the dissolving solvent can be an ether. In one particularly desirable

embodiment, the ether is diethyl ether.

30 After addition of crystalline rapamycin 42-ester with 3-hydroxy-2-

(hydroxymethy1)-2-methylpropionic acid to the dissolving solvent, the solution is

mixed for at least about 1 minute. Typically, the solution is mixture for about 1
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25 (hydroxymethyl)-2-methylpropionic acid can be isolated using techniques known to
those of skill in the art and include filtration, decanting, centrifugation and
chromatography, among others. Typically, filtration is utilized to isolate the
precipitated amorphous sample.

Once precipitated, vacuums can be utilized to remove residual or

30 trapped volatile compounds, including residual or trapped dissolving solvent or water.

Vacuums having pressures of less than about 1 atmosphere (atm) can be utilized in the

present invention. Preferably, vacuums of about 0.2 to about 0.8 atm are utilized.
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mills, and fluid energy mills, among others. One of skill in the art would readily be

25 able to determine suitable grinding apparatuses and conditions for use in the present
invention. However, the use of the particular grinding apparatus is not a limitation on
the present invention.

Typically, crystalline rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethy1)-2-methylpropionic acid is placed in a grinding jar and the crystalline

30  formground. The amount of grinding time will depend on the amount of crystalline
rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid
placed in the grinding jar and the particular grinding jar utilized. Without wishing to
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T e a.morphous nature of rapamycin 42-ester with 3-hydroxy-2-
25 (hydroxymethyl)-2-methylpropionic acid can also be confirmed using techniques
utilized by those of skill in the art and include differential scanning calorimetry (DSC)

and X-ray diffraction (XRD).

(A)  Identification Using Spectroscopy
30 HPLC can be utilized to verify that the product obtained by
evaporation, precipitation, or grinding as noted above is rapamycin 42-ester with 3-

hydroxy-2-(hydroxymethyl)-2-methylpropionic acid. Specifically, the HPLC
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25PLC condi ti ofi HPIX &46mAograph for amorphous rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid is therefore obtained and
compared to a known HPLC chromatograph of the crystalline form Typically,
crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid has a retention time of about 21 minutes using the conditions noted above.

30 By using the HPLC conditions as noted above, the HPLC
chromatograph of amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-

2-methylpropionic acid was obtained. A retention time of about 21 minutes was
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The powder XRD pattern of amorphous rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid obtained as described herein is
therefore obtained using X-ray crystallographic techniques known to those of skill in
the art. In one embodiment, the XRD pattern of amorphous rapamycin 42-ester with

30  3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid includes one broad peak or

halo. In another embodiment, the XRD pattern of the amorphous form contains one
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(C)  Identification Using Differential Scanning Calorimetry
Differential scanning calorimetry (DSC) techniques are also utilized to
distinguish amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid from the crystalline form. One of skill in the art would readily
30  beable to determine the conditions necessary to obtain a DSC thermogram. A variety

of DSC thermographs are available by those of skill in the art and include the TA
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In one embodiment, amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid can therefore be prepared having an X-ray
30 diffraction peak pattern containing a broad halo at 26 of about 17°, a differential
scanning calorimetry thermogram lacking the endotherm peak of about 164° for

crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
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I'V. Solubility.pf Anorphous Rapamycin 42-Ester wt
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The solubility of amorphous rapamycin 42-ester with 3-hydroxy-2-

25 (hydroxymethyl)-2-methylpropionic acid can be measured by dissolving separate
samples of the crystalline and amorphous forms in a dissolving solvent. The
solubility of these samples can then be compared. A variety of solvents can be
utilized to determine the solubility of amorphous and can be selected by one of skill in
the art. In one embodiment, the solvent dissolves one or both of amorphous and

30 crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid. In a further embodiment, the solvent is water. In another embodiment, the

solvent 1s a solution containing water and citric acid. In yet a further embodiment, the
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Typically, amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-
2-methylpropionic acid is stable at temperatures of up to about 5 °C.
30
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Aci dpecific compound(s), mode of delivery, severity of the condition being treated, and

25  any other active ingredients used in the composition. The dosing regimen can also be

adjusted to provide the optimal therapeutic response. Several divided doses can be

delivered daily, e.g., in divided doses 2 to 4 times a day, or a single dose can be

delivered. The dose can however be proportionally reduced or increased as indicated

by the exigencies of the therapeutic situation. In one embodiment, the delivery is on a
30 daily, weekly, or monthly basis. In another embodiment, the delivery is on a daily

delivery. However, daily dosages can be lowered or raised based on the periodic

delivery.
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25  hydroxypropylmethylcellulose, carboxymethylcellulose, or gelatin. In another

embodiment, the binder is povidone.

Lubricants can include magnesium stearate, light anhydrous silicic acid, talc,
stearic acid, sodium laury! sulfate, and sodium stearyl furamate, among others. In one
embodiment, the lubricant is magnesium stearate, stearic acid, or sodium stearyl

30  furamate. In another embodiment, the lubricant is magnesium stearate.
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28C1 Gerobhfierocrystalline cellulose, mannitol, calcium phosphate, pregelatinized
starch, or sucrose. In one embodiment, the filler is anhydrous lactose. In another
embodiment, the filler is microcrystalline cellulose.
In one embodiment, compositions containing amorphous rapamycin 42-ester
with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid are delivered orally by
30  tablet, caplet or capsule, microcapsules, dispersible powder, granule, suspension,

syrup, elixir, and aerosol. Desirably, when compositions containing amorphous
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The dosage requirements of amorphous rapamycin 42-ester with 3-hydroxy-2-
25  (hydroxymethyl)-2-methylpropionic acid can vary depending on the severity of the
symptoms presented and the particular subject being treated. One of skill in the art
would readily be able to determine the amount of amorphous rapamycin 42-ester with
3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid required. In one embodiment,
about 0.5 to about 75 mg is administered. In a further embodiment, about 1 to about
30 25 mg is administered. In another embodiment, about 0.5 to about 10 mg is

administered, particularly when used in combination with another agent. Inyet a



enbodi nent, the filler is mcrocrystalline cellul ose.
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wet blended. In another embodiment, the components are dry granulated. In a further
embodiment, the components are suspended or dissolved in a liquid and added to a
form suitable for administration to a mammalian subject.
Liquid forms containing amorphous rapamycin 42-ester with 3-hydroxy-2-
30 (hydroxymethyl)-2-methylpropionic acid can be formed by dissolving or suspending

the amorphous form in a liquid suitable for administration to a mammalian subject.
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In yet another embodiment, methods of preparing a pharmaceutical
composition containing amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid include the steps of (a) combining an
amorphous form of rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-

30 methylpropionic acid, a metal chelator, and a pH adjuster; (b) combining a surfactant,
a first portion of at least one filler, a binder, and a first portion of a disintegrant; (c)

combining the product of (b) with the product of (a); (d) combining a second portion
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25  conditions known to those of skill in the art that the crystalline form is known to treat
or prevent.

Amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid can therefore possess immunosuppressive, antirejection,
antifungal, anti-inflammatory, antitumor, and antiproliferative activities.

30 The amorphous form can therefore be used to treat or inhibit transplantation
rejection including kidney, heart, liver, lung, bone marrow, pancreas, comea, small

bowel, skin allografts, and heart valve xenografts. The amorphous form can also be
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EXAMPLE 1 - PROCESSES FOR PREPARING AMORPHOUS RAPAMY CIN 42-
ESTER WITH 3-HYDROXY-2-(HYDROXYMETHYL)-2-METHYLPROPIONIC
ACID

30 A Process for Preparing Amorphous Rapamycin 42-ester with 3-
hyc}roxy-2-(hydroxymethyl)-2-methylpropionic acid by Evaporation
Using Butylated Hydroxy Toluene and Butylated Hydroxy Anisole
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temperature (batches C1-C3) or cooled to temperatures below room temperatures

(batches C4 and CS5) utilizing ice cold water at a temperature of about 0°C for about
40 minutes. Water was added to each of these solutions and solids precipitated from
the solutions. The precipitated solids were collected by filtration and dried at reduced

30  pressures at room temperature for about 2 to about 7 days.



Appropri ate dosage regi mens can be readily determ ned
based upon the information provided herein. The
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rate of about 1 g/min to give micronized amorphous rapamycin 42-ester with 3-

hydroxy-2-(hydroxymethyl)-2-methylpropionic acid (10.3 g).

EXAMPLE 3 - SPECTRAL ANALYSIS OF AMORPHOUS RAPAMYCIN 42-

20  ESTER WITH 3-HYDROXY-2-(HYDROXYMETHYL)-2-METHYLPROPIONIC
ACID

The HPLC chromatograph of amorphous rapamycin 42-ester with 3-hydroxy-

2-(hydroxymethyl)-2-methylpropionic acid samples prepared by evaporation,
precipitation, and grinding as noted in Example 1 were obtained.

25 The HPLC conditions included a column temperature of about 45°C, flow rate
of about 1.0 mL/min, detection wavelength of about 280 nanometers (nm), 150

millimeters (mm) x 4.6 mm YMC Pack™ ODS-AM column containing 3 particles,



The dried material (batch Bl) was then passed through
a #80 nmesh screen and anal yzed usi ng XRD and DSC. C
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The DSC thermograms were obtained according to the present invention using a

20  commercially available Differential Scanning Calorimeter.

A X-Ray Diffraction (XRD)
1) Crystalline rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid
25 The XRD pattern of crystalline rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid was obtained and displays
characteristic peaks in the XRD pattern at 20 at about 8°, about 9°, about 11°, about
15°, about 16°, about 17°, about 18°, and about 20° (Figure 1A).

30 (i)  Amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid



W TH 3- HYDROXY- 2- ( HYDROXYMETHYL) - 2- METHYLPROPI ONI C

ACI D M croni zation of anorphous rapanycin 42-ester
WOowRaok/033284/dr oxy- 2- (hydr oxynet hyl ) - 2- net hyl pr opCDOEZN04/026591

acid (15.0 g) was perfornmed using a Trost(tmmll (jet

mll) at a nitrogen inlet pressure of about 40 pounds

per square inch (psi), feed rate of about 1 g/mn to

gi ve microni zed anorphous rapanycin 42-ester with 3-

hydr oxy- 2- (hydr ox%@&iﬁﬂeattzmﬁémwpbm@gmnwemdateate(ws-

d) - h T

RAPA%NM&N%4 53 ()14 Eg%a%%et%ﬁ( &éaﬁ péMWporatlon and

3- HYeRpiieon shqwedia horchprgetprispic prTRiineRaRs foxicesabinDrapamycin

HPL t ) 4
5 SHTHONIAGD 2y ARSI gy
aci plreseahdplt&xmm@ﬁra@dorbgattsmdpuhaam@mhmrf@m pitation,

and grinding as n
HPLC conditions i gg{cg‘é']eg& colu tﬁé\@n{aagrrlog%%&g?m %C-bmog% ester
4SCWlth B didroxy-e-(hfdresymethyl)-Bmathy Iptopiontteicwlqirémared by solvent

RIS Bl R AR AFORALEER Pk b3 ot

conl’bfl(Eigng:s 3mapdBB).cl es,a first nobile phase
ont ai ni ng an ammmpni um acetate solution at a pH of

Whout 3.8, acet onftiher.dhe XRB pattemsef@merphqussspamy cingd 3-ester
of ahR Qihy&gxy'aa (ﬁ;&ro@ﬂi&tt@lﬁﬁ&@ﬂﬁﬁlpf@mnlc%mfﬁéﬁred by grinding

contai nin ammoni um acetate solution at a
abofhatchesdy1- Qébiheme@ A agked deggeags m’aﬁw@a@@teastmtaﬂmme@s

of ¥hr iﬂcreagng?émﬁﬁlg tiheERLEB ‘Tbraﬁmﬁﬁgﬁ)a@?ﬁmﬁéally & the grinding
anor. phous sanpl es were conpared with the

chr B%fr@gﬁa%ﬁﬂhthspea&s SofFRsPeNdBE te pryssalling ran@nycapfazmmrmth 3-
192- R bro%y thy)-2-meth

hydr oxy 2 hzy o(l) r or>r(1§/rr}é hyme) yzp r(r)r%lo?{c Img 815? 4 ﬁ?rgd atlher%Py illustrating
mat Beifermatien mwosammv%m@ dvxﬁ;dﬂmdthws(hyckoxymethyl)

r et @RthiRbhrd didE about 21 mn was observed for

anor plfo}g’gbrrﬂépacng%? n 42-ester with

3- hydr oxy- 2- (hydr oxynet hyl ) - 2- met hyl propi oni c acid
material . EXAMPLE 4 - CHARAGIERIZATI ON OF AMORPHOUS
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XRDcrpsttltiss N and DSC t harsrp.gy @88 ovier eo,abBai ngd 3M014.8 152, 16.0,
crystal line and 17.2,17.6,18.1,18.3,19.0, 19.8, 21.1, 21.8, 22.1, 23.5,
25.0,25.6, 26.6, 27.1, and 28.5
Dl 7.8,8.8,9.7,10.0,10.8, 11.3, 125, 13.3, 15.0, 15.5, 16.2,
17.2,18.2,19.1,19.9, 21.1, 22.0, 22.2, 23.6, 25.0, 26.7,
27.3, and 28.8
D2 7.8,9.0,9.3,10.8,11.2,12.8, 13.2, 15.0, 15.3, 16.0, 17.6,
18.2,19.9, 21.1, and 24.9
D3 8.0,9.1,11.2,12.8,13.7,15.4, and 16.5
Al 17
Cl 17
20

B. Differential Scanning Calorimetry (DSC)
)] Crystalline rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethy!)-2-methylpropionic acid
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(i)  Amorphous Rapamycin 42-ester with 3-hydroxy-2-
25  (hydroxymethyl)-2-methylpropionic acid Prepared by Precipitation
The DSC thermogram of amorphous rapamycin 42-ester with

3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid prepared by precipitation
(batch C1) showed a broad endotherm at about 43.30°C, which was likely due to
residual ethanol and water (Figure 6) as noted above. The DSC thermogram also

30  showed a small endotherm at 105.18°C. Possible degradation product endotherms in
the DSC thermogram at 173.24°C and 176.50°C were also observed.
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A Solubility in Buffer

The solubility of amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid (batch C4) and micronized crystalline
rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid in a

20  citric acid solution was determined.

Separate samples containing amorphous rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid (batch C3) (9.1 mg) and
micronized crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid (41.0 mg) were added to scintillation vials containing 10 g of

25 (0.005 M) citric acid solution containing 0.001% EDTA. The solutions were mixed
and maintained at room temperature and a pH of about 4.6. The vials were then
shaken on a rotary shaker for 24 hours.

Samples (2 mL) of both of the amorphous and crystalline solutions
were withdrawn at selected time intervals (0, 0.5, 3, 5, and 24 h), filtered through a

30 0.2 um filter and analyzed at room temperature using high performance liquid

chromatography (HPLC) (Table 1). The solubility of the samples was calculated
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surfactant solution was determined.
A 0.005 M citric acid solution containing 0.2% sodium lauryl sulfate
and 0.001% calcium EDTA was adjusted to a pH of about 4.73.

20 Separate samples containing the amorphous rapamycin 42-ester with 3-
hydroxy-2-(hydroxymethyl)-2-methylpropionic acid (batch C4) (60 mg) and
micronized crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid (60 mg) were added to scintillation vials containing 10 g of the
citric acid/SLS solution. The solutions were then mixed, maintained at room

25  temperature, and shaken on a rotary shaker for about 24 to about 48 hours.



EXAVMPLE 5 - SOLUBI LI TY OF AMORPHOUS RAPAMYCI N 42- ESTER

W TH 3- HYDROXY- 2- ( HYDROXYMETHYL) - 2- METHYLPROPI ONI C
wWASBY02325601 ubi lity in Buffer The sol ubility oPCT/US2004/026591

anor phous rapanycin 42-ester with 3-hydroxy-2-

(hydr oxymet hyl ) - 2- net hyl propi emi ¢ acid (batch C4) and

m croni zed crystalline raparryci n 42-ester wth

3- hydr oxy- 2- (hydr ox th rnethyl propionic acid in
acitric aci &gl eﬁlﬂy Qé@ﬂﬁéf amerphquy andserpsipltinesolutions were

sa [
o e L R s e
( bateoipe@Bire istngihighyertormanee tqwd clrentatogrppliya(HPLGS (Table 4).
rap | [ ) - 2=

ggq{glpgesfogglﬁgarg@egg% il?’egtl&gn)rxlgféx udid BYARRIYIRELY the ApLc
S Ci elroinhtagrapnanditedhaiquesnised by thgse b siglleatfin (1. 4d0dmd 4 provided in
cit ]ilq Igc:l d sol ution containing 0.001% EDTA. The
solutions were m xed and mai ntai ned at room
tenperature and a pH of about 4.6. The vials were then
shaken on a rotary shaker f f4 hours. Sanples (2 nlL)
of both of the anorphous and atl? stalline solutions
were W thdrawn at sel ected tilne I nt 8olibil Yrﬁg/nﬁﬁ 3,
5, and 24 h), fArbawited throudh a G, smfriter

ana|y ed—at—room-tenperaturetusing hi mh perfornance

liquid chréff@tpbgusa(bﬁyh CHPLO (Tablkll) The sol ZiB4 | | ty
of the sanplesniMac Sty at edusing, ghe dafa pr O(Ybfe‘T
ih 3 reehm—ques_L

|nth LIDI("r\ nrmj-nnrnnlnnh
skilled in the art and is provided in Table 3. The

160| ubility Ofrha%lﬁlﬂh@'lb?tﬁe&ﬁfbmh@hﬁaﬁﬁnﬁﬁi@ estér tith 3- gdroxy-z-
ropitonic aci

hyd thyl)-2 t
@é??%rpaw& '\é’(}f@?yxéggemgaﬂd &tﬂgﬁL%mm&rﬁsm@& A¥Er @geriod
be 8PRUouk 33 cHBUIHed ﬁ)tbe2a"_60\92 Wi, HL'a?ZS?"(,{ %ﬂﬁﬁ 1shalbgntejr ?']tlmes

than that for the crystalline raparrym n 4 ster
3- hbd@h%)ﬂ}anzh@(t g cbryssellme rapaimy cig Apresterywith by dokye2-aci d In
Vi em %ﬁaﬁw g rﬁe?lgjl;%t}%c%d anor phous rapanycin

42-eSter wt
13- ( hydr oxy metlinyiev-tRerendt dissojutiomoamiorphmos Ltparsydnh&-edngr with 3-

f asflfdéo){yr%ﬂ‘yﬁg%x?‘étﬁ?l?ﬁ rﬁe?}%'l&oyl&tug lac':u'i ﬂlesu£ 30t solu%3 ion’is also

faster than the micronized crystalline form.

EXAMPLE 6 - STABILITY OF AMORPHOUS RAPAMYCIN 42-ESTER WITH 3-
20  HYDROXY-2-(HYDROXYMETHYL)-2-METHYLPROPIONIC ACID
The stability of amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid was determined at various temperatures
over specified periods of time.
Approximately 200 mg of samples of amorphous rapamycin 42-ester with 3-
25 hydroxy-2-(hydroxymethyl)-2-methylpropionic acid prepared by evaporation (batch
Al) or precipitation (batch C4) were added to HPLC glass vials, the vials covered
with the Kim Wipes™ paper (Fisher Scientific) and the Kim Wipes™ paper tied to the

neck of the vials using wire.



(Hours) Anorphous Crystalline Batch C3 0 0 0 0.5 0.66
0.26 3 0.77 0.29 5 0.79 0.23 24 1.88 0.61 B.
w®edodori2sey i n Surfactant Sol ution The sol ubi | PeYUS$004/026591
anor phous rapanycin 42-ester with 3-hydroxy-2-
(hydr oxymet hyl ) - 2- net hyl propi ési ¢ acid (batch C4) and
m croni zed crystalline rapanycin 42 ester with
hydr oxynet hyl ) - 2- neth | propionic acid in

3- hydr oxy- 2- g zﬂ
a surfac‘g’élﬂrtp Q5 TEARATY RN fRces @R ith ?*nhﬁ axy-A Gy dogymethy D2 i ¢
aci ghe ]810/1&% &Waﬂig[k‘s Rﬂ:pg'e@% SAEbHR] AT 2 n'ﬁ)‘f#l{o%%&gamycm

and 0. o cal ci um vvasaiustedtoap

4. 742-estr ythat-by dsowyrd-Gy dioxymethyl)-upnethyéprepienioatidi prepared by

rhagra%@y;ﬁi_tdgl_oﬂ%ve?f%%; }?%\%eﬁhl ﬁr%er glass scmtlllatlon vials contam ining about 1 g of

? bamdma C%l%mnﬁgj at%#ﬂalcmnérﬂm czléem squ;t;gﬂgrp ;flgh avere capped, sealed
r ap R phrifidParRSliREd Ws%zflbll;i)’y a%%%y Ohe d;t}%fﬁ{y%mﬁér%) 2-

met hyl propi oni c aci d
sci mntalrwduabmtempanagxrmfmbamrﬁ’@ gt aboutfloﬂﬂéé clativé bumidity (RH) and

aC| [ | U ns. were

et e St U cRllnbel U8 Bdntied B WEDERbAEI oot 30 pegbur
shak@fﬁR&br about 24 to about 48 hours. Sanples (2 nl)
f both the amqrphous and stalln sol_u ns
187 ¢ bl mor OB SR 414 h R R B S reie oDt 2-
f i | tethy lpropicnicedcjdzeachphs pfepﬁrml bteaipﬁtﬁh et ther pleceb i mL high

ol BT R PEL RIS ERit el lariiareoa el

t hesmtealeslb@m ded HDPR iswddmeﬁa @m@@ IBAORHaBIRBuRHOA seals and
tec ues u ed bgsdft ose of skilled in the art and

pr o¥P d‘s‘f‘ﬁp Rehoftls wes glacedyinaistapili Wm@yratabout%

15  one bottle was placed in a stability chamber at about room temperature, and the third

bottle was placed in a stability chamber at about 40 °C at a RH of about 75%.
Samples of amorphous rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid samples prepared by evaporation were
withdrawn at 1 and 2 weeks (Table 5). Samples of amorphous rapamycin 42-ester
20 with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid samples prepared by

precipitation were withdrawn at 1 week and analyzed (Table 6).

Table 5
Initial Strength = 98.33%, Total Imp. = 0.46%, SLI = 0.19%
5°C 40°C/75% RH

Strength Total SLI* | Strength | Total SLI*
(“o) Imp (%) (%) Imp (%)

(%) (%)
1 week 95.20 5.07 3.91 94.16 5.15 3.93
2 weeks 92.56 4.42 3.74 90.55 4.60 3.72

25




Product 2 hrs 4 hrs Anorphous (batch C4) 2.17 2.24

M croni zed Crystalline 0.64 0.64 The solubility of the
w@ewsprss rapamycin 42-ester with 3-hydroxy- 2PCT/US2004/026591

(hydr oxymet hyl ) - 2- met hyl propionic acid in the SLS

surfactant solution over a peri4od of 24 hours was

calculated to be about 2.17 ng/nL at 25C, which is

about 3.5 tines higher than that for crystalline

rapanycin 42-ester with 3- hydpl§- 2-

(hydr OXgaimRiiti ) - Z{TeTTlePT OP! SRbdgthC [CTothl In¥p S _SLI_ | SECO
t hereof, dissol utifon qf anor phQys' r apanye) 42- eit%sr (%)

Wt 3- Nydroxy- 29 (hYERXY et ib’iﬂ‘“ ofi U|0i ND

acija T Sgql actarrt SPMFEEL O TS 7‘,49’” |a—b[@7tu'n @Ii ND
3 s H \/AN — LT ?‘:

D

m\/[;"?\;[]""f'e ok ybilcil & ilﬁleeglw-“:gmﬂ_g b—= 0?44’-\BI b S ND

DA N A4 .
I VTI TN 5T T LT\ v
HY 7 V;Jq/I\Elr Keek . o etk propL NG At DOBRe 0.04

T\

stability of anorphous rapanycin 42-ester with

3- hydr oxYhede déBYiftis@XY iRt iples 8f 4HRSrPACUR FHRIOGH Qz-%&i?r%h 3-
was determ ned at various tenperatures over speci Ti ed
per M¥EEXbE-(pdeexy mepn bk methy laropiopig@cig pagpatsd by peesipiation and

3N PARLSioh aRapel N 42-ester with 3-
hydr oxy- 2- (hydr oxynet hyl ) - 2- net hyl propi onic acid
prepared by evaporation (batch Al) or precipitation

sy Ry 7 el hon S sk

Sci EMPANTECTNAZESRER -PROROX Y RpErY DRON Y ME THIAL)-2-

nec WefyDERGP U W r e. Anor phous rapanycin
42-ester w .tﬂ ?Pﬁgﬁ%% 2- (hydr oxynet hyl ) - 2-
Ifet hy| pr B@stisracid (8.60%1g)s anhpilress qirie peid €@102lyg)emd pdtead bHN

d iR 42 ith e
3 e pHBEa R LARAPKER 315 6508P R Thubl et ety propionic
plr epeld erephred py emici;pitat@li(}zmhmr)evqmme@ gaﬁﬁiﬂﬁdany ba ? P&er to
a$S..SC | ont ai ni ng ,abou .
I rEERSHel BILOR, 1 S EsEO BIPR 81T o & povidone
sc |OI 616.321 ia{zﬂ]abwhHTSS/;) m?r mix:]m@mmhini@micﬁd:mmt)ﬂllme{bamﬂésiel(mcc)
chanbers.. ili
3o PR oy Bl e BB TRE R LG 183 Bt iredgropgh a
abo#20 heshXafden eThit boreenbdifix@hirt Wad fRED caiinddnGitHOhE Bfe-blend

stabi.lity chanber s mai ntained at a tenperature of
abo XY centgining amorphous rapamycin 42-ester with 3-hydroxy-2-

(hydroxymethyl)-2-methylpropionic acid and transferred to a V-blender. The
remaining 25% of the MCC and croscarmellose sodium mixture was added to the V-

20 blender and blended for 5 minutes. Magnesium stearate (0.397 g) was added to the
blended mixture and blended for an additional 2 minutes.

The final mixture was compressed into 625 mg tablets (Hardness 14-17
kilopond (kp)) using the 0.25 x 0.71” caplet shaped tooling on a B2 Stokes™ Tablet
Machine.

25 The HPLC of each sample was obtained as noted above using a temperature of
about 45°C, a flow rate of about 1.0 mL/minute, a detection wavelength of about 280
nm, a 150 mm x 4.6 mm YMC Pack® ODS-AM reverse phase column containing 3

ODS particles, a first mobile phase of an ammonium acetate solution at a pH of about



75% RH. The anor phous rapanycin 42-ester with 3
- hydr oxy- 2- (hydroxynethy |)-2- nethyl propionic acid

wae 200pl0eR5pr epared preci pitati on were then pl acedr/uszod4/026591
nmL hi gh density pol yethyl ene (HDPE) bottl es contai ni ng
about 2 g of anhydrous cal ci un3sul fate desiccant. The
HDPE bottl es were seal ed usi ng heat induction seals

and céos d.usin | astic caps. One bottle was placed

' & SESRrTls, st Bivpee s malBiatio SCabou O Fest pd shersd mobile

pl aqedsel of aft amindhiuh deitae RSIRG at @ lpHESTABS ut B8O etonitrile, and dioxane

temperature, and the third bottle was placed in a

St At P FEJAT G459, ahoul 0. 46461 A Rerkct arctentiRpitiane ohsiout 2 mimites was
Sanpdvesvédl anor phous rapanycin 42-ester with

3- hydr oxy-2- (hydroxynet hyl)-2-met hyl propi oni c acid
anpl es prepared by evaporation were withdrawn at 1

and 2 veelispubliehibm dtbd intBR)&sFicHiorPiD ﬁl@xl;‘r‘ﬂb‘r%te'a @191%1?%9 rBference

42-ester with

3- hyWregkyWhilq the dpvestiprbanbeen descrieadiwithyetspinonion madicdlarly
samy, A . . 1
nool Sy BRBUARAD Y A BE Al CRa M S A E e o
= oglepmting fromthe spisih of the gvagizn. Such mogifit@ins CedQGIdeH ¥ fall
I8 Stk beop Pl shiciacdi gt h Total SLL® (90 L p (%
(% 1Imp (99 (99 (N9 1 wee .20 5.07 3.91 94.16 5.15
3.93 2 weeks 92.56 4.42 3.74 90.55 4.60 3.72Table 6
Condition Tinme Strength Total Inp SLI SECO (%9 (%9 (%
(% Initial 97.93 0.41 0.20 ND RT 1 Wek 97.49 0.37
0.12 ND 5C 1 Week 98.71 0.44 0.15 ND 40C/ 75% RH 1 Week
91.36 0.70 0.32 0.04 These data illustrate that

sanpl es of anorphous rapanycin 42-ester with 3-



hydr oxy- 2- (hydr oxynet hyl ) - 2- net hyl propi onic acid

prepared by precipitation and evaporation are stable.
WEXAMeLE5Y - PREPARATI ON OF TABLETS CONTAI NI NGPCT/US2004/026591

AMORPHOUS RAPAMYCI N 42- ESTER W TH

3- HYDROXY- 2- ( HYDROXYMETHYL) - 2-36METHYLPROPI ONI C ACI D

Edeti c aci d (0.008 g), anhydrous citric acid (0.021 g)

and end. of am)r phous rapamnycin 42-ester with

9’@‘? lsimefJir oxymet hyl ) - 2- met hyl pr opi oni ¢ aci d

prepared by precipitation (batch Al) were m xed

geonet ri caIIy on a paper to forma pre-blend m xture.

SLS (2.841 g)An g?lélfgmr ofrappgy cinf2-esiseWHY 3-hydrpxytdne

(16.(Ritoxgine I;Zaiﬁ %lpgo%l&lﬁ:facﬂ Hﬁ\/lﬁ%ﬂfeqw%r_g%ﬂa}da&nstl

mcrocrysta ine cellulose gg

and cr os&r medn %3 difecion x{eak n%@ﬂg()onmeﬁleg Eh@@ébalo at 26 of
thr gygif 19-.4q9 mesh screen. This screened m xture was

t hen conbl ned with the pre-blend m xture containing

amor phoué)r apawﬁmentldBGMe nalvmmétr)ahér;z@gmnylaaeng the endotherm

(o S ATl DL 0L B By s
cr oghyairowy ety B-2smethyiprapioniciicd. was added to the

Vbl ender and bl ended for 5 m nutes. Magnesi um stearate
(0.397 g) was added to the bl ended m xture and bl ended

for an addit I"ﬂibadmogph@uﬂfﬂrﬁ%ccoﬁlﬁg fol it 11Mha¥ raemgiﬁﬁerformance
conpressed into tabl ets (Hardness 14-17 kil opond

( kp)fuidEhromaqgr Y%ef&loem?li*)? 9Bt Bty Brfer thefolloymen
a Bzoﬁ@dﬂgs(tr@Tabl et Machi ne. The HPLC of each sanple

was obt ai ned as noted above using a tenperature of
about 458) a % legReRIEOlFPoOUHSE: 1.0 ni/ ninute, a.

det ect i ogii)wavehen eidloofbo@NOHL/ndfiflesNm @ 150 mm x 4.6
mm YMC Pack(r) ODS-AM reverse Bhase col unm cont ai ni ng

3m ODS phH} i ch datectign paydengihpfiapeut gBdmm of an anmoni um
scot e 0] UL 9 a4 PHaPIARORLE s ASFLOD Lkl

and di oxane at a nolar ratio of _
secoadiclenbi | e phase of an ammoni um acet ate sol ution at

a pH of out onitrile, and dioxane. a
nol ar ra ?ﬁrsﬁ ?Fezt%’asféfoﬂ’@”s% HeRmfpug a?ee‘lt%ﬁﬁﬁ‘tﬁ’ﬂ atapH
ti mef atﬁouab Guaceﬁmtmte runtl d®xuviesat @ bvear vaaid.of Abdut 80:52:68, and

Ipﬁglolr ggtr g\f 33 %I‘g%cg)gﬁilmrg 1Ilei|:] @?a%e, Ixe?fplélfsfng gz& lu%rr]loﬂalum acetate solution at a

pH of about 3.8, acetonitrile, and dioxane at a molar ratio of about 20:34:46

3. The amorphous form according to claim 1 or claim 2, which is at least
3 times more soluble in a dissolving solvent than crystalline rapamycin 42-ester with

3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid.

4. The amorphous form according to claim 1 or claim 2, which is at least
3.5 times more soluble in a dissolving solvent comprising sodium laury! sulfate than
crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic

acid.



herein. While the invention has been described with

reference to a particularly preferred enbodi nent, it
wowdos/oesappreci ated that nodificati ons can bePemEUs2004/026591

wi t hout departing fromthe spirit of the invention.

Such nodifications are intendéd to fall within the

scope of the appended claims. Wat is Cainmed Is: . An
anor phou form of apa 42 ester with 3-hydroxy-2-
( hydr ox g{ T80b FAPETRY ¢ AL EHe%Hh hbydrevey-2-

f ol t}@ﬂtoﬁﬂn&hﬂﬁ-@%@lﬁylﬁrbplﬁﬁc adi@bbtaiable bRy gbxfaﬂﬁg%t d1@Rol froma
pear%gtterg conpri si n%ua broad hal o at about

Fple cpmprising crystafling rapamKFin Agrestan ‘6‘?‘1 rBygroxy-2-
t he(Hya@kpaethPAs i RghyI8pieRe adil eddRaReadonef about 164 for
crystalline rapanycin 42-ester with 3-hydroxy-2-
(hydr oxymet hyl ) - 2- met hyl propi onic acid. 2. The
amor phous f orfike amephShsTormh Secbldfied Hainh & HekiR s Ql:)ohol isa
performance |jquid chromatograpf%y retention tinme of
abo@ﬁ Yé‘fteﬂﬂal?ﬂ'ﬂ‘gs under the following conditions: (i) a
tenperature of about 45C, (ii) a flow rate of about 1
nmL/ m nut es, iii) a detection wavel ength of about 280
nm (iv)7a 190esmesphqusgdormacemdinRde Rlein) 5 oDsaiaNg, edlergmrsaid
CONPEdR RSUBABIPALhh %§1soér\§ a3l {1 St _mobile phase
conprising an anmmoni Um ac te solution at a pH of
about 3.8, acetonitrile, and dioxane at a nolar ratio
of aboutg 80:
conpri Si 8n g aﬁ%g %Tﬁlrgr ?glr% fél\éllélfw)c?l%méq? 91?1 fh mﬁ’“’%‘ Pal—iﬁsl?OhOI s
aboetha®l. 8, acetonitrile, and dioxane at a nolar ratio
of about 20:34:46 3. The anorphous formaccording to
claiml1 or claim2, which is at least 3 tines nore
sol ubl e 9.n a Tiie sswiphdwFoswhocemingtth amy @ieys tialnhsi e 8, wherein

ester W
3 hygg %&@wg‘sfﬁfi}’af%‘i&%{weﬁ‘ﬁe f’r%att#g?ftrﬁb%‘ﬁlz&ﬁc acid. 4.
The anor phous formaccording to claiml or claim 2,
which is At ast mr e sol ub] e

di ssol vi g s rpé‘S‘l‘ﬁfPV%?‘i’i&’ 06d9 Gt érd?’llﬁﬁpei’giﬁi‘f ggaholis

t haevaporated at a temperature of about 25 to about 50°C.

11.  The amorphous form according to any one of claims 5 to 10, wherein

said sample further comprises butylated hydroxyanisole.

12.  The amorphous form according to any one of claims 5 to 11, wherein

said sample further comprises butylated hydroxytoluene.

13. An amorphous form of rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethy1)-2-methylpropionic acid obtainable by precipitating said amorphous
form from a liquid sample using a precipitating solvent, wherein said liquid sample
comprises crystalline rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-

methylpropionic acid and a dissolving solvent.



crystalline rapanycin 42-ester with

3- hydr oxy- 2- (hydr oxynet hyl ) - 2- met hyl pr opi oni ¢ aci d. 5.
waoanoz2phous form of rapamycin 42-ester w th PCT/US2004/026591

3- hydr oxy-2- (hydroxynet hyl)-2- et hyl propi oni c acid

obt ai nabl e by evaporating an a8cohol froma liquid

sanpl e conprising crystalline rapanmycin 42-ester wth

3- hydr oxy; 2- Lhydroxynmet hyl ) - 2- net hyl propi oni.c acid
and sai dY%iI coﬁho moépﬁ%ﬁ%’”ﬁﬁ%‘i"ﬁh%@ J%gr‘rga‘@@&?"a?%dlﬁ%lvmg
cl asolvént covhgrises i sledhd] @leiehol i s a dehydrat ed al cohol .
7. The anor phous formaccording to claim5 or claim6,
wherein said al cohol is ethanol, nethanol, or

| sopropam®l . The akdephatdfoph Qstdrdik) t0\cherh 24 diHaekid &ifAI18dHS) is
al cohol .is ethanol. 9. The anprphous

7, ereln sai

f or hﬁ’boidpﬁﬁqﬁlﬁp?rdsoﬁﬁ%}’aﬁﬂe of claims 5 to 8, wherein
said al cohol is evaporated at a tenperature of at

| east abput C. 10. The anorphous form according to
claim9, P%e%&eMQ%“%g%ﬁWr Ing ta ¢lahp | htvegrein said ether is
t enpethat éthe, of about 25 to about 50 C. 11. The

anor phous form according to any one of clains 5 to 10,
wherei n said sanple further conprises butyl ated

hydr oxyar. sO0l'e ahérphd AEfoRATREBRMES 0 by 5%380?&9{ I g, trl ?,hvg}erein

any qge of clains 5 to 11, wherein said sanple fu

co RieePigiing solver iswaierex b alkanene. 13. An anor phous
form of rapanycin 42-ester with 3-hydroxy-2-

(hydr oxynet hyl ) - 2- met hyl propi oni c aci d obtai nabl e by
preci pi t ¥ i ng’h§ amarrhes fore aesofdingrty tlamil B wWhierpiri chidsadiogak és n-
USi RéptahePr €Ci pi tating sol vent, wherein said liquid
sanpl e conprises crystalline rapanycin 42-ester with

3- hydr oxy- 2- (hydr oxynet hyl ) - 2- et hyl propi oni c acid

and a digsol w 4. The anor phous for
accordingftQW?F3P§§%§%Q®Wé?§PWH§§?amH¥§§%F@Wﬁdgéﬁﬂ§éﬂme
conpiefipiaiing is pefrfouhesl at @ tengptetagure atlds beldabaurrsouhous f or m
according to claim14, wherein said alcohol is

et hanol, nethanol or isopropanol. 16. The anorphous

f or m accr di Age pmophaisrfortdlaccoddiged tlaindi g WREIREY prédipitating is

performed at a temperature at or below room temperature.

21.  The amorphous form according to claim 20, wherein said temperature
is about 5°C.

22. An amorphous form of rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid obtainable by grinding crystalline
rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid.

23.  The amorphous form according to claim 22, wherein the 20 peaks of
the X-ray diffraction pattern of samples comprising said crystalline rapamycin 42-

ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid decrease in intensity



di ethyl ether. 17. The anorphous form according to any

one of clains to 16, wherein said precipitating
waeloger®2sé s water or an al kane. . The anor phouBCT/U82004/026591

according to claim17, wherein said alkane is

nhept ane. 19. The anorphous f®m according to any one

of clains to 18, wherein precipitating IS perforned at

a tenperature at or bel ow about 50 C. 20.

ano Pg%éme aﬁéi‘ﬁic‘aiét&@‘f'ﬁi FapgmyQn 42-asten with 3- i»hié%r%(hydroxymethyl)

pr eolfdthydpropignic acil e drowdded at a tenperature at or

bel ow room tenperature. 21. The anorphous form

according to claim 20, wherein said tenperature is

about 5G4 22. THARPIHO B RHE acfc%fd% ciaﬂﬂ@meelﬁ&e%&ie%tiai

wi th 3-hydroxy-2- (‘hydroxynet hyl ropi oni c

aci 8cpingcHammetnhieiogrm ¢fgaid rayemiipus ﬁqem i/aa detherm peak at

42- gpdeli6Mct h

3- hydr oxy- 2- (hydr oxynet hyl ) - 2- met hyl pr opi oni ¢ aci d.

23. The anorphous form according to claim 22, mherein

the 2q pgaks Qg z?af) {519 in 9b ks ra\%l{ Lhvd? f lﬁd ymethyl)-2-

sanpl es conprising s crysta I'ne rapa
est arethxiprepionic acid having an X-ray diffraction pattern selected from the group

3- hy gl R%y 3?&%&952%%@?@ - 2- met hyl propi oni c acid

decrease tensityove I'me as said crystalline
rapamycin 42-ester with 3- hydroxy 2- (hydroxynethyl)

2- net hyl 4, Th

2. 8008 85k k2o % U Pl ARG 2

Is c ameihytpropéroc acikbavingt Mfferengrahmamimgwmuﬁdmrtm?ﬂ gramfem,ted
t t 164 C. 25. A

b e ST LOREMTAEEE 5 SRRy ar oxymet hyl ) -2-

met hyl propi onic acid haV|ng an X—ray diffraction

pattern ;Ieg& fronit roup consisting of Figure
3A and F gur ¢ B mﬁ%eut‘% RASEHPN PRSI AR a&@r@g%form of

Wi t lhap3mipyia nmeycer2W1(H‘(y-ﬁj7@KW(H?wokyﬁethﬂ?—Qhﬁétm&Bbl@ﬁllc @cid and a
aci d, havi diffe ential scanning calorinetry
thePWHﬁ?%Wﬁ?@Wé%?@@'?F@ﬁ??he group consisting of

Figure 5 and Figure 6. 27. A pharmaceutica

conposition conprising an anor phous form of rapanycin
42- est er 28 t pA kit comprising (1) an amorphous form of rapamycin 42-ester with 3-

g' hyigdrexey 2 LyldFoks ey Rt Rathy 1prd pidRit AYid PraRI N afrid Shifh bR

administration to a mammalian subject.

29. A method of preparing a pharmaceutical composition comprising an
amorphous form of rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid, comprising combining the components:

6)) an amorphous form of rapamycin 42-ester with 3-hydroxy-2-
(hydroxymethyl)-2-methylpropionic acid,

(i) a metal chelator,

(u1)  apH adjuster,

(iv)  asurfactant,

v) at least one filler,



pharmaceutically acceptable carrier. 28. AKkit

conprising (i) an anorphous form of rapanycin 42-ester
wowRdk/0B25hydr oxy- 2- (hydr oxynet hyl ) - 2- met hyl pr optDOS04/026591

acid; and (ii) a carrier suitable for adm nistration

to a mammal i an subject. 29. A4ethod of preparing a

phar maceuti cal conposition conprising an anorphous

form of rapamycin 42-ester with

3- hydr ox§)2- (d8iedesxymet hyl ) - 2- net hyl propi oni ¢ aci d,

conpri si fg) coniiifleRdnt By conponents: (i) an anor phous

form of rapanycin 42-ester with 3-hydroxy-2-

( hydr oxy$¥phya ipbricagiet hy| pr opi onic acid, (ii) a metal

chelator, (iii) a pH adjuster, (iv) a surfactant, (v)

at least one filler,(vi) a binder, (vii) a

di si nt egd@&nt , Theroethiad dcpdrdiag tatiim@Rnwherd0 said ivetalrehdtadet is

accldicRBd! Galfd RldbRARAmabsEEi n said netal chelator is

edetic acid, mali1¢ acid, or fumaric acid. . The nethod

according to claim?29, wherein said netal chelator is

edetic agjd. . : i . n n f .

cl ai s Z%i't 0 %%,m%ﬁgrdg?&ﬁ&ggf%’q%ﬁ adf}us'f%lgf g&%“r‘?ga# ?%egastor s

ci t edeticacidd, ascorbic acid, fumaric acid, or malic

acid. 33. The nethod according to claim32, wherein

said pH adjuster is citric acid. 34. The net hod

accor di n32.t o BEreymatimel aofordingiionmy 28e dixlBds 29veI 1e vhersinisaid pH

surfactant copprises.a _conpound .conprisin .

pol ?@8%%&%"“%%8%%%‘?&“86 ?’cl"giﬁﬁﬁa‘r aglgr?fiq?aj‘r‘f agd; or |

pol oxaner, or sodiumlauryl sulfate. 35. The nethod

gggio[,?nl Ing}utrs | | 31'1%?150{ Le"aiccg}'ti]igg ?ol cl?airsna3|2,dw e%igggl %pltadjlu%ter is citric

acid.

34.  The method according to any one of claims 29 to 33, wherein said
surfactant comprises a compound comprising a polysorbate, a compound comprising

a sorbitan ester, poloxamer, or sodium lauryl sulfate.

35.  The method according to claim 34, wherein said surfactant is sodium

lauryl sulfate.

36.  The method according to any one of claims 29 to 35, wherein said
filler is anhydrous lactose, microcrystalline cellulose, mannitol, calcium phosphate,

pregelatinized starch, or sucrose.

37.  The method according to claim 36, wherein said filler comprises

anhydrous lactose.

38.  The method according to claim 36 or claim 37, wherein said filler

comprises microcrystalline cellulose.



36. The nethod according to any one of clains 29 to

35, wherein said filler is anhydrous | actose,
wor@sozRyst al | i ne cel | ul ose, mannitol, cal ci unPCT/US2004/026591

phosphat e, pregel atinized starch, or sucrose. 37. The

nmet hod ‘according to claim 36, #therein said filler

conpri ses anhydrous | actose. 38. The nethod according

to claim36 or clajm37, wherein said filler conprises

mi crocrystal | Themethod aeeeding tmanypre ohelrims @9 & 3% mieier seid
any baer &fm;ﬁﬂséb'cp'ﬁidg&, hpdréspropy Biciylcel @lbsk, BArBGS methylcellulose,
conpri ses povi done, hydroxypropyl rret hyl cel | ul ose,

car B6ZYME hyl cel | ul ose, or gelatin. 40. The method
according to claim39, wherein said binder is

povi done. 41. The method according to any one of

clai ms 290t o Hue methed asrerdisa taicleimsi9nwhereinmeid bindpr is pedone.
croscarnel | ose sodium a starch, sodium starch

gl ycol ate, pregelatinized starch or crospovidone. 42.
The met hdl acErsrmsthey aceording tany bne wherisis 39 $a#d wherein said
di sigat IS [ - s.0d| o

ac oo R comsst ARG, B RIEE il Sy M LR

| ubrpregalatinigesigtarclsercrospovidieum st earate, stearic acid,

or sodium stearyl furamate. 44. The nethod according

to claim43, wherein said |ubricant conprises

magnesi uA?.st etireanghoddscording toredsihot, svbereindaid glisirmegaany is
one j o0 44, wherein said conponents are
drycg%g%gggﬂgﬂ %%npressed into a formsuitable for
admnistration to a manmal i an subject. 46. The nethod
accordi ng,to an e, of clains 29 tp 44, erein said

c onponentg 3 ar @%P%H%dr aacﬁ?fﬁ'élg LAy ege 88%%3%‘64%’ Rbgreip said

f or nutsicartabiprife magebgiuni stdaraad, sterid #2ida o NSdARE] dtéfy] furamate.
subject. 47. The nethod according to any one of clains
29 to 44, wherein said conponents are wet granul ated
and conpn&ssethd Méthodacteraimy $o/é1iat3e whereinshailiYrthkt 2binfikes
to a mammal i an subj ect. 48 The nethod according to any

one THENEHUN HRUNB t 5 47 wherein said

45.  The method according to any one of claims 29 to 44, wherein said
components are dry blended and compressed into a form suitable for administration to

a mammalian subject.

46. The method according to any one of claims 29 to 44, wherein said
components are dry granulated and compressed into a form suitable for administration

to a mammalian subject.

47.  The method according to any one of claims 29 to 44, wherein said
components are wet granulated and compressed into a form suitable for

administration to a mammalian subject.



adm nstrable forms a tablet or caplet 49 The net hod
according to any one of clains 29 to 44, wherein said
waeeporest s are added to a formsuitable for PCT/US2004/026591
adm nistration to a mamual i an subj ect 50 The net hod
according to claim49, whereim2said forms a capsule
The met hod according to claim49, wherein said forms
aliquid uspﬁysi on 52 A net hod of Erepari ng a o
phar macelti calPeCBrpoSIePERe o #yone phears 48 kof b dgesin said
f or rdinistABIBMorE 18 adabid of &dplewd t h
3- hydr oxy- 2- (hydr oxynet hyl ) - 2- net hyl propi oni ¢ aci d,
conprising the steps of (a) conbining an (i) anorphous
form of papamyd Metflds £8 ' i in sai
3- hydr oxy- 2- (hydr oxynet ?ﬁfﬁ/{n %Z%tnﬁ)%%?gléizgm ?:4 glvéllergm(sﬁﬁd
edetcPEPEN areAdded torpforn suitable frjadministrptierataisi mammyalian subject.
sodium |l auryl sulfate, a first portion of anhydrous
| act ose, govi done, and a first portion of
cr oscar nel| osEesathedycegréing soetimidngherpia spid dericis agfpsule.
(b) with the product of (a), (d) conbining a second
portion of anhydrous |actose and a second portion of
cr oscar nel.| osEhesorthedacpprding thelaipr49dwbereiofsaif §yrm i§ @ Jiquid
bl eggg Bgkidahe product of (d), and (f) conbining the
pr o ugt of (e) with magnesi um stearate 53 The net hod
according to claimb52, wherein the product of step (b)

s passedct hro . h of treating or.
i nhi biti ﬁ%‘ t r%%%ﬁ s g{%ﬁ%}]&f&eﬂﬁgﬁa}cgﬁgé Cﬁrrng?st‘t“i}‘s°°ﬁ%9§f‘ng an
di seawghosafoon nfimapamytirs42aests with SHiydraxys2ethgdroymethy])-2-
hyp ive vascul ar di seases using a
pha?ﬂn‘%{e’gﬁ%ﬁérgft‘ ﬂc‘e’fﬁprepgflfl%{hgﬁtﬁ%%s of an anor phous form
of rapanycin @2- esombinmgtan (i) amorphous form of rapamycin 42-ester with
3- hydr gxy- 2- £ hydr ox thyl ) -2-nmet hyl propi oni c aci d55. . .
A praP s P BRRE T el Petiny 6 s A 0% cir
fornxcidf rapanycin 42-ester with
3- hydr oxy- 2- (hydr ox t hyl ) - 2- net h ropj oni c_acid,
conpri si ng: (&% ar?oé'ﬁ&"k%B mflﬂﬂ‘lll%éf e, fdgshpertipn of anhydrous
42- estae, povidbne attyAlfi8Kporidon of croscarmellose sodium:;

(c) combining the product of (b) with the product of (a),

(d) combining a second portion of anhydrous lactose and a second

portion of croscarmellose sodium with the product of (c);
(e) blending the product of (d); and

® combining the product of (€) with magnesium stearate.

53.  The method according to claim 52, wherein the product of step (b) is

passed through a screen.

54. A method of treating or inhibiting transplantation rejections, graft vs.
host disease, autoimmune diseases, solid tumors, or hyperproliferative vascular
diseases using a pharmaceutically effective amount of an amorphous form of

rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid.



(hydr oxymet hyl ) - 2- net hyl propionic acid, (ii) a netal
chelator, (iii) a pH adjuster, (iv) a surfactant, (v)

wa@toosezs4 one filler, (vi) a binder, (vii) a PCT/US2004/026591

di sintegrant, and (viii) a lubricant. 56. A
pharmaceutical conposition according to claim 55,
wherein said netal chel ator conprises edetic acid,
malic acid or fumaric acid. 57. A pharmaceuti cal
conposi t Pon at EBFERFRIER) cemeasiion somphirateAnRmaphy usoraiof
chel ih 2068t With 8 dh h RERG Ut ionig acid,
corrrg%tsa??ic_lon accor di ngs’t gxyg% ygﬁg(pofmg?ai rrsﬁ‘ggroplgmbg'??
whe©@MA¥%8-d pH adj uster conprises citric acid,

ascor bi ¢aci a6 fofhioff rapBthy RS- Est@Ghifh 3- 2-
phar maceg?i cal conpositi or? ggco}rldi ng 10 cﬁlal ﬁ&@é

whe (Bidroxy aiethy P13-mefhyigropionicgcidi tri ¢ aci d. 60. A

phar maceyf)i cal neqnmesidi on according to any one of

cl ai s 52 to 59, wherel’n said surfactant selected from
a pol ysofibht e3 PHhadjpstesi t an ester, pol oxamer, or sodium
lauryl s at A pharmaceutical conposition

accor di ngh{o %Ugfi% O, wherein said surfactant is
sodi um | &0rylatdeaktfame§ll62. A phar maceuti cal conposition
accordi ng.t o ggypne of claims 55 to 61, wherein said
filler cg’ré)ri ses anhydrous | actose, mcrocrystalline
cel | ul os&jii) mendisiniegranicaidci um phosphat e, pregel ati ni zed
starch o .sucrose. 63. A pharmaceutical conposition
accor di ngvu 0 %ugrﬁcr%n 2, wherein said filler conprises
anhydrous | actose. 64. A pharmaceutical conposition
according,to ¢laim®62 .or 63, wherein.said filler =
conpri s eg6' ni c‘g 8 g?r%feélf'fql EMRosttiop pesording to claim 55, wherein said

metal chelator comprises edetic acid, malic acid or fumaric acid.

57. A pharmaceutical composition according to claim 56, wherein said

metal chelator is edetic acid.

58. A pharmaceutical composition according to any one of claims 55 to 57,

wherein said pH adjuster comprises citric acid, ascorbic acid, fumaric acid, or malic

acid.

59. A pharmaceutical composition according to claim 58, wherein said pH

adjuster is citric acid.

60. A pharmaceutical composition according to any one of claims 55 to 59,
wherein said surfactant selected from a polysorbate, a sorbitan ester, poloxamer, or

sodium lauryl sulfate.

61. A pharmaceutical composition according to claim 60, wherein said

surfactant is sodium lauryl sulfate,



65. A pharmaceutical conposition according to any one

of clains 55 to 64, wherein said binder conprises
w@onwsadzazes hydr oxypropyl met hyl cel | ul ose, PCT/US2004/026591

car boxynet hyl cel | ul ose, or gelatin. 66. A

phar maceutical conposition accerding to claim 65,

wherein said binder is povidone. 67. A pharnaceutica

conposition according to any one of clains 55 to 66,

wher ei n §2i d fiphareeitisd compriion aecordingoay aed dfpdasms 55 to 61,
sodiwieirfsafd ler BomBREs MRy &odd allo@ WP sBalline cellulose, mannitol,
pregel ati ni zed starch or crospovi done. 68. X
pharcAstERNosRatec priegalalinized pargh @bsugiosy to claim 67,

wherein said disintegrant is croscarnell ose sodi um

69. A pharmaceutical conposition according to any one

of cl ai n83.55 Aph@guacenties] epmpasiiod atabdingterdaiméapwhees said
mag '&ﬂmﬁ- ic acid, or sodium stearyl
furgﬁ%ie. 7%%%%ﬁ%ﬁgf§%%%81ical conposi tion according

to claim69, wherein said |ubricant conprises

magnesi ugy st exr : Leal. cor i tion .
accor di ngh to §R§£‘§‘ﬁ‘g&‘8f ﬁgﬁﬂ?g r?smgéy‘{olcr)&%)t,o c\?ﬁ@%éioﬁ lsésza‘{lv hgrem

c onpsad ditescompeisesmyiciokrystdibide eatldlosonpr essed into a form
suitable for admnistration to a manmmal i an subj ect.

72. A pharnmaceutical conposition according to any one

of cl ai m65.55 A@hatthacenhiesl edmpitiod acndindRrng ord & olkins 55 to 64,

granyl at ed. and, conpr essed. | nt formsuitable for
ST S SRR RS Rtdch Rl Stth Muhtisefioss
pharcashoeubdtiddellalosg osgdlitmn accordi ng to any one of
claims 55 to 70, wherein said conponents are wet

granul ated and conpressed into a formsuitable for

admi ni st 6@t i 0A pharnAcditabMpa3itdUREREding t64laif 65, wherein said
pharb ceuti cgl conposition according to any one of

cl ai’E 74 PBYI9S- wherein said administrable formis a
tabl et or caplet. 75. A pharnaceutical conposition

according to any one of clains 55 to 70, wherein said
conponenPd  ar @ PRYHBEFULIERA! SompRsHioa arqosdingstoragy one of claims 55 to 66,

admwhefeir @id @¥ineframt JIRPHR cARCPHBIRE Lodium, a starch, sodium starch

glycolate, pregelatinized starch or crospovidone.

68. A pharmaceutical composition according to claim 67, wherein said

disintegrant is croscarmellose sodium.

69. A pharmaceutical composition according to any one of claims 55 to 68,
wherein said lubricant comprises magnesium stearate, stearic acid, or sodium stearyl

furamate.

70. A pharmaceutical composition according to claim 69, wherein said

lubricant comprises magnesium stearate.



76. A pharmaceutical conposition according to claim
75, wherein said formis a capsule. 77. A
w@b@soeeut i cal conposition according to cl ai lP@BUS2004/026591
wherein said formis a liquid suspension. 78. The use
of an anor phous form of rapany&i n 42-ester wth _
3- hydroxy- 2-(hydroxynethyl)-2-nethyl propionic acid in
the preparation of a nedicanent for adm nistration of
a manmal for fmPbaEaRtist compesHion;apepdingisApY ane ef dlaims 55 to 70,

r ej apfleteISaid @nfohertSare B8 Wlend S SRS mpAe i Y RS m suitable for
di seases, solid tunors, "or hyperproliferative vascul ar

di sedawustragon 18 anappaliapsubiedior phous form of rapamycin
42-ester with 3-hydroxy-
2- (hydroxynet hyl ) - 2-met hyl propi oni ¢ acid prepared by
m croni zV%g afrphymseentica] semyasitionagcoedingio any ohe of claims 55 to 70,
3-h sad VAR c -
| e okt R T L B YRl e A Bt for
acc ddaimgration (ol aangmmaiangphiesti n said jet nill is a
Trost mll, an MC Fluid energy mll, or an
Al pine(tmAS spiral jet mll.

73. A pharmaceutical composition according to any one of claims 55 to 70,

wherein said components are wet granulated and compressed into a form suitable for

administration to a mammalian subject.

74. A pharmaceutical composition according to any one of claims 71 or 73

wherein said administrable form is a tablet or caplet.

75. A pharmaceutical composition according to any one of claims 55 to 70,

wherein said components are added to a form suitable for administration to a

mammalian subject.

76. A pharmaceutical composition according to claim 75, wherein said

form is a capsule.

71. A pharmaceutical composition according to claim 75, wherein said

form is a liquid suspension.

78.  The use of an amorphous form of rapamycin 42-ester with 3-hydroxy-
2-(hydroxymethyl)-2-methylpropionic acid in the preparation of a medicament for
administration of a mammal for treating or inhibiting transplantation rejections, graft
vs. host disease, autoimmune diseases, solid tumors, or hyperproliferative vascular

diseases.



WO 2005/023254 PCT/US2004/026591

46

79. A micronized amorphous form of rapamycin 42-ester with 3-hydroxy-
2-(hydroxymethyI)-2-methylpropionic acid prepared by micronizing amorphous
rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid in a

jet mill.

80.  The micronized amorphous form according to claim 79, wherein said

jet mill is a Trost mill, an MC Fluid energy mill, or an Alpine™ AS spiral jet mill.



